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OxcnepumeHT CIIACYAPM HaneneH Ha CHCTEMAaTHYeCKOE HCCIEIOBAaHHUE CIMHOBOM
CTPYKTYpBI HyKJIOHA X CIIMHOBOM 3aBUCHUMOCTH CHJIBHOTO B3aHMOJICHCTBHS AHTUBEIIECTBA U BEIECTBA
¢ Matepueil npu sHeprusx a0 45 ['9B. B kanane 24A yckoputensHoro komiiekca ¥Y-70 mpenmona-
raercsi (popMuUpOBaHHE MOJSPU3OBAHHBIX ITyYKOB HPOTOHOB M AHTHUIPOTOHOB. llomnsipu3zoBaHHBIN
AQHTUIIPOTOHHBIM My4YOK, OE3yCIIOBHO, CTAaHET yHUKAJIbHBIM Iy4KOM B Mupe. [Imanupyercs nposectu
M3MEPEeHHs OJJHOCIIMHOBBIX aCUMMETPUN B JIeCSITKaxX peakiuil Kak Ha BOJOPOJE, TaK U Ha pa3IMYHBIX
sapax. Ha ycranoBke CIIACHAPM BO3MOXHO TakXe H3MEpPEHUE MONEPEYHOM MOJspU3aLun
TUIIEPOHOB M JJIEMEHTOB CIIMHOBOM MAaTpHUIl BEKTOPHBIX ME30HOB. [l M3ydeHHs CIHHOBOM
CTPYKTYpBI HYKJIOHa OYIyT TPOBEICHBI HCCIeJOBaHMs 0Opa3oBaHUS KBAPKOHHS IS ONPEACICHUS
BKJIaJ]a TJIFOOHOB B CIIMH NpOTOHA. Hanuune AByX THUIIOB MOJISIPU30BaHHBIX ITyYKOB U BOCBMH THIIOB
HEMoJAPU30BaHHEIX mydkoB (m, K, p, p, d, C) B koMOMHALMH C MOJAPU3OBAHHON MHILIEHBIO
paciiupsieT OUamna3oH WCCIEHOBAHWN MOJSAPHU3ALMOHHBIX SBICHUM M YCHINBAET YHUKaIbHOCTH
MIPOEKTa.

Abstract
Abramov V.V. et al. Conceptual Design Project of the SPASCHARM Experiment: NRC «Kurchatov
Institute» — IHEP Preprint 2019—-12. — Protvino, 2019. — p. 144, figs.132, tables 17, refs.: 195.

The SPASCHARM experiment is aimed at a systematic study of the nucleon spin structure
and the spin dependence of the strong interaction of antimatter and matter with matter at energies up to
45 GeV. It is proposed to form polarized beams of protons and antiprotons in the beam channel 24A of
the accelerator complex U-70. In channel 24A of the U-70 accelerator complex, the formation of
polarized proton and antiproton beams is assumed. A polarized antiproton beam will certainly become
a unigue beam in the world. It is planned to measure single-spin asymmetries in dozens of reactions,
both on hydrogen and on various nuclei. At the SPASCHARM facility, it is also possible to measure
the transverse polarization of hyperons and elements of the spin density matrix of vector mesons. Spin
structure of the nucleon will be investigated in the study of the quarkonium production to determine
the contribution of gluons to the proton spin. The presence of two types of polarized beams and eight
types of non-polarized beams (n*, K*, p, p, d, C), in combination with a polarized target, expand the
range of studies of polarization phenomena and enhance the uniqueness of the project.
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Ilamamu npogeccopos
C.b. Hypywesa u FO.M. Kazapunosa
nocssujaemcs

PE3IOME ITPOEKTA

Ha kpymnueiimem B Poccun yckoputenbHoMm komiuiekce Y-70 B HUILL «KypuaToBckmit
uncturyt» — UOBDI, IlporBuno (nanee UOBD) co3nan 3HAUMTENbHBIN 33/ JUIsl TPOBEACHUS
uccnenaoBanuii mupoBoro ypoBHs B 3kcrepuMente CIIACUAPM (CllunoBsie ACummerpuu
B oOpazoBanun YAPMownus). Otu uccnenoBanus no3soisat HULL «KypuaToBckuil MHCTHTYTY
3aHATH JIUAUPYIONINE B MUPE TIO3UIUH B 00JIaCTH CIIMHOBON (DU3UKH.

IIpoekT HauneneH Ha MCCIEAOBAHUE CIMHOBOM CTPYKTYphl HYKJIOHA M CIUHOBOU
3aBUCHUMOCTH CHJIBHOI'O B3aMMOJEHCTBHUS AHTHUBEILECTBA M BEILECTBA C MATEPUEN IPU DHEPTUAX
1o 45 I'>B. CniuH B KBaHTOBOM MEXaHMKE SIBJISIETCS COOCTBEHHBIM MOMEHTOM HMMITYJIbCA YacTHUI]
co cnenuduuecKUMH cBOiicTBaMU. B oTnmume oT OpOMTaIbHOrO MOMEHTAa MMITYJbCa, CIIUH
HE CBSI3aH C IIEPEMELICHUEM YacTHULbl B IPOCTPAHCTBE U SBISIETCA €€ BHYTPEHHEH KBaHTOBOU
XapaKTepUCTUKON, Hamojo0ue macchl wiM 3apsaa. CrnuH Obul BBeAeH B Hayky noutd 100 ner
HazaJ JJs ONHCaHUs aTOMHBIX cHeKTpoB. Ero mpupona 10 cux mop ocraercs HepasraJlaHHOM
TaifHOM. JlaHHBIA MPOEKT 3aMEeTHO MPHOIM3UT PAa3TaAKy ATOH TallHBI, W 3TO OyJdeT MPOpPHIB
B ()yHJAMEHTAIbHBIX HAYYHBIX HCCIICIOBAHUSX.

3aBUCHMOCTb B3aUMOJICHCTBUI OT CIIMHA COCTAaBJISET CYTh IOJSPU3ALUOHHBIX SIBICHUU.
YroObl NPOBOJUTH MOJISPU3ALMOHHBIE UCCIEIOBAHUS HAJ0 CO3[aBaTh IYyYKH MOJSIPU30BaHHBIX
YacTUI] W/WIM UCHOJIb30BaTh TEXHHUKY MOJSIPU30BAaHHBIX MHIIeHEeH. B mociegHue ropabl
MIPOMU30ILIENT 3aMETHBIA MPOrpecc B SKCIEPUMEHTAIbHOM M3Y4YE€HUH CHUHOBBIX 3((EKTOB NpHU
BBICOKMX 3Heprusix. [logasnstomniee OOJBIIMHCTBO 3KCIEPUMEHTOB ObLIO MPOBEIEHO B 00JIaCTH
HenepTypOaTUBHOM KkBaHTOBOM xpomoguHamuku (KXJ[), mpu yMmepeHHBIX MONEpEeUYHbIX
uMmnynscax. llosBIeHHME HKCIEPUMEHTAJIbHBIX JAHHBIX CTUMYJIHPOBAIO TEOPETHUECKOE
OCMbICIIEHHE CHUHOBBIX 3(¢ekroB. Ilpu 3ToM XapakTepHbl BbBICKA3bIBAaHUS H3BECTHBIX
TEOPETUKOB, HallpUMep aHrIM4YaHuHa DiumoTa Jlugepa: «CuH B SKCIepUMEHTax yous Oojiblie
TeopHi, yem J000H Apyroi ¢usnueckuit mapamerp». Wnu amepukanna /[xelimca brépkeHa:
«[Tonspu3anioHHbIE NaHHBIE YacTO OBLUIM KiIaJ0MIIEeM MOAHBIX Teopuil. Ecinmu Obl TeopeTuku
ObUIM B CHJIaX, B LEJNAX CAMO3AIIUTHI UM CTOMJIO Obl BOOOIIE 3alpeTUTh TaKUe U3MEPEHHS.
CeronHsi HET TEOPHUH, NPETEHAYIONIEH Ha MOJHOE OMUCAHUE BCEX HAOIIOAAEMBIX IMOJIIPU3ALIU-
OHHBIX 3(]dekxToB. HoBble SKCIIEpUMEHTATIBHBIE CIIMHOBBIE PE3YyNbTAaThl B OOJBIIOM YHCIIE
pa3HOOOpa3HBIX pEaKIMi, KaK Ha TMOJISIPU30BAHHOM AaHTUIIPOTOHHOM IIydyKe, TaK U Ha
MOJIIPU30BAaHHOM MTPOTOHHOM IYyYKe B 3TOM TpynHOI obnactu HenepTypOatuBHOil KX/ kpaiine
BaYKHBI JJI Pa3BUTHS TEOPETUYECKUX MOJXOJ0B U BO3ZMOXKHOI'O CO3/IaHUS TEOPUH (MOJENN) NI
ONMCaHMS BCEX CIUHOBBIX OH(PQEKTOB B CHIBHBIX B3aUMOJCHCTBUAX. B kaname 24A
YCKOpUTENIBbHOro Komiuiekca Y-70 mpeanosaraercs (OpMHpPOBAHUE IMOJIIPU30BAHHBIX IMYYKOB
IIPOTOHOB M aHTUIPOTOHOB. IIpoBeneHel pacuersl HX MNapamMeTpoB. VHTEHCHBHOCTH
AHTUIPOTOHHOrO Iyuyka c 3Heprued 15 I3B moxer mocturarte 10° aHTUIPOTOHOB 3a LUK
yckoputens (10'°© aHTUIPOTOHOB B CYTKH) IIpU cOpoce Ha NepBUUHYIO MUlleHb 10" mpoToHOB U3
VY-70. Tlonsspr30BaHHBINA aHTUIPOTOHHBIM MYYOK OT paciaja aHTH-TSIMOIa TUTIEPOHOB, KOTOPBIH
MoskeT ObITh octyneH B HULL KU B 2024 roxy, siBUTCS, 6€3yClIOBHO, YHUKAIbHBIM ITyYKOM B
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Mupe. B aHTUNPOTOH-IPOTOHHBIX AHHUTWISILNUAX HET OIPAaHUYEHHs Ha KBAaHTOBBIC YHCIA
OOJIBIIIMHCTBA POXKIAIOIINX PE30HAHCOB. VIHTEHCUBHOCTDH MOJSPU30BAHHOIO MPOTOHHOTO ITyYKa
c areprueii 10+45 I'3B Oyner Ha mopsa0K O0JIbIIe, YeM aHTUITPOTOHHOTO, TIPU TOH K€ BETUYHHE
cpenHeil nongpusauuu. Bee 310 no3Boaut B 3xcnepumMente Ha ycraHoBke CITACHAPM pemars
MacmTaOHble Hay4dHbIE TPOOJIEMBI, CBA3aHHBIE CO CIIMHOM. bimkaiiiiero aHamora co3zgaBaeMoi
HoBoii ycraHoBku CITACYUAPM s paboThl Ha TOJAPU30BAHHBIX IydKaXx B MHUPE HET.
Oxxunaemblii mepuoja coxpaHeHus yHuKalbHOCTH Komruiekca CIIACUAPM - He wmeHee
IIATHAALATH JIET.

[Tonsspu3oBaHHBIE IIy4YKH  ABATCS  MOLIHBIM ~ MHCTPYMEHTOM  JUIi  IIPOBEICHMS
CHCTEMAaTUYECKHX MOJSPU3ALMOHHBIX UCCIEIOBAaHUNA. DTH HCCIEIOBaHUs OyIyT MPOBEACHBI Ha
AHTUIPOTOHHBIX U IPOTOHHBIX ITyyKax npu sHepruu 15 I'3B u Bble, npu cpenHell noaspu3anuu
45%. Ilnanupyercsi onmpenenuTh OOJBIION HA0OpP HEOOXOMUMBIX (U3NYCCKUX HAOIIOJACMBIX,
BKJIIOYasi OJHOCIIMHOBBIE aCUMMETPUU B JIECATKAX PEaKUuil B 001acTH (parMEeHTAUU MOJSPU-
30BaHHOI'O ITy4Ka, KaK Ha BOJAOPOJE, TaK U Ha Pa3JIMUHbIX sapax. [JaHHBIX B TaKOM 00beMe HET
HU IIpY KaKoW 3Hepruu. Pe3ynbraTel CpaBHEHUS YKaXyT Ha OTJIMYME B3aMMOJEHCTBUS aHTHBE-
LIECTBA U BEILIECTBA C MATEPHUEHL, UTO YXKE B TEUCHHE MHOTMX JIET SBJISIETCS aKTyalbHOW Hay4HOH
3ajaueil. J{nsg u3ydeHHs CHUHOBOM CTPYKTYyphl HYKJIOHa OyAyT NpOBEIEHBI HCCIIEI0BaHMS
o0pa3oBaHMsl YapMOHHUsI B 00JacTH ()parMEeHTAllH MOJSPU30BAHHOTO ITyYKa, C aKIIEHTOM Ha
OIpesieJIeHUE BKJIa/la IJIFOOHOB B CIMH MPOTOHA, YTO IMOMOKET PAa3rajKe «CIMHOBOTO KPU3UCA»
IIPOTOHA (BCE KBAPKU B MPOTOHE OTBETCTBEHHBI Bcero 3a ~30% crnuHa IpoTOHA), CYLIECTBYIO-
miero yxxe noutu 30 Jer.

Hanuuue mnossspu30BaHHBIX KakK INPOTOHOB, TaK M aHTUNPOTOHOB B CP-HeilTpanpHOU
pp-cucTeMe NOTEHLUAIbHO OTKPBIBAET BO3MOXKHOCTH JIJISl U3YUEHUSI U CPAaBHEHUS APYT C APYTOM
CP-conpsk€HHBIX peakuuid. OTO MO3BOJsAET B3MIsAHYTh Ha CP-MHBapMaHTHOCTH B HOBOM
pakypce, HEIOCTYIHOM JUIsl CTOJKHOBEHUH HENoJspH30BaHHbIX 4dacTull. I[IpoBeneHue Takux
u3MepeHuil B OyaymieM NoTpeOyeT, CKOpee BCero, HEKOTOpPOH MOJU(UKALUU YCTaHOBKH,
B YaCTHOCTH, pacHIMpeHusi €€ aKcelnTaHca Ha 3aJHI0K0 Moyycepy B CUCTEME ILIEHTpa Macc
CTOJIKHOBEHHUS.

JlononHuTenbHble yHHMKalbHble ocoOeHHOcTH skcnepuMeHTa CITACUAPM cBs3aHbl
C BO3MOKHOCTBIO U3MEPEHUSI MHO)KECTBEHHOCTH 3apsKEHHBIX aJJpOHOB B COOBITHH, OIPEEIICHUS
LEHTPAJIBbHOCTU COYAApPEHUN ajpoHa ¢ sAApoM. Takux HccIenoBaHUM B MHpE IIOYTH
HE IIPOBOJIUJIOCH, HO €CTh IIEPBBIEC YKa3aHUs HA UX aKTyalbHOCTh. EIll€ HOBU3HA IPOEKTa CBA3aHa
C BO3MOXKHOCTBIO PETUCTPUPOBATh HE TOJBKO CTAOWJIbHBIE 1O CHJIBHOMY B3aUMOIEHCTBHIO
YacTHULIbl, HO U MHOTOYHUCIIEHHbIE PE30HAHCHI, KAaK ME30HHBIE, Tak U OapuoHHbIe. Ha ycTaHOBKe
CITACYAPM BO3MOXHO TakX€ U3MEPEHHUE MONEPEUHON MOISpU3alMi TUIIEPOHOB U AJIEMEHTOB
CIIMHOBOM MAaTpHIIbl BEKTOPHBIX ME30HOB, YTO SIBJISIETCS OFPOMHBIM IPEUMYILECTBOM MPOEKTA.
HakoHen, Hajiuyue BOCAMM THIIOB HEMONSAPH30BaHHEIX myukoB (1, K, p, p, d, C),
B KOMOWHAIIMU C TMOJISIPU30BAHHON MUIIEHbBIO, HA MOPAIOK PACIIMPSIIOT AUANa30H MCCIIEJOBAHUMN
MOJIAPU3ALMOHHBIX ABJICHUN U YCWIMBAIOT YHUKAJIbHOCTb IIPOEKTA.

[Monspuzauuonnsiii npoekt CIIACYHAPM otimyaer rnoOaibHbBIN, CHCTEMaTHYeCKHM
MOJIXOJT B U3yYE€HUHU CUCTEMBbI aHTUIPOTOH-MIPOTOH (SAPO) U MPOTOH-IPOTOH (s11po). B oTnuuune
0T OOJIBIIMHCTBA MOJIIPU3ALUOHHBIX 3KCIEPUMEHTOB, B IIMPOKOANEPTYPHOM MPELU3MOHHOM
cnektpomerpe CITACHAPM Oyner peann3oBaHa MOJHAsE TEOMETPHs MO a3UMYTaJbHOMY YIIY,
YTO MO3BOJIMUT UCCIEAO0BATh HE OJIMH JIECATOK HOBBIX MPOILIECCOB C MPEACIbHO HU3KUMU MOTPEeIll-
HocTsiMU. CodeTaHHe IMPOKOro Habopa MyYKOB U MUIIEHEH C BO3MOXKHOCTHIO OJHOBPEMEHHOMN
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PEruCTpalMK 3apsKEHHBIX M HEWTPAIbHBIX YACTHIl — MPOAYKTOB PEAKIMil, BHITOJHO OTIMYAET
JaHHBIN MPOEKT OT APYIMX MNOJSPU3ALUOHHBIX IPOEKTOB, CO3JaHHBIX 110/l OTPAHMUYEHHOE YHCIIO
M3y4aeMbIX peakiuii. i3mMepenne cnmHOBBIX 3(P(PEeKTOB B OOIBIIOM KHHEMAaTHIYECKOM JTHANa3oHe
U CpaBHEHHE CIHHOBBIX AS(P(PEKTOB B PA3TUYHBIX PEAKIUSAX NPUHIMIIAAIGHO BaXXHO IS
PacKpbITUS MEXaHNW3Ma B3aUMOJIEHCTBHUS YaCTHLI.

OcCHOBOH KOJIJIGKTHBA aBTOPOB JTaHHOTO MPOEKTa SIBJIAETCS J1adopaTopHs MOJIApU3AlIU-
OHHBIX dKcriepuMeHTOB MDBD. DTOT KOJIIEKTHB MMeeT OOJIBIION HAyYHBIA 3a7€Jl 1O MPOCKTY,
KaK COOCTBEHHO MO Hay4HOH 4acTH, TaK U 10 MOJArOTOBIEHHOMY 000pynoBaHuio. OH 3aHUMaeTCs
MOJIAPU3ALMOHHBIMU UCCleoBaHUsIMH Oosiee 40 JieT ¥ IpUHUMAaJ y4acTHe MPAaKTUYECKU BO BCEX
KPYIMHEHIINX aJpOHHBIX SKCHEPUMEHTAX MO CIHMHOBOW TEMAaTHKE B POCCHIMCKHUX M 3apyOeKHBIX
LEHTpax. B yacTHOCTH, KOJUIEKTHB CBITpaj PEILAIOLIYyI0 POJb B IOJAIOTOBKE W IIPOBEIECHUU
noJisipu3annonHbix skcnepumenToB B ®HAJT (axcniepumentsl E581 u E704) u BHJI (CTAP u
E925). B skcnepuMeHTax, MpoBeACHHBIX B [IpOTBHHO M 3apyOeKHBIX LEHTpax, ObUIM OOHApy-
KEHBbl 3HAYUTENIbHBbIE MOJIAPU3ALMOHHBIE 3(P(EKThl, KOTOpble HE MOTYT OBITh OOBSICHEHBI
CYILLECTBYIOIIUMH TEOPETUUECKUMHU MoAesIMU. [1o pe3ynbTaTam 3THX 3KCIIEPUMEHTOB TOJBKO I10
CHMHOBOM TeMaTuke omyOnukoBaHo Oonee 100 pabor, 3ammuiieHo 6 AOKTopckux u Oojee 10
KaHAMJATCKUX Aucceprauuii. Tak:ke MHOro qpyrux coTpyaHukoB MDBD yyacTByIOT B MPOEKTE.
Cpenu aBTOpOB JAaHHOI'O IIPOEKTa BaXHOE MECTO 3aHMMAET IPYIIaA MOJISIPU30BaHHBIX MUIIEHEN
u3 OUSAN (yb6na), koropas 40 ner, coBmecTHO ¢ pusukamu u3z MOBI, 3anumaercs nonspusza-
[IUOHHBIMHU UCCIICIOBAaHUSIMU Ha ycKopHuTenbHOM Komruiekce Y-70 B IIporBuno. ['pynma ydeHbix
u3 aByx apyrux uHcturyro HULL «KypuaroBckuit unctutyT, @ itMeHHO UTO® u [TUAD, Tak
xe kak 1 HUAY MUODU sapnsrorcs nonHoueHHbiMU yyacTHUKamu CITACYHAPM. ®uzuku u3
Urtanuu (rpynna bpamamante) u Yexuu (rpynna ®dunrepa) npucnanu [lucema o Hamepenusx
BCTYIUIEHUSI B 3Ty OSKCIEPUMEHTaJIbHYIO0 MporpamMmy. OXuaeM BCTYIUIEHME HECKOJIbBKUX
HEMELIKMX YHHBEPCUTETOB M HAIlMOHAJIBHBIX JIAOOpaTopuil B 3TOT mpoekT. KomudecTBo moTeH-
[UAJIbHBIX TOJIb30BaTeNIe MHPPACTPYKTYpPhl JAHHOTO MPOEKTa U €€ Pe3ysbTaTOB IPEBBIIIACT
100 uenoBek. Bc€ 3T0 mpUBOAMT K OYEHb BBICOKON BEPOSATHOCTH YCHELIHOW peanu3anuu
COOTBETCTBYIOLIEH MHPPACTPYKTYphl U Hauaia BHIMOJIHEHHS HAyYHBIX 3a/1a4 [IPOEKTa B TEUECHUE
OJIM>KaUIIUX IECSTH JIET.

CymMmapHble pacxo/pl Ha MU3roToBieHne B Poccun Heo0X0IuMOro HaydHoro ooopyioBa-
Hus U1 uccnenosarenbckoil yecranoBku CITACUAPM cocrapsr 1 mupa py6reit. Kpome toro,
emé 1 mupa pyO. moTpedyercs Ui BBINOJIHEHHS pPabOT MO CO3JAHUIO AHTHIIPOTOHHOTO
(v mpoTOHHOTO) KaHana 24A Ha yckoputenbHOM Komiuiekce Y-70. Takum oOpa3zom, UTOroBas
CTOMMOCTh NPOEKTa OIleHHBaeTcs B 2 mupa pyonei. [lpu navane ¢uHaHCHpOBaHHUS B MEpPBOM
nosioBuHe 2020 roma Hauyano paboThl € MOJSIPU30BAHHBIMM ITyYyKaMHU Ha HOBOM KaHaile 24A
MoskeT ObITh B 2025 romy.



EXECUTIVE SUMMARY

At the largest accelerator complex in Russia, the U-70 of the National Research Center
Kurchatov Institute (NRC KI) — IHEP, Protvino (hereinafter IHEP) a significant base for
conducting world-class research in the fixed target SPASCHARM experiment (SPin ASymmetry
in CHARMonia) has been created. These studies will allow the NRC KI to take the world's
leading positions in the field of spin physics.

The project is aimed at studying the spin structure of the nucleon and the spin dependence
of the strong interaction of antimatter and matter with matter at energies up to 45 GeV.Spin in
quantum mechanics is an intrinsic angular momentum of elementary particles with specific
properties. Unlike the orbital angular momentum, spin is not associated with a spatial motion of a
particle or its constituents but is an internal quantum characteristic, like a mass or a charge. Spin
was introduced almost 100 years ago in order to describe atomic spectra. Its nature is still an
unsolved mystery. The SPASCHARM project intends to become a breakthrough in the
fundamental science which will bring closer the understanding of the spin mystery.

Spin-dependence of fundamental interactions represents the essence of polarization
phenomena. In order to carry out polarization studies in collisions of high-energy particles, it is
necessary to create beams of polarized particles and/or to use the technique of polarized targets.
In recent years, there has been noticeable progress in the experimental studies of spin effects at
high energies. The overwhelming majority of experiments have been carried out in the kinematic
region of nonperturbative quantum chromodynamics (QCD) at moderate momentum transfers.
These experimental data stimulated the development of theory on the spin role in physics of
strong interactions. However, the subject appeared to be so difficult that once the leading theorist
in the field, Elliot Leader, pronounced in desperation "Experiments with spin have killed more
theories than any other physical parameter”. Another famous statement of this kind was from
James Bjorken: «Polarization data has often been the graveyard of fashionable theories. If
theorists had their way they might well ban such measurements altogether out of self-protection».
Today there is no theory which provides a complete and consistent description of all the observed
polarization effects. Therefore, the systematic experimental study of polarization effects in a wide
variety of reactions, including antiproton-proton and proton-proton collisions, is of great
importance for development of a theory for the consistent description of all observed spin
phenomena in QCD nonperturbative region.

It is proposed to form polarized beams of protons and antiprotons in the beam channel
24A of the accelerator complex U-70. Calculations of their parameters have been carried out. The
intensity of the antiproton beam with energy of 15 GeV can reach 10° antiprotons per accelerator
cycle (10 antiprotons per day) for the 10" primary protons from the U-70 to the primary target.
A polarized antiproton beam from the decay of the anti-lambda hyperons, which can be reached
by NRC KI in 2024, will certainly be a unique beam in the world. In antiproton-proton annihila-
tions there is no restriction on the quantum numbers of the majority of the producing resonances.
The intensity of a polarized proton beam with energies of 10+45 GeV will be an order of
magnitude larger than that of an antiproton beam with the same mean polarization. All this will
allow the SPASCHARM setup to solve large-scale scientific problems related to spin. There is no



closest analogue of the new fixed target SPASCHARM complex being created for operation on
polarized beams. The expected period of preserving the uniqueness of the SPASCHARM
complex is no less than fifteen years.

Polarized beams will be a powerful tool for carrying out systematic polarization studies.
These studies will be carried out on antiproton and proton beams at an energy of 15 GeV and
above, with an average polarization of 45%. It is planned to determine a large set of necessary
physical observables, including single-spin asymmetries in dozens of reactions in the region of
fragmentation of a polarized beam, both on hydrogen and on various nuclei targets. Data in this
volume is not at any energy. The results of the comparison will point to the difference between
the interaction of antimatter and matter with matter, which has been an actual scientific task for
many years. To study the spin structure of the nucleon, studies will be made of the formation of
charmonium in the fragmentation region of a polarized beam, with an emphasis on determining
the contribution of gluons to the proton spin, which will help solve the "spin crisis™ of the proton
(all quarks in the proton are responsible for only ~30% of the proton spin) existing already almost
30 years.

The presence of polarized both protons and antiprotons in the CP neutral pp-system
potentially opens up opportunities for studying and comparing CP conjugate reactions with one
another. This allows us to look at CP invariance in a new perspective, inaccessible to collisions of
unpolarized particles. Carrying out such measurements in the future will most likely require some
modification of the experimental setup, in particular, the extension of its acceptance to the rear
hemisphere in the collision center-of-mass system.

Additional unique features of the SPASCHARM experiment are associated with the
possibility of measuring the multiplicity of charged hadrons in an event, determining the
centrality of the hadron-nucleus collisions. There have been almost no such studies in the world,
but there are first indications of their relevance. Another novelty of the project is connected with
the possibility to register not only stable particles that are stable by strong interaction, but also
numerous resonances, both meson and baryon ones. In the SPASCHARM setup, it is also
possible to measure the transverse polarization of hyperons and the elements of the spin matrix of
vector mesons, which is a huge advantage of the project. Finally, the presence of eight types of
unpolarized beams (n°, K%, p, p, d, C), in combination with a polarized target, extends the range
of studies of polarization phenomena by an order of magnitude and enhances the uniqueness of
the project. The study of energy dependence of spin effects reveals the dynamics of interaction.
The measurements might be conducted at several energies in order to estimate the model
parameters.

The SPASCHARM polarization project is distinguished by a global, systematic approach
to the study of the antiproton-proton (nuclei) and proton-proton (nuclei) systems. Unlike most
fixed target polarization experiments, in the wide-aperture precision spectrometer SPASCHARM,
the full geometry along the azimuthal angle will be realized, which will allow us to investigate
not one dozen new processes with extremely low errors. The combination of a wide range of
beams and targets with the possibility of simultaneous detection of charged and neutral particles
in final states of reactions, distinguishes this project from other polarization projects created for a
limited number of reactions studied. Measurement of spin effects in a large kinematic range in the
beam fragmentation region and comparison of spin effects in various reactions is of fundamental
importance for revealing the mechanism of particle interaction.



The core of the team of authors of this project is the laboratory of polarization
experiments of IHEP. This team has a large scientific background on the project, both in terms of
the scientific part and the equipment prepared. It has been engaged in polarization studies for
more than 40 years and has been involved practically in all of the largest hadronic experiments on
spin topics in Russian and foreign scientific centers. In particular, the team played a decisive role
in the preparation and conduct of polarization experiments at FNAL (experiments E581 and
E704) and BNL (spin part of STAR and E925). In experiments conducted in Protvino and foreign
centers, significant polarization effects were found that can’t be explained by existing theoretical
models. According to the results of these experiments, more than 100 papers have been published
on spin topics, 6 doctoral and more than 10 PhD theses have been defended. Also many other
IHEP employees participate in the project. Among the authors of this project, an important place
IS occupied by a group of polarized target experts from JINR (Dubna), which for 40 years,
together with physicists from IHEP, is engaged in polarization studies at the U-70 accelerator
complex in Protvino. A group of scientists from two members of the “Kurchatov Institute”,
namely ITEP and PNPI, as well as the National Research Nuclear University MEPhI (hereinafter
MEPhI) are also active participants of the SPASCHARM. Physicists from lItaly (the
Bradamante’s group) and the Czech Republic (the Finger’s group) sent Letters of Intention to join
this experiment. We are expecting the entry of several German universities and national
laboratories into this project.

The number of potential users of the infrastructure of this project and its results exceeds
100 people. All this leads to a very high probability of successful implementation of the relevant
infrastructure and the beginning of the fulfillment of the scientific tasks of the project over the
next ten years.

The total costs for the manufacture in Russia of the necessary scientific equipment for the
research facility SPASCHARM will amount to 1 billion rubles (about 14.5 M Euro). In addition,
another 1 billion rubles will be required to carry out work to create an antiproton (and proton)
beam channel 24A at the U-70 accelerator complex. Thus, the total cost of the project is esti-
mated at 2 billion rubles (about 29 M Euro). With the beginning of funding in the first half of
2020, the beginning of work with polarized beams at the new 24A channel might be in 2025.

10



BBEAEHHUE

WccnenoBanust moCieIHUX HECKOJIBKUX JECATKOB JIET MOKa3aJId HAJIMYUE 3HAYUTEIbHBIX
CUHOBBIX A((PEKTOB B pasznuyHbIX (u3mdeckux mporeccax. OmHako HaOMOIeHHE OOJBIINX
CHMHOBBIX () (EKTOB MOKa HE YJAIOCh OOBSICHUTH B paMKaxX CTaHJAPTHON TEOpUU BO3IMYLICHUI
kBaHTOBOM XxpomoauHamuku (KXJI), mpenmonararomeil KOUIMHEApHYIO KHHEMATHKy. B 3Toit
CBSI3M SIBJIIOTCSI aKTyaJdbHBIMU JallbHEHIINE CHCTEMaTHYeCKHE SKCIIEPUMEHTANbHBIE HCCe-
JOBaHHUST B JTOW 007acTH, MPEANONIAraronife W3MEPEHHE HECKOJIbKHUX 3aBHUCSIIUX OT CIHHA
HAOIO1aeMbIX (OJIHOCTIMHOBAasE W JBYXCIIMHOBAs ACUMMETPUHU, IMOJSIPU3AINS TUIIEPOHOB,
9JIEMEHThl CIUHOBOM MAaTpHUIIBl BEKTOPHBIX ME30HOB) B JIECATKAX PAa3JIMYHBIX PEaKIUH.
['mobGanpHBI aHaTM3 TOJNYYEHHBIX TaKUM OOpa30M JAaHHBIX IIO3BOJIUT BBISSBUTH OOIIUE
3aKOHOMEPHOCTH TIOBEJICHUS MJAHHBIX, B TOM YHCIIE CPaBHEHUE B3aWMOJICHCTBUN YaCTUIIBI
Y aHTUYACTHUIIBl C IPOTOHAMHU U SAPAMHU, POJIb LBETHBIX CHUJI, CIIMHOBYIO CTPYKTypa HYKIIOHA,
3aBHUCHUMOCTH CIIUHOBBIX 3((EKTOB OT M30TONMUYECKOTO CIIMHA U SHEPTUU MydKa, COPTa KBapPKOB,
aTOMHOTO Beca MHIIEHH U MHOXKECTBEHHOCTH 4dYacTull B coObiTuu. Panee momoOHbIE
UCCIIEIOBaHMs TAaKOro macirtaba He MPOBOAMIMCH. B3auMoelHCTBUS MOMSPU30BAHHBIX YaCTHUI]
MPEACTABIISIIOT COOOM YHHMKAJIbHBI WHCTPYMEHT JJIS MCCIICIOBAaHUS MEXaHU3Ma CHJIbHBIX
B3aMMOJICHCTBHIA B 00JacTH KOH(AWHMEHTa, YTO HE yJaeTcs MOKa ClIeNaTh, U3ydas coyaapeHus
HETOJISIPU30BAHHBIX aJIPOHOB.

Jns mpoBeneHUsT yKa3aHHBIX BBIIIE HCCIEAOBAHUN TpeOyeTcsl SKCIepUMEHTAIbHAs
yCTaHOBKAa MUPOBOTO YPOBHS M CO3/IaHUE KaHAJIa MOJISIPU30BAaHHBIX MPOTOHOB M aHTUIIPOTOHOB.

[Ipoekt sxcniepumenta CITACUAPM Ha co3gaBaeMOM HOBOM aJpOHHOM KaHajle 4acTHIL
24A yckopuTelbHOro KoMIuiekca Y-70 HallelleH Ha MCCIIEJOBaHUWE CIIMHOBOM 3aBUCHUMOCTH
CIJIBHOTO B3aMMOJICHCTBHS aHTHUBEIECTBA (M BEIIECTBA) C MaTepuell U CHUHOBOW CTPYKTYPHI
HykjoHa. [Ipexmae Bcero, Oymer mpoBefeH OO30pHBIN TMOJSIPU3AIMOHHBIA JKCIEPUMEHT Ha
AQHTUTIPOTOHHOM U MPOTOHHOM TOJIIPU30BAHHBIX My4Kax Mpu sHepruu 16 ['3B u nmonspuzanuun
no 45% c u3MepeHHeM OJHOro W TOro ke Oojbuioro Habopa ¢U3NYECKUX HaOII0JaeMbIX
BenWuuH. JlJIs M3ydeHUs CIUHOBOM CTPYKTYpPhl HYKIIOHA OYIyT MPOBEIEHBI HCCIECIOBAHHS
oOpa3oBaHus YapMOHHS B 001acTu (hparMeHTaIluH MOJIIPU30BAaHHOTO Myyka. byner onpenenena
BEJIMYMHA MOJSAPU3aLUA KBAapKOB M TIIIOOHOB B MONEPEYHO M MPOJOJBHO MOJISPU30BAHHOM
MPOTOHE W AHTUIIPOTOHE uepe3 0Opa3oBaHME KBAPKOHUSI CO CKPBITOM CTPAHHOCTBHIO ((-ME30H
u f2(1520)) u ckpeiThiM o4apoBaHueM (yc2 (3555 M»sB) u ye1 (3510 M»aB)). Bnepsoie Takue
u3MepeHus: OyayT MPOBEACHbI HAa YHHUKAIBHOM Iy4YKe MOJSPU30BAHHBIX (AHTH)IPOTOHOB OT
pacnaza (aHTH)TUIIEPOHOB.

B HUII «KypuaroBckuii unctutyt» — UOBI 3aBepuiensl paboThl 10 CO3AAHUIO 3CKU3-
HOTO TMPOEKTa HOBOTO ajgpoHHOro KaHana 24A. IlpoexkTHple pabOTHI MPOBOIUIUCH COBMECTHO
¢ I'CITN. K 2015-my romy OBLT MOTYYEH ICKU3HBIN MTPOEKT «T0JIOBHI KaHanay (jymnHa 50 MeTpoB)
— 3TO MPOBOJKA My4YKa MPOTOHOB OT €ro BbIBojAa U3 Y-70, 10 MEepBUYHON MUIIEHU, PACIOJIO-
KEHHOM TMepe]] CIeUUaTbHbIM paJAUallMOHHO-CTOMKUM MarHuToM. llonmHas anuHa KaHama OT
MEepPBUYHON MUIIIEHU U 0 KOHIa kaHana cocraBiseT 180 merpoB. B 2016-2019 rogax Obuiu
MOATOTOBJICHBI BCe HEOOX0oauMble TexHuueckue 3aiaHus Ha CO3/IaHNe PA3IMYHBIX Y3JIOB KaHAIA.
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B kaname 24A mnpeanonaraercss (OpMHpPOBAHUE TMOJISIPU30BAHHBIX ITYYKOB IMPOTOHOB
U aHTUNPOTOHOB. IIpoBeeHb! pacueTsl X napaMeTpoB. IHTEHCUBHOCTH aHTUIIPOTOHHOIO MTyYKa
MOXeT jocTurath 10° aHTHUIpoTOHOB 3a 1HKI yckoputens (10'° B cyTku) npu cOpoce Ha nepBuY-
Hyto muiieHb 10 mporoHoB u3 VY-70. Ilonsipu3oBaHHBI aHTUIPOTOHHBIN IYYOK, KOTOPBII
oyner noctynen B HULL KU B 2022 roxy, cTanet, 6€3yCclI0OBHO, YHUKAJIBLHBIM ITy4KOM B Mupe. B
npouwioM aHTUNpoTroHHble mydku Obutn B LIEPH ¢ aHeprueit mopsiaka 1 15B um 3arem
B nabopatopun um. @epmu (OHAJI, CIIA) ¢ sueprusmu 813B m 200 I3B. Ilpu stom
€AMHCTBEHHBIM IOJISPU30BAHHBIM ITYYKOM aHTUIMPOTOHOB ObLI mydok Bo ®HAJI mpu 200 I'B.
Hauunas ¢ 2026 roga, miuaHupyeTcsl NOSBICHHE AHTUIPOTOHHOI'O, BBICOKOMHTEHCHUBHOI'O, HO
HENOJIIPU30BaHHOIO Iyuka ¢ sHeprueil 1o 15 I'3B B npoexkte ®AMP B I'epmanuu.

AHTUnpoToHHBIN nosigpu3oBaHHblil nmydok HUI[ KU saBuTCA MOLIHBIM MHCTPYMEHTOM
IUISL IPOBE/ICHUSI CHCTEMATUYECKOT0 0030pHOTO MOJSPU3ALMOHHOTO SKCIIEPUMEHTA C OTpe/ieie-
HUEM TIOJHOrO Habopa HEOOXOOMMBIX (HU3MUECKUX HAOII0NaeMBbIX, TaKUX KaK CEYCHHE;
NOJIIpU3aLUsl B YIPYrOM aHTUIIPOTOH-TIPOTOHHOM PAcCesIHUMM Kak B OO0JIACTH KYJIOH-SA€PHOMN
UHTephEepeHH, TaKk U JUPPAKLUOHHOIO KOHYCA; OJHOCHMHOBBIX ACUMMETPHH B OOJIbLIOM
qucie peakuuid B 001acTu pparMeHTaluu MoJIIpU30BAHHOIO MyYKa, Kak Ha BOJOPOAE, Tak U Ha
pasnuyHbIX sAapax U Jp. [laHHBIX B TakoM oObeMe HET HM NpHU KaKUX SHeprusax. Takue xe
u3MepeHus OyayT MPOBEIECHBI U Ha MOJSPU30BAaHHOM IIPOTOHHOM ITydKe. Pe3ynbpTaThl cpaBHEHUS
YKaXyT Ha OTJIMYME B3aUMOJECHCTBUSI aHTUBELIECTBA U BEILIECTBA C MATEPUEH, UTO YK€ B TEUECHUE
MHOTHUX JIET SIBJISIETCS aKTyaJlbHOW HaydyHOHM 3anadeil. MccnenoBanus Ha kaHaie 24A MOXXHO
OyzeT MpOBOAWTH B JAMANa3oHe SHEpruil mnossipuzoBanHoro myuyka 10+451mB, mpu sTom
OINITUMAJIbHAs SHEPTHsl AHTUIPOTOHHOT'O ITyYKa, YUYUTHIBAsI (JOHOBBIE MPOLIECCHI, TOCTUTAETCS TIPU
15 T5B?. Tonspusamms IIydKa IIOMOKET IPU IPOBEIEHUHU INapLUaIbHO-BOJHOBOIO aHAIM3a
JAHHBIX IPU MOUCKE HOBBIX (JOpPM MaTepHH, BKIIOYAsl SK30TUUYECKUE COCTOSHUA. 3aMETUM, YTO
B @HTUIIPOTOH-IIPOTOHHBIX B3aMMOJCHCTBUSIX HET OTPaHMUYEHUS HA KBAHTOBBIE YHCIA POXKIA-
IOLUXCSl COCTOSIHUM M 4YacCTHII, BKJIKOYAs U COCTOSHUSA € DK30TUYECKMMH KBAaHTOBBIMU UHMCIIAMU,
KOTOpBIE OyyT POXKAATHCS B COMPOBOXKIECHUU C IPYTUMH SK30TUUECKUMHU YaCTULIAMHU.

B HacTosmmii MomMeHT B nelcTByromieM skcnepuMmente mnoj HazBanuem CIIACHAPM
C BKJIaJIOM 10 oOopynoBanuio u joAsm ydactsytor HUL[ KU — NOB3, OUSAU, HUL[ KU —
UTO®, HULL KU — [TUAD u HUAY MUDU. [lpu npunstun perieHus o (GUHAHCUPOBAHUU
pabot mo co3xanuio kaHana 24A B skcriepuMeHT Takxke Bouayr MAD CO PAH, nmpexnae Bcero
C BKJIAJIOM B CIIUH-(JIMIIEP, U 3apyOe’KHbIe MHCTUTYTHI, YK€ MPOSIBUBIINE UHTEPEC K JAHHOMY
npoekty. IIpu 3TOM 3KCepUMeHTallbHasi YCTAHOBKAa JOJDKHA ObITh, O€3yCIOBHO, OCHAIllEHa
TEXHOJIOTHYECKUM 000pYZAOBaHHMEM HAa MUPOBOM YPOBHE.

B omiivume oT OONBIIMHCTBA BBINOJHEHHBIX paHee MOJIIPU3ALMOHHBIX SKCIIEPUMEHTOB,
B CITACUHAPM Oyner peanu3zoBaHa 27-T€OMETPHUsS MO a3UMYTaIbHOMY YTJIy, YTO TO3BOJSET
3HAYUTENIBHO YIYUYIIUTh TOYHOCTh U3MEPEHUs CIMHOBBIX HAOJI0JaeMbIX, a [NIaBHOE — MHHHUMHU-
3MPOBaTh CUCTEMATHUYECKUE OMMOKK n3mepenuii. TenecHsiit yron ycranoBku (46 =~ 200 mpan mo
Beptukaiau u 300 Mpaa o ropu3oHTaIM B 007acTH (PparMEeHTAlMH IyYKa) MO3BOJISIET MPOBECTH
U3MEPEHHS B IIMPOKOM JHaINa30He KHHEMAaTHYECKUX NMepeMEHHBIX (P, Xp) U J1aCT BO3MOXKHOCTB
pa3AeauTh 3aBUCUMOCTH OT 3TUX JBYX IEPEMEHHBIX, YTO OOBIYHO HE YJIAETCs B IKCIIEPUMEHTAIb-
HBIX YCTAaHOBKAX C MaJbIM TEJIECHBIM YIJIOM PETHCTPaLUH.

2 IIpu »sHEepruu nepBUYHOro My4ka npoToHoB 60 I'3B.
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K HacTtosmemMy BpeMeHHM CYHIECTBYET 3HAYMTEIBHBIM 3aled 10 CO3JaHUI0 YCTAHOBKH
CITACYAPM. Cobpan, UCHBITaH U YK€ paboTaeT MIUPOKO-alepTYPHbIH CHEKTPOMETPHUYECKHI
MarHuT. Co3/aHbl JBa MHOTOKAaHAJIBbHBIX IOPOTOBBIX YEPEHKOBCKUX IETEKTOpA U BENETCS UX
HacTpoiika. OHHM CIIOCOOHBI O0ECTIEYUTh MEPBBIE M3MEPEHHsI Ha AHTHIIPOTOHHOM ITyYKe, XOTS
U B OTPAaHMYEHHOM TEJIECHOM yIJIE B CPAaBHEHUH C TIOJHOW MPOEKTHOW KOH(UTypaIhen.
3aBepiraercsi Co3jaHre MPEIM3NOHHON TPEKOBOM CHCTEMBI Ha OCHOBE Apei(oBbIX TpyOOK. EcTh
B HAJIMYUU aApOHHBIA KajmopumeTp. Co3maercs IydykoBas amnmnaparypa, HaCcTpauBaeTCsi HOBas
perucTpupyroIias JIEKTPOHUKA U cucTeMa coopa gaHHbIX B ctangapte EBpoMUCC.

Opnaxo, 11 IPOBEAEHUS SKCIIEPUMEHTa MUPOBOIO YPOBHS 3TOI'O COBEPILIEHHO HEJOCTa-
TOYHO. JIJ11 BBIMOJHEHUs] MPOTrPaMMBl MCCIIEIOBaHUI TpedyeTcs camoe cCoOBpeMeHHOoe 000py/I0-
BaHue. B wactHOCTH, TpeOyeTcs CO3/1aHUE CUCTEMBI CBEPXIPOBOISIIMX MAarHUTOB, «CUOMPCKUX
3MeeKk», oOecreyuBaroeldl MOBOPOT MOJSPU3ALMHU IMyYKa HAa MHUIICHH, a TAKXKE KPHUOTEHHOMN
cucTeMbl kaHana 24A. Oto o0opynoBaHUE Mbl IPUYKMCIIAEM K YCTAaHOBKE, a HE K KaHaiy. B ycra-
HOBKE HEO0XOJMMO CO3JlaHHE NPELU3UOHHOTO TOHKO-CErMEHTHUPOBAHHOTO 3JIEKTPOMArHUTHOI'O
KaJIOpUMETPa TUIA «IALUIBIK» C MEJIKON SYEUKOW, IIMPOKO-allepTYpPHOIO MHOTOKaHAJIBHOIO
yepeHKkoBckoro aerekropa tuna RICH, cozmanue cucrembl NOJSIPUMETPOB IS U3MEPEHUS
a0COJIIOTHON BEJIMYMHBI MOJIAPU3ALIMY ITYUKa, & TAK)KE HEKOTOPOro APYroro 000pyJ0BaHUs.
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1 ®usnueckas nporpamma CIIACHAPM

CrinHOBBIE HaOIIOJaeMble SBIISIOTCS TEMU NPEUU3MOHHBIMH WHCTPYMEHTaMHU, KOTOpbIE
MO3BOJISIOT TJIyO)Ke IIOHATh NPUPOAY CHUIIBHBIX B3aUMOAEHCTBUI. V3ydeHue CTPyKTYpbI
CIIEKTPOB M3JIy4€HHs] U IOIJIOILEHHUs aTOMOB IPHUBEJIO OKOJIO CTa JIET Ha3al K HE0OXOAUMOCTH
BBEJICHUS CaMOI'0 NOHATHUSA cnMHA YacTull. Co BpeMEHU MPOBEICHHS 3HAMEHUTOIO SKCIIEPUMEHTA
HItepna-I'epnaxa ¢ myykoM aToMOB cepedpa B CHJIBHOM HEOAHOPOJHOM MAarHUTHOM I10JI€
HAYaJIOCh HKCIEPHUMEHTAIBHOE HMCCIICJIOBAHNE BIMSHUS CIIMHA HA B3auMMojeicTBHE yacTull [1].
Pe3ynbrarhl 3TMX NEpPBBIX HMCCIEAOBAHUN OKAa3aJUCh HEOXHUIAHHBIMM U TIOMOIJIM PAacKpbITh
[1apaJlOKCAIbHYI0 KBAHTOBYIO NPHUPOAY CIHMHA, IPUHHUMAIOLIETO TOJBKO LENbIE U IOJYLENbIE
3HAYEHUS.

VYuuBepcanbubii kaHan 24A c ycranoBkoii CITACUAPM coszpatorcst it M3ydeHHs
(GyHIaMEHTaJIbHBIX BOIPOCOB CHJIBHBIX B3aMMOAEHCTBUM M CIIMHOBOH (DM3MKH, BO B3aMMOJEH-
CTBMSIX HOJSPU30BAaHHBIX MPOTOHOB M AHTUIPOTOHOB C HYKJIOHaMu U sapamu. M3yuenue
MOJISIPU3ALMOHHBIX ABJICHUH IO3BOJIUT pPACIIMPUTh HAIIM 3HAHUA O CTPYKTYpe aJpOHOB
U IMHAMMKE UX B3aUMOJEHUCTBUS, B TOM YHUCIIE HA YPOBHE CTPYKTYPHBIX COCTABIISIOLIUX aPOHOB
— KBapKoB U II00HOB. Llenbto Goratoit ¢pusnyeckoit mporpammel sxkcriepumenta CITACHAPM
ABJIAETCS PACUIMPEHUE HAllUX 3HAaHUM B 00JACTH CUJIBHBIX B3aUMOJEHCTBUM, CTPYKTYpbI
aJpOHOB M pOJIM CIHMHA B JIMHAMUKE CHJIbHBIX B3aUMOJAEUCTBUN. l3MmepeHue paznuyHbIX
CIMHOBBIX HabO0MaeMbIx (acumMmmeTpuu Ay, nossipusanuu Py, nepenaun criuna Dyy, 371€MeHTOB
CIIMHOBOW MaTpPHULbl INIOTHOCTHU pik U APYIMX) OTKPBIBAET JONOJHHUTEIbHBIE BO3MOXHOCTH MJIS
CpPaBHEHMsI JaHHBIX HKCIIEPUMEHTa M IpeJCKa3aHuil Mopesnei, uro OyJner crnocoOCTBOBATH,
B KOHEYHOM HUTOTI'€, PEIIEHUI0 0003HAYEHHBIX BBIIIE TIPOOIEM.

Teopus Bosmymenuit KXJ[ mnpenckaspiBajia He3HAuMTENIbHbIE CHUHOBBIE 3((EKTHI,
mopsinka 0.1%, BBIMHpAIOIEE C POCTOM ODHEPIHH B3amMoneiicTBuil (VS) M IONMEpedHOro
ummnyinbca (Pr) [2]. OmHako SKCIEepUMEHTAbHBIC HCCICIOBAHMS TOKa3aid, 4TO 3(PQEKTHI,
Ha0Jt0/laeMble B MHKIJIIO3UBHBIX PEAKIMAX, HE YOBIBAlOT 3aMETHBIM OOpa3oM C YBEIMUYEHUEM
Vs u pr.

Hapsiny ¢ monspu3oBaHHBIMH HPOTOHHBIM M AHTUIPOTOHHBIM IydyKaMu KaHal 24A
TMO3BONMT BHIBOAWTH HA YCTaHOBKY HENONSPM30BAHHBIE MyYKH MHOHOB (), kaoHoB (K),
IIPOTOHOB U AQHTHUIIPOTOHOB, a TAKXE YIJIEPOAHBIA U NEUTPOHHBIA Nyuykd. B KauecTBe MuILIEHEN
IIPEAIIOIIaracTCs UCIOJb30BaTh MONEPEYHO U MPOAOJIBHO MOJISPU30BAHHBIE TPOTOHHBIE MUILIEHU
3aMOPO’KEHHOT'0 THIIA, a TAKXKe MIUPOKUNA HAOOp HETOJIIPU30BAHHBIX MUIIEHEH, BKIIIOYAst KUIAKO-
BOJIOPOJIHYIO U TBEP/IbIE sII€PHbIE MUIIICHHU.

Bce BbllieckazaHHOE 03HaYaeT BO3MOYKHOCTD UCCIIEI0BATh C BHICOKOW TOUHOCTHIO CITMHO-
Bble 3(QEKThl A MHOTUX JAECATKOB pEaKlIMi, ¢ pa3IMYHbIMM HAYaJIbHBIMU U KOHEYHBIMHU
COCTOSTHUSIMHU. DTO MO3BOJIUT BBISIBUTH OOIIHE 3aKOHOMEPHOCTH aIpOHHBIX B3aUMOJIEHCTBUIL, UYTO
BbIroAHO oTiinyaeT 3kcnepuMeHT CITACHAPM ot npyrux mossipu3alliOHHBIX AKCIEPUMEHTOB,
IJIe U3y4aeTcsi, Kak MpaBUIIo, HEOOIBIIIOE YHCIIO PeaKIuil.

B oskcnepumente CITACYHAPM Ha kananme 24A OyneT u3yuyaThCsl B3aUMOJEHCTBUE
MOJISIPU30BAHHBIX NPOTOHHBIX M AHTUIPOTOHHBIX ITYYKOB C IMPOTOHHOW JIMOO C sAEpHBIMHU
MumieHssMi. MMmmoynasc  MOJNSpU30BaHHOTO My4yka MOXKET BapbUpOBAaThCA B JIMANla30HE
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10+45 I'3B/c, a nonepeunas nomnsipuzanus mnydka coctaBut 40+45%. HenonsipuzoBaHHble My4Ku
MoryT uMeTh umnyisc ot 10 no 60 I'3B/c. Hike npencraBiena ¢usnyeckas mporpaMmma 3Kcrie-
pumenta CITACYHAPM u oxxuaembie pe3yabTaThl.

Hayunas nporpamma CITACHAPM BxitodaeT HECKOJIBKO CEpUil M3MEpEHUll, KOTOpbIE
HampaBlIeHbl Ha wHccinenoBanue (QynnamentanbHbix npobiem KXJI B HemepTypOaTHBHOMN
o0nacTy, e MPOSABIAIOTCS TaKHe SIBICHUA KaK KOH(paWHMEHT, cnusHue JMOo (parMeHTanus
KBapKOB B aJ[pOHBI U CHIOHTAHHOE HapYIIeHHE KUPATbHOU CUMMETPUHU.

Haszpanue »skcnepumenta CIIACYUAPM sBisieTcs COKpallleHHMEM OT KOHEYHOH IesH
npoekta,— CrnuHoBbie ACumMmerpun B poxkaeHuu YAPMonus. Llenpto 3TUX HCCIeI0BaHUM
ABIISICTCS PEIICHUE 3a/1a4, KOTOPHIE €Ille HUKTO B MUPE HE MBITAJICS BBHIIOIHHUTH U B OinKaiiiee
BpEMS HE IJIAHUPYET U3-3a CIO0KHOCTH U KOMIUIEKCHOCTU UCCIIEJOBAHUM.

Byayr usmepeHsl nonepeyHble OJHOCIMHOBBIE aCUMMETPUHM Ay B PEaKLUAX MHKIHO3UB-
Horo obpazoBanus ¢, f2(1520), J/y, yc1 ¥ yco Ha TPOTOHHBIX M AHTUIIPOTOHHBIX MOJIIPH30BAHHBIX
My4YKax.

Jns w3ydeHus MNONSpU3allMd KBApKOB M TIIOOHOB B 00JIACTH OOJBIIUX Xg, OYAYT
HU3MEPEHBI IBYXCITMHOBbIE acummeTpun Ayy B AL B Tiporieccax oOpa3oBanust yactuil ¢, f2(1520),
JW, Xc1 M Y2 B COyIapeHHsSX MOMEPEeYHO U MPOAOIBHO MOJSIPU30BAHHOIO IMy4YKa MPOTOHOB
¢ rmorepeuHo (MPOJI0JLHO) TMOISIPHU30BAHHON MPOTOHHOW MHMICHBIO. Haieil mesnpro sBiseTcs
noJiyueHue MHGOpMaluu O BKJIAJE KBApKOB U TJIOOHOB B CIIMH IPOTOHA W3 aHalIM3a 3THUX
IIpOLECCOB. AHalM3 BBIXOJOB 3TUX YacTHUIl B T€X Cllydasx, KOrJa CIMHbl MUIICHH U Iy4Ka
HaIpaBJIEHbl B OJHY WJIM B Pa3HbI€ CTOPOHBI, IO3BOJUT OLEHUTH JOJI0 CIIMHA HYKJIOHA, IEPEHO-
CUMYI0 KBapKaMu (mpoOiemMa «CIHMHOBOTO KPU3HCAy», 3aKIIOYAIOLIErocs B TOM, YTO CEroJHS,
cnyctss 30 et mocie mpoBeaeHUs HHoHepckoro skcrnepumeHta B L[EPH, Bce BaneHTHBIC
Y MOPCKHE KBapKH B MMPOTOHE B CyMME OTBETCTBEHHBI Bcero Jjuiib 3a 30% mpoJoapHOro CruHa
MIPOTOHA).

HccnenoBanne OTHOLIEHUH BBIXOIOB Yc1 M )Yc2 MO3BOJMUT INPOBEPUTH HOBYIO TEOPEMY
0 MacmTaOHOW  WHBAPHMAHTHOCTH B  BBIXOJAX JTUX Me30HOB [3], oOHapykeHHYIO
B aKcrniepuMenTax Ha BAK [4, 5].

JlanHble HccienoBaHusl SIBISIIOTCS HamOosee ciokHbiMU B nporpamme CITACHAPM
Y HaKJIa/bIBAIOT JKECTKUE OTPaHMYEHHUs HAa TPeOOBaHUS K SKCIEPUMEHTAIbHON yCTaHOBKE, MPHU
3TOM Ha PaHHUX ATanax OyAyT pelaThCcsi He MEHee MHTEPECHBIE 3a/]auu:

— H3mepeHne OJHOCHMHOBBIX MOMEPEYHBIX (a3UMYTAJIbHBIX) aCUMMETpHl Ay apOHOB,
COCTOALINX M3 JIETKUX U, d, S KBapKOB, NPU PacCESHUU MOMNEPEUHO MOJSAPU30BAHHOIO ITyYKa
Ha HENOJSPU30BaHHOIN MUIIEHH, TM0O0 HEMOIIPU30BAHHOTO MyYKa Ha IMONEPEYHO MOJSPU30-
BaHHOM MuieHH. B kauecTBe perucTpupyemMoil 4acTHULbl MOKHO HCIOJIb30BaTh JIHOOBIE
gactunbl (co crmaom J=0, 1/2, 1 ..) u naxke sapa. B kadecTBe MHIICHH MOXKHO
MCIIOJIb30BaTh MPOTOHBI U Spa, YTO MO3BOJSET MCCIEA0BAaTh 3aBUCUMOCTh Ay OT aTOMHOTO
Beca A. wmumieHd. Peructpauus aapoOHHBIX PE30HAHCOB, B JIONOJHEHHE K OOBIUHO
U3MEpSIEMBbIM, CTa0WJIBHBIM 1O CHWJIBHOMY B3aUMOJICHCTBHIO  aJpOHaM, IIO3BOJIUT
CYIIECTBEHHO PACIIMPUTh CIIUCOK JOCTYIHBIX JJIS U3ydeHUs peakiuid. Panee n3mepenuit Ay
JUIS PE30HAHCOB MPAKTHUECKU He OBLIO.

— Ormpenenenue nonepeyHbix (MO OTHOMICHUIO K TUIOCKOCTH PAcCEsHUsl) MOJIIpU3aui
PN TUIIEpOHOB M aHTUTHIIEPOHOB, 0OPA3YIOLIUXCSI HEMOISIPU30BAHHBIMU MTyYKaMH Ha HETO-
JSIPU30BAHHBIX MUILIEHSX (IPOTOHHOM M siiepHbIX). M3Mepenue nonspuzanuu Py BO3MOXHO
Onarojgapss HapyLIEHMIO YETHOCTH B cHaObIX JBYXYaCTUYHBIX pachajax TUIEpPOHOB.
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[TapameTpsl  YIJIOBOTO  pacmlpefesieHuss MpPOAYKTOB pacrhaja TUIEPOHOB  CBSI3aHBI
¢ moJigpu3anmeit pacnanaromeiics yactuibl. CpaBHenue Ay u Py ams runepoHoB (aHTUTH-
MIEPOHOB) OTKPBIBACT JIOTIOJHUTEIBHBIC BO3MOXKHOCTH JUIsl BbIOOpa (WM JUCKPUMHHAIUN)
KOHKPETHOM MoOJle T reHepanuu 3HauutenbHbix Ay u Py, Jlo HacTosimero BpeMeHuU
OJIHOBPEMEHHBIX n3MepeHuit Ay u Py JUTst 3a1aHHOM peakluy MPaKTHYECKU HEe OBLIO.

— H3mepeHne BHICTPOECHHOCTH (3JIEMEHTOB MATPHIIbI TUIOTHOCTH pik) BEKTOPHBIX ME30HOB
(ciun J=1, yetHOCTHh P oTpumarensHas), pacrnajgalonuXcs Ha JBE YacTHIIBI, B IIpoleccax
COoyJapeHull HeMoJSIpU30BaHHBIX yacTHll. Kak u B ciryyae runepoHOB, /Ui BEKTOPHBIX ME30-
HOB MO>XHO M3MEPHUTh U CPaBHUTH BBICTPOEHHOCTb U Ay, UTO paHHEe HUKOIJa He Jelaj,
M YTO TO3BOJISIET TMOJYYUTh JIOMOJHUTEIbHbIE OTPAaHWYEHUS HA MEXAaHU3M CHJIBHOTO
B3aMMOJICHCTBUS.

Jlis Bcex Tpex MEepedyMCICHHBIX BbIIIE CEpUM U3MEPEHUIl MOI'YT MPOBOJIUTHCS MCCIEN0-
BAHHS 3aBHCHMOCTH OT Pr, Xp, HOMepa sIpa A, SHEpruy PeaKiii \'S B C.ILM., MHOKECTBEHHOCTH
BTOpUYHBIX 4YacTHll B coObITHH (Ncn), a Takke or neHtpanbHocTd (Ct) coymapeHus: mydKoBOM
gacTulpl ¢ siapoM. CTonb pa3sHOOOpas3HBI HAO0OP MOJISIPH3AIMOHHBIX JAHHBIX TO3BOJISIET
MOJyYUTh OTPAHWYCHHS HA BO3MOXHBIH MEXaHHM3M IPOUCXOXKIEHHS CIUHOBBIX 3(P(EKTOB B
CWJIbHBIX B3aUMOJIEHCTBUSAX. B JaHHOM ciyyae MOYKHO TOBOPUTH O CUCTEMAaTHYECKOM IOAXOME
K UCCIICZIOBAaHUIO TPOOJIEM CHJIBHBIX B3aUMOACWCTBUI M CIIMHOBOH (HU3UKH. XOTS TOYHOCTh
U3MEpPEHU BO MHOTUX Cy4asiX OrpaHUY€Ha, IJ00albHbIN aHaIu3 BCEH JOCTYITHOM COBOKYITHO-
CTHU JJAHHBIX HAKJIQJbIBACT CEPbE3HbIE OrPAHUYCHUS HAa BO3MOKHBI MEXaHH3M MPOUCXOXKICHHS
HOJISIPU3ALMOHHBIX SIBJIEHUI U MO3BOJISIET BBIIBUTH HOBbIE 3aKOHOMEPHOCTH.

M3mepeHue pasiMyHbIX JBYXCIHMHOBBIX KOppeNisALui, B Ha4aJbHOM H/WIM KOHEYHOM
COCTOSIHUSIX, SIBJISIETCs Oosiee TpyIHOU 3ajaueil, kotopas OyJeT pemaThes 10 Mepe TOTOBHOCTH
anmnapaTypsl U MporpaMMHOro oOecredeHus: 3kcrepuMeHTa. Hampumep, BO3MOXKHO HU3MEpEHUE
nepenaun  cnuHa (Dnny) OT  Haneraromiero MoJSpU30BAHHOTO MPOTOHA  (AHTUIIPOTOHA)
K oOpasyromiemycsi TurepoHy. Ellle WHTepecHO u3MepeHue ABYXCIUHOBON acummeTpun (Ann)
B [IpOLIECCaX pacCesiHUsl MOMEPEYHO MOJSPU30BAHHOIO IMydYKa HA MONEPEYHO MOJSIPU30BAHHOMN
MUILIEHU B UHKJIIO3UBHBIX M 9KCKIIIO3UBHBIX PEaKIHUsX.

OxcnepuMeHT CITACHAPM mno3BonsieT Takke NPOBECTH OJHOBPEMEHHOE H3MEpPEHUE
aHATM3UPYIOIUX crIocoOHOCTeN myuka Ag, MullieHH At 1 K03((UIIEHTa CITMHOBON KOPPEsAILUU
Ann B ympyrom pp-paccestnu. B oGnacti audpakuunonsoro konyca 0.075 < —t < 0.6 (I'sB/c)?
npu uMmmynbce OonpiieM 12 [@B/C Her mannbix s Ayn. Kpome Toro ects BO3MOMKHOCTH
AKCIIEPUMEHTAIILHO MTPOBEPUTH PaBEHCTBO Ag 1 Ar.

[TpucyTcTBHE B CTOJKHOBEHHSX MOJSPU30BAHHBIX YACTHI] JIBYX aKCHAIBHBIX BEKTOPOB
UCXOJHOW MOJIIPU3ALUH, HAXOAAIIMXCS MO/ MOJIHBIM KOHTPOJIEM 3KCIEPUMEHTAaTOPOB, CYIIECT-
BEHHO YBEJIMYMBACT YHCIO BO3MOXKHBIX KOPpENIALMH MEXAy BEKTOpaMH B TOW WM HHOH
peaKIMy, TeHepUPYIOIUX U3MEpUMbIe CIIMHOBBIE acuMMeTpuu. Cpean HHX OCOOBI HMHTepec
NPEJCTABIAIOT T€, HATMYME KOTOPBIX 3alPEIIeHO 3aKOHAMU COXPAHEHHUsI, B YACTHOCTH, 3aKOHAMH
COXpAaHEHMs TUCKPETHBIX CHUMMeTpuil. I[IpUMEHUTENBHO K AHHUTHISLUH TOJIIPU30BAHHBIX
KBAapKOB M aHTUKBAPKOB Takas MpobiieMa paccMaTpuBaiach B LEJIOM psijie myOaukamuii [6, 7, 8,
9, 10, 11, 12]. OOmwuWpHBIA CHHCOK IOTCHIIMATHLHO HWHTEPECHBIX OJIHO- H JBYXCITHHOBBIX
acumMeTpui, Hapymarmux CP/T-uaBapuanTHOCTH, TIpUBEAEH B padote [7]. M3BecTHO, 01HAKO,
gyro 1 CP/T-uHBapraHTHBIE B3aUMOJICHCTBUS B HAYAJIbHOM W KOHEYHOM COCTOSTHHH TaK)KE€ MOTYT
UMHUTHPOBaTh T-HEe4€THBIE S((PEeKThl. YHUKaIBHOCTh CHCTEMBI CTATKUBAIONINXCS TOJSPHU-
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30BaHHBIX MMPOTOHA U AHTUIIPOTOHA COCTOUT B TOM, YTO OHa sIBNsAE€TCS UCTUHHO CP-HeUTpaibHOM
0 BCeM 3apsiiaM (RJIEKTPUUYECKUi, OapUOHHBINA, CTPAaHHBIN...). DTO TO3BOJSET MPOBECTH
cpaBHeHUE HAOMIOACHHBIX Y (hekToB B CP-CONpsHKEHHBIX PEAKIMSIX M TEM CaMbIM OTICIHTH
peanbHble Hapymienus: CP/T-uHBapHaHTHOCTH OT (PUKTHUBHBIX.

B HCTHHHO-HEHUTpPAJIBHOW IIPOTOH-AaHTUIPOTOHHOM CHUCTEME CYIIECTBYIOT TaKHe
CIMHOBBIE AaCHUMMETPHH, KOTOpble HE MOTYyT ObIThb umuTHpoBaHbl CP/T-uHBapHaHTHBIMU
B3aUMOJICHCTBUSIMM B HA4aJlbHOM M KOHEYHOM COCTOSIHMSAX. B kauecTBe OAHOro M3 NMpUMEpPOB

[6,7] npueném Ao oc(f)-[éjp xfp]), rae P — BEKTOp MMIYJbCa NPOTOHA, a fp U fﬁ —
BEKTOPHI MOJSpU3AINKA MPOTOHA U AHTHIPOTOHA. DTa aCHMMETPHUS MOXKET OBITh HaOII0JeHA
B CTOJIKHOBEHHUSIX MOMNEPEYHO-TIOISPU30BAHHBIX YACTHUIl C B3aUMHO OPTOTOHAJILHBIMH MOJISPU3a-
uusmu. [Ipu cMeHe 3Haka ogHOM U3 noJssgpuzaunii Act Takke MeHseT 3Hak. [IpucyrcTBue Bkiiana
Act B ceueHUU pp-peakiuu ¢ IETEeKTUPOBAHUEM B KOHEUHOM COCTOSIHUM MCTUHHO HEUTpaIbHOMI
MOJICUCTEMBI B AaKCENTAaHCE, CHUMMETPHYHOM OTHOCUTEIHbHO Xg=0, ObUIO OBl OJIHO3HAYHBIM
ceunerenscTBOM CP-Hapymenus. K yuciny Takux 3KCIEpUMEHTOB C UCTUHHO HEUTPaJIbHBIMU T10
BCEM 3aps/iaM KOHEYHBIMH COCTOSTHUSIMM MOKHO OTHECTH, B UaCTHOCTH, U3MEPEHUS YIPYroro,
HEYNPYTroro M MOJHOTO CEYEHUs B pp-B3aUMOJCHCTBUSX MM CEUCHUS] MHKIIFO3UBHOTO POXKICHUS
HMCTUHHO HEUTPAJbHBIX PE30HAHCOB M YACTHUIL, HAIpUMEpP 7’-ME30HOB, B CUMMETPUYHOM 110 Xr
aKCernTaHce.

B nanHoMm pasnerne npuBefeHbl NOApOOHee onmucaHue (HU3HMUECKUX MPOILIECCOB, MPUMEPHI
M3Y4YaeMbIX peaklui, OXujaeMas CTaTHUCTHKAa, YpOBEeHb (OHA U OlLIEHKa CTAaTUCTHYECKOH
TOYHOCTH U3MEPEHUM.

1.1 HccnenoBanue ciuHOBBIX 3 (PeKTOB B POKICHNH KBAPKOHUS

OKCIEpUMEHTBl MO TITyOOKO-HEYNpPYroMy PpacCestHUIO HEMOJSPU30BAaHHBIX 3JIEKTPOHOB
Y MIOOHOB Ha HEMOJSIPU30BAaHHBIX HYKJIOHAX INPHUBEIU K OTKPBITHUIO KBapkoB B 60-x romax.
B 1988 romy nskcnepument EMC (European Muon Collaboration) B LIEPH mno rmy6oko-
HEYNIPYyroMy pPacCEesHUIO IOJSAPU30BaHHBIX JIENTOHOB Ha IOJSIPU30BAHHBIX  HYKJIOHAX
MpeICTaBUI Pe3ysbTaThl, B KOTOPHIX BKJIaJ CIIMHOB KBAapKOB B CIIMH NPOJIOJIbHO-TIOISPU30BAH-
HOTO MpOTOHa Man (mpumepHo, coctasisieT 30%), uro mpotuBopeumsio pacueram KXJ[. Ota
npoOieMa Mody4yuia Ha3BaHUE ‘‘CIIMHOBBIA KpU3UC HYKJIOHA”. Jlo cux mop 3Ta mpobiiema He
penieHa, 1 Ha MHOTMX YCKOPUTEISX MUpa UIET €€ NHTEHCUBHOE U3ydeHHe. BaxHenmen 3agaueit
npoekta CITACHAPM sBnsieTcs pereHne 3Toro CHMHOBOTO KpU3HCa.

B kBanToBO# XpomonuHamuke (KXJI) ects Tpu ¢yHaameHTanbHble QyHKIUM pacriperie-
JeHust Ajst mpotoHa. Dto GpyHkuus f(X) pacnpeneneHus: HapTOHOB O UMITYJIbCAM, YCPEIHEHHAS
no cnuHaM, (yHKOUS crnupanbHOcTH ((X) pacmpenesieHus MapTOHOB IO CHUPATBHOCTSIM
B TMIPOJIOJIBHO-TIOJISIPH30BAaHHOM TMPOTOHe U (QyHKIMs mnomnepeunoctd h(X) pacmpenenenus
MapTOHOB IO CIMHAM B MOMNEPEYHO-TOJISPU30BAaHHOM MNpoTOoHE. CIHMHOBBIM KpU3HC NPOTOHA
ces3al ¢ pynkuumeit g(x). U3ydenue pynkumu h(X) Toabko HAYAIOCh.

PesynbraThl uccienoBanus GYHKIMHA CIIUPATIbHOCTH ((X) MOKa3bIBAIOT, YTO TOJIbKO 30%
CIHMHA MPOTOHA MEPEHOCATCS BAJICHTHBIMU U MOPCKUMH KBapKaMHU M aHTHKBapKaMU.

Ocranbuble Henocrtatone 70% cnuHa MPOTOHA MOTYT OBITH OOBSCHEHBI BKIIAJOM
[JIIOOHOB M/MIM OpOMTAIbHBIM MOMEHTOM. BOJBIIMHCTBO MOJSPU3ALMOHHBIX IKCIEPUMEHTOB
B HACTOAILEE BpEMs HAINPaBJICHO Ha MOMCK BKJIaJa TJIOOHOB B CIIMH HYKJIOHOB. /[0 HenaBHEroO
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BPEMEHH BCE€ MOMBITKM OOHAPYXHUTh BKJIAJ TJIIOOHOB B CIIMH HYKJIOHA J1aBajl OTPULIATEIbHBIN
pe3ysbTar.

DKCIIEPUMEHTHI € MOJIIPU30BAHHBIMU JICITOHHBIMH ITY4YKaMH, TPOBEACHHBIEC B MOCTIEIHEE
BpeMs B Pa3IMYHBIX YCKOPHUTENBHBIX HEHTPax, MBITAINCH OOHAPYKUTH MOSPU3ALUIO TIIOOHOB
IIPY OTHOCUTENBHO MaJIbIX 3HaUEHUAX nepeMeHHol beépkena Xg, 10 0.1+0.15. OxcnepumMeHTH! Ha
RHIC (STAR u PHENIX) npeanpuHsIM MOMBITKY OOHAPYKUThH IOJISPU3AIMIO TJIOOHOB IIPU
Maibix (okomo 0.01) u mpomexyrounbix (mo 0.2) 3HAYEeHHSX Xg, TOrJa Kak HEOOXOIHUMO
IIPOBECTU U3MEPEHHMSI BO BCEM JIMaIa3oHe, 0OCOOEHHO MpH OONbIINX 3HAYCHUAX Xg.

B skcniepumente COMPASS B pesynbrare rio0ambHOrO (GUTUPOBAHHUS JAHHBIX OBLIO
MOJyYeHO YKa3aHWe, YTO BKIJIAJ TJIIOOHOB B CIUH IPOTOHA BO3MOXKEH INPU 3HAYCHHIX Xg
npumepHo 0.3 (Puc. 1.1) [13].

Jlo mocnenHero BpeMeHU BCE M3MEPEHHUsl IBYXCIIMHOBBIX aCUMMETPUI ObUIM CPaBHHUMBI
C HyJIeM B mpejnenax omubok, u Toiapko B 2017 1. sxcnepument CTAP omy0OnukoBan aaHHBIE,
yKa3bIBaKoIKe Ha HeHyseByto acummerputo (Puc. 1.2) [14].

0.08— ENEEN Di-JetA,,
[ = DSSV 2014
- == == NNPDF Pol 1.1
0.06— [ Scale Uncertainty
a F PDF Uncertainty
<‘ 0.04— [ Rel. Lumi. Uncertainty
5 r
o - 5 001 o
[ ftwith AG>0, MSscheme b e
\ O.Bj_ T frwith AG<0, WS scheme A F ' . .
w E| @  compass, hghp,G<1GeV’, prol o2k Sign(n) = Sign(n,)
<] 0 6L‘ B SMC highp, Q>1GeV* B T ) \ ) ,
""F__ A HERMES nighp,alld .08
E T STAR 2009 Sign(n) # Sign(n,)
04— : 0.06— ptp— Jet+ Jet+ X
+ COMPASS PRELIMINARY -
[ 4 F {s = 200 GeV
ES < 0.04 _
Ozt / | | B8 I - 5
r 4 ‘ = 0.02 R e :
E / g 00 i TR
O e ) o b sk
;:- . E +6.5% scale uncertainty
0.2 e -0.02— from polarization not shown
Cl 1 T N | | | 1 I T | I L L L L
10? 10" 20 30 40 50 60 70
X Di-jet Invariant Mass [GeV/c?]
Puc. 1.1 Pe3ynpTaT rino6aapHOTO Puc. 1.2 V3mepeHne ABYXCIIMHOBOM
aHanu3a gaHHbIX [13] acummetpui B okcriepumerte CTAP [14]

Crnemyer OTMETHTh, YTO BCE WCCIICOBAaHUS SBIISIOTCS MOJEIHHO-3aBUCUMBIMH KAk
C TOUYKH 3pPEHHS BOCCTAHOBJICHHMS MApaMETPOB PEAKIMH, TaK M C TOYKH 3PEHHS OIHMCAHUS
MIPOIIECCOB.

OnHUM Y3 BO3MOXHBIX CIIOCOOOB M3MEpEHMs TMOJSIpU3alMM MapTOHOB (KBapKOB
U [IIIOOHOB B MPOTOHE) SIBISIETCS M3ydeHUe oOpaszoBanus uvactui ¢, f2(1520), a take yc1 (1P)
u y2(1P), xortopele pacmamatorcs Ha J/Ay M QoTOH. XOpOIIO H3BECTHO, YTO OOpa3oBaHUE
KBapKOHHsI BKJIIOYAaeT TPH OCHOBHBIX MNpoOIecca Ha MAapTOHHOM ypoBHe (cM. Puc. 1.3): kBapk-
TIII0OHHOE paccessuue (2), aHHurmwistnus jerkux kBapkoB (D) u rmooH-rmooHHOE crustHue (C)
[15,16]. Tlpm sTomM B paccMaTpuBaeMOl OOJACTH SHEPruil JOMHHUPYIOIIUA BKJIa IS
MPOTOHHOTO MTy4YKa OYyAeT JaBaTh MPOIECC KBAPK-TITFOOHHOTO PAcCesTHUs, a UIsi aHTUIIPOTOHHOTO
— KBapK-aHTUKBApKOBasi aHHUT TSNS
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Puc. 1.3 Tunmynblie AuarpaMmsl 00pa3oBaHUs KBAPKOHHS

XapakTepHOH 0COOEHHOCTBIO MPOIIECCOB 00Pa30BaHUs KBAPKOHUS SBISICTCS MX BBICOKAS
YyBCTBUTEIBHOCTh K TJIFOOHHOMY COJIEP)KaHHIO B3auMoJiecTBYIOmUX yactuil. OOpazoBaHHE
COCTOSIHMI KBapKOHHSI B CTOJIKHOBCHHSX HYKIIOHOB OCOOCHHO WHTEPECHO, TaK KaK COCTOSHUS
C KBaHTOBBIMHU 4nciamMu /- -, 177, 27 * HecyT MH(POPMALIMIO O MJIOTHOCTH TIIFOOHOB B HYKJIOHAX.
[TomoOHBIE COCTOSIHMSI OTHOCHUTEIBHO JIETKO PETHCTPUPOBATH dYepe3 WX JHJICIITOHHBIE
Y paIuaIlMOHHBIC MOJIBI pacmaja.

W3mepeHne pasHUIBI CeUYCHHUN (IBYXCIHHOBBIX acHMMeTpuil Ay ¥ ALL) [UIS 4acTHIl ¢,
f2(1520), J/w, yc1 ¥ yc2 C UCTIONB30BAHUEM MOJSIPH30BAHHBIX ITyYKa M MHIICHHU SIBISCTCS TECTOM
CIPaBEJIMBOCTH PA3IUYHBIX MOJICICH, HEKOTOpbIe M3 KOTOPBIX MPEACKA3BIBAIOT IPOTHUBO-

MOJIOXKHBIN 3HAK Uit AL JUIS YacTHIl C pa3HbIM CUHOM. [Ipo/onbHas IByXCIIUHOBAs aCUMMET-
1 LUGEH)-1(+-)
(PB-Piff) IFEH+IH-)

pust ompenensieTcss Kak A;; = rae Pg —3HaueHue moispu3alvy Iydka,

P — s¢dexrusras nonspusamms mumenn®, 1(++), 1(+—) — KONIMYECTBO HOPMAIN30BAHHBIX
coObiTHit. Coctosiuusi (++) U (+—) COOTBETCTBYIOT 3HAYCHHSM MOJSAPU3AIIUIN MTydYKa U MHUIICHU
(—<«) u (——>) COOTBETCTBEHHO.

Bonpmas BenmuumHa A OyAeT yka3piBaTh Ha 3HAYUTENBHBIN BKIAn TIOOHOB AG/G(X)
B CIMH MpPOTOHA, HE3aBUCHMO OT TMPEINONIOKeHHH KOHKpeTHoi Moaenu [16]. Kak Obuto
MOKa3aHo, B TOM umcie B [17], yrioBoe pacrnpenesieHiHe KOHEYHbIX (POTOHOB U JICHTOHHBIX Map
00€ecTIeYrBarOT BO3MOYKHOCTh H3MEPEHHSI MOJISIPU3ALNN HAYAIbHBIX KBAPKOB U TITFOOHOB.

Opnoii n3 wneneit skcnepumenta CIIACYHAPM sBnsiercs ucciaenoBaHuE CIOUHOBOM
CTPYKTYpBI IPOTOHA M M3yueHHe GYHKIUI crnimpanbHocTH g(X) u TpancBepcanbHocTH N(X) yepes
U3MEPEHUsl Pa3MUYHBIX OJHOCHHMHOBBIX M JIBYXCIMHOBBIX 3(P(QEKTOB B CTOJIKHOBEHHUSX IBYX
anpoHoB. IIporpaMma skcreprMeHTa BKJIHOYaeT B ce0s KOMIUIEKCHOE H3Y4YE€HHE MEXaHU3MOB
00pa3oBaHMsl KBapKOHMS B CTOJIKHOBEHMSX HENOJSPU30BAHHBIX M MOJSPU30BAHHBIX aJPOHOB
coaHeprued no 50 1mB, BkiIroyas WCHONB30BaHME ITydKa IOJSAPU30BAHHBIX AHTUIIPOTOHOB.
B03MOXHOCTh HCIIONIB30BaHMS PA3IMYHBIX THUIIOB ITYYKOB JUJISI PETHCTPAIMU  PA3TUYHBIX
KBAPKOHHEB TIO3BOJISIET OIPENEIUTh BKJIAJ OCHOBHBIX KaHAJOB OOpa30BaHUS KBapKOHUS
(cm. Puc. 1.3).

Eme oaHMM BaXHBIM MOMEHTOM SBIISETCS TO, YTO NPU DHEPrUSX YCKOPUTEIHHOTO
komriekca Y-70 B cooTrBercTBUM C pacuetamu [18] mccrnemoBanue oOpa3oBaHHsS YapMOHUS

3 HOJ’IS{pI/I3OBaHHBIe MMIICHHU TOJBKO YaCTUYHO COCTOSAT M3 MOJISIPU30BAHHBIX SACP BOAOPOAA, OOBIYHO KOJIHUYECTBO

HENOJISIPU30BAHHBIX TPOTOHOB B MUIICHU, YMEHbIIAONIUX PEAJIbHOC 3HAYCHUEC NOJIsIpU3alluu, B 7-10 pa3 Ooble
4urciia noJiIpu30BaHHbIX.
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NPOKMCXOAUT MMEHHO B TOW OOJNACTH, TI€ MOXKHO OXKHAATh BKJIAJ TJIFOOHHOH KOMIOHCHTBI
(cMm. Puc. 1.4)

LF

Puc. 1.4 CooTBeTcTBHE MEXy PEaIbHO U3MEPsIEeMbIM 3HaUeHHEM nepeMeHHoN DelfHMaHa Xg
U IOJIIMHU UMITYJIbCa, YHOCUMBIMU MTapTOHAMU

CIo)KHOCTh M3MEPEHHI 00pa30BaHUS YAPMOHUS CBs3aHA C JABYMsI OCHOBHBIMH (PaKTO-
pamMu — OJIM30CTHIO IO MAaCCE OCHOBHBIX COCTOSIHUM )¢1 U Y2 M MallbIM ceueHueM. [IpoBenenHoe
MOJICTUPOBaHKE (U3HMUECKUX MporeccoB [16] mokaszano BO3MOXKHOCTH pa3jieieHHs] yKa3aHHBIX
cocrosiHuil (cM. Puc. 1.5) npu BBIMOTHEHUH >KECTKUX TpeOOBaHMI K SKCIIEPUMEHTAIBHONU yCTa-
HOBKE, a MMEHHO: €CJIM pa3pelicHre TPeKoBoi cucrteMbl coctaBur AP/p = 0.004 mpu 10 I'B/c,
a SHEPTeTUYECKOE Pa3pelICHHE IEKTPOMArHUTHOTO KaJopuMeTpa OyaeT HaXOAUThCS Ha YPOBHE
2.5% / VE. XapakTepHCTHKM M pACIONOXKCHHE NCTEKTOPOB ONPEACISUINCh  YKA3aHHBIMU
TpeOOBaHUSMU.
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Puc. 1.5 Pasnenenue y; Me3onoB Ha ycranoske CITACHAPM

CnegyeT OTMETUTH, YTO TOMHUMO TOJIPOOHO PACCMOTPEHHBIX HCCIEAOBAHUN BKIIaga
KBapKOB M TJIFOOHOB B CHUH MPOTOHOB W AHTUIIPOTOHOB B POXKIECHUU KBAPKOHUS, OyIyT
UCCIIEIOBAThCSI OJAHOCHUHOBBIE J(PQPEKTHI B POXKIACHUM OSTUX KE YACTHI[ Ha TOMEPEUYHO
MOJIAPU30BAHHOM MHUIIEHH. XOUYETCS OTMETUTh, UYTO ITO OyIyT MEpBbIE M3MEPEHUs CIHUHOBBIX
3¢ dexToB B 00pa3oBaHUN KBAPKOHHS.
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ODHOBPEMEHHO C HM3MEPEHHUSMU CIMUHOBBIX 3()(PEKTOB OyneT M3MEpPEHO COOTHOIICHHE
BBIXOZIOB yci/yc2 Ha HAASKHONW CTAaTUCTHKE C HCIOJIb30BAaHHEM IMHOHHOTO, MPOTOHHOTO
Y QaHTUIIPOTOHHOTO TIYYKOB, 4YTO II0O3BOJIMT TIPOBEPHUTH HEJAABHO OOHAPYXEHHBIA APPEKT
MacmTabHOM nHBapuaHTHOCTH [ 3], oOHapykeuusiii Ha BAK [4, 5].

Taxke OymeT MNpeANpHHATA IONBITKA HM3MEPEHHS IBYXCIIMHOBOH acUMMETpUH Ay
B IIpolieccax 0oOpa3oBaHMs IMap raMMa KBaHTOB (mporecc Jlpemi-SlHa) ¢ 1enblo MOydeHUs
OLICHKH TonepeyHocTH N:(X) KBapKOB B MPOTOHE.

3a 20 gueilt Habopa AAHHBIX HA MPOTOHHOM ITy4Ke ¢ MHTEHCHBHOCTHIO 10 ~107 p/mmkin
MOXKHO 3aperuCcTPHpPOBATh HECKOJIBKO MUJUTHOHOB COOBITUH POXKACHUS (-ME30HA, TaKKe
oxumaercs ~10.000 J/ ¥ u ~1.000 yc1/ yeo HA p-miyuke. [Ipu 3TOM CTaTUCTHYECKHE OIIUOKU O(AN)
B 0Opa3oBanuu J/ ¥ COCTaBAT HECKOIBKO MPOLICHTOB.

1.2 I/I3Mepe1me OTHOCITUHOBBLIX MONEPECYHBIX achMeTpnﬁ AN aJIpOHOB

OObIYHO OCHOBHOM MOTHBAlLlMEH HCCIENOBAaHUNA C HCIOJIb30BAHUEM MOJSPU30BAHHOMN
MUIIEHU 7100 Iy4yKa IEKIapUpyeTcsl 3ajadya M3ydeHHUs CTPYKTYypbl HpoToHa. OpHaKo, Kak
MIOKa3bIBaeT MOJEIbHBIN aHAINU3 3TUX U3MEPEHUM, IeHHas MH(pOpMaLus, COAEpIKaIlasics B HUX,
CBSI3aHA C JMHAMUKOW CHJIBHOTO B3aMMOJIEWCTBUS aJIpOHOB U KBApKOB B 00NacTU AeUCTBUS
KoHpaitHMeHTa. CrnuHOBBIE 3((EKTH TaKke MOTYT OBITh CBSI3aHBI C TakUMHU (yHIAMEH-
TaJlbHBIMU MpPOOJEMaMH, KaK CIIOHTAHHOE HApyLIEHUE KHUPAJIbHOW CHUMMETPHUHM, IOSBICHUE
Macchl y KBApKOB U aJpOHOB, 00pa3oBaHME B alpOHAX KBA3UYACTHIl — COCTABIISIFOIIMX KBAapKOB
[19]. UccnenoBanue CIUHOBOI CTPYKTYPhI HYKJIOHA, PACCMOTPEHHOM B MPEABIIYIIEM paslele,
SIBJISIETCS] B TO K€ BpeMs TOJIbKO oHOM u3 1enent skcnepumenta CITACHAPM. Jlpyrum BaxHbIM
HAIIPABJICHUEM HCCIICIOBAaHUM SBJISETCS W3yYEHUE IUHAMMKU CUIBHBIX B3aUMOACUCTBUH C
Y4E€TOM CIIHHA.

Kak yxe Obuto oTmMedeHo panee, Teopusi BozmymeHuit KX/ npenckasbiBana He3HAUu-
TeJIbHbIE COUHOBBIE 3P PeKThI, mopsaka 0.1%, BeiMHparolue ¢ pocTOM SHEPrUHU B3aUMOAEHCTBUN
U TomepedyHoro ummynbca [2]. OmHako SKCHEpUMEHTANbHBIE HWCCIEIOBAHHUS TOKA3allk, 4YTO
> eI, HAbTIOaeMBIe B MHKIIO3MBHBIX PEAKIWSX, HE yOBIBAIOT C yBelHYeHHeM \s U Pr.
DKcrepuMEHTAIbHO OOHApYyKEHHbIE MOJIspu3anus /A-TunepoHoB U OAHOCIUHOBAs MONepeyHast
aCUMMETpHs B MHKJIIO3UBHOM 00pa30BaHUM NMHOHOB B 00JIACTH (pparMeHTaLUH MOISIPU30BAHHOTO
IIPOTOHHOTO Iy4YyKa HMEIOT OONbIlIMe U NPAKTUYECKH OJMHAKOBBIE IO BEIMYMHE 3HAUEHUS
aCUMMETPHUU U MOJIIPU3AL[MU B IIMPOKOM JIMalla30He SHEPIUU B 1abopaTopHOi cucteme ot 20 10
20 000 I'»B (sxBuBanent suepruu RHIC B cucreme 1meHTpa macc).

OpnHolt M3 OCHOBHBIX (PU3MYECKUX HAOIIOJAEMbIX SIBJISETCS IOINEpeuHas OJHOCIIMHOBAs

ACUMMCTPUs AN, KOTOpas MNponopHuOHalIbHa Pa3sHOCTU CEUYCHUI npu MPOTHUBOIIOJIOKKHBIX
T_,41

o 0O —0
HaIpaBJIEHUAX TONEPEUHON TMOJSIpU3AIMU TTydKa WM MUIIEHH Ay = 7ol WM PasHOCTH
o' +0
JlTeft_G;' ht
v 13
ceuenuit mox yriamu 90° (BineBo) m -90° (BmpaBo) Ay = u—f", OTHOCHUTEIILHO HampasJie-
OleftTOright

HUSI BEKTOpA TOJIIPU3aiy MpoToHa. «ChIpasi» OJHOCITHHOBast acummMeTpust Ay Y ompenensercs

D NT-N*
crenyonmM o0pa3oM depe3 H3MepseMble BeTUuuHBL: ANCY = D2 _ (W-N)

= e P —
P-cosp (NT+NYY ae

NoJsipu3alvs Tydka WIM MHUIICHH, COS@ — CPEOHUM KOCHHYC YIroJl MEXAYy HOPMabIo
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K IIOCKOCTH PAacCesHUs U HATPABICHHEM CIIMHA MydKa MM MUImenn . Beruanna D HasbBaeTcs
(haKTOpOM pa3baBIeHHs B IOIAPH3OBAHHON MuuIeHH . HOPMUPOBAHHBIC HA UHCIO MyYKOBBIX
YACTHIL BBIXObI HAOOAaEMOTO aJpOHa N [UIs MOJIspU3aluy MyYKa WM MUIICHU, HATIPaBJICHHOM
BBEpX WJIM BHU3, OOO3HAYEHBI KaK N u N' coorserctenno. CormacHo kouBeHimu [20],
MOJIOKUTEIBHOM Ay CUMTAETCS B TOM Cllydae, €CJIM BJICBO JICTUT OOJIbIIE aJpoHOB N Juis mydka
¢ ToNApH3aIeii BBEpX'.

Kak yxe oTMe4YeHO BbIII€, SKCIIEPUMEHTAIBHO M3MEPEHHbIE 3HAYCHUS acUMMeTpuu Ay
BeAyT ce0sl NPaKTUYECKU OJMHAKOBO B OOJIBIIOM JHana3oHe SHepruil. B kauectse mpumepa Ha
Puc. 1.6 cpaBHHBaIOTCS pe3ynbTaThl 10 Ay I peakuuii p'p— 7 +X, HoNydeHHbIe TIPU Pa3IHy-
HBIX JHEprusix Ha yckopuremsix ZGS (Vs = 4.9 TsB) [21], AGS (Vs = 6.55 IB) [22], FNAL
(s =19.43 IB) [23] u RHIC (\s = 62.4 I'3B) [24]. Jlpyrue pe3yIbTaThl IPEACTABICHBI OOICE
nopoOHO B pazzene 5. O030p JaHHBIX U MX aHAU3 MOXKHO HalTH Takxke B paborax [25, 26, 27].

JlaHHbIll NIpUMeEp MPUBEAEH, MPEXIE BCEro, I TOro, 4TOObI MOKa3aTh — Ha IEPBOE
MECTO B TMOJISIPU3ALMOHHBIX MCCIIEJOBAHUSAX YK€ BBIXOJUT HE JHEPrus, a CHUCTEMAaTHYEeCKOe
HCCIIEIOBAaHNE U AHAJIU3 JAHHBIX OOJIBLIOrO YMCia passinyHbIX peakuuil. Hayunas mpoOnema,
KOTOpas SIBJISETCS LIEIbI0 JaHHOTO MIPOEKTa — HUCCIeI0BaHUEe JUHAMUKU CIIMHOBOTO B3aMMOJEH-
CTBHs, B TOM YHCJIE€ B MPOLIECCE aHHUTWIALMYU C UCIOJIb30BAHUEM aHTHIIPOTOHHOIO Iy4Ka, IPH
POXIEHUH IHPOKOTO KIIAcca YaCTHII, B TOM YHCIIE COJACPIKALIUX S- M C-KBAPKH.
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Puc. 1.6 Ay s peakuuit ptp—z+ +X. Jauusie ZGS [21], AGS [22], FNAL [23], RHIC [24].

KoMmusiiums 3KCrepruMeHTaNbHBIX JaHHBIX U3 MyOauKanuu [ 28]

B npennaraembix Ha ycraHoBke CITACHAPM wuccnenoBaHusix npeajaraercsi oOpaTuth
BHUMAaHHE, MIPEXKJIEC BCErO, HA IBA ACIIECKTAa:
— CpaBHeHue MONAPU3ANUOHHBIX YPPEKTOB MPHU B3aUMOACHCTBUM YaCTUI] U AHTHYACTHI]
C BEIIECTBOM MPHU OJIHOM U TOI K€ PHEPTHH U B OJTHOM U TOMH K€ KHHEMaTHYeCKON 001acTy.
— MHWccnenoBanne cnuHOBBIX 3()(PEeKTOB g OOJBIIOTO Kilacca peakiuii B IIMPOKOM
KUHEMATHYECKOM 00JIacTH.

* [pu monHOiA (27) reOMETPHH 110 A3MMYTaTEHOMY Yy MPOBOAUTCS (PHTHPOBAHKE IO COSQ.

> daxrop pazbasienus D onpenensercs Kak MOIHOE YHCIO B3aUMOJCHCTBUI B MUIIEHN, OTHECEHHOE K YHCITY
B3aMMO/ICHCTBHI Ha MOJSAPU30BAHHBIX MPOTOHAX. [IpH MCTIOIP30BaHIH MOJIPU30BAHHOTO ITydka D=1.

® Jlnst cpaBHEHMS OJHOCTIMHOBBIX ACHMMETPHI, MOyYCHHBIX B H3MEPEHHSX C TIOJISPU30BAHHEIM ITydKOM 1 Ay,
MOJTYYSHHBIX Ha MOJISIPU30BAHHOM MHIIEHH, HEOOX0IMMO M3MEHHUTH 3HaK Ay JUIs I3MEPEHHUH Ha TOJIIPU30BaHHON
MUILIEHH.
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1.2.1 MH3mepenue oonocnunogvix 3¢hhekmos c ucnonv3zosanuem noaapuU308aHHO20 NYYKa
AHMURPOMOHOE

IIpoekt CITIACUAPM npenocraBisieT yHUKAIbHYIO BO3MOXKHOCTH  HCCIEI0BATH
CUHOBBIE Y(PQEKTHl MPH B3aUMOJEHUCTBUU AHTHBEIIECTBA C BEIIECTBOM U T€ K€ CIHHOBBIE
3¢deKTsl mpu  B3aMMOJCWUCTBUM BEIIECTBA C BEIIECTBOM M CPaBHUTh PE3YyIbTaThl IO
OJTHOCITUHOBOM aCUMMETPHHU POXKACHUS Pa3IMYHBIX YaCTHUI] PH OAMHAKOBBIX YCIOBHAX (HEPTHUs
¥ KuHeMaTudeckasi oonacts peakuun). C MomenTa oTkpbITusa antuMatepun B 1930-x ronax ona
Bcerja Obula U OCTAeTCsl MPEIMETOM OOJIBIION MPUBIEKATEIBHOCTH, MPEXIE BCETo sl (PU3UKOB
u ¢unocodoB. s GU3MKOB aHTUIIPOTOHBI MPEACTABISAIOT OCOOBI MHTEpPEC, MOCKOIbKY OHHU
SBIIAIOTCS TApTHEpaMH IPOTOHOB, KOTOpbIE SBISAIOTCA: a) EIUHCTBEHHBIMU aOCOJIIOTHO
CTaOWJIBHBIMH aJIpOHAMH, OOWJIBHBIMH U 3(PPEKTHBHO «CBOOOJHBIMHUY; 0) 3apsKEHHBIMH,
MO3TOMY HMMH JIETKO MaHMITYJIMPOBAaTh: YCKOPSTh, CO3/JaBaTh IYYKH C U3BECTHBIMH Xapak-
TEPUCTUKAMU U TOMY [OZ06HOE . DTO 03HAYACT, YTO AHTHIIPOTOHBI MOTYT GBITH HCIIOIb30BAHBI
Ul U3y4eHHUs Ipolecca aHHUTWISIUM W3 HEUTpajdbHO 3apsskeHHoro (C-HeWTpanbHOro)
COCTOSIHUSI B IIUPOKUI CIEKTP KOHEYHBIX KBAaHTOBBIX COCTOSIHMNA. C HEMOJSPU30BAaHHBIM
MIPOTOHOM U aHTHIIPOTOHOM MCXOJHBIE COCTOSIHUS Tarke sABIsitoTcst CP-nelitpanbabivMu. OgHaKO
CP-napymienue B mporecce aHHUTHIISIIUH TOTEHIIHABHO MOXeT HapymuTh CP-HelTpansHOCTh
KOHEYHBIX COCTOSIHMM. V3MepeHue momisipu3aliy 4acTUll, TAKUX KaK TMIIEPOHBI, B KOHEUHBIX
COCTOSIHUSIX MOYKET MOMO4Yb MpoBepuTh CP-HelTpanbHOCTh KOHEYHBIX COCTOSHHM, T. €. COXpa-
Henne CP B pp-aHHUTHIISINH.

AHHUTWIALNS TIEPBOHAYAILHO MOJISIPU30BAHHBIX MTPOTOHOB M AHTHUIIPOTOHOB MPUBHOCHUT
HOBOE KauyecTBO B wuccienoBanue. CocTosHHME ¢ Tosgpu3anueld OobpIIe HE  SBISIETCS

CP-neiitpanpabiM. Ho, u3meHsist nonsipusaiu o0eux (p U P) 4acTHil, MOXKHO CKOHCTPYHUPOBATh
CP-conpsixennoe cocrostare. CpaBHEHHE XapaKTEPUCTUK KOHEUHBIX COCTOSTHHIA, IPOUCXOISIINX
n3 aByX CP-comnpspkeHHBIX HAaYalbHBIX COCTOSIHUM, TOTEHIMAIBHO MOXKET CIY)KUTh
JoKa3arenbcTBOM HapymeHuss CP B mepBuuHOM mporecce pp-aHHurwisnuu. K coxanenuto,
He3aBUCHMBIM oT Mojenu Tect CP-HapyiieHns HEBO3MOXKEH € JABYMs MOJISIPU30BaHHBIMHU
IPOTOHHBIMH  NyYKaMHM U3-32  HEJAOCYHNHOCTH  CTOJIKHOBEHHMS JBYX IOJIIPU30BAHHBIX
AHTHUTIPOTOHHBIX ITYYKOB.

B Hacrosimiee BpeMs TpPaKTHYECKH JIOOBIE MOJISIPH3AIMOHHBIE OSKCIIEPUMEHTAIbHBIE
JaHHBIE JJIS1 pP-peakiMii MpeACTaBIA0T OOJIBIION HHTEPEC XOTSA Obl TOJIBKO MOTOMY, YTO TAKHUX
JAHHBIX OYEeHb MaJlo, a BO3MOKHOCTh CPaBHEHUS PE3yJIbTATOB U3MEPEHHM ¢ TaHHBIMH Ha I0JIs-
PHU30BAHHBIX MPOTOHAX MpPH TEX K€ CAMBIX YCIOBHUSAX MPEICTABISAETCS OYEHb MEPCIEKTUBHOM.
Panee mogo0HbIe Mccaen0BaHUA Ha MHKIIO3MBHO OOPa30BaHHBIX MHOHAX MPOBOAMUIHMCH TOJIBKO
B okcriepumente E704 mis z-me3onoB [29,30], B KOTOpBIX acHMMETpHUsi 3apsHKCHHBIX MHOHOB
MEHSAJAach Ha IMPOTHBOIOJIOXKHYIO, a aCHMMETpHs 7°-Me30Ha OcCTaBajach OJHOTO 3HAKa, 4YTO
BITOJTHE OOBSICHSETCS KBAapKOBBIM COCTaBOM IOJIIPH30BAHHOTO HYKJIOHA W KHHEMAaTHYECKOH
o0nacTbio M3MepeHHui (00JacTh (parMeHTAlMM MOJISIPU30BAHHOTO TMydKa). Pe3ymbrarhl 3THX
ucclieIoBaHui mpuBeaeHs! Ha Puc. 1.7.

7 o
EZLI/IHCTBGHHLIMI/I HU3BCCTHBIMU YaCTHUILlaMH C HO,Z[O6HLIMI/I CBOUCTBAMU SABJISIFOTCS DJICKTPOHBI (I/I HOBI/ITPOHBI), HO
OHHU HE YYaCTBYIOT B CUJIbHOM BSaHMOHeﬁCTBHH.
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Puc. 1.7 CneBa Ay B p'-B3aUMOIEHCTBHY B pOKIeHHH 3apsokeHHbIX [30] u HelfTpanbHbIX [29] ME30HOB,
CrpaBa — aHaJOTHYHBIN Pe3yJbTaT s PP-B3auMoaeicTus [23, 29]

OxcnepumeHT CITACYAPM naer BO3MOXKHOCTb HE TOJIBKO U3MEPUTH (CpaBHUTH) Ay AJIs
T-ME30HOB C JIy4Illell TOUHOCTHIO U B IIMPOKOM KHHEMaTHYECKOM JHana3oHe, HO U CYIIECTBEHHO
paclpuTh Kiacc peakiuil. OcoOblii MHTEpeC MpU MCCIEJOBAHUU OJHOCIIMHOBON aCUMMETPUU
IPEJCTABISET POXKICHME YACTHULl, COCTOSIIMX M3 TSKENIBIX KBapKOB, TO €CTh B Ipolecce
AHHUTWJISILUK, KOTJa BTOPUYHBIE YAaCTHUIIBI JIOJKHBI «3a0bITh» MPO MOJSAPU3ALMIO HCXOAHBIX
KBapKoB. C 3TON TOYKM 3pEHMs BaXKHO M3YUYHUTh CIIMHOBBIE CBOMCTBA YaCTHUI, COJEPKAILUX S- U
c-xBapkn®. EcIH B PP-CTONKHOBEHHMSIX IPH HU3KHX SHEPIHSAX B 0OPAa3sOBAHHH SS- W CC-TIap
JOMUHHUPYET (g IPOLECC, TO BaAXKHONH 0COOEHHOCTHIO aHTUIIPOTOH-IIPOTOHHBIX PEaKLUH SBISETCS
IPSIMOM AOCTYI K ¢g-B3aUMOJECHCTBUSAM.

UccnenoBanue JOOBIX COMHOBHIX d¢dektoB B obOpasoBanun ¢, f:(1520), J/¥
U Y.l y.2-ME30HOB TO3BOJIAT TMOJYYUTh COBEPIICHHO HOBYHO HH(POPMAIMIO O pPOJIM CIUHA
B CHJIbHOM B3aMMOJICHCTBHH, OJTHAKO CE€YEHHUE ITUX MporeccoB HeBennko. Ha Puc. 1.8 mokazan
Pe3yIIBTAT MOJICTHPOBAHHS PETHCTPAIHH = ~THITEPOHA 1 ¢-ME30Ha".
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Puc. 1.8 Oxxumaembie MacCOBBIE CIIEKTPhI 00pa3oBanus & — A 7~ (cjaeBa) u ¢-Me30Ha (Crpasa)

® b- 1 Tem Gotee t-KBapKHM He JOCTYIHBI B SKCIIEPHMEHTAX HA YCKOPHTEIHHOM Komiuiekce Y-70.
% OCHOBHBIE Pe3y/IbTATHl MOJICTHPOBAHKS, BKJIIOUAs MACCOBBIC CIIEKTPhI YACTHIL [T PA3IHUHbIX PEAKIIHil H OICHKA
yuca coObITHH TpuBeeHb! B [Ipuinoxenun b.
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N3yueHne Ha OJHON YCTaHOBKE MHKIIIO3UBHOTO POXKICHHUS (-ME30HA C UCIOJIb30BAHUEM
AQHTUIIPOTOHHOT'O M MPOTOHHOTO MOJIIPU30BAHHBIX MTyYKOB MOMHUMO MCCIIEAOBAHUM MOJSpU3AI-
OHHBIX 3((EKTOB NpeAoCTaBUT HHGOPMALMIO O MEXAHM3ME POXKAECHUS CTPAHHbBIX YaCTHIL.
Crnenyer mOAYEpKHYTh, YTO HEBO3MOXKHO IOJYYUTh YMCTHIM IMyYOK aHTHUIPOTOHOB. B COCTaBe
IIy4yKa BCEI/la MPUCYTCTBYET 3HAUMTENbHAs (PaKLUMsi 7 -ME30HOB (BO MHOIO pa3 Oouiblie, 4eM
aHTUIIPOTOHOB). MccnenoBanus B3aMMOAEHCTBUM C y4acTHEM 7 -ME30HOB JACT JOMOJIHUTEINb-
HYI0 HH(POPMALIHIO O MEXaHU3ME POXKICHHS YApPMOHUS M CTPAHHBIX YaCTHUII.

JlpyruM MHTEPECHBIM HCCIECIOBAHUEM C HCIOJIB30BAHHUEM IMOJSPU30BAHHOTO AHTHIIPO-
TOHHOTO ITyYKa SIBIISIETCS HCCIICOBAaHUE JBYXCIUHOBBIX 3(P(PEKTOB B POKACHUU BEKTOPHBIX
ME30HOB, TJ€ CIEAYyeT OXHIATh IOJIABJICHUE CEUYCHUs OOpa30BaHUS BEKTOPHBIX ME30HOB
C IPOTUBOIIOJIOKHBIMU 3HAYEHUSIMM TOJSIPU3ALUKM B3aUMOJICHCTBYIOIIUX HYKJIOHOB, TO €CTb
Oonbmoe 3HaueHue Ap. Taxke BO3MOXHBIM HAalpaBlIEHUEM HCCIICAOBAHUMN SIBIISETCS MOMCK
IJIFOOHHOM KOMIIOHEHTBI B JIETKMX 3K30TUYECKHX COCTOSHUAX. Takue COCTOSIHUSA HE JIOJIKHbI
YyBCTBOBaTh IONEpeuHble mossipu3anuonHbie 3G dektsl (Ann), HO OBITh YYyBCTBUTEIIBHBI
K IIPOAOJIbHBIM aCUMMETPHUSIM.

Co3ganue TMONAPU30BAHHOTO AHTUIIPOTOHHOTO TIyYKa TaKXKe IO3BOJIUT MPOBOIUTH
MPEUU3NOHHBIE HUCCIEAOBAHUS 10 CHEKTPOCKOMHUH C HCIIOJIB30BAaHHEM MaplHaIbHO-BOJIHOBOTO
aHanu3a. B kauecTBe ammapara aJisi MPOBEICHHS TAaKUX MCCIIEAOBAHHUMA MPEIaraeTcsi HCIOIb30-
BaTh METO/IbI, pa3BuBaeMbIe s okcriepumenta [TAHJIA [31].

Eme ogHUM MHTEpECHBIM HAIPaBICHUEM HCCIEI0BaHMM, IJIe HEIOCPEICTBEHHO CPAaBHU-
BAIOTCS PE3YJIbTAThl B3aUMOAECHCTBUS aHTUIIPOTOHOB C IIPOTOHAMH, SIBJISIETCS U3YUYEHUE YIPYTUX
peakumii. JlaHHasi omuus TaKKe MPEAYCMOTpEHa B NpeaaaraeMoM 3KCIIEpUMEHTE, a ONHCAHUE
10JI0OOHBIX U3MEPEHUH NPUBEIEHO HUXKE B pazzene 2.3.1, MOCBSIEHHOM MOJISPUMETPHH.

Ha ycranoBke CITACHAPM BO3MOXHBI JBE MOJABI pa0OOTHl C IMyYKOM AHTHIIPOTOHOB:
mepBasi  CTaausi DKCIEPUMEHTa NPEAINoaraeT WCIONIb30BaHUE HEMOISIPU30BaHHOTO ITydKa
U MOJISIPU30BAaHHOM MUILIEHH, a BTOpas — MOJIAPU30BAaHHBIN ydoK. Henonspu3zoBaHHbIN oTpULa-
TEJIBHO 3apsKEHHBIN My40K uMeeT cieayromnmii coctan: (7 /K7p"): 97.9/1.8/0.3%.

WHTerpanbHas CTaTUCTUKA JJI MOJSPU30BAHHOIO AHTMIIPOTOHHOIO IyYKa C 3HEpruei
34 I'5B u unTencuBHocThio 80 ThIC. 32 cOpoc 3a 30 gHelt HaOopa npexacrasneHa B Tabom. 1.1.

Tabxn. 1.1 Oxumgaemoe yncio coobTuil Ney U oTHOIIEHUE Y dexTa Kk GoHy S/B ams MecsqHOTO ceaHca
Ha MOJIIPU30BaHHOM aHTUIIPOTOHHOM ITyuke ¢ sHepruer 34 I'3B (3.6-10° B3aumoeiicTBHiN)

Ne | vactuma | Ny S/B | Ne | yacruna | Ngy S/B
1 | = 2.1-10° n 1.6-108

2 |1 2.6:10° 8 |1 1.4-10°

3 |K* 1.7-108 9 [A-»pr |[2.1-107]10
4 | K 2.2-108 10 | A—>fin® |1.1:107|0.13
5 |p 1.6-10° 11| A —pn |42:102]0.14
6 |p 1.8-10° 12 |2 An | 1.0-10° | 10

OTMeTHM, 9TO MHOTHE W3 YaCTHII, MPEACTaBICHHBIX HIKe B Tabm. 1.5 mus cioydas mydka

7, Ha aHTUIIPOTOHHOM ITOJISIPU30BAHHOM ITyYKe TakKe OyIyT UMETh 3HAYMTEIHHYIO CTAaTHCTHKY
1

Nev ~ 10%, mocraTounyro st m3MepeHuss Ay ¢ TOYHOCTBIO 0AN = 2.5/\/NEV, win 0.025%3°.

Y [Ipy vanuamu oHa m3MepsieMast oHOCIIHHOBas acumMmMeTprst A" cBsi3aHa ¢ acHMMeTpHsiME chrHaia Ay 1 GoHa
A8y crenyromm o6pasom: A"y = Ay(1-B/Ngy) + AB(B/Ngy), e B — 4rciio OHOBBIX COOBITHIT IO/ THKOM
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JUTst IIPOLIECCOB ¢ BEICOKHM YPOBHEM (JOHA CTATHCTHYECKAs TOYHOCT OYIET Ha MOPSIOK Xyxe .
Jna xapaktepHoil cratucTuku Ngy = 10® B 3KCHEpUMEHTE C MOJISIPU30BAHHOM MUIIEHBIO
MoJIy4aeM TOYHOCTh 04N = 1.3%1073.

s 6onee Huskoi sHeprun 16 5B, mpu koTopo¥i MIaHUpyeTCs HAYMHATH UCCIICIOBAHUS
Ha TOJIIPU30BAHHOM ITy4Ke, MHTEHCHUBHOCTh JocTuraer mMakcumyma (mo 400 Twic. 3a copoc,
a B Cly4ae ONTUMH3ALMM KaHaja JUld aHTHUIPOTOHHOTO Iydka 10 10° aHTUIPOTOHOB 3a LMK
yckopuresi, wi 10 10'° aHTUIIPOTOHOB 3a CYTKH), IPUTOM BBIXOJIbI YaCTUI[ MEHSIOTCS HE3HAYH-
TenbHO. TakuM 00pa3oMm, Ui aHTUIIPOTOHHOTO MyYKa ¢ 3Heprueit 16 I'B konudecTBo peaknuid,
B KOTOPBIX BO3MOXXHO IIOJY4YE€HHE BBICOKOTOYHBIX JaHHbIX, C¢ J0AN < 2%, CTaHOBUTCSH
3HAYUTEIIbHBIM.

1.2.2 I/Ismepenue AN C UCNROJ1b306AHUEM UHMEHCUGHO20 NDOMOHRIHO020 nNYyYKa

WHTepec K M3MEPEHUI0 MOJSAPU3ALUOHHBIX 3(P(PEKTOB C MCIIOJIb30BAaHUEM I0JIIPU30BaH-
HOTO MPOTOHHOTO IY4Ka 0OBACHIETCS MHOTHMH (hakTopamu :

— CpaBHUTENIbHBIE U3MEPEHMS] C AHTUIPOTOHAMU (CMOTPU MpPEAbIAYIIMHA pa3zen)
MO3BOJISIIOT TOHATH PA3HUILy CIHUHOBBIX A(PQPEKTOB B CHIBHOM B3aUMOJICHCTBUU MEXIY
BEIIECTBOM U aHTUBEILIECTBOM.

— JlocTuraemass HMHTEHCUBHOCTh IOJIIPU30BAHHOIO IIydyKa IPOTOHOB IPEBBIIIAET
MHTEHCHBHOCTh AHTHIPOTOHHOTO IyYKa B JECATKH Pa3’>, COOTBETCTBEHHO, 3HAYMTENHHO
pacuMpsieTcss KMHEMaTHMUYeCKUIl auana3oH M COCTaB HccienyeMmblx peakuuil. [Ipu stom
BO3MOXHO pa3JeuTh 3aBUCUMOCTh 3((EKTOB OT KHHEMAaTHYECKHUX MapaMeTpoB, YTO
HEOOX0AUMO ISl  JMCKPUMHMHALMU MOJEJIed M HEJOCTYIHO s  CYLIECTBYIOIIHUX
HKCIIEPUMEHTOB.

— HccnenoBanusi MOXXKHO IPOBOAMTH B obOnacTu sHepruu nyuka 10+4513B, to ecthb
MIPOBECTH MCCIIEOBAHNE 3aBUCUMOCTH OT YHEPTHH B CUCTEME LIEHTpa Macc.

— FEme no npoBeaeHus U3MepeHH Ha OCHOBE CYIIECTBYIOIIMX JaHHBIX MOXXKHO OBIThH
YBEPEHHbIMH, 4YTO B 00JacTu (parMeHTaluu MOJISPU30BAHHOTO MydKka 3PQeKThl OyayT
3HAYUTEIbHBIMH, IOITOMY OYyJeT JOCTUTHYTa BHICOKAsi OTHOCUTENIbHAsE TOYHOCTh U3MEPEHUH.

— bBynyT npoBouThCS UCCIIEIOBAHUS C PA3IMUHBIMU I€PHBIMU MUILIEHSIMHU.

[Tocneauuii MyHKT NpPEACTAaBISIETCS OCOOCHHO WHTEPECHBIM B CBETE pE3yJIbTAaTOB
skcriepumenta @EHUKC, oOHapyXuBIIEro M3MEHEHHE 3HaKa acUMMETPUU HEUTPOHOB IpHU
nepexo/ie OT MPOTOHOB K 30i0Ty [32]. DTW maHHBIC W NpeIcKa3aHUs CUIBHONH 3aBUCHMOCTH
aCUMMETPUU HYKJIOHOB OT f[pa B paMKaX MOJEIM XPOMOMArHWUTHON MOJSPHU3ALMU KBapKOB
(XTIK) [27, 33] noka3anbl Huxe Ha Puc. 1.9.

pesonanca, a Ngy — HosiHoe 4rcio cobObiTrii. Kak mokasanu uccie1oBanus, aciMMeTpus (poHa BHE THMKa aJpoHa h
6mu3ka K Hyo [10], 9ro u npeamnonaraeTcs qajiee Mpy OLEHKE TOYHOCTH U3MEPEHH CUrHaIa JAy.

" Tounocts M3MEpEHUH OJHOCITMHOBOW acUMMETpUX dAy ISl MATBIX 3HAYeHHA Ay omipeaensseTcs: GopMyIIoi
0Ay = DI[(1-B/Ngy)P cosp\Ngy 1. TIpu amzkom yposse dona B daxrop (1-B)/Ngy = 1, a 115 BBICOKOT0 ypoBHS (hoHa
mopsaKa 0.1. B OombmrHCTBE CJIy9acB B JaHHOM JOKYMCHTE JI1 OHE€HOK TOYHOCTH, MbI IIPEATIOIAaracM, 4To JJIid
MoJIsIpU30BaHHOTO Iydka P = 0.4, s nonspusoBanHoi mumenn P = 0.75, a coso ~1.

2 B nanHOM pasjene He paccMaTpPHBAETCs MOAPOOHO HCCIEI0BAHMS YapMOHHS, ONMCAHHBIE B paszene 1.1.

¥ Pacuer XapaKTepHCTHK MOJISPH30BAHHBIX Iy4KOB MPHBEICH B paszene 2.1.
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Puc. 1.9 3aBucumocts Ay(A) s peakimn p'A— n+X B sxcnepumente ®EHUKC [29]

HabmoaeMast acHMMeTpHs B P'P CTONKHOBEHHsX cocTaBisieT —8%, B p'Al coyaapenmusix
YMEHBIIAETCS 0 Bemuuuie 10 —1.5%, Toraa kak mpu mepexone K PTAU CTONKHOBEHHSAM MEHSET
3HaK u gocturaet +18%. 3aBucumocts An(A) Habmomaetes u st K- u 7'-me3on0B [34].

B 10 xe Bpems mocnemnue pesyinbTaThl dkcnepumenTa CTAP mo u3mepeHuto 3aBucu-
MOCTHM AaCHMMETPUU HHKJIIO3UBHOILO POXKIEHUS 7n°-ME30HOB OT AaTOMHOI'O Beca MULIEHU
TOKa3bIBAIOT OJMHAKOBOE TOBEICHHE aCHMMETpHH B P'p- u P'Au-Bsanmoneiictausix [35]. Tem
WHTEpECHEE IMPOBEPUTH 3aBUCHMOCTH MOJSPU3AMUOHHBIX A(P(HEKTOB B 00pa3oBaHMM Pa3HBIX
YaCTHUI] U PE30HAHCOB OT HOMEPA sJIpa.

Cnenyer oTMeTuTh, uyTo B pamkax monaenu XIIK 3aBuCMMOCTh U BO3ZMOXXHOE M3MEHEHHE
3HaKa MPEeJICKa3bIBATIOCH eme 10 pe3yabTaroB 3kcnepumenta ®EHUKC. Ha Puc. 1.10 mokazansl
pacueTsl B paMKax JaHHON MOJENH JUIsl Ipyroi peakuu (¢ 00pa3oBaHUEM MPOTOHOB), I/I€ TAKXKE
OXHJIAETCs CUIIbHAsI 3aBUCHMOCTh OT aTOMHOTO Beca (A) siipa MUIIICHH.

<f.z o1 pA - pX ® x.=020 45Z o P+Pb=pX O Py=2Gevle
v e \ Vs = 8.77 GeV ® p,=1GeVic
. py=1GeVie O xp=0.536 %
005 005 o°
E o
I\ %@ 4 o] [ ]
i o, P
0 0 [#e oy .
© s
. Vs =8.77 GeV _ /
\ | ]
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*o 00000 6 9 ¢¢ ’o..’““ tono®
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Puc. 1.10 [penckazannst Ay B paMKax MOJEIH XPOMOMardHMTHOM MOJISAPU3aLMH KBAPKOB

MHoroo0Opasue peaxiuii, KOTOPbIE MOXXHO HCCIIEJOBATh C HCIOJIb30BAHHEM IOJISIPH30-
BAaHHOI'O MPOTOHHOI'O IIy4YKa, MOXXHO MPCACTaBUTh XOTA OBl 110 pe3yiabTaTaM MOACIUPOBAHUA —
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B Tabn. 1.2 mnpuBenaeHa okujaaeMas CTAaTUCTHKA B HEKOTOPBIX PEAKIUSAX 3a OJWH MECSI]
U3MEpPEHUH C MOJIIPU30BaHHBIM ITPOTOHHBIM IIyYKOM Ipu 3Hepruu 45 ['3B.

Tabxa. 1.2 Oxunaemoe yncio coobiTuil Ney U oTHOIIeHHUE dddekTa k hony S/B
JUTSL MECSTYHOTO CeaHca Ha TIPOTOHHOM my4ke (6°10'° B3anMo e TRHIA)

o YacTHIa Nev S/IB | Ne YacTHLA Nev S/B
1| xn* 6.1-10° 17 | p*(770)— w* n° 3.0-102 | 04
2| T 3.6-10° 18 | p(770)— w n° 1.5-10% | 0.31
3| K* 5.5-108 19 | 89(980)— n n° 5.7-10°| 0.8
4 | K- 2.5-108 20 | no>na'n n® 7.8-10°1 4.0
5|p 4.7-10° 21| o(782) > n*n n° | 3.0-107 | 1.4
6|p 2.3-10¢ 22 K+*(892)—> Krn® | 3.4-107 | 0.29
71N 3.5-10° 23 K‘*(892)—> Kz |9.7-10¢ | 0.71
8| n 2.5-10¢ 24 | o(782)— yn° 7.8-10° | 2.5
9 | n%—yy 2.5-10°(91 |25 | A»pm 2.3-107 | 10.0
10 | n—vyy 1.3-102 125 |26 | A>nn° 2.1-107 | 0.67
11 | @(1020)— K* K~ | 3.7-10° | 25 21 | A"—>pmn* 1.0-10° | 0.59
12| 2> An 3.5-107 | 10 28 | 2> A 1.0-10¢ | 17
13 | Ko%— " 7~ 6.7-107 (0.9 |29 | X Ay 3.5-107 | 0.25
14 | p%(770)—> " 3.6-10% | 0.37 | 30 | X°(1385)— A n° 9.8-107 | 0.77
15 K°*(892)—> Krn | 58107 | 0.77 | 31 | ®(782)—> e" e~ 2.0-10° | 4.0
16 K°*(892)—> K nt|3.1:107 | 1.25 | 32 | p%(770)— p* 1.0-105 | 4.0

Jl1s OLeHKH 0°KMJIaeMOr0 Yucia cOOBITUM MCHOJb30BaIKMCh reHeparop yactun PYTHIA
6.2 [36], ¢ yueToM reoMeTpUH U pa3pelicHrs] YCTAHOBKH, MArHUTHOTO TMOJIsI, © OTOOpa COOBITHI
[0 TPUITEPYy Ha OOJbIIME 3HAYCHUS Xp. B KadecTBe MHIICHH B pacyeTax HCIIOJIb30BAIACh
NPOTOHHAsI MUIleHb. [IpyU MCIONIb30BaHUK SACPHBIX (2 HE BOJOPOJHON) MHUIICHEH CTaTUCTHKA
Oyzet 0oJbIe, TOCKOJIBKY CEUYEHHUE IS MTPOIECCOB ¢ OOIBIIUMH MOMIEPEYHBIMI UMITYJIBCAMH Pr
nMmeet A-3aBrcumoctsb Buga AYPT), rae a(pr) > 1 [37].

CratucTudeckass TOYHOCTh HW3MEpeHWH Ay JUId TOJSIPU30BAHHOTO ITydKa COCTaBUT
5AN22.5/[(1—B/NEV)\/NEV], wim B auana3oHe or 3.2:-107° miua z-me3oHoB 1o 3-1073 s
peakuuu p'p —>I€**(892) +X. MHOrue 4acTHUIlbl MOKHO OyIET PEerUCTPUPOBATH MO HECKOIHKUM
KaHamaM pacnana. Takoi 00beM MaHHBIX JaeT BO3MOXXHOCTh PACTpPEACIHTh CTAaTUCTHKY IO
OOJIBIIIOMY YHCITy Y€K C IeNIbI0 MCCIEOBAHUS 3aBUCUMOCTH Ay OT Pr U Xg, TP OTOM Ha
MOPSI0OK YBEITMUUTCSI CTaTUCTUYECKas HEOIpPENeNIeHHOCTh, HO U B 3TOM cily4yae CTaTHCTUKa
Oyzer OoJiee yeM TOCTaTOYHOM JUIs aHAJIN3a JAHHBIX.

Ha Puc. 1.11 B kadecTBe mpumepa MPUBEIACH MACCOBBIM CIEKTp pEaKIUU POXKICHHS
®(782)— y n°3a onuH yac paboTsl yckoputens u copoce 10° mpOTOHOB/IUKIL.

14 o

PacdeThl BBIXOIOB YacTHIL TOJTYYCHBI IJIs TPUTTEPA HA B3aUMOACHUCTBUEC B MUIICHU U, TOTIOJITHUTCIIBHO,
Tp€60BaHI/I$I Cpa6aTLIBaHI/IH AAPOHHOI'0 U 3JICKTPOMAIrHUTHOI'O KAJIOPUMETPOB JIsI TOAABJICHU S COOBITUH ¢ MaJILIMU
PTHAXE.
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Puc. 1.11 DddexruHas Macca IpOIYKTOB pacnaja B poleccax Tima pp— w(782)+X,
rae w(782)— y n°

Camo mo cebe wuccieqoBaHHE TAaKOTO KOJMYECTBA PEAKLUUN SBISETCS YHHKAIbHbBIM,
0COOEHHO C yY4eTOM OXXHJIAEMOM TOYHOCTH M3MepeHuit. Bosmoxknoctu ycranoBku CITACHAPM
MO3BOJIIT MCCIIEAOBATh 3aBUCUMOCTb CIHHOBBIX 3(PPEKTOB OT TaKMX MEPEMEHHBIX KaK IOIe-
peunsIii ummyise (Pr), mepemenHas DeiinMana (Xg), SHEPrUs Peakiun VS B C.ILM., aTOMHBIH Bec
MuIIeHA Az WK TTydka A1, MHOKECTBEHHOCTh BTOPUYHBIX 3apsKEHHBIX 4acTHIl B cOOBITHH (Nep),
a Takke ueHTpambHOCTh (Ct) coymapeHuss MyYKOBOW dYacTHIBI ¢ sapoM. J[Be mociemHwue
BO3MOYKHOCTH MOTYT OBITh pEaM30BaHbI Oarojapsi MCIOJIb30BaHUIO TOJJOCKOIIOB MHOMECTBEH-
HOCTU U BPEMEHH IPOJIETA.

H3mepeHne MHOKECTBEHHOCTH aJ[pOHOB JaeT JOMOJHUTENbHYI0 WH(GOPMAIUIO O JIMHA-
MHUKE CHUJIBHBIX B3aUMOJEHUCTBHI. MHOXECTBEHHOCTh 3apSKEHHBIX aJpPOHOB XapaKTEPHU3YeT
TEMIIEpPaTypy U IUIOTHOCTH COCTOSIHHS, OOpa3yIOUIerocss B MOMEHT B3aMMOJEWUCTBUSA, a TaKke
MpoLecC aJpoHU3alUU U KOoH(aiiHMeHTa KBapkoB. [lepBbie m3mepeHuss Ay IS 3apsXKEHHBIX
nmuoHoB B odkcnepumente BRAHMS wna kommaiinmepe RHIC (BHJI, CIIA) mnokazanu
3HAYUTEIbHYIO 3aBHCUMOCTh ACHMMETPHUH OT MHOXKECTBEHHOCTHM 4YacTWil B coObituu [38].
HccnenoBanue KOppeIsIui CIUHHOBBIX HaOmomaeMbiX (An, PN, pmm, DNN) B MHOKECTBEHHOCTH
Nch OTKpBIBAa€T HOBbIE BO3MOXHOCTH M3YyUEHUS MEXaHHU3Ma MPOUCXO0XKJIEHUS TOJSPU3ALMOHHBIX
SIBJICHUU.

Jlns MHOTHX peakiuii ¢ o0pazoBaHuEM O0ApHOHOB U aHTHOAPHOHOB B KOHEYHOM COCTOSI-
HUU BaXHO HUMETh BO3MOXHOCTh PETUCTpallMd HEUTpoOHOB. Jljis ATOro ycTaHOBKa OyIeT
OCHAII[eHa aJpOHHBIM KaJIOPUMETPOM, KOTOPBIM Tak)Ke BaKeH JJIs opraHu3anuu 3PQGeKTHBHOTO
TPUITEPA U PETUCTPALIUU HEUTPOHOB U K’ -ME30HOB.

B Tab6:x. 1.3 moka3ana oxugaeMasi CTATUCTHKA PETUCTPAIIH THIIEPOHOB.

Tab6mn. 1.3 Oxumaemoe unciio coowituii Ney poskaeHHs THIIEPOHOB 1 oTHOIIeHHE dddekra k houy S/B
JUTSL MECSTIHOTO CeaHca Ha IPOTOHHOM ITyuke (6 10'° B3anumoaeiicTBuiN)
IIPH TPUTTEPE TOIBKO Ha B3aUMOJICHCTBHEC B MHUIIICHU

Ne | gqacruma | Ngy | S/B | Ne wacruna | Nev | S/B
A—pm 69107 10.0| 7| A—»pn* |2.1-10°| 125
A—>nn® [ 63107020 8| A—»fn® | 1.2:10° | 0.13
Tt>nn |2.6108(003| 9| X —dn |44-10°|0.06
Y —nn | 15108003 |10 | E*—fin" | 6.0-10° | 0.14
A*—prt|23-10° 033 |11 | A—pn | 23107 | 0.20
E—An 99107100 |12 | E— An | 2.8-10° | 17

OO AW NP
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Pa3nuna B cratuctuke mo cpaBHeHHIO ¢ Tabma. 1.2 0OBSICHATCS MCTOI30BaHUEM PA3HOTO
Tpurrepa (Ipu PErucTpallid TUIIEPOHOB HCIONB3YETCS TOJBKO TPUITEP HA B3aUMOJCHCTBUE).
Cratuctudeckass TOYHOCTh M3MEPEHUU Ay COCTaBUT 0AN <~ 2.5/[(1—B/NEV)\/NEV]. Ona Oyner
HaxoauThcsi B jguanazoHe ot 2-10* s oOpasoBanus ZE -runepoHa 10 2:-1072 musa
X -anTurunepona. Pa3Ouenue Bceil craTucTHkM 1o 10 sueiikam (1o Pr MEpPEMEHHBIM HIH Xg),
YBEJIMUUT CTAaTHUCTUYECKUE OIIMOKM B KaxaoM OuHe A0 ypoBHsA 6-10™* ans obOpazoBanus
Z-runepona u 61072 m1s X -aHTHTUNIEpOHa.

1.3 H3MepeHue nonepeyHbIX MoJsApu3anuii Py runepoHoB U AHTUTUIIEPOHOB

OxcnepumeHT CITACYHAPM craHeT mepBbIM OSKCIEPUMEHTOM, B KOTOpOM Oyner
BO3MOKHOCTh OJIHOBpeMeHHbIX u3Mmepenuit Ay u Pyn. CpaBHenue Ay u Py ans runeponoB
(aHTUTHUIIEPOHOB) OTKPBIBACT JOMOJHUTEIBHBIE BO3MOKHOCTH IJIsi BbIOOpa (WJIM JTUCKPUMHHA-
MK ) KOHKPETHON MOJIENIM TeHEepaluK 3HAYUTEIIbHBIX Ay U Py.

W3mepenne mossipu3aiii THIICPOHOB BO3MOXKHO 0JIarojapsi HAJIMYUIO CJIadoro pacrajna,
MPOUCXOJSIIET0 C HapylIEHHEM MPOCTPAHCTBEHHOH deTHOcTH. Tak, B cllydyae pacraja
/l-TutiepoHa U3 COCTOSIHUS C nosisipu3anue P, Ha 7°-Me30H U MPOTOH, 3aBUCUMOCThH BEPOSITHOCTH
BBLIETA IIPOTOHA IO YIJIOM 0, K HallpaBJIEHHUIO BEKTOPA MOJIpU3aluy ruepoHa P umeer BUIL:

dN/dQ = (1 + oPep) | 47 = (1 + aPcos6y) | 4x.

rje €, — CIMHUYHBIA BEKTOP B HAIPAaBJICHUU JBMKCHUS IIPOTOHA B CUCTEME IOKOS THUIIEPOHA.
Bextop P HampaBiieH, B CHIy COXPaHEHHUS YETHOCTU B CHJIbHBIX B3aUMOJIEHCTBUSX, BIOJb
BEKTOpa HOpPMaJM N K IUIOCKOCTU PACCESIHHsI, ONMpPEesieMOl HampaBlIeHUEM HMIIyjbca Halle-
TaroIIEero OapuoHa P, M HUMIIyJIbca oOpasyrorierocst rumepoHa Pei N = (Pa X Pc) / | Pa * Pe|-
[Tapamerp acummerpun o = 0.642 + 0.013 Hapymaroero 4eTHOCTh c1aboro pacrnaza, sBIsSeTCs
Mepoii HHTep(epEeHIINU MEXIY S ¥ ) BOTHAMU B KOHEYHOM cocTostHuu [39].

[Tonepeunsle nonsipuzanvu PN THIEPOHOB M AHTUTHMIIEPOHOB MOTYT H3MEpATHCS Ha
J000M M3 MYYKOB, PACCMOTPEHHBIX BBIIIE, HEMOISIPU30BAHHBIX M MOJSPU30BAHHbIX.
B nocnennem ciydae HeoOXxoaumo OyAeT ycpenHsTh Py o AByM mossipu3zanusiM. Takxke MOKHO
MCIOJIb30BaTh HEMOJIIPU30BAHHYIO YacTh Iy4yka, KOTopas OyAeT MPUCYTCTBOBATh U U3MEPSTHCS
npu pabote cuctembl MmeueHus mnyuyka [40]. Oxwupmaemasi CTaTHCTHKA O COOTBETCTBYIOUINMM
peaxiusM UMeeTCsl B MPUBEIEHHBIX BhIIE TaOnumax. JlJis OLEHKH CTaTUCTHYECKOH TOYHOCTH
u3MepeHuss Py THUNEPOHOB MOXHO BOCIOJIB30BaThCsl OAHOM M3  (opMyn oIpeneseHus
nonsapuzanuu — Pn=2/0(Up—Down)/(Up+Down), tne Up u Down o6o3HadaroT HWHTETrpaibl
MOMPABJICHHOTr0 Ha 3P (PEKTUBHOCTH YIIIOBOTO pacipeieieHus: B 00aacTi monoxurenbHbix (Up)
u orpunarenbHsix (Down) snHaueHmii kocuHyca yria 6, MeXIy HOPManbi0 K IIOCKOCTH
paccesiHUsI ¥ HaIlpaBJICHUEM BBIJIETA MPOTOHA B cucTeMe Mokos rurepona [41]. CtaTuctudeckas
TOYHOCTh H3MEpeHusi Py THUIEPOHOB, MO aHAIOTHH C OAyn, OINPENEISIeTCS BBIPAKEHUEM
SPn=2/[(1 —B/Nev) oVNey], tme Ney=Up+Down=S+B — moiHOoe 4HCIO COOBITHIA
C TUTICPOHOM B KOHEYHOM COCTOSIHMM, B — umcio (OHOBBIX COOBITHH IMOJ MUKOM MacChl
PEKOHCTPYyHPOBaHHOTO THUIepoHa. [lapameTp a 17151 OONBIIMHCTBA THIIEPOHOB UMEET 3HAYUTEIb-
HYIO BEIMYUHY, Topsiaka 0.5, 4To MO3BOJISIET MOMYYUTh BEICOKYIO TOUHOCTh U3MepeHuit Py .

B oskcnepumente CITACHAPM BO3MOXXKHO W3MEPEHHE TONSAPHU3ALMM HE TOJIBKO
A-runepoHa, HO M APYTUX THIEPOHOB M AaHTUTUIEPOHOB. I1OCKONBKY paccTosiHuE OT LEHTpa
MUIIEHH J0 TOCeIHEN KaMepbl Mepesl CIEKTPOMETPUUECKUM MarHuTOM COCTaBIIsieT MOYTH 3 M,
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OOJBIIMHCTBO PACMAJ0B TUIIEPOHOB OYIET MPOUCXOANTH B OCHAIICHHON TPEKOBBIMH JIETEKTO-
paMu 00J1aCTH YCTAaHOBKH, M TIApaMETPBI TPEKOB OT paciiajia THIEPOHOB MOT'YT OBITh H3MEPCHBI.

B Tab6un. 1.4 npeacraBicHbl 3HaYCHHS TTApAMETPOB paciiajia TUIIEPOHOB (o U ¢T), Te T —
BpEMsI KHU3HHU, C — CKOPOCTh CBETA, & TAKXKE CPEIHEE PACCTOSIHUE MPOJIeTa TMIIEPOHA JI0 pacraia
npu 3Hepruu runepona 10 I'B (L) [39].

Tabmn. 1.4 CoiicTBa pacrnasia TUIIEpOHOB

KBapxoBbIii
Mopa pacnajna CcOCTaB BR % o CT, CM L, cm
>t —pn° uus 51.57 +£0.30 —0.980 +0.016 | 2.404 20.21
Xr—nm uus 48.31 +0.30 0.068 +£0.013 | 2.404 20.21
> —>nm dds 99.848 +0.005 | —0.068 +0.008 | 4.434 37.03
20— Ay uds 100 2.22x107° | 1.86x10°®
A—>pm uds 63.9 £0.5 0.642 +£0.013 | 7.89 70.7
A —nn uds 35.8 +0.5 0.650 +0.040 | 7.89 70.7
20— A uss 99.524 +0.012 | —0.406 +0.013 | 8.71 66.2
= —o>An dss 99.887 +£0.035 | —0.458 +0.012 | 4.91 37.1
Q — AK |sss 67.8 0.7 0.0180 +0.0024 | 2.461 14.71
Q —E°m | SSS 23.6 0.7 0.090 +0.14 | 2.461 14,71
Q — = n® |sSs 8.6 £0.4 0.050 +0.21 | 2.461 14.71

C yuerom craructuku rtuneporoB (Ta6m. 1.1-Ta6xn. 1.3) u mnapamerpoB pacrana
(Tabn. 1.4) craTucTuyeckas TOYHOCTD JUIs OOJBINIMHCTBA peakiuii OyaeT He xyxe 0.5%, a mis
peakuuu K p — 2°X ona cocraBut 8%. Ha Puc. 1.12 npencraBieHsl npeacKka3anus Mosipu3aium
AaHTU-JIAMO/Ia TUIIEPOHOB B PA-B3aMMOJCHCTBHM B paMKax MOJCIH XPOMOMAarHUTHOHN
MOJISAPU3AIINU KBApKOB [25-27].

= 0.4 7z 0.4 —
= =¥ Vs = 6.98 GeV pA 5> AX
03+ . e%% e . 03 .o ve ® p+Se, x; =0.30
. [ ] .
02F o ot 0.2Fe ;
e o pA 5 AX e
01k ¢ py=1GeVie 0.1+°
[ ]
0 . or .
o° e ) !
01k 2 e 0.1 Fo 0
[o) s B
o X, = 0.30 o) -
'0.2 B O_@O : X: =0.55 -0'2 i OO O O @ O © o] p+Na, Xp= 0.55
- I 1 I 1 1 _0_3 L L 1
03050 100 150 200 0 1 2 3 4
A pp GeV/e

Puc. 1.12 [peackazanus moysipu3anuy aHTH-JIIMO/1a THIIEPOHOB B PA-B3aMO/ICHCTBIN
B paMKax MOJIEJI XPOMOMarHUTHOH MOJISIPU3allii KBapKOB

OxcnepuMeHT CITACYAPM mno3BossieT ImpOBECTM HM3MEPEHHE NapaMeTpoB IEperadu
ciiHa (mapameTpoB Bongenmreitna) B peakuun p'+p—A1+X. Brepesle npenocTasisercs
BO3MO>XHOCTh MU3MEPUTh B 3TOM peakiiK cpa3y MATh MapaMeTpoB Mepeayu CIuHa, a UMeHHo D,
R, A, R"u A", tne D — o1t KOMIIOHEHTHl HOPMAaJIbHOW TOJNSPHU3AIMK TydYKa, TepeJaHHON
HOpMAaJIbHOW KOMIIOHEHTe nojsipu3auuu A; R — 107 monepeyHoil KOMIOHEHTHI MOJISPU3ALUT
ny4yKa, fepegaBaeMas IMONEpPeyHOH KOMIIOHeHTe mnossipu3aiuu A; A — 1oas NpoaoJIbHON
NOJIIpU3aLMU TyYKa, IeperaBaeMas IONepedyHoOl KoMIloHeHTe nosspusanuu A; R' — noms
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MIONEPEYHON KOMIIOHEHThl NOJSpU3aLUU IydKa, IeperaBaeMas NPOJOJIbHONM KOMIIOHEHTE
nosigspusanuu A, 1 A" — 10511 NPOJOJIBHOM MOJspU3alMM IIydKa, MEepeAaHHas MPOJOJIbHON
KOMIIOHEHTE MOJISIpU3aLun A",

14 I/I3Mepe}me 3JIEMEHTOB MaTpPUIbI IVIOTHOCTH Pjk BEKTOPHBIX ME30HOB

Kak u B ciiyuae THIIEPOHOB, JJIsl BEKTOPHBIX ME30HOB MOXXHO W3MEPHUTh M CPAaBHUTH
BBICTPOECHHOCTh M An. DJIEMEHTBI MATPHIIBI IUIOTHOCTH pjk BEKTOPHBIX ME30HOB MOTYT H3Me-
PATBCS HA THOOOM W3 MYyYKOB, PACCMOTPECHHBIX BBIIIE, HEMOISPU3OBAHHBIX U MOJISPHU30BAHHBIX.
Ecimu omHOocimHOBBIE 3(DEKThI CBS3aHBI C MOISPHU3ANMCH KBAPKOB M aHTUKBAPKOB JI0 Mpoliecca
WX aJpOHMU3aIlUU, TO MBI JOJDKHBI HAONIOAATH HE TOJIBKO TOJSPHU3AIMI0 TUIEPOHOB, HO W
MOJISIPU3AIIMIO BEKTOPHBIX ME30HOB [42]. BBICTpOCHHOCTH BEKTOPHBIX Me30HOB (V) OMUChIBaeTCS
AJIEMEHTAMHU Py CIIMHOBOW MATPHIIBI IUIOTHOCTH p, Tie M u M' 0003HAYalOT CIIMHOBBIC
KOMIIOHEHTHI BJIOJIb OCH KBAaHTOBAHHSI.

JluaroHaNbHbIC JIEMEHTBI P11, Poo U P-1-1 JUISI MATPULIBI C SAMHUYHBIM CJICIIOM SIBIISTFOTCS
OTHOCHUTEJIbHBIMU MHTECHCUBHOCTSIMU KOMIIOHEHT CITMHA ME30Ha M MpHHATH 3HaueHus 1, 0, u —1
COOTBETCTBEHHO, KOTOpBIC IOJDKHBI OBITH PAaBHBI Y3 IJIS Clydash HEMOJSIPU30BAHHBIX YACTHII.
[TockonbKy BEKTOpPHBIE ME30HBI OOBIYHO PACIaaloTCs CHIIBHBIM 00pa3oM Ha JiBa IICEBJIOCKA-
JSIPHBIX ME30HA, TPYIHO M3MEPHUTh BCE AJIEMEHTHI MAaTpPUIbl p. HO HEKOTOpBIE U3 HUX MOTYT
OBITh JICTKO OIPEICTICHBI U3 U3MEPEHUH YIVIOBBIX paclpeaciieHui MpoAyKTOB pacrana. MoKHO
1oKa3aTh, YTO B CHCTEME IOKOS BEKTOPHOro Me3oHa V, mis pacnaga V — h: + ha, toe h: u hy
SIBJSIFOTCS TICEBAOCKAISIPHBIME Me30HaMH, yrioBoe pacnpeaenenue W(0,¢) = dN/dQ nponykros
pacmaza umeet Bup [43]:

W(6,0) = 0.75{c0526 poo + Sin20 (p1: + p-i-1) 12 — sin26 (cOs ¢ Re pio — sing 1M pio)/N2
+5in26 (COS pRe p-10 + sinplm p-10)/N2 — sin20[(cos(2p)Re pi-1 — sin(2p)Im pr-)]}x.

3nech 6 sIBIISETCS MOJSIPHBIM YITIOM MEXY HAlpaBlICHUEM JBHKEHUs Ni ¥ OCbIO KBaHTO-
BaHMS, ¢ €CTh A3UMYTAJIBHBIA yroy. IHTerpupys no yriy ¢, noiaydaem

W(6) = 0.75[(1 - poo) + (3 poo - 1) cOS26].
AHaJOTMYHO, UHTErpUpPYs MO YTy 6, MbI IOTy4aem
W(p) = 0.5[1 — 2cos(2¢)Re p:-: + 2sin(2¢) Im pi-i]/x.

OTKIJIOHEHHUE poo OT 3 TPUBOJUT K HEPABHOMEPHOMY PaCIIPEICIICHUIO TIPOJIYKTOB pacraja
o cost. Usmepsist W(6), MOKHO OTIpeieNuTh poo. JIpyrue 3JeMEHThI, pro ¥ pi-1, MOTYT H3y4aThCs
nytem usmepenust W(6,¢). B psijie ciydaeB Takue W3MEPEHHUS yKe ObUIH BBITOJHEHBI IS aJPOH-
aJIPOHHBIX COYyIAapeHHMIA, HapuMep B paboTax [44, 45, 46, 47, 48].

B oTauune OT MOJSpU3AIMH THIIEPOHOB, IMapaMeTp BBHICTPOESHHOCTH CITMHA BEKTOPHBIX
ME30HOB, poo, HE CBSI3aH C HAIPaBICHHEM IIJIOCKOCTH PEAKIMH, TaK KaK OH 3aBHCHUT TOJBKO OT
c0s?6. TIooToMy, HEBO3MOXKHO H3MEPHTh 3HAK TOJSPU3AIHMH KBAPKaA TOCPEICTBOM OIPE/ICIICHHS
napamMeTpa BBICTPOCHHOCTH CITMHA BEKTOPHBIX Me30HOB. C Jpyrod CTOPOHBI, HE BO3HHMKAET
HEOOXOJUMOCTH OTPEACIATh HANPaBJICHUE TUIOCKOCTH PEAKIMU JUISI U3MEPEHUS Poo, KOTOpAs

15 - _ > - - - i - -
BriOpana cneyromas cucteMa KOOpAMHAT 1l = P; X P / | pi” pf| — HOpMaJIbHasl KOMIIOHEHTa, k= p;/ | Di |—
- — e -
IIpoA0JbHAsA KOMIIOHCHTA, S =N X ki nonepeyHasd OOKOBas KOMIIOHCHTA, TAC P — HUMIIYJbC MNOJPHU30BAHHOTO
y4Ka, a Pr — UMITYJIbC A-THIEPOHA.
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NpsSIMO CBSI3aHA C BETMYMHOW IMOJIIPH3AIMM KBapKa BIOJb HAINPABICHHS HOPMATIH K TUIOCKOCTH
peakiuu [47].

Jlpyrasi BO3BMOKHOCTh M3MEPEHHUS TMOJSIPU3AIIMHA BEKTOPHBIX ME30HOB PEAJTM3yeTCs] B UX
pacnagax Ha napy ¢epmuoH-anTudepmuon [49]. Tak, HapuMep, A7 U3MEPEHHSI MOJIIPU3ALUN
J/w-Me30Ha UCTIONb3yeTCsl aHAJIM3 YITIOBOW 3aBHCHMOCTH €ro paclaja Ha u'y~ B CHHPAIBHOM
0asuce, B KOTOPOM OCh KBAaHTOBaHHs HAIpPABJICHA BJIOJIb HAINIPABIICHHS JBU)KCHUS BEKTOPHOTO
Me30Ha B JabopaTopHOW cucreMe. Mbl ompezaensieM OF Kak yroid MEKAY HMITYJIbCOM
B cucTeMe TOKost J/yy ¥ OChbl0 KBaHTOBaHHs. HOpMHUpOBaHHOE YIJIOBOE pacrpeneneHue u
ormcsiBaeTcs BripaxkerneM | (cos 6%) = 1.5 (1 + & cos? %) / (a + 3).

[TapameTp monsipu3anMu ¢ CBS3aH C CCUYCHUSAMH OOpa3oBaHUs MONEPeYHO (oT)
U TIPOJIOJIBHO (o0) HOJISIPU30BAHHOTO BEKTOPHOTO Me30Ha COOTHOILICHHEM
o= (or — 20.) | (o7 + 201). 1)1 HENOISIPU30BaHHBIX BEKTOPHBIX ME30HOB MbI UMeeM o = (), Torma
Kak a = +1 wim —1 g 100% nonepeyHoi Wiy nNpooJabHOM MOISpU3alii COOTBETCTBEHHO.

Jlnst psiia BEKTOPHBIX ME30HOB (p, @, ¢ U J/y) B skcriepumente CITACUAPM B0o3MOXKHO
OTHOBPEMEHHOE HW3MEPECHHE DJJIEMEHTAa MaTpHIbl IUIOTHOCTH poo B MOJE pacrmaga Ha
TMICEB/IOCKAIIIPHBIC ME30HBI U MapaMeTpa 0. B MOJIaX WX pachalioB Ha i’y u e€'e”. iMeetcs Takxke
BO3MOYKHOCTh H3MEPEHHUsl JUIsl ITHX BEKTOPHBIX ME30HOB OJHOCIIMHOBOW acuMmerpuu Ay
C MCIIOJIb30BaHUEM TTOJISIPU30BAHHON MHUIIIEHH JINOO TOJSIPU30BAHHOTO ITYYKA.

OnHOBpeMEHHOE M3MEpEHHE Ha OJHOM YCTaHOBKE Cpa3zy TPEeX Pa3IMYHBIX HapaMeTpOB
MOJISIPU3ALMU  BEKTOPHBIX ME30HOB SBIAETCS OOJBIIMM MPEUMYIIECTBOM IpeIaraeMoi
MIPOTpaMMBbl UCCIIEIOBaHMM, MTOCKOJIBKY MO3BOJISIET CIENaTh 00Jiee 3HAUMMYIO TUCKPUMUHAIHIO
ANbTECPHATHBHBIX MOJICTICH TMPOUCXOXKICHUS TOJApU3aloHHBIX dAddexroB. B  Tabm. 1.2
u Tabn. 1.5 npuBeneHnl 24 pasnuuHbie PEAKIMA C BEKTOPHBIMH ME30HAMH B KOHEYHOM
cOCTOSIHUU. [JI1 HUX MOTYT OBITh M3MEPEHBI HE TOJIBKO 3JIEMEHTBI MATPHIIBI IFIOTHOCTH pijk, HO
U OJTHOCTIMHOBBIE acuMMmeTpun Ay. Panee cronp MacmTaOHBIX HMCCIEAOBAHUNM CIHUHOBBIX
3¢ (}HeKTOoB /Ui BEKTOPHBIX ME30HOB HE TJIAHUPOBAJIOCH.

15 I/I3Mepe1me OAHOCIIMHOBBIX aCHMMeTpHﬁ Ha MyYKe OTPUHATEC/IbHBIX YaCTHUI

CucreMaTH4eCcKOe HCCIIEeIOBaHUE CHUHOBBIX J(PQPEKTOB HAUHETCS elle JO0 CO3JaHus
KaHana 24A TONAPU30BAaHHBIX YaCTUI[ — C HKCIOJB30BAHUEM MHIOTHON BEPCHM YCTaHOBKH
Y TIONISIPU30BaHHONM MHUIIIEHH. B 3TOM cllyuae OCHOBHBIE HU3MEpPEHHUs OYIyT MPOBOIUTHCS
B 00nacTu ¢parMeHTAllMM HEMOJSIPU30BAHHOTO Nyuyka Ha kaHaine 14. V3mepeHus Ha cyliect-
ByIOIIIeM KaHalie 14 MOXXHO MPOBOJIUTH C WCIOJIH30BAaHUEM ITyYKa OTPHUIIATSIBHBIX YaCTHI]
Y C BBIBEJICHHBIM METOJIOM KaHAJIIMPOBAHHUS MPOTOHHBIM TydkoMm. [Iporpamma wu3MmepeHUi
HE TIpeyCMaTPUBACT MCIOIH30BAaHUE IPOTOHHOTO IMydYKa, TaK KaK OJHOCIUHOBBIC aCHMMETPHH
B 00J1acTH ero (hparMeHTaIlUH JOJKHBI OBITh COBMECTHMBI C HYJIEM.

[lepBrie wu3MepeHus, TpoBelcHHbIe Ha ycraHoBke I[IPO3A, nanu HeoXuIaHHBIN
pe3yNbTaT: acCHMMETPHUS HHKIIO3UBHO POXKIEHHBIX YACTHI[ Jake B JITOW 00JIacTM MOXKET
JOCTHraTh CYIIECTBEHHBIX BEIMYMH BOJIU3U rpaHuIlbl azoBoro oobema (cm. Puc. 1.13).
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Puc. 1.13 3aBucumocts An(pr) aust peakuun 7 dr—7’X npu sHepruu mydka 40 I'3B B obnactu

¢dparmentanuu 7 -my4uka [50] (3HaueHue Xg nexut B uHTEepBase 0.7< X <1.0)

JleranbHble HccleqOBaHUS OyAyT TPOBOAMTHCA Ui OONBIIOTO YHWCIA YaCTHI]
C UCIOJIb30BaHUEM MOATOTABIMBAEMOr0 000PYI0BaHMUS.

1.5.1 Hccneoosanue uHKI103UBHBIX PEAKUUIL, 6KIOUAA NYYOK AHMUNPOMOHOG

HccnenoBanusi MHKIIO3UBHBIX TpOIleCCOB Ha KaHane 14 Oyayr MOpOBOIUTHCS
C UCIIOJIb30BAaHUEM TIydyKa OTPHUIATEIbHBIX YacTHI[ C dSHeprued 28 wimm 34 B
Henomnsipu3oBaHHbIH OTPULIATEIILHO 3aPSKCHHBIN My40K UMeeT cleaytomuid cocras: (7 /K7/p) —
97.9/1.8/0.3%. Tun my4KoBO#l YaCTHIIbI ONPEACISACTCS yYKOBBIMH TOPOTOBBIMH YEPCHKOBCKUMH
cuetunkamu (cM. pasmen 3.1).MuTerpaibpHas cTaTHCTHKA 3a Mecsll pabOThl M BEIMYHHA
KOMOMHATOPHOTO JOHA JIUIS pa3IMYHBIX MHKIIO3UBHBIX peakiui moka3ansl B Taoum. 1.5.

Tab6mn. 1.5 Oxupnaemoe unciio codbituii Ney u otHOLIeHHE 3ddekra k pony S/B
JUI MECSIYHOTO ceaHca Ha 7 - imyuke (6-10'° B3aumozeiicTBuii) npu snepruu 34 I'>B

Ne | wacruna Ney S/B Ne | yacruma Nev S/B
1 | o 4.2-10° 20 | n—on'n 5.3-10° | 5.0
2 | 8.7-10° 21 | o(782) » " n® |3.5:-107 | 4.0
3 | KY 6.7-108 22 | o(782)— y n° 3.8-107 | 0.5
4 | K 9.0-108 23 | 0(1020)— K" K~ 4.3-10° | 3.3
5 |p 9.2-107 24 | p*(770)— n* n° 2.9-10* | 0.17
6 |p 2.6-108 25 | p(770)—> w n° 7.5-10% | 0.33
7 |n 3.2-108 26 | K%— n° n° 1.7-107 | 0.29
g8 |f 8.0-107 27 | a0 (980)— n n° 1.8-107 | 0.11
9 | KL 1.0-108 28 | A>pm 1.4-10° | 10
10 | m—7yy 43-10° |10 |29 |A—pn 1.1-10° | 20
11 | 1 —yy 42-108 120 |30 | A—>nn° 1.8-10° | 0.33
12 | N> 83:10° |20 |31 |A—dAn® 7.7-105 | 2.2
13 | KS— ' 1.3:107 |33 |32 |A"—>pn' 9.3-10° | 0.5
14 | p°(770)—> ' 42-10* |04 |33 | A —>pm 2.5-10” | 0.18
15 | KO*(892)—» K*n~ | 1.1-10* | 1.7 |34 |E—>Amn 1.9-10° | 10
16 | K*(892)—» K 7t [4.3:107 |05 |35 |E— An 1.6-10° | 10
17 | K*(892)— K*n® | 1.9-107 | 0.38 | 36 | 2°—> Ay 1.2-10¢ | 2.0
18 | K*(892)—» K n® |3.8-107 | 0.77 | 37 | 2°(1385)— A n° 3.9-10° | 5.0
19 | ®(782)— e" e 1.7-10° | 2.0 |38 | p%(770)— p" p~ 9.7-10* | 1.4

16
DHeprusi BTOPUYHBIX YaCTHIl 3aBUCUT OT SHEPrUU YCKopeHHoro B Y-70 myuka (50 nnu 60 I'3B cooTBeTCTBEHHO).
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VYKazaHbl TUI PETUCTPUPYEMOI YaCTUIIBI U MPOAYKTHI €€ pacnana. [[ns HEeKOTOphIX U3
peaKkLuil MpenoIaraeTcs UCIoIb30BaTh HECKOJIBKO MO/ paciiajia YacTHUI] U PE30HAHCOB.

Jns peakuuid Ha TOJSPU30BAHHON MMILIEHHM, MpeAcTaBiIeHHbIX B Tabin. 1.5, mpu HU3KOM
ypoBHE (OHA UMEEM MPUOIUKEHHO 0AN <~ 13/VNgy. Juis xapaktepHoii cratuctuku Ngy = 108
noiryqaeM TouHOCTh 0AN = 1.3x1073. Ecnu pa3genuts Bcro craTucTuky Ha 100 stueex, mo mepe-
MEHHBIM P1 U Xg, TO 3TO YBEJIMYUT XapPaKTEPHYIO OLIMOKY B OTAEIbHOM Touke 10 ypoBHS 1.3%.
B cnyyae menbmiei craructuku (mopsiaka 10°) wHTEerpanbHas TOYHOCTH coctaBUT 1.3%. [lns
psama peakiuii ¢ BBHICOKHM ypoBHeM ¢ona (S/B<0.3) To4HOCTH M3MepeHHil OyaeT HECKOJIBKO
xyxe. OTMETUM, YTO Uil MHOTMX M3 mepeduciieHHbX B Tabm. 1.5 aapoHOB opHOCIMHOBas
acUMMETpHUsI HHUKorga He wusMmepsiacb. B Ilpunoxkenun b HuKe NpUBENEHBI CTAaTUCTHKA
¥ MacCOBBIE CIEKTPHI C HCIIOJIb30BAaHHEM OTPHUIATENbHBIX KaoOHOB (cM. pasaen 6.4). IIpumech
K™-Me30HOB B HENOJISIPpU30BAaHHOM IIydke cocTaBisieT Bcero 1.8%, uTo mnpuBOAMT K
3HAYUTEIHHOMY CHIDKECHHIO YUCIIa COOBITUH 10 CPAaBHEHHIO C 77 -ITyYKOM, OJIHAKO 3TH U3MEPEHUS
MO3BOJIIT MapajuieIbHO C HAOOPOM JAaHHBIX Ha 7 -MIy4Ke MOJNYYHUTh YHUKAIbHBIE JAaHHBIE MO
paHee HEeHCClIeIOBaHHBIM PEAKIUAM, C yYKOM, COJIEPKaIllM CTPaHHBIN KBapK.

1.5.2 Hecceneodosanue IKCKAI03UBHBIX KAHAL06

Kommuiekc wu3MepeHuil, ONMCaHHBIX BbIIIE (OJHOCIHMHOBBIE IIPOLECCHl, B KOTOPBIX
M3MepsIeTCs NOJspU3alus JIMIIb OAHOM U3 YacTHIl, yYacTBYIOIIMX B PEAKIMHU, B HAUYAIbHOM JINOO
B KOHEYHOM COCTOSIHMH), BKJIFOYAE€T HE TOJBKO MHKIIIO3MBHBIC, HO M 3KCKJIIO3UBHBIC MPOLIECCHI.
B nociegnem citydae npeanosnaraercsi UCIoJb30BaTh JOIOIHUTEIBHO BETO CUCTEMY IOJISIPU30-
BaHHOW MHUIIEHU. OTO MO3BOJUT 3HAUUTENBHO CHHU3UTh YPOBEHb (POHA B IKCKIHO3UBHBIX
Ipoueccax.

3HAaYUTENbHBIN BKIIAJ B UCCIIEAOBAHNE CITMHOBBIX 3(P(PEKTOB B IKCKIIO3UBHBIX 3aPsI0BO-
OOMEHHBIX peaklusax ObLI MOJIy4EeH B cepuu 3KcriepuMeHToB B [IpoTBuHO Ha ycraHoBke [TPO3A
npu sHepruu myuka 40 9B [51, 52, 53, 54, 55, 56, 57]. BoabIIMHCTBO MaHHBIX B APYTHX
IKCIIEPUMEHTaX OBUIO MOJYYEHO MPU YMEPEHHBIX 3Heprusx mydka (mo 12 I'B), Huxke sHepruii
YCKOpUTENBHOTO KomIuiekca UPBO.

Hccnenoanus Ha ycraHoBKe CITACHAPM no3BomisT CylECTBEHHO NOBBICUTH TOYHOCTh
u3MepeHui. OTMEeTUM, YTO B ME3OHHBIX Ny4YKax HaOIOAAI0TCsS HEHYJEBBIE MOJIAPU3ALMOHHBIE
3pdexTsl B 00MacTH (parMeHTalMM HEMOJSAPU30BAaHHOIO IyyKa, YTO HE HMeEeT IoKa
Teopernyeckoro oObsicHeHusi. Ha ycranoBke ITPO3A B 80-x romax m3mepsuich aCHMMETPUU
B SKCKJIFO3MBHOM 00pa30BaHMM B peakuuu 7w P — AN mpu sHeprum 40 [5B. OG30p aHHBIX
UCCIIeIOBAaHUM MpHUBEIeH HIKE B paznene 5.1.2. 31ech 0TMETUM TOJIBKO JIBE peakiuy, a UMEHHO:
7p'—> w(782)n (cm. Puc.1.14) u zp'— 7/ (958)n (cm. Puc. 1.15), B KOTOPBIX MOJYYEHBI
yKa3zaHus Ha 60ib1ne 3G(EeKThl U OCIMIIISIUN aCUMMETPHH.

Craructika B peakuuu n’pT—)co( 782)n (33 ThICSIUM MONE3HBIX COOBITHIA HAa TIONSPU30BaH-
HOW MuIIeHn) Oblla HaOpaHa B TPEX CeaHCaX C TEJEeCHBIM YITIOM 3JIEKTPOMArHUTHOTO Kalopu-
METpa, COCTABIIAIOLIUM ITOJIOBUHY OT TEJIECHOTO yria kajopuMmerpa ycraHoBku CITACHAPM. 3a
TpU ceaHca pabOThl, C y4eTOM JABYX MOJ pacnaga — Ha w7’ U 7w’ — MOXHO Halbpatb
cratuctuky B 20 pa3 Oonbmie. Torjga, Hampumep, B MEPBbIX YEThIpEX TOYKaX OIIMOKa
acuMMeTpuu OyneT okoio 2% Bmecto ceroausauHux 10%.
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Puc. 1.14 Acimmerpust B peakiuul z p'— w(782)n Puc. 1.15 AcummeTpus B peakiuu = p'— 7/ (958)n
nipu sueprun 40 I'3B [55], korma w(782) -me30H npu sHeprin 40 THB [132], korza 0 (958)-mes0u
PETHCTPUPOBAIICS B MOJIE pacraia Ha 7° U Y PErUCTPUPOBAIICS B MOJIE PacIiajia Ha J(Ba y-KBaHTa

CrartucTika B peakiuu n‘pT—)r/(958)n (11 ThICSY MOJE3HBIX COOBITHI HA IMOJISAPU30BAH-
HOM MuIleHH) OblIa Takke HaOpaHa B TpEX CeaHCax C TEJIECHBIM YIJIOM 3JIEKTPOMArHUTHOTO
KaJIOpUMETpPa, COCTABJISIOUIETO TIOJOBUHY OT TEJIECHOIO yrjia KaloOpUMeTpa YCTaHOBKH
CITACYAPM, u B AByX ceaHcax C TeseCHbIM yrioMm, cpaBHUMBIM co CITACYAPM. 3a tpu
ceaHca paboThl, C yU€TOM JIBYX JOMOJIHUTEIbHBIX MOJI paclajia Ha 7' 7] U T'7T ), MOXKHO HabpaTh
cTaTuCTUKY npumepHo B 20 pa3 Oombmie. Torma, Hampumep, B MEPBBIX TPeX TOYKaX OMIMOKa
acuMMeTpuu Oyzaer cocTtaBisiTh 3—4% BmecTo ceroansimHux 13—17%. Pe3ynpTaTsl B peakuuu
np—> f:(1270)n npexncraBiaeHsl Hwke Ha Puc.5.4. 3a Tpu ceanca pabOThI, C y4ETOM
JOTIOTHUTEIBHON MOJIBI pacriaja Ha 7’7, MO)KHO HaOpaTh CTaTHCTUKY JBa pa3a Oosbmie. Torma
CyMMapHas omuOKa aCUMMETpPUU 110 BCEM ceaHcaM OyJieT MoYTH B ABa pa3a MeHblue. Mccneno-
BaHusa Ha ycraHoBke CIIACYAPM mno3BOJST CyLIECTBEHHO NMOBBICUTH TOYHOCTh HW3MEPEHUH.
OTMeTuM, 4TO BCE M3MEPEHUS B HKCKIIIO3UBHBIX KaHajlaxX MPEIoaraeTcs MpoBOJIUTh OJHOBpE-
MEHHO C HCCIEOBAHUSAMU MHKIIIO3UBHBIX IMPOLIECCOB, TO €CTh HE TPeOyeTCsl TOMOIHUTEIBHOTO
YCKOPHUTEIBHOTO BPEMEHH.

1.6 Pe3iome n nepcneKTHBBI

[ToryueHne WHTEHCHBHBIX MOJSPU30BAHHBIX ITYyYKOB MPOTOHOB W AHTUIIPOTOHOB Ha
kanane 24A B HUIL] «KypuaroBckuii uHCTUTYT» — DBD 1M0O3BOJIUT OCYIIECTBUTH OOMIMPHYIO
nporpaMMy (pU3MYECKHX HCCIEAOBaHWN CIHMHOBBIX sBJIeHHM B obmactu »Hepruii 10+60 I'B.
Bosmoxnoctn ycraHoBku CITACHAPM M 4yBCTBUTEIBHOCTH K pa3IMYHBIM (PU3UUECKUM
KaHasiaM ObUIM OLIEHEHBI ITyTeM MOJIETUPOBaHMsI COOBITHH ¢ yueToM ¢usndeckoro ¢pona. Hapsany
C MOJIIPU30BAaHHBIMU MTyYKaMU HAa YCTAHOBKY MOTYT OBITh BBIBE/IEHBI HEMOJISPU30BAHHbBIE ITYUYKH
nuoHoB (), kaoHoB (K*), MPOTOHOB M aHTUIIPOTOHOB, @ TAKKE YIJIEPOIHBIA M IEHTPOHHBIIL
nydykd. Hanuuue nossipu30BaHHOM MHUIIEHM M PA3JIMYHBIX ITYYKOB ITO3BOJIUT HCCIIENOBAaTh
OJIHOCIIMHOBBIE U JABYXCHUHOBBIE 3()(PEKTHl B MPUMEPHO CTa Pa3IMUHbIX PEAKUUAX U MOTYyYUTh
YHUKAJIBHBIE JIaHHbIE. Bce 3TM M3MepeHMs IMO3BOJAT AOCTHYb 3HAYUTENIBHOIO Iporpecca B
IIOHMMAaHUU KBAaHTOBOIM XPOMOJMHAMUKH U MIPUPO/IbI MOJSIPU3ALIMOHHBIX SIBICHUH.
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2 Co3nanue Ny4YKOB MOJISIPU30BAHHBIX POTOHOB M AHTUIIPOTOHOB

Co3nanue Ha yCKOpUTENbHOM Komiuiekce Y-70 kaHama 9acTul], (GOPMHUPYIOIIETro JUIs
skcnepuMenTa CITACHAPM nydyku moJispu30BaHHBIX MPOTOHOB M AHTHUIIPOTOHOB OT pachajaa
A(A)-runepoHoB, MO3BOIMT CYIIECTBEHHO PACIIMPUTh IpoBoauMylo B HM®BD mporpammy
UCCIIEIOBAaHUM MOJISPU3AIMOHHBIX SBJICHUM B aJpOHHBIX peakiusx. Bmecte ¢ Tem, Hapsay
C MMy4YKaMH MOJIAPU30BAHHBIX YACTHII, pa3padaThiBaeMblii KaHAI MOKET OBITh MCIOJIB30BaH JJIs
MOJIyYEHUs TyYKOB BTOPUYHBIX aJIPOHOB 000MX 3HAKOB 3apsi/ia, MyYKOB AJIEKTPOHOB B IMAIa30He
umnynbcoB ot 10 mo 4501mB/C, a Takke mydyka MEPBHYHBIX NPOTOHOB TOHIKEHHOMN
WHTEHCUBHOCTHU ¢ UMIyibcoM 10 60 [B/c.

OnTumu3zanus OCHOBHBIX IapaMETPOB MAarHUTOONTHUYECKON CHUCTEMbl KaHalsla MOJIIpU30-
BaHHBIX IPOTOHOB M AHTUIIPOTOHOB IPOBOJWJIACH B pPaMKaX, OTPAHUYEHHBIX JOCTYIHOCTHIO
wioniaaed SKCIepuMeHTaIbHON 06a3bl yckoputens Y-70 ans pasMeleHuss caMoro KaHamia
u ycraHoBku CITACYUAPM, a Takxke HE0OXOIUMOCTHIO 00ECHEUYHUTh OJHOBPEMEHHYIO paboTy
IBYX KaHAJOB 4YacTWUIl C OJHOW wMuiIeHbl0. (OCHOBHBIE pe3ylbTaThl pacyeTa KaHaia
MOJIAPU30BAaHHBIX YaCTHUI] MPECTaBlIeHbI B padote [58]. Bece nmpeacTraBieHHbIe B TaHHOM MPOEKTE
pe3yNbTaThl pacuera KaHaina 24 A B3STH U3 JaHHOW PaOOTEHI.

2.1 Kanan MOJIAPU30BAHHBIX IPOTOHOB U AHTUIIPOTOHOB

[InanupyemMoe NOBBILIEHHME WMHTEHCUBHOCTH YCKOPEHHOIO IIPOTOHHOTIO IIydkKa [0
(2-3)x10"* mpoTOHOB 3a LHUKJI OTKPHIBACT HOBBIC BO3MOXKHOCTH JUIS HPOBEICHUS (PU3NYCCKHX
HCCIIeIOBaHU Ha yCKOpuUTenbHOM KoMiulekce Y-70 MDB3. B 1o ke Bpems mepcrekTuBa
paboThl ¢ MPOTOHHBIM IMYYKOM Oo0Jiee BBHICOKON HMHTEHCHBHOCTH ONpeAessieT HeoOXOIUMOCTh
3HAYUTEIBbHOW MEPECTPOMKHU CYIIECTBYIOIIEH CHCTEMbI KaHAJIOB YacTUL. B skxcnepuMeHTaIbHOMN
30He yckoputens Y-70 Ha TUIOmMAASX, OCBOOOXKIAIOMIMXCS TOCTE 3aBEpUICHHS psla
JKCIIEPUMEHTOB, IUIAHUPYETCS CO3JaTh JBa HOBBIX KaHajga YacTUIl HA OCHOBE MEUIEHHOTO
BBIBOJIa YCKOPEHHOTO MPOTOHHOTO Irydka ¢ sHepruei 50-60 ['5B 1 HHTEHCHMBHOCTHIO BBIBOZA 0
~2%10"3 MpOTOHOB 3a IHKIL.

Co3manne 3TUX KaHAJoOB, pa0OTAONIMX OJHOBPEMEHHO C OJHOW BHEIIHEW MHUIIEHBIO,
MO3BOJIUT CYHIECTBEHHO YyIy4IIUTh 3()()EKTUBHOCTH WCIONB30BaHUS YCKOpeHHOTo B Y-70
MIPOTOHHOT'O MyYKa, MOBBICUTh MHTEHCUBHOCTh M KaYECTBO BBIBOJUMBIX Ha SKCIEPHUMEHTAIbHbIE
YCTaHOBKH ITyYKOB BTOPUYHBIX YACTHI] U, YTO TaKKe HEMAJIOBaXXHO, OTKA3aThCsl OT BHYTPEHHUX
MUIIEHEH, SKCIUTyaTalus KOTOPhIX MPUBOAUT K MEPEOOTyYeHUI0 MarHUTHON CUCTEMBI YCKOpH-
Tens. /IBa HOBBIX KaHaja, MONYyYMBIIUX 0O0O03HaueHHs 24A u 24B (Puc. 2.1), npennasHavaroTcs
s o0ecredeHus MydYKaMHM dYacTul] 3KcrepuMeHTanbHbIX ycraHoBOK CIIACYHAPM u BEC
COOTBETCTBEHHO.

VceranoBka CITACYAPM, mnpencraBieHHass B HACTOSIIIEM JOKYMEHTE, CO3JAeTCs ISt
MIPOBEJICHUSI CUCTEMATUYECKUX HCCIICOBAHUN MOJISIPU3ALMOHHBIX SIBJICHUH B HKCKIIO3UBHBIX
Y MHKJIIO3UBHBIX aJIPOHHBIX PEaKIUsAX B 00JacTU SHEPruil ycKopHuTenbHOro komiuiekca MOBO.
[IporpamMmMoil pu3nYeCKUX HCCIETOBAHUM B 3TOM SKCIIEPUMEHTE IUIAHUPYETCS UCIOJIb30BaHUE
LIEJIOT0 psifia MyYKOB Pa3IMYHOTO COPTA: B MEPBYIO OYEPEAb MTYUYKOB MOISIPU30BAHHBIX IPOTOHOB

37



Y aHTUIIPOTOHOB, IIYYKOB IOJIOKUTEIBHO U OTPULIATEIBLHO 3apSHKEHHBIX IMOHOB, a TAK)KE ITyYKOB
3JIEKTPOHOB, HEOOXOIUMBIX [T KaTHOPOBKU almaparypbl SKCIEPUMEHTAIbHON YCTAHOBKH.

e = &

1

Primary target

o —

e

12N

_| Beam 24A [
) = |

’ ( {/// AB \
;

i G D s 7, W) e o e e s W 111

5| SPASCHARM, Stage 1 Area

Puc. 2.1 Cxema pazmMernieHus kaHajioB 24A u 24B B skcriepuMeHTansHOM 3aie 16B
yckopurens Y-70

MeTto/1 MoTy4eHUs Ha YCKOPUTEIISX MyYKOB MOJIIPU30BAHHBIX ITPOTOHOB (aHTUIIPOTOHOB)
or pacnanos A(A)-runepoHoB, ObLn mpeanoxkeH B pabore [59]. OH ObLT BIEpBbIE YCHENIHO
peanuzoBan Ha 800 ['3B-nom yckopurene ®HAJI st co3gaHusi MOJSPU30BAHHBIX ITYYKOB
[IPOTOHOB M AaHTHUIPOTOHOB ¢ ummyinbcoMm 185 I'aB/c [60]. [To3aHee mydyok MONSPHU30BAHHBIX
IpOTOHOB ¢ uMIyabcom 40 I'3B/c 6b11 mostyuen Ha 70 I'3B-HOM yckopurene UPBD [61].

Cxema MOJIY4ECHUS MOJISIPU30BAHHBIX

;”"“‘a' U p IIPOTOHOB IMoKa3aHa Ha Puc. 2.2. Cuuranocs,
ource

/ YTO B CHUCTEME IOKOS /-TUIEPOHA, POXKIEH-

HOro B MHHOICHU ICPBUYHBIM IMPOTOHHBIM
My4YKOM, MIPOTOH U3 HAPYIIAIOIIEro YETHOCTh
Primary pacnana A—pr OpOAOIbHO MOJISPU30BAH CO
cpenHeil  cnupanbHOCTBIO = 0.642+0.13

[62] (mo manuBIM 3kcriepumenToB 19601970

Protons

TOJIOB).
Sweeping Decay Bce pacuersl nmpoBeeHbl UIMEHHO AJisi 3TOU
Magnet Region BenuuuHbl . CremxyeT TOMAYEPKHYTh, 4TO
HOBBIe u3MepeHust skcnepumenta BES-11I
Puc. 2.2 Cxema mosrydeHus MydKa JaJi IPYyroe 3Ha4eHHE, a UMEHHO:

NOJIAPU30BAaHHBIX IIPOTOHOB U3 PACHaziOB
A-runepoHoB

a=0.750+0.009+0.004 [63].

B naGopaTtopHoil cucTeMe NPOTOHBI MMEIOT KOMIIOHEHTY MOMNEepEeYHON MOJSIpU3aliu,
KOTOpas TeM Oouiblie, 4eM OoJjbllle yroja BbUIETa IPOTOHOB OT paclajga MO0 OTHOLIEHHIO
K TPAEKTOPHUSM POAUTENBCKAX TMIIEPOHOB. B Ipyrux tepmmHax, nonepeyHas noJsspu3amus 3TUX
IIPOTOHOB  KOPpPEIUPYET C KOOPAMHATOW IIEPECEUEHUs IPONODKEHHS HX TPAaeKTOpUH
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C IMJIOCKOCTHIO BUPTYAJIILHOTO MCTOYHHKA, MPOXOASIIECH uepe3 LeHTp MullleH! KaHana. CpeaHss
norepeyHast moJisipu3anus Mo BCeMy aHCcaMOJII0 MPOTOHOB OT pacmaja /-TMIepoHOB, OYEBHUIHO,
paBHa Hymto. OJHAKO MOXHO TOJYYHTh BBIOOPKM C HEHYJIEBOW MOIMEPEYHOH MONsIpH3aent
nyTéM COPTUPOBKHM HMX TPACKTOPHH MO YIIy BBUIETA HJIM, YTO TO K€ camoe, MO KOOpAWHATe
MEPeceueHus ¢ IIOCKOCThIO BHPTYAIBHOTO MCTOYHHMKA. COPTHPOBKA OOBIYHO OCYIIECTBIISETCS
B OJTHOH M3 IUIOCKOCTEH, HallpuMep, B BEPTUKAIbHOM, BA0Ib ocu Y. C TOUKU 3peHUs] MUHUMM3a-
IIUM CTaTUCTUYECKUX OLIMOOK W3MEPEHUs CIIMHOBBIX ACUMMETPHM, ONTUMAIbHBIMU SBISIOTCS
BBIOOPKH ¢ MAaKCHMallbHbIM 3HadeHUeM npoussefeHuss FOM = | x ? rne | — MHTEHCUBHOCTB
BBIOOPKH, a {y° — CpefiHee 10 BBIOOPKE 3HAu€HHE BEPTHKAIBbHOH Hojspu3anuu. B peaibHbIX
reOMETPHSIX KaHaJIOB WHTCHCHUBHOCTh ONTHUMAJIBHBIX BBIOOPOK OIHOTO 3HAKa MOJSPU3ALUT
COCTAaBIISICT, KaK MPAaBHJIO, IPUMEPHO 75 OT MOJHOW MHTEHCHUBHOCTH MPH CPEAHEN MOJSAPU3ALIUH
&y’ = +40%. Ocraromascs NPUMEPHO )3 IOJHONW MHTEHCHBHOCTH IIPHUXOAUTCS Ha HENOJApH-
30BaHHYIO «LIEHTPAJIbHYIO» YacTh My4yka. TakuM oOpa3oM, riaBHas 3agada pa3pabOTKU ONTHKH
KaHala COCTOMT B  O0€Cle4eHUH JOCTaBKM  C(HOPMUPOBAHHOTO IIyyka IPOTOHOB
(aHTHUIPOTOHOB'') OT pacmajga IHIIEPOHOB (AHTHIUIIEPOHOB) 3aJAHHOTO MMITYIhCA HA MHIICHD
HKCHEPUMEHTAa C MHUHHMMAIbHBIMM IOTEPSAMH HMHTEHCHUBHOCTM M TMOJIIPU3AalMM, a TaKKe
C MPeI0CTaBICHUEM BO3MOKHOCTH COPTHPOBKH M/WIIM 0TOOpa TPAeKTOPHUH MyYKOBBIX YaCTHULL 10
MOJISIPU3ALINH.

B nanHOM paszerne mpuBEICHBI pe3yJabTaThl pa3pabOTKH MarHUTOONTHYECKOH CHCTEMBI
KaHana 24 A, ONTUMH3UPOBAHHON IS MOJTyYSHHSI ITyYKOB MOJISIPU30BAHHBIX YaCTHUII, IPUBOISATCS
xapaktepucTuku  gopmupyembix Ha ycraHoBky CIIACUAPM myukoB. PaccMorpenmio
XapaKTepUCTUK KaHala IMpeALISCTBYeT ONKUCAHME MHUIIEHHOM CTaHIMM, OOecreynBarolei
OJTHOBPEMEHHYIO paboTy kaHaIoB 24A u 24B ¢ 0HOI MUIIIEHBIO.

2.1.1 Muwennasa cmanyus kananos 244 u 24B

Muennast cranmms (Puc. 2.3) kananoB 24A u 24B Oyzner ocHamieHa TpeMs TUTOIbHBIMU
MarHuTaMmy, OOECIEeUMBAIOIIMMU OJHOBPEMEHHYIO pabOTy ASTHUX KaHAJOB C MHUIIEHbIO, Ha
KOTOpYl0 OyneT cOpachlBaThCsl MEAJICHHO BBIBEIEHHBIH M3 YCKOPUTENS HPOTOHHBIM Iy4OK.
BriepBble mojo0HbIE CUCTEMBI OTOOPA BTOPUYHBIX YAaCTHIl OJJHOBPEMEHHO B JIBa WJIM TPH KaHala
OBbLIM MMPUMEHEHBI B dKCIIepUMeHTaIbHBIX 30Hax yckoputens SPS B CERN [64]. Marautet MT1
nu MT2 npennasHadeHbl Ul HaBEACHHUS NEPBUYHOIO MPOTOHHOIO Iy4YKa IOJ ONPEAECIECHHBIM
YIJIOM @ B LIeHTp Marauuta MT3, KOTOpbIii, B CBOIO 0uepeib, oOecreunBaeT 0TOOp B KaHAJbl 24A
1 24B 3apsKeHHBIX BTOPUUHBIX YaCTHULl, POK/IEHHBIX B MUIIIEHH KaHana T.

B kauectBe MarautoB MT1 u MT2 muaHupyercss UCHoOab30BaTh JUIOIBHBIE MarHUTHI
tuma CI1-129 n CII-7*%, Bxomsmme B HOMEHKJIATypy OOOpy/IOBaHMS SKCHEPUMEHTAIBHOTO
KomIuiekca yckopurenss Y-70. B aTom ciydyae MakcHMManbHBIM yrojl HaBeJeHHS MPOTOHHOIO
IIy4Ka HAa MHIIECHb .y, ONpenenseMbil mapamerpamu Marnuta CII-7, paBen 27 mpaa. Ilox
9THM JK€ yIJIOM HaBEJEHUS «CMOTpAT» B LeHTp MarHuta MT3 kananel 24A u 24B, 4To 1M0O3BO-
JSIeT MaKCHUMaJbHO NPUOJIM3UTH K MHUIIEHU KBAJPYNOJbHbIE JIMH3bI, BXOJAIIME B COCTaB

17 Cxema mosyueHns MoSPH30BAHHBIX TydKOB AHTHIPOTOHOB M3 PACIIATOB /-THIIEPOHOB aGCOTIOTHO HACHTHYHA
C TOI JIMIIb Pa3HUIEH, YTO 3HAK KOPPEISIMH TTONEPEYHOH HOISIPU3AMH C TTOJIOKEHUEM TPACKTOPHHU B IIOCKOCTH
BUPTYAJIIbHOI'O HCTOYHHKA POTHBOIOJIOKHBIH.

'8 Mapamerpsr marauToB CII1-129: mmna L = 4 M, nonesnas aneprypa IIxB = 330x100 MM?, MAKCHMaJTbHOE TOJIE
Bimax = 1.8 Tur; maraura CII-7: nouna L = 6 M, IIIXB = 500%200 MM?; Bmax = 1.8 T
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TOJIOBHBIX OOBEKTUBOB 000MX KaHAJIOB, COXpaHssS MPU ATOM BO3MOKHOCTb 0TOOpa HEHUTPaIbHBIX
BTOPUYHBIX YaCTHUI] B 00a KaHaA.

Dump

MT1 mMT2

T [ T | | I T
-15 -10 -5 0 5 10 15 m

Puc. 2.3 Cxema MuUIlIeHHOH cTaHIMK KaHaaoB 24A u 24B.

T — Mmumens ka"ana, MT1+MT3 — aunonsHble MarHUTEl, MC — MarHUTHI-KOPPEKTOPHI,
Dump — craneHo# nornotutens AauHON 5 M. [IpuBeIeHHBI HAa cCXeMe MUIIIEHHON CTaHIIUU
BapHaHT HAaBEACHUS MPOTOHHOTO ITy4YKa Ha MUIIEHh COOTBETCTBYET OTOOPY HEHTPAIbHBIX
BTOPUYHBIX YaCTHUI] B KaHAT 24 A ¥ MOJOKUTEIHHO (OTPHUIIATEIFHO) 3aPSHKCHHBIX YAaCTHII B KaHAI
24B. IlyHKTUpHBIMH JIMHUSAMU NIOKa3aHbl TPAEKTOPUH BTOPUUYHBIX 3apsKEHHBIX YaCTHULL,
0oTOHNpaeMbIX ¢ KaHal 24B ¢ HeHyJIeBBIMHU yIJIaMH POXKICHUS B MUIIICHU.

SABnssck (QYHKIMOHAIBHBIM 3JIEMEHTOM MHIICHHOW CTaHIHMM KaHaioB 24A u 24B,
MarautT MT3 B TO xe BpeMsl UCHOJB3YEeTCs JUIsl OUUCTKH OT 3apSKEHHBIX BTOPHUYHBIX YaCTHUI]
HampaBieHus: KaHaina 24A npu (HOpMUPOBAHMHM B HEM ITyYKOB MOJSPU30BAHHBIX IPOTOHOB
U aHTUIPOTOHOB OT pacnajaa /(A)-TUIEpOHOB, a TaKKe MYYKOB DJIEKTPOHOB. B CBs3M ¢ 9THM
OCHOBHBIE TapaMeTphl, MOJIOKEHHbIE B OCHOBY Ipoekta MarHuTa MT3 (mnmuna L = 2.6 M, mak-
cumaiabHoe Tosie Bnax = 1.9 Tn, pasmep paboueit obmactu L (rop.) x B (Bept.) = 140 x 56 Mm),
SBJISIIOTCSL  KOMIIPOMHMCCOM  JIOCTaTOYHO TPOTHUBOPEUUBBIX TPeOOBaHUI K €ro JUIMHE NpHU
MaKCHMaJbHO BHICOKOM 3HAYE€HUU MarHUTHOTO I10JIA.

[Tockonpky MT3 pacmoioxkeH HEMOCPEICTBEHHO TMOCe MUIIEHU KaHaja, Ha KOTOPYIO
MpeoiaraeTcsd HaBOAUTh BHICOKOMHTEHCUBHBIM MPOTOHHBIN MYYOK, €r0 KOHCTPYKLHUS ONpese-
JsieTcsi HeoOXOAMMOCTBIO JOJITOBPEMEHHON paboThl B YCJIOBHUSX BBICOKMX pPaJUallMOHHBIX
Harpy3oK, MHPHUBOMSIIMX K pa3pylIeHUI0 H30JALUH OOMOTOK BO30YyXaeHus. M3BecTHBIMU
BapUaHTaMM pELICHUs 3TOW MpOoOIEeMBbl SBISIETCS UCHOJIb30BAaHUE 3HAYUTEIBHO OoJjiee CTOMKOM
K BO3JIeHcTBUIO panuanuu acOomemeHTHON unu MQO wm3onsmum oomorok [65, 66]. Bumy
CIIO)KHOCTH M OTHOCUTEIBHO BBICOKOM CTOMMOCTH M3TOTOBJIEHUS TakuX OOMOTOK, B HallleM
cllydae €AMHMYHOTO IPOU3BOJCTBA TNPEANOYTEHHE OBLJIO OTJAHO KOMIIOHOBKE MarHuTa
C BBIHECEHHOW BBEpX OT IUIOCKOCTH ITydKa OOMOTKOW BO30ykaeHus [67], WM3roTOBICHHON
METOJIOM BaKyyMHOH IMPONUTKHU SMOKCUIHBIM KoMmnayHaoM. [lonepedynoe ceuenne maraura MT3
B BRIOpPaHHOW KOMIIOHOBKE ITOKa3aHo Ha Puc. 2.4.

Kak cnegyeT u3 pacdeToB MOIIHOCTH J03bl, NPOBEACHHBIX C HCIOJb30BAHUEM
nporpaMmMmbl MARS [68], pecypc o6MoTkn MarHuTa (Bpemsi Habopa a03b1 10 MI'p) cocraBusieT
~300 cyrok. B pacuerax MoOIIHOCTH [03bl M MapamMeTpoB (OPMUPYEMBIX IYYKOB YaCTHUI]
MPEJIIToJIarajioch, 4TO AOMHUHWEBas MUIIeHb KaHata T mmHoM 0.4 M m tommuHoW 3.0 MM
pa3MelleHa BIUIOTHYHO K BXOJHOMy Topuy wmarmuta MT3. IllupnHa MumeHu cocTaBiser
~100 MM, 4TO MO3BOJIIET HE MEpeMeniaTh MULIEHb B TOPU3OHTAIBHOM TJIOCKOCTH NMPH MU3MEHE-
HUU yIJla HaBEACHMsI IPOTOHHOTO ITy4YKa B Npeaenax +27 mpan,.
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Puc. 2.4 Tlonepeunoe ceuennst maruura MT3(Bce pa3mepsl IpUBE/ICHEI B CM)

JlononHurenbHas 3aliMTa B BUAE OETOHA, 3aMOJIHSIONIETO0 MPOCTPAHCTBO BHYTPU sfpMa
MarHuTa OT HW)KHETO MOJIoca 10 OOMOTKHU, U CTAIbHBIX TUIACTUH, 3aTEHSIONINX BBICTYIAOLIUE
yacTd 0OMOTOK, HOBBIILIAET ee pecypc A0 2600 cyTOK MpH MHTEHCHUBHOCTH MEPBUYHOIO IydKa
2x10" mpoT./UMKII, YTO penIaeT OCHOBHYIO MPOOJIEMY SKCIUTyaTallud 3TOTO MAarHUTa B YCJIOBUSAX
BBICOKMX PaJMaIllMOHHBIX HArpy30K.

[lpuBenennas wa Puc.2.3 cumMMeTpuyHass OTHOCHTENBHO HANpABICHUS HCXOIHOTO
MPOTOHHOTO IMy4YKa CXe€Ma MHIICHHOW CTaHIIMK CO3/1aeT SKBHBAJCHTHBIC YCIOBHA Ui 0TOOpa
BTOPUYHBIX (HEHTPAJIbHBIX U 3apsDKEHHBIX ) YaCTHIl B HAIIPaBJICHUU 000uX KaHaioB. [Ipu aTom:

— 1pHu oTOOpE NO HANPABJICHUIO OJHOTO M3 KAHAIOB Iy4Ka HEHUTpPalbHBIX BTOPHUUYHBIX
4acTull (¢ = T @;ax), BO BTOPOM KaHAJIE MOXKET OBITh IMOJYUYEH IMYYOK MOJIOKUTETBHBIX W
OTPHIIATENIEHO 3apsHKEHHBIX BTOPUYHBIX YaCTHUI[ B JHMara3oHe MMITyabcoB oT 16 I'hB/C mo
28 I'>B/C ¢ HyNeBbIM yTJIOM pOXACHUS B MUIICHW. HWKHSS rpaHuIia [uana3oHa UMITYJIbCOB
4acTul], OTOMPaeMbIX BO BTOPOW KaHA, ONPENENSIeTCs U3 YCIOBHUS TAIICHUS B MOTJIOTHTENE
HENpOB3aMMOICHCTBOBABIIET0 B MUIIEHU MPOTOHHOTO IydKa (KOTOPBIM MOCIE OTKIOHEHHS
B MarHuTe MT3 He MODKEH MOomajgath B UHTEPBAI YITIOB @maxt A@), TOT/Ia KAk BEpXHSI
IpaHUIIa ONpEENsIeTCss MaKCUMaIbHBIM UHTETpajioM MarHuTHoro nosst MT3;

— TpH HABEJCHUH IMPOTOHHOIO My4yKa HAa MHIICHb C YIIIOM |p| < @max B KaHaibl 24A
u 24B Oynyt orOuparbes 3apsbKEHHbIE BTOPUYHBIE YAaCTUIBI C Pa3sHbIMU 3HAKaMHU 3apsja.
CBsi3b MEXKAY HMITYJIbCAaMH DJTHUX IIYYKOB TpPHU HYJIEBOM YIJI€ POXACHUS B MHUIICHU
ompezensiercs: BoipakeHHEeM Pz (Pmax — @) + Pr (Pmax + @) =0, B KOTOpOM P; U P2 CUUTAIOTCS
anreOpanyecKiMH BEJTMYMHAMH, T.€. OTPHIIATEIBHOE 3HAUYEHUE HMITYJIbCA COOTBETCTBYET
OTPHIIATENIEHO 3apsDKEHHBIM dYacTulaM. Kak ® B TpensiaylieM ciiydae, TalleHue
HEMpOB3aMMOACHCTBOBABIIET0 B MHILEHH MPOTOHHOTO IMyYKa HAKJIaJbIBAET CYILECTBEHHBIC
OTpaHMYEHHUs Ha OTOOp B KaHaIbl 3apsDKEHHBIX BTOPUYHBIX YacTUI[ C HYJIEBBIM YIJIOM
pokaeHus B mutieHu [69].

[IpuMeHenne B cocTaBe MUIIEHHOW CTaHIIMM MarHUTOB-KOppekTopoB MC mo3BossieT
3aMETHO PACIIMPUTH JMANa30H HUMITYJIbCOB 3apsSUKEHHBIX YacTUI[ B OOOMX KaHalaXx 3a CyeT
0TOOpa C MUIIIEHU YACTHI] C HEHYJIEBBIM YTTIOM POXKJICHUSI B MUIIICHHU.

2.1.2 Onmuueckas cxema KaHana noasapu308aHHbIX NPOMOHOE (AHMUNPONIOHOB)

Pazpaborannas 0a3oBasi onTHuYeckas CXeMa KaHajla TOJIIPU30BAaHHBIX MPOTOHOB 24A
(Puc. 2.5), cocrosimias U3 ABYX 3epKabHO-CUMMETPHYHBIX YacTeH, pa3IeieHHbIX MPOMEKYTOU-
HBIMH M300pakeHusIMU (PokycamMu) mydka B OOEUX MOMEPEYHBIX IUIOCKOCTAX B CEpeIuHE
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KaHasa, yJIOBJIETBOPSIET OCHOBHBIM TpPEOOBaHMSIM, OOYCIIOBJIEHHBIM OCOOEHHOCTSIMHU CO3JIaHUS
takoro kanaina [70]. OHa y4uTBIBaET TaKKe PsAJ] OrpAaHUUYCHHM, HAKJIABIBAEMbIX INIAHUPYEMBIM
pa3sMeIIeHHEM 3TOr0 KaHajla Ha IUIOMIAAX CYIIECTBYIOIIEH 3KCIIEPUMEHTAIBHON 0a3bl yCKOpU-
TENBHOT0 KoMIuiekca Y-70, 0CBOOOIUBIIMXCS MTOCTIE 3aBEPIICHUS APYTHX IKCIIEPUMEHTOB.

MT3 MC1 Qi-3 M1 M2 Q4-5 Q6-7 M3 M4 Q8-10

c2
100 I

X, mm

r

o |
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Y, mm MC2 MC3 M4

[ L I T I \ [ J [
0 20 40 60 80 100

| ———
[E=—==r
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Puc. 2.5 ba3oBas ontuueckas cxema kanana 24 A, npeaHazHadeHHas 11l GOpMHUPOBaHHUS ITyYKOB
TOIAPU30BAHHbIX TIPOTOHOB M aHTHIIPOTOHOB OT pacnaja A(A)-runepoHos:

Q — KBaxpynoJibHbIE JIMH3bI, M — aunonbHble MarHuThl, C — KOJJIMMATOPBI,

MC — marauTsI-KoppeKTophl, T 1 Texy — MHUILIEHH KaHaNa U SKCIIEPUMEHTANBHON YCTAHOBKH.
CIUTONIHBIMY JIMHUSIMU TIOKa3aHa ()OKYCHUPOBKA My4Ka B 00EHX MOMEPEYHbIX ITIOCKOCTSIX,
MYHKTHPOM — JHUCIICPCHS B TOPU30HTAIBHON IUTOCKOCTH it Ap/p = 5%

[Tornomenre  HEMPOB3aUMOJICHCTBOBABIIMX B  MHUIIEHU TMEPBUYHBIX  MPOTOHOB
U POXKJICHHBIX B MHILIEHU 3apSKEHHBIX YACTHI] OCYIIECTBIISETCS B Mpe/ieiaX MUIIEHHONW CTaHIIUU
kanana (Puc. 2.3), a HelTpalbHBIX YacTHII (B OCHOBHOM HEHTPOHOB) — BO BTOPOM IOTJIOTHTEIE,
pacnosoxeHHOM Mexay MarHutamu M1 u M2 Ha pacctosiHuu 6 M 0T LieHTpa Marauta M1; yron
MOBOPOTA MydKa cocTaBisieT 52 mpan. TenecHbId yroa Monajalrilux B KaHal HEUTPaTbHBIX
yacTuI] orpannuyuBaercs koyumumaropamu Cl m C2 Takum oOpazom (£2.8 mpaa u +3.2 mpan
COOTBETCTBEHHO), YTOObI MPEJOTBPATUTh BO3MOXKHOCTH B3aUMOJIEHCTBUS HEHUTPOHOB CO
CTCHKAMHU BaKyyMHBIX KaMmep B KBaApymoibHBIX JuH3aX Q1+Q3 m B maraute M1, d9T00BI
UCKJIIOYUTH TEM CaMbIM OJIMH W3 HCTOYHUKOB (POHA B MyUYKE MOISPU3OBAHHBIX YacTHIl (TJIABHBIM
00pa3oM aHTUIPOTOHOB).

Maruutsl M1+-M4 0TKJIOHSIOT Tpaccy KaHaja B OJHY CTOPOHY Ha oOmmumii yron 147 mpan.
Jns  aHanu3a TIydka [0 HMIOYJIbCaM  HCHOJNb3yeTCs MPOMEXYTOYHOE H300pakeHue
B TOPU30HTAJILHOM IJIOCKOCTH, AMCIIEPCUsl B KOTOPOM co3jaeTcs MarHutamu M1 u M2 u 3atem
KOMITCHCUpPYETCSl 4epe3 KBaapymnosibHble JUH3bl Q4+Q7 marnutamu M3 u M4. TpeGyemsbrit
pa3bpoc mydka mo ummyibcam Ap/P ompenaessieTcs packpbiTHeM kojutmMatopa C3. YdyacTku
KaHaja [0 W mocie MarHutoB M3 u M4 minaHupyercs HUCHOJIB30BaTh ISl pa3MELICHHs
JIETEKTOPOB CUCTEMbI U3MEPEHUS UMITYJIbCA YaCTHII.

BepTukanpHas IUIOCKOCTh ONTHYECKOH CXEMBI KaHajla MMEET EJUHMYHYI0 MaTpUIly
npeoOpa3oBaHusl MapaMEeTPOB TPACKTOPUM YaCTUI[ OT MHIIEHM KaHaja JO0 MHILIEHH
HKCHEPUMEHTAIBHON YCTaHOBKH, UTO 00€CIeUYrBaeT B JIMHEHHOM MPUOIMKEHUH 110 OMIEPEUHBIM
napaMeTpaM TpPaeKTOpHH COXpaHEHHEe MoJsIpu3aluyu NpoToHOB Ady =0 a1 Bcex pexuMoB
paboTel kaHana. Hanmuume xoppenmsuuu MeXIy KOOPAMHATOM YacTUIBl B BEPTHUKaJIbHOU
IUIOCKOCTU Y U COOTBETCTBYIOILEH KOMIIOHEHTOM BEKTOpa IMOJIPU3ALMU ¢y B IPOMEKYTOYHOM
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M300p@KEHHH IIydKa'  TPEANONaracTcs HCIONb30BaTh Ul OPraHW3alHH 31€Ch CHCTEMBI
MEUEHUS MOJSPU3AIMH YacTHUll, TUOO0 IS BBIACICHHS ¢ TOMOILBI0 Koymumaropa C4 gacTu mydka
C HEHYJIEBOM CpEIHEW MNoisgpu3anueld 4acTul. Bo BTOpOM cilydae KOPPEKTHPYIOIIMNA MarHuT
MC?2 ucnonb3yercst uisl CMEIIEHUs My4yKa Ha koymumarope C4, a KOppeKTUPYIOLIHE MarHUThI
MC3 u MC4 — s BbIBEEHHUS BBIIEICHHOM 4YacTU IIydyka HA OCh SKCIIEPUMEHTAIBLHOUN
ycraHoBKH (paszn. 2.1.4).

Jlns co3paHus KaHaja IMOJIIPU30BAHHBIX YACTHI] IJIAHUPYETCS UCIOJIB30BaTh CTaHIAPT-
HOE€ MarHUTOONTHYECKOE OOOPYJOBaHHE SKCIEPUMEHTAIBLHOTO KOMILIeKca yckopurens Y-70:
KBaJipynoJibHbie JUH3bI THHa 20K200 miauHON 2 M ¢ MakCUMaJlbHBIM T'PAaJIMEHTOM MAarHUTHOIO
nosist 13 Tn/m B aneprype auamerpom 20 cMm u otkiosstonme Maruutel Tuna CII-7A u CII-12A
JUIMHOM 6 M M 3 M, COOTBETCTBEHHO, ¢ MakcuMaibHbIM TosieM 1.8 Tm B paboueit obGmactu
500%200 MM (TOpU3OHTAIbXBEPTUKANL), @ TaKXKe KOJUIMMATOPHI YaCTHIl C MAaKCUMAJIbHBIM
PacKpBITHEM £75 MM.

MaxkcuManbHBIH UMITYJIbC (POPMUPYEMOTO My4YKa MPU UCIIOJIB30BaHUU 0a30BOM ONTHYE-
ckori cxembl (Puc. 2.5) cocraBmsier 45 I'5B/c. MonudumnupoBanHas onTHYeckas cxema KaHaia
(C BKJIFOUEHHBIMH 10 AYyOJIETHOM CXeMe IMEPBhIM M IOCIECTHUM OOBEKTHUBAMH) 00ecleynBacT
TPAHCIOPTUPOBKY IMYYKOB YacTUI] ¢ ummOyiabcoM g0 60 ['9B/C, yTo mo3BoisieT M0CTaBIATH
K akcriepuMeHTalbHOM ycraHOBKe CITACYUAPM nepBUUHBIM IPOTOHHBIM IYyYOK MOHM>KEHHOM
MHTEHCHBHOCTH, BBIBEICHHBII U3 yckopurens Y-70 ¢ moMoIibio H30rHyToro kpucramia [71].

Jpyrue xapakTepUCTHKM KaHajla, BKJIKOYass MUHHUMAaJbHBIH M MaKCUMalbHBIA pa3Opoc
My4YKa 10 UMITYJIbCaM, CYIIECTBEHHO 3aBUCST OT pa3MepoB 3(P(HEKTUBHOTO UCTOYHHUKA IIPOTOHOB,
KOTOpBIE B CBOIO OYepe/b SIBISIFOTCS (PYHKIMEW UMIYJIbca YacTHIl. Tak, MUHUMAaIbHBINA (MaKcu-
MaJbHBIN) pa3Opoc mydyka 1Mo uMmyjiabcaMm B KaHaje umeHsiercs ot £4.5% (£11.0%) mia mydxa
¢ umnyascoM 15 I'B/¢ no £3.0% (£9.5%) ans nydka ¢ umnynscom 45 I'3B/cC.

Kak cnemyer u3 omucaHus MUIIEHHOW ctaHuuu (pasza. 2.1.1), kanan 24A MoxeT ObITh
HCMOJIb30BaH TaKXKe JUIs (GOPMUPOBAHMS U TPAHCIIOPTUPOBKHU K SKCIIEPUMEHTAIBHON YCTaHOBKE
MTyYKOB BTOPUYHBIX YaCTHUI] 00OMX 3HAKOB 3apsiia. B 3ToM ciydae BBy CyIIECTBEHHO MEHBIIINX
pasMepoB HCTOYHWKA 4YaCTHI, HE 3aBUCAMMX OT UMIylIbca (POPMUPYEMOTrO IIydKa,
MUHUMAaJbHBIN pa30poc myyka 0 UMITYJIbCaM B KaHajie cocTaBisieT +1.2%.

2.1.3 Iapamempul nyuka npomonoe 6 RPOMeHCYnoUHOM U300par;ceHuu

Pa3mepsl myuka B MPOMEXYTOYHOM H300paKEHUHM BEPTUKAIBHOMN IUIOCKOCTH OIPEIEIIsi-
10TCA pa3MepaMu 3()pPEKTUBHOTO MCTOUYHMKA MPOTOHOB M KOA((UIIMEHTOM MaTpullbl Ipeodpa-
3oBanus (Y/yp) OT MHINCHHM KaHaja JO 3TOTO CEUCHHs KaHalla, KOTOPBI B paccMaTpuUBacMOi
CXe€Me MOYKET BapbHPOBATHCS B JIOCTATOYHO IIUPOKUX MpeAesiaXx C COXpaHEHHEM €IMHUYHOCTH
MOJTHOM MaTpHULbl peoOpa3oBaHusl KaHaia. DTO MO3BOJIIET UMETh B MIPOMEKYTOUHOM H300pa-
KEHUU HEUW3MEHHBIE pa3Mephl Mydka B BEPTHKAIBbHOM IUIOCKOCTH MpHU (OPMHUPOBAHUU IMyYKOB
MOJISIPU30BAaHHBIX MIPOTOHOB C Pa3HBIMHU IIEHTPaIbHBIMU uMITyibcamu (Tabm. 2.1).

' TTomMuMo KMHeMaTHKH pacnajga /A-rUIepoHOB, CTENEHb KOPPEISIHH 3aBHCHT TAKXKE OT PA3MEPOB MHIIICHH,
pa3dpoca 1o UMITYJIbCaM 3aXBaThIBAEMOT'0 B KaHAJ IPOTOHHOTO My4YKa M CTPYKTYPbI Ha4aJIbHOM YacTH KaHalia
[Pc. 2.5]. BaxBar B KaHA POTOHOB, 06PA30BABIIMXCS OT pacmaaa /-THIepOHOB Ha BeIXoae U3 MaranTa MT3,
3aMETHO CHM)KAeT BEJINYMHY KOA(PQHUIMEHTa KOPPEISILIMN B INIOCKOCTH JICHCTBHSI OUMIIAIONIEr0 MarHUTa (B HalleM
cllyyae B TOPH30HTAIILHOM).

43



Ta6n. 2.1 TTapaMeTphl IPOTOHHOTO IMyYKa B IPOMEKYTOUHOM U300pakeHuU. PasMepsl mydka MpUBEICHBI IS
MHHHAMAaJIBHOTO ¥ MAKCUMAJILHOTO (B CKOOKaX) 3Ha4eHHss AP/P, POIyCKaeMOTo KaHajJoM

[lenTpanbHBIN UMIYJIBC TTydKa, I 3B/C 15 30 45
Pa3mep aq)(beKTvHBHoro HCTOYHHKA ITPOTOHOB 145 10.1 8.5
B BEPTHKAIBHOW IUIOCKOCTH (0y), MM

Koaddunment yBenuuenus (Y/yo) mis 14 20 24

HECHTPpAJIbHOI'O UMITYJIbCA ITy4YKa

Pa3mep nmyuyka NpoOTOHOB B BEPTUKAJIbHOMN

I0ckocTH (oy), MM 20.6 (22.1) | 20.9 (22.0) | 21.3(21.7)

Pa3mep myuka npoTOHOB B TOPU30HTAIBHOM

II0CKOCTH (0y), MM 10.0(32.2) | 7.7(37.0) | 6.6(35.0)

CBsi3b MEXIy KOOpPIMHATAMHU MPOTOHOB B BEPTHKAIBHON IUIOCKOCTH M CPEIHHUMHU II0
K@KZOMy OWHY THUCTOIpaMMbl 3HAUEHHSMH KOMIIOHEHTHI ¢y BEKTOpa IOJSIpH3aluH,
UCIIOJIb3yeMasl Uil MEUCHHsI TIOJISIPU3alMK OTACIBHBIX YaCTHII, MpeacTaBieHa Ha Puc. 2.6 mis
my4ka ¢ ummyiscom 45 I'B/c.

0.6

0.4

0.2

TS FOTS TORE PORS DL PR T Y

.6
-80 -60 -40 -20 0 20 40 60 80
y, mm

Mean value of {, polarization component
o

Puc. 2.6 CBsi3b MeX/ly BEpTHKAIBHBIMHI KOOPMHATAMH POTOHOB
U CPEJJHUMH 3HAUYEHUAMHU &;-KOMIIOHEHTHI BEKTOPA MOJIAPU3ALUI
B MIPOMEKYTOYHOM M300paXCHUH I ITyYKa ¢ HMITyIscoM 45 ['3B/c

Koaddumuent xoppensiuu Mexay STUMUA BenuduHamu cocrtaBisier 0.83 miust myuka
c op/lpo=1.2% u 0.78 s myuxa ¢ op/Po = 4.2%. IlpuBeneHHbIC 3/1eCh M Jajee Pe3yJIbTAThI
MOJICJIMPOBAHMs TapaMEeTpOB Iy4yka IMOJIyuyeHbl ¢ ucnoib3oBanuem mporpammbl DECAY

TURTLE [72], momuduuupoBaHHOW Ui pacy€TOB XapaKTEPUCTHK ITYYKOB IMOJSPU30BAHHBIX
IPOTOHOB (AaHTHIIPOTOHOB) OT pacmana A(A)-rurnepoHos.

2.14 Hapa.fnempbl ny4Ka noaapu306aHHblxX nPpOmMOH06 HA MUULIEHU YCMAHO6KU

PesynpTarhl pacuera mapamMeTpoB My4yKa MOJSIPU30BAHHBIX MPOTOHOB B KOHIIE KaHana (Ha
MUIICHH IKCIEPUMEHTAIBHON YCTAaHOBKH) JJISl TpeX 3HAUYCHUU LIEHTPAILHOTO MMITYJbCa MydKa
npuBeaeHsl B Taom. 2.2.
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Tab6un. 2.2 TTapameTpsbl Iy4Ka MOJISIPU30BAHHBIX IPOTOHOB B KOHIIE KaHAa

p, [3B/c 15 30 45
0y/po,% 2.0 4.5 1.4 4.4 1.2 4.2
0x X 0y, MM 17x14 [ 19x16 [ 14x10 | 17 x11 | 11x8.7 | 16 x 9.0
Ox' X Oy, Mpall | 1.4x15 | 1.3x1.5 | 1.5x1.8 | 1.3x1.8 | 1.4x1.7 | 1.3x1.7
Ipay 1107 pot | 35x10¢ | 9.2x10¢ | 2.1x107 | 7.8x107 | 1.5x107 | 6.8x10
Ixey10% pot | 3.8x105 | 1.1x10° | 3.5x10°% | 1.4x10° | 1.3x10* | 7.6x10*

Ha Puc. 2.7 npuBenensl npoduin mydyka Ha MUIIEHH HKCIEPUMEHTATbHONW YCTaHOBKH
CIUIOIIHON JMHHEH I IydKa ¢ UMIyabcoM 45 I'3B/C (op/po= 1.2%) u myHKTUpPHOH IUHHEH s
myuka ¢ ummyiascoM 15 IB/C (op/po=4.5%). HTEeHCHBHOCTD ITydYKa MOJISPU30BaHHBIX IPOTOHOB
HAa MHIIEHU SKCIIEPUMEHTAJIbHOM YCTAHOBKM KakK (YHKIMS LEHTPAJbHOTO UMIYJbca IMydKa
npuBeneHa Ha Puc. 2.8 i MakcuManbHOrO pasdpoca Ap/p, mporyckaeMoro kaHajaom. Tam xe
MPUBOJUTCS 3aBUCUMOCTh OT HMIIyJbCa Iy4Ka WHTEHCHBHOCTHU 7'-ME30HOB OT pacmajioB
K2-Me30HO0B, ABIAIOMUXCA OCHOBHBIM HCTOYHHKOM (DOHA B IydKe MOJISPU3OBAHHBIX MPOTOHOB
pHu ycIoBUU 3(PPEKTUBHON OUYMCTKHM HAmpaBlieHUs KaHaia OT POXKIACHHBIX B MHILIEHU KaHala
7'-M@30HOB U MPOTOHOB, KOTOpas Mpu (pOPMHUPOBAHUH MOJISPUIOBAHHBIX MYYKOB C UMITYJIHCOM
>30 I[9B/c olecneunBaeTcs TONBKO MpU ONM3KUX K MaKCUMyMy pexumax wmarHuta MT3,
BXOJISIIIIEr0 B COCTaB MUIIIEHHOW CTaHIIUU KaHaa0B yacTull 24A u 24B (pasa. 2.1.1).

;047 04 =T
S [ & il R4
203} A N I
c r r i 1 ‘ i H
S .
O e i
202 0.2 foorft
0.1 0.1 —5
N S0 TS R DR I S0 (Y SO g B
60 40 20 0 20 40 60 -60 -40 -20 0 20 40 60

X, mm y, mm

Puc. 2.7 Tlpoduiu nmyuka Ha MUIIEHH SKCIIEPUMEHTATIBHOM YCTAHOBKH
s p = 45 B/ u op/po = 1.2% (crrormHast JTHHMS)
u it p = 15 I'B/C u 6y/po = 4.5% (1iyHKTUpHAs IMHUS)

DTO COOTBETCTBYET OTOOPY B KaHai 24B BTOPUYHBIX YACTHI[ C MUMIYJIbCOM, OJIM3KUM
K MakCUMaJlbHOMY 3HadeHuto 28 ['3B/C npu HyneBoMm yrie ux pokiaeHust B muineHu. [Ipu stom
otOop B KaHan 24B BTOPHUYHBIX YACTHUIl C HEHYJIEBBIM YTJIOM POXICHHUS B MUIIECHU TMO3BOJISIET
3aMETHO PaCIIMPUTH AUANa30H UMITYJIHCOB MMYYKOB, (OPMHUPYEMBIX B 3TOM KaHAJIE.

B cuily enuHWYHOCTH TONHOW MAaTpUIll TMpeoOpa3oBaHUs KaHalla B BEpPTHUKAIbHOU
IUIOCKOCTHU, KOPPEISLUs MEXy KOOpPAMHATAMU YacTHIl U ¢y COCTaBIIAIOLIEH BEKTOpa MOJspU3a-
1uu, npucymas 3p(HEeKTHBHOMY MCTOYHUKY MPOTOHOB, UMEET MECTO TaKXKE B BBIBEJCHHOM Ha
MUIIIEHb JKCIEPUMEHTATHHON YCTAaHOBKM TNMPOTOHHOM Ty4yke. [Ipw 3TOM cCpenmHssi 1Mo My4Ky
rorepeyHasi MoJyispu3alus NPOTOHOB paBHA HyMO. s MeueHus NOJSpU3ALMHU OTAEIbHBIX
YaCTHI[ MOXKET OBITh HCIONB30BaHA CBSA3b MEXKIYy BEIMYMHAMH Y M {y B IIPOMEKYTOYHOM
uzobpaxenun (Puc. 2.6).
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Particle flux per 10" pot
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Puc. 2.8 'HTEHCUBHOCTS ITy4Ka MOJISIPU30BAHHBIX TPOTOHOB M ()OHOBBIX 77'-ME30HOB B KOHIIE
KaHaJa Mpu MakcuManbHoM Ap/p, paccuntanHas Ha 10'° magaronyMx Ha MHIICHb KaHalla IPOTOHOB
¢ sneprue 60 I'3B. IlTpuxoBoil muHUEN JaHAa cCyMMapHasi HHTEHCUBHOCTD IPOTOHOB UIS IBYX
MHTEPBAJIOB C NPOTHUBOINOJIOKHBIM 3HAUEHHEM U cpeaHel nonsapuzanuei &, = 40%

[TpocTeiiiiuM crmocoOOM TOJyYEHUS Ha MHUIIEHU HKCIEPUMEHTAIbHOW YCTaHOBKU
MOJIAPU30BAHHOTO MyYKa C 3a/laHHBIM HAlpaBJICHUEM BEKTOpa IMOJIAPU3ALUU SBIISIETCS BbLAEIE-
HUE YacTU IMyYKa C OTIMYHOM OT HYJsS CpeqHell mojsipusaleil BepTUKaIbHBIM KOJUIMMATOPOM,
PaCIOJIOKEHHBIM B MIPOMEXYTOUYHOM M300paxkeHuU. B paccmaTpuBaeMoM KaHajie ¢ 3TOU IEIbIO
Iy4OK B MPOMEKYTOUYHOM H300paK€HUM CMeIlaeTcsl KoppekTupyromuM MmariutoM MC2 mo
BEPTUKAIM B Ty WIH JPYTYI0 CTOPOHY Iapajule]bHO OCH KaHana rnepen Kosummaropom C4
C (pUKCUpPOBAaHHBIM DPACKPBITUEM IeK. Takoi BapuaHT, He TpPeOYIOIIMH NepeMeleHus MIeK
KOJIJIIMATOpa, MO3BOJIsIeT ObICTPO (B Mpezese — OT LUKJIA K IUKITY YCKOPHUTENS) OCYLIECTBIATh
peBepc MOJApHU3alUK MTydKa Ha MULIEHW JKCIEPUMEHTAJIbHOW YCTAHOBKHU, COXpaHsSA IPU dTOM
AKCIUTYyaTallMOHHBIN pecypc HUCHOJIb3yeMoro Kosmumaropa. Ilapamerpsl HpOTOHHOTO Iydka
¢ umnysbcoM 45 I'9B/C u op/po= 1.2% Ha MUIIEHH YKCIIEPUMEHTAILHON YCTAaHOBKH IIPU PacKpHbI-
Uy KojummaTopa C4 paBHoM 15 MM npuBenens! B Ta0um. 2.3 11 psiia peXXMMOB KOPPEKTUPYIO-
niero Marauta MC2 ¢ moJI0KUTENBHON MOISPHOCTBIO BKIIIOUEHUS.

B stom pexume paboThl KaHajla pasMep Mydka Ha MHILEHH SKCIEpUMEHTAIbHOM ycTa-
HOBKM B BEPTUKAIBHOH IIOCKOCTH YMEHBIIAETCS 10 0y ~ 3.2 MM IIPU HEM3MEHHBIX JIPYTHX
napameTpax Iydyka, HnpuBefeHHbIX B Tabm. 2.2. Ilpu cMeHe MOJSPHOCTH KOPPEKTHPYIOLIETO
marauta MC2 cpenHue KOOpAMHATa y W YroJl MaJeHus Mydka )’ Ha MMUIIEHH B BEPTUKAJIbHON
IUIOCKOCTH, a TAKXKe {y-KOMIIOHEHTA BEKTOPA MOIAPU3aL1H MEHSIOT 3HaK Ha IPOTUBOIOIO0KHBIH.

Tab6un. 2.3 [TapameTpsl MOIAPU30BAaHHOTO IIPOTOHHOTO ITy4Ka ¢ UMITyJIbcoM 45 I'9B/C u op/pe= 1.2%
Ha MHUIIEHU SKCIIEPUMEHTAILHON YCTaHOBKH KakK (DYHKIHS peXnMa KoppeKTupyomero maraura MC2
MIPH pacKpeITHH KoyutuMaTtopa C4 paBHOM £15 MM

(BL)mc2, Taxm 0.06 0.08 0.10 0.12
& 0.32+0.19 0.39+0.15 0.44+0.14 | 0.47+0.13
I,, per 10" pot 6.5x10¢ 5.2x10¢ 3.8x10¢ 2.5x10¢

TunuuHoe pacnpeneneHue MoaspU3aluMu &y AN BBIOPAHHBIX 00pa3loOB C HEHYJIEBOIl
noJisipu3anuel mpuBeaeHo Ha Puc. 2.9. J{ns BeIBeICHHS BBIJICIICHHBIX TOOYEPETHO YacTeH MmydKa
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HCIOJIB3YIOTCA

KOPPEKTUPYIOIIUE  MarHUThI

Ha OChb DJKCIEPUMEHTAJIbHON  YCTaHOBKH
MC3 u MC4.
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Puc. 2.9 [Nonspu3zarmst MpOTOHHOTO MyYKa ¢ UMITyJIbcoM 45 ['9B/C Ha MUIIIEHN YCTaHOBKY LTS PEIKU-
MoB koppekTopa MC2 pasabix +0.12 Trnxwm (cieBa) u —0.12 Tirxm (cripasa) mpu C4 = £15 Mmm

2.15

Hapamempbt ny4YKa noaapu306aHHblX AHMUnRPOMmMOHO6

[Mapamerpbl 5Q(PEKTUBHOrO MCTOYHMKA AHTUIPOTOHOB OT pachaga /-THIEpOHOB,

a CIIeZI0BaTeIbHO, U MapameTpbl (GOpMUPYEMOro aHTUIPOTOHHOTO IMyd4Ka (pa3Mepbl, pacXoiu-
MOCTB, pa30poC 10 UMITYIIbCAM, KOPPEISIIHS MEXKTy KOOPJMHATAMH YaCTHIl ¥ COOTBETCTBYIOIIEH
KOMIIOHEHTOH BEKTOpa MOJSAPU3ALUHU B IIPOMEKYTOUYHOM H300pa’KEHUH) ITOJHOCTHIO HIICHTUYHBI
MPUBEJCHHBIM BBIIIE Mapamerpam npoToHHoro mydka (Tabim. 2.1 u Tabn. 2.2, Puc. 2.6). Ilpu

3TOM WHTCHCHUBHOCTH ITy4Ka aHTHIIPOTOHOB B
koHrne kanama (Puc.2.10) omnpenensercs
CYIIECTBEHHO MEHBIIUM CEYEHHUEM pOXKIe-
HUg ~ /-TUIEPOHOB MO  CPaBHEHHUIO
¢ /l-runepoHamu. Taxk, MaKCHMaIbHast
MHTCHCUBHOCTh aHTHIIPOTOHHOTO ITy4YKa MpH
umnynsce ~1513B/C npumepno B 20 pa3
MEHbIIIE MHTEHCUBHOCTH MPOTOHHOIO ITyYKa
C TEeM XKe
C noBellIeHUEM HMITyJIbca (OPMUPYEMOTO
my4Ka

MIPOTOHHOTO

LEHTPAJIbHBIM  HUMITYJIBCOM.
pa3HuIa B MHTEHCUBHOCTSX
Y @aHTUIIPOTOHHOTO  MYYKOB
CYLIECTBEHHO BO3pacTaer.

Yro kacaercss (OHOBBIX YCJIOBUMH, TO
B IIy4KE AHTUIPOTOHOB C  HMMILYJIbCOM
<15 I'?B/C moMuMO 7 -ME30HOB OT PacIaioB
K9-Me30HOB TpHCYTCTBYeT Takike 3HAuM-
TeIbHOE

pacniaoB /-rumnepoHoB. Takum 00pazom,

KOJIMYECTBO JOTHUX 4YaCTull OT

—_
o
~

—_
o
(o]

Particle flux per 10" pot

N | . T
10 15 20 25 30

p, GeV/c

Puc. 2.10 VIHTeHCHBHOCTS ITy4Ka IOJIIPU30BAHHBIX
AQHTUIIPOTOHOB M (DOHOBBIX T -ME30HOB B KOHIIE
KaHaJsa IMpU MakCUManbHOM AP/p, paccunTaHHas Ha
10" majaro1ux Ha MUIIEHb IPOTOHOB C dHEPTUE
60 I'>B

ONTHMAJIbHBIM 0 WHTEHCUBHOCTH M ()OHOBBIM YCJIOBMSIM SIBJISIETCS MYYOK MOJSPU30BAHHBIX
AHTUIPOTOHOB C LEHTPalIbHBIM UMITYJIbcoM 16 ['9B/C, mpu KOTOpOM, COTJIaCHO MPOBEAECHHBIM

pacueram, 4YUCI0 T -ME30HOB HpI/I6J'II/I3I/ITeJ'ILHO B3 pa3a BbIIC HHTCHCUBHOCTHU aHTHUIIPOTOHHOT'O



nyuka (cocrapisromeii 4x10° gactunn Ha 10! magaromux Ha MHUIIEHb KaHaga IPOTOHOB C
sneprueir 60 I'3B). BeiaeneHne aHTUNPOTOHOB NMPH TAaKOM YpPOBHE ()OHA BIIOJNHE B Tpeaeniax
BO3MOKHOCTEH IIyYKOBBIX YEPEHKOBCKHUX CYETUHUKOB.

[TpocTpaHcTBEHHBIE pacIpeesieHUs] aHTUIIPOTOHHOTO TydkKa ¢ umiryibcoMm 16 I'9B/C na
AKCIIEPUMEHTAJIbHOW MUILIEHU A MaKCHUMAaJIbHOM MPOIyCKHOW crocobHocTu Ap/po Onusku
K TaKOBBIM JIJIsl TPOTOHHOTO Iydka ¢ uMnyiascoMm 15 ['B/C, npencrabiennsiM Ha Puc. 2.7.

HuTencuBHOCT,  (OPMHUPYEMOTO  MOJAPU30BAHHOTO  ITyd4Ka AHTUIPOTOHOB  (Kak
¥ (JOHOBBIX 77 -ME30HOB OT pacnanoB KO-Me30HOB) CyLIECTBEHHBIM 00pPa30M 3aBUCHT OT [JIMHBI
Marauta MT3. OHaKko MOBBIIIEHNE UHTEHCUBHOCTH aHTUIIPOTOHHOTO ITyYKa 3a CYET yMEHbIIIE-
Hus JuiMHBI MT3 cBs3aHO C yXyIIIEHHEM OYMCTKM KaHana 24A oOT 3apsyKEHHBIX BTOPUYHBIX
qacTull Ipu (GOPMUPOBAHUHU ITYYKOB HOJISAPU30BAHHBIX yacTull ¢ umnyiabcoM =30 I'3B/C, a Takxke
C IPONOPLMOHAIBHBIM ~ YMEHBIIEHUEM MAKCUMAJIBHOIO HUMIyJbCa BTOPHUYHBIX  YaCTHII,
otOupaeMbIX B KaHai 24B.

[TosToMy OBUT PAaCCMOTPEH BapUaHT UCIOJIB30BAHUS JOMOJHUTEIBHON MUIIEHU, KOTOpast
Ha BpeMsl MPUOPUTETHON paldoThl KaHana 24A C aHTUIPOTOHHBIM IYYKOM BBOJAMTCA B 3a30p
marauta MT3 06e3 usmenenust ero napamerpoB. OcHOBHasi MUILIEHb KaHaIoOB 24A u 24B npu
STOM BBIBOJIUTCS M3 IyYKa, YTO 3aMETHO YXYAIIAET YCJIOBHs JJs 0TOOpa BTOPUYHBIX YACTHIL
B kaHas 24B. Ha Puc. 2.11 moka3aHbl 3aBUCHMOCTH MHTEHCHBHOCTH AHTHIIPOTOHHOTO ITyYKa
1 (OHOB Ha MUIIEHU SKCHEPUMEHTA OT MOJIOKEHUS MUILIEHH KaHajla OTHOCUTENIBHO MEPEIHEro
kpast Mmarauta MT3 s mydka 16 I'3B/C u MakcumanbHO# niepeiaBaeMoii BemuuuHbl Ap/po.

Ecin ueHTp AONONHUTENbHONM MHUIIEHH pacnonoxuth B Touke +0.7mM B MT3 mnpu
3HAYEHUU MArHUTHOTO NoJs OKoyio MakcuMyma (1.9 Ti), TO MHTEHCHBHOCTh AHTHUIPOTOHOB
Bo3pacTaer B 2.5 pasa (mo 10° 3a mmkin) npu yBenudeHuu ¢GoHa B 3.5 pasza. Pe3koe yBenmueHue
(oHa OT BTOPUYHBIX 77 -ME30HOB, O0PA3YIOMIMXCSI HETIOCPEACTBEHHO B MHIICHH, JENaeT HEBO3-
MOJKHBIM €€ nepeMeleHne riryoxe BHyTpb Marauta MT3.
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452

Puc. 2.11 3aBUCHMMOCTH HHTEHCUBHOCTH aHTHIIPOTOHHOTO My4Ka U (JOHOBBIX 7 -ME30HOB

OT ITOJIOXKEHUS] MUILIEHN OTHOCUTEJIBHO NepeiHero kpast Maruuta MT3 ayist mydka ¢ UMITyJIbCOM
16 I'3B/c ¢ MakcuManbHOH IepeaBaeMoi BeMUUHOM AP /Py (OCHOBHOE TIOJIOKEHNE MUILICHN
cooTBeTcTBYeT KoopauHate —0.2 M)

Eme oqHuM BapuaHTOM MOBBIIMIEHUS WHTEHCHUBHOCTH aHTUIIPOTOHHOTO IydykKa, TpeOyro-
IIUM JIOTIOJIHUTENbHON THIATEbHOM NpOpaOOTKH, SBISETCS HCIOJb30BaHHE B kauectBe MT3
CBEPXITPOBOsAIIEero MarauTa JuuHOW 1 M ¢ monem 4.5+5.0 Tn. Kak mokas3plBalOT pe3ysIbTaThl
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pacyeToB, MHTEHCUBHOCTh aHTHUIIPOTOHHOTO My4ka ¢ ummyibcoM 16 ['9B/C yBenmuuuBaercs B 3.5
pasa npu 6.5-KpaTHOM BO3PACTaHUU MHTEHCHBHOCTHU 7 -ME30HOB OT pacnanos K2-me3oHoB; mpu
9TOM HC YXYIAHIAOTCA BO3MOKHOCTHU 0T60pa C MHUIICHU BTOPHUYHLIX YaCTHIl BO BTOpOfI KaHal,
pPaBHO KakK H q)OHOBbIe YCiIoBUusA JIA MNOJAPU30BAHHOTI'O IMPOTOHHOI'O ITydKa C HUMITYJIBCOM
>30 IB/c.

2.1.6 Bausanue 0emekmopoeé cucmemuvl Me4eHUA U UOeHMUpuUKayuu uacmuy Ha
napamempul hoOpmMuUpyemuvix NyuKo8 4acmuy

Cucrema MeueHHMS 4YACTHULl HPOEKTHPYEMOr0 KaHala TOJSPU30BAaHHBIX IPOTOHOB
Y aHTUIPOTOHOB (CM. IIO3Ke pa3fiel 2.2 HAaCTOSIIEro JOKyMEHTa) IpeJHa3HaueHa U1 U3MEpEeHus
UMIIYJIbCa OTACIBHBIX YACTHUI] B Iy4Ke, a TaKXe Ul ONpPENesIeHUs] BEPTHKAIBHBIX KOOPIMHAT
YacTHUI] B MIPOMEXYTOYHOM H300pak€HUH, YTO IMO3BOJSET «IPUIHUCHIBATBHY KaXIOMY IIPOTOHY
(aHTUIIPOTOHY) cpelHee [uld [JAaHHOW KOOpAMHATHl 3HAYCHUE Cy-KOMIIOHEHTBI BEKTOpa
nossipusanuu  (Puc. 2.6). Bmecre ¢ Tem, mpenocrtaBistomas HHOPOPMAIMIO O MOJOKCHUH
W pa3zMepax IydyKa YacTHIl, cucTeMa MedeHHus OyneT 3(QeKTHBHO HCIONB30BaTbCI U TPU
HAaCTpPOWKE KaHaJIa.

[Ipenynaraemast cuctemMa MEUYEHHS YacTHIl BKIIOYAeT B ceOS CeMb JBYXKOOPIMHATHBIX
TOZIOCKOIIOB, TPU M3 KOTOPBIX, PACIONIOKEHHbIE MEXAY KBaJpymnoibHbIMU JuH3aMU Q5 u Q6
(Puc. 2.5), nmpeaHa3zHa4YeHbl Uil U3MEPEHUS] KOOPAMWHAT YACTHIl B MIPOMEXKYTOYHOM H300pae-
HuM. OcCTajbHBIE YETHIPE TOJ0CKOIA PACIoiaratoTcs MOMapHO 10 U mocie MarHuToB M3 u M4,
obecrieunBasi U3MEpeHUe UMIYIbcOB yacTUll. CymMMapHasi TOJIIMHA CHUHTUIUIATOpA MO IMYYKY
B K@XJIOM T'OJIOCKOII€ COCTABIISIET 8 MM.

Kpome cuctembl MedeHHUsl YacTHI, BO BTOPOIl YacTH KaHaia B KBAJAPYIOJBHBIX JHH3aX
Q6-Q7 u Q9-Q10 mpennonaraercss pa3MeCTUTh JBa 6-METPOBBIX TOPOTOBBIX YEPEHKOBCKUX
cueT4MKa i UJeHTU(UKauuy yacTull. B ciydae npotoHHoro nmydka ¢ ummnyiascom 4045 I'3B/c
YEepEeHKOBCKHE CUETUUKH Oyay paboTaTh Ha BO3/AyXe IPU aTMOC(EPHOM JaBICHUM, TOT 1A KaK JJIs
ny4yka ¢ uMIysnbcoM 15 ['3B/C (aHTUIIPOTOHBI M TPOTOHBI) MpeNoaraeTcs UCIoab30BaTh (HPeoH
R-22 (CHCIF2) Takxe npu aTMOC(hEpHOM JIaBICHUH.

BausiHue mepeuMciIeHHBIX BBILIE JETEKTOPOB Ha KOHEYHBIE MapaMeTphl (opMUpyeMbIX
IIyYKOB, a TaK)Ke€ HEOOXOIUMBbIE IS MX pa3MelleHHs HEBaKyyMHPOBAaHHBIE YYaCTKU KaHalsa
OLIEHUBAJIUCH TTOCPEICTBOM pacyeTa IMOTJIOMIEHUS W MHOTOKPAaTHOTO PACCESHHS B BEIIECTBE
MOHOMMITYJIbCHOTO IIy4Ka C HYJIEBBIMH pa3MepaMHM M PACXOAMMOCTBIO (O-Tyuka) Ui JIBYX
pexxumoB paboTsl kaHana (Tabin. 2.4). CpaBHeHHE MOJNYYEHHBIX PpE3yJIbTaTOB C PACUETHBIMU
napameTpamMM Iy4KOB, HpUBEICHHbBIMU B Tabiu. 2.2, CBUAETENBCTBYET O HE3HAYUTEIHHOM
YBEJIMUCHUU pa3MepoB Imydka ¢ uMmiyibeoMm 45 IhB/C u 10+12% yBenuveHnn pa3MepoB Mydka
¢ ummynbeoM 15 ['B/C npu motepe naTeHcuBHOCTH TTydka 14% u 17% cOOTBETCTBEHHO.

Tab. 2.4 TTapaMeTpbl KCXOAHOTO O-ITy4YKa Ha MHUIICHH SKCIICPUMEHTAIBHON YCTAHOBKH

IlenTpanbHbIii UMITyNbC Ty4ka (p), ['9B/c 15 45
Pa3mepsl nyuka oy X Gy, MM 9.3x7.6 2.7x1.6
PacxoauMocCTh mydka Gy X Gy, Mpaj 0.53x0.57 | 0.14x0.24
[Totepu vactun, % 17 14
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2.2 CucreMa MeyeHHs MOJISIPU3ANMH MyYKa

CucreMa MEUYEHHS 4YACTHI[ MPOCKTHPYEMOTrO KaHala TOJSPU30BAHHBIX IPOTOHOB
¥ aHTUIPOTOHOB TPeHA3HAYCHA IS H3MEPEHUS UMITYJIbCA OTJEIBHBIX YACTHI] B ITyYKE, a TAKKE
OTIpe/ICTICHUS] BEPTHKAIBHBIX KOOPAMHAT YACTHII B MPOMEKYTOYHOM H300paKEHUH, HYTO
MO3BOJISIET IIPUTTUCHIBATHY KaXJIOMY IMPOTOHY (AHTUIPOTOHY) CpeIHEe sl JAHHONH KOOPAMHATHI
3HaueHHe Py-KOMIOHEHTBI BEKTOpaA MoJsIpu3anuu. [ 3Toro B mpoMexyTo4HOM (PoKyce KaHaa
(Puc. 2.5), tae dopMupyeTcsi HHBEPTHPOBAHHOE M YBEIMYEHHOE H300paKCHHE BHPTYAIBHOTO
MCTOYHUKA U3 IUIOCKOCTU MepBUYHON MmuieHu (Puc. 2.2), uamepsiercs: BepTUKaIbHOE CMEIIEHUE
Y-TPaeKTOpPHUHM OT OCH IIy4Ka M 3aTeéM HCIIOJIb3YIOTCS pacuy€THbe 3aBHCHMMOCTH C&y(y) THna
nokaszanHoi Ha Puc. 2.6. Kpome TOr0, C TOMOIIBIO TOIOCKOTIOB CHCTEMBI MEUCHHSI, U3MEPSIOIINX
MPOXOXKJCHHE TPACKTOPUS B TOPHU3OHTAIBHOW IUIOCKOCTH, OIPEHEISCTCS HMITYJIbC KaXIOH
MyYKOBOM 4YacTHIBI C TOYHOCThIO Okoio +1%. Kak Obuto ormeueno B pazgene 2.1.2 u
MIPOMJUTIOCTPUPOBAHO Ha Puc. 2.6, Xxoporiee 3HaHNE UMITYJIbCa BAKHO TAKXKE U JUIsl yMEHBIICHUS
sddekra «pa3mbiBaHUA» 3aBUCUMOCTeH Puc. 2.6 u3-3a pazdpoca mo UMITyJIbcaM U, TEM CaMbIM,
11151 00J1ee aKKypaTHOrO BOCCTAHOBJICHHSI MOJISIPU3ALMU ¢y IS KayKA0H TPaeKTOpUH.

MeToauka co3AaHUS CUCTEMbl MEUEHHMsS IMOJIIPU30BAHHOTO MPOTOHHOTO (aHTHIIPOTOH-
HOT0) Myuyka OblIa pazpaboTaHa M yCIEUIHO UcHoiib3oBajach B skcrnepumente E704 [60] mpu
AKTUBHOM YYacTHUU COTPYIHHKOB mpoekTa. [1omo0Hasi cucTtemMa Takke YCIEIIHO HCIOIb3yeTCs
B okcriepumerte POJIC B IlporBuno [61]. OmHako ciemyer OTMETHTh, YTO OXKHIaeMas
MHTEHCUBHOCTH My4YKOB B dkcniepumente CITACHAPM OGyner Boiie. Kpome Toro, npeamnosnara-
ercs, uro B akcriepuMenTe CITACUAPM crnmHOBBIE 2P eKThI OyIyT N3ydaThesi ¢ 00Jee BEICOKOM
touHocThio (9kcmepumeHTsl DOJIC u E704 MOXHO OTHECTH K paspsay MOUCKOBBIX,
a CITACYUAPM craButT 3agavy MNpPELU3HMOHHOTO HCCIEIOBaHUS), MOITOMY TOYHOCTb 3HAHUA
XapaKTePUCTHK IMyYKa JO0JKHA ObITh BBIIIE.

JleTeKTophl CUCTEMBl MEUYEeHUS OyayT TakKe HCKIIOYUTEIHHO TMOJIE3HBI I HACTPOMKHU
U ONTUMHU3AIMA PEKHMMa KaHalla TyTeM HW3MEpEeHUs TaKWX XapaKTepUCTUK TMydKa Kak
WHTEHCUBHOCTh, MPO(HIN, TMPOCTPAHCTBEHHBIC M YIJIOBBIC PACXOJUMOCTH, SMHUTTAHC ITyYKa,
UMITyIbCHAsT aucrepcus. OnTuManbHas HACTPOWKA KaHala MPEANoJiaracT JIOCTHKEHUE
XOPOIIETO COTIACHS U3MEPCHHBIX M PACUCTHBIX MTAPaMETPOB.

2.2.1 Cxema pasmewienus 0emeKkmopos me4eHus

OCHOBHBIE JIETEKTOPHI CHCTEMBI MEUYCHHUS PA3MENIAOTCS B OKPECTHOCTSIX MPOMEKYTOU-
HOTO (OKyca, HAXOSAIIETocs Ha paccTossHUH 60.5 M OT IepBUYHONM MUTIICHH B 59.4 M OT MUIIICHU
sKcriepuMenTa. Cxema pa3M€HIeHI/I$I20 CHUCTeMBl MEUeHHUs Toka3aHa Ha Puc. 2.12 u BKIIowaer
B ce0a 4 cuérumka moiiHoro moroka S1-S4, 3 romockoma POL1-POL3 mist BoccTraHoBIIeHHS
MPOEKIIMM TPAEeKTOPUU B BEpPTUKaJIbHOW miIockocTd M 6 TomockornoB MOM1-MOMG6 st
M3MEPEHHUS] HUMITyJIbCa IyYKOBOM YacTHIBl MO €€ OTKJIOHEHHIO MarHutamu M3 u M4
B TOPU30HTAILHOM MIOCKOCTH.

%0 KpoMe CHCTeMBI MEUEHHS YACTHII, BO BTOPOii YACTH KAHANA MPE/IOIAraeTcsi pa3sMECTHTh JIBa 6-METPOBBIX
MOPOTOBBIX YEPEHKOBCKUX CYETYMKA JUIsl MACHTH(UKAIMK YacTull. B ciydae MpOTOHHOTO MyYKa ¢ MMIYJIbCOM
40+45 ' B/c yepeHKOBCKHE CUETUMKHU OYAyT paboTaTh Ha BO3/yXe MPH aTMOC(HEPHOM NaBICHUH, TOTIa KaK JUIs
nydka ¢ uMIyiabcoM 15 I'3B/c (aHTHIPOTOHBI ¥ POTOHBI) MPEATONaraeTes Uenons3osars Gppeon R-22 (CHCIF:)
TaKKe MPH aTMOC(HEPHOM JIaBJICHUH.
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BeprukanpHas KOMIOHEHTa MOJSAPU3ALMU ¢y BOCCTAHABIMBACTCS 110 ITUM H3MEPEHUSIM
B PeXKHME pEaJbHOI0 BpPEMEHM Ha OCHOBE 3apaHee IIOATOTOBICHHBIX U COXPaHEHHBIX
B TAOJIMYHOM BHJE€ 3aBHCHUMOCTEH, IOJOOHBIX IIOKa3aHHBIM Ha Puc. 2.6, a1 HECKOJIbKHX
3HAUEHUHN UMITyJIbCa B Mpejenax akcenranca kanana. Jlerekroper POL2 1 MOM2 pa3mernieHbl
B IPOMEXKYTOUHBIX (POKycax cBOMX IUIockocTel, a mapel POL1, POL3 u MOM1, MOM3 —
CUMMETPUYHO OTHOCHTEIBHO (OKYCcOB Ha paccTrostHuu +2.2 M. PaccrosiHue B mapax roloCKOIoB
MOM3, MOM4 u MOM5, MOM6, u3MepsomuX HMILYJIbC IO OTKJIOHEHHIO TPACKTOPHA
B Maruutax M3-M4, coctaBiusier 4.4 M. YT01 OTKJIIOHEHUSI B 3TUX MarHuTax JJisg LHEHTPAIbHOTO
UMITyJIbCa cocTaBisieT 73.5 mpaf.

MOM2 ~
MOM3 MOM4 B

M4

Polarization Momentum

Puc. 2.12 Cxema pa3MelicHus IETCKTOPOB MCUCHHS ITyYKa.

WMiynibC 9acTHIBI U3MEPSIETCS B TOPU30HTATIBHON TIOCKOCTH C MTOMOIIBI0 UMITYJIbCHBIX
ropockonoB MOM1-MOM®6 u marauroB M3 + MA4.

[omsipr3anust YacTHIbI OMPEACISAETCS yTeM H3MEPEHHS €€ UMITYJIbCa U BEPTUKAIBHOM
Y-KOOPIUHATHI OJApU3aiuoHHBIMU rogockonamu POL1-POL3. [IpomexxyTouHbIit OKyC 1Mo
BEPTUKAIIH IS [ICHTPAJIBHOTO UMITYJIhCa HAXOIUTCS B IFIOCKOCTH pasMelneHus rogockomna POL2.
S1-S4 — CUMHTWUTANNOHHBIE CYETINKHU TIOJTHOTO MTOTOKA.

MarnuTtHass ontuka kanana 24A (Puc. 2.5) mo3Bonser u3MeHeHHEeM KO3 (GUIIMEHTA
YBEIIMYCHUS JIEpKATh PasMephl Mydyka B MPOMEKYTOYHOM H300paKEHHH M €ro UMITYJIbCHYIO
JTUCTICPCHUIO CITa00 3aBUCSIIMMHE OT IIEHTPAJIILHOTO UMITYJIbCA B TMana3zoHe ot ~15 no 45 I'B/c.

["abaputHble pa3Mepbl aKTUBHOW 30HBI KaXJ10 IMJIOCKOCTH ONPENENSIIOTCS pa3MepaMu
My4ka B pailloHEe pa3MelieHusi STON TIIOoCKOCTH. [lomepeuHble pa3Mepbl Tyduka B 00eux
IUIOCKOCTSIX B CEUYEHUSAX pPAa3MELICHHs TOJOCKOIOB CHUCTEMbl MEUEHHUS HE€ IPEBBIIAIOT
170+180 mm. Pe3ynbTaThl MOAETUPOBaHUS MTOKA3bIBAIOT, YTO IIPU TAaKUX pazMepax HeoOxXoaumast
TOYHOCTb M3MepeHHs mnoispuzauun Ady ~+5% mocTuraercss npu IMPOCTPAHCTBEHHOH IIMPUHE
cerMmeHTOB TomockormoB POL1-POL3 4+5wmm. /[lnsg JOCTHXKEHHS TOYHOCTH HW3MEPEHHS
noJyispu3aluu Ha ypoBHe 1+2% HEOOXOAMMO YMEHBIIMTH pa3Mep (IIUPHUHY) CETMEHTOB IIO
KpaiiHeit Mepe 10 3 MM. TouyHOCTh U3MepeHusl UMITyJIbca Ap/p MPU TaKOU e MIMPUHE CETMEHTOB
UMIYJIbCHBIX TOA0CKOOB MOMI-MOMG6 coctaBut ~+(0.6+1)%. Takum o0Opa3om, HCXOs1 U3
MIPUBEJICHHBIX BHINIE Pa3MEpOB My4YKa B MPOMEKYTOUHOM H300paKEHUH, KKIBIH OTHETHHBIN
roJiockoIt 0yneT coctosth u3 40—-60 cerMeHTOB.

TpeOyemoe OBICTPONECUCTBHE JETEKTOPOB U DJICKTPOHUKHA CHCTEMBl  MEUEHUS
OTIpEIeNISIeTCS] MHTEHCUBHOCTHIO TTyYKa, KOTOpasi OKUIaeTcsi Ha ypoBHE 10 ~10° gacTui/cekyHmy
(mmurenbHOCTD 1HKIa — 10 cex., JUTMTENBHOCTD TUIATO BBIBOAA — 2+3 CeK.).

2.2.2  Jluzaitn 2000cK0n06 cucmemol Me4eHus

B Hacrosiiee BpemMsi paccMaTpUBaIOTCSI HECKOJIBKO MOJXO0JIOB K JU3aliHY M KOHCTPYKLUU
CIMHTHJUISILIMOHHBIX TOJOCKOIOB CUCTEMBbI Me4eHMs] M BblOOpa (oTomerexkTopoB. OmHUM U3
BAapHAHTOB SIBJISIETCA TaK Ha3blBaeMas «IpeOeliKoBasl CTPYKTypa», KOTOpas HCIOJb30Bajach
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B okcniepumente ['EPA [73] 8 U®BD u 3atem B E581/E704 [60] B ®epmuinab. Takas cTpykTypa
C IBYMS psiiaMy TIEPEKPHIBAIOIINXCS CHUHTIILIATOPOB MoKa3ana Ha Puc. 2.13.

B «rpebemkoBoil CTpyKType» MepeKphIBAIOIIUECS IPYT C IPYroM CIHHTHIUISIHOHHBIE
MMaJIOUYKKU BBICTPOCHBI B ABAa pAlda B ABYX IMapaJlJICJIbHBIX IINIOCKOCTSX. Ka)KIIBH\/JI CIUHTUJLIATOP
OJTHOTO Psijia MEPEKPBIBACTCS C ABYMS OJIMKAMIIMMHU IPYTOTO psja Ha OqHY TpeTh. [Ipoxonsmias
JaCcTHI[A MOXET Iepecedb JU00 OJHMH, MO0 JBa CHMHTHIUIATOPA B JIBYX psjaax. B pesyibrare
NPOXOXKIEHHUS YaCTHIBl 00pa3yroTcss TPU THIIA CErMEHTOB: 1) cpabaThIBaHHME OJIHOTO KaHaia
B JIIOOOM M3 JBYX DSIOB, 2) COBIAJAIONIME CHTHAIBI C JIEBBIM CHUHTHIUIATOPOM JPYroro psiia
1 3) C IpaBbIM CHUHTHIUIATOPOM JPYTOro psija.

STy N T iy N O B Ill-"ll15!
L___]L__II_HJIBH"JIIHH II5—|

22! :
3 's.s;?;s;sgogl

Ssgment

: 1k |
Number 125&56?390

11‘I 'l1 1222
1:2.54 55 8i9:0:1:2:

Puc. 2.13 CtpykTypa «rpebemKoBOroy roqockona MEYeHUs MydKa ¢ IePEKPHIBAIOIIIUMHUCS
CLUUHTHWLISTOPaMHU.

VYka3aHHast Ha ’TOM PUCYHKE CTPYKTypa OTHOCHUTCSI K HOJSIPU3ALIMIOHHOMY T'OJ0CKOIY,
HA3MEPSIOILEMY KOOPIMHATHI BJIOJIb BEPTUKaAIbHOU ocu Y. HauMmensbiue sueiiku,
BO3HUKAIOIIKE BCICACTBUE MEPEKPHITUS CIIUHTHUIATOPOB U3 PA3HBIX PSIOB, 00Pa3yoT
CEerMEHTHI.

N3 31 cermenTa TOJbKO 27 IEHTPAIBHBIX CETMEHTOB UCTIOIB3YIOTCS IPOIIECCOPaMHU ISt
BOCCTAaHOBJIEHHS MOJIAPU3ALUH &

I'peOemikoBasi CTpyKTypa HMMEET CIEAYIOIUME JOCTOMHCTBA B CPaBHEHMHM C OOBIYHOM
OJTHOCJIOMHOM CTPYKTYpPOM HENEPEKPHIBAIOIIUXCS CUUHTHILIALNOHHBIX M1aJI0YEK:

— TIpH 33JaHHBIX IPOCTPAHCTBEHHOM Pa3pEIICHUH U MTePEKPhIBAEMOM IIIOIAIN TpeOyeT

BJIBOE€ MEHbIIE (POTOAETEKTOPOB U, COOTBETCTBEHHO, KAHAJIOB JIEKTPOHUKH;

— OTCYTCTBYET IlI€JIb MEX]ly CETMEHTaMHM, CHUKaro11ast 3 (HEeKTUBHOCTD PETUCTpallin

3apsKEHHBIX YACTHIL.

K HemocTaTkaM MOXHO OTHECTH HECKOJBKO 0OJI€e CIIOKHBIA aITOPUTM BOCCTAHOBIICHUS
«UCTHHHBIX)» CUTHAJIOB U TPEKOB, OCOOCHHO TPH BBICOKOW WHTCHCHBHOCTH U TIOBBIIICHHOM
YPOBHE CiIy4yallHBIX coBmajaeHuil. Takke KOJMYECTBO BeUIECTBA Ha IMYTH IIydka
B «TPEBEIIKOBOMY TOJOCKOIE B CpeHeM Ha 67% GOIbIIe YeM B OHOCIOHHOM ro0cKome 2.,

ANbTepHaTUBHAs  KOHCTPYKIMS  TOJOCKONA  CHUCTEMBl  MEUEHHUs  Ipe/CTaBlieHa
Ha Puc. 2.14. B »sTOM BapuaHTe BC€ CEIMEHTHl CLUHTWUIATOpA pacloyiaralorcs B OJHOM
IUIOCKOCTH, W MMEETCS B3aMMHO-OJJHO3HAYHOE COOTBETCTBHE CPa0OTABIIETO KaHajla OJHOMY
Y TOJIBKO OJHOMY TPOCTPAHCTBEHHOMY HWHTEPBATy NMPOXOXKICHHS YaCTHUIIBL. T parerueBuIHas
¢dbopMa cerMeHTOB BbIOpaHa [UIs KOMIIEHCAllMM HedI()(EKTUBHOCTH Ha Kpasx CErMEHTOB
U B 3a30pax MEXIy HAMHU.

B kadectBe OCHOBHBIX (POTOJETEKTOPOB Ui CHCTEMBl MEUEHHs IpeJularaercs
HCTIONB30BATh KPEMHHEBBIE GoToyMHOKHTENH (SIPM?), pasMeleHHbIe ¢ JBYX CTOPOH ManoueK
rogockonoB. SIPM — 3T0 MaccuB (DOTOUYBCTBUTENBHBIX KPEMHHEBBIX S4YEeK Ha OOLIeH

21 o o
[Ipu To¥ ke TONIINHE MaToYeK CIUHTIIUIATOPA H, CIIEAOBATENBHO, IPH TOH K€ A(PPEKTUBHOCTH PErHCTPAIIUH IS
YaCTHIL, IEPECEKAIOIINX TOJIBKO OJHH CIION «TPeOEIIKOBOr0)» T0I0CKOIA.
22
J1ist KpaTKOCTH 31eCh UCTIONBb3yeTCsl Ha3BaHHe PUOOopa, MPUHATOE Yy MPOU3BOAMTENS SEnSL.
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nomioxkke. B ommmune ot naBuHHBIX QoroanonoB (APD), paboraromux B mponopuuoHaIbHOM
pexxume, kaxnaasa sdeiika SiPM paGotaeT B orpaHMYEHHOM TedrepoBckoM pexume. 1o cpaBhe-
Huto ¢ APD, SiPM o6magaer psaoM NOpeuMyIIECTB: paOOTAlOT MPH HU3KOM MOPOTOBOM
Hanpsbkenuu (~50 B), He cTpagaroT QurykTyalnuel JaBHHbI, HE UMEIOT NPO0JIeM C HaBOJKaMu (He
TpeOYIOT SKPaHUPOBAHHMS).

e ) RS
a) ° HE
@ e
@® ) wil
@ er
SiPM Sensl @ @7
MicroF C-30050-SMT 2 o
[} =] i
-] ﬁj‘
L] @
e @;
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B)

Puc. 2.14. BapuaHT KOHCTPYKIIMH OJHOCIOWHOTO TOJOCKONA CHCTEMbI MEUCHUSI.

a) Bua c Topua Ha cermMenTsl cuuHTIWLISITOpa. TpanenueBunHas GopMa mo3BosseT yIyqInTh
3(h(HEeKTUBHOCTh PETUCTPAIIMK HA TPAHHIIC CETMEHTOB.

0) Kpennenune hotonereKTopoB (KpeMHHUEBBIX (POTOYMHOXKHTENEH) K CErMEHTaM CLHUHTHIUISTOPA.
B) O0mmit BUJ IBYXKOOPIMHATHOTO T'OIOCKOTIA.

Ha Ttekymuii MOMEHT OCHOBHBIMU CEpUHHBIMU NPOU3BOJAUTEISIMU JAHHBIX H3IEIHM
apistores: Hamamatsu (Snonust), Zecotek (Cunramyp, corpyanuuatror ¢ OUSU), Excelitas
(CHIA, cotpynuuyator ¢ MUOU/ITynbcap), SensL (Mpnanaus) u ap. Y Kaxaoro mpou3BOAU-
Tensl JaHHoe uznenue umeeT pupmennoe HazBanue: MPPC (Hamamatsu), SiPM (SensL), Si®3Y
(MUDN), MI'JIDJ] (OUAN) u T.14. (Bcero okono 15 HaumeHoBaHwuil). Ha peiHke MPUCYTCTBYIOT
paznuusble BUbI SIPM, CKOHCTpYHpOBaHHBIE MO/ pa3HbIE 3aJaUH.

Jnsa ronockona Tpedyercs MakcumaibHas 3¢¢exktuBHocTh peructpauuu (PDE), HO
He TpeOyeTcss 3HAYUTENbHbIM JWHAMUYECKUI JAMana3oH, MO3TOMY Mbl MOAOWpald MOJETH
c OonpinMu siueiikamu (ot 50 go 100 pm?), HU3KOW BETUYMHOW CONPOTHUBICHMS pPE3UCTOpa
U XOpOILIEH ONTUYECKON U30IIALUEN MEXKAY TUYCHKAMH.

Haunyumumu xapakTepucTUKaMH JAJisi HAIIero JeTekTopa obmamaroT m3genus S13360-
3050PE ¢upmel Hamamatsu, Ho oHM OTJIMYalOTCs BBHICOKOM IleHOH. bmmxaiim aHagorom co
CXOXKUMHU xapakrepuctiukamu sBIsIFOTcs MicroFC-30050-SMT ¢upmer SensL: Ha Texymuid
MOMEHT UX IIeHa C YIETOM JTIOCTaBKH Ha 36% HUXKe.

Ha Puc. 2.15 npexacraBnen paboumii 4epTek pambl JUIS MTPOTOTHIIA TOJIOCKOTA CHCTEMBI
MeueHus. Pama mpeaHasHaueHa Ui KpeIUIEHUS NalOYeK CIUHTHUIATOpPa B JBYX IJIOCKOCTSX
U maT ¢ (OTOAETEKTOpaMU IO OJHOM C KaxIoro Topua cuumHTWuIATopa. llpeamonaraercs
ucrnoinbs3oBanue GoToaeTeKTopoB SiPM ¢ akTHUBHOM 001acThi0 3X3 MM? U TabapUTHBIM Pa3MeEPOM
4 MM.

Ha Puc. 2.16 noxa3ana pa3pabotannas qis SiPM mnara ycuinTenei-niucKpuMUHATOPOB,
Ha KOTOPYIO OBbUTM CMOHTHPOBaHbI (OTOAETEKTOPHl. CHUHTUIUISIIMOHHBIE CYETYUKH MPOU3BO/I-
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ctBa UOBD ceuenunem 3x4 mm? m jymHOW 20 cM ObuUM OOEpPHYTHI B CBETOOTPAXKAFOIIHI
Marepuan (Maijap) ¥ YCTaHOBJEHBI Ha pamy rogockona. C HUCHOJIb30BAaHUEM JaHHOW ILIAThI
OBUTH TIPOBEJICHBI HCIIBITAHHS MPOTOTUIIA TOJOCKONA HA CBETOJAMOJAHOM CHTHAJIIE M HA aTMO-
chepHBIX MIOOHAX.

[Tonnast MIMTENBHOCTH CHUTHAJA CO CTAHJIAPTHOTO BbIXoJa cocTaBisieT okoso 300 He,
CBETOBBIXOJ] C OAHOM malouku — ~90 (OTO’IEKTPOHOB HA MHHHUMAIBHO-HOHH3UPYIOUIYIO
gactuiy (MIP). Ilpu pabore ¢ MOAAPU30BaHHBIM TPOTOHHBIM ITyYKOM MAaKCHUMAaJIbHOM
uHTeHcuBHOCTH (10 107) B kaHayie 24 A Takas JJIMTEILHOCTh MPUBEIET K HAIOKEHUIO CUTHAJIA U
HEKOPPEKTHON paboTe 3JIEKTPOHUKH Tojockomna. Mcrnonb3oBanue fast-Beixoga SiPM ¢ mosHOM
JUTUTEIHHOCTRI0 He Oonee 20 HC B ATHX YCIOBHUSX Oojiee MPEAMOYTHTEIHHO, XOTS aMIUIUTYAA
CUTHAJIA [IPU ATOM Ha MOPSAOK MEHBIIIE.

100-00-£59.0|

40mB. #5,6

43

Puc. 2.16 DnekrpoHHas miata ¢ OTOAECTEKTOPAMH, YCUIUTEISIMHU, TUCKPUMHUHATOPAMHE
u LVDS-nepenatankamu

Herexropel cucrembl MeueHus mnoispuzauun CITACUAPM  Oynytr pacnosoxeHbl
B IOJIOBHOM yacTH KaHana 24 Ha paccTostHUM ~60 M 10 ycTaHOBKHM. OpraHusaiusi CUYUThIBaHUS
JIAHHBIX C HHUX 110 TPATUIMOHHON (TPUITEpHON) cXeMe ¢ 00IIIeH Ha BCIO YCTAHOBKY OJIOKHPOBKOM
CHJIBHO YBEJIMYMIIO Obl «MEPTBOE BpEMS» CUCTEMbI cOopa JaHHBIX. [lJ1g mpenoTBpaieHus: Takon
CUTyallUM JUIsl JETEKTOPOB CHCTEMBI MEUEHHs NOJISIpU3AlMU TPEIyCMOTPEHA 3JIEKTPOHMKA,
paboTatomiast B 6eCTpUITEPHOM peXUME.

Ha Puc. 2.17 noka3aHa apXuTeKTypa IUIaThl JUIs CYUTHIBAHUS TOAOCKOIIOB CHCTEMBI Meue-
Hus. [lnata npeanonaraer cCYUTHIBAaHUE TAHHBIX 0€3 «MEPTBOTO BPEMEHW» MPU MHTEHCUBHOCTSIX
no 107 gacTull 3a LMKI, XpaHEHUE JAaHHBIX OJHOTO cOpoca YCKOPHUTEIs BMECTE C METKaMH
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BPEMCHH C JMCKPETHOCTHIO 6 HC W Tepeady UX B OOIIYI0 CHCTeMy cOOpa JaHHBIX IO CETH
Ethernet 100 MoOwur.

: READOUT BOARD
|
I FPGA mMCL
................................... |
T [ Tvosr | ———=
Dmf:ru'.mnatnr — e — z OMA ¢:3 SDRAM
board n == = oA | o |
................................... | B Event Request
I | Datection
| ' Logical | .
i Gate . | Black | Etvarnat |
pulse | ' | ety | TCPIP |
: W Time gl
............. . ........\.......... | S[,._“-np '__l I EA_E 'I
i ll| I I Lan!
20 | l T 1|

Puc. 2.17 Brok-cxema perucTpHpyIOeH 3EeKTPOHUKH CHCTEMBI MEUECHUS MOJISIPH3ALIIH
Juts pabOTHI B OECTPUTTEPHOM PEXHUME

[Tockonbky OecTpUITepHBI METOJ B PETUCTPUPYIOILEH 3JIEKTPOHUKE IOJPa3yMeBaeT
BBICOKOCKOPOCTHOM cOOp M XpaHeHHe OOJbIIOro o0beMa JaHHbBIX, HEOOXOAUMO INPUMEHSTh
IBYXYPOBHEBYIO apXUTEKTypy. DYHKIUS perUCTpaIlii COOBITHI W TpeABapUTENbHON Oydepu-
3alMU JaHHBIX OblIa BO3noxeHa Ha mukpocxemy IIJIMC, B KOTOpOH BO3MOXHO pean30BaTh
napajuleibHyl0 00pa0OTKYy JaHHBIX C MaKCUMaJIbHOIO 4Mcia KaHajoB. OTHOCHTENBHO Oojiee
Me/IeHHbIe (YHKIMU 3alUCH U XpaHeHus AaHHbIX B O3Y ¢ mx mocnemyromel OTHpaBKoil Ha
cepBep BBINOJIHIET MUKPOKOHTpoJutep. Takas peanusanus cOopa JaHHBIX BO3MO)KHA HMCKIHOUH-
TEJIbHO BBUAY LUKIMYHOW palboThl yckoputens Y-70: oOiaydeHHE MUILIEHH JUIMTEIBHOCTBIO
B HECKOJIBKO CEKYHJ| IMEepeMeXaeTcsi BPEMEHHBIMH IPOMEXYTKaMH B HECKOJIBKO CEeKyHH 0e3
my4Ka.

Takoil nu3aiiH MOAPa3yMEBAeT MPOCTOTY PA3BOJKM W W3TOTOBJICHHS OCHOBHOM ILIATHI
U a€T BO3MOXKHOCTh OCYILIECTBJIEHMSI MOATAHOIO MPOEKTUPOBAHUS MPOrpaMMHOro obecrieue-
HUS U HE3aBHCUMOM OTJaJKM M TECTHPOBAHMS JIBYX OCHOBHBIX Y3JIOB — MHUKPOKOHTpOJUIEpA
u [IJIUC. OCHOBHBIMHU 3JIEMEHTAMHU CXEMbl sBIgeTcs MUKpoKoHTposiep STM32F745 ¢gupmbl
STM u mukpocxema FPGA Spartan-6 ¢upmsl Xilinx. JlaHHBIH MHKPOKOHTPOJIEP MOMHUMO
BbIcOKONpou3BoauTenbHoro sapa ARM Cortex-M7 uMeeT B CBOEM COCTaBE MHOKECTBO IEpH-
¢bepuitHbix Moaynel, B ToM uucie kontposiep namatu FMC, xontpomnep Ethernet u DMA
KOHTPOJUIEP, KOTOPbIE UCIONB3YIOTCS B JaHHOM pa3zpaboTke. MakcumalbHasi TaKTOBas 4acToTa
STM32F745 cocrasnser 216 MHz. [loMuMo MHUKpOKOHTpOJIJIEpA, HA OCHOBHOM IUIaT€ pacmo-
noxeHa Mmukpocxema SDRAM-namstu, kouTposiep ¢usuueckoro ypoBHs RMII Ethernet
u npyrue snmeMmeHTs (EEPROM-mamsiTh, onepanioHHbIe YCHIIUTEINH ), TIO3BOJISIONINE B Oy TyIIeM,
Ipy HEOOXOJIMMOCTH, BHEAPUTH B MPOTOTUN HOBble pyHKuuuU. [IpenycMoTpena rubkas cuctema
BbIOOpA BHEIIHET0 MCTOYHMKA MUTAHUS Yepe3 pa3Hble TUIIBI pa3beMoB, a Takxke uepe3 Ethernet-
pa3beM 1o cTanaaprty passive PoE.

Kak yxe oTMeuanocek paHee, yCKOpUTEIbHBIN KoMILieke Y-70 paboTaeT HUKINYHO: cOpoC
myuka — 2+3 cek, nay3a — 7+8 cek. Takum 0OpazoM, oOIIHI alrOpUTM pabOThl OECTPUTTEPHOMN
CHCTEeMBbl cOOpa JaHHBIX C TOJOCKONA CBOJAUTCS K TIIONEPEMEHHOMY BBIMOJIHEHUIO JBYX
MIPOLIECCOB: MpOolLecca HEMPEPBHIBHON PErucTpaluy coObITHI BO BpeMs cOpoca Imydyka U mpolecca
«BBIYMTHIBAHUS» HAKOIUICHHBIX JAHHBIX M3 MaMATH M Nepeaaddl WX B CETh BO BpeMs may3bl. Ha
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Puc. 2.18 mnpencraBneHa (yHKIIMOHAJIBHAS CXeMa B3aUMOJICHCTBHS JBYX Y3JIOB MPOTOTHIA
C BHYTPEHHHMH JITOPUTMaMH pabOThI K&KIO0T0 U3 HUX.

Muxkpoxontpoiiep STM32F7451GT6 BemonHseT poib “Mocta” Mexay Tpems nepude-
puitabiMu  Grokamu: mMukpocxemoii FPGA, SDRAM-namsateio u cerpto Ethernet. Anroputm
paboThI KOHTPOJUIEPA CBOAUTCS K MONEPEMEHHOMY BXOAY B OJMH U3 JBYX PEKUMOB: HETIPEPHIB-
HBIW pexuM nonydeHnus JaHHbiX oT FPGA u ux 3anucu Bo BHemHIOI SDRAM namsite U pesxxum
nepeaadn JaHHBIX U3 namat B ceTh Ethernet mo mpotokomy TCP/UDP. Ilepexon B TpeOyeMblit
PEKUM PETYJIUPYETCS BHEIIHWM CHHXPOCHUTHAJIOM OT YCKOPHUTENs, KOTOPBIM ompesenser
BPEMEHHON MHTEPBaJ js cOOpa JaHHbIX.

[MpotoTun romockoma cucremMbl MedeHus ¢ SIPM B kadectBe (oromerekTopa
1 OECTPUTTEPHON PETUCTPUPYIOIIEH AIIEKTPOHUKON Ui pabOThl ¢ MaKCMMAaJIbHONH MHTEHCUBHO-
CTBIO MOJISIPU30BAHHOIO ITyYKa IOKa3all BEICOKOE KauecTBO paboThl Ha ycranoBke CITACHAPM
C MHTEHCUBHOCTHIO 3x10° 3a 1uKi yCKOpI/ITeHSIZS.

Briok ® C6op aaHHbIX
oy || pernctpauum s «3anpog»
g % g cobbITVA Ha © DMA
© 3 o] kaHane 1 A Gwimo o| T SDRAM
S I 35 L «y4oK» FMC
S I b coBbiTHe T
v 8 | | oere o [ 3 (cbpoHT)
SURSE 0 o
» S pe%/lc-rpaumm s
x coBbITUA Ha
©
o KkaHane 32 o] OTnpaeka AaHHbIX
% :60;3 Q} « | FvG
DaHHbIX [—————— =
Bnok ﬁ «Maysa» E‘, Fast
Tanwvepa- (cnap,) = MAC
cueTunKa Ethernet
Cépoc
Hukn AsTtomar | Peructpaung
COCTOAHUIA Maysa
EEE—

Puc. 2.18 O6uuii aaroput™ B3auMOISHCTBUSA ABYX IUIAT MPOTOTHIIA

2.3 HN3mepeHue NOJASAPU3ALMH TyYKOB

Meuenune TpaeKTOPH MyYKOBBIX YACTHUIL JIJISI OTPEIEICHHS UX aOCOTIOTHOM MOJIpU3aIiu
MpeACTaBIsIET COOOM BIOJIHE AaKKYpaTHBIM W HAIEXKHBIM METOJ, MOCKOJIBKY OH OCHOBAaH Ha
XOpPOIIIO W3BECTHBIX pachajgax /-TUICPOHOB W JAMHAMHUKE JBH)KEHHS CrHHA-1/2 B MarHUTHOM
nojie. Pesynbrarer sxciepumerToB E704 [60] u ®OJIC [61] ocHOBaHbBI HAa TAKOM noaxomxe®*,

Tem ne menee, E704 cnoxHOCTh TeOMETpUH KaHalla ¥ KOH(PUTYpALlMd MAarHUTHOTO TIOJIS B
€ro ONTHYECKUX JJIEMEHTaX, MOTEHIIMATbHOE MPUCYTCTBUE OIIMOOK B AITOPUTMAX MEUYEHUS
B peaJlbHOM BPEMEHH, HEOINPEACNIEHHOCTU B /A-CIEKTpax U T.A. JENAOT KpalHe KelaTelbHbIM
HE3aBHUCHUMOE TIOATBEP)KJIEHHE aOCOMIOTHOW TMOJSIpU3AIlMd  IYYKOB, TaKXe Kak H, II0
BO3MOXKHOCTH, €€ MOHUTOPHpPOBAaHHE Ha TPEIMET HeCTaOMILHOCTEH BO BpeMeHH. [loaTomy,
Hapsiay ¢ pa3paboTkoit cucrembl MeueHus, npoekT CITACYHAPM Bximodaer B ceOsi JTOMOJIHH-

%% IHTeHCHBHOCTB MydKa Ha KaHaie 14.

# B oskcrepumente E704 [60] Gbima mpeanpHHSTA TAKKe IOMBITKA H3MEPHTb MONAPH3ALMIO TPOTOHHOTO
1 QaHTUIPOTOHHOTO TYYKOB JIByMS IPYTHMH METOAaMHU. Pe3ynpTaTel 3THX H3MEpeHUil ObUIM HaWJeHBI BIOJHE
COBMECTHUMBIMH ¢ MeueHueM. OJJHaKO OHM YCTyNall MEUEHMIO IO BEJIMYMHE CTATUCTMYECKUX U CUCTEMATUYECKHX

OLINOOK.
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TEJIbHYI0O HE3aBUCHUMYIO IOJIIPUMETPHUIO Ha OCHOBE (PU3MYECKHX IPOLECCOB B3aMMOACHCTBUS
(aHTH)IPOTOHOB C BEILIECTBOM.

WuTepec npeacTaBisIFOT MPOLIECCH C JOCTaTOYHO OOJIBIIMM CEYEHHUEM M HU3BECTHOW U3
HE3aBUCUMBIX 1/13MepeH1/H7125 HEHYJIEBOM CIIMHOBOW acMMMeTpuel. B HacTosee BpeMsi OCHOBHBIM
CIOCOOOM M3MEpEHHS MOJAPU3AINH ITydKa SBISIETCS U3MEPEHNE aCUHMMETPHH B 00JIaCTH KYJIOH-
snepHoit uHTepdepenmu. JJaHHBI MeTO ] aKkTUBHO Mcnoib3yercs Ha yckoputene RHIC B BHJI
[74]. B npakTuyeckoM IUIaHE pPACCMATPUBAIOTCS IOJSIPHUMETPbl HA OCHOBE YIPYTOro
Pp-paccesHUs ¥ MHKIIO3UBHOIO 00pa30BaHUsS 3apsDKEHHBIX IIMOHOB C M3BECTHOH acMMMeTpueit
An. Crnenyer OTMETUTb, YTO HEBO3MOXKHO HAWTH yKa3aHHbBIC BBILIE IPOLECCHl C U3MEPEHHBIMU
paHee UM HalEKHO TEOPETUYECKU IPEICKAa3bIBAEMbIMU CIIMHOBBIMHM ACHMMETPHSIMH JIJISl BCETO
JOCTYITHOTO JTHara3oHa UMITYJIbCOB BO B3aUMOJICHCTBUSAX MPOTOHOB U, TeM OoJiee, aHTUIIPOTO-
HOB. IlomuepkHéM, OIHAKO, 4YTO TIJIaBHOM 3aJadyeld HE3aBUCUMOM MOJISAPUMETPUM SABIISIETCS
IIPOBEpPKA MPABUIBLHOCTU OIPENEIECHUS MOJIIPU3alUd METOJAOM MEUEHUS W, €ClIM HEOOXOAMMO,
KOPpPEKILHs ero npoueayp 1 anroputMoB. M eciu meueHune paboTaeT KOPPEKTHO NMPH HEKOTOPBIX
UMIIYJIbCaX, TO €CTh OCHOBAHUS I0JIaraTh, YTO OHO OyzaeT paboTaTh CTOJIb )K€ KOPPEKTHO U MPHU
apyrux. CTOUT NOTYEPKHYTb, 4YTO Ul HEKOTOPBIX IIPOLECCOB C MPOCTOM KHHEMATUKOH,
Hafnpumep, AJIs yIPyroro paccesiHusi, OAHOCIIMHOBas acuMMeTpust Ay, U3MEpEHHas Ha IMOJSpU-
30BaHHOM MPOTOHHOW MUIIEHU C HEMIOJIIPU30BAHHBIM ITYyYKOM, MOKET ObITh 3aTE€M HCIOJIb30BaHa
JUIS U3MEPEHUS MOJSpU3ALMY ITydKa TOTO )K€ COCTaBa U SHEPTUU.

2.3.1 Ionapumemp Ha 0cHOGe YRPY2020 PACCEAHUA

B03MOXKHOCTh MCIIONIB30BAHUS PE3YJIbTATOB U3MEPEHUI Ha MOJISPU30BAHHOM MPOTOHHON
MUIIEHU JUIsl HOJISIPUMETPUHU ITydKa CYIIECTBYET B [10/IX0/1€, OCHOBAHHOM Ha yIIPYTrOM pacCesiHUU
(aHTH)IPOTOHOB B CHJIy KECTKOM KHMHEMATUYECKOM CBSI3M YaCTHUI], PACCESIHHBIX B IIEPEIHION0
W 33JHIOK0 Mosycdepbl, a i aHTUOPOTOHOB — U B cuily CP-UHBapHaHTHOCTH CUJIbHBIX
Y DJIEKTPOMArHUTHBIX B3auMOJEHCTBUM. lcronb3oBaHue yIpyroro paccessHus MO3BOJISET
CO3/1aTh TaK Ha3bIBaEMbIi aOCONIOTHBIM MOJSPUMETP, TJIaBHOM OCOOEHHOCTHIO KOTOPOTO
ABJISIETCA U3MEpPEHHE, Ha MEPBOM dTare, aHAIM3UPYIOLIed CIOCOOHOCTH NP PACCETHUM HETI0JIs-
PH30BAHHOTO MydKa Ha TOJISPH30BAHHON MUIICHH " M HCIIONB30BAHHE TOMyYEHHOTO Pe3ybTaTa
JUIS TOM K€ CaMOW PHEPTUHM IyYKa U TOHM K€ caMOM YCTAaHOBKH IIPU M3MEPEHUH MOJIIPU3ALUHU Ha
HETONAPU30BAHHOI (BOJOPO/IHON) MHIICHH .

B ympyrom pp-paccessHUM MO>KHO BBIIECTUTH JBE KMHEMaTHYeCKHe 001acTu ¢ OONbIINM
CEYEHHMEM M W3BECTHOM OJIHO-CIIMHOBOM aCI/IMMeTpHeﬁ28 Ay @ 00nacTb KyJIOH-SAEpHOU
unrepdepentmu (KAT) mpu 0.002 < —t < 0.05 (I'9B/c)?, rae t — 4-MepHBIN KBaJpaT mnepeaadu
UMITYJIbCa, KOTOPAsl C YBEIMUEHUEM Mepeaaun UMITYJIbca NEPEeX0UT B 001acTh JUPPAKIIHOHHOTO
paccestaust ipu —t > 0.04+0.05 (I'2B/c)>.

2 Yo 13 HaJ&KHON TEOPHH.

% Benmmunna MOJISIPU3ALIMK MUIIIEHH U3BECTHA C XOPOIIEH TOYHOCTHIO (Ha ypoBHE 1+2%).

" Tlpn W3MepeHWAX TNOJSPU3ALMKA MPH HEKOTOPHIX 3HAYCHHSAX SHEPTHMH IIydKa MOXKHO HCIIOIB30BaTh TAKIKE
M3BECTHHIC 3HAYCHNS aHATU3UPYIOIIEH CIIOCOOHOCTH.

% Kortopas COBIAjaeT C MONMEPEUHOil MospH3anueii P paccesHHOro HyKJIOHA B yNPYTHX CTONKHOBEHHSX
HETOJISIPU30BAaHHBIX HYKJIOHOB. [lo3TOMy st TakMX TWIPOLECCOB YacTO TOBOPAT O noispuzanuu P BmecTo
acummeTpuu Ay.
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KoMOWHMPOBAHHBIA MOJISIPUMETD JUIL YIIPYTOrO PACCESHHSI, MOKPHIBAIOIINN KHHEMAaTH-
yeckuii auanazon —t ot ~0.002 no ~0.3 (I'3B/c)?, cxemaTudecku nokaszax Ha Puc. 2.19.

Puc. 2.19 Cxema komOuHHupoBanHoro nossipumerpa. G — GEM nerexTopsr,
H — COMHTHUISIUMOHHBIE TONOCKONBI; S — CHUHTHUIALHOHHBIC CUETUNKH

[TonsipumeTp cocToUT U3 HaOOpa TPUITEPHBIX CUETUUKOB S U TPEKOBBIX JETEKTOPOB Ha
ocrose GEM? u crmmTmmmsmmonnsix rogockoros®. Tlepeiee miedo, npeHasHAYCHHOS UL
perucTpanyy My4yKoBbIX (aHTH)IPOTOHOB, PACCESIHHBIX HA MaJlble YIJIbl, MPEJACTABISAET COOOM
MarHUTHBIN CIIEKTPOMETP C 27-aKCENTAHCOM IO a3UMYTY, KOTOPBIH OYAET 3aJeiiCTBOBaH BO BCEM
KMHEMAaTUYECKOM Juana3oHe. JlBa Iuieya ciaeBa M CIPaBa C a3UMYTAIbHBIM AaKCENTaHCOM
~(15+17)% ot momHoro yrina 27 TpeIHA3HAYCHBI JUIS PETUCTPALIMU TPOTOHOB OTAA4Yd B
mdpakuonHoii o6actu. [lapaMeTpsl ro0CKOMOB NOIspUMeTpa puBeaeHs! B Tadm. 2.5.

Ta6u. 2.5 [apamerpsi rogockomnoB H1-H10 momspumeTpa ypyroro paccessus:

1

Paccrosinue I'abapuTHbIe
OT LeHTpa pasMepsbl Pa3mep 3emeHTa KoaunvectBo
MUIIeHU (M) rog0CcKonoB (MM) | IIMPUHAXTOJIMHAXAJTUHA (MM) 3JIEMEHTOB
IlyuxoBbie rogockonsi (I1IN)
XxY X Y X Y >
H1 —4.25 54 x 54 6 x3x54 6 x 3 x54 13 13 26
H2 —0.25 54 x 54 6 x3x54 6 x 3 x 54 13 13 26
Iepeannii nerexrop (I1J1)
H3 0.25 62 x 70 6 x 3 x 62 6x3x70 15 17 32
H4 4.25 190 x 110 6 x 3 x 190 6x3x110 | 47 27 74
H5 5.75 238 x 126 6 x 3 x 238 6x3x126 | 59 31 90
H6 9.75 358 x 158 6 x 3 x 358 6x3x158 | 99 39 138
HetexTop otnauu (10)
ZxY Z Y Z Y >
H7 0.1 246 x 118 6 x 3 x 246 6x3x118 | 61 29 90
H8 0.3 294 x 230 6 x 3 x 294 6x3x230 | 73 57 130
H9 0.1 246 x 118 6 x 3 x 246 6x3x118 | 61 29 90
H10 0.3 294 x 222 6 x 3 x 294 6x3x222 | 73 57 130
CymmMa 31eMeHTOB = KoruectBo POV = 826

%% Gaseous Electron Multipliers

30 Bwmecto CIHUHTUIIIAIIMOHHBIX TOZOCKOIIOB MOTYT HCIIOJB30BATHCA TPEKOBBIC NETCKTOPHI HA OCHOBEC ﬂpeﬁq)OBBIX

TpyOOK.

s [IpuBeneHs! pa3Mepbl JeTEKTOPOB i n3Mepenus npu 45 5B, npu 16 5B, Tpebyercst yBeauuuTh pasmMepsl
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Usmepenuss Ay (wim  monsipusanus  P)

B TUQPAKIIMOHHON  o0nacTu  Pp-paccestHUs  TpH . . — F
0.04 < —-t<0.525 (I'vB/c)?* nns umnynbca 45 I'HB/C __+-...”” ee19%,
Obutn mpoBeneHsl coTpyaHuuectBoM ['EPA [75] Ha tt } + °
yckoputenbHOM Komiuiekce Y-70 MDB3. Pesyns- ]

TaThl U3MEPEHUI W3 JaHHOW CTAaThU MPUBEICHBI Ha - 4-.10
Puc. 2.20. OgHOBpeMEHHO C U3MEPEHHUEM TOJISAPU3a- 1 ¢
nuu  corpynauuectBoM ['EPA  Obutn  mosrydeHsl
W aHHBIe TI0 JuddepeHimanbHbpiM ceueHusM do/dt 1

yIpyroro  pp-paccesHusi ¢ ToyHocThio  1+4 % 1

B MHTEpECYIOIleM Hac uHTepBaysie mo —t [76]. Drtu
pe3yNnbTaThl COBMECTHO IMO3BOJIAIOT — ONpPEAEIUTh
¢dakTop KayecTBa JUGPPAKIUOHHOTO MOJSIPUMETpPA

(Gewic)?

32_ 2 Puc. 2.20 Tlonspuzanus
FoM**=P*-dof/dt (uem Gonbiue 3Hayenue FOM, Tem B YIIPYTOM pP-ACCEsHUHN MpH

Jqydlie  moJjsipuMmerp).  Pe3ynbTarhl  BBIYMCIICHUS ummysbee 45 TaB/c

(dakTopa KauecTBa TpuBelAeHbl B Tabn. 2.6. B Hambosee WHTEPECHOM HWHTEpBaje
0.075 < —t<0.225 (I'»3B/c)? ¢ 3ameTHO# cpeaneii acummerpueit Ay = (2.37+0.12)%, uzmepen-
HOW ¢ ~5% oTHOCHTENbHOW OMMOKOW, JaudPepeHIIuaANTBHOE CEYCHHE XOPOIIO OIUCHIBACTCS
bopmyioii [77]: dofdt = ae™, rue a = (84.8+3.5) M6/(I'>B/c)? u b = (11.42+0.35) (I'3B/c) .

Tabu. 2.6 Tlonsipu3zanus, KHHEMaTHYECKUE apaMeTpbl ¥ (HOH AUPPAKIHOHHBIX COOBITHI

n=S/(S+B FoM,ub/

—t, (GeV/c)? ) P (GeV/c)? | Oscat Orec

0.04 —0.075 0.944 0.03+0.01 38.7 0.285-0.395| 815-84
0.075-0.125 0.984 0.026+0.002 18.9 0.39-0.51 | 79.07-815
0.125-0.175 0.978 0.023+0.002 7.8 0.51-0.60 | 77.13-79.08
0.175-0.225 0.968 0.022+0.002 5.3 0.60-0.69 | 75.47-77.13
0.225-0.275 0.960 0.016+0.002 1.6 0.69-0.76 | 74.01 —75.47
0.275-0.325 0.944 0.021£0.004 1.8 0.76 -0.82 | 72.69 —74.01
0.325-0.375 0.924 0.009+0.005 0.2 0.82-0.88 | 71.49 —72.69
0.375-0.425 0.884 0.009+0.005 0.1 0.88-0.94 | 70.38—-71.49
0.425 - 0.475 0.861 0.009+0.008 0.07 0.94-0.99 |69.33-70.37
0.475 - 0.525 0.814 0.007+0.010 0.03 0.99-1.05 | 68.37—-69.33

N3 Tabun. 2.6 cnenyer, uto ¢akTop KayectBa nousgpumerpa FOM pacTter ¢ yMeHblIeHUEM
KBaZpaTta 4-MepHOro IMepedaHHOro wummnyiabca —t Omaromaps pocty auddepeHInaIbHOTo
CceueHHs. OTO Cpa3y HaBOAUT HA MBICIh OO0 W3YYEHHH BO3MOXXHOCTH HCITOJIB30BAHHS
OJTHOBPEMEHHO C AU(PPAKIMOHHBIM TOJSIPIMETPOM H TIOISIPUMETpa B OOJIACTH KYJOH-SICPHOMN
untepdepenun (KAN). Ionspuszauus B ynpyrom pp-paccesnuu B obnactu KAU ne nsmepena
npu umnynsce 45 I'3B/c. Onnako Takue n3mepenus 6wu1M npoBeneHsl Ha RHIC npu sHeprusix
B c.a.M. Vs=6.8, 7.7, 13.7, 21.7 B [18, 19, 20]. HaiineHHble myTeM MOATOHKH MapaMeTphI
MPUBEJCHHBIX CHHH-(IMIINOBBIX aMIUIUTY] Re rs u Im rs OblIM MHTEPIONMpPOBAHBI K HaIlei
suepruy Vs=9.3 5B ¥ 10 STHM mapaMeTpaM BBIYHCICHA AHANM3HPYIOIAS CIOCOOHOCTH TPH
umnynbce 45 I'3B/C. YuurtbiBas orpaHMYeHHbIE BO3MOXKHOCTH JU(PAKIIMOHHOTO MOJISpUMETpa

%2 Figure of Merit
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(ero Henmp3s MCHOJB30BaTh NPSIMO IPH H3MEHEHUU UMIyJIbca MOJSPU30BAHHOIO IIydKa),
MPEJCTaBISETCS 11e7€CO000pa3HbIM MCIIOIb30BaHNE MAPAIUIETBHO ¢ TU(PPAKIIMOHHBIM U HHTEpde-
PEHLIMOHHOTO ToJspuMerpa. JlBa moisipumerpa MoryT paboTaTh MapajuleIbHO TOJIBKO Ha
xuakoBogopoaHon muieHu (QKBM).

Kunemarnyeckwnii nuanason KAT B ynpyrom paccesHuu mpoTOHOB HaXOJUTCS B 0071aCTH
oueHb Manbix nepemad wmMmmyiabca: 0.002 < —t<0.05 (I'sB/c)?. IlpuBiIeKaTeIbHOCTE 3TOIO
mpouecca Juisi HOJSPUMETPUU COCTOUT B CJeAyrolieM. Bo-nepBbIX, CIIMHOBBIE aCHMMETPUU
B ATOM IIpoliecce JOCTATOYHO XOpOIIO H3y4YeHbl TeopeTuuecku [/78, 79], uro mno3Boiser
UCIIOJIb30BaTh TaKOM MOJIAPUMETP U MPU IHEPrusiX Mydyka, IJe HeT U3MEPEHHBIX JaHHBIX. M BO-
BTOPBIX, aCUMMETpHsi AN JTOBOJBHO CJIa00 3aBUCUT OT 3Hepruu. CpaBHUTENHHO HEIABHO OHA
Obuta xopomro u3Mepena Ha yckopurtene RHIC B BHJI mis HECKONBKHMX 3HAYEHUN HMITYJIbCa
nyuyka [80, 81, 82], B ToM umciie U B HECKOJbKHUX TOYKaX pabOYero MHTEpBaja HMITYJIbCOB
CITACUAPM. MakcumanbHoro 3HaueHus ~(4+4.5)% acummerpus Ay JOCTUTaeT Ipu
—t=~0.003 (I’B/c)?, a cpemHee 3HaYeHHE, B3BCIICHHOE C CCUCHHMEM Ha HWHTEpBaJe
0.002 < —t < 0.05 (I'’B/C)?, MokeT ObITh KOHCEPBATHBHO OILCHEHO paBHbIM ~3%. CeucHue
YIOPYToro paccesHuil B TOM ke t-uHTepBaiie cocTtaBiseT ~2.75 MO.

2.3.1.1 Ab6conomusiii nonsipumemp Ha OCHOBE YNPY2020 PACCESHUSA

Hcnonp30BaHue MOJNSPUMETpa HA OCHOBE YIPYrOro PAacCesTHUS I03BOJISIET CO3/aTh
aOCOJIOTHBIN TOJIIPUMETP Kak JJIsl MPOTOHHOTO, TaK M JUIi aHTUIPOTOHHOTO Iydka. Metox
OCHOBAaH Ha TOM, YTO aHAIM3HPYIOIIasi CIIOCOOHOCTh YIPYroro paccesHusi He 3aBUCUT OT TOTO,
MOJIAPU30BaH IMYyYOK WIM MUIIEHb. Takum o0pa3zom, Ui J1H000H SHEPruM MOXHO CHauaia
M3MEPUTh AHAIM3UPYIOMIYI0 CIHOCOOHOCTh C HCIOJB30BAaHMEM MOJSPU30BAHHONW MUIIECHU
Y HETIOJIIPU30BaHHOTO TyYKa.

[Tonspuzanuss mumeHn cocraBiasier 7/5+90% (B 3aBUCHMOCTH OT HCIIOJIb3yEMOTO
BEIIECTBA), @ TOYHOCTh H3MEPEHUs MOJIpU3alMU MUIIEHH cocTaBiser 2+3%, 4ro Mauo 1o
CPAaBHEHMIO C 0’KU1a€MON TOYHOCTBIO U3MEPEHUS MOJISPU3ALINY ITYUKA.

Hwxe Oyner npuBenieHa olleHKa BpeMEHHU, HEOOXOIMMOTO JUTSl M3MEPEHHUS MOJISPU3auT
My4YKa KaK C HMCIIOJIb30BaHHEM a0COIIOTHOTO MOJSIPUMETPA, TaK M C HCIOIB30BAHUEM CYIIECT-
BYIOIIMX JTAHHBIX TI0 U3MEPEHHIO aHATH3UPYIOIEH CITOCOOHOCTH.

2.3.1.2 Oyenxa epemenu 015 usmepenus NOAAPUIAYUU NYYKA NOTAPUZOBAHHBIX NPOMOHOS
Onenka HEOOXOAMMOTO BPEMEHH JUII W3MEPEHHUs MOJSPU3ALUN B pp-pacCcesHUU TIPH

umnynbce 451B/c B untepBane —t =[0.040+0.475] (I'3B/C)? npoBeneHa B MPEANOI0KEHUN

uneanbHo padotsl (3pdexktuBHOCTs 100%) monsipumeTpa B 3ToM uHTEpBaje mo t. CBeTUMOCTh

L= vINpox, tne v=0.1 — CKBaXHOCTh ITydKa, OmpeaeiseMas KaKk KOJMYECTBO IMKIIOB
B CEKyHIY, | — MHTEHCHBHOCTH my4ka B ukie, Na = 6-10% — umcno ABorazipo, p — IUIOTHOCTh
MUIICHH, X — ToimmHa MmumeHn. OmeHka mposeneHa s | = 107 p/ummss, IJIOTHOCTU

xuakoBogopoaHoi mumenu p = 0.07 r/cm®, u mmuHe MumeHu X = 50 cM. CBETUMOCTH COCTaBUT
2.1-10% cm2cex .

Oomiee oxugaemoe komuuectBo coObithii N(to) = L dofdt(ty) AtA¢/ ¢ npu cpennem 3Haue-
aun tp=0.22 (IB/C)? mns wmnatepBana At =0.03 (I'9B/C)?, ¢ a3uMyTanbHBIM aKCENTAaHCOM

% pacuernas uHTEHCMBHOCTL MOXKeT nocTurath 1.5-107 MIPOTOHOB 3a LIMKJI, IPU 3TOM JIB€ TPETH ITy4YKa UMEIOT
CpeHIo nojspusanuio okono 40%.
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Ap/p =0.17 (npu UCIONB30BaHUM JBYX IUICUYEBOTO CHEKTpOMETpa), AU PepeHINATBLHBIM
ceueaneM dofdt(tp) (0.22) = (8.326+0.073) m6/(I'>B/C)> 3a omuH dwac pabOTHI YCKOPHTEIS
coctaBut 2.1-:10%°-8.326-10727-0.03-0.17-3.6-10° = 3.21-10° mpoToHoOB/Uac.

OcCHOBHOI BKJIaJ B OMIMOKY M3MEPEHHS MOJSIPU3AMH J1aeT OUIMOKa M3MEPEHHOH Beln-
9uHBI aHanu3upyronieit cnocooroctu (10%). [Ipu n3MepeHnn NOASpU3ANH TyYKa ¢ TOYHOCTHIO
14% (ta xe camas ommubka 10% npu mzmepenun nonspuszanuu nyudka) Ae = 0.1,-¢ = 0.1-Pg-Ay.
[Tpu 3nauenusx Pg = 0.4, Ay = 0.022 nonyuaem Ae = 0.88-107 u, cooTBeTCTBEHHO, HEOOX0UMAs
craructuka cocrapisier N=1/(Ag)? = 1.29-10° coObiTHit. C y4eTOM MOJy4EHHOM BBIIIE CKOPOCTH
HAbOpa CTATHCTUKH HAXOIMM TpeOyeMoe BpeMs uisi Habopa Takoi craructuku T=5+6 yacop™.
[Ipu 5TOM TOYHOCTH B M3MEPEHUU CPEIHEU MOJSPU3ALUU MYYKa OKAXKETCS, KaK Mbl OTMETHUIIN
BhIie, 14%. MoHO, C UCIIOJIb30BAaHUEM MMEIOIIUXCS JaHHBIX, JOCTHYb TOYHOCTh B U3MEPEHUU
nossipu3anuu B 11%, eciu ChIpyr0 aCHMMETPHUIO U3MEPUM € TOUYHOCTBIO 5%. OgHAaKo IpHu 3TOM
BpeMs Habopa CTaTUCTUKHU YBEJIWYUTCS B 4 pa3a (TO €CTh COCTaBUT MPUMEPHO OJHU CYTKH).
AHAJIOTUYHOE BpeMs TOJIydaeTcs IMpPH HWCIOJIb30BAHWU JAaHHBIX B OO0JACTH KYJIOH-SICpHOU
UHTEPPEPEHIIH.

BaxxHo, 4TO Mpu WCIONB30BAHUH U3BECTHBIX YK€ JIAHHBIX TOYHOCTh M3MEPEHUS TIOJISPHU-
3allMd OTpaHWYeHa TOYHOCTHIO CYIIECTBYIONIMX H3MEpeHUdu. B Takoill cutTyanuu tem Oolee
HAIpPAIIMBAETCsl MPOBECTU a0COTIOTHOE 3HAYCHUE MOJSIPU3ALNU, TO €CTh U3MEPUTHh 3HAYCHHE
aHanu3upymolen crnocodbnoctu Ay mpu TpeOyemoi sHepruu. s u3MepeHus aHaIU3HPYIOIIen
CHOCOOHOCTH ¢ TOYHOCTBIO 5% Tpelyercs MeHee cyTok. Takum 0Opa3zoMm, MpU MHTEHCHUBHOCTH
nydka 107 mpoTOHOB 3a LKKII MOKHO JOCTUYb TOYHOCTU U3MEPEHUS MOJISIPU3aLUU IPOTOHOB 7%
32 HECKOJIBKO CYTOK.

2.3.1.3 Oyenxa epemenu 015 usmepenus NOIAPUIAYUU NYYKA NOAAPUI0BAHHBIX AHMUNPOMOHOS

[IperMyIiecTBO HCIIOJIB30BaHMS YIPYroro paccesHus s HU3MEpPEeHUs aOCOJIIOTHOTrO
3HAYEHMs MOJISAPU3ALMU ITydKa 3aKJII0YaeTCs B TOM, YTO JAHHBIA METOJ MOKHO HMCIOJIb30BaTh
TaKKe€ U IS M3MEpPEHHs IMOJIIpU3alUU Iy4yKa AHTUIPOTOHOB, JUISI KOTOPBIX HET HHUKAKHUX
AKCIIEPUMEHTAIbHBIX JaHHbIX. OlleHKa HeoOXO0IuMOro TpeOOoBaHMsS AJIs MydKa aHTHUIPOTOHOB
npuBefeHa B pabote [83], ucxos M3 MPENNONOKEHHs, YTO aOCONIOTHBIC BETHYMHBI JTaHHBIX
3¢deKToB I NPOTOHOB M AHTUIIPOTOHOB JIOJDKHBI COBMNaAath. [Ipu OIleHKE BpeMeHHU
UCIIOJIb30BAIMCH JaHHbIe paOboThl [84], B COOTBETCTBHU C KOTOPOW YNPYTHe CEUYEHHS MPOTOH-
IIPOTOHHBIX M AHTUIIPOTOH-NIPOTOHHBIX B3aUMOJECHCTBHI COBHAanarOT W paBHbBl npu 16 ['3B
do/dt = (3.77+0.16)-10"2” mb/(T'sB/c)? mpu t = 0.3 (I'3B/C)>.

Jlns m3MepeHus aHaIU3UPYIOLIeH COCOOHOCTH YIPYroro paccesHHs aHTHUIPOTOHOB Ha
MPOTOHAX Npu 3Hepruu nydka 16 [9B ¢ ucnonp3oBaHuMeM CyIIECTBYIOLIEH MOISPU30BAHHON
mumenn (cM. pazaen 3.3) gocratouno 5060 wyacoB. B maHHBIX pacuerax Opanach MUHHUMAJIbHO
BO3MO)XHAsi MHTEHCUBHOCTH ITy4Ka MOJSPU30BAHHBIX AHTUIPOTOHOB (6-10* 3a mmKi), 4TOOBI
IIy4OK IOJIHOCTBIO IOMNajajl B anepTypy MNOJIIPU30BAHHONW MHUIIEHM. {7 HENmocpeacTBEHHOTO
U3MEpPEHUS MOJSAPU3ALMH ITyYKa C OTHOCUTEIbHOW TOUYHOCTBIO 10% € MCIOIB30BaHUEM KHMJIKO-
BOJIOPOJIHOM MMIIEHH TaKoro e pasMepa Heobxomumo eme npumepHo 300 vaco. Ilpu
UCIOJIb30BAaHNUN KUAKOBOAOPOIHOM MmumIeHHM anuHo 50 cm u amamerpoM 10 cM  MOXKHO

34 IIpu ucnonp3oBaHuM B pacyeTax MUIIEHU JUIMHOW 20 cM 1 MHTeHCUBHOCTHU 1-10° NpOTOHOB 3a IUKJI BpeMs
cocraBut 110+120 gacos.
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HCIIOJIb30BaTh BCIO HHTEHCHBHOCTH MydYKa IMOJSPU30BAHHBIX aHTHIIPOTOHOB (IIpuMepHO 3.6-10%)
BpeMs U3MEpEHUs yMeHbIaeTcs B 15 pa3 u cocrasiger 20 4acos.

2.3.1.4 Bosmooichocmsb 8vl0eneHUs YNPY202o pp-PacCessHus

Jis mpoBepKH BO3MOXXHOCTH BBIICTICHUS YIPYTOro Pp-paccesHusi ObUIO MPOBEICHO
MojenupoBane MetogoM MonTe-Kapno, 4ToOBl OLEHUTH YpOBeHb (POHA U BO3MOXKHOCTH
BBIJICJICHUS] CUTHAJIA C UCTIOJIb30BAHUEM PEaJIbHOM anmaparypsl U pa3dpoca myJka.

[Ipr MonenupoOBaHUM HCIOIB30BAIMCH MapaMeTpbl Mydka (pa3Mep Mydyka HAa MHILICHH,
YTJIOBOM pa3dpoc, MMIYJIBbCHBIA pa30poc Mmydka B COOTBETCTBUU C pazaenoMm 2.1.4 u Tabm. 2.2
st sHeprum 15 ['3B. [lpu 3ToOM y4uTBIBAJIOCh, YTO MMIYJIBC MYYKOBOTO MPOTOHA MU3MEPSIETCSA
c ToyHocThi0 1% (ummysbcHBIA pa3dpoc myuka coctaBiseT 2%). Ha Puc. 2.21 mnoxazanbl
YIJIOBBIE pacmpezesieHus: MPOTOHOB OTAAuu W paccesiHusl AJis JBYX SHepruil, a Ha Puc. 2.22 —
JIByMEpHBIE pacrpeesieHuss KOOPAUHAT MPOTOHOB B IIOCKOCTSIX COOTBETCTBYIOIIMX JETEKTOPOB.

Jlyis1 BOCCTAaHOBJICHHUSI UCTIOJB3YeTCsl YCTaHOBKA, MpencTaBlieHHas Ha Puc. 2.19 (MoxHO
MCIIOJIB30BATh YaCTh YCTAHOBKH). PacueTsl MpOBOIMINCH ISl JETEKTOPOB «TPEOCIIKOBOT0Y» THUIIA
(cMm. xak mpumep Puc. 2.13) ¢ pasMepoM CUMHTHUISILIMOHHOTO 3JIEMEHTa 6 MM (TO €CTh C IIaromMm
2 MM).

TpeboBanoch mMmomajaHue OO0EUX YacTUIl B JIETEKTOpP U HAXOIWJIOCh MPOU3BEICHUE
TQHT€HCOB YIJIOB JUIsl YAacTUIl OTAauu U paccesHus. [lo peKOHCTpyHpPOBaHHBIM KOOpIWHATAM
MOCTPOEHBI ABYMEPHbIC pactpenencuus i ynpyrux (Puc. 2.23) u qudpakuuonnsix (Puc. 2.24)
MIPOLIECCOB.

Theta for elastic scat proton
Theta for elastic rec proton  mn

a1 E Entries 10000
Enfries. 10000 4500 — Mean 0.005988
C Mean 1417 E— RMS 0.003417
250— RMS 0.07869 4000 =3
E 3so0f}-
0 3000 E
150[— 2500
F w0EL [
100 } 1500 E—— ]
r fo ook L L
S0p— { 1 -
F } f i S00 - 5
A T & A W L | s E - . - 1 .
05 1 15 2 O,md 25 0 005 01 015 02 B.rad 025
Puc. 2.21 YrnoBeie pacipeeneHus MPOTOHOB OTAadH (ClieBa)
U paccesiHus crpaBa Juist sHepruit 45 (cunuii) u 16 I'5B
Xa&‘]‘“ AVST scatp Y. YvsZ rec. el. p -
= Entries 712656 7 Entrias. 712656
E oonare Neany T2t
o i RS ]
E - RMS y 156.9
100— i
oF ]
00— i
-200 : f;
= E 3 Z, MM
oo 200 100 v w0 7 300 30087 100 £ 00 00 500 500

Puc. 2.22 PacnipenenieHne paccestHHbIX IPOTOHOB Ha INIOCKOCTH, TJI€ HAXOUTCS JETEKTOP
paccesiHHBIX IPOTOHOB (CJIeBa), U MPOTOHOB OTJAYH Ha IUIOCKOCTH, IlIe HAXOIUTCS JETEKTOP
oTAa4H (cnpasa), Juis yOpyrux cOOBITHH
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tg1*tg2 dph re

h33
Entries 164612
Mean x 0.0001319
Mean y 0.1119
RMS x 0.09806
RMS y 0.01749

1‘5A¢1 rad”

Puc. 2.23 IIpon3BeneHNs TAHTCHCOB OT Pa3HHUIBI A3UMYTAIBHBIX YTIIOB
(TONBKO IS YIPYTHX MPOLIECCOB € YIeTOM pa3Mepos aerekropos H3 u HS)

tg1tg2 dph re

Puc. 2.24 To e, 4TO U Ha IPEABIAYIIEM PUCYHKE, HO TOJBKO [T AU(PAKIIMOHHBIX MPOIIECCOB

Hcnonb3ys mHGOpMaIuio 00 3TUX paclpeesieHUsIX U BEIOpaB CIICAYIONINE PEICIIbl IS
—0.2<Ap <0.2 u 0.09 <tgl-tg2 <0.14, nonyyaeM OIICHKY AJisi OTHOILIEHHUS CHUTHaNAa K (OHY
S/ (S+B) =0.995.
OTOOpaHHBIX COOBITHH.

Ha Puc.2.25 mnokazansl pacnpefeneHuss MO HMMIYIbCY YacTHIl JJIs

h4

El

GJ\H‘ IHHH\l \IHHT? HHIITT\IIHHI‘ TTTIT

o

Entries
Mean
RMS

16

|
18 20

0.3281

157364
15.94

P, GeV/c

h41

10°

10°

Entries
Mean
RMS

157364
0.2888
0.1585

Puc. 2.25 PacnpeaeneHue mo MMITYJIbCY PACCESIHHBIX 4acTHUIL (CIeBa) M YacTHUI[ OTAa4H (Crpasa)

0

1

P, GeV/i
“\\“.““\.‘e‘c.\‘

1.5

2

JUIsl yOpyTrux (CHHUH) 1 AM(PaKIHOHHBIX (KPAacHBII) IPoIieccoB
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2.3.2 Homlpumempuﬂ HA OCHO6€ UHKJIIO3UBHBIX 3APANHCEHHbIX NUOHO6

H3mepeHne COMHOBBIX aCUMMETpPUN B MHKIIIO3MBHBIX IPOLIECCaX B IIMPOKOM CIIEKTpE
SHEpPIruil Inpu Vs or ~5 mo 200 I'>B Haxommioch B (dbokyce 1enoro psma IKCIEPUMEHTOB
B TEUEHHE HECKOJBKHUX IOCIEIHUX AecsITuiieThil. Bonpeku paHHUM mIpeacka3aHusM neprypoda-
tuBHOM KX]JI, acummerpus Ay B POXICHUU 3apsOKCHHBIX ITHOHOB BIIEPEN OKaszajlach OOJIBIIOH,
1o ~40%, u ocTtaéTcsi TakOBOW BO BCEM JHMAna3oHE JIOCTUTHYTHIX SHEPruid. DTO MOIPOOHO
obcyxnaercsa B pazaenax 1.2.2 u 5.1.3 u wumroctpupyercst Ha Puc. 1.6, rie nmokazana mondoopka
pe3yIbTaTOB HECKOJIBKHX HKCHEPUMEHTOB. MIMEHHO 3Ty 0COOEHHOCTh OJJHOCIIMHOBOW aCMMMET-
puu npejiaraercs ucnoib3osark B mpoekre CITACHAPM.

[Tono6Hoe moBenmeHue Ay HaOMIOMATOCh TaKXKe W B IpoIleccax pr—>7l'0X. OnHako
aBCONIOTHBIE BEMMUMHBI Ay JUIS MHKITIO3UBHEIX 77 TIPEBBIIAIOT 3HaueHns Ay 11 7° Gosee uem
BBa pa3a. Kpome Ttoro, mis osHeprerumueckoro nuamnazona CIIACUHAPM ~10+4515B
K HAaCTOSIIIIEMY MOMEHTY IO 3apssKEHHBIM IMMOHAM HAKOIUJIEHO JAaHHBIX OOJbIIE M JIydIled Tou-
HOCTH, Y€M I10 HEUTpaIbHBIM. bbIJI0 HallIeHO Takke, yTo acuMMmeTpusi Ay B porieccax pTA—>7riX
Ha AApax yriepoja MPakTHYECKH He OTImdaeTcst ot P p—rX [22], u, KAk MEHEMYM, 10 MEIH
HE [TPOCMAaTPUBACTCS 3aBUCUMOCTH OT SJICpPHOTO coctaa muiieHu [85, 86, 87].

Hcxons u3 3Toro, npeajiaraeTcs UCIoJIb30BaTh CYIIECTBYIOUIUI pe3yibTaT JJsl U3Mepe-
HUS NoJspu3aiuy nyyka. OnTUMaIbHBIM HPECTABIAETCS HCIONIb30BaTh JaHHBIE SKCIIEPUMEHTA
E925 mpu 22 1»B, Tak kak pe3yabTarbl JAHHOTO S3KCHEPUMEHTA IMOJY4YE€Hbl C HaWIydllel
TOYHOCTBIO®". VI3MepeHHe OHOCIIMHOBBIX ACHMMETPHi, BKIIOUYasi Ay B HHKIIFO3HBHOM POXKICHHN
NErKUX ME30HOB, SIBISIETCA BakKHeHIIeH cocTaBstoniei ¢puznueckoit mporpammel CITACHAPM.
DTO 03HAYaeT, YTO BCE HEOOXOAMMBIE NaHHBIE JUIS MOJSIPUMETPUHM HAa MHKIIO3MBHBIX MHOHAX
Moryr ObIThb mnoiydeHsl B camoMm crnektpomerpe CIIACHAPM, u Hukakoe apyroe
JOTIONHUTENbHOE OoOopyaoBanue He moTpedyercs. Jlerektop ycranoBku CIIACYHAPM mpen-
CTaBJiIeT cOOOM MIMPOKOANEPTYPHBIA CHEKTPOMETP JJISl 3apSKEHHBIX U HEHTpanbHBIX YaCTHI] C
Xopoluel uaeHTHUPUKaue, UMEIOIUI 27-aKCeNTaHe M0 a3uMyTy, B KUHEMaTHYECKOM JMara-
30HE MO mepeyHoMy uMmnyibcy Pr<2.513B/Cc u 0<Xe<1 (meranpbHOE OMHCAHHE COCTaBa
nerekropoB CITACUAPM coaepxutces B pazuene 3).

[TpuBeneHHBIE HM)KE OLIEHKH IIOJy4EHBI MMEHHO Ha OCHOBE PE3YJbTaTOB JKCIEPHMEHTA
E925. B Tabxn. 2.7 u Tabu. 2.8 npuBeaeHbI OLIEHKU JJIs1 CKOPOCTH Habopa CTaTUCTUKU U BPEMEH
AKCIIO3UIIUU, HEOOXOAMMBIE NJIsi M3MEPEHMs TMOJISIpU3allid MPOTOHHOTO IMy4ykKa C HUMITYJIBCOM
22 I'3B/c co cratuctuueckumu ormbkamu AP/P ~4% (AP/P ~ 10% mus P ~ 40%).

WHTEeHCUBHOCTh MOJSPU30BAHHOTO Iy4yKa B 3THX OIEHKAX Mpeiroarajach KOHcepBa-
TUBHO paBHOM 10° MPOTOHOB 3a LUKJ YCKOPUTENS C MHTEPBAJIOM MEXIy LUKIaMH 9 cek (Ha
NOPSA0OK HUXKE pacyeTHOM MHTEHCUBHOCTH). V3MepeHHble 3HaueHUs Ay HHKIIO3MBHOTO
pokaeHns w-Me30oHoB B P'p (Tabm. 2.7) u p'C (Tabum. 2.8) CTOIKHOBEHHSIX B3STHI U3 PaGOTHI
[22]. Ouenku ceyeHnii ¢ cAenaHbl TaKKe MO U3MEPEHHUsAM [22], HOPMHUPOBAHHBIM Ha JTaHHBIC
nyonukaruu [88].

% Jlpyrum apryMeHTOM SBISIETCS GIIH30CTh SHEPIHH (M BOOBIIE BOIMOKHOCTh IPOBECTH H3MEPEHIS [IPH TOM Ke
SHEPTHN).
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Tabn. 2.7 CxopocTs HAOOpa CTATUCTHKH U OLCHKU BPEMEHU JJISl H3MEPCHUS TOISIPU3AIMK IPOTOHHOTO ITyYKa
B peakiuu P p—*X Ha KHAKOBOIOPOIHOM MHUIIeHH AmnHOM 20 cM. JIpyrue AeTanu B TEKCTe.

IToka3aHbI TOJIBKO CTATHCTHYECKHE OMHOKH st Ay u3 paGotsr [22]*°

IMapamerp aj1s peakuun 0.55<x¢<0.6 0.6 < xg<0.65 0.65 <xg<0.7
p'p—omX (pr) = 0.7 TB/c (pr) = 0.7 IB/c (pr) = 0.8 I'B/C
An, % 15715 23.7+2.0 29.1+£29
Heo0xomgumoe Neyents ~5.5x10* ~2.5x10* ~1.6x10*
Ceuenue o, u6 ~15 ~7 ~4
Nevents/ITUKII ~12.7 ~6.0 ~34
Bpewms uzmepenni ~10.8 yac. ~10.4 4ac. ~11.8 4ac.

Ta6x1. 2.8 To xe camoe, 4o u B Tabm. 2.7, Ho u1s peakuuy P'C—7*X Ha MUIIEeHH U3 TpadUTa TOIIIHHOM 4 CM.

[oka3aHBI TOJIBKO CTATHCTHYECKUE OMIMOKHU tst Ay U3 paboThI [22]

IMapamerp aJsi peakuuu 0.55<x<0.6 0.6 <Xxg<0.65 0.65 <xg<0.7
p'ComX (pr) = 0.7 I'B/c (pr) = 0.7 I'B/c (pr) = 0.8 I'4B/C
An, % 125+ 1.1 228+1.5 302+24
Heo6xommuMoe Neyents ~8.7x104 ~2.6x104 ~1.5x104
Ceuenue o, ub ~110 ~50 ~30
Nevents/ IIMKII ~48 ~22 ~13
Bpewms uzmepennit ~4.5 4ac. ~3 yac. ~3 yac.

Pe3ynbpTarhl mpeacraBieHbl Ais8 TpEX KUHEMAaTHYECKUX JAuana3zoHoB. ObecneueHue
cTaTUCTHYeCKOW ommOKku B 4% TpeOyercss IUIsi KaXAOTrOo auama3oHa pasMepoM  AXg X Apr =
0.05%0.1 I'3B/c. Hcnonb3oBaHue NaHHBIX Ui 7T -ME30HOB JAacT €II€ HEKOTOpOe YIyYIICHUE
TOYHOCTH, XOTs MHKJIFO3UBHOE CEYEHHUE POKJICHUSI OTPULIATENIbHBIX IMOHOB B PP- U PA-peakiusix
3aMETHO HIDKE YeM TOJIOKUTEIbHBIX [22].

TakuM 00pa3oM, OLEHKU CBHJETENbCTBYIOT, YTO 32 HECKOJbKO 4YacOB 3KCIO3MIMH
MOJISIPU3ALIUS TPOTOHHOTO MyYKa MOXKET ObITh U3MEPEHAa CO CTAaTUCTUYECKOM TOUHOCThIO ~3+5%.
W3mepeHuss MOTyT OBITh BBINOJIHEHBI KaK C KPUOT€HHOW >KMIKOBOJOPOAHON MHIIEHBIO, Tak
U ¢ 6ojiee MPOCTHIMU B OOPALIEHUH SACPHBIMU MUIIECHSMHU.

TOYHOCTh MMEIOUIMXCSl K HACTOSIIEMY BPEMEHM SKCIIEPUMEHTAIbHBIX JAHHBIX UL Ay
B MHKJIIO3UBHOM PpOXKJIEHUU 3apsHKEHHBIX IUOHOB BIIOJHE JOCTAaTOYHA Ui MCIOJIb30BaHUS
B LIEJISIX MPOBEPKH (QYHKIIMOHUPOBAHMS CUCTEMbI MeUeHHsI. BHE COMHEHUs, TOUHOCTh 3HaHUS Ay
JUIS MHKJIIO3UBHBIX ITMOHOB OYZET yiydlleHa B mpouecce peanusanuu nporpammsl CITACHAPM.
Cnenyer TakXke OTMETUTb, YTO JAHHBIE HW3MEPEHHMS]I MOXKHO MOJATBEPAMTH H3MEPEHHEM
OJIHOCIIMHOBOM aCHMMETPHH OTPULIATEIbHBIX THOHOB.

Crout OTMETUTH, YTO B TIOAXOJE, OCHOBAHHOM Ha
B ’kciepumMeHTe CITACYHAPM mpakTHyeckd HET BO3MOXKHOCTH BBINOJHUTH HEOOXOMMBbIE

AOMNOJHHUTCIBHBIC U3MCPCHUA ACUMMCTPUU AN Ha HOJI}IpI/I3OBaHHOI>'I HpOTOHHOfI MHIOICHH C TCM,

HWHK/IO3UBHBIX IIMOHAX,

YTOOBI 3aTE€M UCIOJIB30BaTh UX PE3YJbTAThI Ui MOJIAPUMETPUN (AaHTU)IPOTOHHOTO TyYKa TOMU XKe
sHepruu. s 3Toi 1enu npunuioch Obl cAenaTh U3MEPEHHs Ha MOJISPU30BAHHON MUIIEHU IS
POXJIEHUS IHOHOB B «33JHIOKO» [0 OTHOUIEHHWIO K HANpaBICHUIO Iydyka Mnosychepy.
Ho B nmpoekre ycranoBkn CITACHAPM He nmpeamnosaraeTcss HATMYUE «3aIHEr0» CIIEKTPOMETpa
IS 3apsDKEHHBIX yacTull. JlornonHeHne xe e€ TaKUM CIIEKTPOMETPOM IPEeACTaBIsIeT COO0H OYeHb
CEpBhE3HYIO U OPOTOCTOSIIYIO MOAU(DUKALIMIO B IIEIOM BCETO SKCIIEPUMEHTA.

36
Omnbka HOPMHPOBKHU MOJISIpU3ALUH ITyYKa B o00eunx Ta6nnuax HC BKJIFOUYCHA.
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2.3.3 Ilonapumempusn na ocnose 3ppexma Ilpumaxosa

Ete oHIM BO3MOYKHBIM CIIOCOOOM U3MEPEHUS TOJSIPU3AIIH ITyYKOB MOXET OBITH METO.T
Ha ocHoBe 3¢ dekra [Ipumakosa. IIponecc [Ipumakosa Obu1 BBemeH B 1951 roay B pabdore [89],
rZie BIEpPBbIC OBUIO MOKa3aHO, YTO MIUPUHA PAJIMAIMOHHOTO paclaja aJpOHHOTO PEe30HaHCa
CBsI3aHA C CEYCHHEM OOpa30BaHUsl ITOTO pPE30HAHCA AJPOHAMH B KYJIOHOBCKOM TIIOJIE SIpa.
B nonspumerpe [IprMakoBa HCIONB3YeTCsl TUCCOIMANNSA MPOTOHA B Mapy Pz’ B KYJIOHOBCKOM
110JI€ IIEPHOM MUIIEHU ¢ O0JIbIION BeNMWYMHOM 3apsna Z: pZ — pyZ — pr®Z, r1ie y — BUpPTYyallb-
HBIA (QOTOH. DTa peakius cBsA3aHa ¢ (POTOPOXKACHUEM 7’-Me30HA HA MPOTOHHOW MHIICHU TPHU
HU3KUX OJHEprusx (M3MepeHHas acummerpus cocraBuina ~90% B obmacTu  dHEpruit
500+800 M»B). Takum oOpa3oM, MOJSIpU3AIUIO TMPOTOHHOTO TIydyka MOXKHO HW3MEPHThH,
UCTIONB3Yysl HM3BECTHYID aCHMMETPHIO HU3KOIHEPreTHYHOTO (OTOPOXKICHHUS 7’-ME30HOB Kak
AHAJTM3UPYIOIIYIO CIIOCOOHOCTh PEAKIIHH.

Kak 6b110 BriepBbie nmoka3aHo [IpumakoBsiM u coaBTopamu [90], mmprHa paguaiiOHHOTO
pacriaza aapOHHBIX PE30HAHCOB MOXKET OBITH CBSi3aHAa C C€YEHHEM O0Opa30BaHUS pe30HAHCA MPHU
B3aMIMO/ICHCTBUH aJIPOHOB B KyJIOHOBCKOM ToJie siiep [91, 92]. Obmas dhopmyia it 3TOH CBS3H,
BKJIIOYasi CHUHOBBIE HaOroraemble, Oblia onricana Mapronucom U Tomacom [93]. CoBpeMeHHBIH
aHanu3 nporecca [IpumakoBa mpezcrasiieH B padote [94].

Korna koHeyHOe cocTosiHME Pz’ JABHMIKETCS IMOYTH BIEpPEd, TO €CTh C OYCHb MAaJIbIM
UMIYJIBCOM, MEPEJaHHBIM OT MPOTOHA SIAPY, B PEAKIMH JOMHUHHUPYET OJHO(DOTOHHBIA OOMEH.
@deilHMaHOBCKass AuarpaMma Uil peakUMu’ ~ BKIIOYAET aAMIUIMTYAY  ‘BUPTYaJbHBII
¢doroH” +p — 7°+ P, U WA OYEHb MAJIBIX MEPEJAHHBIX MMIYJIbCOB B Tporecce [Ipumakosa
(cxaxewm, |k? = 1072 (I'3B/c)?, rue K — 4-umiyabC BUPTYalIbHOTO (POTOHA) BUPTYaIbHBINA (OTOH
HAXOJUTCS MOYTH HAa MAcCOBOWM MOBEPXHOCTH. TakuMm 00pa3oM, ¢ OYEHb XOPOIIEH TOYHOCTHIO
anMpOKCUMAIMH MOXXHO paccCMaTpUBaTh aMILTUTYAY C BUPTYAIbHBIM (POTOHOM KakK (PH3UUECKYIO
aMIUTUTYy JUIS HACTOSIIEro Ipoiecca (oTooOpa3oBaHMs, KOTOPBIA HM3Yy4alcsl MPH HHU3KUX
U cpeqHuX dHeprusix [95].

3aMedarenbHOM OCOOEHHOCTBIO JTAaHHOM peakiuH SBISETCS TO, YTO AK€ NPU OYEHb
BBICOKMX DJHEPTUsX HAYaJbHOTO MPOTOHA SHEPrus B C.ILM. IS peakiuu (HoTooOpa3zoBaHUS
C BUPTyaJIbHBIM (OTOHOM Mana. Takke IKCIEPUMEHTAIbHO YCTaHOBJIEHO, YTO aHATU3UPYIOIIAs
CHOCOOHOCTh peakiuu (GoTooOpa3oBaHMsl TpPU ITUX DJHEprusx Bedauka u pocturaetT —90%
[95].Maest mcnonb3oBanus 3ddexra IIpumakoBa mas H3MEpPEHHS MOJISPU3AIMK MTPOTOHHOTO
ny4ka Obuia npeyiokena J[pitBom AngepBynom [96].

DKcreprMEHTATbHBIE BO3MOXKHOCTH TIOAXO0Ja OBUIM BIEPBBIE MPOJAEMOHCTPHPOBAHBI
B 1989 r. Bo ®HAJI (CIJA), rne Oblma mM3MepeHa aHAJIM3UPYIOIIAs CHOCOOHOCTh PEAKIUHU
ITpumakoBa Ha MPOTOHHOM Mydke ¢ uMIyJlbcoM 185 I'3B/C u m3BecTHOM monspusanuent u rue
OBLIO MOKa3aHO, YTO OHA COOTBETCTBYET TEOPETHUYECKMM OkuaaHusM [97]. Ananmusupyromas
cioco6HocTh T(#) KorepeHTHOrO KysinoHOBckoro mporecca —0.57+0.12 (craructuueckas) +0.19
(ommbKka HOPMHUPOBKM u3-3a (akTopa pa3daBiIeHHs) B JAManma3oHe Macc 7°D CUCTEMBI
1.36 + 1.56 I3B/c* u 0 = 60+120°. Ananusupyromas crnocoOHocTs (orooOpazoBaHus n°,
ycpeaHEHHAs 110 TOW e KHHeMaTH4ecKo# ooyactH, coctarisier —0.65 + 0.04.

Jns m3mepenust mnossipusanu Ha d¢dexre [IpumakoBa TuTaHUpYeTCs HCIOIB30BAThH
MPEIU3NOHHBIA TOHKO CETMEHTUPOBAHHBIN KaJOPUMETp THIA «IIAINUIBIKY», BXOISIIINNA B COCTaB
HKCHEPUMEHTAIbHOM ycTaHOBKH. {151 ompeaeneHrs BO3SMOKHOCTH U BpeMEHH M3MepeHus: OynaeT
MIPOBE/ICHO JIOMOJHUTEIBHOE UCCIIEIOBAHUE.
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2.3.4 Pe3rome no usmepeHuio noaapu3ayuu nyuKa

[Ipu co3maHuM TMydka MOJSIPU30BAHHBIX (AHTH)IPOTOHOB 3HAHUE MOJSAPU3AIMH ITydKa
MOKHO MOJYYUTh HE TOJBKO MCHOJb3Ysl pACUEThl U CUCTEMY MEUYEHHMsI, HO U MPOBeJs JOIMOJIHU-
TenbHbIe M3MepeHus. Vcroiib30BaHME YNPYruX MPOLECCOB MJs OINpeaeseHus aOCONIOTHOrO
3HAYEHUS MOJISIPU3ALIMU TTO3BOJISIET MIPOBOAUTHh U3MEPEHHUS MOJIAPU3ALIMU MTydKa (aHTH)IIPOTOHOB
i 000N sHepruu vacTuil. IIpoBeneHHBIE pacyeThl MOKa3bIBAIOT BO3MOXKHOCTb H3MEPEHUS
TaKOM MOJIAPU3ALMU 32 IOCTATOUYHO Majio€ BPEMsl JIJIsi MPOTOHOB (HECKOJIBKO YacOB) U MIPUMEPHO
3a 200 4aCOB ISl AHTHIIPOTOHOB® .

Hcnonp30BaHWE M3BECTHBIX JIAHHBIX 110 OJHOCIMHOBOW aCHUMMETPUH  POKICHUS
3apsSOKCHHBIX NMMOHOB MO3BOJISIET U3MEPHUTH MOJISIpU3AITMIo TTydka ¢ 3Hepruen 22 [B (ucmonb3ys
U3BECTHBIC MaHHbIC SKcrepuMmenta E925) 3a Heckonbpko (5+10) wacos. JlamHas mporeaypa
MO3BOJISIET TIPOBECTH «KaJTHMOPOBKY» CHUCTEMbI MEUEHHS IydKa, KoTopasi Oy/neT peaibHO UCHOJb-
30BaThCs AJIs ONpeeNICHUs OIAPU3AIIH.

Cnenyer OTMETUTb, UTO HOJNSPUMETp Ha oOcHOBe Impouecca Ilpumaxosa
(c ananusupyromeit criocoonocteio B 90%) siBisiercs, O€3yCIOBHO, YHUKAIBHBIM HPUOOPOM
B CPAaBHCHMH C JPYTUMHU IUIAHUPYEMBIMH TIOJIIPUMETPAaMHU, B KOTOPBIX aHAJIU3UPYIOIIAs
CIIOCOOHOCTH TOPa3/I0 MCHBIIIE.

2.4 CucremMa MarHuToB «3Meiika» (Spin flipper) a5 noBopora noJsipuzanuu

Cucrema HOBOPOTHBIX MarHMTOB «3MEHKay JIOJKHA COCTOATh M3 MAarHUTOB, KOTOpBIE
MO3BOJIAT M3MEHHUTh OPUEHTAIMIO BEKTOpA MOJSPU3ALUHN IYYKOBBIX YacTUIl (IPOTOHOB HWIIH
AHTUIIPOTOHOB) OT OJHOTO HAIPABIICHHS K APYroMy. JTa CHCTeMa He JOJDKHA BHOCHTH HUKAKHX
MIPOCTPAHCTBEHHBIX WJIM YTJIOBBIX MCKAXCHHWU B ONTHYECKHE IMapaMeTphl Imydka. Bce cmemeHus
Y OTKJIOHEHHSI TPACKTOPUH MTy4YKa JOJDKHBI KOMIEHCHPOBATHCSI BHYTPU ITOW CUCTEMBI MarHUTOB.
«3Mmeiika» Oyner pacrnoiaraTbcs BOJIM3M KOHEUHOro (hoKyca KaHaja MOJISPU30BAHHBIX YaCTHIL
24A, HenocpeCTBEHHO Mepe]] MUIIEHbBIO HKCIIEPUMEHTA.

Cnenyer OTMETHUTh, 4YTO B OTJIMYHE OT KaHajla IMOJSPU30OBAHHBIX IPOTOHOB
u anTUnpoToHoB B ®epmmnade B 80-90-x romax mpouuioro Beka (9xcrnepumentsl ES81 u E704)
B KaHaje 24A aHaiu3 Mydyka IO MUMITYJIbCY OyJIeT BECTUCh B TOPHU30HTAIBHOM IUIOCKOCTH, a IO
MOJISIPU3ALMU — B BEPTUKAIBHOM TUIOCKOCTH. MaTpuiia nepeadu eAMHNYHAS U B TOPU30HTAIIb-
HOW, U B BEPTUKAJIBHOMN MJIOCKOCTH.

Cuctema «3meiika» kanana 24A OyneT UCIOIb30BaThCS ISl ABYX IEJICH:

1) mepuoauYecKoro W3MEHCHHs HAIpaBlICHHsS BEKTOpa MOJSMPU3AIMH MydKa Ha MPOTHBO-
MOJIOKHOE HAMpaBJICHHE /U YMEHbBIIIEHUSI CUCTEMATUYECKUX OIIMOOK IKCIIEPUMEHTa U

2) MOBOpOTa HAmMpaBJICHUS CIMHA OT BepTUKanbHOro (HampasiaeHue N), koTtopoe Oyaer
OTIPENIENIATHCS CTAHIMEeH MEUeHHs, K MpOaoJibHOMY (HampamieHue L), uto HeoOXoaumo
JUTS Pa3IMYHBIX YKCIIEPUMEHTOB.

[Tpennonaraercst paboTtath Ha KaHaine 24A ¢ sHeprusiMu nmy4ka B quanazone 1045 I'3B.
Ecnmu monst B MarHuTax <«3MeWkw» OyIyT MNEepHeHAMKYISIpHbl K HAmpaBlICHHUIO ITy4Ka, TO
MIPEUMYIIECTBOM TAaKOM CUCTEMBI OYIeT TO, UTO JJISi IaHHOTO YIJIa MPEIEeCcCHH CIIMHA BEeJIMYMHA
TIOJIS TIOUTH HE 3aBHCUT OT UMITYJIhCA YaCTHUIIHI B HAIIIEM TUAITa30HE SHEPTHI ITydKa.
Hwxe cymmupoBanbl TpeOOBaHHS K CHCTEME TIOBOPOTA CITHHA.

%7300 4acoB ¢ yueToM BpeMeHH, HEOOXOIUMOTO IS H3MEPEHHs AHATM3UPYIOMIEH CIIOCOGHOCTH.
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24.1

— Ilpennonaraercsi, 4ro Ha BXOAE B <«3MEHKY» IY4OK COCTOUT M3 TpPEX YacTeu:
¢ nonsipusarert P(+), P(0) u P(—) (B ckoOkax yka3aHbl HampaBJICHUS TMOJSIPU3AIUI
BBEpX 10 BEpPTUKAIM, YCIOBHO HyJe€Bas IMOJpU3alUs U BHM3 110 BEPTUKAIU
COOTBETCTBEHHO). Heo0XxoanMo ocymiecTBUTh MOBOPOT nossipu3anuii Ha 180° Bokpyr ocu
nyuka. HazoBem 310 peBepcom noisipu3anui.

— Ilonepeuynyro Ha BXOJ€ MOJSAPU3ALMIO CIENATh HA BBIXOJE «3MEWKH» MPOAOJBHOM,
HaIlpaBJIECHHON B OJHOM CJy4yae BJOJb, B JAPYITOM — IMPOTUB HAIPABICHUS HMITYJIbCA
Iy4Ka.

— Ilpn »oTuX omepauusx napaMeTpbl Iydyka (pa3Mmepbl, YIJIOBbIE PacXOAUMOCTH,
II0JIO’KEHHE OCH U T.J.) HE JOJDKHBI MEHATHCSA: IOIYCKH HAa U3MEHEHUS MOTYT OBITh HUXKE
10%.

— Jlenonspusytomuii 3QPeKT OT «3MEHKN» Ha BbIX0/€ AOJDKEH ObITh HIKe 10%.

— Bpems peBepca MarHUTHOIO MOJSI «3MEUWKH» HE JOJDKHO IPUBOIUTH K IOTEpPE
BpeMeHU Ha myuke Bbimie 10%. Hanpumep, ecinu Mbl coBepiiaeM peBepc MOJISpU3aLUU
Ka)X]IbIil 4ac, TO peBepcC OISl I0JKEH 3aBEPIIMTHCS MEHbLIE YeM 3a 6 MUHYT.

— Ha skcniepuMeHTaIbHyI0 YCTAaHOBKY B OHJIAMH-pEXUME JI0JDKHA OCTyNaTh HHpopMa-
1S O COCTOSIHUU «3MEUKN» B IAHHBI MOMEHT B CEaHCE.

— «3MeliKa» 10JKHA pa3MECTUThCS Ha KaHajle Ha JUIMHE He 00Jiee BOCbMU METPOB.

— TpeboBaHus K BHYTPEHHUM pa3MepaMm OINpeAestoTCa pa3MepOM IyUKa Ha BBIXOJE U3
nocyienHe JMH3b (TIepen <«3MEHKOW»), KOTOphIE COBMAAAIOT Il AaHTUIPOTOHOB
c snepruei 14 I'sB u mpotonos ¢ sueprueii 40 [5B (makcumanbubIil 3axBaT) — 120 MM
1o ropu3oHTay U 160 MM 10 BepTHKaIH 110 OCHOBAHHIO.

Ilpoekm cucmemovt nosopoma cnuna 01a kanana 24

[TpoekT cucteMbl MOBOPOTa CIMHA Ui KaHana 24 noarotosieH rpynnoit US® CO PAH

noa pykooactBoM HO. M. lllatynoBa. OcCHOBHBIE HIEHW W MapaMeTphl JTAaHHOW CHCTEMBI

npezcraBieHbl B padote [98]. Kak yka3aHo B TpeOOBaHMSAX K CHCTEME IMOBOPOTA CIIMHA, 33java

CHI/IH'q)J'II/IHHepa — YMCETBb HC TOJIBKO IIEPEBOPAUYNBATL CIIMH HYKJIOHA Ha HpOTHBOHOJ’IO)KHBIfI, HO

TaKk)kK€ MEHSATh MOMEPEeYHYI0 MOJSApU3AIHNI0 Ha TpoAoibHyro. OOmmil mMeton Ans MOJA0OHBIX

CHCTEM, OCHOBAHHbI Ha MCHOJIb30BaHUU TeIMKOMIAIbHBIX MArHUTOB, OBLT YCHEUIHO NPUMEHEH
Ha yckoputene RHIC [99].

HpOCTGfIHI&S[ 3MEHKa COCTOUT M3 JABYX I'CJIMKOWJAJIBbHBIX MAarHUTOB C IIPOTUBOIIOJIOKHBIM

HaNpaBJICHWEM BpAIICHUS M YETHIPEX KOPPEKTHUpyommx MarHuToB. Ha Puc. 2.26 moxazan

IMPOCKT 0OMOTKU T'CIIMKOUJAaJIbHOI'O Maroura.

50

00MOTKA MArHUTa
X
A

cM

50+
-50

30 -0 10 20 50

Puc. 2.26 IIpoexT nu3aiiHa sspMa 1 OOMOTKH OJHOTO T'eJIHKOUIAIBHOI0 MarHUTa
(Ha TaHHOM PHCYHKE OCh Z COOTBETCTBYET BEPTHKAJILHOMY HAIPABJICHHUIO)
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MarsHuTHoOe 1osie JBYX TeIMKOWAATbHBIX MarHUTOB M ONTHMAaJbHAs TPACKTOPHUS YACTHII
npencTaBieHbl Ha Puc. 2.27. JInsg KOppEeKIUU TPAaeKTOPHH YACTHI] HEOOXOAMMO HCIOIb30BaTh

KOPPEKTHPYIOIHE MarHUTHl (OTMEUEHBI MPSMOYTOJIbHUKaMu Ha Puc. 2.27). Yka3zanHasi TpaeKTo-
pus TIOKa3aHa JUIsl €IMHUYHON MaTpUILbl CUCTEMBI.

—

4
'

:

0 100 200 300 400 500 600

z (cm)

orbit {cm)

0 100 200 ann 400 500 600
z (cm)

Puc. 2.27 MaruutHoe mose JByX T'€IMKONIaIbHBIX MarHATOB
Y TPAeKTOPUS YacTHUIl BHYTPH 3MEHKH NPU €AMHUYHON MaTpHIe

Pacuetnl IMOKAa3bIBAKOT, YTO KAaK MHUHUMYM 97% nojesipu3auu COXPAaHACTCA IJId BCEX
KOMIIOHCHT.

Ha Puc. 2.28 noka3aHbl CHIHHOBBIE TPASKTOPHH [T BEPTHKAILHON U MPOAOIBHON KOMIIO-
HEHT.

OO0111e CBOMCTBA CUCTEMBI:
— TeIAKOHUIANBHEBIA MarHAT: MAaKCUMAaIbHOE 1T01e Biax = 47 k['c, mmmua A = 2.5 Mm;
— KOPPEKTHUPYIOIIUE AUOIbHbIe MarHuThl; AimuHa | = 30 cMm, mone B = 23 kI'c.

OO0mast yHa cucTeMbl — 6.5 M, CIMHOBAs Po3pavHOCTh — 97%.
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Puc. 2.28 CrinHOBBIE TPACKTOPUH IS TIOTIEPEUHO (CBEpXY) U MPOIONBHO# (CHHU3Y) MOJSIPU3AIHil

OxoHuaTeabHas

pa3paboTka

ONTHUYECKOH

CHUCTCEMBI  MOXXCT

OBITH

BBITIOJTHCHA

B HoBocubupcke, nsrorosnenne — B HUL[ «KypuaTtoBckuii uactutyt» — UOBD nnu 8 OUAU

(dyOHa).
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3 OxcnepuMmeHTanabHas ycraHoBka CITACHAPM

DKCTepUMEHTAIbHAs YCTAaHOBKA JIOJDKHA OOECTeUUTh TPEeOOBaHMS, HEOOXOIUMBIC st
u3Mmepenus: ¢usnyeckux 3¢ dextoB. Huke nepeuncieHHble OCHOBHbIE TPeOOBaHMS, UCXOIS M3
KOTOPBIX ONPEAEISETCS COCTaB 000PYI0BaHUS:

— Perucrpanus BTOpHYHBIX 3apsOKEHHBIX 4YacTull B auarnazone ot 500 MsB mo 50 I'»B
B 0OOJIBIIIOM TEJIECHOM YTJIE U B IIOJHOM a3UMYTaJIbHOM YTJI€.

— Perucrpanus ramma-kBanToB B auana3zone ot 200 MaB no 50 I'3B (¢ BO3MOKHOCTBIO
MEPECTPOUKH JSHEPTreTUYECKON MIKAIBl IPU HEOOXOMUMOCTH) B OOJIBIIIOM TEIECHOM YIJie
Y B [IOJIHOM a3UMYTaJIbHOM YTJI€.

— MW nentudukanus 3apsoKeHHBIX YacTll B quanazone 1+20 [2B.

— Bo3MoXHOCTB peructpanuu pacnajgoB BTOPUYHBIX YACTHUII, BKJIFOUAsl TUTIEPOHBI.

— BbIcokoe KoOpAMHATHOE pa3pellieHue MyYKOBBIX YaCTHII, IPEXKIE BCEro IJis UCCIIEN0-
BaHUs yIPYTUX MPOILIECCOB.

— Kpowme Toro, mist vcciaenoBaHusl 4apMOHUS HEOOXOJUMO UMETh:

— MWmnynscHoe paspenienne Ha yposHe 0.4% mpu 10 I'3B/C.

— DHEpreTHYecKoe Pas3pelicHHe EKTPOMArHUTHOTO Kanopumerpa 3%/VE.

[TpuniMnuanbHas cxeMa YCTaHOBKM npuBefeHa Ha Puc. 3.1. DkcnepuMeHTalbHas
YCTaHOBKA COCTOUT U3 CIICAYIOIINX OCHOBHBIX y3JIOB:

— IlyuxoBas ammapaTypa, MO3BoJsifOINasi peructpupoBaTh 10 107 wactum 3a cOpoc
YCKOPUTENS, IJIsi ONpe/AeieHUs] KOOpAWHAT M TUIOB My4KOBbIX yactun (Ha Puc. 3.1 He
MoKa3aHa).

— JXuzakxoBonoponHas (oKa3aHa Ha PUCYHKE), MOJISIPU30BAHHAS U AJEPHbIE MULLICHHU.

— CHexTpoMeTp 3apsDKEHHBIX YaCTHI], COCTOSALIMA M3 CIEKTPOMETPUYECKOTO MAarHHWTa
M31, nerekropoB GEM, nponopimonansubix (PC) u apeiidossix (DT u DC) kamep.

— Cucrema uJIeHTHQUKALKUKM CcOpTa YacTHI, COCTOSIIAs M3 JIETEKTOpa KoJIell
uyepenkoBckoro uanyudenus (RICH), mroonHoro merekropa (MuonDet) u BpeMs-mipoJIeTHBIX
nerekropoB (TOF); mocnemHue Takke MOTYT HCIIOJB30BAaThCs B KauyecTBE JETEKTOpa
MHOECTBEHHOCTH.

— Dnekrpomarauthbiii (ECAL) u anponnsiii (HCAL) kamopuMeTpsi.

Crnenyer ormeTuTh, uTo Ha Puc. 3.1 mpuBeneH MakCHMalbHBIM HaOOp 00OpYHOBaHWUS,
KOTOPBIH OyJeT HCHOIb30BaThCS NMPH HCCIEAOBAHUHM OJHOCIIMHOBBIX aCHUMMETPUH U MOJISPH-
3allMi TUIEPOHOB. B 3TOM ciiydae He TpeOyeTcs BBICOKOIO HMIIYJIbCHOTO pa3pelieHus, HO
HE00X0/IMMO HAaXOJHUTh BEPIIMHY paclaja TMIEPOHOB. YKa3aHHbIE PAacCCTOSIHUS COOTBETCTBYIOT
paboTe ¢ KHUIAKOBOJIOPOIHON WM sIIEPHBIMU MUIIEHAMU. [Ipu UCTIONb30BaHUM MOISIPU30BAHHBIX
MUIIEHEW paccTOSHUE OT IIEHTpa MUILEHU A0 MEePBOro JAETEKTOpa OyJIeT COCTaBJIATh IO KpailHe
Mepe 70 cM W3-3a TIPHUCYTCTBUS MarHUTa MOJSPU30BAaHHOW MHUIIEHH, MOITOMY KOJHYECTBO
TPEKOBBIX JIETEKTOPOB TaKXke MPUAETCI COKPATUTD.

[Ipy u3MepeHHH YapMOHUS MHOTHE JETEKTOpbl OyayT yOpaHbl, 4TOOBl YMEHbBIIUTH
KOJIMYECTBO BEIIECTBA U, TEM CaMbIM, YIyUYIIUTh UMITYJIbCHOE pa3pellieHue.

[lanee TmpuBeAEHBl XapaKTEPUCTHUKUA OCHOBHBIX JETEKTOPOB 3KCIEPUMEHTAIbHON
ycranoBku CITACHAPM.
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MuD HCAL  ECAL D15 DOT& DC2 DT3 D12 DT2 DT DT1 TGT

TOF3 RICH. T0F2 / MS GEM2 /' /PC2 GEM1
DC1-X P3/ PO, TOF1

Puc. 3.1 Cxema skcniepumenTanbHoi yctaHoBku CITACHAPM:

TGT — mokasaHa XUAKOBOAOPOIHAS MHUIIIEHb SKCIIEPUMEHTA;

GEM1-2 — nerexTtops! Ha ocHoBe ["azoBoro DnekrponHoro Ycunenus (I'DY wiu GEM);
TOF1-3 — ro1ocKoIBl BPeMsI-IIPOJICTHOW CUCTEMBI;

DT0-5 — craniuu Ha OCHOBE TOHKOCTEHHBIX JIpei(OBBIX TPYOOK;

PC1-3 — nponoprmonansabie kKamepsl [IUAD-UTOO;

DC1-2 — npeiidosbie kamepsl [TUAD-UTOD;

RICH —aerekTop Koser] 4epeHKOBCKOTO U3IYUYEHHUS;

ECAL — snekrpomarautHbiid kasmopumetp, HCAL — afpoHHBIH KaTopuMeTp;

MuD — MrOOHHBI# 1eTEKTOpP.

Paccrosnue o ocu Z (HO HaIlpaBJICHHUIO nytnca) IMMOKa3aHO B MCTPax OTHOCUTCIILHO ICHTPA MUIIICHH.



3.1 DxkcnepuMeHTAJbLHAsl YCTAHOBKA NMpH padoTe Ha KaHaje 14

Ha nepBowm 3Tane ucciaegoBaHuil SKCIEPUMEHTANIbHASI YCTAHOBKA BBOJAUTCS C OrPaHUYECH-
HBIM KoJimdecTBOM jetekTopoB. Ha Puc. 3.2 mpuBenena cxema SKCIIEpUMEHTAILHON YCTaHOBKHU
Ha MOMEHT KOMILJIEKCHOTO 3amycka B (epaiie 2018 r.

Spectrometer Magnet

ECAL

HO
Target |\

Guard System

DTS0-3

108 em DTS4-5

Puc. 3.2 Cxema ycranosku CITACUAPM, netekropsl moka3aHsl He B MaciuTabe
(merextopet DTS0-1 cootBeTcTBYIOT Netekropam DT1-2 mpu pabote Ha kaHaine 24)

B 31001 cxeme oTCyTCTBYIOT TpekoBbie AeTekTopsl Thuna GEM, cucrema uaeHTHUKAUY,
cocroslas U3 BpeMsnponeTHsix aetekTopoB TOF, nerektopa yepenkoBckoro miinydenuss RICH
Y MIOOHHOTO JIETEKTOpa, a TAaKXKe aJIpOHHBIN KanopumeTp u aperidoseie craniuu UTOO-TTUAD.

3.2 IyukoBasi anmapatypa

[TyukoBast anmmapaTypa MpeJcTaBisieT co0oil HabOp NETEKTOPOB 3apsKEHHBIX YaCTHII,
PAacIoyIOKEHHBIX 110 OCH ITy4YKa B 30HE KaHala O MULIEHN YCTAaHOBKH, a TaK)Ke CUETUYMK YACTHIL,
KOTOpbIE HE MPOB3aUMOCHWCTBOBAIM C BEIIECTBOM MMILIEHM, PACIIOJIOKEHHBIH MO OCH Iy4Ka
rocje BCeX TPEKOBBIX JETEKTOPOB ycTaHOBKM. OHa mpeAaHa3HadeHa Kak JUIsl BbIPAOOTKH
NEPBUYHOIO TPUITEpa, TaK U JJI ONpEeNeHHs] THUMAa YacTUIBl M €€ KOOPAMHATHl Ha MUIIEHU
YCTaHOBKHM MPU 00pabOTKE JaHHBIX.

B xadecTBe HeTEKTOPOB, BHIPAOATHIBAIOIIMX TPUTTEP, MOTYT OBITH HCIIOJIB30BAaHBI KaK
OTIENbHBbIE CHUHTHUIAIMOHHBIC CUETYMKH, NEPEKPHIBAIONIME ITOJHYIO amlepTypy Iydka, Tak
Y TOJIOCKOITBI CUCTEMbI MEUEHUS TTOJISIPU3AINH ITy4YKa, ONICaHHBIE B pasene 2.2.2.

B cnydae wucronb30BaHHMS IyYKOBBIX CYETYMKOB JIOJDKEH TPUMEHATHCS OBICTpBIi
cuuHTHLIATOp (Hanpumep, Pilot U) ¢ ¢pontom BhicBeumBanus menee 0.5 Hc. B kauectBe
(OTORIEKTPOHHBIX YMHOXKHTENEH JUIsI 3TUX CYETYMKOB MOXKHO Hcmoib3oBate POV XP2020,
uMeroIui nepeaHuii  GppoHT Hapactanus wumnyiabca < 0.5 HC mpu OO0mEH TUTENTFHOCTH
UMITyJIbCa N0 OCHOBaHMIO MeHee 5 He. OmbIT pa®oThl Ha KaHaie 14 MOATBEPKIAET BBICOKYIO
3¢ (HEeKTUBHOCTH BBIPaOOTKH CUTHAJIA COBMNAJACHHUM B TEIECKONE U3 TPEX CUETUMKOB: IIPU 3arpy3Ke
mygkoM B 2:10° gacTuIl B CeKYHIY YHCIIO CIIYYalHBIX COBMaeHUH He mpeBbimaet 3%. Cuérank
HETPOB3aNMOICHCTBOBABIINX YAaCTHI] BKIIFOYACTCS B AHTUCOBIIAJCHUS ISl BBIACTICHUS COOBITHI
C B3aMMOICHCTBUEM MTyYKa B MUILICHH.
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Kpome cuctembl MeueHHs 4acTHll, BO BTOPOM YacTH KaHaya MpEeroaraercsi pa3MecTUTh
IBa 6-METPOBBIX TOPOTOBBIX JIETEKTOpPA YEPEHKOBCKOT'O W3JIYYEHHUS, KOTOpBIE IO3BOJISIOT
UACHTUPUIHMPOBATE YacTUIBl 7- U K-Me30HBI M (aHTH)IPOTOHBI B JMANa30HE HMIIYJIbCOB
10+50 I'B/c. B cnyuyae mpoTtonHOro my4ka ¢ ummyinbcoMm 40+4515B/C atu cuetunku Oymay
paboTaTh Ha BO3ayXe MMPpH aTMOCHEPHOM JABJICHHUH, TOTJA KaK JUIs Iy4Ka ¢ uMIyiascom 15 I'hB/c
(aHTHIIPOTOHBI M TPOTOHBI) MpeANoiaracTcss ucnoiap3osath ppeon R-22 (CHCIF:) Takke mpu
atMocdepHoMm naBienun. CBeT peructpupyercs GoroymHoxureasimu OIY-XP1020.

s onpeneneHuss KOOPAWHAT YaCTHUIIBI HA MUIIEHU MpeJylaraeTcs UCIOIb30BaTh YEThIpe
JIBYXKOOPJIMHATHBIE CTAHIMH IMPOMOPIHOHANBHEIX Kamep WTOD-ITUAD [100] c pasmepamu
qyBCTBUTEIbHON oOmact 200%200 MM? M IIaroM CHTHAJIBHBIX MPOBOJOYEK | MM, HaleXHO
paboratorrie ¢ 3¢ dekTuBHOCTRIO Bhiie 99% mnpu 3arpy3kax go 4-10° gactuir B cekyHAYy.
Kaxnpiit mogyns kamep (Puc. 3.3) Bkiouyaer B ce0si 1B MIOCKOCTH CUTHAJIBHBIX MPOBOJOYEK
(3u 6), HaTAHYTHIX BO B3aUMHO-TICPIICHIUKYJISAPHBIX HAMpPABICHUSIX JUIS  OIpPEICICHUS
OJTHOBPEMEHHO JIBYX KOOPJUHAT.

%
8

1

:,g:
:
%
:
§
:
5

w

6

Puc. 3.3 YerpoiicTBO JBYXKOOPIUHATHBIX MTPOIOPIIMOHATIBHBIX KaMep C marom 1 Mm
(He B MmacmTabe):

3, 6 — ITOCKOCTH CHTHAIILHBIX MTPOBOJIOYCK,

2,4,5, 7 — BBICOKOBOIIBTHBIC JIEKTPOIEI,

1, 8 — maiiiapoBbie OKHA, OTPAaHHYUBAIOIINE TA30BbIH 00BEM.

Huametp npoBosouek 15 MkM. BBICOKOBOJBTHBIE 3JIEKTPOBI 2, 4, 5 U 7 BBINOTHEHBI U3
XoJoHOKaTaHOW Qoasru u3 cruaBa Ab2 TtommmHoN 40 MKM. 3a30p MeXAy CHUTHAJIbHOMN
IJIOCKOCTBIO M BBICOKOBOJBTHBIMU 3JIEKTpPOJaMM cocTaBisieT 3 MM. Bricokoe HampskeHue
IIO/IaeTCsl Ha KaTOJIHBIE IUIOCKOCTH HE3aBUCUMO JUIsl KaXKIO0M IOJOBMHKM KaMepbl. 1'a30BbIi
00beM KaMmepbl — 00Ul Ui 00enx IMOJIOBUHOK M OrpaHMYeH MaiaapoBbIMM OKHamu 1 u 8
tonuHou 50 MxMm. [IponyB kamep ocyliecTBIsSETCS Ta30BOM CMECKIO, cocTostei u3 74.85% Ar,
25% wusobyrana, 0.15% CF3Br. CymmapHblii ra3oBblii 00beM NpPONOPLUOHATIBHBIX Kamep
YCTaHOBKHM HEBEJMK W cocTaBisieT okoso 10 1, Tak 4to mpu pacxone ra3oBoit cmecu 0.2 j1/MuH
BpeMsl MOJATOTOBKM Kamep K pabore coctaBisger 8+10 yacoB, a oaHoro OamnoHa Haubolee
pacxoayemoro raza — aproHa — xBaraeT Ha 30 CyTOK HEMpepbIBHOTO MOAIEPKAHUS YKA3aHHOTO
pexuma.

s peructpanuy CUTHAJIOB cpabaThbIBaHUS MPOBOJIOUEK HCIIONIB3YIOTCS CIIEHUaIbHbIE
IUIaThl DJIEKTPOHUKH, PAaCIOJIOKEHHBIE HEMOCPEACTBEHHO Ha paMKax MOJyJied KaMmep — IO
yeTblpe Ha oAMH Monaynb. Kaxnas muata Biiarodaer B ceba 100 kananoB ycunutenei
U IMCKPUMUHATOPOB, a TaKXKe IU(PPOBYIO YacTh, KOTOpas o0ecreyrBaeT KOJUPOBaHHE HOMEPOB
CpaboTaBIIMX IPOBOJIOYEK, a Takke (OPMHPOBAHWE M TIepeaady IaKeTOB JaHHBIX 10
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unrepdeiicy USB2.0. IIpenycmorpeno taxke dhopmupoBanue ObicTporo curHana «MJIM» Bcex
CpaboTaBIINX KaHAIOB, KOTOPBIA MOXET OBITh MCIIOJIB30BaH Il BRIPAOOTKH TpHUITEpA.

Ha Puc. 3.4 mpuBeneHsl TUINMYHBIE KPUBBIC 3aBUCUMOCTH A(PPEKTUBHOCTH KaMephbl OT
HANpsDKCHUS Ha BBICOKOBOJIBTHOM DJIEKTPOJAE MpPHU pa3IMYHBIX IOpOrax JIUCKPUMHUHAIIHH.
Xapakreproe miaaro cocrasisier 150+200 B, s dexruBHOCTS Ha 11ato — 6osee 99%.

SE -
£100
e} -
s 90
= -
s 80
s Pl:
o 705—
601 ® [lopor 10 mB
= B [lopor 15 mB
505 A [lopor 20 mB
40 ¥ Tlopor 25 mB
301
B oV oo pp P g e pP RN P RY G E PR g gy
20758 289 3 31 32 33

Hanpsixkenue, kB

Puc. 3.4 3aBucumocTs 3¢p(heKTHBHOCTH MPONIOPIIMOHAIEHON KaMephl OT HAIPSDKCHHS
Ha MOTEHINAJIBHBIX INIOCKOCTAX IPHU Pa3IMYHBIX TOPOrax JUCKPUMHUHAIIUN

st Goslee TOYHOTO OMPENCIICHUS KOOPJAMHATHI YaCTUIBI BOJM3U MHIICHH MOKET
WCIIO0JIb30BaThCS CHMHTWIISIIUOHHBIN BOJIOKOHHBIM T'OJOCKOII, COCTOSIIUN U3 JBYX OJAMHAKOBO
YCTPOEHHBIX M PACIIONIOKEHHBIX OJM3KO IPYT K IPYry B3aUMHO MEPIEHIUKYIISIPHBIX TIIOCKOCTEH.
PabGouas oOmacte romockomna cocraBisier 42x42 mm? B KaxIoll M3 IUIOCKOCTEW CLIUHTHII-
nsuonHble BojokHa SCSF-38 ¢upmbr Kuraray nuamerpom 0.5 MM 00pasyroT kaccety u3 96
KOJIOHOK, pacroiokeHHbIX ¢ marom 0.44 MM, kak mokazaHo Ha Puc. 3.5.

(@) (0)

Puc. 3.5 CxemaTrueckoe H300pakeHNE YaCTH CIMHTHIUISIIIMOHHON BOJIOKOHHOM KacCeThl (a)
W PACIIOJIOKEHUE BOJIOKOH Ha (oTokarome 16-anogrHoro @Y Hamamatsu R7600-200-M16 (6)

Kamz[aﬂ KOJIOHKa HMMECT IIATH BOJIOKOH B HAIIPABJICHHU JABUXCHHSA YaCTHI. COC@JIHHe
KOJIOHKH CJIeTKa HEPEKPBIBAIOTCA, TEM CaMbIM YCTPaHAIOTCA ((MépTBI)Ie» 30HbI HCYYBCTBHU-
TEIBHBIX 000JO0YEK BOJOKOH M IOBBIIIACTCS 3(1)(1)CKTI/IBHOCTB perucTpanunu. benas BOJOHO-
AUCHICPCUOHHAsA KpacCKa, HUCIOJIb3yeMad IJid (1)I/II(C21L[I/II/I BOJIOKOH B KacCCCTC, YMCHBLIIACT
pacnnpoCTpaHCHUC COUUHTUIIIIHNUOHHOTO CBETA B IIONICPECYHOM HAIIPABJICHUU.
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s TpaHCTIOPTUPOBKU CIUHTHUISILIMOHHOTO CBeTa K (POTOAETEKTOpPaM HCIHOJb3YIOTCS
BOJIOKHA-CBETOBOJIBI TOTO JK€ JIUAMETPa, MPHUKJICEHHBIC ONTUYECKUM 3IOKCHIHBIM KJIEEeM
K TOpIIaM CUMHTHJUIALIMOHHBIX BOJIOKOH C OJHOH CTOPOHBI KAaCCETHI, HE Hapyllas I'e€OMETPHIO
yknagku. [TpoTHBOMONOXKHAs CTOpPOHA KacCeThl OTHOJIMPOBAHA M COCTHIKOBaHA C 3€PKAIbHOU
MOBEPXHOCTHIO, YTO TO3BOJISIET YBEIUYUTH cBeTocOOp. CBeroBoasl uMmeroT anuHy ~20 oM.
Wx cBOOOHBIE KOHIIBI BKJIEEHBI B OTBEPCTUSl KBAJpaTHBIX IUIACTHH M3 UYEPHOIO IUIACTHKA
rpynnaMu 1o 5 BOJOKOH, COOTBETCTBYIOIIUX OIHOW KOJOHKE KacCeThl, OTIOJIMPOBAHBI
u 3apuxcupoBanbl Ha GorokaTonax 16-aHogHBIX (OTOANEKTPOHHBIX YMHOXUTeded Hamamatsu
R7600-200-M16, kak noka3ano Ha Puc. 3.5 (6). B ka0l mI0CKOCTH HUCIIONB3YETCs MO IIECTh
¢doroymHoxurenei. Tunuuanelii cBeToBbixog — 10+12 poTor/meKTpoHOB Ha KaHal. AHAJIOTOBBIE
CHTHAJIBI C aHOJOB IMpeoOpa3yloTcss B IU(PPOBBIE C MOMOIIBIO JTUCKPUMUHATOPOB C HHU3KUM
noporoM M mapadazHbIMH BbIXogaMu B cranzapre LVDS s mepemaum k cucreme cbopa
JMaHHBIX. J(MCKPUMHUHATOPHI PACHOI0KEHBI B HETIOCPEACTBEHHON OIU30CTH OT (DOTORIEKTPOHHBIX
YMHOXHTEJIEH.

D¢ eKTUBHOCT, PErucTpaluy TOMOCKOIIOM OJMHOYHBIX 4YacTUI[ [0 BCEM KaHajlaM
B cpenHeMm jgocturaet 99% mnpu wmHOkectBenHoctn 1.1 [101]. BpemenuoOe pasperieHue
rogockomna cocraBisier ~0.80 HC. B Hacrosiee BpeMs M3rOTOBJIEH OAMH TOJOCKON pa3MepoM
48x48 MM?, KOTOPBIN UCIIOJIB3YETCS HA KaHale 14 u npejnoiaracTcsl UCMOJIb30BaTh HA KaHaie 24
npu pabore ¢ y3kuMm (1o 5 cm) myukom. Ha Puc. 3.6 mokaszaner (otorpadust BOIOKOHHOTO
rOJIOCKOIIa B 30HE 3KCIIEPUMEHTAIbHON yCTaHOBKHU (CJI€Ba) U €ro 16-KaHaJIbHOTO JUCKPUMMHA-
TOpa C PETYIUPYEMBIM TOPOTOM.

Puc. 3.6 ®oTorpadust BOJIOKOHHOTO FOJIOCKOIA B 30HE KCIIEPUMEHTAIBHON YCTaHOBKH (ClieBa)
1 16-KaHAIBHOTO JUCKPUMUHATOPA C PETYIUPYEMBbIM TOPOTOM (CIIpaBa)

BosokoHHBIN TOmOCKON ycrenmHo oTpadoran B ceance 2018 r. Ha Puc. 3.7 moka3zaHsl
npopunn mydka (CieBa) W 3aBUCUMOCTh dS()PPEKTMBHOCTH BOJOKOHHOTO TOIOCKOMAa OT
KOOPJUHATEHI.

76



Profile for Hodo 4 Plane X

E il

Profile for Hoda 4 Plane Y

-1 >
1645 ~

I I s L T L
6 E] £ C] £ @ £ £l

Puc. 3.7 [Ipodwm myuxa (cneBa) u 3aBUCUMOCTD 3P (HEKTHBHOCTH BOJIOKOHHOTO TOJJOCKOIIA
OT KOOPJAMHATHI (CIIpaBa)

K myukoBoil ammapaType Takke OTHOCUTCSI BETO-CHUCTEMa, KOTOpasl SIBJISIETCS YacTbiO
KOMIIIEKCA  TOTIEPEUHO-TIONSPH30BanHoil Mummenn (cM pasgen 3.3)%. dororpapum Bero-
cucreMsl npejcTasieHsl Ha Puc. 3.8. OHa npezcraBisier co0oil AeTEKTOp 3apsHKEHHBIX YaCTHIL
U Y-KBaHTOB, POKIAIOIIUXCS B MHILEHU B PE3yJbTAaTe€ B3aUMOJICHCTBUS C IPOTOHAMM ITydKa
Y BBUICTAIONIUX U3 HeE moa OOJbIIMMH yriaMd B Ja0OpAaTOPHOM CHUCTEME KOOpPIMHAT
(0.25<60 <7 —0.25), He momamas B OTKPBITHIA TEJCCHBIA YroJ, ONPEICISAEMbIi anepTypoi
9KCIIEPUMEHTAIbHONW YCTaHOBKH.

JIeTeKTOp BETO-CHCTEMBI COCTOMT M3 JBYX OIAMHAKOBBIX MOXYJIEH, KaKIblH U3 KOTOPBIX
IIEPEKPBIBAET a3UMYTAIBHBIA yrosn A¢ = . Monyaun MOryT NepemMeIarbcs B FOpU30HTAIBHON
IUIOCKOCTH B IIPOTHUBOIIOJIOKHBIX HAIPABICHUAX NEPIEHIUKYJIAPHO OCH IIydKa, 4TO IO3BOJSAET
BBIBOJIUTh BETO-CUCTEMY M3 IPOCTPAHCTBA MEXAY IOJIOCAMH MarHuUTa Ha BpeMs HaKaukKu
MOJIIPU3ally MUILIEHU U BO3BpalllaTh €€ B paboyee Mo0KEeHHE MT0C/Ie OKOHYaHUSI HaKauKH.

B pabouem nosaokeHUu CUCTEMbI paCCTOSIHUE OT OCH ITy4yKa JI0 €€ BHYTpEHHEH OBEpXHO-
ctu coctaBisieT 50 MM 1o ropu3oHTanu 1 40 MM 1o BepTHKand. [ peructpanuu 3apsyKeHHBIX
YacTUIl MCIOJIb3YETCsl MEPBbIM CIION NeTEeKTOpa, COCTOSIUN U3 CHUUHTWILISATOpA (TOJIMCTHUPOIT)
tonmuHOW 10 MM. Yerblpe MIaCTHHBI CUMHTWLIATOpPA OKPYXArOT MUIIEHb. J[IMHA IUIACTUH
coctaBisieT 400 Mm. CBeT M3 KaXJIOW IMJIACTUHBI COOMPAETCS CHEKTPOCMEIIAIOUIMMU ONTHYE-
ckuMu BoslokHamu gauamerpoM 1 mMm THma BCF-91AMC, nposioKeHHBIMH B HMMEIOIIUXCS
B IUTAaCTMHAX KaHaBKaxX. IIydyku BOJIOKOH BBIBOAAT cBeT Ha paccrossHue 400 MM 3a rabGapuThl
MarHuTa, MEpHeHAUKYISIPHO K HalpaBJICHHWIO IIyyka, [IJI€ MarHuTHoe Toje cruaboe.
[IpoTrBONOIOKHBIE TOPIIBI BOJOKOH C Ka)/10M MJIacTUHBI cOOpaHbl Ha (poTokaToaaxX ABYX (OTO-
ANIEKTPOHHBIX YMHOXHTened PDY-84-3, curHaibl OT KOTOPBIX HCIOJB3YIOTCS B COBITAJICHHUSIX
JUIS TIOAaBJIeHUs LIyMOB. JlanmbpHeilIas CTpyKTypa BETO-CHUCTEMbl B HAIIPABJICHUSX, MEPIEHIN-
KYJSIPHBIX YUKy, MPeJICTaBlIsieT co0O0i YepeJoBaHNE YEThIPEX CJIOEB CBUHIA TOJIIMHONW 7 MM
Y YETBIPEX CJI0EB CUUHTHUISLIMOHHBIX IUIACTHH TOJIIIMHOM 5 MM cO cOOpPOM CHUTHAJIOB TaKKe
MIOCPEACTBOM CHEKTPOCMELIAIOIINX BOJIOKOH. DTa 4acTh JETEKTOpPA PETUCTPUPYET p-KBAHTHI.

% HpI/I HCIIOJIb30BaHUN )KPI,HKO-BOHOpOHHOfI MUIIICHU MOKET UCIIOJIb30BATLCA ApYyTras BETO-CUCTEMA.
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Puc. 3.8 ®oTorpadus BeTo-CHCTEMBI BOKPYT IMOISAPH30BAHHONW IPOTOHHON MUTIICHU

B kaxmom Mopyne CcHrHal OT J-KBaHTOB peructpupyercs asyms @ODY-84-3
B COBIAJICHUAX. TakuM 00pa3oM, BETO-CHUCTEMA PETUCTPUPYET 3apsHKEHHbIE YACTHIIBI B YETHIPEX,
a HeHTpalbHbIE — B JIByX MHTEPBAJIAX 110 a3UMyTaJbHOMY yriy ¢. CyMMapHas TONIIHA COOPKU
cocraBisier 60 mMm. KonmmuecTBo BemiectBa B cOopke cocraBisier 5Xo. Ha Puc. 3.9 mpencrasnen
AMIUTUTY/IHBIA CIIEKTP CHUTHAJIOB OT KOCMHYECKHX YACTHIl B OJHOM M3 KaHAJIOB PErHCTPALUU
BETO-CUCTEMBI.
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Puc. 3.9 AMIUTUTYIHBIH CIICKTP CUTHAJIOB OT KOCMHYECKUX YACTHII
B OJTHOM M3 KaHAJIOB PErUCTPALIMU BETO-CUCTEMBI

[Ipr u3MepeHus SKCKIFO3UBHBIX peakiuii (cM. pasaen 1.5.2) BeTo-crcTtemMa MOXKET OBITH
UCMOJb30BaHA Il (pOpMUPOBaHMS TpuUrrepa mnepBoro ypoBHs. [lmaHupyercs opraHuzoBaTh
HECKOJIbKO THIIOB TPHUITEPOB UIsi AKCKIFO3WBHBIX TIPONECCOB. [l BBIENEHHS IPOIECCOB,
B KOTOPBIX B KOHEYHOM COCTOSHHM HMMEIOTCS TOJBKO HEHTpalbHBIE YaCTUIBI, B TPHUITEpPE
B QHTHCOBIMAJICHUSIX OYIYyT HCIIONB30BATHCS CUTHAIBI KaK C BETO-CUCTEMBI, TaK M C JOTOJHH-
TEJBHOTO CIMHTWIISIIMOHHOTO CYETYHMKA, PACTIONOXEHHOTO 332 MUIICHBIO M PETUCTPUPYIOIIETO
COOBITHSI, B KOTOPBIX B TEJIECHBINA Yol yCTAHOBKM BBUIETAET XOTS ObI OIHA 3apsKEHHAst YaCTULIA.
JUis  9KCKIIIO3MBHBIX TPOLIECCOB C 3apsDKEHHBIMHM YacTULAMH B KOHEYHOM COCTOSTHHH,
MOMAJIAIOIMMH B TEJECHBI yroil YCTaHOBKH, B TpUITEpe OyIyT HCIOJIB30BaThCS TOJIBKO
CHUTHAJIBI C BETO-CUCTEMBI.
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3.3 Muiuenu

Jnis u3MepeHusi OJHOCIMHOBBIX IIONEPEYHBIX acMMMeTpuil Ay Ha Bojopoae Oyner
MCTOJIb30BaHA JKUKOBOAOPOAHAs MUIlIEeHb. [ n3mepenus Ay Ha siipax OyAyT MCHOJIB30BAHbI
OOBIYHBIC SJICPHBIE MUIIEHU — OT OEpUJUIUS 0 CBHHLA. DTH € MHUIIEHH MOTYT HCIOJB30-
BaThCS I MCCIICAOBAHMS TTOJIIPU3AIMY TUIIEPOHOB U BHICTPOCHHOCTH BEKTOPHBIX ME30HOB.

Bonoponnple  MMIIEHM, KOTOpbIE€  MCIOJB30BAINCH M OyAYT  HCIOJb30BaHbI
B 3KCIIepUMEHTax Ha yckoputesnbHOM komiuiekce HULL «KypuatoBckuii mHctutyt» — MDOBO,
cojiepakar B paboyeil yacTu HeOOJIbIINE KOJIMYECTBA KUAKOro Bogopoaa (110 4 nutpoB). [Toatomy
1e7Ieco00pa3HO MPUMEHSATh HE MHUIICHH KJIACCHYECKOro THIA (C pe3epBHBIM BOJOPOIHBIM 0AKOM
Oonpiioro 00bEMa), a MHUIIEHH C 3aMKHYTBIM BOJIOPOJHBIM IIMKJIOM, YTO 3HAYUTEIBHO
yMEHbIIaeT o0Iiee KOJMYECTBO HCHOJIb3yeMoro Bojopoia. Ilpu »ToM moBbImIaeTcs
0e30macHOCTh paboT, OTmagaeT HEOOXOJUMOCTh BO MHOTHUX JOPOTOCTOSIIIMX CHUCTEMax
BOJIOPOJIHOM 0O€30MaCHOCTH M 3aMETHO YyIpoInaeTcs padora ¢ (U3NYECKOi anmapaTypoil BOKPYT
MulleHu. i OCylecTBICHHUs B MHUILEHH 3aMKHYTOT'O LIMKJIA BOAOPOAA NPUMEHSIOT MEXaHuYe-
CKUIl KpHUOTeHepaTop WM OXXWXKEHHE BOJOpOJa >KUAKUM reinueM. BopoponHele MuIleHH
C )KUJIKMM TeJIMeM XOTS U MEHee SKOHOMUYHBI, HO JIer4e B M3rOTOBJIEHUH, IPOILE U Hal&KHee
B HKCIUTyaTallM, YeM MUILEHU C KpuoreHeparopamu. B 3aBHCHMOCTH OT KOHCTPYKLHMHU B TaKHX
MUIIEHSX JUTSI OKIKEHHUS BOJOPOA MOTYT HCITOJIb30BAThCS TEIUIOTA UCTIAPEHHS! )KUIKOTO TeIus,
XOJIOZ MAPOB TeJUS WX, YTO YKOHOMHUYECKH MPENNOYTHTEIbHEE, H TO U IPYTOE.

B HUIL] «KypuaroBckuit uacTUTYT» — UDPBD paspaborana *HIKOBOIOPOIHAS MUIICHD,
B KOTOPO# OKM)KEHHE BOJOPOJA MPOU3BOAMTCS MOTOKOM KHJIKOTO TEHs C HMCIOJIh30BAHUEM
TEIUIOTHl MCMApPEeHUsl XHUJKOTO Telus M XOoJoJa IMapoB IpPU MUHUMAJIBHOM 4YHCIE CTYyNEHEeH
TEII000MEHa MEXKAY TeIMEM U BOJOPOIOM.

Mumens BkIO4aeT B ceds paboumii 00BbEM, HAaXOIAIIMMHCSA Ha Iy4YyKe YaCTHIL
Y 3aII0JJHEHHBIA JKUJKMM BOJOPOAOM, KOHJEHCATOp, B KOTOPOM OXKHMXKAETCs BOAOPO,
U TpyOOIIPOBOJI KHJIKOTO T'eNUsl, 3aKaHYMBAIOLIUICS CTBIKOBOUHBIM Y3JI0M. DTH YacTH MHILEHH
OKPY’KEHBI TEIUION30JISLUEN U 3aKII0YEHBI B BAKYYMHBIH KOXKYX.

Ha Bpems paboTbl MUIIEHB TNpHCOENUHSETCS K cocyny Jlproapa ¢ JKHIKUM TEIHEM.
broyHass KOHCTpPYKIMsS MMILEHU MO3BOJISIET Oe3 0coObIX MpoOjieM MEHATh KOH(UTypaluio
pabouero o6bEMa MPUMEHUTENBFHO K 3a/1a4aM KOHKPETHOTO (PU3UIECKOTO IKCIIEPUMEHTA.

OcHOBHBIE TapaMeTphl CYIIECTBYIOLIEH MUIICHN:

— Jlnuna paboyero o0bémMa — 500mm, quamerp — 100 mm.

— BpewMs BbIXo/1a MUIIIEHH Ha pabounii pexxuM — 3 4aca.

— Pacxop xxunkoro renus B pabouem pexume — 0.7 j1/4ac.

Hcnonb3oBaHue CHCTEMBI OXJIAXIEHUS HAa OCHOBE JKHUIKOTO TelUsl OINpPaBJaHO eIle
1 HEOOXOJMMOCThI0 00ecreuuTh paboTOCOCOOHOCTh MOJIIPU30BAHHBIX MHUIIEHEH (OMHCAHbI
HIDKE B JTAHHOM pas3jiesie) U CHCTeMbI TOBOpOTa criuHa (paszzen 2.4).

JI1st SKCTIEPUMEHTAIBHOTO U3MepeHHs GakrTopa pa30aBieHUs (3aBUCHT OT THIIA PEaKIIHH,
MHUIICHH M KUHEMAaTHYeCKUX IIEPEMEHHBIX) TpPEeOYIOTCS W3MEpPEHHsT Ha YHCTOM BOJOPOIE,
3aJIUTOM B 000JI0YKY MHIICHU. TpeOyroTcs Takke u3MepeHus cedeHuit Ha serkux sapax (C, Al)
JUIL ydeTa 3aBUCHUMOCTH CEeUeHHMH oO0pa3oBaHMs YacTHIl OT AaTOMHOIO Beca MHIICHU IpH
BBIUUCIIEHUH (paKkTOpa pazOaBiieHus.
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3.3.1 Ionapuzosannas muwiensv 011 U3MePEHUA 0OHOCHUHOBBIX ACUMMEMPUIL
U 0BYXCRUHOBBIX NONEPEUHDBIX ACUMMEMPUTL

Jlns u3MepeHusi OJIHOCIIMHOBBIX MONEPEYHBIX acUMMETpUll Ha KaHaie 14 u JByXCIUHO-
BBIX TIONEPEUHBbIX acUMMETpHil Ayy Ha KaHase 24 TUIaHUPYeTCs UCIIOJIb30BAHUE CYIIECTBYIOLIEH
Ha KaHaje 14 mornepeyHo-mossipu3oBaHHoi Mumienu [51].

[TonspuzoBanHas wmumeHb st dkcrepumernta CIIACYHAPM  sBisiercs MUIIEHBIO
3aMOpPOXKEHHOTO0 Tuma. Takue MHUIIEHW UMEIOT Psii MPEUMYIIECTB IMeped MHUILCHIMHU
C HEIIPEPBIBHON AMHAMUYECKOM HAKAYKOM IOJIApU3ALMU saep. XOTs I HAKA4KH MOJSPU3ALNN
JUT MUIIIEHEH 000MX THUIIOB MCIIOJIB3YIOTCS OOJIBIIINE MAarHUTHBIE TOJIs (B HameM ciydae 2.4 Ti)
C BBICOKOW ojHOpoaHOCTBhIO ToJsi AB/B =~ 10 Bo BcemM paGodeM oObeMEe MHHH, B Cilydae
«3aMOPOKEHHBIX» MUIICHEH JUIsl yIAEp:KaHUs MOJSIPU3AlMH MOXKHO HCIOJIb30BaTh JOCTATOYHO
ciabwie (> 0.25 Tir) monst ¢ HEBBICOKOHW OAHOPOTHOCTHIO (0K0JI0 1%). DTO MO3BOIISIET 0OECTICYHTH
OOJBIION TeNeCHBI yros ycTraHoBkH. OOpaTHON CTOPOHOH Menanw SIBISIETCS HEOOXOIUMOCTH
oOecrieueHHsT CBEPXHU3KOW TeMIIepaTypbl B KPHUOCTATE€ MHUIICHH, YTOOBI BpEMS peIaKCaIliH
MOJIAPU3AIUU JJOCTUTAIO HECKOJbKO coT (1o 2000) wacoB. Pabouee BemieCTBO MHINCHU B BHIE
IIAPUKOB JMAMETpPOM N0 2 MM ¢ Kod(dduimeHToMm 3amonHeHus okoio 60% momemiaercs B
Te(hJIOHOBYIO aMIyy. AMITyJia BCTaBISI€TCS B KPUOCTAT, CIOCOOHBIA 00eCHeUUTh TeMIEpaTypy
HecKobko gecsiTkoB MK B pexume 3amopo3ku. JloCTkeHHWE TakoW HHM3KOM TeMIeparypbl
obecnieunBaercs pactBopeHueM He® B He* mipu mOMOIIM JAOMOTHUTENBbHON OoTKauku. OAHON U3
TPyAHOCTEH pabOThI C TaKOW MHIICHBIO SIBJISIETCS TO, YTO TEJIMM HAXOJUTCS B CBEPXTEKyueM
COCTOSIHMH, TIO9TOMY TpeOyeTcss BbICOUAHIIee KavyecTBO W3TOTOBJICHHS U COOPKH JeTaiieit
KpUOCTaTa.

Jlns Hakauky nossipu3zauuu ucnoib3yercs reneparop IOIIP (Onextponnsiii [lapamerpu-
yeckuii Pesonanc) ¢ wacroroit 70 I'Tnm. BenuuwHa monspu3anud H3MEPSETCS METO0M
SIIEGPHOMArHUTHOTO PE30HAHCA MPH M0JI€ HAKAYKH.

OCHOBHBIE TapAMETPHI ACUCTBYIOIIEH MOISIPU30BAHHON MUILICHHU:

— xumudeckuit coctaB — mpomnananoi (CsHsO:) nimn nenranon (CsH.20);

— mmHa —20 cm, muametp — 20 mwm;

— mnomnsipuzanust — 90% nys mponanuona u 75% A eHTaHoia,

— XUMHUYecKUi (hakTop pazbaBieHUs (OTHOIICHHUE YHCIIa BCEX HYKJIIOHOB K UHCITY

MOJISIPU30BAaHHBIX TPOTOHOB) — 9.5 myst mporananona u 8.4 s MeHTaHona,

— KOJHMYECTBO BellecTBa B MullieHn — 13.2 r/cm?, uto cootBeTcTBYET 15.2% AMUHBI

B3aMMOJENCTBUA 171 MPOTOHOB ¢ dHepruel 60 1B u 10% ansa 77 -Me30H0B ¢ sHEpruei

34 I5B;

— MHUIICHb NMO3BOJISIET UCIIOIB30BATh B KAUECTBE paboyero BEIecTBa Tak:Ke aMMHaK,

JEUTEPHUI U )KUIKUN BOAOPO.

JlanHast MuIIeHb MpolUIa TITyOOKYI0 MOJEPHHU3ALUIO Ji1 paboThl B MAarHUTHOM II0JIE
24 Tn (npum Hakauyke NOJSPU3AIMKM) W yCHelmHo oTpadorama B TecToBoMm ceance 2018 r.
co cpennert mosspusanueit 70%. ®otorpadus mumeHu npencTaBieHa Ha Puc. 3.8 BMecte
C OXpaHHOM cucTemMod BHYTpH MarHuta. HaGop CTaTUCTUKM HpU OJHOM 3HAKE MOJSPHU3ALIU
MPOUCXOIUT OOBIYHO Pa3 3a JBOE CYTOK, BpeMsl HAKauKH IOJIAPU3AIMU 3aHUMAeT HECKOJIbKO
4acoB.
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3.3.2 Macnum cywecmeyrouieii ROIAPUI0BAHHOI MULLEHU

Jns ycremrHod Hakayku (TIOJIy9eHHS TpeOyeMoul MOJspu3alud M0 BceMy OOBeMy
MUIIEHH) HEOO0XOAMMO, YTOOBI OJHOPOAHOCTH MAarHUTHOTO MOJS BHYTpH pabouero oOnema
munienu coctasisia £1.5x107* unu menbiie. s noctukeHus: TpedyeMoi 0JJHOPOIHOCTH OBLI
MIPOBEJICH IMKJI HEOOXOIUMBIX pabOT ¢ MATHUTOM IOJIIPH30BAHHOW MHIIICHH.

Ha Puc. 3.11 u Puc. 3.10npuBenena kapra nojist B MAarHuTe NOJSPU30BAHHON MUILIECHH /10
Hayaja padoT Mo ONTUMH3AIUN MarHUTA ¥ 110 OKOHYaHUH ITUX PaboT.

21-24.03.2016: Before shimming

o WO"

oS

2R R, ) AN
P T JERRRN
s Suee N

g iy AW

5

&

(r=0.9 cm,p,z)/<B> - 1
&

B

TEZR

e

e
W

ST

Puc

. 13

B(r=1.0 cm,p,z)/<B> - 1
H

Puc. 3.11 Pe3ynbraThl H3MEpPEHHUs MOJIsI MATHUTA MOJIIPU30BAHHON MUIIICHU
nocte pabot B Havase 2017 r. (ciieBa) U B HacTosIee BpeMs (CripaBa)
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Eciu mpu mepBbIX H3MEpPEHUSX HEOAHOPOJHOCTh MArHMTHOTO TIOJS COCTaBisIa [0
(4.28+0.08)x10* (mpm MakcumampbHOM pazopoce 2.5x107%), 9TO He MO3BOJIIO HAKAYaTh
MOJISIPU3AIMI0 MHIIEHH BO BCEM OOBEME, TO MO pe3yjibTaTaM MPOBEACHHBIX PabOT yIajaoch
CHHM3HUTb HEOJHOPOIHOCTH moJis 10 (1.2240.07)x10~* (mpu mMakcuManbHOM pazbopoce 7.8x1074).
B pesynprare B mocieqHeM ceaHce Ha MHIICHHM 0€3 yCWIMHA M 32 KOPOTKOE BpeMs YAaloch
MOJIYYUTh nosisipu3anuio Boimie 70% mnpu TEOpeTHUYECKOM MakcuMyMe OKojo 75%, a cpenHss
noJiipu3anus Ipu Habope TaHHBIX cocTaBuia 65%.

CymectBytouuii Maruut JluHo3aBp, KOTOPBINA HCHOB3YETCs AJI MOMEPEeYHO-TOISPU30-
BaHHOW MUIIICHHU, UMEET TEJCCHBINA yroy packpbiTusi +250 Mpaj 1Mo BepTHKAIH, YTO MO3BOJISIET
MPOBOJIUTH U3MEPEHUS B ITUPOKOM KHHEMATUUYECKOM JHAIa30HE.

3.3.3 Cywecmeyrouias nonapuzo6aHHas MUuLeHs 011 UIMEPEHUA 08YXCRUHOBBIX
NPOOOSILHBIX ACUMMEMPUTL

Jlns m3MepeHusi JBYXCIMHOBBIX MPOJOJIBHBIX aCUMMETPUl A | B YCTaHOBKE BO3MOXHO
UCIIOJIb30BAHUE MPOJOJIBHO-TIOSIPU30BaHHON MumeHn. Kpuocrat stoit mumenu [102] Obut
usrorosieH B 1990 roay B pamkax nossipuzanoHHoro skcrepumenta E704 so ®HAJL (CLHA).
On Haxomgurcs B OUSU. ®Pororpadum kommiekca MNPOJOIbHO-TIONSIPU3OBAHHON MUILIEHU
npuseneHbl Ha Puc. 3.12 u Puc. 3.13.

B OMSIM ecte Takke U CBEPXIPOBOJSAIIMN COJEHOMJ, W3TOTOBJIEHHBI IO 00pasiy
(dpaHIry3cKOro cBepxmpoBojsiiero cojeHouaa g mumienn E704. Kpuocrar Bmecte co
CBEpPXIPOBOISIIAM COJCHOUJIOM MOKET OBbITh TpaHcmopTupoBaH B M®PBD u wucmonb30BaH
B akcriepumenTe CITACHAPM Ha xanane 24A.

OTa MULIEHb TAaKXKE 3aMOPOKEHHOIO THUIIA, B KPUOCTAaTE KOTOPOU /ISl MOJIy4E€HUSI HU3KOH
TEMIIEpaTypbl HUCIOJb3YyeTCsl MeTon pacTBopenusi He® B He’. PabGouas temmeparypa mnpu
UCMOJIb30BaHUU JaHHOW MumieHu Obuta 60 MK. OcCHOBHbIE MPUHIMIBI paOOThl MUIIEHU U €€
XapaKTEPUCTHKU COBINAJAIOT C IIONEPEYHO-NONIPU30BAaHHOW MHUIIEHBIO, 3a MCKIIOUEHUEM
HampaBJIeHUs1 MAarHUTHOTO TOJIS.

OcHoBHBIE TapaMeTPHI NOJIAPU3OBAHHON MUILIECHU:

— xuMmudeckuit coctaB — nerranon (CsH:20);

— nnuHa paboyero oovema muteHu coctasisieT 20 cm, a auametp paseH 30 M,

— TOJSPU3ALU MUIIIEHH MOXET JT0CTUTaTh 75%);

— XuMHueckuil (axkTop pazOaBieHHs (OTHOLIEHHE 4YHUCJIa BCEX HYKIOHOB K YHCITY

NOJIIPU30BaHHBIX POTOHOB) — 7.3 J1JIs IEHTAHOJIA.

CBepXnpoBOAAIIMI COJICHOMT MMEET IOJIHYK JJIMHY 86 CM M BHYTPEHHUM IUaMeTp
9.4 cm. B E704 on ucnonb3oBan 1.5 m kuakoro reiaus B yac. MakcuManbHOE TMOJIe TIPU TOKE
185A cocrasmso B E704 6.5 Tn. Onnako B xone HaOopa cratuctuku B E704 maruutHOe momne
coctaBysuio 2.5 Ti, yTo OBUTO JOCTATOYHO ISl HYXK]I SKCcTiepuMenTa. OTHOPOTHOCTh MarHUTHOTO
moyisi BHYTpH pabouero oObeMa wmwuiieHH coctaBisia +5:-107°. TlomHbIH TenecHbI yromn
packpbITus coctaBisul 130 Mpaj MO OTHOWIEHHIO K OCH ITYYKa.
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3.3.4 Hoeaa nonapu3zoeannas Muuiens 0,11 UIMEPEHU NONEPEUHBIX U NPOOOILHBIX
acummempuii

s m3MepeHusi ABYXCIMHOBBIX MPOJOJIBHBIX aCUMMETpHil AL B 3KCHEpPUMEHTaIbHOU
yctanoBke CITACUHAPM manupyercss UCIOIb30BaHUE MPOI0JIBHO-TIOISIPU30BAHHON MHIIICHHU.
JIist 3TOM 1enu Jiydine BCero Co3JaTh HOBYIO MOJIIPU30BAHHYIO MUIIEHb 3aMOPOKEHHOT'O THUIIA
C UCIIOJIb30BAaHUEM PE3yJIbTATOB IOCIEIHUX YCIEIIHBIX pa3padoToK B 3TOW obsacTtu. I'maBHOE
OTJIMYME HOBOM MMILIEHU — 3TO peaju3alis BO3MOXHOCTU MCIOJB30BaHUS XOJIOJHOTO IKpaHa
KpuocTara i OXJaXIEHUs MOJIIPU3YIOLEH M yAEp)KUBAIOIIEH TMOJISPU3ALMI0 KaTyIIEK.
Ha Puc. 3.14 mnokazan mpuMmep KpHOCTaTa IMOJSPU30BAHHOW <«3aMOPOKEHHOW» MHIIEHU CO
CBEPXMPOBOAIIUMHI KaTylIKaMu, pa3padotannusiii B OMSN.

B Takoii KOHCTPYKIIMU OTHaAaeT HeOOXOAUMOCTh BO BHEIIHEM MOJISPU3YIOIIEM MarHure,
U JETEeKTUPYIOIIas CUCTEMa HKCIIEPUMEHTAJIbHOM YCTAaHOBKM MOXET pacloJiaraTbCsi MaKCH-
MajJbHO OJM3KO OT paboyero BemecTBa MHUICHH. bosbiime HapaOOTKM B 3TOM 00JacTh
K HACTOSIIEMY BPEMEHHU €CTh y CICIHAIMCTOB M3 yHHBepcuTeToB bonna u Maitnma [103, 104].
Jlpyroii 0COOEHHOCTBIO TaKOH MHUIICHHU SIBJISETCS BO3MOXKHOCTH CO3JaHHS KaK MPOJOJIBHOM, TaK
Y JIBYX MOMEPEUHBbIX (BEpPTUKAIbHAS U TOPU3OHTAIBHAS ) TOJISIPU3ALIAIA.

Ha »TOM e pucyHke Moka3aHO yCTPOMCTBO /Jisi HAMOTKHM TaKMX KaTylleK, CO3JaHHOE
B yHHBepcuTeTe T. MaiiHn. Hamuume CcoBMECTHBIX — Pa3pabOTOK H  JOJITOBPEMEHHOE
corpyaanuectBo OSSN ¢ 3TuM U ApyrUMH HEMEUKMMHM YHUBEPCUTETAMHM MJAIOT HAICKIY
peanu3oBaTh B MOJIAPU30BAHHOM MUIIEHH 5SKCIEPUMEHTAa MHOTME MPUHUUIIMAIBHO HOBBIE
BO3MOKHOCTH.

Transverse (Saddle coil)

and

Longitudinal (Solenoid)

Internal New Coil with 10 layer (2.5Tesla) in
§ A Mainz mechanical workshop.
Holding Field (1.2K, 0.6T) e S WO

Puc. 3.14 Kpuocrat nossipu3oBanHO# mutiieHn ¢ nossipusytomieii (Saddle coil)
U yIepKuBaromieil mosspusarmio (Solenoid) cBepXmpoBOASIINMHI KATYIIIKAMHA

Eme onxHON mNpuBIIEKaTENIbHOW YEPTOM TaKOM KOHCTPYKLIHH SBISETCS BO3MOXHOCTH
MIOMECTUTh B TOT € KPHOCTaT MOJSIPU30BAHHYI MHUIIeHb-cUuHTIILIATOp — “ACTIVE-
TARGET” [105]. MHuIIEHU-CHMHTHUIATOPB YPE3BBIYAHO TIOJIC3HBI U HM3MEPEHHs psia
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peakuui, Tak Kak IMO3BOJSIOT CYIIECTBEHHO YIYUYIIUTh TOYHOCTb OIpPEAETCHHs] BEPILIHUHBI
B3anMOJIiicTBUs. B HacTosmiee Bpemsi mojo0HAash MHINIEHb ObUIa YCHENIHO paszpaboTaHa
U UCIOJb30BaHA B OJKcllepuMeHTe Ha yckoputene “MAMI C” B MaiiHue c yyactuem
corpynaukoB OUSM. OObMHO OHA YCTAaHABIMBACTCS HAa CHCIHAIBLHOW BCTaBKE-IITAHTE
(Cryostat-Insert, Puc. 3.15 u Puc. 3.16), koTopast BBOAMTCS B KPHOCTAT IPU HEOOXOJUMOCTH.

Mnara gerekTropos
(T=4K)

Puc. 3.15 OcHOBHBIC BHYTPEHHHUE Y3JIBI CO3AaHHOW COBMECTHRIME ycrmsaMu (MaitHi- boHH-
Boxym-OWSIN) MuIIeHN-CIMHTHILISTOpA

‘He-*He-Mixture

Outer Vacuum Seal Inner Vacuum Seal Target Head
Detector Board

020
920

1500 20

Puc. 3.16 Tonsipu3oBanHas MUllieHb-cMHTHILIATOP (MaiiHi)

V3ke ObUT BBITIOJIHEH TIEPBBIA B MUPE YCTEIIHBIA YKCIIEPUMEHT C ATOM aKTUBHOM TOJISIPH-
3oBaHHO# MmumieHbto [106]. E€ Bbicokas 3h(heKTUBHOCTh M HU3KHUII OPOT PETHCTPALIUH MTPOTO-
HOB OTJAa4yl OTKPBIBAIOT HOBBIE BO3MOKHOCTH B HUCCIIEIOBAHUH CIIMHOBOM CTPYKTYpPBHI IPOTOHA U
B TIOJYYEHHUH MOJIEIbHO-HE3aBUCUMBIX JaHHBIX. [lonmspu3anusi NPOTOHOB 3TOH MHIIEHU-
CIMHTHIIISATOPA cocTaBmia ~ 65%, Bpems mojjiepkaHus MOoJsipu3auy npu temmnepatype 45 mK
B MarHUTHOM Tosie 0.4 T — okomo 100 gacoB. Ha mydke mossipu30BaHHBIX MEUYEHBIX (DOTOHOB
yckoputesst MAMI uzmepens! mossipu3aiimoHHbIe HaOt01aeMble B peakiusax GoTOpoKaeHUs 1°-
U 7'-ME30HOB, a TaKXKe AaCHUMMETpHUsl CEYEHHs] KOMITOHOBCKOTO pPacCEsHUs, IO3BOJISIOIIAs
U3BJIEYb MOJIEJIbHO HE3aBUCUMBIE JaHHBIE O CIUHOBOM MOJISIPU3YyEMOCTH IPOTOHA.
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HoBas murienp no3BosisieT JOOUTHCS TakyKe MaKCUMaJIbHOW aBTOMAaTU3allud YCTAaHOBKHU U
JUCTAHIIMOHHOTO KOHTPOJIS OCHOBHBIX IapaMETPOB, UYTO YPE3BBIYAWHO BAXXHO JJISl MOBBILLIECHUS
HAIEKHOCTH U SKOHOMHUYHOCTHU HKCIIEPUMEHTAIBHOM YCTaHOBKH. PabOThI 10 CO3JaHHUIO CHCTEMBI
u3MepeHus nospusanuu mutiean (IMP) moryT ObITh BhITIONIHEHBI crienuanuctamu w3 OVAN u
yHHUBepcuTeTa boxyma, KOTOpble HMEIOT K HAacCTOSALIEMY BPEMEHU MHUPOBBIE pa3padOTKU B ITOU
obmactu [107, 108].

Kpome kpuoctata mNoNsIpU30BaHHON MHILIEHH HEOOXOJUMO C€O3[aTh CHELHAIBHYIO
TFepMETHYHYIO0 HACOCHYIO TpyHmy JUlsl HUpKY/siuuu He’ u otkauku He’, pazpaboTaTh U cO3/1aTh
cootBeTcTByOImMKE cucteMbl SIMP u Hakauku (CBY). [[ns ynpaBiieHusi mpolieccaMu MoOJIspru30-
BaHHOW MMHIIEHHM W KOHTPOJs €€ TmapamMeTpoB HEOOXOAMM JWCTAaHIMOHHBIA  IyJIbT
U CIIeUUAIN3UPOBAHHOE MPOTPAMMHOE 00ECTIEYCHHE JISI BCEX CUCTEM.

B kauectBe pabouero BemiecTBa NpeANoNaraeTcsi UCIOIb30BaTh OyTaHO: KaK MPOTOHHBII
BapHUaHT, TaK U IEHTPOHHBIA — C UCIIOJIb30BAaHUEM B KadeCTBE XUMHUYECKOro paaukaina “Trityl”.
C OyTaHOIOM MOHO OXXUAATh HONy4eHHs MNpelenbHod nomspusauuu: Pp~90%, Py ~80%,
C IOCTaTOYHO OOJBIIUM BPEMEHEM PEJIaKCAIINH MOJIIPU3ALIUY.

[Ipenmonaraerca, 4yTo B paboTax IO CO3JAHUIO MOJIIPU30BAHHONW «3aMOPOKEHHOW
MHUILEHU OCHOBHYIO poiib Oyner urparte rpynmna JISAIT OUSU, umeromast yHUKaIbHBIH OIBIT,
JIOCTHXKEHUs U pa3paboTku B 3toii obnactu (Tadu. 3.1) [109, 110, 108], moaTBepkacHUEM YeMy
CIly’)KaT AEMCTBYIOIME YCTAaHOBKHM mojoOHoro tuna B 'atumue, IlporBuno, Ilpare u Maiinue.
besyciioBHO, moTpeOyeTcsi aKkTUBHOE U MOJHOIIEHHOE yuacTue crnenuanuctoB u3 MOBI, a Takke
MX HEMELKHUX KOJUJIET U3 HayuyHbIX HeHTpoB (Maiinu, boun, boxym).

Tabn. 3.1 [leiicTByromie 1 IIIaHAPyEeMbIe TIOISIPU30BAHHBIC MUIICHH,
co3nannble cotpyanukamu JISIT OUAN

Mecro Iyonnkanuu
PINP, Gatchina JINR Preprints 13-10253, 10-10257, Dubna 1976
Prib Techn.Exp. 2(1978) 32
IHEP, Protvino JINR Preprint 1-80-93, Dubna 1980
Charles Uni., Prague NIM A 345, (1994) 421-428
JINR, Dubna NIM A 372 (1996) 349
Institut fur Kernphisik | Phys. Of Particles and Nuclei (2013) vol. 44, No.6, pp. 964-967
Uni. Mainz
Uni. Bonn Contract 200/1548

3.4 Mar"uuTHblii CieKTpoMeTp

®dusndeckas mporpamma dKcrepuMenTa (pasnen 1) mpeaycMaTpuBaeT perucTpaluio 3apsi-
KEHHBIX YacTHIl M U3MEpPEHHE UX UMIyibca. TpekoBas cucreMa JOJIKHA YIOBJIETBOPATH TPEM
OCHOBHBIM TPeOOBaHUSM:

— HUMETH OONBIION aKCEITAHC;

— TMO3BOJISITh BOCCTaHABJIMBAThH PacIa/ibl THIIEPOHOB,;

— IIpU U3MEPEHUSIX YapMOHUS UMETH paspelieHue Ha yposHe 0.4% npu 10 I'3B.

Hcxons w3 5TuUX YCIOBHUM, Obla MNOArOTOBJIEHAa CXE€Ma, BKIIOYAIOMIAS IIMPOKO-
arnepTypHBIM MarHUT U CUCTEMY TPEKOBBIX JETEKTOPOB.
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3.4.1 Cnexmpomempuueckuii MazHum

CnekrpoMmerpruueckuii MaruuT u3rorosieH B UPBD. OcHOBHOM 0COOCHHOCThIO MarHuTa
ABIIsIeTCS OOJbIIasl anepTypa, MO3BOJIAIONIAS MPOBOAUTH HCCIEAOBAHUS B OOJIBIIOM TEJIECHOM
yriie u, TakuM o00pa3oM, oOecreuuTh OONbIIYI anepTypy SKCIEPUMEHTaJbHOM YCTaHOBKHU
B 11eJIoM. Ameprypa (okHO) MarHuTa umeer pasmepsl 2300x1000 mm?, TonmmHa OOpPaTHOTO
MarHuTONpoBoAa cocrasisier 850 MM, OJHAKO M3-32 HEOIHOPOIHOCTH MOJS peayibHas pabouas
muprHa Maruta coctasisier 1400 mm. [[1s 3KpaHMpPOBKH PAacCESIHHOIO IOJIS YCTAHOBIJIEHBI
MarHuTHble 3KpaHbl TommuHoN 100 MM, pacnosokeHHble Ha pacctosHuM 800 MM OT IieHTpa
MarHuta. OKpaHbl HEMHOI'O YMEHBIIAIOT alepTypy YCTAHOBKHM, OJHAKO, IPAKTUYECKU
He UCKaxaroT akcenranc. dotorpadus cnekTpoMeTpuueckoro MaruuTa rnpusesaeHa Ha Puc. 3.17.

Puc. 3.17 ®ororpadmus ciekrpomerpudeckoro Mmaruura M3 1 Ha xanane 14

Jl1s oLleHKH XapaKTEepUCTUK SKCIEPUMEHTAIbHOW YCTAHOBKH ObUIM MPOBEAECHBI PACUEThI
marauTHOro nons. Ha Puc. 3.18 mokazana Harpy3o4Has KpuBas, T.€. 3aBHCUMOCTb WHIYKIIUH
MarHuTHOTO ITOJII B IIEHTPE MarHuTa OT NMPUJIOKEHHOW HArpy3ku — 3HAY€HUS TOKA B KaXJI0M

BUTKEC.

127

Model M4

Bp [kGs|
[=3

[

0.0 0.5 1.0 1.5 20 25 3.0
I, [kA/turn]

Puc. 3.18 Harpy3ouHast KpuBas JuIsi MOJIENHN CIIEKTPOMETpHYECKOro Maranta M31

B Tabn. 3.2 npuBeneHs! pe3yabTaTbl pacueToB JJs ToKa 2.5 KA/BUTOK (Ipearoaraercs,
9TO OCHOBHBIC (PH3MUECKHE HM3MEpPEHHs OyIyT TPOBOAWUTHCS TPH JaHHOM 3HAYCHUU IIOJIA);
3HaUEHUS KOOPIUHAT JIaHbl B MIJUTUMETPAX, HHTETpalibHOE TIose — B T M.
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Tab6mn. 3.2 UurerpanpHoe moiie B Maruute npu Toke 1=2.5 kA/BuTtok

.. X
Y - 0 175 350 525 700

0 1.47493 | 1.40385 | 1.19856 | 0.89180 | 0.57204
100 | 1.49826 | 1.42978 | 1.22662 | 0.91376 | 0.58583
200 | 1.56563 | 1.50726 | 1.31544 | 0.98377 | 0.62758
300 | 1.67228 | 1.63846 | 1.48690 | 1.11726 | 0.69716
400 |1.80469 | 1.81748 | 1.80361 | 1.34885 | 0.79707

Ha Puc. 3.19 u Puc. 3.20 noka3zansl rpaduyeckue npeacTaBieHusi JaHHBIX PacueToOB IS
Tpex 3HA4CHHM TOKA.

WHrerpan monsg B 1eHTpe MarHuTa cocTaBUT 1.5 Ti'M, OgHAKO IOJE€ HEOJHOPOIHO.
Bo Bpems ucciienoBanuii Ha kaHaie 14 mosie MarHuta OyneT HibKe (ONpeaesseTcss MOIIHOCTHIO
HMCTOYHHUKA).

M4: 1=1.5 kA/urn M4: 1=2.0 kA/turn M4: 1=2.5 kA/um

=7
b 5
K/ s

| AR
NS

N N~

X, [em] X, [cm] X, [em]

Puc. 3.19 M30auH1K HHTETPaIBLHOTO MOJIS B YeTBEPTOi YacTH padoueii obnactu 700x500 Mm2.
1=1.5,2.0u2.5 kA/BuToK

Puc. 3.20 UnrerpasnbHoe nosie kak GyHKIUs nornepeuHbix koopaunHar (X,Y) B pabodeii odnactu.
1=1.5,2.0u2.5 kA/BuToK

B pamkax moxarotoBku ¢usndeckoro obopymoanus misi dkcrepumenta CITACHAPM
HEO0OXOMUMO TIPOBECTH H3MEpEeHHe Tomorpaduu MAarHUTHOTO TIOJIA IIHPOKO-aepTypPHOTO
CHEeKTpoMeTpudeckoro Marauta M31. DTo mimaHupyercs caenarth HpH MOMOIIM CHCTEMBI Ha
OCHOBE JaTdyukoB Xoiia ¢ TodHOCThI0 0.1%. Texuudeckue crenupuKaud Ha TMOATOTOBKY
CUCTEMBI ISl TPOBEACHHSI U3MEPEHHI CIICAYIOUE: mar u3MepeHus mo ocsim X, Y, Z B paboueM
oobeme ¢ pazmepamu 2000%1000x7000 mm cocrasnsier 40 mm. Ha Puc. 3.21 mokaszana cuctema
M3MEpPEHUs] MAarHUTHOTO TI0JIsl, CMOHTHUPOBaHHAasi Ha CHEKTPOMETPUYECKOM MarHure.

Jns oTBona Tera, BbIAEISEMOro NpU paboTe MarHuTa, 4epe3 oOMOTKY MpPOKAauYUBaETCS
obOecconeHHast xojoaHas Boja moj naBieHueM 11 armocdep. [lanHas cuctema HE TpeOyeT
CEpbe3HOM JOTMOIHUTENBHON MPopaboTKU. B TO ke BpeMmsl, mpH CO3AaHUM YCTAaHOBKH Ha KaHAalle
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24A nns OCTYKEHHSI HOMMHAIBHBIX 3HAYCHUH MarHUTHOTO TIOJIST HEOOXOMM CIEIIUaTU3UPOBaH -
HBIM UCTOYHUK TOKA.

. 2 1 E
7 - 4
e === /[ .
o~ — L

Puc. 3.21 Cucrema m3mepeHust MAarHUTHOTO TIOJIA,
CMOHTHUpPOBAaHHAaA Ha CIEKTPOMETPUICCKOM MAarHuTe

3.4.2 Tpekosaa cucmema

TpeKOBI)Ie ACTCKTOPHBI OKCIICPUMEHTA AOJIKHBI UMCTb MHUHUMAJIIbHOC KOJIMYCCTBO BCIIC-
CTBa U XOpollee KOOPANHATHOE pa3pelieHre. Manoe KoJM4ecTBO BellecTBa TpeOyeTcs, Ipexie
BCCTO, IIpHU HUCCIICAOBAHUN YapMOHMHA. B stux HCCIICAOBAHUAX IIPECAIIOJIaracTtcsa MCIIOJIb30BATh
JeTeKTOpbl Ha ocHOBe ['a3oBoro snektpoHHoro ycwieHus (I'DY, GEM) u craniuu 1eTeKTOpPOB
Ha OCHOBE TOHKOCTEHHBIX TpyOok. B Tabmn. 3.3 mpuBeAeHbI CIHCOK, TOJI0XKEHHE™ U pa3Mepbl
TPEKOBBIX JIETEKTOPOB; XHUPHBIM MIPUPTOM OTMEYEHBI JETEKTOPHI, KOTOPHIE MpEANOaraeTcs
UCIOJIb30BaTh MPU HCCIEAOBAHUN YapMOHHUSA. BBHIOOP ITHUX AETEKTOPOB OMPEAENSeTCS JTYUIINM
KOOPJIUHATHBIM Pa3pelICHHEM.

Tab6mn. 3.3 Cnucok 1 XapaKTepUCTUKU TPEKOBBIX JIETEKTOPOB.
JKupHbM mpudTOM OTMEYEHBI AETEKTOPBI, KOTOPBIE IPEAIONAraeTCs HCI0Ib30BaTh IPH UCCIEI0BAHUH YaPMOHHS;
* 3Be3/I0YKOM OTMEUYCHBI JIETEKTOPhI Ha KaHaie 14, mporecTupoBanubie B ceancax 18 u '19 rr.

IIar npoBoJiok

Nms Paccrosinue Komno3unus (1mameTp TPyOOK) Pa3mep kamepsnt, | Yuciao
JAeTeKTopa ot Muienu [m] Kamep [mMMm] Y[em] xX[em] Kaunanosn
GEM1 0.35" X,Y crpun 0.4 20 x 20 1000
PC1* 0.55 X, Y 1 20 x 20 400
pPC2* 0.63 XY 1 20 x 20 400
PC3* 0.71 X, Y 1 20 x 20 400
GEM2 0.85 XY ctpun 0.4 30 x 30 1500
DT1* 1.00 UV XY 15 32 x 32 384
DT2* 1.67 XY, UV 30 72 x 96 336
DC1 3,00 X 17 80 x 120 140
DT3* 5.29 X,Y,U 30 120 x 168 432
DC2 5.70 X,Y,U\V 17 160 x 240 560
DT4* 8.07 X,Y,U 30 192 x 240 672
DT5* 9.77 X,Y,U 30 192 x 240 672

¥ Tonoxenne JIETEKTOPOB TPEACTABICHO TNPH HCCICIOBAHUU OJHOCITHMHOBBIX ACUMMETPHH C HCIIOJIb30BAHUEM
BOJIOPOJIHOM WJIM SJIEPHBIX MULIEHEMH.
® Hauano JIeTeKTOopa.
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Hroro kanamos: 2500 ALIT mist GEM-gerektopos, 2496 BIIIT ans kamep Ha OCHOBE
npeidoBbIx Tpyook 1 1200 perucTpoB 11t IPOMOPLUOHATIBHBIX KaMep.

KoopaunatHoe paspemieHre IBYX JETEKTOPOB, HEOOXOAUMBIX J0 CIEKTPOMETPUUYECKOTO
MarfHMTa, JOJDKHO cocTaBisaTh 60+70 Mukpon. TakumMu XapaKTepUCTHKAMHU OOJadar0T
GEM-pnerextopst (Gas Electron Multiplier) ¢ BpemenubsiM paspemenuem 10 ne. Ilnmanupyercs
UCIIOJIb30BaTh JIBYXIUIOCKOCTHBIC JETEKTOPBI C TpeMsi CTeneHsMu ycuwieHus (triple-GEM).
TpexoBasi cuctema BkiItodaeT JBa jaerekropa tuna GEM, pacmnonoXeHHBIX Kak MOXHO OIuxe
k muieHu. [lerexktopel GEM urparoT BakHYIO pOJib B BEPLUIMHHOM JETEKTOPE, HEOOXOAUMOM
JUTSL perucTpanuu pe3oHancos U runeponoB. GEM1 nomken umets pazmep 20x20 cm?, GEM2 —
30x30cm?.

B U®BDS ocBoeHa TexHOJIOTHsS M3roToBiieHUs aeTektopoB GEM u3 marepuasioB, moaro-
taBnuBaeMbix B IIEPH. Cosnmanel aBa mpororuna GEM-perektopa pasmepamu 10x10 cm?
(cm. Puc. 3.22). TlpoBenenbl wucnbiTaHus 3Tux mnpoTtotunoB. Jlerektoper GEM  mmerot
IIPOCTPAHCTBEHHOE pa3peleHre okoyo 70 MUKpoOH M paboTaroT mpu 3arpyskax g0 10° mm2 ¢,
TO €CThb B MHTEHCUBHBIX Nyukax. CaMu JETEKTOPHl MOJIHOCTHIO YJOBIETBOPSIOT TPeOOBAHUAM
JKCIIEPUMEHTA.

[To pe3ynpTataM HccieqoBaHUN XapaKTepUCTUK MPOTOTUNIOB DY npusHaHO 1ienecoo0-
pasHBIM CO3/aHUE JBYX JEeTeKTOpoB. Ilpenmonmaraercs, 4to pa3paboTKa W HW3TOTOBIICHHE
HaJIETEKTOPHOM JIEKTPOHUKHU Oy/eT BbinosHeno B MUDU unu OUAN.

Puc. 3.22 ®ororpaduu nsyx npororunos GEM nerektopoB

Mexny nsyms aerektopamu GEM1 u GEM2 pacnonoxeHbl TpH NpONOPLUOHATIbHBIE
kamepbl PC1-PC3 ¢ mpoctpancTBeHHbIM paspemieHrneM 300 MUKpOH. DTH KaMepbl paboTaroT
3G GEKTUBHO B IyYKaX YaCTHI] C MHTEHCUBHOCTHIO /10 4-10° yacTuil B cekyHay. Takue ke KaMepbl
MPE/INOJIaracTCs UCIO0Ib30BaTh B KAUECTBE MMyYKOBBIX JETEKTOPOB (cM. paszaen 3.1).

3a nmerekropom GEM2 pacronoxena npeiidoBas cranuus DTI1, cocrosmias w3 ABYX
JIBYCJIOMHBIX Kamep ¢ nuameTpoM Tpyoku 15 mm [111] u paboueit obmacteio 48x48 cm? OnHa u3
ATHX Kamep MoBepHyTa Ha yroji 45° orHocurTenbHO BepTHKanu. Kaxmprit cioit (X u Y) coctout
U3 TpeX psAIoB JAper(OBBIX TPYOOK, CKIEEHHBIX MEXIY cO000#; cpeqHUil psJ CABUHYT Ha
MOJIIIIara OTHOCUTENbHO KpaiHux. TpyOku “mioTHO” ymakoBaHbl B 3 cios (Tak ke Kak WU
B «OOJBIINX» KaMepax); B KaXKJIOM cjoe 1o 16 TpyOoK, paccTOsIHHE MEXY JTHOOBIMH COCETHUMHU
CUTHAJIbHBIMU TIpoBOJiokamMu — 15.5 mm (Puc. 3.23, nesas manenn). Illar mexay TpyOkamu
COCTaBJIIET 15.5 MM; 3TO paccTOSIHME OIpENeNAeTCs] TOYHBIMU IOBEPXHOCTSIMH TOPILEBBIX
JIeMEHTOB. JlJI1 MOAKIIOUEHHs BBICOKOTO HANpSDKEHUS M YCUIMTENEH MCIIOJIb30BaHbl IIAThI
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MMaCCUBHOM JJIEKTPOHUKH OT Kamep u3 30-mMm TpyOok (Puc. 3.23, mpaBasi maHenb), cOeUHEHNE
TPY6OK C IIaTaM# BBITIOJTHCHO ITIPH TOMOIIA IMTPOBOAHHUKOB.

15.5

15.5

40.3

® - MeCTO CKJICHKH

Puc. 3.23 Cxema pacriosoxxeHus: TpyOoK (J1eBasi maHeJb)
u doro kameps! DT1 nepen ycTraHOBKOW Ha IITaTHOE MeCTO (TIpaBasi MaHeb)

KonunuectBo T B ciioe kpaTtHO 8, 4TO OMpeAeNseTcss MOIYJIbHOCTbIO 3JIEKTPOHUKH. DTH
KaMepbl HMEIOT HEYYBCTBUTENIbHYIO 30HY pasmepoM 3x3cm? u pabotaroT 3>PPeKTUBHO
B UHTEHCUBHBIX ITyYKaxX 4acTHLl.

B nacrosiee BpeMsi kamepa MOATOTOBJIEHA U CMOHTHUPOBAaHA B 30HE SKCIIEPUMEHTAIbHOM
ycraHoBkd. Ha Puc. 3.24 npuBefieHbl CUETHbIE XapaKTEPUCTHKH KaMepbl — OHH IOKa3bIBAIOT
XOPOIIYI0 pabOTOCIIOCOOHOCTH KaMEPHI.

L e m— LI S — — 20 — T — T T
i‘ T ! T 'I\l E T T
w L 4 P B et He s S -
vy = o r ]
10 ; 2 g g 16:— ............................................ 3
r B £ 14r
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Voltage, kV VOItageFowef suply gauge’

Puc. 3.24 CuerHble XapaKTEpPUCTUKHU BCeX TPYOOK (ciieBa)
U yCpeHEHHAs XapaKTepPUCTHKA BCel KaMephl (Crpasa)

Cranmus DT2 cocTouT W3 IBYX OJIMHAKOBBIX KaMep, OJHA W3 KOTOPBIX MOBEpHYTa Ha
yron 15" OTHOCHTENBbHO BepTHKATH. ITH KaMephl, KAk M Bce OcTambHble Kamepsl DT 3a maruu-
TOM, W3TOTOBJICHBI M3 MailapoBbIX ApeiigoBeix TpyOook ¢ muamerpom 30 mm [112]. Kaxnmas
KaMepa COCTOUT M3 TPeX PAAOB JApei(OBBIX TPYOOK, CKIEEHHBIX MEXIY COOOH; CpeqHHM psil
C/IBUHYT Ha IOJIIIara OTHOCUTEIbHO KpPaifHUX.

TexHONOTHsI U3rOTOBJIEHUS JTaHHBIX Kamep Oblia cozgana B MPBDI, nmomydeH mateHT Ha
noiesnyro mozaenb [113]. Cranumm napeiidoBeix Tpyook DT2-DT5 yxke H3roTroBieHsI
1 cMOHTHpOBaHbI Ha KaHaie 14 (Puc. 3.25). Kamepsr Ha ocHOBe ApeiioBhIX TpyOOK paboTarOT Ha
cTaHIapTHOU Ta3oBoi cMecu 93% Ar, 7% CO..

HpeiidoBbie KaMepbl YCTAHOBKHA MMEIOT Ta30BbI 00beM okosio 650 1. Jlns mpuBeneHus
Kamep B pabouee COCTOSTHUE TpeOyeTCsl pacxo/1 ra30BOM CMECH OKOJIO 5 JI/MUH B T€UEHUE CYTOK.
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Puc. 3.25 YerBepras ctannms kamep Ha pabodeM MeCTe ¢ YyCTAaHOBJICHHBIM IIepel HeW TPUTTEPHBIM
CUCTYHMKOM Ha B3aMMOJICHCTBHE; ClIpaBa — TPEThs CTaHIH,
PAacIoIOXKeHHas cpa3y MOCIe MarHuTa.

lar mexay Tpyokamu coctapisier 30.035 mm (onpenensercs rpe0eHKaMu Ha TPAHUTHOM
CTOJIE NP CKJIeliKke Kamepbl). KoimdecTBo TpyOOK B ClI0€ KPAaTHO 8, YTO ONMPEICISCTCS MOTYJIb-
HOCTBIO DJICKTPOHMKH. B 1eHTpe 3T KaMepbl HMEKT 30HY HEUYBCTBUTEIIBHOCTH ITy4YKa
1 paboTarT 3PEeKTUBHO B MHTEHCUBHBIX mydkax yacTuil. Ctanmuu DT3-DT5 pacnonoxxeHs 3a
MarHuTOM U M3MEPSIOT KOOPAMHATHI (BOCCTAHABIMBAIOT TPEKH) YaCTHUI[ B TPEX IJIOCKOCTAX —
B X,Y,U. Kamepa U noBepHyTa Ha 15" oTHOCHTEIBHO Beptukanu. Ilpumepsl pacnpeneneHuit
cpaboTtaBuux IpeioBbIX TPYOOK Ha Mydke mokazansl Ha Puc. 3.26.

hFtsProf_S1_Chi_L1
Entries 47443
Mean 16.43
RMS 7.203

Puc. 3.26 [Ipodnnm mydka B IBYX CTAaHIHAX Iperd(OBBIX TPYOOK
(CKpHUHIIIOT ITPOrpaMMBbl OHJIAHH-00pa0OTKU JaHHBIX)

Ha Puc. 3.27 noka3zano paspemenue kamep (P2 = 143 Mkm), 4TO COOTBETCTBYET TpeOOBa-
HUSIM KCIIEPUMEHTA 10 TOYHOCTH.

hres
Entries 12809
B Mean -0.01344
RMS 0.2141
x2 I ndf 105734
p0 1323119.8
1000 pi 0.0009992 + 0.0018702

p2 0.1425 + 0.0021
p3 186.3+ 7.1
pd -0.05752 + 0.00678
p5 0.35 + 0.00

500

L P L
0 2 ] [] 1

Residuals, mm

Puc. 3.27 Pa3HOCTh MEXy BOCCTAHOBJIICHHON KOOPIMHATON TPEKa
Y KOOPJIUHATOW B JAHHOW MOIUIOCKOCTH
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Eme omHuMu TpeKOBBIMH JETeKTOpaMH CTaHYT aAperidosbie kamepbl [TNAD-UTOO.
[TonpoOHoe omucanue 3tux kamep mnpuBeaeHo B padore [100]. M3 BO3MOXKHBIX KOHCTPYKIUI
TaHHBIX JApei(oBBIX Kamep Obli1a BBIOpaHa Ta, KoTopasi 00ecreunBaeT MUHUMAIIbHOE KOJINYECTBO
BEIIECTBA Ha IYTH PErHCTPUPYEMBIX MPOIYKTOB PEAaKIMU — MPOBOJIOYHAs JpeiidoBas Kamepa
C TEeKCaroHaJbHOU CTPYKTYpoi. KoHdurypamnus mouru npaBMIbHBIX MIECTUTPAHHBIX Ipei(hOBBIX
siueek wumoctpupyercs Puc. 3.28.

1

17

HowWN

[e) 4,

10 -
11

12

Puc. 3.28 Yacts nepnoqudeckoil CTpyKTYpbl IIPOBOJIOYHBIX ApeidoBbix kamep DIIEKYP
(1e B MacmTabe):
2,3,4,6,7,9,10, 11 — nmockoCcTH NOTEHIMATBHBIX TIPOBOJIOYCK,
5, 8 — IIOCKOCTH CUTHAJIBHBIX MTPOBOJIOYEK,
1, 12 — maiinapoBble OKHA, OTPaHUYHBAIOIINE Ta30BBI 00bEM

OTKpBITBIMH KPYXKXKaMU H300pa’keHbl MMOTEHIMAIbHbIE POBOJIOYKH AuaMeTpoM 100 MKM.
ITpoBonouku B cnosix 3, 4, 6, 7, 9, 10 HaxoaATCA MO BEICOKUM MOJIOKHUTEIBHBIM MTOTEHIIUAIOM,
o0pa3yss MOYTH UWIMHAPUYECKH CHUMMETpUYHOE JApeiloBoe TMosie BOKPYT 3a3eMJIEHHBIX
CUTHAJIBHBIX MPOBOJOYEK (M300pakeHbl YEPHBIMU TOYKaMH B ciosX 5 u 8). J[mamerp curHaib-
HBIX IpoBoJIoYeKk — 25 MKM. [loTeHlmanbHble MI0CKOCTH 2 U 11 MMEroT HyneBOH MOTeHIHAa
Y CITy)KaT JUIsl CHMMETPHU3alliU TIOJIS s9eeK ¢ BHEUTHEW CTOPOHHI. [lefcTBUTENBHO, MO OTHOIIE-
HUIO K BepxHeMy (TI0 PHUCYHKY) Sy SYeeK, MPOBOJIOYKH IIIOCKOCTH 2 33Jaf0T TIOYTH TaKYIO e
KOHQHUTypaluio IOTEHIMala, KaK ¥ CUTHaJIbHBIE MPOBOJMOYKK TutockocTu 8. Ilar sgeex
CTpykTypbl — 17 MM. CaBHT sideeK B JBYX CHUTHAJBHBIX IUIOCKOCTSIX Ha TMOJIOBHHY IIara
1o3BoJsieT 3()(PEeKTUBHO ONpeensiTh, C KaKOH CTOPOHBI OT CHUTHAJIBHOW NMPOBOJIOYKH IMPOIIEN
TPEK PErucTpUpPyeMOil YaCTHILIBI.

['a30BbIil 00bEM KaMep orpaHudeH MaitnapoBbiMu okHamu | u 12 (Puc. 3.28) c repme-
TU3alMed 1Mo amroMUHMEBOM pame. PabGouas rasoBas cmech coaepxxuT 70% Ar u 30% CO..
[IpenycmoTpeHa BO3MOXKHOCTh ToamemuBanus 10 3% ¢peona-14 (CFi) ans  ouunmieHus
AJIEMEHTOB BHYTPEHHETO 00beMa.

Ha Puc. 3.28 npuBenena 3aBUCHMOCTh 3()()EKTUBHOCTH KaMephl OT BBICOKOTO HaIpspKe-
HUS, MMOJIaHHOTO Ha IOTEHIMAbHBIE TPOBOJOYKH TE€KCArOHAJTBbHONH CTPYKTYPHI, JJISI Ta30BOM
cmecu 65% Ar u 35% CO.. U3 pucyHka BUIHO, YTO B Juamna3oHe pabounx moporos 15+20 mB
mpurHa mwiato dddexkruBHocTH coctaBiseT 200+300 B. Ilpu npoxyse kamepsl paboueii ra3oBoit
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CMECBIO HANPSKEHMsI, NIPU KOTOPBIX JOCTUTAETCS Takas ke I(PPEKTUBHOCTb, YMEHbBIIAIOTCS
npubnusurensHo Ha 50 B.

Puc. 3.29 mnoka3spiBaeT 3aBHCHMOCTh KOOPJMHATHOW TOYHOCTH APEH(OBBIX Kamep OT
TaHreHca yria HakioHa Tpeka. Ilpm pabGouem Hanpsbkenun 3.2 kB HeompeneneHHOCTh
BOCCTAHOBJIEHUS] KOOpJAMHAT cocCTaBiseT npubnusutenpbHo 200 MKM Uil HEpHIEHIUKYISAPHBIX
TpekoB. Ee yBennmuenue 10 350 MKM 1J1s1 TPEKOB, HaKJIOHEHHBIX Ha 17°, BIOJIHE yJIOBIETBOPSET

TpeOOBAHUSIM.
= r
5100 2500
G r s [
2 g0 i ik
5 S0¢ 5 400F
E E g F
N .
s [ E
™ 70 Mopor 15 mB C
. m [Topor 20 mB 200 e U=32«B
60— A [lopor 30 mB - m U=31«B
50:_ v [lopor 50 mB 1000 A U=3.0«B
4:..wu\|J||||w|‘|w1ww|w|;|\|||‘\|‘ :IIIIIAIIIIIIIIIIIIIIIIAIIIII]I
2.7 2.8 29 3 3.1 3.2 3.3 00 0.05 0.1 0.15 0.2 0.25 0.3
Hanpsixenne, kB tga
Puc. 3.29 3aBucumocts 3¢hexTuBHOCTH Puc. 3.30 3aBuCHMOCTB TOUHOCTH ApeH(HOBBIX
JpeiidoBoit KaMmephl OT MUTAIOIIETO HAMPSKEHUS Kamep OT TaHTeHca yIila HaKJIOHA TPeKa MpH
OPH PA3INYHBIX TOPOrax AUCKPHMHHAIINH Pa3IHYHBIX HAIPSDKCHUSX Ha TOTEHIUAIBHBIX

TIPOBOJIOYKAX M (PUKCHPOBAaHHOM IIOpOTE
JUCKPUMHUHAIIN. YTOJ OTCYUTBHIBAETCS OT
HOPMAaJIX K IFIOCKOCTH KaMephl B TUNIOCKOCTH,
HEepIEeHIUKYIIPHON HApaBIEHUIO IPOBOJIOYEK.

3.5 DJIeKTPOMArHUTHBINA KAJOpPUMeETP

OIHUM KX OCHOBHBIX JIETEKTOPOB YCTAHOBKH SIBJIIETCS JIEKTPOMArHUTHBIN KalOpUMETP
(BMK), M3rOTOBICHHBIA MO TEXHOJIOTHH «IIAIUIBIK» C TOHKOW CerMeHTaIueld W o0Jaaaroniuit
BBICOKHM pa3zpernieHueM u 3 (HeKTUBHOCTHI0. TeXHOIOTHs U3rOTOBICHUS AETEKTOPa MOIHOCTHIO
oTpabortana npu noarotoBke skcrnepumenta [TAHJIA. 3a ocHOBY OyayT B34Tbl pe3yJbTaThl,
MOJIyYeHHBIE TIPU TOATOTOBKE TMpoekTa llepenHero »aeKTpOMarHUTHOTO KaJlopuMeTpa THIa
mranuisik [114].

Mopayns mnepeaHero 3JIeKTPOMAarHUTHOTO KaJOpUMETpa HWMEET COHJBHY-CTPYKTYpY.
B kaxaoMm monyne «manuisika» Haxoautes 380 ¢10eB CBUHIIOBOTO MOTIOTHTENS ToauuHou 300
MUKPOH Y CHUHTWUIATOpa TonmmHouW 1.5 mm. IlonmHas nnwHa aKTUBHOM 30HBI  MOIYJS
cocrapisier 700 MM, win 20 paaMallMOHHBIX JJUH. YeThIpe sUeUKH KaIOpUMETpa MEXAHUYECKHU
00BEIMHEHBI B OJJMH MOAYJb. UepTerk MOAYIsI KallopuMeTpa npezactasieH Ha Puc. 3.31.

Perucrpanus cBera B «IALLIBIKE» OCYIIECTBIISECTCS YEPE3 CIEKTPOCMENIAIOIINE ONTHYE-
CKH€ BOJIOKHA, MPOXOIAIINE Yepe3 SUCHKY KaJopuMeTpa U Tepearlnne cBeT Ha GOTOAETEKTOD
Ha Topiie. [ImacTUHBI CIMHTIILIATOPA UMEIOT Ha0Op OTBEPCTHH IS MPOTATHBAHUS ONTHYECKUX
BOJIOKOH W MHHBI JUIsI TOYHOTO TO3UIIMOHHPOBAHUS IUIACTHH OTHOCHUTEIBHO JApPYr Jpyra.
[Tonepeunspie pa3mMepsl MOAYISI, COCTOSIIIIETO W3 YETHIPEX ONTHYECKH HM30JMPOBAHHBIX KaHAJIOB
— 110%110 mm? (Puc. 3.32).
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40 (1.5+0.3)x380=6R4 72 S0 207
796

1033

Puc. 3.31 Yeprex cynepMoaylis Kalopumerpa

Puc. 3.32 YacTh MOIyJIsl KAIOPUMETpPA B pa3pese

Becw nerexrop Oyner cocrosts u3 40 ctpok u 60 cronduos (220x330 cm?), T.e. B o0miei
cnoxHocTH u3 2400 siueex, mnn 600 moaynei.

Mopynu KalopuMmeTpa TIOJTHOCTBIO HM3TOTABIHMBAIOTCSA HA YyYacTKEe CIHUHTHIUIATOPOB
HN®BD, oT nuThs MO JaBJICHHWEM IUIACTUH CHUHTHILIIATOPA 0 COOPKM MOAYNS M TIOJHPOBKH
My4YKa ONTHYECKUX BOJIOKOH.

Perucrpanms cBera Oymer ocymiectBisiThess POY Xamamamy R7899. Ha Puc. 3.33
MOKa3aHa JIMHEHHOCTh PErucTpaldy CBETOBOTO CUTHANA, MOJIyYEHHAs C MOMOIIbIO CUTHAJIA OT
CBETO/IMO/IOB.
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PMT LED signal

100006,00 Y =946.95x +2

= ' R?=0,999
b= 1000600
g /
[==1 1 mo‘ﬁﬁ
B

100 00
:‘E‘ / -
= 1666
9 '___’_

T T 1,99 T 1
0,001 0,01 0,1 1 10 100
light filter transpamcy [%]

Puc. 3.33 [IpoBepka muHEHHOCTH (POTOYMHOKHUTEIS

Kak mokasaiau nmpoBeIeHHbIC Ha My4YKe TECThI MPOTOTHUIIA, 32 CYET TOHKOW CErMEHTALUU
JHEPreTUYECKOEC pa3pelICHHE KaJIOpUMETpa COOTBETCTBYET TpPEOOBAaHUSM K JICTEKTOPY
u coctaBisieT 3%/VE, 4TO TO3BOJUT OBECIEUUTh HAIEKHOE (B COBOKYITHOCTH C MarHHTHBIM
CIIEKTPOMETPOM U aJPOHHBIM KAJIOPUMETPOM) pa3jeeHre JIEKTPOHOB U aapoHoB. Ha Puc. 3.34
MOKa3aHbl PE3YJbTaThl U3MEPEHHs YHEPIETHUCCKOTO Pa3pelIeHUs] MPOTOTHIIA SJICKTPOMArHUT-
HOTO KayiopumeTpa. Pesymbrar peructpauumn 7z°-Me30Ha NPH HHU3KUX DSHEPIUSIX IMOKa3aH
Ha Puc. 3.35.

[}] 100
_ 4 200 Entries 1350
Xndi 2565 ] 5 e
m L P1 3151+ 0.4289 175 "Y/nal 3291 7 3
& P2 1.374 % 0.1147 Constant 173.9
Meon 0.1323
150 Sigmo  0.1251€-01
3 125
100
75
2 . 1 S
, R 50
| 1
25
T 0 et
0 5 10 15 20 0 0.1 0.2 0.3 0.4 0.5 0.6
E [GeV] M, [GeV/c?]
Puc. 3.34 PesynbraThl H3MeEpeHUs Puc. 3.35 MaccoBslii crieKTp 7°-ME30HOB C dHEpruei
npoToTHIa Kanopumerpa B UGB ot | 10 2 I'sB (metexTop pacmosaraics Ha pacCTOSHUH

1.5 M ot MuIeHN)

CTabuIbHOCTh SHEPreTHUECKOM MIKabl KaJOPUMETPAa MOXKET KOHTPOJIUPOBATHCS MOHU-
TOPHOW CHUCTEMOM Ha OCHOBE cBeTOAM0A0B Ha ypoBHe 0.1%. byner ucnonb3oBathcs KanuOpoBKa
AeTeKTopa in-Situ, B TOM 4YHClIe Ha MIOOHAX, WACHTHOUIMPYEMBIX MIOOHHBIM JETEKTOPOM.
HauanbHas xanuOpoBKa W OTUMM3AlMs SHEPreTHMYECKON MIKANbl KaXI0M SYeHKH KalopumeTpa
OyzeT MpOBOAUTHCS Ha aTMOC(HEPHBIX MIOOHAX U BBIBEJICHHOM 3JIEKTPOHHOM ITyUKe.

3.6 AIpoHHBI KaJT0pUMeETP

3a JIeKTPOMAarHUTHBIM KaJOPUMETPOM IMPEATNONAraeTcsl pacoI0kKUTh aPOHHBIN KaJlopu-
meTp (AK), HeoOXoauMblii [1st BBIpaOOTKM TPHUITEpa Ha apOHbBI C OONBIIUMH X, a TAKXKe JJIs
paszieneHus: IEKTPOHOB, aJipOHOB U MIOOHOB (TP COBMECTHOM HCHOJIb30BAaHMHM C MarHUTHBIM
cnekrpomeTpoM, DMK u MiooHHbIM netekTopoM). Emie onHa BakHas (yHKUIHS aJpOHHOTO
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KaJOpUMETpa CBsI3aHa ¢ WACHTU(UKAIIMEH U U3MEPEHHEM YHEPTUU HEUTPOHOB, aHTHHEHTPOHOB U
K°_-Me30HOB.

Monynb amponHoro kanopumerpa (Puc. 3.36) mpeacraiser coOOW CaHABHY CBHHEII-
CIMHTHJUISTOP, OTHOIICHHWE TOJIIMH KOTOPbIX 4:1 ObUIO BBIOPAHO HCXOA W3 YCIOBHIA
KOMIICHCAI[MHU; TOJIIMHA JCTEKTOpa COCTAaBJsAET 6.5 sICpHBIX JIMH, MOMEPEYHBIC Pa3MEphl
monyist 100100 mm?; A 120 oM; Bec 120 K.

Puc. 3.36 Cxemarndeckoe n300paxeHHe MOIYJIS aAPOHHOTO KAJIOpUMeTpa:
1 — CUMHTWUISILIMOHHBIE TUIACTUHBI; 2 — CBHHIOBBIN MTOTJIOTUTEIb;
3 — cnekrpocmectutenb (WLS); 4 — bhoToyMHOKUTEND

[TogpoGHOE omucaHue KajgopuMeTpa mnpuseaeHo B padore [115]. TommmHa macCHBHOIO
ciosg paBHa 16 MM, TommuHa CUMHTHILIATOpPA 4 MMm. Kommencanus e/h =1 gocturaercss mnpu
HEeOOJIBIIIOM BPEMEHU MHTErpUpoBaHus curHaia (mopsiaka 50 He) ¢ kanopumerpa M3mepeHHas
C IOMOINBI0  PaAMOAKTUBHOIO HCTOYHMKA HEOJHOPOJHOCTb IUIACTUHBI HAa MOMEHT
M3roToByeHUs Obla He Xyxke £2%. [ KOHTPOJs aJfpOHHOTO KaJOpPUMETpa HCIOIb3YIOTCS
paauoaKTUBHbIE HICTOYHUKU Ha OCHOBe PU?*®*, BHEJpeHHbIE B HEOPTAHUYECKUN CIIUHTUILIATOP
YAIO3:Ce. CBeTOBOil HMCTOYHHMK KpPEHMHUTCS HEMOCPEICTBEHHO HA CBETOYYBCTBHTEIbHYIO
MOBEPXHOCTh oTonpueMHuKa — oTtoymHoxkuTeneir @OV 84-3.

CursHansl OT CBETOBBIX HCTOYHHUKOB PETUCTPUPYIOTCS MEXy LUKIaMU yckoputens. Tpur-
repoM CIYXKHUT CyMMa CUTHAJIOB CO BCEX MOJYyJEN (MCIIONb3YIOTCS BBIXO/bI C MOCIEIHUX TUHOI0B
®32Y). Kpome 3TOr0, apOoHHBIA KaJOPUMETP HMEET OOIIYyI0 CHUCTEMY MOHMTOPHUPOBAHMS Ha
CBETO/IMO/IaX, CBET OT KOTOPBIX Pa3BOJUTCS BOJOKOHHBIMU CBETOBOJIAMU Ha KaXKIbI MOTYIb.

PaspenreHne KazopuMerpa cocraBisieT 57%/VE; orHomenue curtana e/p = 1.010.03.

B Hacrosimee BpeMs uMmeercsa Okojao 256 momyned aapoHHOro kamopumerpa. s
skcniepuMenTa HeoOxoaumo 400 wmoxynell. BhemHue rabGaputThl KalopuMeETpa COCTaBST
250x190 cm?.

[Ipeamonaraercss MOJEpHU3AIUS AJPOHHBIX MOIYIE€d Ha OCHOBE COBPEMEHHOMU
TEXHOJIOTHM CBETOCOOpa MpH MOMOIIM ONTHYECKHX BOJIOKOH. DTO IO3BOJUT Ha TMOPSIOK
YBEJIMYUTh KOJMUYECTBO COOMPAEMOro CBETa, YAYYIIUTh pPa3pelieHue U TOPOr PErucTpaluu
a/IpOHOB KaJIOPUMETPOM.
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3.7 Cucrema uaeHTH(PUKAIUN BTOPUYHBIX YaCTHIL

OcHoBHbIe 3312yl cucTembl naeHTu(ukanuu ycranosku CITACHAPM:

— wuAeHTH(UKANNA 3apsHKCHHBIX aApoHOB (M- ¥ K-Me30HOB W TPOTOHOB) Oyaer
OCYILECTBIIATHCS JETEKTOPAMH KOJIell YEPEeHKOBCKOTO M3IIydyeHHs (B Juama3oHe OT 2
no 12-15 I'sB) u aerekropom Bpemenu mpodieta (1o 2 I'3B);

— UJAEHTU(UKALUA JIEKTPOHOB OYAET OCYLIECTBIATHCS C IOMOILBIO aPOHHOTO
KaJOpUMeTpa (B COUYETAHUU C 3JIEKTPOMArHUTHBIM);

— UJAeHTU(UKALKA MIOOHOB OyJET BBIIOIHATHCA MIOOHHBIM JIE€TEKTOPOM.

3.7.1 Jlemexmop Koney uepeHKOBCKO20 U3IyUeHUA

Jannsiii getekTop OyIeT OCHOBHBIM [ETEKTOPOM ISl pasjeieHus 7- U K-Me30HOB.
3a OCHOBY mpejiaraeTcs B3sATh JACTEKTOp, pa3pabarbiBaeMblii iis skcniepumenta [TAHJIA, Tak
KaK JMana3oH SHEPTUil perucTPUPYEMBIX YacTHIl TPUMEPHO coBmaaaet (10 12+15 I'B).

B kaudectBe nmetexTopa mpeiaraeTcs GOKYCHUPYIOIIHMA JTETEKTOP HA OCHOBE HECKOJIbKUX
CJIOEB adporelis. DTOT METO/ ObLIT BIIEpBBIC MpeiokeH B cepenune 90-x romos [116]. [Tpuaiun
(boKycupoBaHHMS W TPUHIMIHAIBHAS CXeMa JeTeKTopa mokasansl Ha Puc. 3.37. B merexrope
MpEeJUIaraeTcsi HCIOJIb30BaTh HECKOJIBKO CIIOEB ad’poresis ¢ pasdudHbM  Kod(dduuueHToM
IIPEIOMIICHUS.

mirrors

Puc. 3.37 Ilpunnun goxycrupoBaHus (ClIeBa) U MPUHIMITAAIBEHAS cXeMa
JETEeKTOpa Ha OCHOBE a3pOres

[Tpemnaraemelii AETEKTOp TOJKEH pa3aeisath 7- U K-me3oHbl mo0 sHeprum 10+12 I'HB
¢ appexTuBHOCTHIO, OmI3Kor kK 100% (cm. Puc. 3.38).

o

095

wK separation, ¢

i 3 Particle
095 ®n
0.94F /K

093

F 0.9/

] 1 ] ] L Y, FPPPTPPERT FRPPUTRTRT PPV PRPPL FOTOL TOTRL PRPOT POPR
r. 7 8 9 10 11 2 3 4 5 6 7 8§ 90 10 I

P, GeV/e P, GeV/c

Puc. 3.38 MogennpoBaHue pasjienieHnsi Me30HOB 1 3()(hEeKTUBHOCTH UX PErUCTPALIUH
st nerexkropa ITAHIIA
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3.7.2  JlemeKkmopusl MHOXMCECMEEHHOCMU U 8PeMeHU RPolema

JleTekTop MHOXECTBEHHOCTH M BPEMEHHU MpOoJIeTa COCTOUT U3 TPeX rofockonoB. Bpems-
MpOJIETHAsE CHUCTEMa OYEeHb Ba)KHA JUISI UACHTU(DUKAIMM MEJICHHBIX YacTHI — TMPOAYKTOB
pacmazia pe30HaHCOB, Pa3JeTAIIINXCS MOCIe MarHuTa Mmoj OOJIbIIUMH yIJIaMH K OCH CIEKTPO-
Merpa (B ameprype 400x300 mpan?). Ha Puc. 3.39 moxkaszanbl pe3yiabTaThl MOJCIUPOBAHUS
9YBCTBUTEIHHOCTH UACHTU(UKAIIMH YACTHII OT Pa3pelICHUs JETEKTOPOB.

OHU COCTOAT U3 CIMHTHUIAIIMOHHBIX BEPTUKAIBHBIX IMOJIOC IUPHHON 5 CM Kaxkaas w3
cuuHTHIUIsITopa BC408, uyTo mo3Bonser aoctuub paspenieHust 150 mkc B LIEHTpe CUETYMKA.
[lepBble ABa TOAOCKOINA HYKHBI, MPEXKIE BCETO, KaK JETEKTOPHl MHOKECTBEHHOCTHU. [ oockon
H1 wmeer Tommmay miactuH mo nydyky 1 cm. [numHa monoc cuuHTWUIIATOpa paBHa S50 cM.
I'ogockon H2 pacnosnokeH mocie CIeKTPOMETPUYECKOTO MAarHUTa M UMEET CUETUYMKU JTMHOM
100 cm u o61mmM gnciiom 46 mT., 9TO 0OecTeunBacT eMy padouyro obmacts 1x2.3 M2
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Puc. 3.39 Pacnipenenenue mo kBaapary maccel M2 (I'5B/C?) B 3aBHCHMOCTH OT MMITYJIbCA YACTHIIBI
IIPU PACCTOSHUH 7.6 M OT MUIIEHU

'omockon H3, pacnosokeHHBIN Mepesn 3JIEKTPOMArHUTHBIM KaJOPUMETPOM, JOJIKEH
uMeTh Tonmuny maactud 30 MM (wu 20 MMm) mpu ux obiiem konuwdectBe S0 mIT., mpu pazMepe
paboueil obmactu 1.8%2.5 M? U paccTosHUM A0 LeHTpa MuIIeHH okosio 12 M. Ero mpeamonara-
eTcs WCIOJb30BaTh JUIs MAECHTH(QHKAIMK YacTUI[ O BPEMEHM IpOJeTa, U OH JIOJDKEH MMETh
HaWTy4lliee pa3pelieHne 1Mo KBaJapaTy MacChl 3apspKEHHOW YaCTHIIBI, TIOCKOJBKY 0asza mpoiieTra
1T HETO MaKCUMaJTbHa.

3.7.3 Muwonnwtit 0emexmop

MIOOHHBIH AETEKTOp MpeAHAa3HA4YeH JUIsl PETUCTpAlMM W HUACHTU(UKAUH OJUHOYHBIX
MIOOHOB M MIOOHHBIX MMap, 0Opa3yroIIUXCsl MPU pacihaje BEKTOPHBIX Me30HOB (p’ w, ¢, J/y).
JlaHHBIH 1€TEeKTOp SABJISAETCS HEOOXOIMMBIM NP HCCIEI0BAaHUN COCTOSHUN YaApPMOHUS.
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Jlis uaeHTuuKauy MIOOHOB MTPeIona-
raeTcsi MHCIOJIb30BaTh YacTh CYLIECTBYIOLIETO
MIOOHHOTI'O CIIEKTpOMETpPa Heiirpunnoro
Herextopa UOBI-OUAN. M1ooHHBI neTeKTop

COCTOHT U3 6 TOPOUAAIBHBIX JUCKOB TUAMETPOM
4 M u TOMMUHON 22 ¢M KakIplii. BHemHwuii Bug
nucka mokazaH Ha Puc. 3.40. Jluck cocrouT u3
JIBYX TOJIYKOJICI, UIMEET LIEHTPAIIbHOE OTBEPCTUE
nuamerpoM 36 cM. Bcero wmcmoinb3yercs IIECTb

410 cm

CTaJIbHBIX HOI‘J’IOTHTCJ’IG?I, KOTOPBIC O6’b€[[I/IHCHbI

MOTIApHO M 00Pa3yIOT TPH OIMHAKOBBIX OJIOKA.

ITocme kaxmoro OJ10Ka pacmojraracTcAd

cranuusi nperdoBeix TpyOok. Pasmep kaxmoii

CTaHIIMU — 3 M II0 TOPH3OHTAIM U 2.4 M IO Putc. 3.40 Brewuit B MarmuTa
Beprukaiu. OCHOBHbBIE JIEMEHTHI CTAHIMH — MArHUTHOTO CTIEKTPOMETPa
AIIOMHHHUEBBIC pei(OBbIe TPYOKH THAMETPOM yﬂ‘g%g?é‘;;{%?m“““ﬁ Herexrop
30 mm [117]. Kaxmas kamepa COCTOMT HX TPeX
CJIOEB; BCE CJIOU M BCE KaMEPhI OIMHAKOBBIC.

Bwmecte ¢ aIpoHHBIM KaJOPUMETPOM MIOOHHBIA JETEKTOP OOCCIICUYMBACT HEOOXOAMMOE

pasaciicCHuEe MIOOHOB U aIPOHOB.

3.8 Tpurrep, cucrema c60pa JaHHBIX U PerHCTPUPYIOIIAS YJIEKTPOHUKA

3.8.1 Tpuezep

B nactosmee Bpems B 3xkcniepuMente CITACYHAPM Ha xanane 14 OCHOBHBIM TPUITEPOM
SBIIETCS TPUTTEDP Ha B3aMMOJEHCTBHE, KOTOPBIA (OPMHUPYETCS U3 CUTHAJIOB C IyYKOBOTO
teneckona (S1-S3) B aHTHCOBHAACHWH C CUTHAIOM cyertdnka BK OT my4koBOW YacTHIIbI,
IpoIIe e Yepe3 MUIIEHb He POB3anMoieiicTBoBaB (cM. Puc. 3.41).

e EMC

Puc. 3.41 Cxema Tpurrepa ycTaHOBKH

B Hactosimee Bpemst cucrema cbopa naHHbix CITACHAPM peann3oBaHa Ha OCHOBE
MonyJsel 31eKTpoHUKH B cra”aapre EBpoMHMCC u mo3BoasieT perucTpupoBarb 10 75 ThICSIY
coOBITHH 3a cOpoc ¢ pacTskkod 3 cekyHAbl. [Ipy BepOATHOCTH B3aMMOJEHCTBHS ¢ MMILIEHbBIO
B 10% 5T0 mo3BoysieT paboTaTh ¢ MHTEHCHUBHOCTBIO Mydka a0 750 ThICSY yYacTHil 3a cOpoc
C MakCUMaJIbHOM 3¢ (EeKTUBHOCTBIO perucrpanuu. HTEHCHUBHOCTh ITyyka OTpHUIATEIbHBIX
gactull Ha kaHaie 14 cocrasisier 600+700 ThIcsTy YacTUI] 3a UK ycKOpHTens. Takum o0pa3om,
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Ha riepBoM dtare padoTsl 3kcnepumenTa CITACHAPM moryT peructpupoBaThCs MPaKTHISCKU
Bce coObITHA. J[aHHBIN TpuUrrep Takke MO3BOJSAET 0e3 MOIU(PHUKAIMU CUCTEMbI cOOpa JaHHBIX
TIOJTHOCTBIO [PHHAMATE BCE COOBITHS IPU paGoTe ¢ IMyYKOM MONSPH30BAHHBIX AHTHIPOTOHOB .
ITpu BeimosnHeHun vactu nporpammel CITACHAPM c¢ nonsipu3oBaHHBIM NPOTOHHBIM ITYYKOM,
MHTCHCUBHOCTh KOTOPOTO MOKeT aocTturath 107 3a cOpoc, MpeaycMOTPEHO HCIOJIb30BAHUE
JIOTIOJIHUTEIBHOTO TpUrrepa ¢ 0ojiee BHICOKUM KO3((UIMEHTOM MOAaBlIeHUs. AJIbTepHATUBON
SBJIACTCS 3aMEHa PETUCTPUPYIOLIEH JJIeKTPOHUKH Ha Oojiee  BBICOKOCKOPOCTHYIO —
C MOCJeI0BaTeIbHBIMU TUTA0UTHBIMU TMHAMH.

[Tpu pabote Ha kaHane 24 C MYYKOM IMOJISIPU30BAHHBIX MIPOTOHOB 0XKUJACTCSI UHTEHCUB-
HOocTh 10 107 wacTui 3a IUKI YCKOpI/ITeJISI42. B »TOM cnydae KOIMYECTBO B3aUMOAECHCTBHIA
C JKU/IKOBOJIOPO/IHOM M MOJISIPU30BaHHON MUIIEHSIMHU OyneT gocturaTh 10° 3a UK yCKOpUTEIs,
a pu paboTe ¢ AAepHBIMU MHUILICHSIMH MOKET MPEBBIIIATH JAHHOE 3HAYCHUE B MOJITOpa-IBa pasa.
YroObl HCTIOIB30BaTh MYYOK C BHICOKOW MHTEHCHBHOCTBIO MPEATOIAaraeTcsi padora B pa3InyHbIX
mozax™.

[Ipenmonaraemble MOJBI PaOOTHI:

— Jlnsa uccnenoBaHusl CIUHOBBIX 3(()EKTOB B pOXKIEHUU KBApKOHUS, TNIe HEOOXOIrMa
MaKCHMaJIbHO BO3MOXKHAsI MHTEHCUBHOCTD Iy4YKa, IMPEIoaraeTcsl UCIoJIb30BaTh TPUITEP HA
JIBa MIOOHA.

— Jlns uccnenoBaHusl MHKIIO3UBHBIX peakLUUi YacTHULl, paclaJalolinxcs Ha JIBE 3apsHKeH-
HbIE, IPEANOIaraeTcsi MCIOJb30BaTh TOJOCKONBI MHOXKECTBEHHOCTH. ODTH XK€ JETEKTOPbI
MPEANOaraeTcsi MCIOJb30BaTh MpPH HEOOXOJWMOCTH BBIJACIUTH COOBITHS € OOJIBIION
MHO>KE€CTBEHHOCTBIO.

— UYtoObl BBIOpaTh (00OTaTUTH COOBITHA) C OONBIIUMU HMIYJIbCaMH (B TOM YHCIE
MOTIEPEUYHBIMHU) TaKXKe MPEOoIaraeTcsi UCIOJIb30BaTh I0JIOCKOMNBl MHOXKECTBEHHOCTH H/WIN
IPONOPLUMOHATIbHBIE KaMepbl. i BblAETIeHHUS COOBITHH ¢ TpeOyeMbIMH KHHEMaTHYECKUMHU
napamMeTpamMM MOT'YT HCIOJIb30BaThbCsl MPOTrPaMMHUpPYEMbIe JIOTHYECKHE MAaTPHIIBI Ha OCHOBE

GPU (rpaduueckue mpoieccopsl).

Tpu mnepeuyucieHHBIX BbIIIE MOJBI Pa0OTBl MOTYT OBITH JIOTIOJIHEHHUEM TpUITEpa Ha
B3aMMOJICHiCTBHE, TOTJa KakK NpU MCCIECJOBAHUU YINPYTUX peakuuil (M Npu HU3MEpPEeHUuHu
MOJISIPU3ALIMU Ha OCHOBE YIIPYTHX peakiiii) HeOOXOIUM OTIENbHBIN JTOMOIHUTENBHBIA TPUTTEP.
DTO CBSI3aHO C TEM, YTO pacCesHHasl YaCcTHUIlA BbIJIETAET MO MaJbIMHU yIJIaMH, U UCIOJIb30BAHUE
TpHUITEpa Ha B3aUMOJICHCTBHE HEBO3MOXKHO. KMHemaTwka W ammapaTypa OIMCaHBI B pasJele
noisipumetpun (2.3.1, 2.3.1.4). Tpurrep Ha ympyroe paccesHue IOJDKeH OyaeT oToOpaTh
COOBITHS C KOPPEISIUSAMH IO YIITy BbUIETa PACCESTHHON YacTHIBI M YacTUIBl oTaadu. OOiee
YUCJIO YOPYTHUX COOBITUM 3a IUKI YCKOPUTENs COCTaBUT mpumepHo 10° coOwITHif, HO camu
TOZIOCKOIIBI JOJDKHBI paboTaTh MpU HHTEHCUBHOCTHU A0 107 yacTuil 3a MK yckopurtens. Tak kak
JIETeKTOp JUIs YIOPYroro paccesHHUs NpeACTaBiIseT co00M HabOp CHMHTUTHIUIALHMOHHBIX
JIETEKTOPOB CO CUMTHIBaHWEM Ha ocHoBe SiPM, TexHojorus BbIOOpa TpHUITepa MOXKET OBITh
MOCTPOEHA aHAJIOTHYHO CUCTEMe MeueHHs nyuka (2.2.2).

! TIpu 5TOM JIONIYIIEHBI [BA TIPETIONOKEHH)S, YTO TPUITEP HA THIT IydKOBOI YACTHIIBI IO3BONIAET PaboTaTh ¢ 00Imei
MHTEHCUBHOCTBIO My4YKa /10 2+10° 4acTHIY/IIMKII, ¥ 9TO My4OK aHTHIIPOTOHOB HE ONTHMHU3UPOBAH MO/l MAKCUMAIbHYIO
UHTEHCUBHOCTb.

“2 JlaHHAS MHTEHCHBHOCTh OrPAHMYMBACTCS TPEOOBAHMSAME PATHALHOHHON GE30MaCHOCTH K KaHALY.

“3 Jlo co3manus GBICTPOIT HIEKTPOHUKH.
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3.8.2 Cucmema coopa oannvix

Ha ycTanoBke co3maHa ceTeBas cuctemMa cOopa JaHHBIX C COBPEMEHHOW CTPYKTYpPOM Ha
OCHOBE YHHBEPCAJIbHOW JIOKATbHON BHIYMCIUTEIBHON CETH U KOMITBIOTEPOB OOIIEro Ha3HAYCHUS
(Puc. 3.42). Ta sxe ceThb HUCHONB3YETCS IS KOHOUTYPUPOBAHUS U MOHUTOPUPOBAHHUS DIICKTPO-
HUKH, YTO YIPOILNAET YIpaBJICHWE YCTAaHOBKOW M 3aKJIaJbIBaeT MPAKTUYECKU HEOrPaHWYCHHBIN
MOTEHIMA MOJIEPHU3ALIUU JIF000H U3 €€ yacTeil He3aBUCUMO OT APYTHUX.

éPerMchmpyromaﬂ 3NEKTPOHUKA BA~=. veaneHHoro DAQ
KOHTpONA
JNoruvka Tpurrepa 10G
O6paboTtka

K OHNawH
AI0PUMETP Cetb Ethernet ( )
: Dpeigossie kamepsl | | EM-5
i Mponopuy1oHankHbie
i Kamepbl |

lozocKonbI, BETO, EM-5 ONEKTPOHHbIH

NY4YKOBbl€ MOHHUTOPbI ;I )KypHaJ'I

oL VPN

CuHxpoHu13auua
c Y-70

JexypHbIi
CMEHb!

BkcnepT

=55

Puc. 3.42 Cetp cucTeMbl cOOpa JaHHBIX YCTAHOBKH

Cucrema cOopa JaHHBIX HE MMEET IMPUBSI3KU K TPUITEPY, MOITOMY MOXKET HCIIOJIb30-
BaTbCs OJHOBPEMEHHO B JIBYX PEXHMMAaxX: TPUITEPHOM (IUIsI OCHOBHBIX JETEKTOPOB YCTAHOBKH)
1 OecTpUITEpHOM (UIsI TOJOCKONOB CHCTeMbl MeueHus). [lo Mepe coBeplieHCTBOBaHUS
PETUCTPUPYIOIIEH JIEKTPOHUKY MPUHIMITUAIBLHO BO3MOXKEH IEPEBOJI BCE YCTAaHOBKH Ha paboTy
B OECTpUTTEPHOM peXHUME. DTO MO3BOJISIET pa3MelaTh PErUCTPUPYIOLIYIO SJIEKTPOHUKY OJMKE K
3JIEMEHTaM YCTaHOBKM, MCIIOJIb30BaTh €IUHYI0 CeTh s cOopa JaHHBIX, YIPaBICHUS
Y KOHTPOJISL, a B JaJbHEUIIEM JaeT BO3MOXHOCTb JIETKO MOJEPHU3UPOBATh CUCTEMY, KOMOMHU-
pys B €IUHON CETH JIEKTPOHUKY Pa3INYHBIX IPOU3BOINUTENIEH.

[Tepenaronumu  y3mamMu ceTH cOOpa JAaHHBIX MOTYT ObITh JIOOBIE PErHCTPHUPYIOLIHE
MOJIYJIM WJIM KOHIIEHTpaTophl NaHHbIX ¢ Ethernet-unrepdeiicom. [{s GONBIIMHCTBA TETEKTOPOB
y3JlaMH SIBJISIFOTCSl MHTEIUIEKTyallbHble KOHTpoulepbl EM-5 [118] kop3uH ¢ perucrpupyroiei
anektponukoir  “EBpoMHUCC” [119], HO mo Mepe COBEpUIICHCTBOBAaHHSA U OOHOBIICHUS
ANIEKTPOHUKU MU MOTYT CTaTh KakK perucrpupyromme moxynu ¢ Ethernet-matepdeiicom, Tak
U crelu(pUIHbIe ISl OTACTBHBIX JETEKTOPOB KOHIEHTPATOPHI JTaHHBIX.

[IpunuMmaromumii y3en ceTu NpeAcTaBiIsieT coOOi cepBep, MOJKIIOYEHHBIH K CETEBOMY
kommyTaropy depe3 Ethernet-mopt 10 I'6ut/c. Ilpn He06X0AUMOCTH, KOJIMYECTBO Y3JIOB IpUeMa
MOXET OBITh YBEIMYEHO, B TOM YHCIE I HUCIOJb30BAaHUS PA3IMUYHBIX CXEM TOpsIuero
pe3epBUPOBaHUS (APXUTEKTYPOI CUCTEMbI KOJIMYECTBO Y3JI0B IIpHeMa HE OTPAHUYEHO).

Jns mepenaun maHHBIX UCHONB3yeTcs craHaapTHbIM mpotokon TCP. Ha kaxnom ysie
neperayd 3alylleHa MporpaMMa, KOTopas aBTOHOMHO TMepedaer cojepxumoe Oydepa
C HAKOIJIEHHBIMU JTaHHBIMU Ha Yy3en mnpuema. lcnonap3oBaHue TpPaHCIOPTHOTO CETEBOIO
MIPOTOKOJIa CO BCTPOEHHBIM aJTOPUTMOM IPEAOTBPAILEHUsI MEPErpy30K MO3BOJIUIO OTKA3aThCs
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OT TPAaJUIIMOHHOIN CXEMbl MOCIEA0BATEIHHOIO BHIUNTHIBAHUS JAHHBIX U3 KOHTPOJUIEPOB KOP3UH
c anekTpoHukor (pull): KOHTpOJTIEPHI OTHPABNISIOT JAaHHBIE B XPaHWIHILE CaAMOCTOSTEILHO
U TapajuieabHo ApyYr Apyry (push).

[Ipu monydenwn push-3ampoca OT y3i1a mepenadd, Ha Yy3Jie MpueMa 3alyCcKaeTcs
OTJIEBHBIN MPOIIECC, BBHIMTOIHSIIOMNN 3aUCh HAKOIUICHHON 3a cOpPOC MOPIHMH JAHHBIX C 3TOTO
y3na B (paitn B pacnpeneneHHON WM JIOKaJIbHOW (aitioBoii cucteme. COBpEeMEHHBIC JKECTKHE
JUCKH JIOCTATOYHO IPOM3BOAMTENBbHBI JJIS 3alUCH Bce ucxomHou (“‘ceipoir’”) mHbopmaiuu,
nocrymnarmoueid ot peructpupytomeit smektpoHuku ycraHoBku CITACUAPM. Tak, maccus
u3 yetbipex SATA-nuckoB obecrnieunBaer ckopocTh 3anucu 250 Mbaiit/c, 4To Ha aBa mopsaka
MIPEBOCXOIUT OKUJAEMBIN MOTOK AaHHBIX. COXpaHEHHE TaHHBIX B MCXOJHOM (hOpMaTe MCKITIO-
YaeT BO3MOXXHOCTh MOTEPH PE3yJbTaTOB PabOThl YCTAaHOBKH BCJIECACTBUE AITOPUTMHYECKUX
omnOOoK 1M cO00eB B MporpaMmax oopaboTKH.

3.8.3  Pecucmpupyrowas 31eKmpoHuKa

Paboraromass B Hactosiiee Bpemst B skcnepumente CIIACHAPM peructpupyromas
anektponuka (BLII, AIII, peructpsl, cuetuuku) B cranpapre EBPOMUCC paspaborana
U ripou3BeieHa B oTAesieHnH sekTpoHuku MDBI. [Iporokon nepenaun mo3BojisieT nepeaaBaTh
mo muHe 16-OuTHBIC MaHHBIE OJHOBPEMEHHO ¢ aapecHou mHpopmanmen 3a muka 100+200 ue
B 3aBHCHMOCTH OT THIIa MOIYJISL.

HNudopmanusa ¢ kaaopumeTpoB peructpupyercs 3apsaoBbimu ALl 12 6ut (Monyns
EM-6) ¢ ayBctBUTEIbHOCTRIO 250 fC Ha oTCcueT U BpemeHem mpeobpasoBanus <5 mkc. OOiiee
KOJMYECTBO KaHAJIOB 3JIEKTPOMAarHUTHOTO U aApoHHOTO KamopumeTpoB — 3000.

JUiss cuMTHIBaHUS JETEKTOPOB TPEKOBOH M BPEMSIPOJICTHOM CHCTEMBI pPa3pabOTaHbBI
u npomusBeneHsl Moxynu BLIT (EM-3) na 06ase 3aka3zHoii mukpocxembl HPTDC, nmo3Bodstoreit
U3MEpATh BpeMsl ¢ TOYHOCThIO 10 25 Hc Ha otcueT. 3500 kananoB BLIII pacnpenenensl no
HECKOJIbKUM KapKacaMm JIJIsl YMEHBIIEHHsI BpEMEHU Tepeayu.

['ogocKONbl MHOKECTBEHHOCTH, IYYKOBBIE M CHCTEMbl MEUYEHMsI OYIyT CUMUTHIBATHCS
peructpamu (EM-4) ¢ riy6unoit 10 2+5 Mkc (B 3aBHCHMOCTH OT BBIOOpa Iara 2 HIH 5 HC), 9TO
MO3BOJIUT HE 3a00TUTHCS TOYHOM THOAOOpe KaOEIbHBIX 3aJepXkKeK Ui CUTHAJIOB C ITHX
JETEKTOPOB.

Jlis yMeHbIIEHUs] BpEMEHH CUMTBIBAHUS JIAaHHBIX U MEPEeXoay K OeCTpUITEpHOM cucreme
coopa JaHHBIX B OyaymeMm IUTaHUPYeTCs 3aMeHa MoayibHoM anektponuku MUCC
C MapaJUIeIbHON IIMHON Ha AJIEKTPOHUKY Ha ocHOBe XTCA craHmapra ¢ mocieI0BaTeIbHBIMU
TUra0UTHBIMU JIMHUSIMU TI€PEIaYl JAHHBIX. DTO MMO3BOJIUT PErUCTPUPOBATH BCE B3aMMOJCHCTBUS
Jaxke Mpu padboTe € BBHICOKOMHTEHCUBHBIM TMOJSPU30BAHHBIM IPOTOHHBIM IydykoM 10 107
3a copoc. [Ipu co3manum TaHHOHN 3JIEKTPOHUKU MPEAINOIAraeTcsl HCIOIb30BaTh OIBIT COTPYAHU-

gectBa [TAHJIA 1 BO3MOKHOCTH HEMEIKHX yIaCTHHKOB MPOCKTa™ .

3.9 Cucrema MelVIEHHOT0 KOHTPOJISI Y3/JI0B YCTAHOBKH

Cucrema wmemnenHoro koHTposns CIIACHAPM npencraBnsger co0oil  KOMIUIEKC
MIPOrpPaMMHBIX U alfapaTHBIX CPEACTB, KOTOPbIE BBHIOJIHSIOT Cleylolmue QyHKIUU:

44 o
YHI/IBepCI/ITCTH BOHHa, Maiinna u MioaxeHa BbIpa3snjii 3aMHTCPECOBAHHOCTD B MMOATOTOBKE allllapaTypbl
OKCIICPUMEHTA JJIsL pa60TBI Ha ITyYKE aHTUIIPOTOHOB.
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— KonTponp u noctyn K ynpaBieHHUIO MapaMeTpaMy JAETEKTOPOB U JIPYTHX MOJCHUCTEM

npu paboTe U HACTPOUKE IKCIIEPUMEHTAIBHON YCTaHOBKH.

— CBoeBpeMeHHOE 00HApYKEHHUE HEHCIIPABHOCTEH B pabOTE YCTAHOBKHU U CHTHATH3AIIHS

00 aBapUIHBIX CUTYyaLIUsIX.

— MOHUTOPHHT ITapaMETPOB OKPYKAKOLIEH CPEIbI.

— ApXUBHpOBaHUE MAapaMETPOB pabOTHI YCTAHOBKU B 0a3e NAaHHBIX JUIS MOCIETYIOIIEro
WCIIOJIb30BaHUs MPH aHAM3€ JTAaHHBIX AKCIEPUMEHTA C LIEJbI0 KOPPEKIMH XapaKTEPUCTUK

JETEKTOPOB.

Apxutektypa cucremsl ynpasieHusi CIIACYAPM npencrasnena Ha Puc. 3.43.

YpoeseHb ynpasneHus

VYposeHb KoHMpona

¥poseHb yempolicmes

C55:
paguyeckui
uHmepgelic.

5a3a daHHBIX.
AsapuiiHas

r 3
A 4

CUeHaALU3aLyLA.

Ethernet

S~

odronAomHeId
KOMMAsOMEeD

odHonaamHel
KOMMABIOMER —

odHonaamHeill
KOMMsomeD

odHonaamHeill
KOMMsomeD

Cucmema cbopa doHHBIX:
Konguzypuposanue,
Temnepamypa,/Toku

mompebnerus modyned

. Mukpo-

Al
>< CAN bus > —
A

CAN
bus

>
HOHMPOANEPHEIE
modyau

MemouHUKY MUMaHUs
cucmems cbopa daHHbIx

» Murpo-

r 3

X

Fa308aA cMech
MperosLX KaMmep

- Mukpo-

Modbus
RTU
F 3

X

odbus
RTU

T koHmpoanepHel
Modyne

HOHMPOAAERHBIE
modynu

Ycunumenu cuznanoes
MPEKOSHIX KAMED

.y Murpo-
>

F 3

X

Kowmpons u ynpasneHue
KoaopuMempa

Modbus
ATU
F 3

X

- Mukpo-
Ll

HKOHMPOAAEPHBIE
mModyau

KOHMPOINEDHBIE
mModyTu

MoHUMOPHAA CUCMEMA
KanopuMempa

= Murpo-

adHonnamuell
KOMMBIOMED

odHonaammeid
KOMMLomep

KOHMpOAAepH.Il
modys

Mpoyue cucmemel

= Murpo-
Ll

=1
ol 2|

0 o |

=
Maznumed:

" Temnepamypa obmMmomokx

25 BaamHocme,/Tok magzHuma

o =

9

= < Mukpo-

KOHMPOAAEpHEIE

Modyau

-

s

aZ|

==

B

=

KOHMPONEDHBIE
Modymu

Puc. 3.43 ApxutekTypa cHCTEMBbI yIIpaBiIeHUs SKcriepuMeHTanbHoi yctanoBku CITACUAPM:
Control System Studio (CSS)

Jns obecrnieueHuss COBMECTUMOCTH B YIPaBICHUHM PA3JIMYHBIX TOJCUCTEM YCTAaHOBKHU
npumensiercs nporpammuas cpefa EPICS (Experimental Physics and Industrial Control System).

B npusenennoit apxurekrype EPICS uncnonb3yercss Ha IByX ypOBHSIX — YPOBHE YIpPaBICHHS

U YPOBHE KOHTPOJIS — U OIpeNeisieT MPOTOKOJ OOMeHa MaHHBIMHU MEXIY HHMH IO CETH
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Ethernet. Ha ypoBHE ycTpoHCTB paboTarOT CleHATIbHO pa3pabOTaHHBIE MUKPOKOHTPOJUICPHBIE
MOJTyJIH, KOTOPbIE OCYILIECTBIISIOT HEMOCPEACTBEHHOE M3MEPEHHUE U YIPABJICHUE IMapaMeTpamMu
nerekTopoB. OOMeH JaHHBIMH MEXAY MUKPOKOHTPOJUIEPHBIMU MOJYJISIMH U YPOBHEM KOHTPOJIIS
omnpenensercs nporokoigamu Modbus RTU u CANbus.

YpoBeHb KOHTPOJIA 00pa3yloT OJHOIIaTHRIE KOMIBbIOTEPHI Raspberry Pi, urpatomniue poib
MpUEMO-TIEPEJaTYNKOB  JaHHBIX MEXAY YPOBHEM YCTPOHCTB M YPOBHEM YIpaBICHUS.
Ha opHomaTHeIX KoMmblOTEpax 3amyckarorcs mnpuioxkenus Input/Output controller (IOC),
KOTOpPBIC SIBISIOTCS 4acThio mporpammHoro obecrneuenus EPICS u oGecneumBaror, ¢ OJHOU
CTOpPOHBI, HHTep(deiic K AaHHBIM MHUKPOKOHTPOJUIEPHBIX MOJYJEHl COrjacHO MPOTOKOIaM
BBIODaHHBIX TOJEBBIX HIMH, a C JAPYrod — oOpabareiBaioT 3ampockl 1mo mnpotokony EPICS
OT ypoBHsI ynpaBieHus. s moanepxku (U3MYecKHX ypoBHEW mepenaud naHHbIX Modbus
u CAN st Raspberry Pi usrotossenst aganrepsl cBsizu (Puc. 3.44).

Puc. 3.44 Apanrep muH it Modbus RTU u CAN

VYpoBeHb ynpaBieHHs CAYXKHUT JUIsl BU3yaldu3allud U apXMBHpOBaHUS NaHHBIX. Ha sToMm
YpOBHE HCIIOJIb30BaH mporpammublii komiieke Control System Studio (CSS), ¢ momouisio
KOTOPOTO peau30BaHbl KIMEHT, (GopMUPYIONIMI 3ampockl K mpuiiokenusiM [OC, o6paboTunk
aBapUMHBIX CUTyallUl M apXuBaTop JaHHbIX. B KauecTBe XpaHWiIMILIA JaHHBIX BblOpaHa Oa3a
nanHbIx PostgreSQL.

B Hacrosmuii MOMEHT pa3paboTaHbl CIeYIOINE MUKPOKOHTPOJIJIEPHbIE MOIYIIH:

— Me3zonunnsle miatsl (Puc. 3.45) ocymectsistor koHpurypanuio [IJIMC, kondurypa-
o MukpocxeM HPTDC u ureHne 1aT4ukoB TOKa B MOYJISIX PETUCTPUPYIOLIEH
anexktponuku EBpoMUCC.

— Tlepexomusie mnatsl (Puc. 3.45) ciryxat uist TECTHPOBAHUS 1 YCTAHOBKH TTOPOTOBBIX
HaIPSOKEHUN YCUIINTEIEH CUTHAJIOB TPEKOBOM CUCTEMBI.

— Moy MOHUTOPHPOBAHHSI TApaMETPOB MaruuTa muiieHu «J{uxozaspy» (Puc. 3.46)
CILY>KMT JUIsl U3MEPEHUS TOKa MarHUTa, OTCIEKUBaHHS TEMIIEPATYpPbl BOJbI B OXJIAKIAFOIINX
KOHTYpaxX, MOHUTOPUPOBAHHUS TApAaMETPOB OKPY’KaIOLIeH cpeibl (TeMIepaTyphbl BO3yXa,
BJIQXKHOCTH, aTMOC(EPHOTr0 1aBICHUS).
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HETE

Puc. 3.45 Me3zonnHHas miata, yCTaHOBJICHHAs Ha Puc. 3.46 Monysiap MOHUTOPHPOBAHUS ITAPaMETPOB
moayns EBpoMUCC — 1; MarHuTa MulleHu «J{uHo3aBp»
MEPEXOHBIC TUIATHl — 2

— MHWcroununku muranus (Puc. 3.47) ¢ MUKpOKOHTPOJUIEPHBIM YIIPaBICHUEM
IpeHa3HaYeHb! 1JI1 NUTaHUsI MOAYJeH peructpupyromien anekrponnku EBpoMUCC,
MOHUTOPUPOBAHHUS TEMIIEPATYPHI, HANIPSDKEHUI MUTaHUS U TOKOB MOTPEOJIeHUs KapKaca
MOJYJIEH.

Puc. 3.47 Ucrouynuku nuranus EBpoMUCC

Benercs pa3zpaboTka MUKPOKOHTPOJUIEPHBIX MOAYJIEH A1 MEIJIEHHOTO KOHTPOJISI IPYTUX
JETeKTOPOB M TOJACHUCTEM YCTaHOBKU. ['paduueckuii wunrepdeiic, cozmansbii B CSS,
npencrasieH Ha Puc. 3.48 u Bkimouaer B ce0s HECKOJIBKO BKJIAZOK, OTHOCSAILIMXCS K pa3HbIM
nojicucTeMaM ycTaHoBKU. CHcTeMa MEJIEHHOTO KOHTPOJS HCIIOJIB3YeTCs B TEUEHHE TpPex
CEaHCOB YCKOPUTEJILHOTO KOMIUIEKca MpU HacTpoiike u padote yctaHoBku CITACHAPM.

106



CucreMa MeIeHHOro KOHTponsa ycraHosku CIMACYAPM

EurcNIP | HVADC | Temp. Magnet

Kpe#T#1 (0), nesan crorka

PanelTDC1 | Panel TDC2 |Dino | Gas

panel TDC 2 ‘

X122 _1P1 tresh1=
X1.3.2 P2 tresh2=
X113 TIP3 tresh3=
— TP4 | treshd=

X%1.3.4 _7p5 | tresh5=
Y1.1.1
¥1.2.1
¥1.3.1

TP7 | tresh7=
TP8 treshB=

TPall | treshall= f

TP6 | treshé=

panel TDC 4
TPall |treshall
¥1.23 _Tp1 | tresh1=
¥1.33 _TP2 | tresh2=
UL TP3 | tresh3=
— TP4 | treshd=
U132 _Tps | tresh5=
U113 _TP6 | treshé=
U123 _Tp7 | tresh7=
U133 _TP8 |treshB=

-

o
o
o
lo
o
o

o
o

Ampl. number ) Ampl. number N
1.8 1.8

panel TDC 6
TPall | treshall [o

V1.21 _TP1 | tresh1= [0
V131 _Tp2 | tresh2= [0
V112 _TP3 | tresh3=fo

—  Tp4 | treshd=|o
V133 _TP5 | tresh5=|o
X0.1.1 _TPG | tresh6= |0
X0.2.1 _TP7_| tresh7= |u
¥0.3.1 _TP8 | treshB= [0

Ampl. number )
1.8

Press Lo LVDS drivers OFF ‘

panel TDC 34 |
Tpall | treshall o

X0.2.3 _1P1 | tresh1=Jo
X033 _JP2 tresh2= jo
X0.1.4 _TP3 | tresh3=Jo

— 14 | tresha=o
Y0.3.1 _1Ps5 | tresh5=p
Y0.1.2 _TP6 | tresh6=p
Y0.2.2 _IP7 | tresh7= |u
¥03.2 _TP8 | tresh8= [0

Ampl. number o
1.8

Press to LVDS drivers OFF ‘

panel TDC 24
TPall | treshall o

¥0.24 _TP1 | tresh1= [0
¥0.3.4 _Tp2 | tresh2= [0
un1.1 _TP3 | tresh3=|o

—  7p4 | treshd=|o
U032 TP5 | tresh5=|o
U013 _TP6 | treshé=[o
Un23 _TP7 | tresh7= |u
U033 _TP8 | tresh8= |0

Ampl. number )
1.8

Press to LVDS drivers OFF | Press to LVDS drivers OFF | Press to LVDS drivers OFF

BUM3 BUM4 BUMS

BUM1 BUNz u u u
panel TDC 1 panel TDC 3 panel TDC 5 panel TDC 25 panel TDC 23
_TPall | treshall= TPall |treshall o TPall | treshall o TPall | treshall p TPall | treshall o
X111 _TP1 | tresh1= ¥1.1.2  _JP1 |tresh1=[o U4 _Tp1 | tresh1=[o X0.1.2 _Jp1 | tresh1= ¥0.1.3 _TP1 | tresh1=fo
%¥1.21 _TP2 | tresh2= ¥1.22 _TP2 |tresh2=fo utl.24 _TP2 | tresh2=p X0.22 _TP2 | tresh2= ¥0.23 _TP2 | tresh2=0
X131 _TPi | tresh3= ¥1.3.2 _Tp3 | tresh3= [0 U134 _TP3 | tresh3= o X032 _1P3 | tresh3= ¥0.3.3 _TP3 | treshi=fo
X112 _TP4 | treshd4= ¥1.1.3 _1P4 | treshd= o V.11 _TP4 | tresh4=Jo %0.1.3 _TP4 | tresh4=p ¥0.1.4 _TP4 | tresh4=|o
¥1.23 _Tps | tresh5= U121 _Ip5 | tresh5= o V122 _TP5 |tresh5= %0.24 _Ip5 | tresh5= U021 _1ps | treshs=|o
X133 _IP6 tresh6= U131 _1P6 | treshé= |0 V132 _1p6 | tresh6=|0 X034 _1p6 | treshé= U031 _TP6 | treshé= o
X114 _TP7 | tresh7= U112 _TPT | tresh7= [0 V1.1.3 _TP7 | tresh7=f0 Y0.1.1 _TP7 | tresh7= U1z _TP7 | tresh7=o
X¥1.2.4 _IpA | treshB= U122 _1pa | tresh8= [0 v1.23 _1PA | tresh8=|p Y0.2.1 _1pa | tresh8=p un22 _1Pa | treshB=o
Ampl. number Ampl. number N Ampl. number b Ampl. number o Ampl. number b
1.8 1.8 1.8 1.8 1.8

Press to LVDS drivers OFF Press to LVDS drivers OFF | Press to LVDS drivers OFF ‘ Press to LVDS drivers OFF ‘ Press to LVDS drivers OFF

on/off ## State Volt 5.0 Volt-5.2 Volt+3.3 Curr+5.0 Curr-5.2 Curr+3.3 Temp Crate

@ on/off EuroNIP #6 EM4,EM9

on/off EuroNIP #13 5,212V 5,395V 3,451V 17,1154 1,532 0,446 A 14 degC EM3

@ on/off EuroNIP#14 EM6

on/off EuroNIP#12 ON 5117V 5402V 3,399V 21,755A 1,300 A 0,614A 22 degC EM3

3.10 MakeT nporpamMm 1Jjisl aHaJIu3a JaHHbIX «B JIUHUIO» U «BHE JIMHUHN»

OnbIT y4acTuss BO MHOTHMX COBPEMEHHBIX SKCHEpUMEHTaX (HU3MKH BBICOKMX HHEPruit
TOBOPUT O TOM, YTO pa3BUTHE NPOTPaMMHOrO OOECledYeHUs JOJDKHO WATH B THapajlieib
C pa3BUTHEM allllapaTrypbl, 10 TOrO KaK yCTaHOBKa OyaeT moctpoeHa. Ha Tekymuit MOMEHT
CYLIECTBYET JIOBOJIbHO OOJBIIOE KOJMYECTBO KAUYE€CTBEHHBIX IPOrpaMM B oO0jacTu (hU3MKHU
AJIEMEHTapHbIX 4YacTull. YToObI HECKOJIBKO
skcniepuMeHTOoB B @ANP paspabateiBator mporpammuyio cpexy FairRoot [120], xoropas
MPEJOCTABIIAET 3TUM IKCIEPUMEHTaM BCIO 0a30BYI0 (DYHKIIMOHAJIBHOCTh JUISI MOAEIHUPOBAHMUSA,
cOopa TaHHBIX U aHAJM3a, a TaKXKe MPOrpaMMbl CTOPOHHUX Pa3pabOTUYHUKOB B (popMe «BHEIIHUX
SBIISSICH AKTHBHBIM YYAaCTHMKOM pa3pabOTKH IPOrpaMMHOIO

obecnieuenuss Uit skcnepumenta [TAHIA B ®ANP, Taxxke B3sia 3a OCHOBY HPOTrPaMMHYIO

ITaKCTOB».

cpeny FairRoot.

Hama rpynma,

Puc. 3.48 DnemenTs! rpaduyeckoro uHTEpderica CUCTEMBI YIIPaBICHUSI

nu3

9TOro IMoOJIY4YHUTHb
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3.10.1 Cmpykmypa npozpammnozo obecneuenusn

«BHemHue nakeTs» — 3TO HAOOp MpOrpamMM OT CTOPOHHHMX pPa3pabOTUMKOB, KOTOPbIE
HeoOxoauMmbl Juig  3amycka FairRoot. OHu  pacnpocTpaHsroTCs OAHHUM  JUCTPUOYTHBOM
¢ (uKCUpPOBaHHBIMU BepcUAMH, Ul coBMecTUMocTH. [logaepixkka M pa3BUTHE KaKAOIo IMakeTa
OCYILLIECTBIISICTCA €ro pa3padOTYMKAMHU, OJHAKO B3aMMOJEHCTBHE W BKJIAJ BCEro COOOILECTBa
FairRoot ne uckitouenst. [lepeurciainM OCHOBHBIE HCIIOIB3YEMbIC IPOTPAMMBI.

— ROOT [121], pa3zpaboransiii B [IEPHe ¢usnyeckuM coOOOIIECTBOM, MPEIOCTABIISICT
OTPOMHOE YHCJIO HWHCTPYMEHTOB M IIUPOKYIO (YHKIHOHAIBHOCTh, CIEHU(PUIECKYIO
U TIOJIE3HYIO JUIA (PU3UKU BBICOKHX SHEPTHil. DTO OCHOBHOW HaKeT, KOTOPBI MOBCEMECTHO
ucnons3yercs B FairRoot (oTkyaa ero Ha3Banue). OCHOBHBIE (DYHKIIMOHAJIIBHOCTHU, BaXKHbIE
qutst cpenbl FairRoot, Bkitoyaror:

— CINT — unTepnperaTop MakpOKOMaH]1 C HHTEPAKTUBHOW 000JI0YKOIA;

— rpaduyecknii uHTEepdeiic momp3oBatens (GUI) mis uccnenoBanus 0OBEKTOB
(Objects), oToOpakeHUs TOJB30BATEIBCKUX OOBEKTOB WM B3aUMOJICHCTBUS
¢ 0TOOpaXkaeMbIM COJIEPIKHMBIM, a TaKkke Bu3yanusaTop coobituii (Event display);

— omepaiuu ¢ ¢ainamMu, BBOJ-BBIBOJ JaHHBIX, MOJANEpKKAa OuHapHOro Gopmara
(baiios;

— wuHTepdeic k 6a3aM JaHHBIX;

— mnapauiensHbie BeranciaeHus (PROOF);

— THUCTOrpaMMHpOBaHWE, TpaduKu, MaTeMaThdyeckue (QYHKIUH, (UTHPOBAHUE
JAHHBIX, HHCTPYMEHTHI areOpbl MaTPHIL U IPYTHE;

— ONHUCaHWe, YIPABJICHNE W BU3YAIN3allUs TEOMETPUN U MaTEPUAIIOB,;

— (Qopmarsl MpeACTaBICHHUS JaHHBIX, OTHOCAIIMECS K (PU3MKE YacTull (Hampumep,
BekTOpbI JIopenia);

— MHCTPYMEHTHI MyJabTHBapuaHTHOro aHaimza (TMVA).

— Bupryansnoe Monre-Kapno (VMC) u BupryaneHas reoMeTpryeckas MOJIENb
OPUMEHSIOTCS JUIsL TOTO, 4YTOOBI M3 OJHOro HHTepdeiica MMeTh IOCTYN K pa3iMyHbIM
TpaHCHOPTHBIM NakeTaM MonTte-Kapio n nx onucanusm reomerpuid. [Ipu aTtom reomerpuro
HEO0OXOMMO OmHcaTh TOJIBKO pa3, a MoJb30BaTeNlb UMEET BO3MOXHOCTh «Ha JIETY», TO €CTh
0e3 mepeKOMNUIISUHN, BRIOUPaTh MOJIENb, KOTOPYIO OH OyZeT MCIoJib30BaTh. B HacTosmmii
MomeHT peanuzoBaHbl uHTepdeiicsl 111 GEANT3, GEANT4 u ROOT (FLUKA 6onbiie
HE MO/JICPKHUBAETCS).

— GEANT omnucheIBaeT mpouecchl MpoXosKaeH st acTuIl yepe3 BemectBo. GEANT3 [122]
Hanicadn Ha sa3bpike FORTRAN wu ero nmocnennsisi Bepcusi 3.21 patupyercs 1994 ropom.
GEANT4 [123] 6bu1 pa3paboran Ha ocHoBe (usmdeckoir mogenn GEANT3, omnako Obu1
MOJIHOCTBIO peanu3oBaH Ha s3bike C++ I TOrO, 4YTOOBI HMCIONB30BaTh OOBEKTHO-
OpUEHTUPOBaHHBIN Moax0A. Ero TpancnopTHbI KoJl OblT OOHOBJIEH, YTOOBI cenaTh (pusu-
YecKue MpoIiecchl 0osiee pearTucTUYHbIMU, OJHAKO PEe3yIbTaThl 00€HUX BEPCU COTOCTABUMBI.

— PYTHIA [124], rerepatop 4acTuI] BBICOKO# SHEPIUH, BKIIFOYAOIINN MOJIETH pachaja.
OH Monenupyer CTONKHOBEHMs yacTll. Cpelu mpodyux B HErO BKIIOYEHBI TaKHUE MPOLIECCHI
(GU3MUECKUX peakiuil KaK )KeCTKUE M MITKHE B3auMOJCHCTBUS, TApTOHHBIE pacHpeaeICHHs
U MIAPTOHHBIE JTUBHU, (hparMeHTAIIUN U PACTIAIbI.
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— PLUTO [125], makeT aias MOAECTUPOBaHMS aAPOHHBIX B3aMMOJICHCTBHIA, HATMCAHHBIN
Ha C++. @dynknmonansHOCTh OMOIMOTeKM PLUTO Moxer ObiTh 3aneiictBoBana u3 ROOT,
7€ €€ BBIBOJI MOYKHO aHaJU3UPOBaTh, 1100 nepenatb B GEANT mis nanpHeime paboTsl.

Uraxk, nporpammuas cpena FairRoot — 3to 6ubnmoreka kinaccos Ha C++, mpegocTaBlisio-
masi yrnpaBjIeHHE IMOTOKaMH JaHHBIX, a TakKKe HUHTepQeichl Ui pa3IudHbIX HHCTPYMEHTOB
MOJICTIMPOBAHUSl U PEKOHCTPYKIUU U3 «BHEUIHUX MakeToB». (CXemMaTHuYecKH ee CTPYKTypa
npencrasiena Ha Puc. 3.49. FairRoot sBisercs untepdeiicom u 0a3oil g peanu3anuu
nporpaMMHOTo obecnieuenus sxcnepumenta CITACHAPM.

Cpena 6asupyercs Ha ROOT: ona ucnons3yer ¢opmar ¢aiiioB JaHHBIX (.root), CUCTEMY
BeTBieHUs1 JaHHbIX (kimacc TBranch), memoukm daitnos (TChain), koHTEHHEpH JaHHBIX
(TClonesArray), omucanue u ynpasieHue reomerpuein (TGeoManager u T.1.) W OJIOYHYIO
ctpyktypy 3anad (TTask). Cucrema cipoekTupoBaHa TakKuM 0Opa3oM, YTOOBI JIFOOBIE JEHCTBUS
MOKHO OBUIO BBINOJHATH M3 KoMaHgHOW cTpoku ROOT wmim myrem 3amycka CHelMalbHBIX
yrpaBisiomux (GaiaoB — MakpocoB, HamucaHHbIX i C++-untepnperatopa ROOT (CINT).
Becw kox s MopenupoBaHHS WM cOOpa AaHHBIX CKOMIMJIMPOBAH B JMHAMUYECKHE OMOINO-
TEKH, U «root» — EIMHCTBEHHBIM HcronHseMblil ¢aiti. ROOT-Makpochl MCTIOIB3YIOTCS IS
KOH(UTYPUPOBAHUS, YIIPABICHUS U 3aITyCKa MOJICTTUPOBAHUS (M OHJIAWH-CUNTHIBAHMS) COOBITHIA,
TPACCUPOBKHU YACTHUI[ Yyepe3 BemecTBO MeTo oM MoHTe-Kapio, onucanust I€TeKTOpOB, PEKOHCT-
PYKIIMU W aHAJlM3a JaHHBIX. B TakoM Moaxoje M3MEHEHHE HACTPOEK, MapaMeTpOB WM JaxKe
MEePEeKOMITIOHOBKa KOH(MUTypari o00pyJI0BaHUSI BCETO JETEKTOpa HE MOTPeOyeT KOMITHUIISIUU
WIM HUCTOJb30BaHUS APYroro sizbika kpome C++ st penakTupoBaHus Makpoca. bonee Toro,
abCONIOTHO TOT K€ MAaKpOC MOKET ObITh BBHINOMHEH Ha 000N MammHe 0e3 HM3MEeHEHUM
(Hampumep, MepcoHaIbHOM KOMITBIOTEpE, paclpelelICeHHON BBIYUCIUTENbHON depMe UIU Tpul-
KJjacrepe).

3anyck MojnenupoBaHus (¢ momouipto  VMC)  dBisercs  BHYTPEHHEH  4acTbiO
nporpaMMHO# cpeapl (cM. Puc. 3.49.). JleTekTophl YCTAaHOBKH OIPEIelICHBI KaK COBOKYITHOCTD UX
TCOMETPHUYECKOTO ONHWCAHUSA W WX (DYHKIMOHAILHOCTH KaK AaKTHBHBIX 3JIeMeHTOB. Jloctyn
K BBITIOJIHEHUIO BO BpeMsl IIaroB TpaccupoBkH MoHTe-Kapio ¢ moMoIipo BBIOPAaHHOTO
TPAHCIIOPTHOTO NTaKeTa MpeAoCcTaBisieTcss 0a30BbIM Ki1accoM JeTekropa u3 FairRoot.

{% SpascharmRoot

[ U70Hodo Oundposra Pomaexune Mouck u PprTHpOoBaHHEe

[m XUTOB TPEexKoB

MeHexep BBoAa- FairRoot
BmiBoOa

¢ p“ T
coBbITHRA
leHeparopbl 3anaun Basoebie ¢pyHKUMKM | | MariuTHOE
MHTepnonAyMA CcOBBITHRA OeTeKTopoB none
TpexoB

Bubnuotexn

ROOT

[ vMC | [Geant3| [Geanta| | GSL | [Monalisa| [ BOOST | [aLPk | [ vaM |

Puc. 3.49 Cxemarunueckas CTpyKTypa IporpaMMHo# cpefpl akcriepumenta CITACUHAPM:
BHH3Y — OMOJIMOTEKN CTOPOHHUX Pa3padOTUMKOB, B IeHTpe — cpena FairRoot,
BBEpXY — KOHKpeTHas peanusanus SpascharmRoot
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BrinonHeHne npoieccoB opraHM30BaHO yepe3 3a7auu, KOTOpbIe YHACIEA0BaHbI OT Kjlacca
TTask makera ROOT. 3agaun MoryT 100aBIATHCS, YAAIATHCS WIH 3aMEHATHCSI HEITOCPEICTBEHHO
B MakKpocax, MPeIoCTaBIisAs OJIOYHYIO CTPYKTYPY («KOHCTPYKTOp») AJis Toib3oBateneid. Ha
ypoBHe cpezbl FairRoot mpoucxonuT opranusainusi 10CTaBKA BXOJAHBIX/BBIXOIHBIX KOHTEHHEPOB
JAHHBIX, COEUHEHHE C 0a30il JaHHBIX IapaMETPOB, a TAK)KE BBINOJIHEHME 33Jaud B LUKIIE IO
COOBITUAM. MOXHO XpaHWThb OOIIME AJis 33Ja4 BPEMEHHBIC JaHHbIE TOJbKO B MNaMSTH, HE
pacxomysi MECTO Ha ecTkoM aucke. IlpumepnHas nuarpamMmma pa0oThl 3ajady IOKa3aHa Ha
Puc. 3.50.

[Ipy wHUNUMaNM3anMM 3a7adya [OJy4yaeT yKa3aTelu Ha KOHTEHHEpbl JaHHBIX
U mapamMeTpoB. Bo BpeMs BBINIOJIHEHHUS IPOrpaMMHas cpeia 3a0MpaeT peatbHble KOHTECHHEPHI 110
9TUM yKazaresM. 3a/ladyd MOTYT IPYIIIMPOBATLCS B POJUTENBLCKUE 3a/1a4H, CO3/1aBasi HEPAPXUIO
BBITIOJIHEHUS, YTO OCOOCHHO TOJE3HO Ui MPEJOCTaBICHUS LENOYeK IO YMOIYAHHIO IS
MaccoBOro mpou3BojacTBa MaHHbIX. Ha pucynke Puc. 3.50 Taxxe moka3aHO B3aUMOCHCTBUE
3amaun ¢ daitnamu MonenupoBaHus. Pabora ¢ peanbHBIMU JaHHBIMH OpraHM30BaHa aHAIOTHY-
HBIM 00pa3oM: Ha cxeme cleayeT 3ameHuTh ¢aitiel Monre-Kapmo (SimData) na daiisl,
COOTBETCTBYIOIIIME PEAIbHBIM JAaHHBIM C JETeKTOpPOB. HemocpencTBEHHO BBIMIOJIHEHUE 3a/lauyd
OCYILIECTBIISIET KOHKPETHBIN pealln30BaHHbIN 00BEKT Kilacca, HacaeaoBaHHoro ot FairTask.

MapameTphbl [lanHbie
FairTask
Runio X FairParlO Tk St } daiin 1
j— > FairTask::SetContainers(
o FairTask::Init() RuniD 1
Container
b |1 Sim data
b FairTask::Exec()
Container Digi data
1] ——
RuniD 2 FaitParlO dain 2
Pram <> FairTask-Relnit() RuniD 2
SENERE s | s Sim data
FairTask::Exec()
Pral_'n Digi data
Container - :

Puc. 3.50 Cxemaruueckoe npejcraBieHue npoieccos B FairTask, a taxke MexaHu3Ma odpaiieHust
K IapameTpam U JaHHbIM.
JlaHHBIe 1 MapaMeTphl CBS3aHbI Yepe3 YHUKAIBHBIA naeHTndukarop “RunlD”

baza nannpIx nepuona BeinosHeHus: (RTDB) ynpasnser BBOJOM-BBIBOAOM IapaMeTpOB
U UX pacrpenenenueM Mexay 3anadamu. @opmar daiinoB ROOT mozBosser XxpaHuTh Ooiee
CIIOKHBIE CTPYKTYpBI, HEXEJIH NPOCThIE YHUCIA U CTPOKM — HANPUMEP, TMCTOTPaMMBbl WU
MaTemaTuueckue QyHKIuH. OOBIYHO TeoMeTpHs, HCIOJb30BaBIIASCS IPU MOJAEITUPOBAHUM,
uenukoM xpanutcs B RTDB. Oto nmo3BosseT nmpu MoaeIupoBaHUU 3aHUMAThCsl HACTPOIKoil 6e3
reHepupoBaHus HOBbIX JaHHBIX MonTe-Kapio. Ilpu paboTe ¢ skcrepuMeHTalbHBIMU JaHHBIMHU
MO>KHO HcnoJb30BatTh AaHHble RTDB mis paznuunbix npuss3ok. Takoit moaxo1 mo3BossieT ObITh
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YBEpEHHbIM, 4YTO MOJCIMPOBAHHE M aHAIU3 SKCIEPUMEHTAIbHBIX JAaHHBIX MPOU3BOIATCS
B €IUHON T'€OMETPUHU.

B oOmem ciydae, mporpaMmMHOe OOECI€YEHHE JOJDKHO MO3BOJATH MPOMOJCTUPOBATH
BECh OKCIIEPUMEHT IIEIMKOM JUIsi TOrO, 4YTOOBl pa3paboTarh Hamboyiee MOAXOMASIIEE
o0OpyZOBaHUE JETEKTOpa, a TakXKe BCE HEOOXOJMMBbIE AJITOPUTMBI IS PEKOHCTPYKIHH
HKCHEPUMEHTAIbHBIX JaHHBIX. 3aT€M M3MEPEHUs JOJDKHBI ObITh CPAaBHEHBI C pe3yJbTaTaMu
MOJICJINPOBAHMs, YTOOBI KaK MOYKHO TILIATeIbHEE U3YUYHUTh (PU3MUECKYIO MOJEIb, SBIISIOLIYIOCS
LEJIBI0 HKCIEpUMEHTA. Takoe IporpaMMHoe oOecreuyeHHe — OOJIBIION U CIIOKHBIA MPOEKT,
OJJTHAKO €ro MOXHO pa30UTh Ha HECKOJBKO OCHOBHBIX JTallOB, KOTOPBIE BBIIOJIHIIOTCS
nocneaoBarenbHo. Puc. 3.51 wnmrocTpupyeT MociaeIoBaTENbHYIO IIEMOYKY TaKuX 000OIIEHHBIX
sTanoB. OOpaboTka [OaHHBIX MOJCTUPOBAHHMS W PEAIBHBIX OSKCIECPUMEHTAJIBHBIX JaHHBIX
(HayMHAaeTCsl COOTBETCTBEHHO ClieBa U cripaBa Ha Puc. 3.51) cxonuTcs Ha 3Tarne, rie HaYMHACTCS
PEKOHCTPYKIUS OTKJIMKA OT/AEIbHBIX 1ETEKTOPOB.

C onHoil croponsl, B MonTte-Kapio ¢usnueckas peakuuss MOJACIUPYETCS C MOMOIIBIO
reHepaTopa 4acTull, 3aT€M YacCTULbl JOJKHBI ObITh TPACCUPOBAHbBI Yepe3 BEIECTBO JIETEKTOPOB,
U pe3ylbTaT MX B3aMMOJEHCTBHS C AaKTUBHBIM BELIECTBOM JIETEKTOpa IpeoOpa3yroTcs
B oLlM()pOBaHHBIEC JaHHbIE, CIIELU(PHUECKUE I KaKAO0ro JeTeKTopa. Takue AaHHbIE conlepKaT
UCKKEHUS W W3MEHEHMsI CHUTHAJIOB, TUIIMYHBIE JI1 KaXKJIOTro JETEKTOpa, M OHM IOXOXKHU
(1 mpencTaBiIeHBI B TOM e caMOM (opMaTe) Ha JJAaHHbIC U3MEPEHHUI B PEaIbHOM IKCIICPHUMEHTE.
C npyroii CTOpOHBI, SKCIIEPUMEHTAIbHBIE JaHHBIE TaKKe HEOOXOIUMO TOATOTOBUTH Ui TOTO,
9TOOBI UX MOXKHO OBIJIO 00padaThIBaTh B paMKax TOH K€ IEMOYKH 00padOTKH.

[TpousBonuTcst kKanmuOpoBKa W NpeoOpa3oBaHME U3 BHYTPEHHEro (peair30BaHHOTO
B JKeJie3€) MpeJICTaB/IeHUs] B IPOrpaMMHOE — HaIllpUMep, HyMepalus KaHaJoB, CUCTEMa KOOP/IU-
HaT U rpoyee. B onuceiBaeMoii 1ienoyke 3TarnoB peKOHCTPYKLUS JaHHBIX IPOMCXOIUT MOIIAroBO
s o0oux HabopoB JaHHBIX. CHayasa MPOMCXOTUT PEKOHCTPYKIMS OTKIMKA JUIS OTJENIbHBIX
JI€TEKTOPOB, 3aT€M MPOM3BOJATCS TJI00aNbHBIE JEHCTBHS, TaKMe KaK PEKOHCTPYKIMS 0Opa3oB
JUId TpeKa 3apsDKEHHOM 4acTUlbl, (UTUPOBAHUE TPEKOB, (UTHUPOBAHUE JIMBHEW B JIEKTPO-
MarHMTHOM KaJIOpUMETpe M T.I., a 3aTeM MJeHTu(ukauus yactuill. Ha mocnenHem srame yxe
BO3MOXXHO TPOBECTH (PU3NYECKUN aHaIM3 KaHAMJIATOB B YACTHUIIbl, KOTOpPbIE IPEICTABISIIOT
co0oif HabOpPHI U3 BEPIIMHBI POXKACHUS U YEThIpeX-uMIyiabca. OTMETHM, UYTO alrOpUTM (PU3HU-
YEeCKOI'0 aHajIM3a CUIIbHO 3aBHCUT OT U3y4aeMOro KaHaja Wi PeaKIHH.

FexepaTop TpaccupoBka Oumcppoeka, T : S

e (Geant3/a) g 2" Twouee: el

Tpekn,

hUNLTP
Kanemana

HaeHTUdMKALKWA DUIMHECKHIA
YacTUL, aHanwu3

PeKOHCTPYKLMWA
XuToB

Puc. 3.51 CxemaTmueckoe npecTaBICHUE [IEMIOYKH BBITIOTHEHUS 3TanoB B cpeae SpascharmRoot

Habop u mopsaok 3a7ay cocTaBisieT CTPYKTYpY 3aJaHus s BeinoiaHeHus. Ha Puc. 3.52
MOKa3aH NMPUMEP TOro, KaK 3aJjaui COEAUHSIIOTCS APYT ¢ Apyrom B ciaydae kanopumerpa (ECAL)
u craniuii apeiidoseix TpyOok (FTS) BMecTe ¢ TpeKMHIoM, pPEKOHCTPYKLHUEH KIacTepoB,
unentudukanuenn vactun. CHadana 3amyckaetcsi MonTe-Kapino MoaenupoBaHue 4YacTHIl M HX
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TPacCUPOBKA dYepe3 BEIIECTBO KaXIOTO JETEKTOpa, KOTOpPOE MOXKET OBITh aKTHBHBIM
(MpoM3BOAUTL [AHHBIC) WM MACCUBHBIM. UTOOBI MPOMOJECIMPOBATH MOBEICHHE JECTCKTOPOB
UMEIOTCS Pa3IMYHbIC 331a4H, OT OBICTPBIX («UIACATBHBIX)) AITOPUTMOB JI0 JACTATHHBIX ONMUCAHUIN
BCEX MPHUHIUIIOB paboThl mprbopa. OTMETHM, UTO, HAPUMED, JIJIsI TPACCUPOBKH, HE3ABUCUMO OT
MyTH, TI0O KOTOPOMY IIPOUCXOJUT BBIITOJIHEHUE IIETIOYKH, BCET/Ia UMEIOTCSI IAaHHBIC B OMPEIICIICH-
HOM (opmarte. Takast ke MOMAyJbHAs KOHILEHIMS MPUMEHUMA W I MIACHTH()HUKAIIMKA YaCTHII,
PEKOHCTPYKIIMH DJIEKTPOMArHUTHBIX JIMBHEH W T.I., YTO JaeT BO3MOXKHOCTBH II0JIb30BATEIIO
BBIOMPATh CBOM COOCTBEHHBIE KPHUTEPHU JUIS ONTUMAIBHOTO (C TOYKW 3PCHHS JCTaTH3alHH,
CKOPOCTH WJI ITPOCTOTHI pab0oThI) HAbOpa 000pyIOBaHHUS.

MeHepaTop YacrHuy

I
FairMcTrack

v

EcalDetector TpancnopT FtsDetector

| |
EcalPoint FtsPoint

' '

| EcalHitProducer | FtsFastDigitizer [ FitsRealDigitizer

I
EcalHit \ /
+ ' FtsDigi
FisIdeal |
| EcalDigitizer | ; i
|
EcalDigi | FisReco ]
EcalReco J /
! FtsHit
EcalCluster Tr.
, A/ “A
TpexknHr ] HoeanoHoM
b | TperHHr
Tper
4 ™
MonTe-Kapno
PILC J
M, OaHHDe
KangwaoaT
[ Jamaum
AHann=z
l ]\ y

Puc. 3.52 TlocnenoBaTenbHOCTH BHIONHEHU 3a1a4 T Task npu MoxenupoBanuu B cpene SpascharmRoot,
Ha TIPAIMeEpe JeTeKTOopa, HASHTUHUIMpYIomiero yacTuis! (kamopumerp i ECAL), u TpekoBoro getekropa
(cucrema crannmii apeiidopbix Tpy6ok win FTS). MomynbHast apXuTeKTypa MPpOrPaMMHOM CPEZIbl TIO3BOJISET
TIOJIKJII0YATh KOMITOHEHTBI, HEOOXOIMMBIE /ISl KOHKPETHOT'O CIIydast
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Pa3zpaboranHbie OJIOKM TO3BOJISAIOT MPOBOAMTH MOJEIMPOBAHUE NAaHHBIX M HMX aHAIIN3
OHJaWH («B JMHHUIO») W o¢iaiH («BHe JUHUWY). [Iporpamma o0paOOTKM IaHHBIX OHJIANWH
UCTIOJNB3YyeTCsl JUIA aHaM3a JaHHBIX HEMOCPEACTBEHHO BO BpEeMs NMpHEMa M, MPEXKIE BCEro,
TpeOyeTcst /Uil OLEHKM KauecTBa MOCTYMAIOMIMX JTaHHBIX M, NP HEOOXOAMMOCTH, MPHHATHUS
pelieHuit mo 3ameHe (PEMOHTY) PETUCTPUPYIOIIEH SJIEKTPOHUKUA WM DJIEKTPOHUKH CUCTEMBI
cOopa JaHHBIX.

3.10.2 Ilakem npozpamm 013 aHAIU3A OAGHHBIX «8 TUHUIO)

B nporpamme onmnaiftH-00pabOTKH peaaTn30BaHbl CIEAYIOIINE KOMIIOHEHTHI: TIpeo0pa3oBa-
HUE [JaHHBIX, IOCTYMNAIOIIMUX U3 MoayJed perucrpupyromein snexkrponuku (BLIL, ALIIL,
PErHCTPOB) CHCTEMBI cOOpa JaHHBIX, U3 chiporo ¢popmata B popmat ROOT-nepeBbeB; JoKanbHast
PEKOHCTPYKIMS XUTOB B IUIOCKOCTSAX Kamep JUIs ITOCTPOCHHUS TPEKOB 3apsDKCHHBIX YacTHII,
KJIaCTepOB B JJIEKTPOMArHUTHOM KaJIOPUMETPE, XHTOB B CUUHTWIIIIHOHHBIX ITYYKOBBIX
rO/IOCKOIAx; YNPOIICHHBI AITOPUTM IIOCTPOCHMS TPEKOB II0 Kamepam; BOCCTAHOBJICHHE
KOOp/AMHAT MyYKa Ha MHIICHH 3KcriepuMenTa. [lapamiensHo pabore cucteMsl cOopa JaHHBIX, Ha
cepBepe pabOTaIOT MPOLECCH MPOTPAMMBI OHJIAHH-0O0PaOOTKHM JTaHHBIX, BBIOJHEHHBIE B BHJIE
ROOQOT-makpocos. IIpeobpazoBanue ¢aiinoB ¢ nanasiMu B cbipoMm (opmate B ROOT-nepeBbs
MIPOUCXOJIUT B MPOMEXKYTKE MEXIY cOpOCaMH YCKOPHUTEIS; TOIydYeHHBIE (hailyibl 3alMCHIBAIOTCS
Ha quck. Ha Puc. 3.53 nokasana 010k-cxema paboThI TporpaMMbl OHJIaH-00paObOTKH.

Event Builder Tcp

l *.dat

Storage

*.root

*.root

\

- ‘ E

A

SpascharmRoot

Puc. 3.53 Bnok-cxema nporpaMmsl 00paOOTKH TAaHHBIX «B JTHHUIOY»

Qaitnel, comepkamue ganHble B BHAe ROOT-mepeBbeB, YHTAIOTCS MPOrpPaMMOI
BHU3YyaJHM3allii U KOHTPOJISI KauecTBa JaHHbIX. OHa MOXKET CUMTHIBATh JaHHBIE (paiin 3a Qaitiiom
B IIpoliecce MX Habopa, a Takke B pEKHMME MAaKeTHOM 00pabOTKH, KOrja M3 OIpeleseHHON
JTUPEKTOPUH CUUTHIBAECTCS CPa3y MHOXKECTBO .root-(haiiioB, HAKOIUIEHHBIX paHee. OCHOBHAS 11€Tb
[IPOrpaMMbl BU3YaJIU3aI[MH — OTOOpa)keHUe MpeICTaBICHUH, UMEIOINX OTHOIIEHUE K KaYeCTBY
HaOMpaeMbIX JaHHBIX B BHJIE THCcTOrpaMM. Elo monb3yeTcst mepcoHal CMeH BO BpeMsl CEaHCOB Ha
ycranoBke CITACUAPM. Unrtepdeiic monb3oBarenss NporpaMMbl BU3yalu3allid IMOKa3aH Ha
Puc. 3.54. Bepxuss manens uaTepdeiica pa3duTa Ha BKIAJKU C HEPAPXUICCKON CTPYKTYPOM ISt
HaBUTAIlMM 10 JETeKTOpaM YCTAaHOBKM (BEpXHMH psJ BKIAA0K), THIAM OTOOpaxaeMoi
uHpopMarmu (BpeMeHa, mpoduin, 3Gp(eKTHBHOCTH, MHOKECTBEHHOCTH W T.II.), a TaKXkKe IS
HaBHTAIIUH 110 3JIEMEHTaM JIETEKTOPOB (IUIOCKOCTSM T'OI0CKOIOB, CIIOSIM Kamep U T.11.). B cTpoke
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COCTOSIHUSI TIPUBOJUTCS cly>keOHasi MHpopMaIus, Takas KaKk YMCIO CUUTAHHBIX (alIoB, YHCIIO
coOpiTuid. [Iporpamma KOHTpOJISI KauecTBa HaHHBIX mpenacraBiser coboit ROOT-makpoc,
ucnonp3yromuii  rpaduueckyro O6ubmmorexky makera ROOT. Tlostomy ¢ rucrorpamMMamu,
oTroOpakaeMbIMH B OKHE TIporpaMMel (B Canvas) MOXHO BBITIOJIHSATH BCE CTaHAAPTHBIEC JEHCTBUS,
KOTOpbIE MOXXHO BBINOJIHATH C THCTOrpamMmaMu B HMHTepakTUBHOW ceccu ROOT: usmeHsaTh
npeieabl THCTOTpaMMHUPOBaHUsl, GUTHPOBATH PACIPEICICHUS U T.11.

SPASCHARM|Online GUI 3
| Elle Conbol Wiew Help
FTs | emc | sooo]

Time | single Tute Mutipicy | Proses | Encioncias | Layars Mutipicay | W of Signased Layors | Comslations |
Station 1 | Station 2 Staton 3 | Station 4 | Station 5|
Chambier 1 Layent | Chamber 1 Layer2 | Chasiber 1 Layer3 | Chamber 2 Layert | Cnambes @ Layerz | Chamber 2 Layers | Chasaer 3 Layert | Chamber 3 Layer2 Chamber 3 Layerd

—— e By e

Files Analysed -> 1045 Number of Events Processad -> 96733%

Puc. 3.54 Hntepdeiic mporpaMMbl BU3yaIH3allyd U KOHTPOJIS KadecTBa
B IIMJIOTHOM BEPCHU YCTaHOBKHU

[MonroroBnennpie mpu padoOTe «B JTUHHUIO» .FOOt-(hailibl MOTYT HCIIOJIB30BAaThCS M TIPU
anamm3e. Ho crmemyer yauTeiBaTh, 9To 4acTh (HailIoB PU ITOM MOXKET OTCYTCTBOBATh, TaK Kak
IpH padboTe «B JIMHHUIOY» aHATU3UPYIOTCS TOJIBKO MOCIEIHNE OCTYNUBILINE JaHHbIE.

3.10.3 Ilaxkem npozpamm 0na ananu3za OAGHHBIX «HE TUHUU» U MOOETUPOCAHUA

[Ipu paboTe «BHE JIMHUW» BENETCS aHAIU3 110 BCEM 3a/laHHBIM (paiiiam (0OBIYHO ATO BCS
JTUPEKTOpUSl C NaHHBIMH, HAOpaHHBIMH B OJNHUX YCIOBHsIX). [Ipu aHanmm3e Ha mepBOM dTare
MIPOBOJIUTCS CIMSHUE JaHHBIX W3 Pa3IMYHBIX TIOTOKOB C TIOMOIIBIO IMOCTPOUTENST COOBITHI
(event-builder)”®. Dtor mporpaMMHBII MOIYIb COMOCTABISET 3alHMCAHHbIC (ailibl JAHHBIX
C pa3IMYHBIX JIETEKTOPOB M MO OTMETKAaM BPEMEHM HAXOJUT COOTBETCTBHE MEXIY COOBITHUSIMHU
BHYTPH Pa3HbIX NOTOKOB JaHHBIX; Ha BBIXOAE (POPMHUPYETCS MOTOK COOBITUH C JAHHBIMH BCEX
JETEKTOPOB YCTAaHOBKH. [IpM 3TOM NpOMCXOOUT MpoOBEpKa KayecTBa JaHHBIX, B TOM YHCIE
oOHapyKeHHE TOTepu BaXXHOM HMHGOpMAIMU NpH cOOSX pPErucTpUpyrouien 31aekTpoHukH. [lo
JTAHHBIM TPOBEJICHHOTO CEaHCa C KOMIUIEKCHBIM 3aITyCKOM YCTaHOBKH KOJIIMYECTBO OIMMOOK Mayio
(monm MpoIeHTa), TaK YTO MPAKTUUECKH BCS MPHUHATAs WHPOpMaIus (C TOYKH 3pEHUs KadecTBa
JTAHHBIX ) HCITOJIB3YETCS JIJISl aHAJIH3A.

4 MosxHo MOPOBOAWTL aHAJIN3 OTACIIBHO JISA KaXXA0TO BBI6paHHOF0 IIOTOKa.
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[IporpaMMHBI TaKeT Ui MOAEIMPOBAHMS HCIIONB3YeTCS IS OTIAIKH ajJrOpUTMOB
U OUeHKH 3((eKTUBHOCTH, M B HACTOSIIMH MOMEHT OIMCBHIBAET «HACATbHYIO» TI'€OMETPHUIO
HKCHEPUMEHTAIBHON yCTAaHOBKH. MIeaqbHOCTh 3aKI04aeTcsi B aOCOJTIOTHOM OTBIOCTHPOBAH-
Hoctu u 100% »sddexkruBHOCTH netekTopoB. Ilocie ompeneneHuss peaqbHBIX T'€OMETPUH U
3G PEKTUBHOCTH HAa OCHOBE SKCIIEPHUMEHTAIBHBIX JAHHBIX, BCE peajibHbIC MapameTpsl OyayT
BHECEHBI B TPOTPAMMHOE OTNIMCAHUE YCTaHOBKH.

JInsi BOCCTaHOBIICHUSI TPEKOB 3apsHKEHHBIX YaCTUI] B TPEKOBOW CHUCTEME BBIOpaH METO
IIOMCKa TpeKa, W3BECTHBIH Kak TnpeoOpa3oBaHne Xada. DTOT METOX  HCHOIB3YET
HapaMeTpU4ecKoe ONMCAHNE TPeKa: KakKaas TOYKa B IPOCTPAHCTBE IapaMEeTPOB OMUCHIBAET TPEK
B KOOPJMHATHOM TpocTpaHCTBe. [IOMCK KaHOMAATOB B TPEK COOTBETCTBYET HAXOXKICHHUIO
JIOKaJIbHBIX MAaKCUMyMOB B TpocTpaHcTBe Xada. Ilpumenenune meroma B JBYMEPHOM Cllydae
nokasaHo Ha Puc. 3.55.

X g
2
i
-8
Bt N

- L.
L Ll

WMcxogHoe 4 MpoCTPaHcTEO g

NROCTRaHCTBO napamMeTpoB

Puc. 3.55 Wmnroctpanus 0CHOBHOTO MPHUHITUIA TIpeoOpa3oBaHus Xada Iyl OTHOTO TpeKa

JUid KaXJIoW TOYKM B MCXOIAHOM IIPOCTPAHCTBE MOCTPOCHA HpsMas B IPOCTPAHCTBE
MapaMeTpoB, a HMX I[EepecedeHue XapakTepuzyeT Tpek. lcxoass W3 reoMerpuu YCTaHOBKH
CITACYAPM, MOXXHO BBLACIUTH JIB€ 00JIACTU — JO M TOCIE MarHuTa. TpeKu 3apsKEHHBIX
YacTULl U3rudaroTCs MOJIeM MarHuTa B IJIOCKOCTU X-Z. ClieoBaTenbHO, MOXKHO allpOKCUMHUPO-
BaTh OTH JIBE 00JACTH MPOEKIMH TPEKOB B TUIOCKOCTH X-Z MPSMBIMU JIMHUSMHU B COOTBETCTBUHU
C ypaBHEHUEM Xnit = (Zo — Znit) X tan0x + Xo, rae 0,x — yroa Mexay paccMaTpuBaeMoi MpsMOit
Y OCBIO Z 6 3TOM IJIOCKOCTH, Xo — TOYKa MEpPEecedeHus: C Zo, a Xhit U Zhit — KOOPAMHATHI XMTa
B ApeioBbIX TpyOKax.

[To mnpsmbiM, HaiineHHbIM MeToJOM Xada, HaXOAUTCS Yroid OTKJIOHEHUS Tpeka
B MarHUTHOM Tmonie. Jlanee M3 M3BECTHBIX MHTErpaja MoJs M yria OTKJIOHEHUS HaXOIUTCs
KOMITOHEHTa MMITYJIbCa Pzx. TaKk Kak B TUIOCKOCTH Y-Z HE MPOUCXOAUT OTKJIIOHEHUS B MAarHUTHOM
10J1€e, TO MPSAMOW anImpOKCUMUPYETCS BCs 00J1aCTh U HAXOIUTCA KOMIIOHEHTA [y.

Ha BTOopoMm »sTanme mnpoBOIUTCS YTOUHEHHE MapaMeTpoOB TpeKa C HCIOIb30BaHHEM
¢unbTpa Kanmana. Ha sToM sTame yxe y4yuThIBaeTCs peajbHOE (MM pacueTHOE) MarHUTHOE
1oJie, BKJIFOYast HEHYJIEBbIE KOMIOHEHTHI MOJIst 1o ocsM Y u Z.

B nanpHeiimemM BOCCTaHOBIIEHHBIE KMHEMATHYECKHUE MapaMeTpbl TPEKOB HCIOJb3YIOTCS
U1 BOCCTAHOBJICHUSI BTOPUYHBIX YACTHIL U TTOJIyUYE€HUS] ACUMMETPHH.

JlaHHBII METOJT TIO3BOJISIET BOCCTAHABIMBATh TPEKU C BBICOKOH 3 deKTHBHOCTHIO (O0mee

98% TS OMHOYHBIX TPEKOB 1 6osee 85% JUIsi MHOTOYACTHYHBIX COOBITHIA ).

“ Jlns 100% s>dpdexrnBHOCTH Kamep.
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4 Ilnan-rpadux peaju3ainuy U OIleHKA CTOMMOCTH MPOEKTA

OcHOBHBIE pacxoabl TpeOylOTCS Ha CO3JaHHE KaHala MOJSPU30BAHHBIX YaCTHUI]
U MOJEPHU3ALMIO SKCIIEPUMEHTAIbHON YCTAHOBKHU JJIs IIPOBEIEHUS MPELU3MOHHBIX UCCIIEN0Ba-
HUH ¢ UCTIOJIb30BaHUEM IOJIIPU30BAHHOIO ITyYKa.

BeinosnHens! paboThl IO pacueTy U 3CKU3HOMY NPOEKTUPOBAHMIO KaHasla MOJISPU30BaH-
HbIX yactul. [l BBINOJIHEHUS pabOT MO CO3JaHHIO (aHTH)IPOTOHHOrO KaHaima 24A Ha
ycKopHTeIbHOM KoMIuiekce Y-70 morpebyercst 1 mupa pyo.

st BBINOJIHEHHS] HAMEYEHHOM 3KCIEPUMEHTAIBHOM MPOrpaMMbl HEOOXOAMMO CO3AaHUE
CHCTEMBl  CBEPXIPOBOIIMX MArHUTOB «CHOMPCKHX 3MEEK», CHHHOBBIX POTAaTOPOB,
U KproreHHOU cucteMbl K HUM (200 mitH py6.), KOTOpBIE MOTYT OBITh pa3pabOTaHbl M CO3JIaHBI
BUAD CO PAH (HoBocuOupck). I[Ipenu3noHHbBIN 3JI€KTPOMAarHUTHBIN KaJlOpUMETp THIA
«maneik» (150 muH py0.), monHas TexHONIOTUs KoToporo paspaborana B UDBD (co3manbl
1 0ohOpMIJIEHBI [IBA OIBITHO-IIPOMBILIUIEHHBIX 00pa3la), IO3BOJIMT PETHUCTPUPOBATH BCE
JOCTYIHBIE [0 MacCe HOBBIE COCTOSIHUS MaTEepUH, paclaJaroliyecsi, B TOM 4ucie, Ha (POTOHBI.
JletekTop Kosel YepeHKoBckoro uanydenus (250 mutH py6.) mo oOpasily Takoro ke JeTeKTopa
B ipoekTe [TAHJIA mo3BOoMUT MAeHTH(PUIMPOBATH BCE 3apsHKEHHBIC aAPOHBI BO BCEM JIOCTYITHOM
HHEPreTUYECKOM HHTEpBaJIe, YTO HEOOXOIUMO JJIsi CIIMHOBOTO MCCIIEOBAHUS IIEJIOTO CIIEKTpa
pa3sHOOOpa3HBIX PE30HAHCOB M OOHApYKEHHsI HOBBIX. CHCTEMa MOJIIPUMETPOB IS U3MEPEHUS
a0comoTHON BenW4MHBI noysipu3anuu mydka (100 miH py0.) paspabaThiBaeTCst U MOXKET OBITh
coznana B M®BD coBmectHo ¢ MUOU. CroumocTh MNOJISAPU30BAHHOW MHUIIEHU HOBOTO
IIOKOJIEHUS, C BO3MOXHOCTBIO I0JIy4aTh KaK IMONEPEYHYI0, TaK U IPOJOJIbHYIO MOJSPU3ALIHNIO,
coctaBnsieT 250 MuiH py0., OJHAKO 3HAYMTEIbHBIM BKJIAJ MOXET OBITh BHECEH HEMEIKUMHU
YYaCTHUKAaMH MPOEKTA.

CymMapHble pacxonbl Ha HM3TOTOBIEHHE B Poccunm HEOOXOIMMOTO HAy4IHOTO
obopynoBanusi coctaBaT | mupa pyoOneit. Takum oOpa3oM, WTOroBas CTOMMOCTH MPOEKTa
OLICHHBAETCS B 2 MIpJL. pybuIeii® .

[Tpu Hauane ¢uHaHcupoBaHus B nepBoil mojosuHe 2020 rona miaH-rpaduk co3naHus
OCHOBHBIX TNO3MLMI KaHana 24A W SKCIEPUMEHTAJbHOW YCTAaHOBKM Ha HEM BBITJISIUT
CIIEAYIOIINM 00pazoMm:

— 3aBepleHue pabodero NpoeKkTa Ha KaHaji v 30Hy yctaHoBkU — 2020-2021 rr.;

— M3TOTOBJICHHUE 3JEKTPOMArHUTHOTO KaJopUMeTpa THMa «manuibik»y — 2021-2024 rr.;
— M3TOTOBJICHHWE MarHUTOB «3MeiiKa» U KpuoreHHoro obopynosanus — 2021-2023 rr.;
— W3TOTOBJICHHE JICTEKTOpa KOJIEI YepeHKOBCKOTO u3nydeHuss — 2022—-2025 rr.;

— co3jaHue KaHaja 24A ¥ pa3MelIeHne yCTaHOBKH Ha 3ToM kKaHaine — 2023-2024 rr.;
— co37]aHKe cucTeM u3MepeHus nonspuszanuu — 2022-2024 rr.

[TepBsiit mpoOHBIN ceaHC ¢ MOMAPU3OBAHHBIM MTyYKOM I1aHupyetcs Ha 2025 ron.

47 o o
B 9Ty CYMMY HE BXOAUT CTOMMOCTb HOBOU MNOJIAPU30BAHHOW MUILICHU U 3JICKTPOHUKHU B CTaHAAPTE XTCA, TaK KakK
CTCHCHb YYaCTHUsI HCMCUKUX MMAPpTHEPOB B ,Z[aHHI;IfI MOMCHT HCHU3BECTHA.
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3akijoueHue

[Monspuzanmonnsiii nmpoekt CIIACYAPM otnuvaer Tino0anbHBIA, CHCTEMATHYCCKHIA
MOAXOJ B M3YYCHHH CHCTEMBl aHTHUIPOTOH-TIPOTOH (SIAPO) U MPOTOH-TIPOTOH (SIAPO), BKITFOYAS
MPOBEACHUE 0030PHOTO MOJAPHU3AMOHHOTO AKCIIEPUMEHTa W OJHOBPEMEHHOE HCCIICIOBAaHUE
JECSATKOB PEaKIUAd W HECKOJBKUX (PU3MUECKUX HAOIIOAACMBIX, 3aBUCAIIMX OT MHOTHUX
nepeMeHHbIX. byaer onpesneneHa moisipu3ais TII0OHOB B MPOTOHE (AHTUIIPOTOHE) B 00JaCTH
uX (QparMeHTallud W3 HCCIeNOBaHUS oOpasoBaHusi dyapMmoHUs. Okuaaemas BBICOKAs TOYHOCTH
U3MEpEHUI, MHUHHMAJbHBIC CHUCTEMATHUYECKHE OIIMOKH B COYETAHWHM C IIUPOKHM HAO0pOM
My4YKOB, MHUIICHEH, BTOPUYHBIX 3aPSKEHHBIX U HEUTPAIbHBIX YACTHUI[ BBHITOJIHO OTIUYAET 3TOT
MPOEKT OT JIPYTUX MOJSPU3ALUOHHBIX TPOCKTOB.

[lonsipu3oBaHHbIE  AHTUIIPOTOHHBIA M TPOTOHHBIM TYYKH  SBISIIOTCA  TTOMCTHHE
YHUKaJIbHBIMU UHCTPYMEHTAMH B 3TUX UCCIEIOBAHUSX.

Boinennm ocHoBHbIE ipeumyiectsa npoekrta CITACHAPM:

— OOmupHas pu3ndeckas nmporpaMma U CUCTEMaTHYECKOE UCCIICTOBAHHIE

MOJIIPU3ALMOHHBIX ABJICHUH (TUIA IepuoanyYeckoi Tadbnuiel unu PDG).

— Pa3nooOpazue myyKkoB: MOJISPU30BaHHBIC IPOTOHBI M AHTUIIPOTOHEI,

HEeTOoJISIPU30BaHHbIe My4yKkH 7+, K+, p+£, d, C.

— Peructpanus u naeHTUUKANNAS HEUTPATBHBIX U 3aPsHKEHHBIX BTOPUYHBIX YaCTHII,

BKJIEOUast y, 7°, 7w+, K+, p+, d 1 pe30HaHCHI.

— HccnenoBanue AECATKOB peakiiuii OJHOBPEMEHHO.

— TlonepeyHo- ¥ IpoOI0IBLHO-TIOJISIPU30BAHHBIE U SJIEPHBIC MUIIICHH.

— HccnenoBanme pa3nuvHbBIX CIMHOBBIX HaOmogaeMbIx: Ay, Py, Ann, AL, D, pik. -

— HccnenoBanue nonsipu3aniioHHBIX 3P PEKTOB B 3aBUCUMOCTH OT Pa3TUYHBIX

MepEMEHHBIX: \s, Pr, Xg, aTOMHOTO HOMEPA, MHOKECTBEHHOCTH, PEAKITUH. . .

— TlonHpIi a3UMyTAIBHBIN YToJ1, MO3BOJSIONIMNA MUHUMHA3UPOBATh CUCTEMATHYECKHE

OIIMOKHU.

— CnuH-daunmep, MO3BOJISIONINI MOTYyYUTh KaK MOMEPEYHYI0, TaK U MPOJA0IHHYIO

MOJISIPU3AIMIO U MEHSTh UX HallpaBJI€HUE, YTO TAKXKE BaXKHO JJI1 YMEHBILICHUS

CHCTEMATHYECKUX OIIHOOK.

— bricTpas cuctema cOopa JaHHBIX.

HToroBasi CTOMMOCTbh NMpOEKTa (KaHall + SKCHEpUMEHTaJIbHAs YCTAaHOBKA) OLIEHUBACTCS
B 2 Miipa pyOneil. Co3naHue Takoro KaHaja M SKCIIEPUMEHTAIbHON YCTaHOBKH, MOJYYEHHE
IIYYKOB IMOJSIPU30BAHHBIX YACTHI] IIPUBJIEYET K MCCICAOBAHUSAM Ha YCKOPHUTEIBHOM KOMIUIEKCE
YYEHBIX U3 Pa3IMYHBIX CTPaH — Ipexke Bcero u3 I'epmannn, Yexnun n Uranuu.

Paboma evinonnena npu punarncosoii noodepiicke PODU ¢ pamkax npoexma Ne 18-02-00006.

117



5 IIpuaoxenue A. CoBpeMeHHO€e COCTOSTHHE UCCJIeI0BAHMI B JTaHHOM
odJiacTH

OKclepUMEHTAbHbIE U TEOPETUYECKHE MCCIIEOBAHUSA B OOJIACTH CIIMHOBOW (PHU3HKH
B IIporieccax 0Opa3oBaHUS M B3aMMOJEHCTBHS apOHOB C aJpOHAMHU, (POTOHAMHU M JIEITOHAMHU
BEIYTCA YXKE HECKOJIBKO JECATUIICTHH, C MOMEHTA IOSBICHUS IEPBBIX YCKOPUTENIECH YacTHLL.
CoBeplLIeHCTBOBAHUE YCKOPUTEIEH M JETEKTOPOB YaCTHII, CO3AAHHUE ITyYKOB IOJSIPU30BAaHHBIX
YAaCTULl U PA3BUTUE TEXHOJOTUHM NOJSAPHU30BAHHBIX MUIICHEHW MO3BOJIMJIO IMOJYYHUTH OTPOMHBIN
MacCHB TOJISIPU3AIMOHHBIX JaHHBIX. B CIMHOBOI (pM3MKe NMPH BBICOKUX SHEPTHSIX MPOBOASTCS
MPELUU3NOHHBIE MU3MEPEHHs], KOTOPbIE MO3BOJISIOT BBIIBUTH OCOOCHHOCTU JWHAMHMKH CHIIBHBIX
B3aUMOJICHCTBUI W TPOHUKHYTH TIy0XXe B CTPYKTYPY aApoHOB. DEHOMEHOJIOTHS CIHHOBBIX
SIBJICHUI OKAa3aJIach YAMBUTEIHHO OOTATON U TPYIHO OOBACHUMON C (pyHIaMEHTAIBHBIX MO3UIHN
KBaHTOBOU XxpoMoauHamuku — KX]I.

[TosiBneHHEe TOUHBIX AAHHBIX CTUMYJIUPOBAIO OYpHOE pa3BUTHE TEOPETUUECKUX MOJeNnel,
OOBSICHAIOLIUX HAOII01aeMble SIBIICHUS.

5.1 Pe3yabTaThl NOJASIPU3AHOHHBIX IKCIIEPUMEHTOB

[TepBble TONSPHU3AIMOHHBIC SKCIICPUMEHTHI MPOBOIWINCH JUISI YIPYTHX M 3apsI0BO-
OOMEHHBIX PEAKIIHH, IMOCKOJIbKY MPH HHU3KUX DHEPTUSX CCUYCHUS TAaKUX PEAKIMA U CIHHOBBIC
s dextsl Benuku. C pOCTOM SHEPTUU YCKOPUTENCH YBEIHMUMBAETCS CPEIHSS MHOKECTBEHHOCTD
B COOBITHH, a CIIMHOBbIE YPPEKTh B KOHKPETHBIX OMHAPHBIX MPOIECCaX M MX CEYCHHS OBICTPO
yObIBatOT. TUMHYHBIME MpPUMEpPaMH MOTYT CIYXHUTh CE€UYEHHUE Ipoliecca nepe3apsaku w p—ah,
KOTOpOe TajaeT Kak S ', U ceueHue mpolecca 7 p—pp, KOTOpoe MajgaeT Kak S 2, yka3blBas Ha TO,
YTO MPH BBICOKHUX SHEPTHSIX B TAKHMX MPOIIECCaX MPOUCXOIUT 0OMeH pekeoHoM [126].

Jlyist aHanmM3a JTaHHBIX TPU BBICOKUX JHEPTHSAX ObUT MPEIOKESH WHKITFO3WBHBIN MOIXO],
B KOTOPOM PETUCTPUPYETCS JIUIIH OJTHA WM HECKOJILKO M3 oOpa3oBaBimxcs gacTtuil [127]. Otor
METOJT OKa3aJiCsl OYeHb YJOOHBIM IS UCCIICIOBAHUS TOMEPEYHBIX OJHOCITUHOBBIX aCHMMETPHI
(An) amgpoHOB, morepedHbIX mossipusaiuii (PN) THIIEpOHOB M 3JIEMEHTOB CIMHOBON MAaTpPHIIBI
IJIOTHOCTHU (pik) BEKTOPHBIX ME30HOB. B cuily orpaHu4eHHOCTH MH(GOpPMAIMU B WHKIIO3UBHBIX
mpoleccax, B MocieHee BpeMs MPOBEICHBI H3MEPEHUSI, B KOTOPBIX UCIIONb3yeTCsl HHPOpMAaIIHs
0 MHO>KE€CTBEHHOCTHU 3apsDKCHHBIX YaCTHUIl M EHTPaIbHOCTU coynapenuii. [lomyyeHHbIe TaHHBIE
MOKAa3aJIl 3aBUCHUMOCTD TOJISPHU3ANMHOHHBIX 3()(PEKTOB OT ATHX JOMOJHUTEIBHBIX TMEPEMEHHBIX.
JUis w3ydeHUsT CIOUHOBOWM CTPYKTYPHI aJPOHOB YaCTO WCHOJB3YIOTCS IOJTY-UHKITIO3HBHBIC
HEYIPYyTHUE MPOIECCH, B KOTOPBIX IIOMUMO aJpOHA PETHCTPUPYETCS PACCESBIITHIACS JICTITOH.

5.1.1 Ilonapuzauusa é ynpyzux peaxyusax

Ha Puc. 5.1 mokazano cedeHne ympyroro mpoTOH-TIPOTOHHOTO pacCesHUs MPH dHEPTUU
11.75T3B nns coynapenuii ¢ mapamienbHbIMU (11) U aHTHUHapaienbHbIMU (1) cnMHaMU
IPOTOHOB B 3aBHCHMOCTH OT Oe3pa3MepHOil mepemeHHOH p°, = B2 P?, 601 (S) / 38.3 [128], rae
P?,= pZT. TaMm >xe CIJIONIHBIMUA KBaJpaTamMH IOKa3aHO CEUEHHE MPU ropaszfo 0osiee BHICOKOM
sHepruu npu S = 2800 I'3B?, nonyyennoe B CERN ISR. B nudpakunonnoit obmactu, cooTBeT-
CTBYIOIIEH MaJIbIM yIJIaM pacCesHusl, CeYeHUE OAMHAKOBO B Pa3IMYHBIX CIMHOBBIX COCTOSTHUSX U
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TIPH PA3HBIX SHEPIUsX. B 06IaCTH IPOMEKYTOUHBIX 3HAYCHHH P’y HMEETCs Clrabas 3aBHCHMOCTB
or cnuua. [ToBeJeHHe CeUeHHs B 0ONACTH OONBIIMX 3HAUYCHHH P°r OKA3aIOCh HEOXKHIAHHBIM.
Korza cniuHbl IPOTOHOB NapajlIeNbHbI, CEYEHHE UMEET TOT K€ HAKJIOH, YTO M JJISl COyAapeHuil
HETOJSIPU30BAaHHBIX TPOTOHOB TMpH Topazgo Oonee BBICOKMX HHeprusix. OnHako amis
aHTUIIAPAJUICIbHBIX CIMHOB HAKJOH cedyeHus Oojee Kpyroil. B To Bpems mpeamosiaraiu, 4to
CIIMHOBBIE 9 (MEKThI LOKHBI BEIMEPETh [PH BBICOKUX SHEPIHSX M GOIBIIHX P2r.
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Puc. 5.1 Ceuenue npoTOH-IPOTOHHOTO YIIPYTOTrO Puc. 5.2 OrHouieHue ynpyrux ceueHuii 611/67]
paccesiHus B 3aBHCHMOCTH OT CKSHJIHHTOBO# B 3aBcHMOCTH 0T P2, [129]

nepemernoit p°, = f7P%, 61(s)/38.3 [128].

S. Brodsky Ha3Ban 3TOT pe3ynbTaT «OJHON M3 HEPA3TraJAaHHBIX TallH aJJpOHHON (pU3UKMH»
[130]. OnHako BO3HHUK BOMPOC: HE MPOSIBISICTCS JIM 3aBUCHMOCTH OT CITHHA TOJIBKO B 00JacTH
yII0B paccesHus BOsm3u 90° B C.I.M., TJI€ BaKHA UAEHTUYHOCTh MPOTOHOB? UTOOBI OTBETUTH Ha
3TOT BONpPOC, Ha yckopurene ZGS OblT MOCTaBIEH BTOPOM 3KCIEPUMEHT, B KOTOPOM MEHSITUCH
SHEprHst M Py, @ Yroa paccesHus ocraBaics paBueiM 90°. Ha Puc. 5.2 mokasaHo OTHOLICHHE
VIPYTHX cedeHuil 6 '/6'Y B 3aBHCHMOCTH OT pZT [129], napsny ¢ manabimu [128] u3 Puc. 5.1.
CymectByeT Ooiblliasi pa3HUIlA CEUEHUM B OOJACTH MalIbIX pZT, COOTBETCTBYIOIIHUX MAaJIbIM
sHeprusMm. Ho ipu pzT > 1.5 (I'’B/c)? nBa Habopa JaHHBIX MPAKTHYECKH COBIAIAIOT U HE 3aBUCST
oT HarpaieHus crmHa. Ilpn p*r > 3.7 (I'9B/C)? 3aBHCHMOCTH OT CIIMHA CHOBA CTAHOBHTHCS
CUJIBHOW. DOTW JaHHBle YOeXJalT, 4To OoJplIMe CIHUHOBBIE 3((EKTl HE CBS3aHbI
C UJCHTUYHOCTBIO TPOTOHOB NpU yrie paccesHuss 90° M BO3HUKAIOT B MpoOIEcce KECTKOTO
paccessHUS B 00JacTU OOJIBIINX p’r [130]. Dtu YIUBUTEIbHBIE PE3YJIbTAThl HE MOIYYMIIU OKa
JOCTaTOYHO YOEAUTEITBHOTO TEOPETHUECKOTO OOBSICHEHUSI.

5.1.2 IHonapusauyus u acummempus 6 3apao080-00MeHHbIX PEAKYUAX

3HaYMTeNbHBIN BKJIA B UCCIEI0OBaHUE CIIMHOBBIX 3()(PEKTOB B IKCKIIIO3UBHBIX 3aps10BO-
OOMEHHBIX peakIHsIX ObLT MOJIY4YeH B CepuH dKcrepuMeHToB B [IpoTBHHO Ha ycTaHoBke [TPO3A
npu sHeprun nydka 40 [9B [51-57]. BosiblIMHCTBO NAHHBIX B JPYrHX 3KCIEPUMEHTaX OBLIO

119



MOJIYdEHO TIPH YMEPEHHBIX OHHEprusx mnydka 1m0 12 [»B, Hmke sHepruii yCKOPUTEIHLHOTO
komriuiekca UDBD.

K cepenune 80-x rr. ObUTM 3aBepIICHBI HCCIEIOBAHUS ACUMMETPHH B 3KCKIIIO3UBHOMN
peakuuu 7 +p' — 7°+n npu uMmysce 40 B/c [53]. UnTepec k 5Toit peakiun 00yCIOBICH TEM,
YTO B MOJeNH MomocoB Pemke 3Ta peakuus uUAET Yepe3 OOMEH OJHUM P-TIOJTHOCOM,
U ToJisipu3anus, Kak uHTepdepeHInOHHbIH 3 (eKT, TomKHA OTCYTCTBOBATD.

[TepBbie ke dKCIIepUMEHTANIbHBIC TaHHbIe Tpu 5 1 12 ['3B/C mokaszanu Hanumuue OOJBIIIX
MOJIAPU3AUOHHBIX A(P(EeKTOB. DTOT (aKT 3acTaBUI TEOPETUKOB TMEPECMOTPETh HMCXOJHBIC
NPENOChIIKM Mojenn Pemke, BBECTH JOMOIHUTENBHBIC TOIOCA, YuecTh 3 ekt mepepaccesi-
HUus U T.J. OHAKO 3TH OMBITHl MPOBOIMINCEH NpH HU3KHUX (<12 [3B) sHeprusx, u mias cTporoi
npoBepkd Mmozenu Pemke HyxXHBI ObUIM JaHHbIE TpU Oojiee BBICOKMX SHEPrusix. ITHUM
MOTHBHUPOBAIAaCh IIOCTAHOBKA JKCIEPUMEHTAa IO H3MEPEHUIO IMOJIApU3aluyd HEUTpoHAa Ha
yckoputenbHoM Komiuiekce Y-70. Jlannwsie mo momspusanuu npu 40 ['9B mpeacraBiensl Ha
Puc. 5.3 u ObulM mpeaMETOM MHOTOYMCIEHHBIX 00cyxaeHuil. [lpuBiekanucy pazmudHbIe
Monudukanuu mozaenu Pemxke. Jlunus Ha Puc. 5.3 mpencraBnser pacuetsl monenu Pemxe
¢ yuetom ojyiepona [131]. Apropsl padotsl [131] npenckaspiBaioT pOCT aOCOTIOTHOW BETUYUHBI
nonsipuzanuu pu —t > 0.7 ['9B? ¢ yBenuueHneM sHepruu myuka. VizMepenue monspusauu npu
Heckobkux dHeprusx Ha ycranoBke CITACUAPM mno3Bonmmino Obl MPOBEPUTH CMEHY 3HaKa
noJisipu3anuu B oonactu suepruit Y-70.
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Puc. 5.3 Mogens omepona [131] B mpruMeHEHHH K ONIMCAHUIO MTOJISAPU3AIAT

B peaKiuu T p(T)—) °n npu umiyiscax 5 u 40 ['sB/c [53]

Ha ycranoske ITPO3A B 80-x romax u3mepsiich aCHMMETPUH B 3KCKJIIO3UBHOM 00pa30-
BaHMH HEKOTOPBIX PE30HAHCOB, TAKUX Kak 7 P! — w(782)n, 7' — 1/(958)n, 7 p' — f:(1270)n npu
sueprun 40 I'3B [55,132].

[TpakTHyecku BO BCeX MCCIEAOBAHUAX ObUTH OOHapyKeHbI OoJblIne 3(PPEKTh, HA YPOBHE
20+40%. Pe3ynbraThl B peakiun 7 P'—(782)n npencrasieHsl Ha Puc. 1.14. PesymbTarsl 110
peaximn P —77/(958)n mpencrasmensr Ha Puc. 1.15, a pe3ynbTaThl [0 peaKmum T p'—
2(1270)n nmpencrasnenst Ha Puc. 5.4.
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OTMeTHM, YTO B ME30HHBIX IIy4Kax HaOJIOMAIOTCS HEHYJIEBBIC ITOJIIPU3ALMOHHbIC
3 dexTsl naxke B o0nacTu (parMEeHTAllMH HEMOJISPU30BAaHHOIO My4yKa, YTO HE HMMEET IO0Ka
YIIOBJIETBOPUTEIBHOTO TEOPETUUYECKOTO OOBSCHEHHS. 3HAUMTEIbHBIC OJHOCIUHOBBIE aCUMMET-
pun, HaOJIOJaeMble B COYJapeHHUSX ME30HOB C IMOJSPHU30BAHHBIMH IMPOTOHAMH, HE TOJIBKO
B o0nacTi (pparMeHTaMu TMPOTOHA, HO M B OOJacTH (hparMeHTaluM MeE30Ha, MOTYT OBITh
CBSI3aHHBIMH C HECHMMETPHYHOCTBIO HAYAIbHBIX M KOHEYHBIX COCTOSHHMH: ME30H COCTOHMT W3
KBapKa M aHTHKBapKa, a HyKJIOH — U3 TPEX KBAapKOB.

ue

+++ -

0 0.5 1
€, (GeV/e)y

Puc. 5.4 Acummerpus B peaxiun 7 p' — f2(1270 n npu smeprum 40 B [132],
korma f2(1270)-Me30H peructpupoBaics B MoJie paciiaaa Ha JBa w’-Me30Ha

5.1.3 Oomnocnunosas acummempus Ay 6 UHKIO3UBHBIX PEAKUUAX

Jlannble 1o AN B MHKJIFO3UBHBIX PEaKLUAX MOITY4YeHb A1 24 peakuuil B aJpOH-aIpOHHBIX
COyJapEHHsX U 6 PeaKiuii B NENTOH-aPOHHBIX COyIapeHusX. J{Mama3on SHepruit S peakiuii B
c.a.Mm. MeHsuics ot 4.9 1o 500 I'3B. Bo BceM amama3one sHepruii HaOr0ganach 3HAYUTEIIbHAS
acuMMeTpus Ay, KOTOPast MOKET MEHATHCS B 3aBUCHMOCTH OT \S, Pr, TiepeMerHoil MeifnMana Xe,
aTOMHOTO Beca MMIIEHHM A, a Takke OT LEHTpalbHOCTH coynapeHuil Ct M MHOXECTBEHHOCTH
gactull Nen B coObiTuu. IloBeneHne Ay HECKOIBKO OTIMYAETCA B TPeX O00JACTIX MO SHEPTUU
Vs <51B, 5<Vs<70TB, u npu \s > 70 IsB. IIpu ummynsce 11.75 TaB/c (Vs =4.89 I'3B)
OBLITH BBIIOJTHEHE! MOAPOOHEIe H3Meperus An(Pr, Xe) M1 oOpasoBanus 7w, K, p, p, B mpoToH-
MPOTOHHBIX coynapeHusx [133]. Pe3ynbTarel s peakimii pr—>7ri+X, nokazaHel Ha Puc. 5.5 u
Puc. 5.6 1 uMerOT HEMOHOTOHHYIO 3aBHCUMOCTB An(P7), ¢ M3MeHeHHeM 3Haka rpu Pr =~ 0.6 [B/c
[25].

Takoe noBenenue An(Pr, Xr), TP YMEPEHHBIX YHEPTUAX, MOXKET OBITh CBSI3aHO C MAJIbIM
YKCIJIOM JKCKJIIO3UBHBIX KaHAJIOB, JAOIIMX BKJIaJ B MHKJIIO3UBHYIO peaklnio. Bo3MOXHO Takxke,
9TO TIPU ManbiX Pr X VS KBAPKOBBIC CTENIEHH CBOOOJBI €IE He SIBIISIOTCS ONPEENAIONMMH T
An. Emé onHa u3 rumore3 COCTOMT B YBEIMYEHHUM pajaudyca JEHCTBUS LBETHBIX CHUT I
C yMEHBIIEHHEM Pr, B CHITy COOTHOIIGHHS HEONpeeNeHHocTeit dp; or > hl2 [27].

Ipu Gonee BBHICOKHX SHeprisix, 5 < Vs < 70 ['9B, mMeeT MecTo MpHOIMKEHHBIH CKEHTHHT
(He3aBUCUMOCTb AN OT SHEPTUH) JUIS 3TUX JIBYX PEaKIUil.

[TogpobHoe nccnenoBanue 3aBucuMocTu An(PT, Xg, A) OT KHHEMaTHYECKUX MEPEMEHHBIX
¥ aTOMHOT0 Beca A MuIIeHH BbiojHeHo Ha ycraHoBke DOJIC-2 npu sHEprun NoJsipu30BaHHOTO
nporonHoro my4yka 40 ['3B [134, 85, 86, 87]. M3mepenus ObutM NpOBENCHBI HA MPOTOHHOM,
YITIEpOIHOM ¥ MEIHOH MHIIEHSX JUIA POIECCOB HHKIIIO3MBHOTO oOpaszoBanus 7, K*, p u p npu
HECKOJIbKUX yIilaX pOXkIACHUS apOHOB.
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Pesynbrarer [85, 86] nmoka3ansr Ha Puc. 5.7. 3aBucumocts Ay OT A okasajgach HE3HAYH-

tenbHOM. [loaTromy Ha Puc. 5.7 mokasaHbl yCcpeaHEHHbIE pe3yJIbTaThl HA YIJIEPOJHON U MEIHOM

MHUIICHAX.
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Puc. 5.7 3aBucumocts Ay(Pr) IS IPOLECCOB MHKITFO3MBHOTO 00PA30BAHMSA 7, T, P U P
B p'A-coyapeHusX IIPH BYX yIlIaX pOKICHHS aApoHOB U ummyibce 40 T3B/c

3ameTHas acuMMmeTpus Ay HaOmomaeTcss B 00JlacTh (PparMeHTalUuH TMOJSPU30BAHHBIX
K*, p), B cOCTaB KOTOPBIX BXOJST BaJCHTHbBIC KBAPKU

u3 npoTtoHa. J[is axpoHOB, comepikaiux Tosubko mopckue kBapku (K™ u p), Ay =0 Bo Bceit
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WCCIEOBAaHHOM KWHeMaTthuecko ooOmactu. OOHapyxkeHnl ocrwummuu Ay (kak  QyHKIun
KHHEMATHYCCKUX IEPEMEHHBIX Pr M Xg) I peakimu P'p — p+X, IpudeM 3HAYMTEIbHAS
aCHMMeTpHsi HAONIOaeTcs TOINBKO B OOJACTH IONSPHBIX yYIIOB MeHee 70 B C.ILM.
CTAJIKMBAIOIIMXCS HYKJIOHOB. B Monenun xpoMomarHuTHoW mnossipuzauuu  kBapkoB (XIIK)
ocruusiys Ay CBsi3aHa C TIpeleccueil criuHa KBapka B 3 (eKTHBHOM IBeTHOM mouie [27]. s
peakimu p'p—7+X 3aBucHMOCTh Ay OT MOJNSPHOTO yryia B C.ILM. OC.M. HMEET MOPOrOBBINA
XapakTep, ¢ moporom BOIM3M yriia 73° [26].

Becbma HeOXMIaHHBIMH OKA3aJIMCh JaHHBIC MO Ay JUIS peaKIuii pr—>n+X, pTAl—>n+X
u plAu—n+X, nonyuennsle npu sHeprum Vs =200 3B B skcrepumenre PHENIX [135].
Pesynbrarel paccmorpensl Boiie B pasaene 1.2.2 u mokaszanel Ha Puc. 1.9, B 3aBucMMOCTH OT
aToMHOTO Beca A. Acummerpusi An(4) Al WHKIIO3UBHOTO TIporecca mokasana Ha Puc. 1.9
Kpykoukamy. OHa MEHSIET 3HAK M PACTET [0 BEIHYMHE B TPU Pa3a IPH IEpPexoige OT P +p
K p'+AU cOyaapeHusM.

Korna HakiagpiBatOTCs JOMOIHUTENbHBIE TPEOOBAHUS PETUCTPALIMH 3aPSKEHHBIX YaCTHI]
cuetynkamu BBC, pacmnonoxeHHbIMH B 0O0JacTd (PparMeHTallUd CTAJIKUBAIOLIUXCS YaCTHI]
(BBC-tag, kBagpathi), To An(A) OCTaeTCs OTPHUIATEILHON U HEOOIBIIOH 10 Benuuunne. Ecim jxe
O0TOUpPATh TOJILKO COOBITHS, B KOTOPBIX HEeT curHanoB B BBC cuerunkax (BBC-veto, Tpeyroms-
HUKH), TO An(A) crBuraercst BBepX. sl MHKIIIO3UBHON peakuuu 3To noBeneHue An(4) MOXKHO
OOBSICHUTH TIperieccuell crHa KBapka u jaeiictBueM cwiibl llltepHa-I'epiaxa B HEOTHOPOIHOM
KPYrOBOM TIIONIEpEYHOM XpoMoMarHuTHoM moine [27]. Ilockomeky s¢dext Habmromaercs
B obnactu Manbix Py~ 0.3 I'9B/C 1 601bpmHX A, TO CYIIECTBEHHBIM ISl €T0 OOBSICHEHUS SBISETCS
TaK)K€ CUJIbHOE YBEIMYEHHE IOMEPEeYyHOro paauyca MBETHOrO Mojis mpu Maibix Pr. Otbhop
coOBITUI ¢ MOMOIIbIO cueTynkoB BBC cMemaeT cpenHiow HEeHTPalbHOCTh COYAapeHus, YTo U
MPUBOJIUT K COOTBETCTBYIOIIMM H3MeHeHUusM 1 An(A4). BakHO MpomoIbKuTh HMccienoBaHUe
sToro 3¢ dexTa Mpu Ipyrux FHEPrusiX U Ha APYrUX MUILICHSIX, B TOM YHUCIIE OT HEHTPaIbHOCTH.

[penckazanuss MOJIEIH XPOMOMArHUTHOM mossipusaru kBapkoB (XIIK) [27] moka3aHsr
Ha Pwuc. 1.9 cunelt criomHolW nwHWeH. ToHKHWE JIMHUM O0O03HAYAIOT OJHO CTaHIAPTHOE
OTKJIOHEHHE IS ITHX PacdeToB 1Mo Mojenu. Mojenb [27] mpencka3bsiBaeT JIOMOJHUTEIBHBIC
MuHUMYMBI An(A) ipu A=3 1 A=86.

Eme ogHo HaOmoneHre, He TIOJMYYHBIIIEE MOKa SICHOTO OOBSICHEHUS — 3TO 3aBHCHUMOCTD
AN(XF,Ncp) T peakiiuu pr — T +XB skcnepumentre BRAHMS nipu sHepruu Vs=200 I'>B [32].
Oka3zainock, 4To An(Xg, Nch) yBeMUMBaeTCs M0 aOCOMIOTHOM BETMYMHE, €CIIU OTOUpPATh COOBITHS
C MHOXECTBEHHOCTBIO N¢n BbIlie cpennell. Takue naHHble mokazanel Ha Puc. 5.8 crutomubiMu
Kpykoukamu. Eciu ske BRIOUParOTCst COOBITHS, B KOTOPBIX MHOXKECTBEHHOCTh HUXKE CpeqHEl, TO,
coorBeTcTBeHHO, B AN(XF, Nch) CTaHOBHTBCS MeHbIe 0 abcomoTHON Benmuunae. Mozens XITK
Ka4eCTBEHHO 00bscHsCT 3Tu faaHHbIe 0 AN(XE,Ncn) yermenuem 3hGeKTHBHOTO I[BETHOTO MOJIS
B 00JIaCTH B3aWMOJCHCTBHUS TIPU TpeOOBaHWU OoJiee BHICOKOW MHOYKECTBEHHOCTH, MOCKOJBKY
MoJIe CO37aeTCs JIBMKYIIUMHUCS KBapkamu-criektatopamu [27]. Uem Oombmre bactui Nep
B COOBITHH, TEM OOJIbIIIE OKUAACTCS KBAPKOB-CIIEKTATOPOB.

Jlugepom B 00nacTy MPOBEACHHS SKCIIEPUMEHTOB TI0 UHKIIO3UBHOMY OOpa30BaHUIO Yac-
TUIl ME30HHBIMHU IMyYKaMH Ha TMOJSIPU30BAHHON MPOMAH-AUOJIOBON MHIIEHU 3aMOPOKEHHOTO
tuna ssiasgercs KomwiektuB skcnepumeHnta I[IPO3A B THI[ M®BD HUILI «KypuarosBckuit
uHCcTUTYT» MMeHH A.A. JloryHoBa. OnHa W3 TakuX peakIUU TpeacTaBieHa B pasnaene 1.5
¥ rokasana Ha Puc. 1.13 quis peaxtun nepesapsiaku 7 d'— 7 mpu srepruu myuaka 40 9B [50].
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OCOOCHHOCTD 3TUX PEaKLHi B TOM, YTO OTIIMYHAsL OT HYJs acummeTpust An(Pr) MosBIIs-
ercsa B o0yacTu (pparMeHTaluu 7~ My4YKa, KOTOPBIA HE MOJIIPU30BaH, MOCKOJIbKY CIHH 7T paBeH
HYJIIO.

R Akl * High Mut

Cr + Low Mult.
© Single DIf.

0.1 02 03 04
Xg (%)

Puc. 5.8 3asucumoctb An(Xg) s peakimu p'p— 7+X B sxcrnepumente BRAHMS [30]

Bo3moxHo, 3HauutenbHas An(PT) BO3ZHHMKAeT M3-3a CHJIBHOM aCHMMMETPHUH HAa4albHOTO
COCTOSIHMSI, TJI€ KBAPK U aHTUKBApK MMHMOHA HAJIETAIOT HA TPU BAJIEHTHBIX KBAapKa IMOJIIPU30BAH-
HOro HykjoHa. [loxoxas curyanus HaOnromaerca U Ui OMHAPHBIX peaKLMi, pacCMOTPEHHBIX
BbIlle. OOMEHHOE B3aUMO/IEHCTBHE TAKKE MOXKET UTPATh 3HAYUTEIIbHYIO POJIb B IPOUCXO0XKICHUU
OJIHOCIIMHOBOM aCUMMETPHHU.

5.1.4 Ilonepeunasa nonapuzayus Py cuneponoe 6 unK103U6HBIX PeAKYUAX

OOHapy)XeHrEe 3HAYUTEIBHON MOMEPEYHON MOJSpU3alii /-TUIIEPOHOB B MHKIFO3UBHBIX
peaKnusx SBWIOCH CIOPIPU30M, IOCKOJIBKY TEOpHUsl NpeAcKa3blBaja BBHIMHPAHHE CIHHOBBIX
3 PEKTOB NPU BHICOKHX YHEPTHUsIX U OOJBIIMX MOMEPEUHBIX UMITyIbcax [2]. B manpHeitmem 3tu
UCClIeIoBaHMsI ObUIM MPOAOIIKEHBI, I1aBHBIM 00pa3oM B Fermilab (CIIA). bonbmias nonspusa-
U HaOJII0Jas1ach MPAKTHUECKH JUIsl BCEX TMIIEPOHOB M AHTUTUIIEPOHOB B IIMPOKOM HHTEpBale
SHEPrUuil M A pa3HbIX MYYKOB. M3MepeHHs HAa NMPOTOHHOM M SIIEPHBIX MHUIICHAX MOKa3aJln
HE3HAUUTENIbHYI0 3aBUCUMOCTh Py OT aromHoro Beca mumeHu A. Ilomspuzanusi rUunepoHOB
B COY/IapCHUSAX WICHTHYHBIX HETOISIPU30BAHHBIX aJpOHOB, HANpUMep B PP-COydapeHUsX,
SIBIIICTCS HEYCTHOW GyHKuuedl mnepemeHHON Xg: Pn(—Xg,pr)=—Pn(XF,pr), OTKyma ciemyer
Pn(0,p7)=0. TIpuOamKxeHHO 3TO COOTHOIICHHWE BHIMONHSETCS W B PA-coymapenusx. O030p
JAHHBIX 10 TOJISIPU3AI[K THITIEPOHOB MOXKHO HaiTu B [136, 137, 138].

Ha Puc. 5.9 noka3zana nonspusanus B peakuuu pBe—/A+X npu sueprusix myuka 400 I'>B
[139, 140] u 800 I'>B [141]. KpuBbie Ha Puc. 5.9 mokas3piBaroT (GUT COOTBETCTBYIONIMX JAaHHBIX
u3 o63opa [138]. Ionspuszauus B peakuuu pBe—A+X oTpuiaTenbHas, a € BeIUUYHMHA pacTeT
C YBEJIIMYECHUEM Xg U Pr. 3aBUCUMOCTB OT SHEPIUU IyYKa HE3HAUNTENIbHA.

Ha Puc. 5.10 nokazana Py B peakiun pBe— Z +X npu sueprusx mydka 400 5B [142]
1 800 B [143] u ¢ur [138]. Xorsa 3nak Py B peaknmm pBe— Z+X ToXe OTpHIATEIBHBIM,
MaKCHUMallbHasi BenMunHa Py BABOE MeHbINe, W JoCTHTaeTcs oHa mpu Xg~ 0.5, B oTiamuue OT
A-runepoHa, Ajs KOToporo makcumym Py Haxomutcst BOnm3u Xe = 1. Iloxokee moBeneHue
HabmoaeTcs u Ui peakuuu pBe—=+X npu suepruu nyuka 400 5B [144]. B pamkax mozaenu
XIIK [27] Takoe moBenenue Pn(Xg) 0OBsCHSETCS Mpeleccuei cnuHa S-KBapka B 3((EKTUBHOM
KPYTOBOM IIOTIEPEYHOM XPOMOMArHUTHOM I10JI€ TIPH OAHOBpPEMEHHOM jeicTBuM cuiibl LlTepHa-
I'epnaxa.
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[Tomstpuzanus B peakiuu pA—2"+X mokazana Ha Puc. 5.11 u uMeer mojaoXUTETbHBIN
3Hak. [laHHble monydeHbl mpH dHeprusix myuka 400 3B [145, 146, 147] u 800 I'»B [148].
[TonoxurenpHas noispusanus HabmonaeTcs Takke B peakuun PA—2~+X npu snepruu 400 ['5B
[149,150]. IMonspusarms A onpenensercs moaspu3anueil S-KkBapka, Torjaa Kak s X -rurnepoHa,
B CHJIy OCOOCHHOCTEH ero BOJIHOBOW (DYHKIWH, MOJSIPHU3ALHUS MPOTHUBOIOIOXKHA TOJSPU3AIIH
S-KBapKa, 4YTO MOXKET OOBSICHUTD MOJIOKUTENBHBIN 3HaK Py B peakiuu PA—2 +X.

BonbmumHCTBO M3MepeHnit Py B peakiun PA—A+X GbUIM BBINOJHEHH TIPH BHICOKOI
sHeprum, \S > 27 I'5B, M IOKa3aqd COBMECTHMYIO C HYJEM MONAPH3ALMIO. EIMHCTBEHHBINH
skcriepuMeHT E766, B KOTOpOM Habmiojanach 3HAYMTeNbHas ToNApu3anus A, ObUT BBHITOJHEH
npu s = 7.31 T5B [151]. Pesynbrats E766 mokasams! Ha Puc. 5.12 CIUTOMIHBIME KPy/KOUKAMH.
CrmourHast kpuBast Ha Puc. 5.12 — pacuerst mo mozenn XIIK [152]. 3asucumocts Py oT V'S
MMEET pPE30HAaHCHBIM Xxapakrep. lIpoBepka S5THX JaHHBIX SBIIIETCS aKTYalbHOM 3a1adyeit
u o0seryaercs TeM OOCTOATEIbCTBOM, YTO MMIYJILC MPOTOHHOIO My4YKa JOJKEeH ObITh 27 I'3B,
gyT0 Oyaet noctymHo A ycranoBku CITACHAPM.

Ouensp 6onbLIas noisipu3anus (0AHAKO, ¢ OOJBIIMMU OIIMOKAMU) U3MEpEHa sl peaKkLuu
K'p — A+X B muanaszone uMIyabcoB mydka ot 8.2 go 70 I'sB/c [153, 154, 155, 156].
Pesynpratel nokaszansl Ha Puc. 5.13, Hapsay ¢ pacueramu [138]. IlomyueHue Gosiee TOUHBIX
JTAHHBIX IO 3TOW PEAKIINH SIBIIAECTCS aKTyaJlbHOU 3aa4ei.

PesymbraTel m3Mmepenus Py B peaxmuu pp — A+X mokaszamel mHa Puc.5.14 [157].
OCOOEHHOCTBIO 3THUX PpE3yJbTAaTOB SBIISETCA yKa3aHWEe Ha OCHWLIINUI0 Pn(Xg), 4uto Oymer
MHTEPECHO MPOBEPUTH U UCCIIEI0BATh Ha aHTUIIPOTOHHOM ITyuke 3kcnepumenta CITACHAPM.
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5.2 TeopeTuquKue MOI€JIM, OITUCHIBAIOIIHUE OTHOCIIMHOBLIC SABJICHUSA

B Hacrosmiem pasaene pacCMaTpUBAIOTCS Pa3IMYHbIE MOJETH, MPEII0XKEHHBIE IS
OOBSICHEHUS] OJHOCIIMHOBBIX MOJISIPU3ANMOHHBIX JaHHBIX. VMICTOpUYECKH TEPBBIMU MOJICIISIMHU,
MIPEUIOKEHHBIMU JIJIs1 O0OBSICHEHUS OOJIBIIHMX TOJSIPU3AIMOHHBIX 3P PEKTOB BO B3aUMOJICHCTBHIX
aJIpOHOB, OBUTM MOJIENIH, MCIIOJIB3YIOIINE TOJYyKIacCuYecknue MexaHuaMbl. OJMH M3 TOAXO0JI0B
OCHOBaH Ha Mojenn nojirocoB Pemke [158, 159, 160]. O630p >TUX MOjeIelH MOKHO HAWTH B
pabore [161].
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Hpyras rpynmna Mozenei npeamnoaraeT (hakTopuszaiyio nepTypOoaTUBHBIX U HETepTypoOa-
TUBHBIX (pakTOpoB. JKecTkoe paccesHHE MAapTOHOB (KBAPKOB U TIIOOHOB) OMHCHIBACTCS B TaKUX
MoJeNsX B pamkax Teopun Bo3mymieHuid KXJI. Msrkue mporecchl (¢ HEOONbIION mepemaaueit
UMIIYJIbCa) YYUTBHIBAIOTCS, HANpPUMEp, 4Yepe3 BBEICHHUE CTPYKTYPHBIX (YHKIMHA © (GyHKUIUH
(¢parMeHTalM TapTOHOB B aJPOHBI, KOTOPHIE HAXOIATCS W3 AKCIEPHUMEHTA M YYUTHIBAIOT
MPE/ICKa3bIBAEMYI0 M3 TEOPUU DSBOJNIOIHMIO0 STUX (GYHKIUH 0pU H3MEHEHUU IepeIaHHOTO
UMITyJIbCA.

5.2.1 Mexanuszmot Cusepca u Konnunsza

B HacTosimee Bpems Haubosee MUPOKO 00CYKIaeMBIMU MEXaHU3MaMHU, PEATI0KEHHBIMU
Ui OOBSICHEHHS] pacCMaTpPUBAEMbIX MOJSAPU3AMUOHHBIX J(PGHEKTOB, SBISIOTCS MEXaHU3MbI
Cusepca [162] u Kommmuza [163]. B ocHOBe 3THX MOAXOIOB JIEKHUT IPEAMOIOKEHUE
O CYILIECTBOBAHUU 3aBHUCSIIUX OT CIUHA U TOIMNEPEYHOr0 UMITyJIbca (PYHKLMI pacrpeneiaeHus
kBapkoB (TMD) [162] B monsipu30BaHHOM MPOTOHE, JTHOO (QYHKIMH (HparMEHTAIMK MOJIAPU30-
BaHHBIX KBapkoB B aupoHbl [163]. B kaxmoil m3 3TUX Mojenedl Moapa3yMeBaeTCs HaIU4YHue
KOPPEJSIUK MKy HAIIPaBJICHUEM CITUHA U TIOTIEPEYHBIM UMITYIbCOM. COBPEMEHHOE COCTOSTHUE
MoJieielt 00CyKIaeTes, Hanpumep, B padote [164].

[Ipenackazanust B pamkax Mozenu CuBepca mokazanel Ha Puc. 5.15 s maHHBIX
skciepuMenTa BRAHMS 10 MHKITIO3MBHOMY POXIEHHIO 77 IIPH SHEPIUH s =200 I'B [165].
3amTpuxoBaHHbIE TOJOCHI TMOKA3bIBAIOT «IOJOCY CTATUCTHUYECKON HEOIMPEeNeIeHHOCTHY MpH
BapHalllK MapaMeTpOB MOJIEIH, UCIOIb3YEeMBbIX N1 u3BjieueHus: pynkuun Cusepca, U3 JaHHBIX
M0 TIIYOOKOHEYNPYTruM TONYUHKIIIO3UBHBIM mpoueccam [166]. lanueie STAR nmns #° nmpu
sueprun Vs=200 I'3B [167] mokasans! Ha Puc. 5.16.
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L ﬂﬂ]‘ L ]
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Puc. 5.15 3aBucumocts Ay(Xe) s plp — 7 X, Puc. 5.16 3aBucumocts Ay(Xg) p'p — 7° X,
u3 paboTs [166]. u3 pabotsr [166].

+
Ha Puc. 5.17 mokazans! nanasie BRAHMS o Ay as K™ [165]. U3 Puc. 5.15-Puc. 5.17
+
MOXKHO CJeNlaTh BBIBOJ, UTO JJII 7 AaCHUMMETPHS MOXKET OBbITh ONHCaHAa OJHUM MEXaHU3MOM
+
Cusepca, Toraa kak s 7° u K™ 3Toro Mexanu3ma HeJIOCTaTO4HO.
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0.055- /’—' It .i} ]
< n ‘_f-f—'i
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.05 [ I 1 I
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Puc. 5.17 3asucumocts Ay(Xe) ats K, u3 pa6ots [165]

127



OTIenbHOr0 pacCMOTPEHUSI 3aCIYKUBAIOT NpenapuTenbHbie qaHuble STAR s 7 npu
suepruu Vs=500 5B [168]. Onu cpasrmBatorcs Ha Puc. 5.18 ¢ mpescKasaHHAMH [0 MOJIENH
Cusepca u Komnunza coorBerctBeHHO [166]. Acummerpust An(Pt) okasaiack Oouibliie, uem
NPEICKA3bIBAIOT KAXKABIA M3 JBYX MEXAHHU3MOB B OTJAEIBHOCTH. ABTOPBI IPEIIOJIATAIOT, YTO
B CyMME JIBa MEXaHU3Ma CMOT'YT OIUCATh TH JaHHbIC, KOTOPBIC BIIEPBbIC H3MEPEHBI MIPU CTOJIb
OOJIBIITMX 3HAYCHUSX MOMEPEYHOTO UMITYJIBCA.

01 T T T T 0.1

STAR preliminary

TO0mrad -1 oo oreliminary

30 mrad +—=—

TOmrad 8-
W mrad —8—

SIVERS effect xp =028 stat band COLLINS effect xp=028 stat. band

aep

005 |

2 a 4 5 8 7 8 2 3 4 5 & 7 8
Pr (GeV) PriGeV)

_ 005t

—

Puc. 5.18 3asucumocts Ay(pr) amst peaktmu p'p — X, u3 paborsi [166],
U TpeqicKa3aHus B pamkax mojeneit Cusepca (cneBa) u Kommmnza (crpasa)

5.2.2 Bknao evicuiux meucmog

Jpyroii MexaHU3M TeHEepalui OJHOCIIMHOBBIX aCHMMETPHiA ObLT npeioxkeH EdpeMoBbiM
u TepsieBbiM B 1982 r. [169]. B Hem paccmaTtpuBaercsi, B paMKax KOJUIMHEAPHOW KUHEMATHKH,
BKJIa/l TBUCT-3, y4UThIBaOUIMH 3((eKThl KBapK-TIOOHHBIX KOppeasauuid. B panpHelmeM 3ToT
0JIXO0JT Pa3BUBAJICS TAK)KE B IPYrux padborax, Hampumep B [170].

OCOOEHHOCTBIO YKa3aHHBIX BBIIIE MEXaHU3MOB SIBJISETCS 3aBUCHMOCTh OT IOINEPEYHOIo
umiyibca Buaa Ay ~ 1/pr, 9To XapakTepHO JUIsl BKJIAJ0B BBICIINX TBHCTOB. DKCIEPHMEHTATbHbIC
TaHHBIE TIPU JTOCTUTHYTHIX Ha CETONHSIIHWN JIeHb MOMEPEYHBIX MMITYJIbCAaX HE YKa3bIBAIOT Ha
3HAYUTEIbHOE yMeHbIeHne Ay(PT) TIpH YBEITHUCHHUH Pr.

5.2.3 bepaunckan moodensv spawiarouuxca K6apKos

Mozens Bpalaromuxcsi BaIGHTHBIX KBApKOB B MOJSIpU30BaHHOM IpoToHe (bepiuHckas
mozens) [171. 172] Obima mpennokeHa s OOBSICHEHHUS MPOUCXOXKACHHUS OJHOCITHHOBOMN
acCUMMETpUu B 0Opa30BaHMM NMHOHOB U Mojsipuzanuu A-runepoHoB. OpOUTaIbHOE BpalleHHE
KBapKOB MPOMCXOJUT BOKPYT OCH MOJISIPU3AIMU MPOTOHOB, MpHYeM U- U O-KBapKu BpallaroTCs
B IIPOTHBOMOJIOKHBIX HAINPABICHHUSX, YTO CBS3aHO C WX TOJSIPU3AIMEd W BOJHOBOHW (yHKIHEH
npoToHa. B3aumozeiicTBue MpoucxoauT BOIU3U (PPOHTAIBHON MOBEPXHOCTU CTAJIKHBAIOIIUXCS
aJIpOHOB, TaK YTO 0OPA30BABILUICS MHOH MPUOOPETAET TOMOIHUTENbHBINA MOMEPEUHBIA UMITYIIbC
IpU PEKOMOMHAIIMM C MOPCKHUM aHTHKBApKOM M3 MHUIICHH. MoOjeb 1aeT KaueCTBEHHOE OMHca-
HUE OJIHOCIIMHOBON aCUMMETPHUH, OJTHAKO HUYETO HE TOBOPUT O MOJISPU3ALUU aHTUTUIIEPOHOB.

Ha Puc. 5.19 nokasansl qannbie sxcniepumentoB E704 [23, 173] u E925 [22] npu sHep-
rusix 200 u 22 3B, KOTOpble CpaBHUBAIOTCS C JBYMs BapHaHTAMH IapaMeTPU3aldU TaHHBIX
E704. Tlpenckasanns moxemn mis An(Xe) u Pn(Xe) B peakuuu p'p(4) — A X cpaBHMBarOTCSA
¢ nanHbiMU Ha Puc. 5.20 [174, 175].
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Puc. 5.19 Ay(xg) ast p'p — X st pasubix 3HaueHuit mapamerpos bepuuckoit mogemu [172]
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Puc. 5.20 Ay(Xe) (crieBa) ans peakumu p'p—A X i Py(Xe) msa pp(A)—4 X

5.2.4 Mooenv uncmanmonnoi 3HcuoKocmu

[pyras uHTEepecHas BO3MOXHOCTb pPAacCMaTpHUBAE€TC B MEXaHU3ME, OCHOBAHHOM Ha
KBapK-KBapKOBOM B3aUMOJCHCTBUU, WHIYIIUPOBAHHOM OOJBIINM aHOMAJIbHBIM KBapKOBBIM
XPOMOMArHUTHBIM MOMeHTOM [176]. OrmeHku, chenaHHble HA OCHOBE MOJEIU HHCTAaHTOHHOMN
xugakoctu st Bakyyma KX/, moka3piBaloT BO3MOXKHOCTh T€HEpaIluy OOJIBIION OJHOCITMHOBOMN
ACUMMETPUU Ha KBAapKOBOM YpOBHE. [[aHHBII MEXaHM3M MOXET OBITb OTBETCTBEHHBIM 3a T€
OOJbIIIME OJHOCIIMHOBBIE ACUMMETPHUH, KOTOpble HAOJIOMAIOTCS B peaKIusx oOpa3oBaHHS
aIpOHOB TMpH BBICOKKX 3Heprusx. Ha Puc. 5.21 mokasanbl 3aBUCHMOCTH acuMmMmeTpuu An(Q:)
OT MEPEJAHHOr0 MMIYNbCa MPU Pa3HBIX 3HAUEHMAX NapameTpa MH(PAaKpacHOro oOpe3aHus Mg
U TMHAMHUYECKOM Macchl KBapka Mg Acummerpus MoxeT jpocturats 50%, a 3aBUCMMOCTB OT
MepelaHHOTO UMITYJIbCa UMEET HHTEPECHBIE OCOOCHHOCTH.

D&

0.6

A
N L Ay
05 i . -/-___’.’-__—':J____ﬂ_ 0.5 L
\ e , {/,/ 1-..,"__2:% ll"'.II ;o /x —
D4} Vo _ 2 ““‘“--,_ 04 | Vs // ~ —
- Y d ~ i
\\_-/ B | \_.-'_/ -~ .
LER as 4l ¢ = ’
02 | !
o2 4,
)
=0.75 GeV '
0.1 ——-;=OéGe§' o1 m=0.35 GeV
T T T B - y - n'q=0.25(3e\.f
, m =04 GeV m =035 GeV — — mE0ATGsV m =075 GeV
] ] T T I T 0 T T T T
q. GeV 0 2 4 6 8 10
t* q;, GeV

Puc. 5.21 An(0¢) 115 paccesHUs KBApKOB, IPU PasHBIX MapaMeTpax My MHppaKpacHoro obpesanus (ciesa)
Y pa3HbIX TMHAMHUYECKUX Maccax KBapka (crpasa) u3 Mojenu [176]
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5.2.5 Kupanvuaa mooensv punbmpayuu cRUHOBbIX COCMOAHUTL

Eme ogun mexanu3M MsArkon (HemepTypOaTUBHOM) T€HEPAIMK OJHOCITHHOBOW aCHMMET-
pUM OCHOBaH Ha KUpPAJbHOM KBapKOBOW MOJENH, B KOTOPOM MPUHATHI BO BHHMAaHHE TaKue
(bakTophl Kak YHHTAPHOCTh W KapTHHA MpHIeIbHOrO mapamerpa [177]. B paccmatpuBaemoii
MOJIETIM MPOUCXOAUT (DUIBTPALIMs CIIUHOBBIX COCTOSIHHI, KOTOpasi 00yCIIOBI€HAa YHUTAPHOCTHIO
B S-kaHasie. OHa CBS3BIBACT MOJIAPU3ALMIO C ACHMMETPHUEH B IMOJIOKEHUH KBapKa B IPOCTPAHCTBE
MPULIEJIBHBIX MTapaMeTpoB. MoJienb NpeacKa3bIBaeT sl OJHOCIIMHOBOM aCUMMETPUU JIMHEHUHBIN
POCT B 3aBHCHUMOCTHU OT X¢ M BBIXOJ Ha Iuiato mnpu Pr > 1 ImB/c [178]. Ha Puc. 5.22 moka3anbl
npeaBapuTenbHble  gaHHble okcrnepumenta STAR [179, 180], koropsle CcpaBHUBAIOTCS
¢ mpeackazanusamMu mojenn [178].

o
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pr. GeV/c

Puc. 5.22 3aBucumocts Ay(Xe) m1s p'p — 7°X, u3 [178].
Yron uzonsuu mruoHa 70 Mpaf, Vs =500 T5B u 0.32 < Xg < 0.40.
Hannbie STAR u3 [179, 180]

ABTOpBI MMOAYEPKHUBAIOT, YTO COTJIACHE JAHHBIX M PAacdyeTOB MMEET MMOKa KadyeCTBEHHBIN
xapakrep. Jis KOMMYECTBEHHOTO aHalIM3a He0OXOoauMO UMETh NaHHbIe mpu X > 0.4. ABTOpBI
npejckaspiBaioT, uto Ay =0 mms p'p — pX B oGmacTH (parMeHTanMM Imydka, ogHaKo Ay
HE paBHA HYJIIO JUTs TIpoliecca 00pa3oBaHus HeiTpoHa B akcriepumente PHENIX [32, 34].

[Tonspu3zanus TUNEPOHOB MoKa3aHa Ha Puc. 5.23 B 3aBucuMOCTH X U Pr. CIIOUIHBIMU
JIMHUSIMH TIOKa3aHbl pacyeThl 0 Mojen GpuibTpanuu criuHa [181].

Fn: _Hhhi i Pii- ) ' } I [
\kg T i
= - - - = 1‘<FI'J h 1 : ) P GeVic :

Puc. 5.23 Py(%) (cieBa) u Py(pr) (cipaBa) mist peaxiuu pp(A) — A'X,
CIUIOIIHBIC IMHUK — TPeACKa3aHus Mo Moaen GuipTpanun ciuHa [181]
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5.2.6 Bpauwienue napmonoe ¢ cmpyKkmype coCmagiaou,eco KeapKa

B npyrux pa6orax TpommHa u TropuHa Takke paccMaTpUBaeTCS MEXaHH3M, B KOTOPOM
MpeJIoyiaraeTcs BO3HUKHOBEHHE OJHOCIMHOBOW AaCUMMETPUU W MOJISPU3ALUU TUIIEPOHOB 32
CUeT BpallleHHs KBapK-aHTUKBapKOBOIO 00Jlaka BHYTPU BaJCHTHOI'O COCTAaBIISIONIEIO KBapKa
[182, 183, 184]. OcHoBHas pojb B MEXaHHW3ME BO3HHUKHOBEHHS IMOJSPHU3AIMN THIIEPOHOB
NPUHAUIC)KUT OpPOUTATLHOMY MOMEHTY M TOJSPH3AaLUM  Tapbl S$S-KBAPKOB, BXOMSIIMX
B CTPYKTYpPY COCTaBJIsitoIIero kBapka. OOpa3oBaHue TUIIEPOHOB MPOUCXOIUT B JBe cTaguu. Ha
NEPBOIl CTaJuM TPOUCXOAUT TEPEKPHITHE U B3AUMOACUCTBHE MepudeprHuecKux OO0JIaKoB
COCTABIIIIOLIMX KBApKOB, YTO MPHUBOAMT K TMIOSBJICHUIO MAaCCHBHOTO CTPAHHOTO KBapKa
U TeHepanuu cpennero nois. Ha BTopoil craguu mpoiecca paboTaOT JBa KOHKYPUPYIOLIUX
MEXaHHM3Ma: MPOUCXOTUT PEKOMOMHAIUS COCTABISAIONINX KBAPKOB C MAaCCHUBHBIM BUPTYaJIbHBIM
CTpaHHBIM KBapkoM (MSTKOE B3aMMOJEWCTBHE) C OOpa3oBaHMEM THIEpOHA; JIMOO paccesHHe
COCTaBJISIONIETO KBapka B CpeJHEM I1oJie (B3auMoIeiicTBIE ¢ OOJIbIION Nepeadeil monepeyHoro
UMITyJIbCa), €ro BO30Y)KJIEHHWE U TOSIBJIEHHE CTPAaHHOTO KBapKa B pe3ysbTaTe pacraja
BO30Y)KJIEHHOTO KBapKa. 3aTeM MpPOUCXOAUT (pparMeHTanusi CTPAaHHOTO KBapKa B THIIEPOH.
CpaBHeHHUe MpeIcKa3aHuii MOJICNIN M TAaHHBIX JUIs UMITyJIbca myuka 400 ['9B/c, B 3aBucuMoOCTH OT
X¢ ¥ Pr, MoKa3zaHo Ha Puc. 5.24 [183].
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Puc. 5.24 Py(X¢) ans pp — A'X (cnesa) u Py(pr) ans pp(A) — A'X (cupapa) u3 paGotsi [183]

Mojenp npencka3piBa€T OTPULIATENBHBIN 3HAK MOJApU3aAUUN /] U €€ 3aBUCUMOCTh OT Xr.
3aBUCHMOCTh aHAJOTUYHA MOJTy4aeMOi B MOJIEIM XPOMOMArHUTHOM MOJIApU3aIliK KBapKOB [27].
B 06oux cnyuasx mmeer MecTo paccesHue B d()(PEKTUBHOM Moyie U OOHAPYKUBAECTCSI 3aBUCH-
MOCTh TOJIIPU3AIUU OT X, KOTOpasi OMHUCHIBACTCS TPUTOHOMETpUYeCKOoW (yHKIMeld. Monenb
MPEACKA3bIBAECT TAK)KE CKEHIMHI MOJsSpU3aluuu / B 3aBUCUMOCTH OT Xe. [Ipenckazanuii monsipu-
3allMU ISl PYTUX TUIIEPOHOB HE MTPUBOIATCS.

B pamkax 3Tol MOJENH TaKXKe JAeNIaeTCs MOIBITKA OOBSICHEHUS CKEHIMHTA OJTHOCTTMHOBOM
acummerpuu [185].
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5.2.7 Mooenb XxpomomazHuUmMHOU CMPYHbL

Mozens PricknHa (Ha3biBaeMasi TaKKE€ MOJICIBI0 XPOMOMArHUTHOM CTPYHBI) OTIUYACTCS
MPOCTOTOH W HAIJSITHOCTBIO MEXaHW3Ma TOJSIPU3AIMOHHBIX SIBICHHH M BO3MOXKHOCTBIO €0
MPUMEHEHHS B KaueCTBe OOBSICHEHUS MOJISIPU3AIMU THIICPOHOB B COYIIAPEHUSX HETOJISIPH30BaH-
HBIX YaCTHII W OJHOCIIMHOBOH acCHMMETPHHM aapOHOB B COYJapeHUSIX MOJSPU30BAHHON
U HermoJisipu3oBanHoW yactuil [186, 187, 188].

Bonbmme HaGmrogaeMele momspusanuonnsie bdextsr 8 Al + B — C+ X cessamsl,
BUUMO, ¢ OosbmuMu pacctosHusiMu (r > 1/Qr ) u MoryT nath WHGOpPMALKIO O MEXaHH3MaXx
aJipoHU3aIK 1 KoH(pallHMeHTa. B Mojenu cTpaHHBIM KBapK CO CIIMHOM BBEPX 4Yallle BbUICTACT
BIIPaBO 4YeM BJICBO. Takol pe3ynabTar MOIy4aeTcsi, €CJIM MPUHSATH BO BHUMAaHNUE B3aHMOICHCTBHUE
[[BETOBOT'O MAarHHTHOTO MOMEHTa KBapKa C XPOMOMArHUTHBIM II0JIEM, BO3HHMKAIOIIUM IIOCIIE
coymapeHnusi, Ha cranuu aaponusanuu [186]. [locne coynapenus u oOMeHa IIBETHBIM TIIFOOHOM
(1BETOBOH MEpe3apsIIKi) MEXIY CTAIKHBAIOIIUMUCS aJpOHAMU HATATUBACTCS TPYOKa IIBETOBOTO
nmotoka  (ctpyHa). OOBIYHO  paccMaTpuBaeTCsi  TOJABKO  TMOTOK  HANPSHKEHHOCTH
XPOMOJJICKTPUYECKOTO TI0JIs, HO TaKoe pellieHne HeycToiiunBo. Kak mokasano B pabdorax [189],
BOKPYTI TPYOKHM BO3HUKACT XPOMOMArHHTHOE TMoyie (KaKk BOKpPYr MPOBOJHUKA C TOKOM).
Cxemarudeckoe wu3oOpakeHue TpyOku mnBeroBoro motoka (KXJI cTpyHbBI) MEXIy KBapKOM
Y aHTHKBApKOM ToKa3zaHo Ha Puc. 5.25.
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() ] > Q)
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Puc. 5.25 Cxemarnueckast KapTHHA TPYOKH IIBETOBOT'O IIOTOKA MEX/y KBADKOM U aHTHKBAPKOM.
[IpononbHBIE TMHUY MTOKA3BIBAIOT HAIIPABIICHHE XPOMO3JIEKTPUIECcKoro mois E,
a KpyroBble — HaIpaBJIEHHE XPOMOMArHUTHOTO 1oJist B

[Tone B3aMMOIEHCTBYET C XPOMOMArHMTHBIM MOMEHTOM [ BBUICTAIONIETO W3 OOJACTH
B3anMOJIeHCTBHS KBapka. [lockonpKy HampaBieHue TpyOKH OJHM3KO K HAIPaBICHUIO CTAKUBAIO-
IIUXCSl YaCTHIl, HEOJHOPOTHOE XPOMOMArHUTHOE IOJIe COOOMIaeT KBapKy CO CIHMHOM BBEPX
JIOTIOJTHUTENbHBIN MONepeyHblii UMITYJIbC Oy, HAIIPAaBJICHHBIM BIIPaBo, a KBAPKY CO CIMHOM BHH3
— BrneBo [186]. Ilompa3zymeBaercs, 4TO CHWJIBI, ACHCTBYIOUIHME CO CTOPOHBI HEOIHOPOIHOTO
XPOMOMAarHUTHOTO 1o (aHaJoruuHble cuiiaM B skcriepumente llltepna-I'epnaxa [1]), cmemator
CIIEKTpBI HAOJI0JaeMbIX aJPOHOB BJIEBO WJIM BIPABO M0 IIKaJe MOMEPEYHbIX UMIYIbcOB. Dopma
M MarHuTyJa CaMdX paclpeleNieHHid TpH 3TOM He HU3MEHSIOTCs. I[loCKOIbKY OOBIYHO
3aBHCUMOCTh CIIEKTPOB OT Pr ONW3Ka K OSKCIIOHEHIMATBHOW, CIBUT Jake Ha HEOOJBIIYIO
BEIMYMHY O(r MPHUBOAHUT K 3HAYUTEIHPHOMY M3MEHEHHIO COOTBETCTBYIOIIETO IU((hepeHInab-
HOTO CEYCHHUs TNpH (PUKCHPOBAHHOM 3HAUYEHHUH TIONEPEYHOTO HMITYNIbCA, YTO W MPHBOIMT
K Ha0JII01aeMOi 0IHOCTIMHOBOM aCUMMETPHH.

CpaBHenue pgaHHbIX Okcrepumenta E704 [23, 190] ¢ mnpenckasaHusiMH MOZETH
XPOMOMAarHUuTHOH CTpyHBI MpejcTaBieHo Ha Puc. 5.26.
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Puc. 5.26 Cpasuenne nanusix E704 s p'p (uepHsie kpysxouku) [23]
¥ p'p (oTKpHIThIE Kpyxoukn) [190], u3 paGotsr [188]

5.2.8 Mooenv xpomomazHUmMHOI nOAAPUAUUU KBAPKOB

[Toxoxne OCHOBaHMSI JIETVIM B OCHOBY MOJENIM XPOMOMAarHWTHOM MOJSpHU3alMM KBapKOB
(XTIK). Ha pannom ortanme wmogens XIIK wmoxer paccmarpuBarhcsi Kak —0000IIeHUE
SMIUPUYECKUX 3aKOHOMEpPHOCTEH, HaWIEHHBIX B XOJ€ TIJIOOAJbHOrO aHajln3a JIaHHBIX.
MexaHu3M, MOJOKEHHBIH B OCHOBY MOJIENH, SIBJISIETCS HA CETONHSALIHUI JEHb JIUIIb OAHUM W3
BO3MOXKHBIX, HApsIly C IpYTMMH BapuaHTaMH FeHEepaliy NOJIPU3aUOHHBIX SBJICHUH.

OCHOBHBIC TMOJIOKEHUSI MOJEIU M3JIOKeHbI B [27]. OTAenbHbIE peakiMu PacCMOTPCHBI
B pabotax [26, 152, 191, 192, 193, 194, 195]. Moxens XIIK 0Ga3upyercs Ha CIEAYIOIINX
MIOJIOKEHHUSX

— Ilocne mepBOoHaYaJIbHOM LIBETOBOW IEpe3apsIKd BO3HUKAET IMPOJOJBHOE XPOMOIJIE-
KTprueckoe noje E* u kpyropoe nonepeunoe xpomomarauTHoe mone B,

— OpnHocnimHOBas acuMMeTpust oOycroBieHa cuioit [lltepra-I'epmaxa, nericTByromei Ha
KBapK B HEOJAHOPOJHOM MOMEPEYHOM KPYrOBOM XpPOMOMAarHUTHOM TOJIE.

— Ilpeneccust cnuHa KBapka B IIBETOBOM II0Ji€ M3MEHsIeT KOMIOHEeHTH! cuibl LlltepHa-
I'epnaxa.

— JluarpaMMbl IOTOKa KBAapKOB M IIpaBWJIa MOJCYETa KBAPKOB OMMCHIBAIOT BKJaJa KBap-
KOB M aHTHUKBapKoB B 3((EKTUBHOE I[BETOBOE Mojie. Briiaapl KBapKOB M aHTHKBAapKOB —
JIMHEHbIe (QYHKIMU UX YHCEeN C BecaMH, ompenenseMbIMu 1BeToBbIMU (hakTopamu CF(qQ)
u CF(gq) nns kBapk-KBapKOBOM M KBapK-aHTUKBAPKOBOM Tap COOTBETCTBEHHO.
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DddhekTUBHOE KPYroBoe MOMEPEeYHOe XpOMOMaruuTHoe none B® renepupyercs penstu-
BUCTCKHMH KBapKaMH-CIIEKTaTOPaMHU, KOTOPBIC JIETAT B MPSMOM H OOpAaTHOM HaIIPaBJICHUSIX
B C.II.M. CTJIKHBAIOIIUXCS HYKJIOHOB (cM. Puc. 5.27). [IpoOHbIi KBapK U3 HAOJII0JaEMOTO aIpoHa
oTkJIoHsAeTcs cwior LllrepHa-I'epnaxa B HEOJHOPOAHOM XPOMOMArHUTHOM IIOJIE BJIEBO WU
BIIPAaBO B 3aBUCHMOCTH OT HAINpaBJICHHS €ro CHuHa (BBEpX WM BHU3). B3ammopeicTBue
XPOMOMArHHTHOTO JMIOILHOTO MOMEHTA COCTaBJIAIOIIEro MPOOHOro Kpapka c mosem B2
MPUBOIUT K HAOJIFOaEMbIM OJTHOCITHHOBBIM aCUMMETpHsiM [27].

B*(z<0) B%(z>0) Spin UP quark

ol AN, }
/(/.;\'\', . ___..——'-'..-

\ . NN A —{
N
Target fragmentation Beam fragmentation

region region Spin DN quark

Puc. 5.27 MexaHu3M XpOMOMarHuTHOM NONSPHU3aMK KBApKOB (MUKPOCKOITMYECKHH amnmapar
IlItepua-Tepnaxa). KBapk-nmpoOHUK OTKJIOHSETCS BJIEBO MM BIPABO B HEOIHOPOAHOM moJie B?

B monenn XIIK cnmHOBbIe 3()QeKThl BOZHUKAIOT Oaronaps MEXaHU3MY, aHaJOTHYHOMY
3HamMeHuToMy omnblTy LlItepna-T'epnaxa [1], TonbkO HAa MHUKPOCKONMYECKOM LBETHOM moje BP,
BO3HUKAIOIIEM Ha KOPOTKOE BpeMs B MpOIlecce B3auMOJICHCTBUS aApoHOB. [lapamerpsl Moaenu
OLICHUBAJIUCH MO TNI00ATHHOMY aHAIM3y MOJSPU3ALMOHHBIX JAaHHBIX A 81 pa3nuyHON MHKIIIO-
3MBHOM PEaKIMK C OOIIUM YUCIOM IKCIEPUMEHTAIBHBIX TOYeK 3670 [27, 33].

Hwuxe npencrasnensl pe3yiabTarsl u3mepeHuil Ay u pacuersl no moaenu XIIK. /lannbie
utst peakuun Pl p(4)— m+X npu Vs = 200 (1a, 1b) u 64.2 (2) (BRAHMS [24]), 19.4 (3) (E704
[23]) u 8.77 (4) (FODS [85]) I'sB moxkazansl Ha Puc.5.28. Dueprerrueckas 3aBUCHMOCTb
JAHHBIX XOPOILIO OIMCBHIBAETCS COOTBETCTBYIOMIMMHU KpuBbIMU Mozaenn XIIK. Jlanuble s
peakmun p'p(4)— w+X [23, 24, 85] nokasanbsl Ha Puc. 5.29. 3Hak Ay Ha Puc. 5.28 u Puc. 5.29
OMpENeNSeTCs] 3HAKOM TOJISIPU3AIMU BAICHTHBIX U- W (-KBapKOB B IOJSIPU30BAHHOM BBEpX
npotoHe. Mogens XIIK mo3BosisieT 3KCTpanoJupoBaTh OJHOCHIUHOBYIO aCUMMETPHIO, HOJSPU-
3aIMI0 THIEPOHOB MO TAKMM IIEPEMEHHBIM, KaK Pr, Xe, VS, aToMHbIi Bec Mmumenu (A)
Y IICHTPAJIBHOCTD.

A
0.5 — 0.1
0.4 0
-0.1
0'3 B 3) _0 2
02+ -0.3
01+ e + A -0.4 &)
o L08R 0.5
' T -
o l.{ ’ 0.6
0 02 04 06 08 1 7002 04 06 08 1
Xp Xp
Puc. 5.28 An(Xg) ams peakuun Puc. 5.29 An(Xg)auist peakuuu
p'p(4)— m+X p'p(4)— m+X
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5.3 Pe3rome u nepcneKTHBBI

MHuoroo0pa3ue MoJISIPU3AIMOHHBIX JaHHBIX U MOJENEH, MPEAJIOKESHHBIX IS X 00bsC-
HEHUs1, TPEOYeT MPOBECHUS MPEIU3HOHHBIX CHCTEMATHYECKUX UCCIICOBAHUI OOJBIIOTO YuciIa
MPOLIECCOB M TII00ATHHOTO aHaIM3a BCEW COBOKYIMTHOCTH JAHHBIX JJIsS BBICHEHUS MEXaHH3Ma
MIPOMCXOXICHUS CIIMHOBBIX SIBJICHHUH. B MaHHOM pasnerne ObUTH MEePEeYUCIICHBI TOIHKO HEKOTOPHIE
W3 CYIIECTBYIOIIMX Mojenen. Psg moneneit, Hanpumep, JIyHackasi, OCTaluch BHE pPaMoOK
onucanuil. CrneayeT NOJYEPKHYTh, UTO OOJBIIMHCTBO MOJENIEH HE MPETEHAYEeT Ha IiIo0anbHbIN
aHaJlu3, KpOMe TOro, MHOTHE MOJIeNid paboTaroT (WM TOYHEE CKa3aTh MOTYT ObITh HCIIOIb30BaHbI
JUIS PacueToB) B OTPAaHMYEHHON KHHEMATHUYECKOi 00J1acTH.

BaXHBIM MOMEHTOM C TOYKH 3pPEHUS CYIIECTBYIOIIMX AKCIEPHUMEHTAIBHBIX JTaHHBIX
SIBJIICTCSL OTPAHMYEHHOCTh Ha0opa CYIIECTBYIONIUX JaHHBIX, TIPEXKJIE BCETO MO COPTY BTOPUUHBIX
YacTUIl W TIO0O KHHEMaTudeckoi obnactu. B OONBIIMHCTBE SKCIEPUMEHTOB HW3MEPEHUS
IIPOBOAWIINCH B Y3KOM TEJIECHOM YIJIE, YTO HE IIO3BOJISET MPOBECTH PA3AEICHUE 3aBUCUMOCTH
sddexTa OT Tpex KHHEMATHYECKHX IePEMEHHBIX (P, Xg, \S).

TakuM 00pazoM, ocTaeTcs HEOOXOAUMBIM MPOBECTH CUCTEMATHUYECKOE HCCIETOBaHHE
CHUHOBBIX 3(PPEKTOB, JKETATENHHO HA OJHOM (PU3NYECKON YCTAHOBKE U B OJJUHAKOBBIX YCIOBUSX
Habopa JJIs1 MaKCUMAaIIbHO OOJIBIIOTO KJIacca peakifil BIIMPOKOM KMHEMAaTHYECKOM JUana3oHe.
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6 Ilpunoxenue b. Pe3yabTarsl MoaeupoBaHus

B nannom IlpunoskeHun npuBeACHbI HEKOTOPBIC JOMOJHUTEIbHBIE PE3yIbTaThl MOJICTH -
poBanus ¢uznyeckux mnpoieccoB. CieayeT OTMETUTh, TO MPUBEICHHBIE PE3YIbTAThl MMOJTYUYEHbI
MeTosIoM «ObicTporo» Monrte-Kapno, To ectb 6e3 peaibHOro OMHMCaHUSA AETEKTOPOB U Oe3
KcnoJib3oBanus noiaHoro Monte-Kapno ¢ ucnonb3zoBanueM GEANT u HacTpoeHHBIX B cpeje
CITACYHAPM-pyT anropuTMoB pEKOHCTPYKIMU. B HacTosiee BpeMsi HauaTo MOJIHOE pealbHOE
MOJICJIMPOBAHUE JUIs SKCIIEPUMEHTA Ha KaHaie 14.

6.1 MoaenupoBanue AJs My4YKa AHTUIIPOTOHOB

Ha Puc. 6.1 mokasaHbl MaccOBBI€ CIIEKTPBI JUIS YETHIpEX peakiui tumna pp—h+X: rue
h=Ad—-pr@;h=Ad-ir°0);h=4d —pz (c);h=5— Az (d).

x 10
0 i ool 8'])00 B ::Jnlrim msgi:
10000 - Mt e
3000 B (a) 60000 -
6000 o -
40000 ( C)
4000 -
20000 =
2000 -
0 /Jlflfl—‘*—‘_‘l\—‘—-l—— 0 I ]
1 1.25 1.5 1.75 2 1 1.5 2 2.5 3
mass P— + pi+, GeV, AntiLombda maoss F— + pi—, GeV, AntiDelta——
] ECE) 1500 F [ EEE)
e R e
6000 = e oasreeo 1250 u RUS  0.52626-02
1000 -
- d
4000 (b) 750 (d)
2000 | 500 ~
250 M
0 ! 1 1 0 L I _’—J 1
1 1.5 2 2.5 3 1 1.1 1.2 1.3 1.4 1.5
mass AntiNeutron + pi0, GeV, ALambda(1118) mass Lam + pi— = Xi—, GeV

Puc. 6.1 DddexTrBHAsS Macca IPOIYKTOB paciaja B MPOIecce
P p—h+X: h=A— pn* (a); h=A— i n°(b); h=4 — prn (C); h=5— Az (d)

6.2 MoaeaupoBanue peakuuii ptp —h +X u ppt —h +X

WHTerpanbHasi cTaTUCTUKA Ul Cy4as B3aMMOJEHCTBHM HEMOISPU30BAHHOTO MPOTOH-
HOTO Ty4YKa C IMOJIIpU30BaHHOW MHIIEeHbI0 Tpu sHepruu 60 I'3B moxazana B Tabn. 1.2. Yucno
B3aUMOJIeHCTBUI B MulleHH paBHO 6-10'. Ha Puc. 6.2 nmoka3aHo pacnpezaenerue 1no 3¢pGexkTus-
HOM Macce MPOJYKTOB paciaia HaOIr0AaeMbIX YacTHUIl B TIpolieccax Tuma pp—h +X.

Yucno cobwiTuii Ha Puc. 6.2 coorBercTByeT 6°107 B3aumozenictBuil, uiau 30 MuH. paboThI
YCTAaHOBKM Ha TIPOTOHHOM myuke ¢ dHeprueit 60 [9B u wuHTeHCHMBHOCTBIO 2%10°/ cOpoc.
B ceance qnmurensHocThiO 30 cyTok craTrcTHKa Oyaet B 1000 pa3 Gomnbiie (cm. Taodm. 1.2).
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500 + g-m- :mJ:; 200 2«. !?ﬁ
s oamero | ms ome?
400 150 -
300 |
100 +
200 f
]-M - rj 50 B
0 L L i 0 1 [ L M
0 0.5 1 1.5 2 0 0.5 1 1.5 2

mass K+ pi0, GeV, K++(892)+

moss (K- pi0), GeV, Ke—(892)

Puc. 6.2 DddexruBHas Macca NPOAYKTOB pacnaja B npoueccax muna pp—h +X:
roe h = K™*(892)— K* z° (BBepxy) u h = K *(892)— K #° (BHU3Y)

6.3 MoaenupoBanue 0AapHMOHOB M AHTHOAPUOHOB B npouecce pp—h +X

MojenupoBaHue MPOBEACHO C TPHUITEPOM Ha B3aMMOjCHcTBHE. PacmpeneneHue 1o
3 heKTUBHON Macce MPOJYKTOB pacnajaa Juis 0apuOHOB M COOTBETCTBYIOUIMX aHTHOAPUOHOB
nokasano Ha Puc. 6.3.

x102
1200 [ P o Buies 1728231
Meon 1.189 a)ooo RMS 0.1 554E‘-0|
1000 RMS 0.8399E-02
800 40000
600
400 20000
200
0 1 L 0 1 1
1 15 2 2.5 3 1.5 2 25 3
mass n + pi+, GeV, Sigma+(1189) mass n + pi—, GeV, 579""?; -
2000 £ g 0T R
1500 2000
1000
500 1000
0 1 1 0 | 1
1 15 2 2.5 3 1 1.5 2 25 3

mass nz + pi—, GeV, AntiSigma—(1189) mass nz + pi+, GeV, AntiSigma+

Puc. 6.3 DddexTrBHAS Macca IPOIYKTOB pacmaja B mpoiecce pp—h +X:
rmeh=2"—nra@);h=2—ar (b);h=2—>nza (c);h=2—iz" (d)
Yucno cobwiTHii Ha Puc. 6.3 cooTBeTcTBYeT 3 Wacam pabOThl YCTAaHOBKH Ha MPOTOHHOM
nydke ¢ sHeprueit 60 ['9B u uateHcuBHOCTHIO 2%10° / cOpoc.

6.4 MoaenupoBaHue HHKJIIO3MBHBIX MPOIECCOB HA MyYKe MMOHOB

Ha Puc. 6.4 mokasanbl, JUisi IPUMEpPA, MAcCOBBIE CIIEKTPHI ISl YEThIPEX PEaKIMil ThMa
ap—h+X tne h=n"—>yy (@); h=n—->yy (b); h=K% -z (c); h=p%770) - =z (d).
[ToMrMO TIMKOB COOTBETCTBYIOLIMX dYacTuil Ha Puc. 6.4 BuaeH Takke KOMOMHATOPHBIN (DoH.
Ywucno coOpiTuit Ha Puc. 6.4 coorBercTByeT 6°107 B3aUMOJICHCTBUH, YTO BO3MOXKHO HaOpaTh 3a
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30 muH. pabOTHI YCTAaHOBKH Ha 7 -TTyuke. B ceance mmutenbHOCTHIO 30 CYTOK CTaTHCTHKA OyAeT
B 1000 pa3 6onb1e.

x 102
N 1 o ]
| ]
a —02
w0 | © 6000 [
2000 4000 -
1000 o 2000 -
0 . 0
0 0.1 0.2 0.3 0 0.5 1 1.5 2
12000 mass gamma+gamma =pi0, GeV mass pi+ + pi—, GeV, KOS
e s s000 [ Bue 4o
10000 - (b) RUS  0.1708E-01 4000 | Mg a9
8000
4000 2000
2000 1000 -
0 ! L 0 ! ] ]
0.4 0.5 0.6 0.7 0 0.5 1 1.5 2

rmase gamma+gamma =eta, GeV mass pi+ + pi—, GeY, rhod(770)

Puc. 6.4. DpdexTrBHas Macca NPOLYKTOB pacmana B porecce 7 p—h +X,
rae h = z°—yy (@); h =n—yy (b); h=K%—z 7 (c); h=p%770)—=x" = (d)

6.5 MoaeaupoBanue 1is peakuuid K pt—h +X npu >neprum 34 I'>B

WHTerpanpHas CTaTHCTHKA ISl B3AUMOJICHCTBUS TTyuka K~ ¢ MOJISIpU30BaHHON MHIICHBIO
npu sHeprun 34 ['B nokazana B Tabux. 6.1.

Tabu. 6.1 Oxunaemoe yncio coobiTuit Ngy 1 oTHOLIEHUE Y dekTa k pony S/B
Ut MecssgHoro ceanca Ha K -mmyake (1.1-10° B3aumomericTBif)

o | yacTuma Nev S/B | Ne | yacruna Nev S/B
1| 6.7-10° 13| p (770> n° | 75107 | 0.26
2| 8.9-10° 14 [ n'> yy 7.3-10° | 0.17
3| K" 8.9-107 15 | (1020)— K* K~ | 1.0-107 | 20.0
4| K 4.0-10® 16 | K*(892)— K*n~ | 1.3-107 | 0.8
5] p 6.8-10 17 | K'*(892)—» K " | 6.6:107 | 1.2
6|p 3.7-107 18 | K*(892) - K =n° | 3.4-107 | 0.45
71n 6.2-107 9| E—>An 2.5-10° | 50.0
8 | m°—yy 42-108 | 7.7 |20 | A»pm 1.8-10° | 50.0
9 | novyy 25107125 |21 | A>pr* 2.9-10° | 12.5
10 | K%— " - 2.2:107 140 (22| A—>nn° 4.0-10° | 1.7
11 | p%(770)—> ' n | 6.8-10" | 0.37 |23 | ¥ —>nm 3.1:10 | 0.2
12 | K%— n° nt° 42-10°109 |24
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Ha Puc. 6.5 moka3anbl MacCOBBIC CIEKTPHI IS YeThipeX peakuuii tuna K p— h + X: roe
h=A—pn (@); h=Ad— pa (b); h=a4— n z°(c); h=2— n 7 (d). C yuerom npumecu
K™-Me30HOB B myyKe yKa3aHHas CTaTHCTHUKAa COOTBETCTBYeT 28 uacam paboThl yCTaHOBKU
Ha OTpHUIIATEeNIbHOM Iyuke ¢ 3Heprueit 34 I'3B. B ceance mnutenbHOCThIO 30 CYTOK CTaTHCTHKA
Oynet B 26 pa3 Gobiie (Taou. 6.1).

1500

40000 - N 243 N 380
S | 1250 PPN
30000 - @ 1000
a =
20000 750 (c)
500
10000 -
250
0 | 7, | |
1 1.25 1.5 1.75 2 1.5 2 2.5 3
mass p + pi— = Lambda@, GeV, norrow mass Meutron + pil, GeV, Lambda{1118)
5000 - Ewes 13201 Cwies 14335
4000 L :!u;” 0.3:1515'1:); 6000 :::;” 0.1 s:ujs'l::
3000 (b) 4000 (d)
2000 =
1000 | 2000
0 W 4 0 ! 1
1 1.25 1.5 1.75 2 1.5 2 2.5 3

mass P— + pi+, GeV¥, AntiLombda

mass n + pi—, GeY, Sigma—

Puc. 6.5 DddexTuBHas Macca MPOIYKTOB pacmaja B mporecce K p—h+X:
h=Ad—-pr @;h=d-pr (b);h=A-nz’C);h=2—nz (d)
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