I. O. Anekcees (191N OUAN)
«CtaTyc paboT no MOHHOU cucteme akcnepmmeHTta MAHOA»

* KpaTtkun 0630p cucrembl :
- NH)XeHepHoe onuncaHue (Noa-cucTtembl, AETEKTOPDI)
- ONTUMM3ALUMA CUCTEMbI (MIOOHbI OT Pa3HbIX NPOLECCOB)
- OCHOBHbIE YMC/IEHHbIE NapaMeTpbl
* MpuHUMN peicTBUA:
- npobexHan cMctema Kak JIMHENHbIN «KaNOPUMETP» MIOOHOB
- npobexxHan cMctema Kak rpybbiii KaopumeTp aipoOHOB (HENMTPOHDI ! )
- rNaBHaA 3a4a4a — NoaasaeHne NMoHHoro ¢poHa
* MpoTtoTunoi:
- MOAHOPA3MepPHbIN (~2m X 4m)
- nofHomacwTabHbin (10 ToHH, ~4600 KaHaNOB CYNTbIBAHMA MHPOPMaLNN)
- npeaBapuUTeNnbHble pe3yibTaTbl NYYKOBbIX UCNbiTaHWI B LIEPH
* TeKyLiee cocToAAHUE gen:
- NoAroToBKa NO/IHOMAacLITabHOro NpoToTUna U moaepHM3auma nyyka B LLEPH
- opobpeHune npoekKTta B FAIR (npuHAT -> ceHTaAbpb 2014 )



The layout of Muon System using the technique of Range System
(with the number of MIDT detectors for each particular subsystem)

u - Filter FRS
424 MDTs 576 MDTs

Dipol ECAL
Target Spectrometer \ s RICH
2751 MDTs

TOTAL : 3751 MDTs



Mini Drift Tube cross section (left) and layout (right)

MDT cross-section

Al profile , 0.6 mm
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Oscillograms of single signals: from the anode wire (1)and the strip
(2); the conversion factors are 60 and 480 mV/uA, respectively
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pp—>I*l + X process - selected as benchmark process for
design/tuning of PANDA Muon System




Muon momenta distributions for different processes in the
sector 0°— 20° of polar angle

MMT-DY
production

J/v
production

D - meson
production
(non-direct)




Basic numbers for Muon System instrumentation

MDTs WIres strips % of resources
Barrel 2133 17064 49916 01.2
End Cap 018 4944 8911 14.9
Muon Filter 424 3392 6876 10.7
Forward Range System 576 4608 7128 13.2
Total 3751 30008 72831 100




Response of FRS to muon (a) and pion (b) at 5 GeV
(single event)

Ecal /shashlik  Forward Range System
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RS response (Target Spectrometer Barrel structure) to muons and
pions with initial kinetic energy of 500 MeV; MC sample for 20 events
is shown for demonstration

RS struggling 1!'

L (500 MeV)

T (500 MeV)




Distributions of particle range in RS for muon and pion beams
(dashed area) with initial kinetic beam energy of 200 MeV (a) and
500 MeV (b)
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Muon range in number of layers(top) and the average number
of hits (bottom) in RS as a function of initial kinetic energy
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RS energy resolution for hadrons in different readout modes
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Suppression of fake muons from n—uv decay

Demonstration of T—>pv The kinetic energy spectrum, kink angle distribution
decay in the Inner detector and the kinetic energy versus angle correlation plot

of PANDA setup: decay muon  for muons produced in (800 MeV)—uv decay
(red) stops in the RS while

neutrino (green) leaves the
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Full Scale (2 x 4 m?) prototype in work position at CERN/COMPASS —
study of long strips readout




Range System prototype (Fe absorber and support structure) in
Dubna in vertical position (for further tests with cosmic at CERN)




Assembly of RSP
Debugging and adjustment of DAQ on cosmic; RSP is fully equipped with A2DB-32,

ADB-32, Asum-96 and QTC cards

~ x| T .
WS N

VME/6U crate, IWIBDB.cards

VME/9U DAQ crate

/
. I
F (|
oL | [

‘NIM/trigger crate

If\

=S ot
A wfonn B Bt A
) NI | : 137

/ 3 L
‘e
° Y
'
A .'. swm |
¥
7
A AL ‘
SUGRIEN




Assembly of RSP
Restricted set (32 wires x 20 planes) of wire R/O is left for final DAQ configuration

Restricted set of wire R/O
(32 wires x 20 planes)




COSMIC MUONS
Trigger: S3 (20x20cm?) & S4 (60x20 cm?) on top of RSP
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COSMIC MUONS
Trigger: S3 (20x20cm?) on top & S4 (60x20 cm?) on bottom of RSP

S a e s
S A S O R S S SO
SIS = = RS e S e e = Barrel E::::::::E::::::::I::::::::E::::::::
———————————————————————————————— e e —— ——— i ———— —— —
T S R N S SR
________________ P___———————————— _______________________q________
________________ 5________________ (SRS S S RS S S S S SRS RIS S| SN Y S D US| S S S S
________________ =T e ek —
.::::::::.::::::::!:::::::.:::::::: .::::::::.::::::::.:::!::::.::::::::
________________ —SoSEecsEasoacas oottt
S s O e N
________________ —-—— — — — — i ——————— B T T T s T e
________________ e S —— P S
________________ e s s S S SR
________________ F_______________ —_————----_-—-_- - - - - - - - - - t—_-—_,.,.. - — —-—-—- - - — — — —
________________ IF_______________ —_————----_-—-_- - - - - - - - - - t—_-—_,.,.. - — —-—-—- - - — — — —
I I ——— e N B e
e e = RERERE N CTTITTT oCTIIC oo T T TTTTTT
oo oo -——————— ———————= s T T T s T T T T T I
o o —-———— o EC+MF ————— - ————— - - ————— R EE
A A e E—— A Em— =
e e e e e o — e e e e e o — IF _______ e e e e e o — —_—— —— — — — —_— - — — — — ——-— — — — — - — — — — — — —
________________ S el
________________ i________________ (SRS S S S D S S S S S RS S| SIS s ) S DA US| S NS S S S




Placement of the RSP in T9 beam zone
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Table of conditions for written events

rGe | s Compostion [ Norewnts |___fies, conmen

Spectrum S3*s4 cosmic 39, S3 & S4 on RSP top
Spectrum S$3*S4 cosmic 8375 41,53 on top & S4 on bottom
0.5 $1*S2 - (e,u,m) 6575 85, strips on
0.5 S1*S2 + (e,p,m,p) 27374 {83, strips on
1 S1*S2 + (e,u,m,p) 3087 f65
1 $1*S2*vetoC1 + (p,m,p) 90 000 f68
2 S1*S2 + (e,n,m,p) 3161 f80, strips on
2 S1*S2+Pb + (K,7,p) 1087 {81, 2.5 cm Pb brick in beam, strips on
3 S1*S2 + (e,u,m,p) 11766 77
S1*$2*C2 +(e,n) 3283 f78
S$1*S2*C2+Pb + (W) 299 {79, 2.5 cm Pb brick in beam, strips on
5 S1*S2 + (e,u,m,p) 9702 f56
5 $1*S2*C1*C2 + (e) 2181 {57
5 S1*S2*C1*C2 +(e,p) 1217 f58
5 S$1*S2*C1*C2 + (e,mn) 200000 f59
5 S1*S2 + (e,u,m,p) 6407 f69, strips on
5 S$1*S2*C2 + (e,pn) 3201 {70, strips on
5 $1*S2*C2 + (e,pn) 13266 f71, strips on
7 S1*S2 + (e,u,m,p) 11940 {75, strips on
7 S$1*S2*C2 + (e,n) 3492 {76, strips on
10 S1*S2 + (e,u,m,p) 9899 {72, strips on
10 $1*S2*C2 + (e,pn) 1213 {73, strips on

10 S3*S4 + (e,u,m,p) 7405 74, beam + halo, strips on



BEAM: e,l,,Tt,p

0,5 GeV/c, trigger: S1 (@ 11,5 cm) & S2 (@ 3,5 cm)
(here and below fired wires are given in green and strips — in blue, strip board is turned by 90 deg.)




BEAM: e, Tt,p
3 GeV/c, trigger: S1 (@ 11,5 cm) & S2 (@ 3,5 cm)
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BEAM: e,u,1t,p
7 GeV/c, trigger: S1 (@ 11,5 cm) & S2 (@ 3,5 cm)
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BEAM: e,u,1t,p
10 GeV/c, trigger: S3 & S4 (beam + halo)
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10 GeV BEAM

Example of two superimposed muon tracks disentangled with timing information
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full event

run F/74, event #164

______________________________________________________

beam muon At~ 1000ns halo muon

DAQ R/O gate ~ 1.3 pus



10 GeV BEAM

Example of two superimposed hadrons disentangled with timing information

run F74, event #272
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full event beam hadron At ~300ns halo hadron

DAQ R/O gate ~ 1.3 pus



10 GeV BEAM

Example of few superimposed particles disentangled with timing information

run F74, event #560
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full event beam muon At~ 1050ns halo particle(s) ?

DAQ R/O gate ~1.3 us



Assumed upgrades to T9 beam line for n/p separation < 1-2 GeV/c:
$1,52 time-of-flight scintillator counters based at ~ 20 m to each other,
pressurized Cherenkov counter C3,
magnetic analysis of incoming muon momenta with ~ +/- 1% accuracy
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CtatyC MIOOHHOM CUCTEMbI Ha CEroAHsA
* [MpoTtoTunbil:

- NOJIHOMACLWITAOHDbIN - 10060pYyAOBaHME AONONHUTENBHBIMY
3KpaHamu Bcex (22) AeTEKTUPYHOLWMX NIOCKOCTEN, NOAKAKOYEHME
uMdpoBon 3NeKTPOoHMKK (4600 KaHaNoB), HAYaNO0 TECTUPOBAHUA

- c pekabpsa 2014

- NOZIHOPa3MepPHbIN (V2M X 4M) — cmoHTMpoBaH B LIEPH Ha
yctaHoBke COMPASS, noobopyaoBaHue 4ONONHUTE/IbHbIM
3KPaHOM U CTPUNOBOW 3/IEKTPOHUKOWN, HAa4aN10 TeECTUPOBAHMA — C mapTa 2015

* Crartyc npoekKra:

nepsbiv 3anpoc puHaHcuposaHua B Pocatom — 2008

nepsoe npeacrtasneHue npoeKkrta — nwHb 2011, NMpoTBUHO
NPUHATHME NPOoEeKTa Konnabopaumeun — ceHTABpb 2012, Mapux

NONOXUTENbHAA pekomeHaauusa pedpepu — utonob 2014, LLEPH

opo6bpeHue FAIR Council — npoekrt npuHAaT,ceHtabpb 2014, FAIR



Backup slides



An efficiency of ©t/u separation by range in RS:
primary particles - for those events in which only primary muons and
pions passing through RS are taken into account; all - all particles, no

event selection (combined MC setup -> ECal+Coil+RS)
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Full Scale Prototype at CERN

Skeleton view of the Full Scale prototype package L . _
with crossed MDTs and strips with corresponding FSP position in the COMPASS experimental area; the
readout electronic cards

prototype is marked with white dashed rectangle.
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RS Prototype equipped with detecting planes and electronics




RS prototype equipped with FE analog and digital electronics
(4600 channels of wire and strip R/0)

DAQVME crate 9U VME crate 6U VME crate 6U

Hot link MWDB units
cables G

STRIPR/O
digital

WIRE R/O

analog & digital
to DAQcrate

RW-TDC

ADB-32 (A-32) Spaad
> ﬁ analog
N o ASUM-96
™ '5",‘
B
N
N e
: 3
e g digital

A2DB-32

Range System Prototype Readout Scheme



T9 beam particles ID

C1,C2,C3 - Cherenkov gas threshold counters with
variable pressure up to 2, 3.5 and 60 bar (CO,) .

TOF time of flight plastic scintillator system (L=21.4m)
with resolution ~ 100ps (scintillator - BC408,
PMT - Hamamatsu R5946).
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