[NeatenbHocCTb rpynnel AP CO PAH B NMAHIA

A.E. bnuHos, [lybHa, 22.09.2014 2.

1. BeegeHue B Forward RICH,

2. IamepeHna adppekTMBHOCTU permctpaunm gooToOHOB
N pagnalunoHHON cTomkocTy npototuna PAPUNY Ha ocHoBe
KPEMHUEBLIX LNPPOBLIX DOTOYMHOXUTENEN hrupmbl dununc,

3. BO3MOXHOCTb U3YYEHUA IK30TUYECKNX 3apsKEHHbIX COCTOAHNN
yapmMoHua B akcnepumenTe NAHOA ¢ nentepneBort MULLIEHLIO.



Forward RICH for PANDA

Side view

22.09.2014

~ Old pictures dated

2005

:  just to represent
~ position of FRICH

Forward RICH
|0x| < 10°, [8y| < 5°
PID n/K for P>3 GeV/c




Npnea OPAPUY
(Focusing Aerogel RICH)

[ToBbILLEeHEe TOYHOCTU U3MepeHnsa YepeHKOBCKOro yrja no
CpaBHEHWIO C OOHNM CJZ10eM OOCTUTaeTCAd 3a CHET YMEeHbLUEeHUA

T.lijima et al., NIM A548 (2005) 383
A.Yu.Barnyakov et al., NIM A553 (2005) 70 3



Baseline design based on focusing
aerogel, flat mirrors and MaPMTs

Aerogel —

Mirror

450

«2-layer aerogel n1=1.050,
n2=1.047 (no gas)
*Flat mirrors only
*MaPMT readout
*MC simulated PID performance:
e m/KuptoP =10 GeV/c
e p/muptoP =2 GeV/c

*Robust

*Long lifetime
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Detection&readout options for PANDA
Forward RICH

MaPMT ASIC
H12700 MAROC3

Baseline option
H12700B price: 1700 € per tube
Total MaPMT cost with spares: 2.3 M€

Data

Digital Photon concentr
Counter ator

FPGA

Dare-to-try option
Total modules cost with spares: 2 M€
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Digital Photon Counter (DPC) is
@)a digital SiPM produced by

Philips Digital Photon Counting

F

PGA:
DPC3200-22-44 - 3200 cells/pixel G

) , *Clock distribution
DPC6400-22-44 - 6396 cell | . )
Tile cells/pixe *Data collection/concentration

*TDC linearization
*Saturation correction
*Skew correction
Flash:

*FPGA firmware
*Configuration

*Inhibit memory maps

Power & Bias

200 MHz ref. clock

Serial configuration Detector array

interface 8 x 8 dSiPMs
Serial Data Temp.
output (x2) sensor
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Beam test of FARICH-PDPC prototype
CERN PS/T10, June 2012
P=6 GeV/c, L=200mm

100

&1

Y-Y e M

&)

40

=20

40

-60)

-80

_mﬂ’ﬂﬂ =800 -60 40 -20 0 20 40 60 80 {00

X-X mim

center®

*Philips DPC array: 6x6 tiles=48x48 pixels=20x20cm? n/K: 7.60 @ 4 GeV/c
*Cooled down to -40°C to reduce dark count rate (DCR) .
*4-layer aerogel with a focusing length of 200mm p/m: 4.50 @ 1 GeVic



Philips DPC-FARICH: timing resolution
and number of photoelectrons
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Entries 2158095
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1.7 times lower than expected
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R&D of Digital Photon Counter (DPC)

 Promising option for photon detection despite of high
DCR and a need for cooling (down to -40°C for present
DPC design).

* Previous beam tests and preliminary measurements
have shown PDE deficiency: about 1.7-1.9 times lesser
than Philips claimed value. We have to address this
iIssue by measuring PDE of the FARICH prototype (6x6
DPC tiles) and understanding differences between our
DPC calibration procedure and Philips one.

* Possible radiation aging/damage:

* Beam tests.
 MC simulation to evaluate expected dose for the
PANDA Forward RICH.



DPC PDE measurement (1)

Custom-made scanning setup

Wide-angle light source calibration by
scanning setup

Light tight box¢

PIM-dinde

Light guide PIM-diode

r
Wi-linear stage
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DPC PDE measurement (2)

Use wide-angle light source to DPC array
illuminate DPC array FARICH setup (6x6 tiles)

‘ FARICH-PDPC prototype |

DFC array

(
‘ % Light guide

-
D
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DPC PDE measurement (3)

Relative intensity map by Count rate map for DPC array
scanning setup (5 mm step) 2400x3072 cells, T~15°C

Illuminated cell count rate in FARICH
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T variation during measurements results in
the vertical lines with different count rate.
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DPC radiation hardness test at COSY (FZ

Julich), Auqust 1-4, 2014

Box with 2
DPC tiles

20.09.2014

*Protons with 800 MeV/c
momentum

Maximum fluence
~4-10 p/cm2
accumulated in 9 steps
*Tiles were at -18°C
*DCR scan of cells was
done in beam stops
*Total dose is measured
by ionization chamber
provided by COSY team
*Beam profile is
measured by MWPC ~1
m upstream of the
detector
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DPC irradiation (1)

Initial dark count rate (DCR)
distribution of cells

Number of diodes

i/go% of diodes

10

0

22.09.2014

Number of diodes

DCR distribution of cells for
several total doses

Dose ~ 0

Dose ~ 1-10" p*

Dose ~ 510" p*
Dose ~ 2:10'? p*

Dose ~ 3:10'% p*

10

0 1000 2000 3000 4000 5000 6000 7000 8000
DCR, cps x 10
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DPC irradiation (2)

Dark count rate map after Mean cell DCR in the central part

final dose of the tile vs fluence
Flt y= 7.65.10°% . x*°1° . 5470

DCR of single diode, cps
2
[=2]

107

I N | [
100 200 300 400 500

* Beam profile at the tile position is not precisely
determined due to multiple scattering of protons in

~1m of air
* We had to use DCR data to determine beam profile
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DPC radiation hardness

*DCR vs p fluence measured.

*Observed single event effects: tile and TEK FPGA
failures: bit upsets in the inhibit on-chip memory. Can be
recovered by FW reload. Special runs were acquired to
evaluate frequency of such events, to be analyzed.
*Also we did several temperature scans to compare DCR
vs temperature behavior before and after irradiation. To
be analyzed.

*We should evaluate total fluence expected in PANDA
Forward RICH for the experiment lifetime. MC simulation
IS In preparation.
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Observation of Zc(3900) at BESIII

PRL110, 252001 (2013)
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Observation of Zc(4020) in e*e-—nnh,
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Observation of Zc(3885) and Z,(4025)
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the Zc states at BESIII

iy 389090+3.6+49 46+10+20 Close to D D*
A 3894.8+2.3(Prel.) 29.6+8.2 (Prel.) threshold (3875 MeV)
(D D¥*)* 3883.9+15+42 248+3.3+11.0
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" At least 4-quarks; Near threshold:;

* Tsospin: I=1, hint of a new spectroscopy ?

" Whether they are two states need further understanding (couple
channel analysis? quantum number determination? interference?)



HabnwoaeHne Z,(10610) n Z,,(10650) Ha BELLE
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Figure 1: Invariant mass spectra of the (a) Y(18)m*, (b) T(28)n*, (c) Y(3S5)n=, (d) hp(1P)n* and (e)
hy(2PYn™ combinations.
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Figure 3: Missing mass of the pairs formed from the reconstructed B candidate and charged pion (a) and
missing mass of the charged pions for the B combinations for (b) Y(55) — BB m and (c) T(55) = B’ B'n
candidate events.



MapameTpbl Zb(10610) n Zb(10650)
M; = (10607.4+2.0)MeV /&,

[ = (184+24)MeV,

My = (10652.2+ 1.5)MeV /&,
I = (11.54+2.2) MeV.

Table 1: Branching fractions () of Z,(10610) and Z;(10650) assuming that the observed so far channels

saturate their decays.

Channel

2 of Z5(10610), %

2 of Z3(10630), %

Y(1S)r
Y(2S)rt
Y(35)n
(1Pt
hy(2P)x

B B+ BBt
BtRY

0.32+0.09
438+1.21
2.15+0.56
2.81+1.10
2.15+0.56
86.0+3.6

0.24+0.07
2.40+£0.63
1.64+0.40
1.43+£2.70
148+6.22

134+1.0
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Z+ (4 20 O) Prehmmary results

v ind N
15 _alue in dat _ ew_:h

JP=1+ other JF are excluded

Toy MC experiments

Al-2InL) TADBLE III. The fit fractions Islml:l significances of all reso-
nances in the default model (J° = 17).
EXclusion levels of other

Sp|n'par|ty h}/thhESlS Resonance| Fit fraction |Significance (local)
K3 (R00) | (T1200)% 92 5
K*(892) |(60.0105)% 166.10
Model - 1 1- |2- | 2+ K*(1410) | (0.3707)% 410
Without K°(1680)  |8.508.50 |8.00|9.0c K§(1430) | (5. 9'"' )7 22.00
Without K3(1950)  |8.4a|8.8a |7 30 |8.90 K3(1430) | (632 MW 2350
LASS 6.10] 7.10 | 1.40|7.00 SR LR .2-:”.7“‘»'5 2.70
I'ree masses and widths |7.6¢| 7.9 |5.90|7.8a K3(1780) | (0.2%5:1)% 3.80
Free r T4 |B.To |T.50 |9.20 K5(1950) | (0.1Z53)% 1.20
Nonresonant ampl. (3) |T.60|8.10 |7 20 |8 50 K3 (1980) {D'd—-:-:;:}:l% 5.30
Nonresonant ampl. (S.P) |[T.Ac|8.1a0 (7.2 (B0 K3(2045) | (0.2701)% 3.50
Nonresonant ampl. (5,P,.D)|7.2¢|8.10|7.10 |8.40 Z (443007 (0,570 )% R

Z.(4200)* | (1.9250)% 8.20




[TOMCK 3K30TUYECKUX 3aPAXEHHbIX COCTOAHUN YapMOHUSA
B akcnepumeHTe NAHIOA ¢ nentepneBon MULLEHLIO

I OCTOMHCTBA: pe30HaHCHOE PoXXAeHNe 3apAXKEHHbIX
4YapMOHMEB B aHTUNPOTOH-HEUTPOHHbIX CTOJIKHOBEHUAX U,
BO3MOXHO, 60sbluas, 4em y oObIHHOIro YapMoOHU4,
KOHCTaHTa CBA3UN Taknx coCcToAaHnM ¢ N-N KaHanomMm.

* HegocTtaTokK: HMU3Kad (~100 MaB) MOHOXPOMATUYHOCTb
CTOJIKHOBEHUIN BCeACcTBUE (hepMNEBCKOro OBUXKEHUS
HYKJIOHOB B AenTepumn.

e TOYHOCTb PEKOHCTPYKLMN MacCbl Z- NO NPpOAYKTaM

pacnaga B KaHane J/psi + pi oueHnBaeTtca B 10-20 MaB.

* TOYHOCTb MOXXHO 3HAYNTEJIbHO MOBbLICUTbL MPU
PEKOHCTPYKLMN MacCCbl OTAA4YN K MPOTOHY OenTepund
(P~Pg~70 M3B/c), koTopbl norjiowaeTcd B Bak. Kamepe.

* Takoe nsmMepeHmne MoXXHo (?) npoBecTu, ecsim NMOMeCTUTb
BHYTpb BK o4nH Cnon KpeMHMeBOro BeEPLLINHHOIO
NeTeKTopa, KOTOpbIN A8 MArKUX NPOTOHOB byaeT paboTaTh
KaK KaJlopuMeTp MOJIHOro MorJjioweHuns.



3ak/iroyeHmne

1. Begetca pabota no BbI6opy onTMasibHOM KOHCTpYKuun ®APUY,

2. Bepnetcsa pabota ¢ npototmnom n3 6x6 DPC cupmbl dununc angd
OLEHKN BO3MOXHOCTU ero ncnonb3osaHna B PAPNY:

a. namepsietcsa apPekTMBHOCTL peructpaummn ooToHOB,
6. n3mepsieTcs paanaunoHHasi CTOMKOCTb,

B. HAYaTO MOAENNPOBaHNE A1 OLEHKM NOSTyYaeMoil B 9KCNepuMeHTe A03bl.

3. OTMeuveHa BO3MOXHOCTb PE30HAHCHOIO POXAEHNSA 3K30TUUYECKUX 3apPsKEHHbIX
COCTOSAHNI YapMOHUA B akcnepumeHTe NMAHOA ¢ oentepreBo MULLIEHLIO, YTO, B
4aCTHOCTW, NO3BO/INT U3MEPUTb KOHCTaHTY CBA3M C KaHa/IOM HYK/TOH-aHTUHYKJTOH,
4. OTMeYeHa BO3MOXHOCTb 3HAYUTE/IbHOMO YNYULLIEHUS pa3peLleHns no macce
TakMX PE30HAHCOB MPU PEKOHCTPYKLMN NPOTOHA OTAa4M C/I0EM KPEMHUEBOIO
BEPLUNHHOIO AEeTeKTopa, NOMELLEHHbIM BHYTPb BakKyyMHOW KaMepbl.

[na o060cHOBaHMA Lienecoo6pa3HOCT Takon MmoandoKaLmm akcnepumMmeHTa
NMAHOA HY>XHO MoAennpoBaHme, ornbiTa KOTOPOro HeA0CTaeT.

SAVNHTEPECOBABLUVECA JINMUA TTIPUTTIAWLWAKOTCA K COTPYOAHNYECTBY!
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