Beam monitoring during the STT COSY tests. Cluster
counting in a time expansion chamber with GEM
preamplification stages and FQDC readout.

protons and deuterons with momenta from 2.95 down to 0.6 GeV/c were provided by
COSY team into Big Karl external beam line in 2014 and May 2015.

beam tuning and monitoring from COSY control room, experimental counting room

three stations of tracking detectors - DC, straw tubes in addition to STT1 and STT2

two modules of a hybrid detector geometry with GEM foils as preamplifications
stages in a drift chamber - GEMDC

readout -CMP16 and F1 TDC, 240 MHz FQDC, WASA ROOTSORTER and XML
on-line interface

monitoring time spectra — beam time structure, channel multiplicities, beam shapes

PANDA. Uppsala, May 2015. V. Serdyuk




Tests with the COSY beam

ﬁ ﬁ b « proton/deutron beam
[ L LB 5 [, * energy: 0.4 - 2.6 GeV

* intensity: 10° - 10°

JCHP-FFE CANU Meeting, 16.12.2014, Bad Honnef K. Pysz
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Big Karl beam setup

GEM-DC 1

GEM-DC 0

Sch

Sc3 Sc4

Scl

PANDA, Uppsala, May 2015, V. Serdyuk






Pitch 0.41 cm
FWHM~1.4 cm
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run9857, 0.6 GeV/c, protons

vertical

Wirszin STR, plans 1, VERTICAL BEAM SIZE at exit window

1
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1
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PANDA, Uppsala, May 2015, V. Serdyuk

Pitch 1.0 cm
FWHM<~1 cm

Pitch 1.0 cm
FWHM~8 cm
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run 9748, protons, 0.8 GeV/c

vertical

Wirezin ETR, plane 1, VERTICAL BEAM SIZE af exit window

STH_Wire,ph

Entries 126708
Mean 2408
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run 10614, beam shapes, protons 1.0 GeV/c

horizontal vertical

Wires vertical in DC in GEMDC, HORIZONTAL BEAM SIZE, plane 7 Wires horizontal in DC6YUV, VERTICAL BEAM SIZE, plane 1
s
200 el 10
E - 120
180 - DC_Wire,pl7 r DC_Wire pl1
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P I tC h 1 . 0 Cl I I 140 E_ Mean 8.856 o Mean 17.32
E RMS  1.697 sof- RMS 3502
120~ F
100 ;— 60[—
80— L
of- 01—
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E 20—
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10 10
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6000~ Mean 8657 Mean 9.739
E 1612
5000 RMS RMS 2.241
4000 E—
3000 f—
2000 f—
1000 f—
oF

Wires in DC4XY vertical, RIGHT->LEFT, HORIZONTAL BEAM SIZE, pl8 Wires in DC4XY horizontal, TOP->BOTTOM, pl11
x10° ?
1
DC_Wire,pi8 DC_Wire,plii
P t h 1 O Entries 644747 10 Entries 761844
I C - Cm Mean 8.263 Mean 7.746
RMS 2.297 80 RMS 2.435

6

S

40

20

PANDA, Uppsala, May 2015, V. Serdyuk



run 6082, 03.12.2011, protons, 2.95 GeV/c, ~ 400 kHz/straw

HTOC {fplTD C==1&&MATD C 40008 & TDE »-23000)

time structure in DC
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multiplicity in big window

multiplicity in basic window



run11209
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run11217
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Simulations of dE/dx for PANDA-STT

Simulations for PANDA-STT

dE/dx (a.u.)
a
i

- FEE response included

- energy loss derived from
charge collection

- truncation mean applied

L =TI gl

03 0.4 b3 b5 b7 'I:'I.E- 03 @ |
mamentum (GeVic) 18f
— 30 ?‘E
a @ 2l
i g
L § ol
20_ E ‘
3 of
15/ |
- + \
i E: '-\ 3
[ X
5 1] 01 02 03 04 05 06 07 08 09
momentum (GeV/c)
P S IS TS FRT T RETTY PUPTI PUPTE FRTE I | .
CE A R If energy resolution < 10 %
JCHP-FFE CANU Meeting, 16.12.2014, Bad Honnef K. Pysz
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* H. Walenta, NIM v.161, 1979, p.146
—0.43 —0.32
o/lu=041%n""*(Xp)

n - samplings number,
X — thickness in cm,
P — pressure in atm

For PANDA STT, radial track, 27 hits, dE/dx resolution 8%



444 M, Houschild/Nucl Inar. and Meth, in Phys. Res A 379 (1994) £35-447

Tabde 1 %
Summary of dE/dx performance of pressnt large scale detectors, The dE/dx resolutions are given for single ksolated tracks and for macks in malt-hadronic
events (parentheals), where mmilable.

Delector Type  Ske (& x L)} B (T) Gas mixtome Mo, of Sam-  dEVdxses.  Trune.  Ref
> =m- pling (o/mean)  mean
ples  length

ALEFH (LEF) TPC 3b6m x 44m .5 AriCH; (91/9), 1har 358 4mom 438 B-60 [12]
ARGUS (DORIS) difich. 1.7m % 2m 08  CyHg/methylal {97/3). 1 bar 36 18mm  41% (44%) 10-T0% [18]
(BEPC) - jeteells 23mx 2.1m 04 ArfCO.0CH, (B971001), 1 bar 54 S5mm 0% iy [19]
CDF (TEVATROM)  jeteells 26m % 3.2m 15 ArfCHg/CaHgO (406/496/08), 1bar 32  12mm  70% n.a [20]
CLEO I (CESR) dift ch. 1.9m x 1.9m 15 ArfCyHg (50/50), Lhar 51 ldmm  63% (1.1%) 50%  [21]
CRISIS (TEVATRON) Jetch. IpmixImx3m -  Ar/OD; (20/20). 1bar 192 15mm 32% 5%  [22]
DELPHI {LEP) TPC 24mx27m 12 ArfCH, (80/20), 1bar 192 4mm 57% (62%) 0% [11]
D0 FDC (TEVATRON) jetch. 1.2mx0.3m - ArfCH /OOy (93/4/3), 1bar 32 Smm 127% 0%  [23]
HI (HERA) Jetch, 17mx22m 113 Ar/CzHg (50/50), I bar 56 l0mm §0% = 141
JADE (FETRA) Ftch L6mx24m 048  AcJCH MICyHg (B8.7/8.5/28), 4bar 48  I0mm 65% {72%) 5-70% [%]
KEDR (VEFF-4M)  jetcells 1.1mx Lim 20  DME (100), 1bar 42  10mm 10% 5-70%  [24]
MARK [l {(SLC) drift ch. 20m x 23m 0475 AcfO04/CHy (B9S1041), 1 bar T2 E3Imm T.0% 5-15% [25]
NA43 (SFS) TPC 4mx4mxIiZm - Ar/CHYICOy (90/515), 1 bar 100 40mm 44% 10-70% [26]
OBELIX {LEAR) jich. 16mx l4m 0.5 ArfCHg (507500, 1 bar 40 3mm - 12% 0% [27]
OPAL (LEM) jetch, 36mxdm 0435 Ar/CHyfiIC;H)y (382/9.8/2), 4bar 152 10mm 28% (33%) T0% [28]
SLD (5LC) jeteells 2m % 2m 05  COp/ArCHy (75/21/4), 1bar 0 6mm 70% na  [29]
TOPAY {TRISTAM) TPC 24m x 2.2m 1.0 ArfCHy (90410, 3.5bar 175 dmm 44% (46%) 65% [14]
TPCS 2y (PEF) TEC 20mx 2.0m 1375 Ar/CHy (B0/20), B5bar IEZ  dmm  30% &%  [14]
ZEUJS {HERA) jeteells 17mx24m 143 Ar/O0;/CyHg (90/8/2), 1bar 72 Smm BS% ne  [30]

® Qaussipn tramsformation ussd, see Section 2.2, ;
A fit to the single track resolutions resulis in: very similar to the result by Lehraus indicating that the sys-
lematics of present large detectors are well under control.
oldE/dx ot A summary of the detectors is given in Table 1. The best
oldB/dx) _ 5 5p-0% () (11) achieved dE/dx resolutions were obtained with the high

AEMAr



December '14 test - preliminary results

2.0 GeV/c 1.3 GeVl/c 1.0 GeV/c

o Tracking residuals (protons@2.0 GeVic) - Tracking residuals (protons@1.3 GeVic) ch Tracking residuals (protons@1.0 GeVie)
Shatial histo residuals | st | histo residuals | ™t  histo residuals |

w-Spatia Eniries suaMs | b | Erres = Eniries Sa27oee
=resolution wear 00 | b e amsa | oan ootz
RMS 02579 oo |- | mas oz RMS 0262

800 E -
E o nl 18300410/ 67 §mi | 2t int Dadres09 9T § 3 o i nal 7.2820400 / §7

|: 300
a0 Constant 11118408208 20} | Constart 834104082 0.5 Constant  7.1018+05 = 0.5
Mean  -0.01438 + 000000 m"t | Moan  -0.02896 : 0.00000 o Mean  0.04061 2 0.00000
200 F
| Sigma 0.1808 £ 0.0000 100 | sigma 0.157 £ 0.000 oor- Sigma  0.1537 £ 0.0000
btV bbb E Y, i PTPE PPYH FeT E | v PrrVE T FETH
25 2 45 E] A5 é [1] 1 15 2 5 25 2 A5 -1 05 [] [F) 1 15 z 5 25 -2 A5 -4 375 i‘l [X] 1 15 2 5
Distance [mmi Distance [mm] Distance [mm]
dE/dx 16 straws, TM20, protons@2.0GeVic dE/dx 16 straws, TM20, protons@1.3 GeVic dE/dx 16 straws, TM20, protons@1.0 GeVic
E 11 —_——
Ener hg162 = h8162 o he162
‘m_gy Entries 123504 - | Entries 93934 o Entries. 77884
7000 1

resalution ean ous Moan 3330 Mean 10086204

8000 Lo 1 4000
AMS. LN i RMS 1017 X AMS 1408
Esmo 2 inat 2508178 ouk. | 2%/ ndl 1.478e+06 / 147 Em— x'/ndt  5.529e+05/105
000[ Consiant 1.198ee04 = 4.408ee01 o | Constant 8532 +0.5 Constant 5960 + 0.4
Mean B4BI: 24 2000 | Mean 928501 s Mean 1.028e+04 £ 0.1
i ° Sigma b TP RS 1000~ | Sigma 848901 - Sigma 9263201

0 5000 10000 15000 g 25000 30000 5000 10000 15000 20000 25000 30000 o 5000 10000 15000 20000
Energy Loss [arbitrary] Energy Loss [arbitrary] Energy Loss [arbitrary]
JCHP-FFE CANU Meeting, 16.12.2014, Bad Honnef K. Pysz
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dE/dx measured by classical method in STT1 and estimations, for protons
with momenta : 0.64, 1.0, 1.3, 2.0, 2.95 GeV/c

14000

DC

Fi

£ 13000

5

£12000
)
211000

= 10000

nts for Prof

9000

sureme

8000

_||IIII|I\\\‘\III|IIII|I\H‘\III|IIII|II\

7000

dEdx mea

hits

rbitrary u

I dE/dx~betar(-1.63)
~— | NIM, A367, 1995, p.248

Estimations of dE‘dx, relative, a

PANDA, Uppsala, May 2015, V. Serdyuk



Table 1: Details of the GEM-DC

Parameter GEM-DC 0 (GEM-DC 2

N of stacked GEM foils 2 3

Active area of DC / cm?® 16 x 16

GEM foil thickness / pm &0

Area of GEM fols / cm? 10x 10

Hole diameter / pm 70

Hole pitch / pm 140

Drift gap / mm 35

Drift electrode Al Carbon

Gas mixture Ar / Ethane 80:20

HVin 2440 3430

HV G iop 2350 3350

HV e 1400 1400
. . . .
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IGEMD!

Time spectrum in GEMDC

IGEMDS

1 1TOOE&KIGEMDE 1 <1700

htemp

2500 { htemp M 60001~
[| Entries 125486 C
H Mean -8539 =
| RMS 5267 5000 —
2000 = B
: 4000
1500 — B
B 3000
1000 -
C 2000
500 — 1000
ol il N R L ol
~25000 -20000 ~15000 10000 -5000 0 200 0 200

Entries 246019
Mean 593.4
RMS 493.4

ftGEMDC
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correlation number of clusters versus time (a) in GEMDCO and number of clusters registered
in GEMDCO and GEMDC2, run 11448, protons, 0.8 GeV/c

T1%N1, time versus FQDC pulses in GEMDCO0 | | hTN1 puls number corellation in GEMDCO and GEMDC2-planes pulsA:pulsB hpulsX12
Entries 25170¢ Entries 1.910248e+07
Mean x  -1.139e+( Mean x 65.4
140 Mean y 85.7 Mean y 79.96
RMS x 64¢ ! RMS x 21.83

sl RMS y 20.¢ RMSy 25.13

120

100

80 [

60 SR

40 8

pulses quantity

20

:-
- B
-~
L,

-25000

0.26 rllslbin pulses quantity
< time
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number of clusters registered in GEMDC?2,
run 11448, protons, 0.8 GeV/c

fpulsGEMDC {fpl==8& 4fAmpGEMDC:5¢ 44 fIGEMDC--130004& fIGEMD C 220008 &fgate Q<18 0000& &fgate Q10000 A& fel==10}

35000 — | Enties
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30000— ™
C 2 f ndf
_ Prob
25000
— Mean
20000 [ %
15000 —
10000 —
5000 —
00 B e

Constanf3.449e+04 + 4.196e+01
M.71 8.
13.33 £ 0.1

1185524

82.89

15.73
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L | ‘ | | | |
40 60 80 100 120
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dE/dx by cluster counting-measurements and estimations,
for protons 0.6, 0.8, 2.95 GeV/c, May 2015

Graph
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Summary

On-line control of the beam profiles, timing, multiplicities using
additional gas coordinate detectors, histogram control

could be used off-line qualitatively during beam data analysis

An alternative approach for dE/dx using GEM preamplification
stages in a wire chamber GEMDC - tested with beams at
different momenta

GEMDC signal pattern — a complicated time structure used for
testing of the FQDC FPGA algorithm
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beam time structure in July 2014 COSY test

run9664,19.07.2014, 2.95 GeV/c, run9705, 20.07.2014, 2.95 GeV/c, mult.~1.15
~ 10kHz, mult.~1.5

[ FTDC {fpITDC==1&8ATDC<45008 &HTDC>-25000} | [ HSTR {fpISTR==1& &HSTR<6000&&HSTR>-20000} |
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number of clusters and registered in GEMDCO,
run 10099, deuterons, 2 GeV/c

fpulsGEMDC {fpl==7 8 8fAmpGEMDC > 508 8.ftG EMDC>-130008.8ftG EMDC <20008.8 fgate Q< 180000 8.8 fgate Q> 10008 8fel==83 &fnpuls1 >40}

50000 hpyls9
: Entries 680561
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I'| Prob ]
300001
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: Mean 58.51 £ 6.1
20000 | sigma 5.778 +0.005
10000
0 - | I I I I I | I | I | | I | | | | | | | | | I | | | | I | | |

40 45 50 55 60 65 70 75
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dE/dx (keV/em)

dE/dx at Large Detectors
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Particle Separation Power
(charge measurement + cluster counting)

« Shape of particle separation power differs

- maximum separation at somewhat higher momenta for cluster counting

more separation below, less separation above certain momentum for cluster counting
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« Relativistic rise looks quite different
- Fermi plateau reached much earlier with cluster counting

particle separation for cluster counting stops at lower momenta
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run 10185, 1.0 GeV/c, deuterons, time spectra

HGEMDC {fpl==7 &&ft GEMDC=-22000& &f8l==0 &A&KFIGEMD C=3000}
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PANDA, Uppsala, May 2015, V. Serdyuk

GEMDCO, double GEM

GEMDC2, tripple GEM



run 10185, 1.0 GeV/c, deuterons

Time in GEMDC, all the plane fpl==7 Wires in GEMDC, all the plane fpl==7, RIGHT->LEFT
10° 10° Channels_GEMDC
— — Entries 1.857472e+07
| GEMDC time = Mean 8929
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