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Motivation

The RPC rate capability is limited with the time interval needed for the localized charge
avalanche to dissolve from the glass electrode. The drop of the electric field in the gas
gap at high particle rates affects efficiency and time resolution. For a single gap of

width b the average field reduction is:

<AE> = p(a/b) D<0> ALICE-MRPC: Resistive electrodes -

float glass of 1012 — 103 Qcm resistivity

p = glass resistivity
EfMiciency [%]

a = glass thickness e
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Q = the avalanche charge
<AV>=IR = pa®<Q>

= O MRPC 10 gaps of 220 um
[0 MRPC & gaps of 220 pm
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Motivation

TRD subdetector — possible scenario:
= 3 stations @ 4.5, 6.75, 9 m from target

= Highly granular and fast detectors which
| can stand counting rates

= Tracking of all charged particles with a
B position resolution of:

- 200 — 300 gm across the pads

- 3— 30 mm along the pads

585 m2 surface m
708 modules
785.408 channels

Identification of high energy electrons
(y > 1000) with a

matching STS &
TOF acceptance
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Motivation

Pulse Height — e/pi discrimination Position Resolution
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M. Petris et al., Nucl. Instr. and Meth. A 581(2007), 406
M. Petrovici et al., Nucl. Instr. and Meth. A 579(2007), 961
M. Petris et al,. Rom. Journ. Phys., Vol.55, Nos. 3-4 (2010), 324
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tivation

power supplies for both
-TRD detectors
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time April2014

i
1.5 GeV/u Ni beam
on 1 mm Pb target
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he Experimental Setup
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Photo of the Experimental Setup
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Photo of the Experimental Setup
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TRD gas mixture: 80%Ar+20%CO,

RPC gas mixture:
85% C,F,H, +10% SF; + 5% iso-C,H,;

L =¥ TR

Scaler 2: PL.1& PI1.2 (1.6 cm x 8 cm) .
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1
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@ different rates

were recorded during the measurements.

ith the DAQ scalers for rate estimation in

ered in the counting rate estimation.
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Current [uA]

Current & HV evolution for RPC2013

Run230414 2204

Current evolution for the Positive HV of BUC_2013 Current vs Voltage of BUC_2013 o Current vs Voltage of BUC_2013
.
Entries 7053
Mean 1412
RMS  771.1

Current Pos [uA]
Current Neg [uA]

i
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Time [s] Time [s]

Negative & positive current have almost the same values
Negative and Positive HV have different behaviour @ the same current
Current protection setting?

AV, =5500V -5420V =80V
AV, =5500V -5250V =250V
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Current [uA]

Current & HV evolution for RPCref

Run230414 2204

Current evolution for the Pesitive HV of BUC_Ref Current vs Voltage of BUC_Ref
Entries 7053 i
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Stable behaviour of reference RPC

Mariana Petris, Seminar DFH, 08.12.2014

Current vs Voltage of BUC_Ref

hCurrentVol
i 7053

RMS x  0.5348
RMS y 1.301
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Voltage Neg [V]

Positive/Negative Voltage evolution of BUC_Ref

hVoltageEvoPos
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Mean 9725

1200 1300
Time [s]
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Current/rate estimation for RPC2013
Run230414 2204

Current evolution for the Positive HV of BUC_2013
Entries 7053
Mean 1412
RMS 771.1

GCurrent [uA]

Triglog input scaler 3 (Back Buc. PMT)
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Time [s]

Current evolution for the Positive HV of BUC 2013

Current [us]

MBS Tima [g]

DAQ didn't work more for the time period of this csv file
160 S80 200 'Iﬁ"—m'z[“

Active area = 532 cm?
| < 12 nAlcm?2 @ ~4 kHz/cm?2
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Current & HV evolution for TRD2012
Run230414 2204

Current evolution for the Positive HY of TRD_BUG Current vs Voltage of TRD_BUC

Entries 7053
Meanx 1935
Meany 4.377
RMS x 33.9
RMS y 9.231)
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Positive/Negative Voltage evolution of TRD_BUC
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Time [s]

lirp = 15 - 35 A @ V, ope = 1950 V — 1630 V = AV =320 V

HV variations due to the current protection setting
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Current [uA]

Current & HV evolution for RPC2012

Current evolution for the Paositive HV of BUC_2012

Current Pos [uA]
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Run230414 2204

Current vs Voltage of BUC_2012
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Large HV variations due to the current protection setting;
Smaller variations could be due to the counting rate
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Current/rate estimation for
TRD2012

Current evolution for the Positive HV of TRD BUC

0 &0 uu 100 120 140 160 180 200 2'2 240
Time [5]

Active area 54 cm x 56 cm = 3024 cm?
I>12.6 nAlcm? @ ~0.8 — 0.9 kHz/cm?

Triglog input scaler 4 {TRD Buc. PMT)

Rate [kHzicmz]

20 40 60 B0 100 120 140 160 180 200 220
MBS Tima [s]

RPC2012

GCurrent evolution for the Positive HV of BUC 2012
hCurlng oPosB
s 226

100 120 140 . 160
Time [g]

Active area = 1090 cm?
| >9 nA/lcm?@ ~0.8 — 0.9 kHz/cm?

- the exposure was not uniform,
- larger on the side closer to the target
- linear rate extrapolation at the TRD edge: 4.21 kHz/cm?
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Current & HV evolution for RPC2013

Run230414 2336

Current vs Voltage of BUC_2013 Current vs Voltage of BUC_2013
[rurencons]

Current evolution for the Positive HV of BUC_2013

Current Pos [uA]
Current Neg [uA]

2000

5450 5460 5470 5480 5490 5500 5510 5400 5420 5440 5460 5480
Time [s]

5500
Voltage Pos [V] Voltage Neg [V]

Pasitive/Negative Voltage evolution of BUG_2013

Entries 2175

Current protection setting was
not reached

; gan, 1039
RMS 595.3

Voltage [V]

200 400 600 800 1000 1200 1400 1600 1800 2000
Time [s]

AV, =5500V -5450V =50V - _ _
AV, =5500V -5410V =90V HV variations due to the high counting rate
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Current & HV evolution for RPCref
Run230414 2336

Current evolution for the Positive HV of BUC_Ref Current vs Voltage of BUC_Ref Current vs Voltage of BUC_Ref
[rcuremcans |

Entries 2175

Mean 1097

RMS 629.2

hCurrentVol
Enties 2175
Meanx 5501

Meany 2463

Current [uA]
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Current Pos [uA]
Current Neg [uA]
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Time [s] Voltage Pos [V] Voltage Neg [V]

Positive/Negative Voltage evolution of BUC_Ref Paositive/Negative Voltage evolution of BUC_Ref
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Mean 842 Mean 1066 Mean 721
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AV, =5500V —-5450V =50V HV variations d he high :
AV. = 5500V — 5435V = 65 V variations due to the high counting rate
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Current/rate estimation for
RPC2013 RPCref

Current evolution for the Positive HV of BUC Ref

Current evolution for the Positive HV of BUC 2013 Current evolution for the Positive HV of BUC 2013
ies 345

Active area = 532 cm? Active area = 84 cm?
| =25 - 30 nA/lcm? @ ~35 — 40 kHz/cm? | =55 - 60 nA/lcmZ @ ~35 — 40 kHz/cm?

Triglog input scaler 3 (Back Buc. PMT)

Wedp350_14 .

Rate [kHz/omz]

e e e e e L L

il
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Valtage [V]

Current [uA]

Current & HV evolution for TRD2012

Run230414 2336

Current evolution for the Positive HV of TRD_BUC

hCurrentEvoPos

E niries
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Positive/Negative Voltage evolution of TRD_BUC
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Time [s]
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ANODE
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Current vs Voltage of TRD_BUC
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Positive/Negative Voltage evolution of TRD_BUC
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400 800 800 1000 1200 1400 1600

1800 2000 2200
Time [s]

=1950V -1825V =125V

HV variations due to the current protection setting
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Current & HV evolution for RPC2012

Run230414 2336

Current evolution for the Positive HV of BUC_2012 Positive/Negative Voltage evolution of BUC_2012 Positive/Negative Voltage evolution of BUC_2012

5340 5360 5380 5400 5420 5440 5460 5480 5500
Voltage Neg [V]

AV, =5500V -5305V =195V
AV, =5500V -5335V =165V

HV variations due to the high counting rate ?
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Current/rate estimation for
TRD2012 RPC2012

Current evolution for the Paositive HV of BUC_2012

Current evolution for the Positive HV of TRD BUG

] ; Active area = 1090 cm
Active area 54 cm x 56 cm = 3024 cm | = 31 nA/em? @ ~4 kHz/cm?
I>12.6 nA/lcm? @ 4 kHz/cm?

Triglog input scaler 4 (TRD Buc. PMT) Triglog input scaler 4 (TRD Buc. PMT)

tn

- the exposure was not uniform,
- larger on the side closer to the target
- linear rate extrapolation at

the TRD edge: 42.4 kHz/cm?

Rate [kHz/em2]
-

200 250
MBS Tima [g]
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Current Pos [uA]

Current [uA]
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Current & HV evolution for RPC2013

Current evolution for the Pasitive HV of BUC_2013

Current vs Voltage of BUC_2013

5496

Run240414 0041

Positive/Negative Voltage evolution of BUC_2013
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Current vs Voltage of BUC_2013
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5504 5450 5460 5470 5480 5490 5500
Voltage Pos [V] Vaoltage Neg [V]

AV,=5503V-5500V= 3V
AV, =5500V -5460V =140V

HV variations due to the high counting rate
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Current [uA]

Current Pos [uA]

=)

Current & HV evolution for RPCref
Run240414 0041

Current evolution for the Positive HV of BUC_Ref Positive/Negative Voltage evolution of BUC_Ret

Voltage [V]

500 500
Time [s] Time [s]
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T
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Voltage Pos [V] Voltage Neg [V]

AV, =5505V-5500V =5V
AV, =5499V -5503V =4V

Stable behaviour
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Current/rate estimation for
RPC2013 & RPCref

Current evolution for the Positive HV of BUC 2013 Current evolution for the Positive HY of BUC Ref

Time 4
Active area = 532 cm? Active area = 84 cm?
Highest current RPC2013 = 20 pA; Highest current RPCref = 7 A,
| =37.5 nA/lcm? @ 65 kHz/cm? | = 83 nA/lcm2@ 65 kHz/cm?

Triglog input scaler 2 (Front Buc. PMT) Triglog input scaler 3 (Back Buc. PMT)

Rate [kHz'cmz]

200
MBS Time [g]
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Current & HV evolution for TRD2012

Run240414 0041

Positive/Negative Voltage evolution of TRD_BUC Positive/Negative Voltage evolution of TRD_BUC

Entries 5277 Entries 5277
Mean 278.3 Mean 265.5
RMS 1539 RMS 153.1

Current evolution for the Positive HV of TRD_BUC
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l1rp = 38 43 PA; V, ope = 1950 V — 1785V = AV =165 V

HV variations due to the current protection setting
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Current Pos [uA]
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Current & HV evolution for RPC2012

Run240414 0041

Current evolution for the Positive HV of BUC_2012

Positive/Negative Voltage evelution of BUG_2012

Y Ftries— 5277
i Mean 266.4
AMS 1502

Voltage [V]

500
500 Ti
Time [s] ime [s]

Ilhl’ﬂ

Entries 5277
Meanx 5498
Meany 4.213
RMS x  23.74
RMSy 9877

5000 5100 5200 5300 5400 5500 5000 5100 5500 5300 5400 5500
Voltage Pos [V] Voltage Neg [V]

AV, =5500V-5120V =380V
AV, =5500V -4940V =560V

Large HV variations due to the current protection setting,
smaller variation when the protection was removed

Mariana Petris, Seminar DFH, 08.12.2014

28



Current [ud]

Current/rate estimation for
TRD2012 RPC2012

Current evolution for the Positive HY of TRD BUC

Current evolution for the Positive HV of BUC 2012

Current Jud]

" 250
Time [s]

Active area: 54 cm x 56 cm = 3024 cm? Active area = 1090 cm?

=]

Rate [kHz/cm

| > 15 nA/lcm? @ ~4 kHz/cm?2 | =41 nAlcm? @ ~4 kHz/cm?

Triglog input scaler 4 (TRD Buc. PMT)

- the exposure was not uniform,
- larger on the side closer to the target
- linear rate extrapolation at

the TRD edge: 69 kHz/cm?

60 B0 100 120 140 180 180 200 220 240
MBS Tima 5]
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Current & HV evolution for RPC2013

RUN240414_0244

Current evolution for the Pasitive HV of BUC_2013
Entries 4068
Mean 1938
RMS 1085

Positive/Negative Voltage evolution of BUC_2013
Entries 4068
Mean 2034
RMS 1174

Current [uA]
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A A o
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Current vs Voltage of BUC_2013

Current vs Voltage of BUC_2013
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Mean x 5500
Meany  4.107
RMS x 0.06168
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RMSy 3477
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Voltage Pos [V] Voltage Neg [V]

Stable behaviour of RPC 2013
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Current & HV evolution for RPC2013

RUN240414_0244

Current evolution for the Pasitive HV of BUC_2013

hCurrentEvoPos
Entries 4068

T e

Positive/Negative Voltage evolution of BUC_2013
Entries 4068
Mean 2034
RMS 1174

Current [uA]
Voltage [V]

urrent evolution for the Positive HV of BUC_2013
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Current vs Voltage of BUC_2013

Entries 4068
Meanx 5503
Meany 4.109
RMS x  0.9749
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Stable behaviour of RPC 2013
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Current & HV evolution for RPCref
Run240414 0244

Current evolution for the Positive HV of BUC_Ref Positive/Negative Voltage evolution of BUC_Ref
Entries 4068 Entries 4068

Mean 1935 Mean 2034
BRMS 1099 RMS 1174
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Stable behaviour of reference RPC
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Current [uA]

Current Pos [uA]

Current & HV evolution for RPCref

RUN240414_0244

Current evolution for the Positive HV of BUC_Ref

hCurreniEvoPos
Entries 4068
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Current evolution for the Positive HV of BUC_Ref
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Positive/Negative Voltage evolution of BUC_Ref
4068
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Entries 4068
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Voltage Neg [V]

Stable behaviour of reference RPC
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Current/rate estimation for
RPC2013 & RPCref

Current evolution for the Positive HV of BUG 2013 Current evolution for the Positive HV of BUG Ref

Active area = 532 cm? Active area = 84 cm?
| = 16 nA/lcm? @ ~24 kHz/cm? | =42 nAlcm? @ ~24 kHz/cm?

Triglog input scaler 3 (Back Buc. PMT)

Rate [kHz/emZ]

450
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Current Pos [uA]
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Current & HV evolution for TRD2012

Run240414 0244

Current evolution for the Positive HV of TRD_BUC

hGurrentEvoPos
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5 810
Voltage Neg [V]

HV variations due to the current protection setting
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Current & HV evolution for TRD2012

Run240414 0244

Current evolution for the Positive HV of TRD_BUC Positive/Negative Voltage evolution of TRD_BUC
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HV variations due to the current protection setting
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Current Pos [uA]
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Current & HV evolution for RPC2012

Run240414 0244

Current evolution for the Positive HV of BUC_2012
Entries 4068
Mean 1936
RMS 1098
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Positive/Negative Voltage evolution of BUG_2012
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RMS 1174
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Stable behaviour of RPC2012
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Current & HV evolution for RPC2012

Run240414 0244

Current evolution for the Positive HV of BUC_2012 Positive/Negative Voltage evolution of BUC 2012

hCurrentEvoPos

Entries 4068
Mean 1936
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Current/rate estimation for
RPC2012

Current evolution for the Positive HV of BUC 2012

TRD2012

Current evolution for the Positive HV of TRD BUC
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Active area = 1090 cm?
| = 41 nAlcm? @ ~4 kHz/cm?

- the exposure was not uniform,
- larger on the side closer to the target
- linear rate extrapolation at

the TRD edge: 25.37 kHz/cm?
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Current & HV @ rate for RPC2013

<V grop> = <I(NA/cm?)>*p(cm)*(nd)
n = number of glass plates
d = glass thickness

p = glass resistivity

60 80
rate (kHz/cm®)

The largest measured current value was of about 0.037 uA/cm? at the highest counting rate of 105 kHz/cm?

The total voltage drop on the all five gaps is 165 V.

For a counting rate of 25 kHz/cm?, the calculated voltage drop on all five gaps is 50 V.

As the detector is supposed to be operated within the efficiency plateau, this voltage drop has no consequences on

the detector performances.
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power in RPC counters due to the high current

Counter Strip width Strip gap 64 x (w+g)  Strip length I S=LxlI I MRQ Dissipated
(w) (mm) (g) (mm) (L) mm I (mm) (HA) (cm?) (MA/cm?) (MQ) power (mW)
RPC2013 2.16 2.03 266 200 20 532 0.04 17 6.765

2.18 2.54 299.8

R () = p*(1/S) = 1.5:10° Qcm x (6x0.1¢m)/S
6 = number of glass plates
0.1cm = glass thickness

100

M1:24x7.62mW+ 8x3.81l mW =213 mW
M2:15x 7.62 mW + 12 x 3.81 mW =160 mW
M3: 42 x 7.62 mW =320 mW
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ary

voltage

te for TRD & RPC2012 was underestimated

ction setting

ode wires (split anode configuration)

remarques.

FEE was not affected by the large variations of the detector high voltage.

Further systematic studies are needed in the upcoming beam times.

The obtained results were reported in:
M. Petris et al., CBM Collaboration Meeting, 8-12 September 2014, Krakow, Poland
CBM Collaboration, CBM-TOF TDR
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