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« Cosmic-ray tests
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<+Part 2: RPC R&D for the signal attenuation
« Motivation
« Experiment set-up
* Results
« Conclusion
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&) Project motivation

EXPERIMENT

<+ ATLAS Phase-Il upgrade

« USTC-SDU-SJTU cluster will produce 50% BIS RPC singlets, Italy will produce the other
50%, and MPI will assemble BIS singlets into triplets

« Singlets will be assembled ant tested locally in China
»Contribution from China for the ATLAS collaboration

< Participate thin-gap RPC R&D

<*Milestone: full-size RPC singlets assembly and tests
- Done in BB5, CERN, last summer by: Yongjie, Marco, Xiangyu, Man, Kunyu
« To prove the ability of assembly and QC test of full-size singlet RPCs
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A@ Assembly: Gas gaps quality control

“BIS7 L type gas gap

« Size: 1769 x 1109 mm, very similar with
the size of Phase-Il BIS RPCs

- Gas gap size: 1 mm
- Bakelite electrode size: 1.2 mm

*lieax — HV scan ek

- As QC procedure g *rT ' :

- Scan the leakage current for different § | T opsinde E
high voltage applying 3 [ —Botsinglet i

- The on-site test after the one doneby & s -
the manufactory I ]

<If high-I;,,, occurs 3 E
« Apply working gas conditioning 05 -

« Apply Argon conditioning ] -

0
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) Assembly: FE board test and soldering

ATLAS

EXPERIMENT

<*New FE board
- Based on Si & SiGe technology
* Including amplifiers and discriminators

« Deal with higher muon hit rates under
radiation hardness

« Similar with Phase-Il FEE
+FE board test

 Using pulse generator and counter

“+FE board soldering
« FE board soldered on the panel without
fly wires
- Team members got trained

- Finished soldering for all the FE boards
for the two singlets
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EXPERIMENT

A@ Singlet cosmic-ray test: set-up ﬁ

Q
ol

< Trigger system 5
- 3+3 scintillators

< DAQ system:
« TDC: V1190a, with 100 ps LSB
« VME controller: V1718
« Online monitor: details in next page

*»Test areas division

 Due to the limited coverage of
scintillators

- Divided into five areas, covering all n
and ¢ channels

Aread4d | Area3 Area 2 Areal =
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&) Singlet cosmic-ray test: Online monitor

EXPERIMENT

»*Motivation
« Monitor RPC performance ... oo wom s

. . LE Start: [g60[%]ns L1_General | L1 Efficiency | L1Maps | L1TOF/TOT/CS | L1 Electronic
LEEnd: |960/¢/ns Chamber (ETA&&PHI) Ref Trigger Efficiency = 94.78%(+0.74%)
LE FE Flag: 10
|LE=1,FE=0 ~ | 100 TR 15k 15k
g
— - 125} g 125t 1.5
« Speed-up the tests b et o " z - PET s
g & qof [ ] 2 10f
. . . . g 60 g 6 ﬁ =
_ 2 = 75} g 75t " T !
INTUItive r | utpu 5 - : .
Chamber Settings: B S5t 4 @ S5t = =
i=J [5) [ ] [ ]
LayerNOs (1 = g 20 25k ® ast - - 05
g - u u 2
’ ° Phi Strip NOs |16 |+ 2 = =
n C n b 0 . . . . , 0 . \ . . .
”’ u I O S Eta Strip NOs [16 + 0 ™850 875 900 925 950 10 15 20 25 30 10 15 20 25 30
| clearsms) Event Number Hit Map: Eta Noise Map: Eta direction
Clear+Save
Gap (ETA||PHI) Ref Trigger Efficiency = 97.17%(0.55%)
Map Setting:
60
e Control the VME and TDC &~ - .
PhiorEta Phi - | _ 2 50
Startstrips  [1 %] & E
° ° N £
Endstrips 16 /%] E‘ =l
L4 ICIeI IC TDCstartch [0 ¢ g £ 40
Stripwidth | 25.0/% ] & é
. Stripgap  2.00/%] ;, = 30
g 5
-« 2D/1D hit map : .
DAQ | Import 10
hd M 850 875 900 950
[ ) O I Se I ' Ia n O I Se rate Refresh Interval [ms]: Event Number TOT Map: Eta direction
200 J iFile]: TDCSettings.TriggerTimeSubstraction = 0b1 2
iFi DCSettings.TriggerwWindowOffset = -40
h Evants NO//jrefiesh iFi DCSettings.TriggerwindowWwidth = 60
[ ' 200 | iFile]: VMEInterface.BaseAddress = 0x000000 300
rause\ |7Relm e ‘ IniFile]: VMEInterface.Name = Vmelnterface 100
[Pause | | Relmport | IniFile]: VMEInterface.Type = V1718 250
DAQ]: Starting data import 75 =
° ° DAQ]: 1007 triggers will be imported 2 g 200
) aW tl I ' |e reso l Itlon DAQ]: 200 / 1007 taken. Time gap = 15.843082 € 2
Local IP DAQ]: 400 / 1007 taken. Time gap = 0.189881 S so0 £ 150
] DAQ]: 600 / 1007 taken. Time gap = 0.166990
S — DAQ]: 800 / 1007 taken. Time gap = 0.169932 100
Listening Port DAQJ: 1000 / 1007 taken. Time gap = 0.196094 25
[ ] |7‘ DAQ]: 1007 / 1007 taken. Time gap = 0.139076 501
eoe R — DAQ]: All data have been read o ] R E R o Es s B = B
| Listen | Moniter]: Quick Analysis Report generated: o [
USTC_Doublet HV Scan Area4 1000 CosmicRay _TOP5700+BOT5900 10 15 20 2 30 0 25 5 75 10 12.5 15
_run20190723180622.root.pdf = Eta Channel Hit Phi Channel Hit

<+QOpen source: git repo



https://gitlab.cern.ch/xixie/bb5_rpc_gui_monitor

A@ Singlet cosmic-ray test: efficiency

EXPERIMENT

< Algorithm

 n triggered && ¢ triggered < 100g——rrrr g
<Homogeneous performance for 3 9. —Topsinglet E
all areas at 5.7 kV S - —Botsingit E
- Featuring the same performance with ~ ® & E
other BIS7 singlets cof. E
- Ps. RPC designed eff is reached by 20 E
beam test = :
305 E
205 -
1o :

9600 4800 5000 5200 5400 5600 5800 6000

High Voltage [V]
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A@ Singlet cosmic-ray test: cluster-size

EXPERIMENT

»Cluster—-size: the number of

strips fired by one muon hit
- Strips are required to be adjacent to
each other 3 L
- Expected to be less than three b "
’:’n panel CIUSter ~1.4 103 0 5 10 15 20 25 sz 0 2.5 5 7.5 10 12.5 15
. | _ci . o
<@ panel cluster size ~2.4 e clusterssize Phi cluster-size
< The difference in cluster-size .
distribution due the wrong
matching resistors
 Additional resistors soldered onto the = 100 g
readout panels in parallel with original 2=~ ... ... . . i e
0”?5' in order to lower the matChmg Eta cluster-size Phi cluster-size
resistor
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&) Singlet cosmic-ray test: noise rate

EXPERIMENT

<Studied with randomly triggered data

<*Average noise rate for n and ¢ panels at 5.7 kV
- n panel: 1.9 Hz/cm?
¢ panel: 1.4 Hz/cm?

<+0One noisy n channel, which is next to the low voltage supply

Layer1_Background_Eta_Dis Layer1_Background_Phi_Dis
Layer1_Background_Eta_Dis Layer1_Background_Phl_Dis
900 Entries 1812 50— Entries 451
E Mean 26.98 B Mean 39.92
800} StdDev  6.603 - SidDev  4.466
7005— o
GOGE— B
= 30—
500— -
4005— B
= 20—
300[— -
20[];— 10_—
muf— _—\_‘—\_\_I_
P =S8 S s s st e PR . A T M M I B R B | B
10 15 20 25 30 (?12 34 36 38 40 42 44 46 48 50
Relative_Channel Relative_Channel
1 panel noise distribution ¢ panel noise distribution
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&) Singlet cosmic-ray test: time resolution

EXPERIMENT

< Selections
* Cluster-size = 1 for n and ¢ panels
* 1, ¢ channels of two singlets are identical

“o.(n) =538 ps,a(¢p) =578 ps

- Time walk correction not considered

Section1_Phi_Time_Resolution
Entries 4185 1000 B Entries 4186
M 0.1642 —
Std Dev 0.7876 - Mean 0.1004
= %2/ ndf 40.34 /14 Std Dev 0.8393
1000— Constant 1085 £21.7 %2 I ndf 28.85/16
O Mean  0.2242 +0.0120 B Constant 1014 £19.7
B Some Ot COIE 8001— Mean 0.1527 +0.0128
800|— Sigma 0.8177 +0.0095
B 600|—
600 [— -
B 400—
400 — L
200|— 200 —
N A P I A
5 4 3 3 4 5 -5 4 -3 -2 -1 0 1 2 3 4 5
Time_Difference [ns] Time_Difference [ns]
n panel ToF distribution ¢ panel ToF distribution

HV =5.7 kV HV =5.7 kV
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&) Conclusion of singlets assembly and tests

EEEEEEEEEE

< Two RPC singlets been assembled and tested with good
performance
- Efficiency measured to be 93% for both singlets at 5.7 kV
* Cluster size < 3
« Noise rate < 2 Hz/cm?
« Time resolution < 600 ps

<+One singlets would be installed onto ATLAS during the Phase-I
upgrade

<+ The USTC RPC team showed the ability to perform RPC singlet
assembly and test
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&) RPC R&D: signal attenuation study

EXPERIMENT

<»After avalanche, before FEE: signal induction and propagation
« Signal induction loss has been studied extensively
- Signal attenuation in propagation remains unclear

<*Smaller signal for the thin-gap RPCs

* Potential signal attenuation is crucial for the trigger efficiency

+Simulation results indicates attenuation exist
 Correlated with the graphite layer

- 12 T T LB LN B L B B B L BN B B - 12 T LA AL L R B B
E} E | | P, = 10* QiSquare @ E P, = 10° QUSquare
5 1__ -------- readout after 20 cm - 5 1__ --------- readout after 20 cm -
g L —— readout after 80 cm 1 g L —— readout after 80 cm
[ 0.8_— - [} 0.8_— ]
N i ] N i ]
« - - @ - -
: 0.6 10 kQ/Sq - - 061 100 kQ/Sq -
< 04c Graphite layer- z 04p Graphite layer]
0.2} S ] 0.2 E
OfF =" O oA prem
' L 1 L 1 1 ‘ 1 1 L 1 | L 1 1 1 | 1 1 1 1 | 1 1 1 L | 1 L 1 1 B — L 1 L 1 1 | 1 1 1 1 ‘ 1 1 1 L { L L L L l L L L L l L L L l_
0'20 5 10 15 20 25 30 0'20 5 10 15 20 25 30

Time [ns] Time [ns]
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A@ Experiment set-up

EXPERIMENT

<*Readout scheme Muon hit and Strips connect to
- Readout strips kept afloat at left end signals idueed att it ond
« Signal 0 and 1 induced identically Kept afloat Signal 0 S
- Signal 1 got reflected at left end <‘==.':7\0§
« Signal 1 readout at right end, Signal 1 |/ :Tég?
following signal 0, with different e
propagation distance (21) ; . ., !
- Readout by oscilloscope without FEE 'l Readout scheme tAml
<*Reconstruction of propagation
distance difference Signal 0

Signal 1

* 2l = LEgifference X velocity

<+ Study the loss in charge as a
function of the propagation
distance difference(2!) A typical event
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&) Signal attenuation

EXPERIMENT . . . Charge of
»Definition Signal 0 p| Charge of
- Charge: integral between 10% points i Signal 1
* Charge ratio: Charges;;1/Charges;qo 10% of signal peak I b N
. ) . &. AN N
<Quantify the attenuation rate A.parge

lllustration of charge

- Fit function: y = e “charge*
* Acharge = 0.106 +0.001 [m™']

‘a\'_o' 120: T T T T T T T T \.I ‘ T T T | T T T . T T T : a\'_'EE 120I: T T :1
o o nE ow . ° : 7
= 110 "u - 5§ 110 B
< - ] S - 100 kQ/Sq -
C 7 D C . s

g 1005 = 5 100 Graphite layer -
g - _ < C 44 ]
S 90F - S 9o r + -
o _ " e N

700 P_rOfIIe the 70 A=0.1064+-0.0012 [1/m] =

6or - histogram s0F_Chi2/NDF = 0.83; NDF = 34 E

E - along X axis “Reogo1ts o
50*|016| 1 \018\ 1 | 4 1 | |1[2| | |1[4| 1 \1}6\ 1 |1 }BI | I 2 50 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Propaganon d;stance d;fference [m] P!‘Opagation d!Sfance dffference [m]
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&) Signal attenuation rate Vs. graphite p;

EXPERIMENT

<+*Same measurements performed on different RPCs

- Surface resistivity of the graphite layers p, = 10k, 100k, 1M, 10M Q/Sq
« Strongly depending on the pq
« When p; is high, attenuation can be suppressed

'g‘0-24:"1*"'|""|""|""\""|""\"""_ E0-24:"”| ISR ]
= 0.22¢ —— —— o — = 0.22 E
o 0.2 R o 0.2 =
s 0.18] —e— p=10* iSquare p,=10° Q/Square 8 0.18F =
<(O 0.16F —— ps=106 Q/Square —¥— p =10" Q/Square E <(O 0.16 E
0.141 — 0.14 -
0.121- — 012 -
0.1 E 0.1 E
0.08F E 0.08 E
0.06F — 0.061 E
0.04 N T 0.04 =
0.02F ,_ " —a— 0.025
0? A B rarn S T B s i SO B e i [o = el Ll L =
1 2 3 4 5 6 7 8 10* 105 106 107
Strip # p. [Q/Square]

Acharge distribution along strips
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A@ More resistive graphite is better?

EXPERIMENT

<*Voltage drop AV for Bl RPCs

 Caused by current flowing along the
graphite layer

© AV = 5rqpsl?
- 1, the count rate, = 300 Hz/cm?
* q, average charge delivered per count, =

Bar-like

2 pC fOI’ thin-gap RPC electrode
* ps, the graphite surface resistivity, = Graphite layer
620 kQ/Sq
* For Bl RPCs, AV, = AV(2.5) = 10V
< Currently negligible L im]

<*Need to be taken care if
« RPC getting larger
« Cope with higher count rate
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&) Conclusion of signal attenuation study

EXPERIMENT

< Attenuation in signal propagation has been measured

<*High surface resistivity of graphite layer could suppress the
attenuation in propagation

+The V,,, of the FEE should be taken care
<“*Phenomenon met by CMS RPC group could be explained

High Resisitivity Graphite : 600 kQ Low Resisitivity Graphite : 50 kQ2

Working point - 6.82 kV ; Efficiency - 99.1 %. Working point - 6.89 kV ; Efficiency - 97.3 %.
~ 100 _CMS Preliminary . © 100 CMS Freliminary :
z " CMSIRPC (1.4 mm) ) © CMSIRPC (1.4 mm)
? 90 |— Electronics INFN Rome Tor (c:;? 90 :_ Electronics INFN Rome Tor Vergata
:8 E High resistivity graphite :g E Low resistivity graphite
5 80 £ 80
c C -
S of § _F
s 70 e s 70 -
60| 60
50— 50 -
E Emax = 99.7 % r Emax = 98.3 %
401 A =0.016 40 — 1 =0.010
3 E HV;,,, = 6476.9 V soF HV,,., =6458.1V
F WP = 6816.5V WP = 6891.7V
20 eff(WP) = 99.1 % o0l eff(WP) = 97.3 %
10— 10 i
D_xnxi tea e v b b v by iy 0_' il R BN AT A B N B A A O
HV ¢ (V) HV (V) n
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