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The sectionasketch of the doublstackMRPC3a
Dimension 360 x 338 mm?
STAReTOF Height Sy
Weight 3.3kg
Glass dimension 330 x 276 mm?
- Gas gap number 2x4
iTAR mOdu_L . Gas gap width 0.25 mm
"""""""""" i | Strip pitch 7+ 3 mm
: , ‘ | Strip length 270 mm
..... [t Strip number 32
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Conceptional Design of MRPC

MRPC3a prototype in
SPSbheamtes{Nov 2015.
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MRPC3a prototype in Heidelberg cosmic test.

901 (USTdsS}

910 (USTADS1)
911 (USTADS2)

921 (TSH 45}

600 (Buc2015 55}
€01 (Buc2015 DS}

Run 33 Run 34
Reg2 Req 3 R2s7 Reg2 Req 3

901 53 ps 55 ps 44 ps 48 ps 52 ps
601 60 ps 62 ps 62 ps 54 ps 51 ps
800 80 ps 50 ps 25 Ds 23Ds 49 ps
I 921 80 ps 66 ps 62 ps 59 ps 57 ps
911 73 ps 67 ps 63 ps 68 ps 70 ps

910 57ps 53ps  58ps 59ps  68ps

Performance in HV and
threshold scan:

Time resolution: ~ 6@s
Efficiency: > 98%
Cluster size: ~15

Fr om

|l ngoos Mt al

pl_XY_trk.pdf

Run r0033

Reqg3

HV set to have on
all counters 1 kHz

\\ dark rate

\
N

\' 901 HV = 11000 kv

' 601 HV =5250 kv
"~ 600 HV = 8500 kV

, 921 HV = 5400 kV

i
| |/ /911 HV = 6800 kV
/910 HV = 5500 kv

{

W |/ Freon: 92%

SF6: 3%

IsoBut: 5%

DUT: 911
Ref: 910

Bref: 901
Sel2: 921




Quality check ofylass& electrode production s |"’CB~H°“°?°T"MMW|
I [ Clesting avd sssembbing |

Sprayed electrode.
3 mm space on edc
is for getting rid of
edge effect.

Electrode glass
before spraying.




Copper foil

PCB board

e

Soldering point

HV connection
to top & bottom
board. This is ta
avoid discharge|
between HV &

the nearest strip.

An installingmodulecanfix the PCB
board and honeycomb togetlexactly.

00 = . PCB board
Soldering point

;
HV connection

to middle board




Iron bricks are applied tpressthe
_| first stack, while the pins are solderef.

The same procedure is repeated when
assembling the second stack.

Distancebetween the two PCBs
IS monitored during assembling.




Quality assuranceof each type of materials and the assembling procedure is rec4>rded.

Qo

Qo

Qap

Qo

Qo
i MRPC * / MRPC3a Quality Assurance Table
— MRPC ID MRPC3a - 005
" b / Glass Batch No. NO.9 151225 /Amount 6
/ Glass “ b / Glass Batch No. NO.11 151225 /Amount 4
— b / Glass Batch No. /Amount
Surface Resig Point 1 Point 2 Point 3 Point 4 Point 5
1/ Electrode 1 8 2 3 7 7
| Electrode 2 / Electrode 2 3 3 4 3 3
3/ Electrode 3 5 8 5 8 5
— 4 | Electrode 4 8 4 3 5 5
— / Honeycomb S
— PCB: 4 /Top & Bottom PCB $
64 H b H w1l00Kk $ / 0
[ / Resistance Measured on Outside Resistor Unqualified
Protection Resistor b v - ,
PCET / Middle PCB ° R?:sisgnc: Me:sured on Inside l'Il?e-zsigtoor “ S Unqualifiet; 0
<0. .
— t / Connector . T::ickness of t,k|1e connectorg ! S Unqualified/ 0
H Mylar  / Mylar S
H PCB: W 4 [ Top & Bottom HV S
— PCBT 4/ Middle HV S
— | Spacer S
N/ Thickness Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8
V|, PCB / Between Top & Bottom PCB 11.44 11.47 11.44 11.41 11.57 11.45 11.59 11.52
1 & TPCB / Between Top & Middle PCB 4.61 4.77 4.67 4.76 4.66 4.79 4.72 4.77
A I7|, T PCB //Between Bottom & Middle PCB]| 4.63 5.03 5.02 4.87 4.96 4.84 4.84 4.74
— N/ Total Thickness 25.98 25.92 26.11 26.12 26.03 26.13 26.15 26.05
— . / Signature
— |/ Date 08/09/2017
L / Note




gugt by scanning th&R codeon it.

Detailed information can be fourt

I VIR O IV
- " b / Glass Batch No.
| / Glass “ b / Glass Batch No.
— “ b / Glass Batch No.

/| Surface Resi

1/ Electrode 1

. | Electrode 2 | Electrode 2

1 3/ Electrode 3

.1 M 4 | Electrode 4

M / Honeycomb

— PCB: 4 /Top & Bottom PCB

{ 28 CA

A website is developed to record all Q&
information of each produced counter:

http://hepd.ep.tsinghua.edu.cn/CBM_TOF/

, Development of MRPC 7
" for CBM-TOF CBM ToF

#0035
#2010

#0135
#020

@Tsinghua Unversity,2017. All right reserved. If you have any comment or problem related to this website, please email me.

1 PCB: R 4 /Top & Bottom HV
3 e PCBY A [ Middie HV Introduction  » List of Tsillghlla MRPC modules #001 - #040
1 / Spacer ]
- -—'_-:— N/ Thickness Point 1 Point 2 Point 3 ST ' #001 #002 £003 2004
Vlﬁ 1 't I} PCB / Between Top & Bottom PCB 11.44 11.47 11.44 Module Test » 006 2007 =008 =008
= 2011 #012 #013 2014
W i T PCB/Between Top & Middle PCB 4.61 4.77 4.67 Other Stuff L016 5017 £018 2019
—_ﬂ 1, T PCB // Between Bottom & Middle PCB 4.63 5.03 5.02 2001 022 w003 w004
1 n / Total Thickness 25.98 25.92 26.11 2026 #027 2028 2029
H / Signature #031 £032 #033 #034
|/ Date
| / Note
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Thickness uniformity between each PCB has been
measured & pointsaround the assemble counter.

The requirement is the thickness of two adjacent PCBs
should be withire 0.2 mm of the nominal value.

Measurement Nominal/mm Minimum/mm | Maximum/mm

Thickness between bottom and middle PCB (h1)
Thickness between top and middle PCB (h2) 5.1 4.9 53
Thickness between bottom and top PCB (h3) 11.8 11.5 12.1 —

hl | 489 | 494 | 474 | 479 | 465 | 481 | 4.87 | 495 | 4.83 (mean)

Ml}}:}?a h2 | 482 | 482 | 487 | 486 | 483 | 513 | 5.16 | 5.15 | 4.96 (mean)
h3 | 11.65 | 11.62 | 11.48 | 11.53 | 11.27 | 11.43 | 11.43 | 11.52 | 11.49 (mean)
hl | 486 | 492 | 518 | 481 | 494 | 474 | 486 | 5.18 @ 4.94 (mean)

Ml-lol:}(zBa h3 4.9 503 | 503 | 464 | 523 | 5.08 473 @ 486 | 4.94 (mean)l The distance measured at
h3 | 11.7 | 11.61 | 11.63 | 11.7 | 11.7 | 11.88 | 11.62 | 11.86 | 11.71 (mean] the edgeis not absolutely
hl1 | 505 | 506 | 525 | 496 | 512 | 5.03 | 5.09 | 5.04 | 5.08(mean) equal to the thickness in

Ml_?;}:)?a h2 | 5.07 | 499 | 502 | 492 | 51 | 479 | 515 | 5.03  5.03 (mean) glass & gap region, but it
h3 | 11.75 | 11.64 | 11.63 | 11.82 | 11.68 | 11.63 | 11.74 | 11.69 | 11.69 (mean] could be a reference.
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HV Test

All the MRPC3a counters should be tested with H‘{'.

MRPC put in box

Flushing with gas

Training with high voltage

Measuring dark current

<S>

Tagging and packing

The working gas i90% C,H.F,, 5% i-C,H,,and 5% SF;. The

volume 72 Land gas flow8.6 L/h).

flushing time is 6(hours (determined by 3 times of the gas box

The counter should be train&@ hours at the nominal voltage
of 5500V.

Dark current read out from HV crate shouldnimemore than50

nA, otherwise, it will be disassembled to look for the reason.

Disassemble & check

The qualified counters are ready for cosmic test.

11



STAR HV Test

After 10 hoursdé HV training, the coun1er

Dark current andnoise ratemonitored in 170 hours since the MRPCs are trained.

. 1 | |70~ MRPC3a-000 + S V1T
0.05 {3-@- @ MRPC3a-000- | B @ MRPG 32-000
- [ooMReCsaoo2+ TR NREESaT 2
004 m s o @ [ WMRPC3a002-| sl 5 MRECSAD
< 7 : i ‘ —/—MRPC3a-003 +| £ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
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€ 0.03 1 DD DN/ o N = =
G) Nt
= Q
>
Qo024 Mis & = B @OONL9 @ Q)i
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Q0014 it A A Sas s .-
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—————
O 20 40 60 80 100 120 140 160 18 0 20 40 60 80 100 120 140 160 180

Time (hour) Time (hour)

Dark currenk 50nA 0
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CAl6 cable
———— Optical fiber
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Photo of the TRB system setup with MRPC3
test gas box.

sl

LV supply

TRB board

Noisy and dead zones are found at both end
and middle line of each TDC.
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Run:24Aug1829Dut: 701, Ref. 702 Sel2BRef. 700.

Calibrationmode:701702700

HV: & 5600 V; Threshold:300 mV; Gas: 90% Freon + 5%, ,+ 5% Sk

Analysis strategy:

Unpacking =

—

Calibration
calib_runs_batch.sh 24Aug1829 =
701702700 700

—

Analysis
ana_sets_batch.sh 24Aug1829
701702700 _700 0.5 701 702 700

create_calib.C (1000000,"CbmTofThu_24Aug1829")
apply_calib.C(1000000,"CbmTofThu_24Aug1829")

init_calib_digi.sh
iter_calib_digi.sh

gen_calib_digi.sh

iter_ana_hits.sh

16



Unpacking:

10°
‘KL 10°
10%
10
107
‘ MRPC3a- 000 |,
0 20 40 60 o 20 40 60

TDC channel [] TDC channel []

TDC channel occupancy

Chmrcm! cooamncy in THE-TDG #0080 el ocumncy I TRETO 8003 $20004 ]

MRPC3a- 002

TDC channel [] TDC channel []

Chmormd ooy i TIS- TG 8004 (00|

MRPC3a- 003

o 20 40 60 1] 20 40 60

TDC channel [] TDC channel []

Readout channel ]

Readout channel ]

ol

]
i

leading time [n
i
leading time [ns]

30

o 10 20 20 o 10 20

Readout channel [] Readout channel []

|_TDC Leading edge time to trigg S

leading time [ns

—ao0 |

of

—600

Readout channel []

Readout channel ]
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STAR CosmicTest: Calibration & Analysi

Unpacking:

Number of events with hits for both channels of Rpc #000 in Sm 000 of type 10 Number of events with hits for both channels of Rpc #001 in Sm 000 of type 10
tof_ty10_sm000_rpc000_cainc_sides [to1_ty10_sm000_rpc001_come_sia |
Entries 27267
Mean x 17.14
Mean 17.08
[2]

Entries 33709
17.16
17.08

w
o
W
o

N
Ever® with hit

Channel right []
S
Channel right []
S

-
o
—_
o

MRPC3a- 000

L | | | | | L
0 10 20 30 0 10 20 30
Channel left 1 Channel left []

30 Eniries 31369 : : :
Veany 1622 Matching of left and right side of

mapping file we prepare is correct

— 309 each MRPC. It can prove the

Channel right ]
S

-
o

MRPC3a- 003

10 20 30
Channel left []

o
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Calibration:Dut: 701; Ref: 702; Sel2/BRef: 700

pl_over cluSell 7 0 1

pl_over cluSel0 7 0 2

size [strips]

T-TSel

Clu size of Rpc #001 in Sm 00D of type 7 under Sel

5
TRef-TSel

ypos [om]

Clu pasition of Rpe #001 in Sm D00 of type 7 under
position of Rpe #001 in type 7 ur %

8]
o

SmT7_sm000_rpc001_Seld1_dXd

size [strips]

uumdmm!h&nﬂwdm?umsﬂm"n —
| =
18 - - S 20
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Strip ]
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= 8
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StripSide [1
Clu multiplicity of Rpe 7102 in Sm 00D of type 7 under Selegior|
890t B s =g
£ L el
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10° .

10
1

10_‘||\\||-|-\‘t\|||\|‘

T T
1

5
TRef-TSel
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AY [em]

ATO4 [ns)

A b awn o
T T

tofAnaTestbearrSetDXWidt(L.2);
tofAnaTestbeanrSetDYWidtt2.0);
tofAnaTestbearrrSetDTWidtfD.15;
tofAnaTestbearr>SetPosY4SeldScalFag
tofAnaTestbearrSetDTDI@.);
tofAnaTestbeanrSetCorModéGenCay,
tofAnaTestbearr»SetMulOMax(400);
tofAnaTestbeanrSetMul4Max(20);
tofAnaTestbearrrSetMulDMax0);
tofAnaTestbeanrSetHitDistMir(10.);
tofAnaTestbearrSetDTD4MAX(6.);
tofAnaTestbearr>SetPosY S2Sel(BcalFag
tofAnaTestbearmrSetChS2Sel(0.);
tofAnaTestbeanrSetDChS2Sel(10
tofAnaTestbearrrSetChi2Lim(5.);
tofAnaTestbearr>SetChi2Lim2(2.);
tofAnaTestbeam
>SetEnableMatchPosScal(kGALSE
tofAnaTestbearrrSetCh4Sel(15);
tofAnaTestbeanrSetDCh4Sel(18ScalFag
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Analysis:Dut: 701; Ref: 702; Sel2/BRef: 700

pl_over MatO04D4bes

matching chi2

Cem time - position correlation (RG] s time - position correlation e g ———
E | 'g' F Enmies EE E : :r:::i n;;a; ‘(QDOD BT "
5 — r ;9._. - Meany 10172 05 % Mean 05013 | .
°F =05 4= 05 StdDev 0.5161] ?
sk < [ < [ 5,
[Ty A [ JE— [
R ) oF s00 ScalFag
Number of & [ i erence [
-05 : 1 -05 nCor,
0 [ )0),
o iy SFEPEPIF BN B B | B 0 ] I );
. =10 -5 0 5 10 0 0 1 2 3 4 5 "
10 A x [em] % );
Time - velocity correlation time - CluSize correlation ).);
_ ‘MRei‘nm —_ r E:‘Dﬁz?m% Mt 1 N Entries 11531 6 ).
£ g 4 = Mean x _0.1082 2 o :ea let;l? <)y
T 0s5F — 3 Meany 1.817e-D5 —_ B St:a;:vx - :7_'575
5 ok I F :::2:‘ D.u‘,?'iz ;: - 05 - Std Dev 0.114 . a.":a);
s} E 2k - O );
b 0 E.‘_ . - — 1;: ~ 10 o 0 :_ ” ]-QO
time - C 72 -_ — ..-.-_-:‘ Tt : )
£ 3 T -05 F )
505 - [ L - 1 ) L "
== = T Yoo, [ i) AP TS BN B SE
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B ATD4 [ns T o strips !
e N e [ ] - . -‘--wl_n TOTO 10TANa | estbeanrs>ewLnasel 18ScalFag
Dut Time - Multiplicity correlatig Time - velocity corrplation.
MReDX — Dioiowes oy 1 5
=10 %) - Entries 11531
3 ef = 3 n Mean 1917e-05
g = F Std Dev 0.114
of. . degy = [ ¥2 I ndf 275.8/48
- O Constant 8398 + 104
SF ':] B Mean -0.002737 £ 0.001017
W0 E Sigma 0.1069 = 0.0009 !
-10 - o
10 Efficiency: 96%
N F . .
5 wf [ .
L System time resolution: 100ps
o I A A E "
—1
ol 0 10 20 30 40 -4 2 0 2 4
— Mulo R ATO4 [ns] 21



STAR CosmicTest: Calibration & Analysi

The 3 MRPCs are supposed to have the same performance. However, their
behaviors are not consistent undéferent calibration mode.

Sel2 Resolutionps Dut Ref number mode
98.4% @ 14414 700701702

700 702 701 97.6%@ 1.6 1.7 15320 700702701
701 700 702 945%  153.1 22 > 15 701700702

701 702 700 96.3%  106.9 1.7 16 11976 701702700
702 700 701 840% 1538 20 > 16 702700701
702 701 700 92.3%  127.4 1.6 17 15078 702701700

When 700 idDut, unreasonably good time resolution is got. When 700 is Ref, we
lost most of the entries, atlde performancedeteriorates.
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Tracking method is applied to find how most of the

entries are lost in analysis class.

Qe
[ECEETE

dis_hits.@1,700701,1,"CbmTofThu |
24Augl1829",700701702_702",702)

reference time

10"
107
107° H
0 10 20 30 40 50 -100 -50 0 50 100 0 10 20 30 40 50
Mul () AtD4 (ns) NMatched
Matching Chi2524 Matching Sel24 Matching Sel24
£ 1F £ 1F 2 1F
z z z
z =z z
05 05 05
0 ! ! ! 0 ! n L 0 ! ! !
0 05 1 1.5 2 -10 -5 0 5 10 -10 -5 o] 5 10
x Ax[cm] Ay [em]
” ” Matching Sel24 (rosani] Time difference BRef - MrpcRel
] z1 e 1F
= = o,
10 10
e
072 F 107
1073 L L
-5

5
ATDA4 (ns)

predicted position 0

y [em]

ET

dis_hits.C(1,701700,1,"CbmTofThu_ -
24Aug1829",701700/02_702",702)

commang
Commund docsly
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