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The sectional sketch of the double-stack MRPC3a.
Dimension 360 x 338 mm?
STAR eTOF Height ol
Weight 3.3kg
Glass dimension 330 x 276 mm?
' Gas gap number 2x4
ETAR mOdul_e . Gas gap width 0.25 mm
"""""""""" i | Strip pitch 7+ 3 mm
: , ‘ | Strip length 270 mm
..... [t Strip number 32




STAR

MRPC3a prototype in
SPS beamtest (Nov 2015).

30 GeV Pb beam on
Imm/2mm/3mm Pb.
Flux rate up to 10 Hz/cm?.
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MRPC3a prototype in Heidelberg cosmic test.
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600 HV = 8500 kV
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pl_XY_trk.pdf
Run r0033
Reqg3

HV set to have on
all counters 1 kHz
dark rate

' 901 HV = 11000 kV

\

" 601 HV = 5250 kV

, 921 HV = 5400 kV

| |/ /911 HV = 6800 kV

/910 HV = 5500 kv

{

Freon: 92%
SF6: 3%
IsoBut: 5%

DUT: 911
Ref: 910
Bref: 901
Sel2: 921

From Ingo’s talk on July 5™
901 (USTASS) .
910 (USTADS1) B : e
911 (USTADS2) i3
921 (TSH nls; _ [R—
600 (Buc201555)  E - mET et \
Run 33 Run 34 CE [ on =
Reg2 Req 3 R2s7 Reg2 Req 3 £ _%
901 53ps 55ps 44ps  48ps  52ps 8
601 60 ps 62 ps 62 ps 54 ps 51ps F
600 60 60 55 53 N -
| EER 80 :és sszis 62 :: 59ps 57 psl o —_
911 73ps 6/ps 63ps 68ps  70ps F [ emos =
910 57ps 53ps 58ps 59ps  68ps £ —m— e L
Performance in HV and e
threshold scan:
Time resolution: ~ 60 ps
Efficiency: > 98%
Cluster size: ~1.5




Electrode glass
before spraying.

I|Msandammblius|

| Every piece of glass in each

batch has been inspected.

Sprayed electrode.

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




STAR MRPC3a Production Procedure

Assembling PCB board & HV production.

Tostalling modale
An installing module can fix the PCB
board and honeycomb together exactly.

Mylar PCB board
: P8 bt
HYV connection Soldering point

to top & bottom

Copper foil

PCB board

avoid discharge
between HV & HYV connection
the nearest strip. to middle board.

board. This is to

e




STAR MRPC3a Production Procedure

Stack assembling procedure.

Iron bricks are applied to press the

Distance between the two PCBs
is monitored during assembling.

first stack, while the pins are soldered.

The same procedure is repeated when
assembling the second stack.




Quality assurance of each type of materials and the assembling procedure is recorded.

N — |
L AT - |
- T |
gigs MRPC’E 1838 % / MRPC3a Quality Assurance Table
| H MRPC ID MRPC3a - 005
L 3 H#5 53K / Glass Batch No. NO.9 151225 FURHSUE /Amount 6
mE Be3H / Glass R EFS 5#K / Glass Batch No. NO.11 151225 AR $E/Amount 4
— Sk B %5 5K / Glass Batch No. FA k¥ & /Amount
TH B3 [H / Surface Resistance (M€/sq) Point 1 Point 2 Point 3 Point 4 Point 5
% F 71 / Electrode 1 8 2 3 7 7
| %3 H / Electrode F AR BT 2 / Electrode 2 3 3 4 3 3
mEn 1 $% 3% 73 / Electrode 3 5 8 5 8 5
— 1 H AR BER4 / Electrode 4 8 4 3 5 5
mlm ¥ 5 HX / Honeycomb M
— PCB_LF#% / Top & Bottom PCB N
Sl 643 15 5 L5 3 2 A B LR 5 #924 100kQ / J B/ 0
IRy L / Resistance Measured on Outside Resistor Unqualified
. Protection Resistor P64 15 5 312 18] s L R 49 9200kQ2 / AR /
ml PCBF 4 / Middle PCB Resistance Measured on Inside Resistor v Unqualified 0
gy 16/ 5 o Bl AR P A2 549 <6.7mm / AR
*_—_— PS¢/ Connector Thickness of the connectors N Unqualified 0
__*_— Mylarf / Mylar v
— 1 H  PCBETFHAE / Top & Bottom HY J
mEmEe PCBH A4 # & / Middle HV v
mE e #14 / Spacer J
TF_—_— JEBE / Thickness Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8
_Iffi— _EFPCB /Between Top & Bottom PCB 11.44 11.47 11.44 1141 11.57 11.45 11.59 11.52
___I* 1 PCB / Between Top & Middle PCB 4.61 4.77 4.67 4.76 4.66 4.79 4.72 4.77
_k__—l TFHPCB//Between Bottom & Middle PCB 4.63 5.03 5.02 4.87 4.96 4.84 4.84 4.74
L L 4. B / Total Thickness 25.98 2592 26.11 26.12 26.03 26.13 26.15 26.05
— 4% \ 48T / Signature I 7REXAN
— | [ H H#/ Date 08/09/2017
1 &¥E / Note




Detailed information can be found
by scanning the QR code on it.

NMRrUiw

& H S 5HEK / Glass Batch No.

BeH / Glass R B %5 5#IK / Glass Batch No.
SR B 45 5HEIK / Glass Batch No.
TH H2LPH / Surface Resistance (MQ/sq)
% F 71 / Electrode 1
HLARBEHE / Electrode AR B2 / Electrode 2
B AR I3 / Electrode 3
5 #% B¢ 34 / Electrode 4
% % 4 / Honeycomb
PCB_LF#R / Top & Bottom PCB

I

A website 1s developed to record all the QR
information of each produced counter:
http://hepd.ep.tsinghua.edu.cn/CBM_TOF/

PCB_E T # & / Top & Bottom HV

PCBH [A]#% = /& / Middle HV

4% / Spacer
JE B / Thickness Point 1 Point 2 Point 3
_EFPCB /Between Top & Bottom PCB 11.44 11.47 11.44
1 PCB / Between Top & Middle PCB 4.61 4.77 4.67
TFHPCB//Between Bottom & Middle PCB 4.63 5.03 5.02
BB / Total Thickness 2598 25.92 26.11
3N R4 F / Signature
H#A / Date
&VE / Note

W B |

Development of MRPC N7
for CBM-TOF CBM ToF

introducion »  List of Tsinghua MRPC modules #001 - #040

Material 4

#001 2002 £003 2004
Module Test » #006 #007 #008 2009
#011 2012 #013 #014
Other Stuff 2016 4017 so18 2019
#021 £022 4023 w004
#026 #027 £028 2029
£031 2032 #033 2034
#036 #037 #038 £039

#0035
2010
#0135

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



STAR Quality Assurance Results

CBM|

Thickness uniformity between each PCB has been
measured at 8 points around the assemble counter.

The requirement is the thickness of two adjacent PCBs
should be within #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 5.3
Thickness between bottom and top PCB (h3) 11.8 11.5 12.1 —

hl | 489 | 494 | 474 | 479 | 4.65 | 4.81 | 487 | 495 | 4.83 (mean)

MI}OI;(;“ h2 | 482 | 482 | 487 | 486 | 483 | 5.13 | 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:f;‘;” h3 | 49 | 503 | 503 | 464 | 523 | 5.08 473 | 486  4.94(mean) 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 edge is not absolutely
h1 505 | 506 | 525 | 496 | 512 | 5.03 | 5.09 | 5.04 | 5.08 (mean)| equa] to the thickness in

Mﬁ?a h2 | 507 | 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 HV.

MRPC put in box

Flushing with gas

Training with high voltage

Measuring dark current

Tagging and packing

The working gas is 90% C,H,F,, 5% i-C,H,, and 5% SF,. The
flushing time is 60 hours (determined by 3 times of the gas box
volume 72 L and gas flow 3.6 L/h).

The counter should be trained 10 hours at the nominal voltage
of 5500V.

Dark current read out from HV crate should be no more than 50
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 hours’ HV training, the counter is set to 5600 V, and the PADI’s threshold 300 mV.

Dark current and noise rate monitored in 170 hours since the MRPCs are trained.

i i i i . |7© MRPC3a-000 + i 3 3
0.0512-@ e MRPC3S-000-| By e MRPC3a-000
.~ |o-wmrecza002+ {, = MRPC3a002
004 hin A e | MRPC3a-002- 54l [ & VRPC32-003
< bl |-~ MRPC3a-003+ & -
3 A MRPC32-003-| O
20031 mm B A D DDA Y NN 7N
o
5
SR Yoy "SR B IR WAYARARA S VA .
<
©
D001 A A s .-
000 AaAM A .
-——— Ot
0O 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Time (hour) Time (hour)
Dark current < 50 nA Noise rate around 1 Hz/cm?
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MRPC setup in the gas box.
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STAR

CAl6 cable
———— Optical fiber
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AR

Photo of the TRB system setup with MRPC3a
test gas box.

TRB board

Noisy and dead zones are found at both ends
and middle line of each TDC.
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Run: 24Augl829: Dut: 701; Ref: 702; Sel2/BRef: 700.

Calibration mode: 701702700.

HV: £5600 V; Threshold: -300 mV; Gas: 90% Freon + 5% C,H,, + 5% SF,

Analysis strategy:

Unpacking -

—

Calibration

calib runs batch.sh 24Augl1829 =
701702700 700

—

Analysis
ana_sets batch.sh 24Aug1829
701702700 700 0.5 701 702 700

create_calib.C (1000000,"CbmTofThu 24Augl1829")

apply calib.C (1000000,"CbmTofThu 24Augl1829")

init_calib_digi.sh
iter calib_digi.sh

gen_calib_digi.sh

iter_ana_hits.sh

16



Unpacking:

Comrr ey o TR #OXE3 ) arrae ceremncy in TRE-TERS o200 ey
10%
™ j-' 103
10°
10
10°
1 MRPC3a - 000
a’ 111
o 20 40 60 o 20 40 &0
TDC channel [] TDC channel []

TDC channel occupancy

Chmrcm! cooamncy in THE-TDG #0080

el ocumncy I TRETO 8003 $20004 ]

10%

o

10°
10*
MRPC3a - 002
20 40 G0 a 20 40 60
TDC channel [] TDC channel []

Chmormd ooy i TIS- TG 8004 (00|

10°

10°

MRPC3a - 003

o 20 40

60

TDC channel []

TDC Leading

edge time to trigger

—
10
10?
o 20 40 60

TDC channel []

10 20 30 o 10 20 30

Readout channel [] Readout channel ]

leading time [ns]

=]

T
leading time [ns]

ol

o 10 20 20 o 10

20 30

Readout channel [] Readout channel []

leading time [s]

Readout channel ]

Readout channel []
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STAR Cosmic Test: Calibration & Analysis

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_rpcD00_coinc_sides ‘\UI ty10_sm000_rpc001_coine_si

r!Hs|

Entries 33709

= 30 Eives 22871 T3 30
= Mean 17.08 = 17.08
D £ D
B 20 . T 20
= W : E
(] @
e i -
O 10 100 O 10
MRPC3a - 000
0 i | | | | | 0 0 | | | | | | | | | | 0
0 10 20 30 0 10 20 30

Channel left 1 Channel left []

Number of events with hits for bath channels of Rpc #002 in Sm 000 of type 10
tof_ty10_sm000_rpc002_coine_sides

f— 30 Entries 31389
o Veany 1622 Matching of left and right side of
=t o 30?; each MRPC. It can prove the
o 20 - £ mapping file we prepare is correct.
s B | P
S - — 200
c L
O 10

i 100

: MRPC3a - 003

0 - L [ I 1 [ 0
0 10 20 30

Channel left [] 18



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

pl over cluSell 7 0 1

pl over cluSel0 7 0 2

Clu size of Rpc #001 in Sm 00D of type 7 under Sel
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%4 [em]

time - CluSize comelation

Counts.

02 04 06 08

1
Texp [ns]

wel D4

o

L
10

L L L
20 0 40 2

v [emins]

tofAnaTestbeam->SetDXWidth(1.2);
tofAnaTestbeam->SetDYWidth(2.0);
tofAnaTestbeam->SetDTWidth(0.15;
tofAnaTestbeam->SetPosY4Sel(1*dScalFac);
tofAnaTestbeam->SetDTDia(0.);
tofAnaTestbeam->SetCorMode(iGenCor);
tofAnaTestbeam->SetMulOMax(400);
tofAnaTestbeam->SetMuldMax(20);
tofAnaTestbeam->SetMulDMax(20);
tofAnaTestbeam->SetHitDistMin(10.);
tofAnaTestbeam->SetDTD4AMAX(6.);
tofAnaTestbeam->SetPosYS2Sel(1*dScalFac);
tofAnaTestbeam->SetChS2Sel(0.);
tofAnaTestbeam->SetDChS2Sel(100.);
tofAnaTestbeam->SetChi2Lim(5.);
tofAnaTestbeam->SetChi2Lim2(2.);
tofAnaTestbeam-
>SetEnableMatchPosScaling(kFALSE);
tofAnaTestbeam->SetCh4Sel(15);
tofAnaTestbeam->SetDCh4Sel(15*dScalFac);

20



Analysis: Dut: 701; Ref: 702; Sel2/BRef: 700

pl over Mat04D4best

time - position correlation —

0 positi NDXDT04D4best positic
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0.0248
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-
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Mean 05013 |,
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11531
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Mean -0.002737 £ 0.001017
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2 4

o QTO4 [ns]

15

M

20

strips

));

tojAnalestbeam->SetuCh4sel(15dScalFac);

Efficiency: 96%

System time resolution: 100ps
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STAR Cosmic Test: Calibration & Analysis

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

CI S A
Sel2 Resolution/ps Dut number mode

98. 4% 14414 700701702

700 702 701 97.6% @ 1.6 1.7 15320 700702701
701 700 702 C945%  153.1 22> 15 701700702

701 702 700 963%  106.9 1.7 1.6 11976 701702700
702 700 701 C84.0% 1538 20 > 16 702700701
702 701 700 923%  127.4 1.6 1.7 15078 702701700

When 700 is Dut, unreasonably good time resolution is got. When 700 is Ref, we
lost most of the entries, and the performance deteriorates.
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Tracking method 1s applied to find how most of the

entries are lost in analysis class.

dis_hits.C(1,700701,1,"CbmTofThu
24Augl1829","700701702 702",702)
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STAR

MRPC3a is required to work with non-SF, gas mixture at STAR.

From Ingo’s talk
Efficiency of 921 Time resolution of 921
__ 100 100 g5 | 99
Jg_ zg + 22 8| o Tim.e resolution // 9% -
5 o . 9 -5 a s E| Field ] S
o > £75 £ 93 3
= 60 2 & 8 $ by : 2
2 % 0 3 370 1 3 - L0 9
5 @ 5 8 65 i ? - 87 2
% 30 / & Efficiency — 86 E .E // = $ i E
5 20 ¢ —elfield | ¥ ¥ Te0 M g4 ©
S 10 82 |
h] 0 ! 80 55 81
4100 4300 4500 4700 4900 4100 4300 4500 4900
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STAR Cosmic Test: Non SF, Test

Similar non SF test is repeated in Tsinghua.
Threshold: -300 mV; Gas: 95% Freon + 5% C,H,,.

The dark current of 701 (MRPC3a - 002) always stays at +0.01 pA /-0.01 pA
with HV increasing.

T s

o
~
| L

Noise rate of 701 (MRPC3a - 002)

o
(0))
]

777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777

o
(&)
]

The noise rate should be at same
level to reach the same efficiency.

So HV is increased to 5200 V to
reach the nominal point.

Noise Rate (Hz/cm2)

4700 4800 4900 5000 5100 5200
HV (V)
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Calibration mode: 701702700.

Dut: 701; Ref: 702; Sel2/BRef: 700.

The working point without SF is
400V below that with SF, with an
efficiency of 96%, system time
resolution below 100 ps and 1.5
clustersize.
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STAR Plan and Time Line

Time line for the mass production of MRPC3a.

---ll-ﬂ-ﬂﬂ

Materials
15t batch production (6 pieces)
21d batch production (34 pieces)
Quality assurance
HV & Cosmic test
Shipment

1 st 1 st 1 st
ond --
lst st st 2nd --

st st st st
1

40 MRPC3a detectors will be shipped to Heidelberg in
August 2017, by a conservative estimation according
to the table of time line.

to Heidelberg.

3 counters among the 6 are already packed and shipped
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* The mass production of MRPC3a counters has begun, and the
first batch 6 counters are produced.

* All these counters meet the quality assurance requirement.

* Three counters (00, 02, 03) have been tested at nominal
voltage with dark current around 10 nA and noise rate around
1 Hz/cm?.

* TRB system was established in Tsinghua lab. Data acquired
from cosmic looks promising, but we are still debugging on
the analysis.

« MRPC3a counter is capable to keep the performance without
SF,.

* All 40 MRPC3a counters are expected to be ready and shipped
to Heidelberg by the end of December this year.
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Thank You!

Lyu Pengfei

Department of Engineering Physics,
Tsinghua University, Beijing, China
September 237, 2017

CBM-STAR Day,

30t CBM Collaboration Meeting
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STAR aterials for one MRPC3a counte

CBM
Material Length/mm Width(Diameter)/mm  Thickness(Height)/mm Quantity Description
Low-resistive glass 330 = 0.2 276 = 0.2 0.7 = 0.02 10 ~2X10' Qcm
HV graphite spray 324 £ 0.5 270 = 0.5 0.005 4 <10 MQ/sq
Top PCB 360 = 0.2 338 £ 0.2 0.8 = 0.05 1
Bottom PCB 360 = 0.2 338 £ 0.2 0.8 = 0.05 1
Middle PCB 360 = 0.2 328 £ 0.2 1.6 = 0.05 1
Protective resistor / / / 128 200 kQ, 0603
Honeycomb 333 &£ 1 310 &= 1 6 =02 2
Block A 23 +0.2 10 + 0.2 4 + 0.05 8 PTFE
Block B 14 +0.2 10 + 0.2 4 + 0.05 4 PTFE
Mylar 340 = 0.2 286 = 0.2 0.25 + 0.02 8
HV cable 1000 3 / 3
Fishing line 26000 0.25 +0.005 / /
M2.5 screw (nut) 40 2.5 / 32 Nylon
M4 screw (nut) 40 4 / 16 Nylon
2 X 9 connector / / / 16
Pin 19 0.6 / 100
Carbon tape 50 50 0.13 = 0.02 / ~ 100 kQ/sq

CAF4 for isolating, copper foil for HV making, absolute ethanol for cleaning are not included in this list.
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(@ 32 readout strips on a 10
mm pitch with 3 mm interval.
(2) Transmission feedthrough.
(3 Installing holes for HV.

(@) Mounting holes.

® Installing holes for fishing
line columns.

(® Installing holes for blocks.
(@ Copper foil.

Design of top/bottom PCB:

Design of middle PCB:

Signal transmission pins from bottom/top
readout PCBs.

(© 200 kQ protective resistors.

2 X9 connectors for signal output to PADI.

Design values of these PCBs:
Copper foil thickness: 0.035 mm.
Dielectric constant: 4.6.
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STAR Quality Assurance

Dimension: 330 (% 0.2) X 276 (£ 0.2) X 0.7 (£ 0.02) mm’® Micrometer screw caliper
Low-tesistive glass Defects: no visible scratch, fracture, and pinhole Eye inspection in light
Dark current: < 80 nA at 6000V Test module for glass inspection
Dimension: 360 (% 0.2) X 338 (% 0.2) X 0.8/1.6 (£ 0.05) mm?> Vernier caliper
PCB board Defects: no visible scratch and spot Eye inspection in light
Quality: connection, no shortcut, 200 kQ resistor Voltmeter
Dimension: 333 (£ 1) X 310 (% 1) X 6 (* 0.2) mm3 Vernier caliper
Honeycomb board
Defects: no visible scratch Eye inspection in light
Dimension: 340 (£ 0.2) X 286 (% 0.2) X 0.25 (£ 0.02) mm? Micrometer screw caliper
Mylar Defects: no visible scratch and loophole Eye inspection in light
Height: 0.13 (& 0.02) mm Micrometer screw caliper
Carbon tape
Surface resistance: ~ 100 k€Q/sq Ohmmeter
Dimension: 324 (+ 0.5) X 270 (% 0.5) Vernier caliper
Graphite electrode Defects: no visible scratch and loophole Eye inspection in light
Surface resistance: < 10 MQ/sq Ohmmeter
Fishing line Dimension: 330 (& 0.2) X 276 (£ 0.2) X 0.7 (£ 0.02) mm’® Micrometer screw caliper

Test module for glass
inspection. Each batch of
glass should be examined
before they are applied into
assembling of counters.
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The performance requirement of the MRPC3a counter in cosmic-ray test.

Testing conditions Specification Requirement
Working gas: 90% C,H,F,, Dark current <50nA
5% i-C4H,0 and 5% SF Efficiency >95%
HV: 5500V System time resolution <125 ps
PADI threshold: 350 mV Cluster size <2

Run 01Mar2217 SPS Feb 2015
(no diamond):

The time resolution in cosmic-ray can’t be as good as
that in beamtest (velocity correction not sufficient).

USTC{BRef)
THU-Strip (Dut) %
X

HD-pz@\nRefj

HD-Ref

_ 1 geaw

i
Buc2013  |HU-Pad

Without any cuts: 103 ps

Time - velocity corr

2000 F
1500 [
1000 [

500 |

elation
hDTD4DT04D4best_py
Entries 15714
Mean -51.15
RMS 3109
¥2 I ndf 2188/96
Constant 1720 £22.5
Mean -9517 +1.22
Sigma 121+1.2

Only with walk correction: 121 ps
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Comparison between calibration mode 700701702 and 701700702.

pl over cluSell 7 0 0700701702

pl over cluSell 7 0 1701700702
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Comparison between calibration mode 700701702 and 701700702.

pl over Mat04D4best 700701702 pl over Mat04D4best 701700702
Time - velocity corrplation———— Time - velocity corrglaton—-——
Entries 21751 Entries 5342
Mean 0.004209 Mean -0.9762
3 Std Dev 0.3664 Std Dev 1.582
10 2 I ndf 8583 / 164 102 E 2 I ndf 3206 / 231
Constant 1332 + 14.4 Constant 115 + 5.0
Mean 0.02867 = 0.00138 Mean 01847 + 0.0117
102 Sigma 0.1578 + 0.0010 Sigma 0.2842 + 0.0106
10
10 3
1 1
-10 -5 0 5 10 10 5 5 10
ATO4 [ns] ATO4 [ns]

All the products have been uploaded to Kronos under path:
/lustre/nyx/cbm/users/plyu/CbmTofThu 24Augl829
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