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CBM ToF

Background Introduction: CBM TOFE

. . ore Transition
In the near future, the international Facility Radiation o

. 0 : i Detectors ectro-
for Antiproton and Ion Research (FAIR) in sl L magnetic

Calorimeter

Darmstadt will become a unique research Si::"t‘“
platform for exploring nuclear, hadron, atomic Tracking
and plasma physics. The CBM (Compressed |

Baryonic Matter) experiment is one of the s

Detector
important experiments on FAIR.
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Physics topics of CBM experiment:

- Equation-of-state of nuclear matter at
densities close to core of neutron stars

- Properties of hadrons in a dense medium

- Phase transition from hadronic to partonic
matter at high net-baryon densities

Intensities up to 10°
[/~ Au ions per second

.
4
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CBM ToF

MRPC2
MRPC3a
== MRPC3b

MRPCA llustration fror;a TDR-CBM-TOF

CBM-TOF requirements:
Full system time resolution: < 80 ps

Efficiency: > 95%
Rate capability: ~ 30 kHz/cm?
Occupancy: <5%

Free streaming data acquisition

MRPC3a (light green) 1s equipped with low-
resistive glass aiming at higher rate region. It
1s the first time of the large scale application
of these low-resistive glass MRPCs.

A s1mu1at10n of charged particle flux for Au+Au

events at 25 AGeV at an 1nteract1‘qpc,pate of 10 MHz.

B Outer Wall
400
Area with < 1 kHz/cm?
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4 Inner Wall > 6 kHz/cm?
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Background Introduction: MRPC3a CBM ToF

Parameter Value

The structure and parameter of MRPC3a counter.

E M M r . Dimension 360 x 338 mm?
[ ]
Height 26 mm
g : g Weight 3.3 kg
g : ] P g Glass dimension 330 x 276 mm?
=== Gas gap number 2x4
| I 7 7 7 X — = _
~ 2 J' W AN Gas gap width 0.25 mm
Honey\comb PCB My |\ar EIl ect\rode Low-resistive glass Spacer Stnp pitch 743 mm
Strip length 270 mm
Strip number 32

A real-size prototype of MRPC3
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CBM ToF

Upper level . 30 GeV Pb beam on
1. Heidelberg-P5
2. USTC-SSS ()
gt | | s Imm/2mm/3mm Pb.
et 4. USTC-DSU (A) Flux rate up to 10
el 5. Tsinghua-SU (K*)
ot 6. Tsinghua-DS (K) kHz/cm?.
. 7. Tsinghua-DU (n*)
cam i Pl
a 1 23 45 67 8 8. Heidelberg-P2
\‘\:-? 9. Tsinghua-PAD (3 counter) A prototype of MRPC3a
%} 10.Bucharest2015-SS ()
% | | E"Il 11.Bucharest2015-DS (K”) named THU-DU was
12.Bucharest2012 (4 counter) . o
% [ 13.Bucharest-Reference put into STAR-box3 in
14.Ceramic-RPC (2 counter)
Lower level
9 10 11 11 13 14 Illustration by C. Simon upper level Ofthe Setup'
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mini-CBM

12 sectors
36 modules

— 6912 channels

Hllustration om TDR-mCBM@SIS18 [llustration by I. Deppner

Install, commission and use Install, commission and use 10% of the CBM
5 modules at mini-CBM. TOF modules at STAR/RHIC.
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QC Method: Mass Production CBM ToF

A specified manufacturing procedure has been formulated to guarantee the
performance of each counter.

[y

Glass

Raw materials. PCB, Honeycomb and Mylar Screws, fishing lines,

blocks and other materials
QC and preparation Cleaning and assembling Cleaning
on raw materials.
Cleaning and production
of graphite electrode

Assembling of
prepared materials.

'

Production of HV
|
v
\\ *» Stack assembling

Recheck

@ Carried out in the clean room (100k) at
. Nuctech workshop located at Miyun, Beijing.

Test & Analysis
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QC Method: Raw Materials CBM ToF

Quality check on raw materials should be done first before assembling process.

Dimension: 330 (£ 0.2) X 276 (£ 0.2) X 0.7 (£ 0.02) mm? Micrometer screw caliper
Low-resistive 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) mm? Vernier caliper
Honeycomb board
Defects: no visible scratch Eye inspection in light
Mylar Dimension: 340 (& 0.2) X 286 (£ 0.2) X 0.25 (% 0.02) mm* Micrometer screw caliper
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€/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 M€/sq Ohmmeter
Fishing line Dimension: 330 (£ 0.2) X 276 (£ 0.2) X 0.7 (£ 0.02) mm? Micrometer screw caliper
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QC Method: Gas Gap Uniformity CBM ToF

Screws, fishing lines,
blocks and other materials

| PCB, Honeycomb and Mylar |

(,/-"Quali@\ s
“_check
‘T/Y
Cleaning and production
of graphite electrode

‘ Cleaning and assembling | Cleaning

<y

[ron bricks are applied to press the g
first stack, while the pins are soldered. R
1

1

N ol
I Recheck e o a} -
~inspection
g
Test & Analysis

The same procedure is repeated
when assembling the second stack.

Distance between the two PCBs
1s monitored during assembling.
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Thickness uniformity between each PCB has been
measured at 8 points around the assembled counter.

The requirement is the thickness of two adjacent
PCBs is within #=0.2 mm of the nominal value.

Measurement Nominal/mm Minimum/mm | Maximum/mm

Thickness between bottom and middle PCB (h1)

360

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 T
hl | 489 | 494 | 474 | 479 | 465 | 481 | 487 | 495 | 4.83 (mean)
MRPC3a
I h2 | 482 | 482 | 487 | 486 | 483 | 513 | 516 | 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 | 4. 492 | 518 | 4.81 | 494 | 474 | 4. 18 | 4.94 -
TR A9 || Ak || Selid || Ass 9 U EONE (M The distance measured at
h3 49 | 503 | 503 | 464 | 523 | 508 | 473 | 4.86 @ 4.94 (m .
-002 the edge is not absolutely
h3 | 11.7 | 11.61 | 11.63 | 11.7 | 11.7 | 11.88 | 11.62 | 11.86 | 11.71 (n Lo the thickn )
hl | 505 | 506 | 525 | 496 | 512 | 503 | 509 | 504 | 5.08(m cqual 1o the IC. CS§ m.
Ml_?;)l;g‘"’a h2 | 507 | 499 | 5.02 | 492 | 51 | 479 | 5.15 | 5.03 | 5.03 (m glass & gap region, but it
h3 | 11.75 | 11.64 | 11.63 | 11.82 | 11.68 | 11.63 | 11.74 | 11.69 | 11.69 (n could be a reference.
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A digital microscope is used to observe and
measure the gas gap width directly.

The automatic boundary recognition method

pxm | makes the measurement more accurate.
TR A S
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QC Method: Statistic Results CBM ToF

Quality control results throughout the assembling procedure is recorded.

MRPC3a Quality Assurance Table
MRPC ID MRPC3a- 35
Glass Batch No. 12# 151219 Amount 6
Glass Glass Batch No. 24# 151219 Amount 4 (electrode)
Glass Batch No. Amount
Surface Resistance (MQ/sq) Point 1 Point 2 Point 3 Point 4 Point 5
Electrode 1 7 5 5 7 7
Electrode Electrode 2 5 10 5 3 7
Electrode 3 4 3 5 3 3
Electrode 4 10 7 2 5 5
Honeycomb N
Top & Bottom PCB N
3 i Resistance Measured on Outside Resistor J Unqualified 0
Middle PCB Protection Resist Resistance Measured on Inside Resistor N Unqualified 0
Connector Thickness of the connectors v Unqualified 0
Mylar N
Top & Bottom HV N
Middle HV v
Spacer N
Thickness Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8
Between Top & Bottom PCB 11.92 11.91 12 11.88 11.98 11.78 11.04 11.06
Between Top & Middle PCB 5.05 52 5.03 5.06 52 5.03 5.04 4.95
Between Bottom & Middle PCB 5 491 4.88 5.07 5.08 5.08 5.04 5.03
Total Thickness 26.35 26.53 26.17 26.26 25.81 25.89 26.25 25.76
Bottom Stack Top Stack
Gas Gap 1 Gas Gap 2 Gas Gap 3 Gas Gap 4 Gas Gap § Gas Gap 6 Gas Gap 7 Gas Gap 8
Gas Gap Thickness 0.276 0.237 0.256 0.256 0.256 0.256 0.276 0.256
0.276 0.256 0.256 0.276 0.237 0.256 0.276 0.276
0.256 0.256 0.276 0.256 0.276 0.276 0.276 0.276
0.256 0.256 0.237 0.256 0.276 0.276 0.276 0.256
Signature FKE
Date 2017-12-1
Note
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AL

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

Surface Resistance (MQ/sq)

Electrode 1
Electrode Electrode 2
Electrode 3
Electrode 4
Honeycomb

Top & Bottom PCB

Middle PCB

esistance Me -

Protection Resist

Resistance Me...u.vu v smmomse asvomonus

Connector

Thickness of the connectors

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

. , Development of MRPC ;

' for CBM-TOF

CBM ToF

LYU PENGFEI

Between Bottom & Middle PCB 491 4.88
Total Thickness 26.35 26.53 2617 ntoduction » st of Tsinghua MRPC modules #001 - #040
Bottom Stack Material .
Gas Gap 1 Gas Gap 2 Gas Gap 3 =..‘_001 002 2003 2004 =.._I_003
Module Test » #006 2007 #008 Z009 2010
Gas Gap Thickness 0276 0237 0.256 2011 012 013 2014 2015
0.276 0.256 0.256 Other Stuff 2016 £017 2018 2019 £020
0.256 0.256 0276 #021 #022 #023 #024 #025
0256 0256 0237 2026 027 2028 2029 £030
- #031 £032 £033 2034 2035
Signature £036 #037 2038 2039 2040
Date
Note

@Tsinghua Unversity,2017. All right reserved. If you have any comment or problem related to this website, please email me.
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MRPC3a Test: HV Test CBM ToF

All these produced MRPC3a counters should be examined with HV first.

MEFCun boy The working gas is 90% C,H,F,, 5% i-C,H,, and
5% SF. The flushing time is 60 hours (determined

y by 3 times of the gas box volume 72 L and gas
Flushing with gas flow 3.6 L/h).

Teaiin witt‘; high voltage The counter should be trained 10 hours at the
2 2 nominal voltage of 5600V.

Y

Measuring dark current

Dark current read out from HV crate should be no
more than 50 nA, otherwise, it will be
disassembled to look for the reason.

w Disassemble & check

Tagging and packing The qualified counters are ready for cosmic test.
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MRPC3a Test: HV Test

—7—

CBM ToF

The dark current and noise rate of 3 MRPC3a counters monitored in 170 hours
since HV training to nominal voltage of ==5600 V.

—O— MRPC3a-000 +

—O— MRPC3a-002 +
—m MRPC3a-002-| —~5

20'04 ””””””””””””””””””” —/— MRPC3a-003 +
= + MRPCBa 003 -
£ 0.03 il B A DDA A A A
e
=
SR 7 "V PR R Y WA PN -
=<
]
D001 A A s .-
0004ttt A A AN A AMA
—t T 0 :
0O 20 40 60 80 100 120 140 160 180 0 20
Time (hour)
Dark current < 50 nA
LYU PENGFEI

ffffffffffffffffffffffffffffffffffffffffffffffffffff

i@ MRPC32-000 - | 6

[~ MRPC3a-000
|—m— MRPC3a-002

|4 MRPC3a-003

40 60 80 100 120 140

Time (hour)

Noise rate around 1 Hz/cm?

THE XIV WORKSHOP ON RESISTIVE PLATE CHAMBERS AND RELATED DETECTORS, PUERTO VALLARTA, FEB 19-23,2018

160 180

16



MRPC3a Test: Cosmic Test CBM ToF

Part of these counters are tested with cosmic-ray based on a system composed of
TRB board, FPGA TDC and PADI10 front-end electronics.

150

3.3V PADI 10 FPGATDC 5V TRB 48V

LEMO cable Testing conditions Specification Requirement R . t f
Readout flat cable Working gas: 90% C,H,F,, Dark current <50nA equ#emen 50
CAT6 cable PG T Bilcigncy >95% | cosmic test.

_ HV: 5500V System time resolution <125 ps
Optical fiber PADI threshold: 350 mV Cluster size <2
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MRPC3a Test: Cosmic Test CBM ToF

The test results are obtained through a modified CBM-Root analysis macro.

sreats; paiihiC 10 position correlation =) Time - velocity correlati
Unpackin - [ Meanx 008921 2} [ " o12s
P £ apply calib.C L ey 10| S, 4 Hean -0 0001024
— >~ 5 z:: g::" 01822? < StdDevx 01108
< | 2 2F
™ init_calib_digi.sh 0 [ < 1
[ OF - -
Calibration =4 iter_calib_digi.sh X -
| gen_calib_digi.sh 5 F 2F .
L 4 [ _.-
: : ; 10k “F I 1
Analysis iter_ana_hits.sh -10.5 s 0 5 10 - 5
A x [cm] ATD4 [ns]
time - CluSize correlation time - Tot correlation Time - velocity cog.
— 1 H —_ 1 hTol0DTO4D4best hDTD4DT04D4best py
%) 2050 (1)) 3 Entries 2650 [ Entries 2850
'E‘ Mean y-0. 00011123: ‘E' : z:::: U.DUOC;:;: [ Mean p.oooto2
z 05 Std Dv x 0 322 z 0 5 :_ StdDevx 07026 1 02 E' ﬂ so ::::“ 233:2?5: 237
0 0 :- 1 O L Sigma 0.09:2 + 0.0015
os 5 Efficiency: 98%
-0. -0.5F - .
[ ' System time
! = 'L lution: 97
5 10 15 20 -1 > 0 > . 5 resolution: PS
Mstrips In TOTO ATO04 [ns]

LYU PENGFEI THE XIV WORKSHOP ON RESISTIVE PLATE CHAMBERS AND RELATED DETECTORS, PUERTO VALLARTA, FEB 19-23,2018 18



——
MRPC3a Test: Cosmic Test CBM ToF

The distribution of the analyzed efficiency and time resolution of 30 counters.

907 i
I Qualified region:
Efficiency > 95%
Time resolution < 90 ps

\}\\:

LIS

0]
o
1 I 1

Each spot reprsents the
efficiency and time resolution
of one produced counter.

All the points are in the
qualified region, and most of
the counters show a stable
performance of 70 ps time

N resolution and 98% efficiency.

|
95

Time Resolution (ps)

~
o
il l Il

60

Efficiency (%)
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MRPC3a Test: X-ray Test CBM ToF

The X-ray test is conducted to confirm the counter’s rate ability.

X-ray injects from side. 10000 - : 13500
MRPC Module | /l ]
- —— == 3000 _
2 sooo{ A IS
il S S O U R U< J S B P23
X-ray Source < | i i i i 7¢ 3 3 ‘/: : N
(e i i i i i - i i \/. i =
= 60001 | . S e S
e : : : : | : : ® 3 3 12000 =
5 Y {2000
= o o ] o
3 o ./ e : <
O 40004 Ya o« ] 1500 £
Y. Bt ] o
./ o 11000 ©
20001 ¢ ]
— — 1500

0.1 0.2 0.3 0.4 0.5 0.6
X-ray current (mA)

Dark current and counting rate as a function of
X-ray current at the voltage of 35 kV.
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CBM ToF

MRPC3a Test: X-ray Test

The current throughout the test is recorded to study the restoring ability.

6000 1~ 6000 1~
] A { m-m
n
5000 - 50004 |
4000 ~ 40004
< ] <
= c
+— 3000 A +— 3000 A
c c
o o
5 ] 5 ]
3 2000 3 2000 l
1000 4 .\ 1000 4 .\
0 — R 0 - iy p-g-E-E-E-E-E-E-E-E-E-E-E-E-E-]
0 20 40 60 80 100 80 85 90 95 100

Time (s) Time (s)

The X-ray irradiates from 20s to 80s.

It only costs about 3s for the MRPC’s
current to restore to base level.
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Next Working Steps CBM ToF

" | Until now, the 73 MRPC3a
|]| m |]| " ] Il | counters have been produced

i L
[ agd passeq the HV tegt. They
will be shipped to Heidelberg
University and installed into
STAR modules there.

They will compose STAR-
eToF and the ToF system at

mini-CBM in the following
2018 runs.

The next step of the MRPC
mass production in Tsinghua
1s expected to continue at the
beginning of 2019.
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CBM-TOF will first time apply the low-resistive glass
MRPCs 1n a large scale. It 1s important to study on the
production and test procedure 1n mass production.

A specified quality control method, including the scope
imaging technique, has been developed.

The HV test has been conducted to all the MRPCs.

The cosmic test based on TRB system shows a stable
performance of above 95% efficiency and below 90 ps
time resolution to all the tested counters.

73 MRPC3a counters have been produced, and they will
compose STAR-eToF and the ToF system at mini-CBM 1n
the following 2018 runs.
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CBM ToF

Thank You!

* Lyu Pengfei

* Department of Engineering Physics,
* Tsinghua University, Beijing, China
* Feb 19~23,2018

« 14 RPC Workshop
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Materials for one MRPC3a counter

CBM ToF

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 = 0.2 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.

LYU PENGFEI
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Materials: Low-resistive Glass” CBM ToF

Specification of the low-resistive glass
developed by Tsinghua University for

CBM ToF detector.
Dimension 330 x 276 mm?
Standard thickness 0.7 mm

Thickness uniformity < 20 um (5 pm typical)

276 Bulk resistivity 101° Qcm
Surface roughness <10 nm
;_ oo r e re e -;O Dielectric constant 7.5~9.5
—— Current (1A) g
54 —Bulk resitivity (10 Q cm) » DC measurement Ohmic behavior
45 s E Stable up to 1 C/em?
39 W
. ¢ ., 2 | Long term stability of low-resistive glass:
B, : 2 | The accumulated charge was 1 C/cm? after a 34-day
3 -3 2| test, roughly corresponding to the CBM life-time
E over 5 year operation at the maximum particle flux of
5 2 @ | about 20 kHz/cm2. An increase of the bulk resistivity
is a (tolerable) factor of 2.

0 5 10 15 20 25 30 35
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Materials: Low-resistive Glass™ CBM ToF

Rata ability Test results in ELBE and Dubna
105
100 120 LILJ L] T T T LI I T L] T L] L] LIBL) 180
% - | ¢ o 8_strip_6700V : — -
90 - 110 160
— A ¥ 12_Pad_6000V
§ 85 - i . . T
3 : :
.§ 60 ] 100 & M | | 140
i | S
759 B 12-pad MRPC (@HZDR2012, 109kV/cn], 10"0cm) | 90 ; : 120 j
1 @  3-strip MRPC ( @HZDR2012, 108KV/en], 10"'0em) | -~ : : E
70 4 E < 12-pad MRPC (@HZDR2012, 120kV/en], 10" Qcm) c\c L i o
1 O 12-pad MRPC ( @HZDR2011, 109kV/enf, 10'°Ccm) et g
65—-1 A 3.strip MRPC (@HZDR2011, 102kV/eny, 10"'0em) b 80 : : 100 =
4 T 3-strip MRPC (@HZDR2011, 108kV/en, 10 em) ] =3
60 = —— .g - . . - g.
1 10 ) 100 £ 70 'i _______ 80 S
Counter flux[kHz/cm?] ~ _ _ =
- 1 R
: : Z
300-"-5-?%5 ------ i1 it frooioe i 60 5\! 60
280 — - 1 Bo0d Q : :
260 .1 M 12-pad MRPC (@HZDR2012, 109kV/em, 10"’ Qem) |7 - - ; ; -
4 ®  -strip MRPC (@HZDR2012, 108kV/cm, [0''0cm) |-- /- E 8@
240 941 & 12-pad MRPC (@HZDR2012, 120kViem, 0" aem) |7 [ 50 : 0 40
22044 O 12-pad C (@ 2011, 109kV/em, 10" 'Qem) |- /-- .
— sooJd 2 Saviowrrc (@rmorzon, ozkviem pooomy | - = Allustration by|\W. Zhu
% 180 [ 40 11 1 1 111191 1 1 L1 1 1l 20
£ 160 1 10 100
2 o] Rate (kHz/em?)
L 120
2 100 -
E i
= 80+ . . .
60 ] At a flux rate of 70 kHz/cm?, the efficiency is still
40 . . . .
20 ] L above 90%, the time resolution is around 80 ps.
0 — T T =
10 100
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e
Materials: PCB Board CBM ToF

Design of top/bottom PCB:
(D 32 readout strips on a 10
mm pitch with 3 mm interval.
(2) Transmission feedthrough.
(® Installing holes for HV.

(4) Mounting holes.

® Installing holes for fishing
line columns.

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

360

Design of middle PCB:

Signal transmission pins from bottom/top
readout PCBs.

(© 200 kQ protective resistors.

2 X9 connectors for signal output to PADI.

360

Design values of these PCBs:
Copper foil thickness: 0.035 mm.
Dielectric constant: 4.6.
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CBM ToF

Top honeycomb design. Bottom honeycomb design.
75 \L4 231 75 J’4 231
65 ’t B 542 T 65 & 50
20 1 -> si j S T ©
4 39\%-8 G
7 ) ()
40
) @)
40
333 1) O 333
40
\ 5 @)
40
<) ()
40
T O
40 }\ 300 |
65 < é—_tﬁ 4
310 N 310
The top honeycomb design has the The mounting screws are only on one
same fixing holes matching with that side of the counter, so there is only slot
on PCBs for counter mounting,. on top edge for HV cable installing.

LYU PENGFEI THE XIV WORKSHOP ON RESISTIVE PLATE CHAMBERS AND RELATED DETECTORS, PUERTO VALLARTA, FEB 19-23,2018 30



QC Method: Mass Production CBM ToF

Screws, fishing lines,
blocks and other materials

s Qaalifg'\** e
~_check —

Cleaning

of graphite electrode

| :
I Cleaning and production I

e e E———— )

Production of HV

Stack assembling

N Tota]
Recheck =] ~T0tal> P
~~Inspection —

Y
Test & Analysis

N Every piece of glass in each
e batch has been inspected.

Sprayed electrode.

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

Electrode glass
before spraying.

R
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CBM ToF

PCB board ‘“\\gheglg/;l /

I Production of HV
Honeycomb —

HYV connection

: to top & bottom
board. This is to
: avoid discharge

between HV &

e

the nearest strip.

LYU PENGFEI
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Screws, fishing lines,
blocks and other materials

| PCB, Honeycomb and Mylar

‘ Cleamngand assembling | Cleaning

(,/-"Qualit‘;'\*
T~ \check,_,/;l
Ty
[ Cleaning and produdtion

_— Quality

bi

Stack assembling

" Total ~ e
~—_inspection—

T N
Test & Analysis

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

Tnstalling module

Soldering point

Carbon tape

HYV connection

to middle board.
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MRPC3a Test: Cosmic Test

—

CBM ToF

PADI FEE parameters.
Main parameters comparison PADI-1 PADI-2 PADI-6 PADI-8
Channels per chip 3 4 4 8
PA Bandwidth (MHz) 280 293 416 411
PA Voltage Gain 74 87 244 251
Conversion Gain (mV /fC) 6.3 7.8 35 30
Baseline DC offset o (mV) 6.7 21.9 5.9 1
PA Noise (mV gars) 3.37 219 5.82 5.5
Equivalent Noise Charge (ernrs) 3512 1753 1039 1145
Threshold type Extern Extern Ext. & DAC | DAC
Threshold dynamics (£ mV) Non.lin. 280 | Non.lin. 300 | Lin. 500 Lin. 750
Input Impedance Range (2) 30-450 37 - 370 38 - 165 30 - 160
Power consumption (mW /channel) | 21.6 17.4 17.7 17

LYU PENGFEI
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: f
Interface bo

ard :
ff ’:f,r/”/’, “, 
W /

PADI output |48 {?J o i MRPC3a - 002 J@i - -
U % =

MRPC3a - 003

— i ;M
- "

o \f
(n""x-

PADI power cable J :
_ MRPC3a - 000
/ r \‘:1 s —?. : .' S
\ AW )

L

ot B e e
G\ e gl
‘ N Nl S T

" %‘E(% » l; ; p—~
AN 701

~ ‘ P ap . =0 700
a4 - N
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LYU PEN(

MRPC3a Test: Cosmic Test

CBM ToF

Unpacking:

Comrramt ccmancy in TRE-TEC #000 (1)

R—
10°
107
10

Cmrroet soemncy in THE-TES #001 (093]

10

10°

! MRPC3a - 000 |,,,

o] 20 40 60

TDC channel []

leading time [ns]

o 20 40 60

TDC channel []

Ieading time [ns]

—600

o 10 20 30

Readout channel [

o 10 20 30

Readout channel [

10

107

TDC channel occupancy

el oocupncy in THESTES #00 e

Chmoral ocmecy I THE-TOR 8003 {200

10°
10°

MRPC3a - 002

[u] 20 40 60

TDC channel []

o 20 40 60

TDC channel []

.1 MRPC3a - 003

o oy i THE-TOE #004 EIm0s)

0 20 40 60 1] 20 40 50

TDC channel [] TDC channel []

—

TDC Leading

leading time [ns

edge time to trigger |- - I —

o 10 20 30

Readout channel [J

o 10 20 30

Readout channel []

—aoo |

1w
—s00 J_LLLI_LLLLI_LLLLII

-~ | MRPC3a

—600

o 10 20 30 o 10 20 30

Readout channel ] Readout channel []
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MRPC3a Test: Cosmic Test

CBM ToF

Unpacking:

Channel right []

Channel right []

LYU P1

Number of events with hits for both channels of Rpc #000 in Sm 000 of type 10

tof_ty10_Sm000_rpc000_

coinc_sides

30 G
Mean 17.?”8
20 o0
G
10 - 100
i MRPC3a - 000
0 i | | 1 1 1 | 0
0 10 20 30
Channel left 1
Number of events with hits for both channels of Rpc #002 in Sm 000 of type 10. :
30 - ey 58
Mean .
20 -
10 -
: MRPC3a- 003
0 i 1 [ I I 1 1
0 10 20 30

Channel left []

Channel right []

W
()

N
o

-
(@]

Number of events with hits for both channels of Rpc #001 in Sm 000 of type 10

tof_ty10_sm000_rpe001_coin

Entries
™ Mean x
Mean y

c_sides

33709
17.16
17.08

-ﬁ
-

30

I2.0\
Channel left []

3

2

1
0

0

=

%nts w

00

Matching of left and right side of
each MRPC. It can prove the
mapping file we prepare is correct.
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MRPC3a Test: Cosmic Test CBM ToF

The performance requirement of the MRPC3a counter in cosmic-ray test.

Testing conditions Specification Requirement
Working gas: 90% C,H,F,, Dark current <350 nA
5% 1-C4H; and 5% SFg Efficiency >95%
HV: 5500V System time resolution <125 ps
PADI threshold: 350 mV Cluster size < 2
Run 01Mar2217 SPS Feb 2015 The time resolution in cosmic-ray can’t be as good as
(no diamond): that in beamtest (velocity correction not sufficient).
USTC(BRef) |\ oo
THU-Strip {Dut) ' Without any cuts: 103 ps
e BEAM

HD-PZU\\ARef)

Time - velocity correlation
hDTD4DT104D4best_py

2000 e
F iy 218211'09'2

1 500 = )éonstant 1720 £22.5
C Mean 9517 £1.22
- Sigma 121+1.2

1000 |

500 | Only with walk correction: 121 ps
BEAM r
\ 0 ™ L 2 i A 3
Buc-Ref —-2000 -1000 0 1000 2000

J ¥
LYU PENGFEI Bud-R@13IV W‘g&kgil-ﬁ)P ON RESISTT

ATO04 [ps]
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Cosmic Test: Non SF, Test CBM ToF

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 e

L e e e _
c Noise rate of 701 (MRPC3a - 002)
o

[N < Tt A S S S S

T

o)

r R M @i i

m .

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

So HV i1s increased to 5200 V to
reach the nominal point.

4700 4800 4900 5000 5100 5200
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CBM ToF

1.5

Jdo /
0.855 //+ . /

-
~

o
©
o
Cluster Size

Efficiency

-
w

1.2 A

4700 I 4800 I 4900 I 5000 I 5100 I 5200 I 4700 I 4800 I 4900 I 5000 I 5100 I 5200 I
HV (V) HV (V)
. . Dut: 701; Ref: 702; Sel2/BRef: 700.
7 Calibration mode: 701702700.
% 120 T The working point without SF; is
& e 400V below that with SF, with an
E efficiency of 96%, system time
100 b resolution below 100 ps and 1.5
. . . . _ clustersize.
4700 4800 4900 5000 5100 5200
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