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Introduction of real-size mosaic MRPC
904 cosmic test

HZDR beamtest

— Beamtest preparation and setup
— Preliminary result

GIF++ beamtest
¢ Summary
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2018 Introduction of the mosaic MRPC

Mosaic design 1 : glue glass Mosaic design 2 : block by

fishing line
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Gas gap number:

Gas gap width:

Glass thickness:
Glass bulk resistivity:
Mosaic interface:

Mosalic interface

5

250 pm

0.7 mm

~ 1019 Qcm
glass directly
mosaic together

Strip number:

Strip shape:

Strip interval:

Strip length:

44

trapezoidal (6 mm/8 mm)
3 mm

1m
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Cosmic ray test at CERN in Feb, 2017:
Gas component: 90% C,H,F, + 5% i-C,H,, + 5% SF,

Cosmic test at CERN 904

Mosaic MRPC in gas box Test module in cosmic setup

Trigger PMT
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Cosmic ray test at CERN in Feb, 2017:
Scan000086: 5000 trigger events.
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Maxime and xiaolong brought the Mosaic MRPC to HZDR by car on March 24,

e D ER S

Gas box was again opened to switch the Jupiter HV connector to SHV connector.
Gas was flushed with a component: 90% C,H,F, + 5% i-C,H,, + 5% SF,.
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Coincidence
triggering

Coincidence




HZDR HV Scan: Setup

Run005 ~ Run021: HV: £5400 V ~ #6700 V; Rate: 11 kHz/cm?.
Beam spot position: Horizontal — center; Vertical: between 3 and 4% strip.

\ Define the horizontal center on the mosaic interface as zero point, beam spot at (-8, -30).

Defined as‘(O,()) point

Beam spot in HV scan

PMT Trigger (S1&S2&S3&S4) dimension: 20 X 20 mm?2,
Beam spot dimension: 100 mm in diameter.
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HZDR HV Scan: Efficiency

100 44
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Rate: 11 kHz/cm?2.

---------------------------------------

----------------------------------------------------------------------------------------------------

____________________________________________________________________________________________________

.1 Efficiency

| Cut on S6:

Tref && S6 && MRPC

Tref && S6

5400 5600 5800 6000 6200 6400 6600 6800

HV (V)

6.7%

26.0%
49.8%
69.9%
83.1%
86.6%
89.0%
91.1%
92.6%
93.9%
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HZDR HV Scan: Time Resolution
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Run005 ~ Run009

Time Resolution (ps)
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"""""""""""""""""""""""""""""""""""""""""""""""""""""

Run017 ~ Run021

LeftLead+RightLead

2
LeftTrail+RightTrail

— LeadRef ) — (RF — TRef)

LeftLead+RightLead
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> — LeadRef)
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Rate scan plan: Actual rate scan: Current and efficiency in the rate
at =7000V at =6000V scan:
Rate/ Rate/ a0
kHz/cm? kHz/cm? R ¢ 0.70
124 W\ / _______ _
0.35 96% 0.35 68% : .
1.0 / --------------------- -0.65
2.3 96% 2.3 69% < ~
5 X 4.9 50 5 | w0t 060 ¢
S 064 .
o
10 X 11.3 57% | 055
20 X 21.3 54%
30 X 29.5 55% | (090
40 X 42 529% (I) : 1|0 2|0 3|0 | 4|0 5|0 6|0
} Rate (kHz/cm2)
50 X 49.8 51% |
i ‘Before | | | After the MRPC was damaged.
60 X 60.5 49% !

When increasing from 2 kHz/cm? to 5 kHz/cm?, rate went directly to 120 kHz/cm?2. Current

went up to 8 pA. After 10 s, rate dropped back to 5 kHz/cm?, but MRPC can’t work anymore.
14
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HZDR Rate Scan: Efficiency

HV scan at different rate of 0.35 kHz/cm?, 2.3 kHz/cm? and 11 kHz/cm? before
the MRPC was damaged.
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ZDR Rate Scan: Time Resolutio

HV scan at different rate of 0.35 kHz/cm?, 2.3 kHz/cm? and 11 kHz/cm? before
the MRPC was damaged.
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Before repair

After repair

Chamber has been repaired at
CERN in Sep, 2017

It was flushed with CMS gas:
95.2% C,H,F, + 4.5% i-C,H,,
+ 0.3% SF,,.

Dark current was 0.02 pA at
+5000 V

17
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|F++ beamtest: Setuy

MRPC Chamber GTland GT2

External + Internal
trigger

I -
—_ : |
.

External trigger Internal trigger External trigger

18



q

RPG
2018

|F++ beamtest: Tracking Methot

Projection of GT1 and GT2 Projection of GT1 and MRPC
L 22_ projectiond 2 22 praojectiont
g L [Eies 2000 g : Entries 2000
o — o Meanx 17.73
5 20— 100 5 R Mean y 165
E B C — RMSx  1.248
O] B 0] - RMSy  1.945
18— B —80
16— - -
14— [
B - —40
12—
- 20
F H .
8_ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 0 B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 11 1 | 1 1 1 1 | I 1 1 1 | 1 1 1 1 0
8 10 12 14 16 18 20 22 14 15 16 17 18 19 20 21
GT1 channels MRPC channels

® Get the strip projection of GT chambers and MRPC chamber
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|F++ beamtest:HV Sca

Efficiency and Clustersize vs High Voltage

-u- Efficiency
100 — e T . | == Clustersize 2
—1.8
80 —
—1.6
E'_E‘ T 0 RS Ny I TP = E
= 1 @
o 4 8
2 —{1.4 g
L 40 O O SO OO T oo OO SO ORUSURPOOE OO :
—1.2
20
Tref && GT1&&GT2 && MRPC
: | 5 _ Tref && GT1&&GT?2
: : | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 I—L
0 4.8 5 5.2 5.4 56 58 6 - 6800V

High Voltage[KV]

There is a big working point shift at different gas mixture!
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Dark Current vs High Voltage
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Efficieny[%]

Efficiency vs Rate
100

0
0.29
0.58
1.007
2.64
P O O 8 0 e 4.64
b i i 10.83

Rate[kHz/cm2] 10

94.12
94.81
93.41
95
94.68
93.93
93.75

« There is no efficiency loss along with high rate. Efficiency always
reaches about 94% at = 6000V.

Rate[kHz/cm?2] Efficieny[%]
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» Cosmic ray test at CERN
O Efficiency above 95% is reached at =6800V.

> 30 MeV electron beam at HZDR at rate of 10kHz/cm?

O Efficiency reaches 95% at 6800V
O Time resolution around 55ps.
O Efficiency loss at mosaic interface is about 2%.

» The real size mosaic MRPC can keep good performance with
CMS dry gas.

O Efficiency can reaches about 94% at == 6000V at rate of
10kHz/cm?.

O Working voltage shift.

23
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Thank You!

* Yu Yancheng

« Department of Engineering Physics,
« Tsinghua University, Beijing, China
« Feb 23™, 2018
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Table 1 Component of mosaic MRPC  "° s - —T
09 @ strip2
MRPC . ki
Size (mm R A
Component (mm) E o7l e
N 1 strip7
Honey 255X 472X 6 = 06 o stips x
Comb 8 os | o SEY P
PCB 320X 540X 0.7 § o {3 Sint = */ A
Mylar 260 480X 0.18 3 03 T g
Mosaic 250X 470X0.7 & B0l B ===
Glass 250200 0.7 ? o
Spacer 0.5 00 ,
Gap 025 >< 5 6.0 6.2 6.4 HVG.(T(V) 6.8 7.0 7.2
Fig.1 structure of mosaic MRPC Fig.2 Noise rate
140 ] Y T H Y I 4 T ¥ 4 T H 4 ] 100 f | T Y T ¥ 4 - 88
1.35 1 & o ) 'y 1 =
1.30 | . ] % ‘ s 802
@125 1 — % - ] S g 72__§
@ 420 ! . : [ | 173
£ 115 5 é Bl vy v M {649
o ::}2 ] | ! . T o8 _ | ] SSE
1100 L ] ! ! — 1 100 1480 4— — . . . —
:g ] 808 1200 ] | | [
] - = 1000 ‘ B ]
- 70 . T—— pt —_ 1 ‘ ]
% 00 v //; v L 08 :'f' :22_ _ - _ _ // -
C 0 1 08 c
jg go 1 pd ' ‘ o 9‘:; 400 - | /i/
b 03— « IS IS E— I — : | zog 8] 200 ] ‘
2 £
0dl—1— — — : o 0 '/T/ - . . . — i
52 5.4 5.6 58 6.0 6.2 6.4 6.6 6.8 0 5 10 15 20 25 30 35 40 45

HV (kV) Flux (kHz/cm®)
Fig.3 Efficiency, time resolution and cluster size Fig.4 Efficiency, time resolution Vs. rate 26
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Gap number: 5
Gap width: 250 um

Glass thickness: 0.7 mm
Bulk resistivity: ~ 1019 Qcm

0.5 mm-wide

fishing line block

Strip number: 44

Strip shape: trapezoidal
(Narrow side 6 mm,

Wide side 8mm)

Internal width between strips:
3mm

Strip length: 1 m
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Cosmic Test: Noise Rate

N N w w
o ol o (6]
1 1 1 1

Noise Rate (Hz/cm2)
[N
o

1.0

0.5 -+

0.0

Noise Rate

HV (V)

5200 5400 5600 5800 6000 6200 6400 6600 6800
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Geometry of HZDR beamtest setup

The geometry of the setup 15 as follows:

element material

w1l ndow
drift
524
drift
525
drift
5152
drift
514
drift
513
driftt
box
MRPC
drift
box
drift
56
drift
5354

Be

air
BC408
air
BC408
air
BC418
air
BC408
air
BC408
air
aluminum
glass
working gas
aluminum
air
BC408
air
BC4135

thickness
mm
0.2
140
2
133
2
225
5
115
2.5
105
2.5
25.00
3
215
435
3
650
5
155
5

20

15

35
20

height diameter

20
15

35
20

mm
40

40
40
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HZDR beamtest: Setup

__ 2017-04-01
16:18:36 70

-200ns -160ns -100 ns -a0 ns s allns 100 ns 150 ns
'1-?14.\"' 1 1 1 1 D| 1 1 1

gmu,\g*-uvw-v-u-\--w%n_f.wnmn. o o e A 2
i

Horizontal

Res: 500 ps / 2 GSals
RL: 1kSa RT
Scl: 50 ns/div

Pos: 0 s

Trigger

Edge Y.

Lvl: -438.9 mV

Fos: 3.57 div
Off: 0w

Scl: 200 miy/div
cpl: DC 500
Dec:Sa | Ta: Off

Br: Full

Fos: 2 46 div
off: 0w

Scl: 500 mi/div
Cpl: DC 500
Cec:Sa | TA: Off
Bwr: Full

Fos: 1.34 div
Off: oW

Sel: 500 mi/Adiv
Cpl: DC 500
Dec:Sa | Ta: Off
Bw: Full

Fos: -0.63 div
off: oW

Scl: 500 my/div
Cpl: DC 500
Dec:Sa | Ta: Off
Bw: Full

200 nf
L

File |Horizontal | Trigger | Vertical | Math | Cursor | Meas | Masks | Search | Analysis | Display Tutorials

Coincidence of
scintillators:
S1&S2&S3&S4.

Re: Accelerator
clock.

TDC trigger:
S1&S2&S3&S4
& Re.
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200 Run005: Efficiency
—
hit distribution on each strip
x10° hStriphit
220 — Entries 5556516
— Mean 3.447
200 = RMS 1.889
180 —
160 f—
120 —
100 —
80 f—
60 —
40 f—
20 f—
- | | | 1 '
D 1 1 1 1 1 1 1 1 | 1 I 1
2 4 8 10 12
Efficiency
Nocut; Lo/ &&MRPC 93.62%
Tref
Cut on S6: Tref && S6 && MRPC 93.93%

Tref && S6
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Run005: Time Resolution

SHIFT_((strip3_left_lead+strip3_right_lead)/2-lead_ref)-(RF-Tref)

— TimeShift_cor
50000 — Entries 672329
o Mean -0.6964
40000:— RMS 6.148
30000|—
20000 —
10000 f—
oD a1 Ml NI I B M IR
=50 = = —20 —10 [ 10 20 50
Time vs TOT
50 TimelO1
E i 572329 jor
= 6375
"”;':- 08873 |
= 1108
= 6.145
20 1000C

s

TOT: ([strip2_left_trail+strip3_right_trai}'2 - trail_ref) - ({strip3_left_lead+strip3_right_lead)i2 -

lead_ref)

90000

80000

70000

60000

50000

40000

30000

20000

10000

600

800

1000

TOTShift

Entries 672329
Mean 6375
RMS 110.8

1400

Clustersize
<10° Clustersize
00— Entries 672329
C Mean 1.591
20 :_ RMS 0618
200~
150 —
100 —
50—
E I R 1 P
0 2 2 6 ] 10 12

TOF
TOoT

=<

(

LeftLead+RightLead

2
LeftTrail+RightTrail

2

— TrailRef) —(

— LeadRef ) — (RF — TRef)

LeftLead+RightLead

2

— LeadRef)
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Run005: Time Resolution

time(0)
time(0)
50000 Entries 72320
L Mean 06984
: RMS 8.148
L %2 420824004 /28
40000 B Constant 4.9598-+004 + 8.118e+001
- Mean —-1.127 £0.008
: Sigma 4,909 +0.005
30800
£
3
3 F
Q -
20000
10000
AT | Liagliy
50 40 -30 20 10 0 10 20 30 40 50
Time
time(8)
time(8)
: Entries 672320
80000 Wean 0.01128
[ RS 4002
70000 2/ nelf 8837/ 17
o Constant 7.780e+004 + 1.270e+002
60000~ Mean ~0.0886 + 00042
E Sigma 223140004
50900
t
3 -
4qgoof-
30000F
20000F
10000f-
C-JLILILIJIJLILIJ (AERA FRET IEERANRER] FETI

-50 40 30

—20 10 0 10

Time

20 30 40 50

time(0)

10*

0(3

time(0)
Entries. 872320
Mean —0.8984
RMS 6.148
2% (ndf 42084004 / 28

Constant 4 959e+004 +8.119s+001
Mean -1.127 + 0.008

4909 + 0005

Channel(0)

Channel{0)
Entries 672329 pC
Meanx 6375
- Meany -0.6873
RMS x 1108
RMSy 8145

-

c
o
4 ¢
3 3
5}
Yoz z
2
(%]
" Before slewi
! I I I ] | |l
-50 40 -30 20 10 O 10 20 30 40 50 = I4-00I ' lGODI ’ ISOUl ' I‘H'.)UOI I I‘IZOUl I l1400 0
Time TOT
time(8) Channel(8)
time(8) Channel(8)
10° Entriez 672329 ! . Entries 72320 ¢
E Mean 0.01128 . Meanx 8375
- AMS 4002 L Mean y 0.005485
r RMS i
104 E_ *°/ ndf 6837 £ 17 HMS; 3.;9:
= Constant 7.7689e+004 + 1 278e+002
E Mean -0.0683 + 0.0042
10° Sigma. 2331 £ 0,004 .E
o E " [ 3
T F " . [
&t : : g i
P H After slewing
E . »
: - i
10g .
E [
: i o(TOFurpc) = J(3.331 x 24.4)? — 352 ~ 73.4 ps
L x
T e ! ]
b L
-50 40 30 20 10 O 10 20 30 40 50 QUO 400 600 800 1000 1200 1400
Time TOT
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HZDR Rate Scan: Efficiency

HV: 6000 V

Efficiency

N . i i
TAg e

~ m |  |Counterdamaged | &= 5

m ol
T e
L T e e
8

=
L e o O e

|
64 +— | —— | i i

0 5 10 15 20 25 30

Rate (kHz/cm?2)
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