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Outline

» Muon Telescope Detector at RHIC (STAR)

» 6-gap LMRPC module

5-gap LMRPC module

Simulation and measurement on signal transmission
Mass production

Summary
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Muon Telescope Detector at RHIC (STAR)

A large area of muon telescope detector (MTD)
at mid-rapidity, allows for the detection of: e

-di-muon pairs from QGP thermal radiation,

quarkonia, light vector mesons, possible
[oozop|
|_PMD_

correlations of quarks and gluons as _
resonances in QGP, and Drell-Yan production

-single muons from their semi- leptonic
decays of heavy flavor hadrons BAaons
-advantages over electrons: no y ] [rorasa] it (o] lon
conversion, much less Dalitz decay

contribution, less affected by Bremsstrahlung

radiation energy losses in the detector
materials, trigger capability in Au+Au collisions
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Requirements and construction for MTD

Requirements:

-Time resolution comparable to that of TOF
system

-Large area and low cost

-Compatibility with the fringe field from the
0.5T STAR magnetic

-Low noise rate (total noise rate <100kHz)

-Not impair the performance of other STAR
detectors

-Mechanics requirement
-All BNL safety requirement

-At radius of 400cm from the interaction
point

-Behind the return iron bars for STAR
magnetic

x: 0 trays per backleg (3)

V: 5 trays per backleg (18)
Others : 3 trays per backleg (9)
Total: 117 trays
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Module structure (6-gap module)

PC board: 0.9 mm Graphite paint: 0.01 mm

Inner glass: 0.7 mm
Outer glass: 1.1 mm Mylar: 0.18 mm Strip: 0.045 mm |

T Strip width: 38 mm

Spacer: fishing line
Gas gap: 0.25 mm

v .
= Interval: 6 mm

4
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Inner glass: 524 mm x 890 mm |
f Outer glass: 550 mm x 912 mm |

IH \IW\WH\HMN T HI\IM

o

Mylar layer: 560 mm x 920 mm I I

Honeycomb: 568 mm x 920 mm I ¢ Strl Ienth: 870mm l
PC board: 580 mm x 930 mm . . . . .

HV electrode colloidal graphite ~5 MQ/[]
Readout strip 38mm x 870 mm x 12 [ [ [pm0]
-PMTZ -PMTl
Interval 6mm
PMTS5
Glass type Float Glass
-
Glass thickness 0.7mm(inner), 1.1mm(outer)
n
Gas gap 0.25mm x 6
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Efficiency, time resolution and noise level in cosmic-ray tests (6-gap module)
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-Freon/iso-butane/SF6 = 95/5/0
-Efficiency ~ 100%

-Efficiency ~ 95% @ 96.3kV/cm (HV =
+7.22 kV)

-Efficiency ~ 90% @ 92.2kV/cm (HV =
1+6.92 kV)

-Time resolution <100ps

-Freon/iso-butane/SF6 = 94/5/1
-Efficiency ~ 98%

-Efficiency ~ 95% @ 98.3 kV/cm (HV =
+7.37 kV)

-Efficiency ~ 90% @ 95.0kV/cm (HV =
+7.13 kV)

-Time resolution ~ 75ps

-Noise < 0.4 Hz/cm? @ 95.0 kV/cm (HV
= +7.13kV)
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Detector system at the experiment area at IHEP, Beijing

| 50cm | 50cm | 60cm
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| Gas mlxture Freon/iso- butane/SF6 = 90/5/5 @ 150ml/min
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Efficiency & time resolution in beam test (6-gap module)
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-Efficiency ~100%
-Efficiency ~ 95% @ 87 kV/cm (HV= +6.53kV)
-Time resolution ~ 70ps

More results on Y. Wang, et al., Nucl. Instr. and Meth. A 640 (2011), 85-90
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Change 6-gap module to 5-gap module
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_ 6-gap MTD module 5-gap MTD module

Gas gaps 0.25mm x 6 0.25mm x 5
Working HV +7.3 kV +6.3 kV

HV electrode Colloidal graphite ~5 MQ/[] Colloidal graphite ~5 MQ/[]
*UEEEs O 5((0.7mm) + 2 (1.1mm) 4 (0.7mm) + 2 (1.2mm)
glass

Glass type Float glass Float glass
Et?ﬁod'om 38mm x 870mm x 12 38mm x 870mm x 12

5-gap MTD modules:
-lower working HV (less pressure on the HV power supply, safer)
-one piece less of glass (cheaper and lighter)
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Efficiency, time resolution and noise level in cosmic-ray tests (5-gap module)
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-Freon/iso-butane/SF6 = 95/5/0
-Efficiency ~ 98%

-Efficiency ~ 95% @ 102.8kV/cm (HV =
+6.43kV)

-Efficiency ~ 90% @ 98.1kV/cm (HV =
+6.13kV)

-Time resolution ~ 95ps
-Noise < 1Hz/cm? @ 98.1kV/cm
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Efficiency, time resolution, noise level vs. strip (5-gap module)
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Signal transmission property measurement

I 7 2 72l 72N V2 P

0.7mm(inner),

Glass thickness 1.1mm(outer)

Measurement with a network analyzer.

From the S-parameter got from the network
analyzer we are able to check:

-whether the module is matched with
terminations

-whether the module is electrical compensated.

A electrical compensated system has many
favored properties, such as high transmission
factor and low crosstalk. [

port port

strip number

Gas gap 0.25mm x 6 F@S—( 1 }6—<Hzl
Readout strip 25mm x 1000 mm x 6 4[':'@3—{ 2 }4—H:|j‘
Interval Amm 4[‘:'_?1—‘ 3 . }z_fﬁ
Glass type Float Glass L _ _ 1
= 5 ot
e o
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Signal transmission property (Frequency domain)

lower bandwidth than simulated. Possibly the problem is the impedance break at the connection

between the detector and the flat cable.

no additionah{ﬁ%él plane Tmm-thick additional FR4 plane 2. 3mm-thick additional FR4 plan

higher bandwidth
reduction for an
increased FR4. Possibly
due to losses in the
mutual coupling (not
included in simulation)
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Signal transmission property (time domain)

no additional FRE4 plane Tmm-thick additional FR4 plane 2 3mm-thick additional FR4 plane

I21 (transmission)

for a typical
signal as
seen in 50 Q2
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New cosmic-ray test system with long scintillators

| _Test 6 channels in
; | each run.

| 25cmx5cmx5em | -Save a lot of time
| scintillator | during QC.

| -Test 1 channel in
2cmx2cmx4cm 5 each run.

scintillators

5cmx5¢cmx20cm
scintillators

12345 6789101112 :
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New cosmic-ray test system with long scintillators

PMT
Entries 6419
— Mean 0.1003
1200_— E x2 / ndf 11.5/5
- Constant 1233+ 21.0
— Mean -0.2999 + 0.0303
1000 — Sigma 1.994 + 0.029
800
o L
c
= u
0500__
400—
200— |
O_lLL|JI._LJ__|1__FrII‘Il:""I-‘H-gLJ_IJlLLJ
-60 -40 -20 0 20 40 60
t [35ps]

O(pmt1+Pmt2)-Pmiz+pmea)ya — 1.994 X 35 = 69.79ps
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Select the perpendicular cosmic-ray events for time resolution evaluation

through time difference of two PMTs

L |

X1 =V X (tyra-teyra)/2
X2 =V X (toyra-tpyra)/2

m  Scintillator #1
Scintillator #2
—

I I y=a+b*x
value standard error
a -4.91418 0.07222
b -2.62865 0.01468
v =92.003 ps/cm

10

@ 0l ]
g or
n
[5¢d
o
N - -
S
<
y=a+b*x ]
-30 value  standard error y

a -24.3625 0.09214

b -241341 0.01873 ]
40|y = 84.46935 psicm ]

-8 -6 -4 -2 0 2 4 6 8
X (cm)

-Get the relationship between the hit
position and the time differences of the
two PMTs of each of the two scintillators.

-Set a window on the position of certain
strip to select the perpendicular cosmic-
ray events.

-Calculate the time resolution using
perpendicular cosmic-ray events.

—m—no cut
—e— hit position cut - 3.8cm

hit position cut - 5cm
120
110 }

iR

time resolution (ps)

strip #

-The time resolution is better if we select
the perpendicular cosmic-ray events.

-The error bar is larger since we select
much less events.
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The influence of the fishing line

Fishing Line
18: Fishing Line #2
16— Diameter:
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RPC_Q-Ch8
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60~ Entries 658
- Mean 7611
- Charge spectrum AMS 8084
50— of the module
- using Fishing Line #1
- HV = +£5.9 kV
*or E = 95.93 kV/cm
- F Streamer ratio = 21.9%
3 30—
Q =
20
10~
Oo~~"500 1000 1500 2000 2500 3000 3500 4000
ADC Channel
RPC_Q-Ch8
RPC_Q-Chs
200 - Entries 2209
: Charge spectrum Mr\jasn 2;‘14';
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- HV = +6.3 kV
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Performance of all the channels
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-Using fishing Line #2, Tsinghua has built 14 ol 2011 2012

modules so far. 12 |34 |56 |78 810 H112 |12 |34 |sie |78 |9r10 11112
-All the modules have passed QC (Efficiency Start

>90%; each module has less than 1 channel :zx::z >

whose time resolution is worse than 120ps; 60 LVIRPCs 1

noise rate of each channel < 1Hz/cm?). 80 LVIRPCs

-Tsinghua will contribute 60 MTD modules for | | ™" ] >
STAR-MTD.
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Summary

» 6 gap MTD module
Efficiency~100%, time resolution~75ps in cosmic-ray test
Efficiency—~100%, time resolution~70ps in beam-test
Low noise level

» 5-gap MTD module
Efficiency ~ 98%, time resolution ~95ps in cosmic-ray test
Low noise level
Good uniformity among strips

» Simulation and measurement on signal transmission
Use Network analyzer for measurement
Good match of measurement and simulation; losses; bandwidth reduction

» Mass production

New cosmic-ray test system with long scintillators developed for faster QC
process

New fishing line used for lower streamer ratio
14 modules built using Fishing Line #2
All the modules pass QC
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