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Out line

o STAR inner TPC upgrade
 MWZPC constructions

wire tension & pitch control
mass production & QA

« MWPC performance test
system setup
DAQ electronics calibration
SFe X-ray spectrum
Gas gain
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o Sector Installation
e Qutlook and summary
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STAR upgrades for RHIC Beam Energy Scan 11

upgrade
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Inner TPC sector upgrade (iTPC):

v' Extend TPC acceptance Inl<1.0->Inl<1.5
v Improve dE/dx resolution

v' Lower p; limit 125MeV-> 60MeV
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STAR TPC geometry

Outer Field Cage
& Swupport Tube

Outer Sector

Inner Sector(
N

Sector
Support—Wheel

Inner
Field
Cage

Length of the TPC

Outer diameter of
the drift volume
Inner diameter of
the drift volume
Distance: cathode
to ground plane

420 cm

400 cm

100 cm

209.3 cm

- STAR TPC NIM, M. Anderson et al., Nucl. Instrum. Meth. A 499, 659 (2003).

Cathode 400 cm diameter
Cathode potential 28 kV
Driflt gas P10
Pressure Atmospheric
+2 mbar
Drift velocity 545 cm/us
Transverse 230 pm/,/cm
diffusion (a)
Longitudinal 360 um/,/em
difTusion ()
Number of anode 24
sectors
4
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ITPC sector

« Sector: strongback + padplane + wire frames

Strongback

w
Padplane 6>

Wires @
Anode 20um
Shield 75um

Gated 75um
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695mm
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Wire mounts
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ITPC upgrade contents

» Replace all 24 inner sectors :

v" Increase readout pad rows from 13 to 40
pad coverage: 20%-> ~100%

v" Renew all three wire frames
replace aging wires

Omm4|

..................................

............... PO T "
l Inner Sector (Old) f » Inner Sector (New) f

7 !

MWPC performance requirement

Gas gain: ~2000 at 1120V (anode voltage)

Gas gain uniformity(RMS/Mean): <10%

Gas gain energy resolution(Sigma/Mean): <15%
Construction

padplane to strongback and side mounts assembly at LBL
MWPC building and performance test at SDU

Planned to be completed for RHIC run2019

NI NI N

NI N

6.2 mmx 19.5 mm
Total of 3,942 Pads

/ 6.7 x 20 mm Centers
/ 600.00 mm from DETECTOR CENTER

/

183 x 3.35 = 613.05 mm _/.1

=

[=— 48.00 mm RADIAL SPACING

6.70 mm CROSS SPACING
(7 X 48) + (5 X 52) = 596.00 mm —|

1271.95 mm from DETECTOR CENTER
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Inner Pads

2.85mmx 11.5 mm

Total of 1,750 Pads

Row 1 thru & on 48 mm Centers
Row 8 thru 13 on 52 mm Centers
Cross Spacing 3.35 mm

87 x3.35=291.45mm

3.35 mm CROSS SPACING




ITPC sector construction at SDU

Sojdering
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Wire tension and pitch measurement system

» Alaser-based optical system.

» The wires vibration will be transformed to photoelectric signals, and tension is determined by the wire
length, mass density and the fundamental vibration frequency.
- X. Wang, et al., Nucl. Instrum. Meth. A 859 (2017) 90-94.
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Wire tension and pitch measurement results

Anode WireTension on Frame VS on Strongback

WireTension
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Mass production and QA

| ) Wires & Comb- / / i
Wire Frames- - Dry Nz« :
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Test.

e Mass production flow diagram

iTPCPROCEDURE IN HEPG-LAB-
@ SUPER CLEAN ROOM. * iTPC lab was divided into 6 regions
@ TRANSITION REGION- . .
© TRANSITION RECION. » Every sector should be inspected with
% W;:;’:‘:;‘j;i” engineers step by step
TEST REGION- » About 2 weeks per sector
TRAVELER 1-16+
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MWPC performance test system setup

e Test chamber

- M4 v Geometry:
80X73X10cm

v' X-ray window:
100um PCB

e Source: °°Fe
and X-ray tube

e Distance: (source
to anode frame) :

10mm

——
=

L
,,,,,

- .
======

11/11/2017 WRITEE, FH-CELeEARRTBIRNBHFiITS, J~H 11



MWPC performance test circuit and calibration

e Circuit diagram

10MQ 10MQ InfF "7 T TR T |
——— | D D L] MCA
| Anode VoItage Amp ¥
InF == o, N)/ 1OMQI | ' | |
—_— 12V 5V

—— Cathode —

 DAQ electronics calibration

] Calibration for Input Charge to MCA Channel
400 e T OF g
2200 MCA Data s o %8000; St /n
o Input: 0.04PC S Grono” / T %
1:‘;2; Sigma: 1.7Channe|s sonok o
o Charge resolution] <0.6% o e
= E /
1200;— wook // )/
o s000F V4 " m A225+A206+100nF
800 — E /
= 2000
400 & % A225+100nF
2005 1000/
o- 7‘I‘UI — I?Elﬂl — I?SU — I?dﬂ I ‘75|OI = ‘Téﬁl DU — U-2I ‘ I0.4‘ I ‘D.BI ‘ ID.BI = 1 = I1.2I I ‘1.4‘ ‘ I1.6‘ I
MCA Channel Input Charge / PG
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>Fe X-ray spectrum

FEHEBRE o2 8 % EBE o s DUl @&me W OEWRLE R o @
T tive dta
Mode HORM
Channels 8,192
Main Peak nae
\ o
‘ e Anode voltage: 1120V el =
1955 Total Count 2,565,892
» Gasratio: 9:1(Ar:CHa4) Total Rate 95616
Start: 05!161_"2017 17:37:563
e Sigma/Mean: 8.7%(Main Peak) | ™ ®=m
2441 Peak Information:
} Centroid (N)
e FWHM: 19.97% Netfrea
Uncertainty
Net Rate
Argon Escape Peak . Gross Area

1627

AN

Gain: 2245(after correction)

Gas mixing precision: +£0.1%

813
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Gas gain vs T/P

Test teperature

Gas gain

2300

2250

Eroiaf—-

017

2200

2150

2100

2 24
Time /h

Gas gain vs T/P

Constant 4.033 + 0.04382

Slope 1.257 £0.01498

288 289 29 291 292 293 294 295 296
T/P (K/kPa)

* 10 hours gas temperature and pressure data as shown in left two pictures
» (Gas gain increases with the T/P ratio, fit with a exponential function
-FigKkE, B TFERNEAR, H16%520H (1996) , 118~124
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Gas gain vs HV, event rate and gas ratio

Expenmental gas gam Gomprlson Gas gain vs event rate

22751

=
é%munra
753
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Gas gain

2270

- FeE'5 rqam peak

@ é 2265
30000
® = 2260
—E5000 —
o C 2255
20000
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5000 i_ : : : : 22351
{J:IIIIIIIIiIIIIiIIIIiIIIIiIIIIiI 22305 | I | | ||||| i
1100 1150 1200 1250 1300 1350 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Anode Voltage / V Event rate
m-
» The gas gain exponentially increases 262 2517 11.3%
with the high voltage. 83 2276 2522 10.8%
e Fit function(Main peak): G = ¢%012V~58 - o - o
» (as gain decrease about 2% with x-ray . 114 sars Lo
event rate from 200~2200 &7 202 2480 10.6%
» (Gas gain varies about 10%~11% with 1%« s 2233 247 to.8%
- - - 89 2240 2467 10.1%
variation of gas ratio " oo o o
91 2264 2503 10.6%
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Gas gain uniformity and strong X-ray test

Gas gain uniformity of 3 wire scan results Leakage vs time
% — histl__1 - H %\% The 1th wire scan EEDU I ................... S
i 18| Mean T e S S8 The 2th wire scan E m-
o fa” i L The 3 wire coan EEEDG} ............... m--u‘_ e g
v +-RMS:1.2% ° F : : : : : :
— hisiz_2 = 4[}[] I Event rate comparison ... ...................
12| ean 2243 r F09E = X-ray tube
H'ﬁ"‘:!sndl 19,525'52,2 C E.zs(xx:_ A
10 E:)‘Tﬂtz;tant 10,41‘;‘??1‘51 BDD__ m_ g
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2000 2100 2200 2300 2400 0 10 20 30 40 50 &0
Gas gain . Time / min
Sigma/Mean of 160 wires X-ray spectrums  Wire scan
: 141 : : 1:2 ;: x::: e v 160 wires, 3 different positions for each wire
£ | Energy resolution | T 25 vre sean v' Gas gain uniformity(RMS/Mean): 1.2%
E 12 . .
A v" Energy resolution (Sigma/Mean): 8.5%
o[- e Strong X-ray test
B:'ﬁfj‘#,ﬂu#ﬁ“:igﬁ& MNP I ELSEERS: v Total rate: 240k Hz
- v" 40 wires could be covered (one HV channel)
ofoolgma. v' MWPC leakage>500nA
: -_ 8.\) /O H H
- Mean v" Leakage monitoring for 4 channels, 1 hour for
4
- each channel
0 20 40 60 80 100 120 140Wire1gl?mber / NO trip, Iittle decrease
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Sector shipping and installation

O~ ' | o O TN

© [ Temperatyre: max-30.3'C, min-9{3°C,
essure: max-1026mbar, min-807mbar

o} | 1 80
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o Temperature, humidity and pressure
tracker in shipping process

« STAR TPC was firstly opened after 20
years smooth operation.

» First iTPC sector was installed at STAR
on October 5, 2017 successfully

» Ready for commissioning during runl8
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Outlook and summary

30 sectors need to be produced at SDU, 5 completed,
2 sectors shipped to BNL, 1 installed at STAR
MWPC mass production at SDU ongoing

v Qualified wire tension and pitch

v" Gas gain uniformity/RMS ~1.5%

v" Energy resolution Sigma/Mean ~8.5%

v Good stability under 240k Hz X-ray

Mass production to be completed by Sep. 2018
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