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MWPC & iTPC prototyping at SDU 

Qinghua Xu(Shandong University) 

STAR Regional meeting @ USTC, Sep. 21, 2015 

Thanks to my colleagues:!
 Changyu Li, Jian Deng, Peng Lu, Yansheng Sun, Chengguang Zhu,!
 Xu Wang,  Fuwang Shen, Shuai Wang, Chi Yang (USTC)!
 + many other iTPC colleagues 
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New building in 2000 for ATLAS Thin Gap 
Chamber (TGC). Produced 400 modules 
of high quality TGC for ATLAS during 
1999-2004.!
The lab is ~400m2 , recently refurbished. 
New clean room built for iTPC project.!
Wiring machine imported from Israel.!

iTPC laboratory at Shandong 

Clean room 

Laboratory hall 

Cosmic ray test system 
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Funding update- MWPC part from NSFC 

•  MWPC part of iTPC 
proposal submitted 
to NSFC in March. !

•  Officially approved 
by NSFC in August, 
with 3.45M RMB in 
the following 5 year 
starting 2016.     
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Wire winding for MWPC 

Wire pitch and tension controlled by 
winding machine (SDU) 

•  Three layers of wire for iTPC MWPC: 
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Winding wire on wire frame 

Wires first wound on frames!
10 wire frames made so far,!
76cm x 90 cm (inner size).!
 

Wire frames will be used for 3 
layers of wire plane with wire 
combs. !
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Wire tension measurement 

•  Determine wire tension by optically measuring the vibration frequency: 

Laser will locate on each wire，synchronized with gas jet, and the base 
frequency will be extracted from voltage fluctuation transformed of laser 
absorption.!
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Control panel for wire tension measurement 

  Left: interface for measurement configuration; 
  Right: results on voltage fluctuation, frequency spectrum from FFT. 
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Wire tension measurement 

•  Cross-check of the method with fixed tension wires: 

Measurement with fixed tension:!
(<2%) 
Wires	 1	 2	 3	
50g	 49.5g	 50.8	 50.6	
60g	 60.9	 60.6	 60.4	

Fixed tension for checks 

Precision transferred from the frequency (integer) is ~0.5% 
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Wire tension measurement  –Test frame #1 （20um) 

<T>=53.8±0.83g 

•  165 wires in total, one broken, two got loosen 

•  Database documentation for each wire frame: 

Required to be 51±3g 
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Measure the pitch of wires using the same laser system 

•  Focusing the laser on each wire, width of response is the wire diameter 

•  Distance between wires : 

On frame!
σ~50um!
!
Mean~3995um!
Constraint by hard wire 

Glued on wire mounts!
σ~3.5um 
Mean~3995um 

After using combs 
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Test small TPC  prototype with the cosmic ray system 

•  Two layers of scintillators served !
     as trigger system. Coverage of TPC!
     very small (~1%).!
!

•  One V550A+two GassiPlex07 as readout. !
     Signal from pad observed.!
!

•  Started the first test in June, 2014 !
      

Cosmic ray test system 
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•  Now only reads out the charge !
     of 88 pads of 176 in total with !
     simple electronics (one V550A !
     board ), without time information. 

•  Signal after subtracting pedestal 

•  Pedestal seen for the charge of !
     single pad 

Test results of small TPC at SDU 

Anode HV~1350V!
Gain comparable as !
in SN0263!
!
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•  Whole DAQ set obtained 
from BNL in Feb: 

    Fee card, RDO board, 
    TCD, PCI card 

•  Control PC configured by 
Tonko (thanks!), the whole 
DAQ setting up is close to be 
ready for data taking. 

   

•  1st test file with random 
triggering (pulsar), taken by 
Tonko in Aug. 

•  Final step on date-takig 
instruction 

New Test with STAR DAQ system 



14!

Trigger system design 

•  DAQ setup:  

•  Trigger system with two scintillator detectors: 
  scintillator-up: 

R11102-A52628, 
Voltage supply: 
-1107.92V @ gain of 
1.0*10e+06!

  PMTs:  Hamamatsu 
R11102 1.5ʼʼ   
diameter!
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Full size iTPC prototyping 

PCB bonding  Side wire mounts 

Pining station for wire mounts Wire combs 

•  Started the full size iTPC prototyping since September 2014.  
Several tools were made. 
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Gluing pcb to strongback 

Pad plane vacuum tight to granite table  Expensing epoxy to strongback 

Lower strongback to pad plane Let the epoxy cure for 40 hours 

March, 2015 



17!

Epoxying the anode wire mount (1) April, 2015 

•  Dispensing epoxy to pcb and strongback 

•  Put wire mounts in place with screws 
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Put the strongback on granite table over 4x1.85mm spacers, !
pad plane facing down, positioning plate on the narrow end.  
 

Epoxying the anode wire mount (2) April, 2015 



19!

Install the shield & gated wire mounts 

Install the shield and gated wire mounts similarly using 3.85mm and 
9.85mm high spacers and tighten them with screws while keeping 
the wire mounts resting on granite table tightly.  
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Drill/pin fixture 

Tooling  ball used to fix 
strongback in the fixture!
!
The #5 American standard tapered 
pin.  Steel pins used for this 
prototype.  Si-Bronze one from US 
will be used for production.  

Drill 17/64" first!
Flat bottom drill 17/64” !
 # 5  hand reamer!
All fixed on track 

May, 2015 
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Leakage current, continuity, open test June, 2015 

ABDB LOAB 
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Gluing machine June, 2015 

•  Gluing machine designed to dispense epoxy uniformly: 
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Wire comb reproduced 

The flatness of straight edge!
is ~10um.!
 

July, 2015 
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Pitch of wire comb 

Check the comb pitch using the laser system: !
Each piece of 1mm, and get the lowest point,!
 i.e., the distance from the left edge.!
The width is ~14um. 

Received the original combs from LBL in August, and will be used 
in later prototyping. !
Four combs produced by LBL, will arrive shortly (thanks!). 

July, 2015 
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Mounting the combs 

•  One of the key steps: 
mounting wire combs 
using height standard 
(tolerance~10um) and 
micro-meter, height 
indicator (~1um) 

The tolerance on the height of 
anode wire plane needs to be 
<10um, which is realized by the wire 
comb straight edge. !
The height of the frame is 
adjustable (20um), to let the wire 
just touch the straight edge. 

August, 2015 
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Mounting the combs 

•  One of the key steps: mounting wire plane with wire combs: 

The tolerance on the height of anode wire plane needs to be <10um, which 
is realized by the wire combs. 

0.5!
mm 

Wires on combs 

Alignment of wires to pad!

August, 2015 
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Epoxying the anode wires 

Mounting the protecting cover 

Adjusting the gluing robot!
!
Just finished soldering the 
anode wires, gained experience. 
A soldering table is needed. 

Sep, 2015 
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Original QA plan for assembly- flow chart with travelers 

Most of travelers found, a few missing!
Gone through the flow chart with D. Cebra 

-24A4946 
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Reproduce word file of the QA travelers 

•  Now reproduced S10-30, with English & Chinese version:  
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Summary 
!
•  Funding  secured for prototyping and production 

of MWPC from NSFC.!

•  A small TPC prototype was made at SDU and !
    test results obtained.!
!
•  Wire tension measurement system designed & 

tested. !

•  The full size TPC prototype is progressing well, 
and just finished putting on the anode wire. The 
test/DQA system is also being designed.!


