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Qinghua Xu, Shandong University
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Upgrade of iTPC readout at STAR

iTPC Upgrade:
• Rebuilds the inner sectors of the TPC
• Continuous Pad Coverage  45->72 rows
• Improves dE/dx  (15-30%)
• Extends h coverage from 1.0 to 1.5
• Lowers pT cut-in from 125 MeV/c to 60 MeV/c
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Upgrade of iTPC readout at STAR

The upgrade will provide better momentum resolution, better 
dE/dx resolution, and improved acceptance:  |h|<1.0-->|h|<1.5 

• Increase the segmentation on the inner pad plane, coverage 20%->100%
• Renew the inner sector wires which are showing signs of aging
• Eliminate the space charge distortion due to Grid Leak



4



5



6

March 2013

(Q. Xu, 09/2013)
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The 1st TPC prototype made in 2014 at Shandong

The size of the small TPC 
prototype:  50x50x10cm

Testing the TPC prototype
Wire winding machine
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MWPC prototyping at SDU 
• Started the full size iTPC prototyping since September 2014.  
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Collaboration on iTPC upgrade within STAR

NNSFC,MOSTSDU+USTC Q. Xu

+UIC

+Shanghai/LBL

+BNL

2015 +



10

iTPC management & collaborating institutions

Physics Department 
J. Dunlop, BNL

STAR
Z. Xu, BNL

Spokesperson

F. Videbaek, BNL
Project Manager

Daniel Cebra, UC Davis
Deputy Project Manger

Electronics
T. Ljubijic, BNL

R.A. Scheetz, BNL

MWPC
Q. Xu, Shandong

Mechanics & 
Installation, ES&H

R. Sharma, BNL
R. Pak, BNL



11

Electronics

• FEE based on current FEE, but 
using ALICE SAMPA chip

• Twice channels per FEE
• RDO similar to existing
• Developments over several years by  

BNL electronics group

RDO -installed

-By Tonko, Robert …

Readout board

iFFE
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iTPC sector components

• Sectors: strongback + padplane + MWPC

Assembly

Strongback
Padplane

Wire mounts

Wires   Φ

650mm

695mm

275mm
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MWPC production-main steps

绕丝

Wire winding

丝张力检测

Wire tension
measurement

落阳极丝

Anode wire 
plane

落阴极丝

Shield wire 
plane

落门极丝

Gated wire 
plane

性能测试

Sector Test

安装阴极／门
极丝挂载

Install 
shield/gated 
wire mounts

粘阳极挂载
Install 

anode wire 
mounts 

粘读出条板

Pad Plane 
Joining

固定销钉

Pinning 
side wire 
mounts

@LBL

@SDU



14

iTPC mechanics work at LBL

l Great efforts in finding original TPC documentations 
including original drawings, technical procedure etc.

l Help ordering materials like epoxy, winding wire in early 
stage, and wire combs, taper pin

- Eric Anderssen, Jim Thomas, Howard Wieman
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PCB binding and wire mount installation at LBL

• PCB binding and side wire mount installation at LBL:
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Anode Wire tension measurement 

• Measured tension of 165 wires on wire frame: Required to be 0.5±0.03N
(51±5gram)

50.7±0.7g

• Measured tension of 165 wires after glued on anode wire mounts:

51.0±0.7g
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Wire tension for shield wire grid

On wire frame                                                    
On sector w. Al bar               
On sector w. gated mounts

ü Clear dependence w.r.t  screws after wire mounting.
ü Clear drop on the long side due to the gap in between wire mounts.
ü We believe it is now under much better control

The screw on the long 
side is not located at the 
end of wire mounts. Clear 
gap can be observed 
even by eye.

Screws Taper Pins

• Previously tension reduction observed after being mounted on sectors
• An extra Aluminum bar is now used to keep the wire tension.

SN1001

Winding input tension
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Assembly QA plan at SDU-local travellers 

All the travellers have been uploaded:
https://drupal.star.bnl.gov/STAR/blog/qhxu/itpc-production-travellers 
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iTPC review for MWPC construction  -Dec .3 2016

MWPC construction review at Shandong University, Jinan, on 
December 3 2016. 
There were presentations on iTPC project overview, the construction 
procedures, and testing and QA. 
The committee had a longer visit to the iTPC construction facilities. 
The committee provided recommendations and significant comments. 

Committee members:
Flemming Videbaek, BNL, Chair; Kai Schweda, GSI;  Bo Yu, BNL;  Jin Li, IHEP/Tsinghua;  
Hongfang Chen, USTC; Jiansong Wang, IMP, CAS; Yi Wang, Tsinghua University
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1st iTPC formal prototype completed
• 1st iTPC prototype with all final-design parts completed January 2017:

- strongback and pcb board received in September, 2016
- wire mounts arrived in November, 2016

- All the assembly procedure including MWPC was done at SDU.
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Mass production at SDU since 2017.06

• 1st package of 2 strongbacks with pcb glued arrived on June 5, 2017 from LBL
• SN0009 and SN1001 MWPC assembly completed on July 5, 2017
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Scope of effort & status at SDU

• Prototyping of iTPC sector   -> done 2015~2016

• 30 wire plane production -in parallel with assembly

• Assembly of sectors (after pcb bonding at LBL)

ü 30 completed, +2 prototypes

• Sector test (HV burn-in, gain uniformity, stability)

ü 30 sectors completed +1 prototype    

• Ship the sectors to BNL (by September 2018) 

ü 29 shipped to BNL, +2 prototypes

2018.9
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Gluing issue with sectors 

• 3 sectors in the 3rd package from LBL found gluing issue
- most probably caused low temperature during shipping
- 2 bad sectors were shipped back to LBL on Sep. 2017
- one with minor gluing issue was repaired at SDU 

• This was overcome in later production.  
- pcb separated from Al.
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Working pictures at BNL

-from Jim Thomas
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Testing system for iTPC at SDU

Two axis stepper

Sensor: T & P transmitter

GeneratorCAEN HV-1471 oscilloscope
Low voltage power

Amplifier + MCA
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• Anode voltage: 1120V
• Gas: Ar:CH4 ~ 9:1
• Gas pressure: 1.54 mbar
• Temperature: 27.3℃
• Amplifier: A225+A206
• MCA Data
ü Count rate: ~300
ü Gas gain: 2782 
ü Energy resolution(FWHM): ~20%

Main Peak

Escape Peak

55Fe X-ray spectrum of the single wire 

Voltage Scan
Peak ratio
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Gain uniformity

RMS:1.2%

• Gain uniformity (RMS/Mean) for all formal sectors produced:

ü 3 sample points per wire
ü 157 wires scaned (via 

ABDB)
ü Average value 1.5% on 

average， better than 
KPP requirement 2%.

Example

Example

SN#
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Energy resolution

ü Well below 15% (KPP requirement)
ü <10% on average

• Energy resolution (Sigma/Mean) for each sector

ExampleNote:  when the auto-test system 
was applied, larger resolution was 
observed than by hand, in 
particular during commissioning 
(like for SN3)

SN#
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1st iTPC sector shipped to BNL－Sep. 2017

• 1st sector shipped to BNL in 2017,  then installed at STAR for run18
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Shipping summary
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Detailed status sheet - From Flemming
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iTPC installation

Unpacking and cover
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East Side Sector Installation Complete 9/26, 2018
West Side Sector Installation Complete 10/25,2018
Electronics Installation Completed Jan, 2019
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iTPC readout performance during running
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-Flemming

Total Cost:  3.6M$ DoE + 1M $ China(NNSFC,MoST,SDU)
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Summary of iTPC
-DoE closeout review in 2019
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Summary of iTPC

With iTPC
Before iTPC

With iTPC
Before iTPC

• Improvement in tracking at STAR, achieved during BES-II (2019-2021)

• Looking forward to the exciting physics results with iTPC
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2018.8

2017.8

2016.12

2018.5,  sector arriving at BNL
2015.7

Pictures of Flemming visiting Shandong 

2016.12
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Congratulations to your retirement, Flemming！

Pre-QM meeting at Qingdao, 11/2019

Wish I could join such a dinner at BNL today!  
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Enjoy your new phase of life, Flemming!

-SDU campus in Qingdao

Cheers!


