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I) Introduction 

 
The charge to the committee and the agenda of the meeting are reproduced below 
at the end of the report, followed by the report of the 2006 review for reference. 
 
The very rich future program of physics for STAR with the RHIC luminosity 
upgrade is envisaged to last another 10 years.  This report following our review 
on June 4 will make recommendations to ensure the continued operability of the 
TPC for this span of time. 
 
A crucial test of the TPC took place during a four-week test period earlier this 
year during which running with roughly one-quarter of the maximum luminosity 
foreseen for the 500 GeV polarized proton (pp500) mode was carried out.   
Hardware and software aspects of the experiment were pushed to new limits, 
much experience was gained, and the detector and analysis successfully cleared 
this hurdle for which the collaboration is heartily congratulated.  Many of the 
recommendations pertain to the pp500 program, since the four-fold luminosity 
increase will be the most demanding task for the TPC and the whole detector in 
future years. 

      
An overall observation is that manpower is barely adequate to keep the detector 
running, and the collaboration should make every effort to increase the critical 
mass of subdetector, DAQ and software experts. Considering the 10-year program, 
the manpower should be strengthened to prevent possible problems due to loss of 
qualified staff. It should, however, be noted that several young people have 
already been added to the team. This is an excellent step in the right direction. 
The collaboration should be commended for this positive development, and it is 
urged to continue along that path. 

 
 
 
 



II) Status and potential problems 
 
Successful pp500 running/analysis found no show-stoppers up to now. The 
hardware/software experts will be making further improvements as the luminosity 
increases, and new techniques are being explored which will help maintain the 
present level of distortion-correction and its adequacy for the physics 
requirements. 
 
However, problems related to aging can arise.  Aging can be factorized into two 
types: slow aging and fast aging. 
 
a) Before going into their differences, some general recommendations can be  
     made which should mitigate both types of aging: 

i) Up to 10% of the available beam time should be used to make R&D 
measurements that would lead to possible improvements in operating 
conditions of the detectors and reduced aging. 

ii) Determine empirically the lowest possible gas gain that will still give 
adequate tracking efficiency, point resolution and dE/dx resolution. 
Run at that gain for as much time as the STAR physics program will 
allow. 

iii) Ramp the voltage on the sense wires (V_sense) down by few 
hundred volts between DAQ runs during a fill. This action will 
roughly compensate for the extra charge collected on the anodes due 
to the recently adopted strategy of extending the opening time of the 
gating grid. 

iv) Exchange the inner sector with the most problems with one of the 
existing spare modules. This would require fabricating a special tool 
to remove and reinstall the inner sectors.  Inspect the problematic 
module for wire aging, detector aging or other sources of tripping.  
“Open and take a look” is often a good way to understand the cause 
of symptoms. 

 
b) Slow aging is characterized by a build-up of deposits on anode/cathode wires, 

is a smooth function of the integrated charge, and is reasonably predictable. 
The value quoted by many groups has been 0.1C/cm as a guideline for the 
onset of slow-aging problems in P10 gas, which is used by the STAR TPC.  To 
date, STAR has accumulated .3-.5mC/cm on the inner sectors.  This amount of 
charge is small compared to 0.1C/cm and has not been a problem for the 
physics analyses to date.  In future running, it could increase to several mC/cm, 
which could result in a decrease in gain of ca. 20%, which would probably not 



be a problem for the physics. (NB 0.1C/cm would result in 60% gain 
decrease.) 

  
c) Fast aging is characterized by discharges or trips, and are often due to high 

backgrounds, beam-loss, Malter discharges or similar effects.  These are 
highly non-linear and unpredictable.  The recommendations in IIa) above 
should reduce the probability of such discharges. 

 
The onset of aging problems given above in IIb) (0.1C/cm) is not valid in this 
case, and one possibility is that Malter breakdown currents could appear in the 
innermost wires after about two years of pp500 operation. The addition of 
some water vapor to the gas might alleviate this problem. The possible 
reduction of resistance between field cage strips is a question that would need 
to be addressed if water is added. 

  
The feasibility of reducing the amount of energy stored in the capacitance of a 
sector should also be investigated, since this would reduce the intensity of any 
sparks. On the inner sector, this can be accomplished easily for a large fraction 
of the wires by removing the ground connection on the wire grounding card 
for wires that do not pass over the readout pads.  This causes the stored energy 
on the capacitor to be dissipated in a large resistance instead of in the 
discharge itself.  The ground must be maintained on the wires that pass over 
pads to reduce cross-talk.  

 
It is suggested that an improved diagnostic tool be developed to study the inner 
sector tripping problem that was observed with the pp500 operation.  A 
multichannel preamp shaper system that would allow a continuous view of 
selected wire signals during beam operation could shed light on the nature of 
the tripping problem.  This would be a non-intrusive measurement since the 
sectors are designed with wire output connections for this purpose.  The 
system could be used to monitor micro-discharges and other relevant effects.  
This is a standard way of studying wire chambers and was used in the original 
qualification of the TPC sectors. 
 

     During the high luminosity running of pp500 there was an increased number of 
anode power supply trips and one HV subunit would no longer hold voltage.  
The unit that failed is on the inner sector, but it is not the inner most section.  
There also appears to be a small drop in gain of ~ 2.5% (inner most pad row), 
although it is difficult to be sure of the magnitude of such a small change. In 
light of these developments, operational control limits should be put in place 



and followed to limit degradation of the TPC during future running.  Initially, 
the limits should be set on the anode currents and trip rate frequency.  In the 
future, as more sensitive diagnostics are developed, they can be added to the 
controls.  The controls would be reviewed and modified regularly as new 
information on the wire chamber performance becomes available.  Hopefully, 
the new operating modes, such as reduced gain operation and other proposed 
means of reducing the rate of charge accumulation, will result in tolerable trip 
rates during future pp500 running, and the operation control limits will not 
compromise the pp500 physics measurements. 

        
     In addition, one should prepare several plans of action in case trips become too   
    frequent: 

i) Plan A: The V_sense supply is divided into 24 x 8 = 192 subunits. A 
subunit should be disabled if it trips so often that it makes the DAQ 
too inefficient.  The software team should estimate how many 
subunits can be turned off while still retaining the physics 
capabilities of the detector. If this number is exceeded, plan B should 
be activated. 

ii) Plan B: Rewire the anode and cathode wire grids of the relevant 
inner sectors. To limit the ion leakage into the drift volume, the 
possibility of installing at this point a ground slab at the ends of these 
chambers, at the depth of the cathode wires, could be explored. This 
would be a major operation and could not be completed during a 
normal annual shutdown period.  Even though this would require a 
longer shutdown, given the 10-year time scale for the long term 
physics program, a one time longer  pause in the schedule would not 
be catastrophic. Preparation for this eventuality will need a long lead-
time for understanding the details.  We therefore recommend that an 
initial investigation be started as soon as possible to produce a 
realistic time, cost and manpower estimate for rewiring all of the 
inner sectors, including a determination of the status of the wire 
winding machine in the BNL Physics Department and its suitability 
for this project.  

iii) Plan C: Investigate the possibility of changing from MWPC 
technology to GEM technology in the inner sectors. GEM detectors 
are less prone to aging in some gases, but long term operation in P10 
needs investigation. GEMs have less ion feedback than wire 
chambers, but they would probably still require a gating grid. This 
option would require a much longer lead-time and also a significant 
amount of R&D.  Although such a scenario may seem rather 



aggressive, one should thoroughly explore this option now in order to 
understand if this is a realistic possibility for the future. 

iv) Other plans may come to light as the situation evolves. 
      
III) Final comments 

a) Given the manpower and field cage situation, changing the gas mixture  does 
not seem to be a realistic option.     

b) Find and implement a solution to the problem that causes trips to the magnet 
power supply that have resulted in field cage shorts, even if it would mean 
purchasing a new power supply.. 

c)  A subsequent review of the STAR TPC and its operation should be 
scheduled in approximately two years. 
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Charge to the 2009 STAR TPC Review Committee 
 
The STAR Collaboration has recently upgraded the Time Projection Chamber readout electronics 
so the TPC can take data at ~1 kHz rates.  The collaboration is also planning to install several new 
detectors whose installation will coincide, in time, with a significant increase in the luminosity of 
the beams at RHIC. These upgrades will allow the collaboration to continue to do compelling 
physics for many more years but the usefulness of these new detectors will depend on excellent 
performance from the TPC.  Therefore, it is important to know if the TPC can meet the 
requirements of the experimental program in the high luminosity era at RHIC and if there are 
intrinsic lifetime or aging issues for the TPC that might affect how, or how long, it can run.   
 
The committee is requested to assess the performance of the TPC in the high luminosity 
environment which will be encountered at RHIC II, for both pp and HI collisions. The benchmark 
values of the luminosity for 2013, and beyond, are: 
 
Au-Au (200 GeV/N)   Lavg = 80 x 1026 cm-2 sec-1  
pp (200 GeV)   Lavg =   6 x 1031 cm-2 sec-1  
pp (500 GeV)  Lavg = 15 x 1031 cm-2 sec-1 



 
The committee should also review the manpower commitments that are devoted to the operation of 
the TPC. 
 
Questions: 
 
Under the above conditions, the specific questions to be discussed in the review are: 
 
(1) The measure (seriousness) of the aging problem: Is it possible to anticipate problems and 
predict the future performance of the TPC 
 
(2) The impact on the physics programs, including pp and HI collisions 
 
(3) Possible ways to mitigate the problem or restore prior performance 
 
Committee members: 

Howard Wieman (LBNL, STAR), Ron Settlles (MPI, chair), Craig Woody (BNL, PHENIX), 
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