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A few overall comments	


•  How do TPC structures in LAr or LXe cryogenic experiments differ from 

TPC designs ~20 years ago, such as LBL TPC, CRID, DELPHI (which used 
to work well) ? What is different ?	



•  First: New TPCs use plastic materials, such as Teflon or polyethylene. As 
we will see, they have a volume resistance of >1019 Ωcm at room 
temperature, 1024 - 1025 Ωcm at LXe temperatures, and 1027 - 1028 at LN2 
temperature. This is an astronomical increase compared to what was used 
before. Will high resistivity insulators charge up uniformly at cold 
temperatures, and if they will not, would surface gradients adjust abruptly 
while producing light ? What are time constants involved in these 
instabilities ? Does this concern matters ?	



•  Second: There are some significant conceptual design changes in new TPCs.	
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CRID TPC vs. typical LAr or LXe TPCs	
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•  CRID: Quartz and HV cable entry potentials were controlled very carefully. It was 
totally unacceptable to have electrodes only on outside of quartz windows. 	



•  EXO, LUX, LZ, Darkside: Teflon is located on the inner side of the HV copper grid. 	


11/7/13	
  

CRID TPC HV design:	



EXO LXe TPC HV design:	



Raychem resistive 
tubing grades 
Polyethylene uniformly	



Drift field defining Cu-Be 
electrodes both sides of 
quartz window	



HV ground 
jacket ends	



Wire 
gradients:	





Electrodless chambers – is there some lesson ?���
J. Allison et al., NIM 201(1982)341	



•  Allison solved the problem analytically using the Laplace equation: drift field quality is controlled by 
the deposition of positive ions on insulating surface. Production of ions by wire amplification was 
essential to achieve the drift field uniformity. He used a fiber glass boards with volume resistivity of 
~3x1014 Ωcm and surface resitivity of ~1012 Ω/square (Manufacturer’s quote), but based on their 
measurement of time constants, the resistivity values were ~1000 larger, he says in the paper. 	



•  As we will see, resistivity of insulators in noble liquids are astronomical compared to Allison’s 
values. Does it matter ? Clearly, time constants will be much longer. His few seconds would become 
~106 - 108 seconds, i.e., his detector would not work.	
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Initial field	



Final field when a buildup 
of positive charge on 
surfaces is complete	



Final field for slightly 
conducting surfaces	



Insulator	

End conductor	

 Gas gain on wire	


Cu strips	



1) Initial design with Cu electrodes:	



Initially there are no free charges 
and field has ripples (simulation)	



After a while ion charges deposit 
and this removes field ripples	

 Positive ions	



on the surface	



A few 
seconds	



2) Totally electrodless chamber (no Cu strips):	





Setup to measure samples at cold temperature	
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•  A simple setup.	


•  Good up to volume resistivities of ~3x1018 Ωcm, limited by ~ ± 0.2pA sensitivity.	


•  Cannot measure very long time constants in this setup.	
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h?p://www.slac.stanford.edu/~jjv/ac2vity/dark/Vavra_Volume_resis2vity_at_cold_temperatures.pdf	
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•  Method: Cool the sample to a LN2 temperature, and then measure as the 
resistivity of the sample as it slowly warms up.	
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•  Very low resistance, which is nearly independent on temperature.	
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Summary of results	
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•  Raychem shrinkable tubing, Semitron Esd 490HR and PEEK Krefine EKH-
SS11 have good resistivity behavior. 	
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h?p://www.slac.stanford.edu/~jjv/ac2vity/dark/Vavra_Volume_resis2vity_at_cold_temperatures.pdf	
  



Summary of results	
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•  All non-carbon loaded glue casts have a very high volume resistance at LAr or 
LXe temperatures. TIVAR 1000 ESD is carbon loaded.	
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Continue Table 1:	





Electron-Xe scattering cross-sections ���
(J. Escada et al, JINST, Aug. 2007)	
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•  Electron has to reach only 8-9 eV to start producing an excititation in Xe, it 
needs ~20 eV to start ionizing. It does not take much and Xe TPC will be full of 
light.	
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(Momentum transfer)	



(Excitation)	



(Ionization)	



(vibration)	

(Vibration)	

 (Neutral dissociation)	



(Attachment)	





It seems to me that we have to 
answer a few questions:	



•  Is it safe to have high resistivity material within TPC active volume ?	


•  What are time constants involved if the electrostatic balance is upset by 

some discharge ?	


•  Are there surface charge adjustements with accompanied light 

production ?	
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