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The Tests of the Asian GEM
In the fall 2011 and in September 2012 

• In the winter 2011-2012  we tested the Asian 100μm thick GEM (by laser 
drilling with a cure by a chemical etching process). We found, with the 
irradiation by Fe55, the significant and continuous gain decrease, and a 
high-rate discharge immediately after the HV switch-on. The discharge 
eventually calmed down to a stable rate (1 discharge/min). Without the 
irradiation, we did not see the gain shift and the discharge rate was rather 
stable at a level of  0.1 discharge/min. (See next slide).

• In Sep 2012, we tested two new GEMs by modified processes and also the 
old GEMs. Even with the irradiation we did not see the gain shift and the 
high-rate discharge immediately after the HV on (with a surprise). The 
discharge rate was at the level of 0.1 discharge/min (which may be still high 
compared to the standard CERN GEM).

• The test set up was not change at all  between the two tests. Between the 
tests the T2K gas flow was kept. When the test was resumed in Sept. 2012 , 
the CF4 gas bottle was switched to a new CF4 bottle  from a different 
company (and of a different  quality). 

• We analyzed the remaining gas in the old bottle, but we could not find any 
significant change (within our standard gas-quality check by a gas 
company) except that they found C2F6.



Longer Measurement by the Beginning of Jan 2012
A summary plot of the discharge rate and the gain shift

Measured for the  module with the termination plate

 Fe55 source is off  (A)   Fe55 source is on    

This was not seen in Sept. 2012



The CF4 gas bottle  for the test in the winter 2011-2012

Gas quality check in 2007 Gas quality check in 2012 

Water

HF etc

Air

(*)

(*)  C2F6, C3F8, CHF3, CCLF3, C2CIF5 



The new CF4 Gas bottle for the test in Sept.2012
(In general a better quality than the old one)

(CF4)

(HF etc)

(Other CnFm)



CF4 gas used for LP TPC at DESY
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Operations in LHCb

Gas-related issues:

Monitoring the Gas Mixture
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We the hear this story of LHCb at the IEEE/NSS 2012.



The LHCb GEM Gas System

• Made by CERN Gas Group - Open-loop system

• Ar/CO2/CF4 in percentages 45/15/40 

• Flows: ~80 cc/min per detector – monitored by ECS

• Fresh mix analysis permanent tools:
– Gas Chromatographer (GC)

– H2O + O2 measurement

• Possibility of sampling return gas with portable GC
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2012 GEM Current Jumps

• Observed some “jumps” in ALL triple-GEM detector luminosity-normalized 
currents all along this year

• True Gain variations!  detector signals move correspondently in time 
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June 5th

(+40%)
July 6th

(-20%)
August 25th

(-20%)
Oct 3rd 

(?)



Investigations performed

Possible causes of a gain change:

• Gas

– GC-analysis show correct gas 
mixture within O( 1%)

– Small gas fraction changes (1%) 
create too-small gain changes (~5%)

• HV 

– 24 independent HV modules 

• Temperature & Pressure

– No temperature variations seen

– Pressure variations not correlated
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+1% Ar, -1% CO2

-1% Ar, +1% CF4

 Origin of this problem???



Premixed Gas Test
• Inject gas from pre-mixed bottle only on half of the 

detectors

• Should be the same gas… but 20% current increase 
observed!

 It’s definitely something related to gas…
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At last…
• Some correlations were found by Gas Group (R. 

Guida, B. Mandelli et al., see poster N14-132)

• It appears that some of the gain jumps are in 
coincidence with the change over of the CF4

bottles

• Looking carefully at GC analysis some variations 
of O2/N2 seen… is this correlated?

• Situation not yet clear – will carefully monitor 
future CF4 bottle changes 
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What we learned? What to improve?

• Gas mixture is a very critical point

• Gas monitoring units (GC, …) are 
excellent devices, but sometimes you do 
not know what to look for

• Imperative to implement redundant gas 
checking tools

1. Automatic current/luminosity checks -
done

2. Independent gain monitoring tool with a 
small source-irradiated triple-GEM detector 
– in progress
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