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ü   Room T + high pressure Vs cryogenic DLAr conditions 

ü   Where do the 50x50 cm2 limitations Vs 10x10 cm2 come from : 
borders, LEM imperfections scaling with surface, higher C, others ?  

ü   Need of LEM HV qualification by HV burn-in ? 

ü   What LEM controlled burn-in procedure to use ? 

•  In air (with O2) Vs in pure Ar ? 
•  How does gas purity affects the process ? 
•  How to prevent the LEM from irreversible damages ? 
•  Use experience of carbonized LEM corners recovered from 

potassium permanganate cleaning for an iterative procedure ? 

ü   Need of final qualification test of CRP in coldbox like setup :  
4 x LEMs at least, Ar purity, extraction grid, TPC drift E ?, …. 
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ü   Observation of spark rate dependence on collection electric field 
à secondary sparks in induction gap ? How to mitigate this effect ? 
à need of Electric field simulations for further optimization 

ü   Positive ions feedback and accumulation on Lar surface ? 

ü   LEM ageing but no hint of resistive current between LEM sides ? 

ü   LEM – Grid capacitive coupling depending on LAr stability 

•  The quenching resistor does not affect LEM & grid the same way 

•  Introduction of a coupling capacitance between LEM & Grid ? 

ü   Explanations for 2 times lower gain derivation from cosmic tracks 
deposition compared to extrapolation of 3L ETHZ DLAr gain ? 
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Backup slides 
for 

discussion 



LEM structural parameters 
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C. Cantini et. Al, « Performance study of the effective gain of the double phase liquid Argon 
LEM Time Projection Chamber, JINST 10 (2015)

10x10 cm2 with large FR4 border 
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C. Cantini et. Al, « Performance study of the effective gain of the double phase liquid Argon LEM Time 
Projection Chamber, JINST 10 (2015)

Hole pitch : 800 µm 
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Charging-up effect on gain drop value & time behaviour depends on amount of FR4 material : 
RIM size, hole diameter, LEM thickness, density of holes  
measured ~3.3 in 2-3 h for ProtoDUNE-DP LEMs at Saclay with 251Am α source 

C. Cantini et. Al, JINST 10 (2015)

10x10 cm2 LEM charging-up 
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10x10 cm2 LEM sparking rate 



LEM Gain compilation 

Max 34kV/cm 
NP02 (CFR-35)  
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Max 32kV/cm 
3x1x1 m3 (CFR-34)  

ΔV 



LEM manufacturing & QA/QC 
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+ final 160 °C polymerization 

« standard »  
global RIM micro-etching 

(CERN-ELTOS) 

65 µm 

65 µm 

1 mm 

Φ500 µm hole 

with pumice powder 
4 steps (+/- 90°, top/bottom) 

Change drills every 1000 holes 
Drilling of stack of PCBs is forbidden 

3 mn Ultrasonic bath in 
65°C NGL 17.40 ALU 

Karcher Normal + DM water 

3h Baking @ 80°C  

HV test synth. Air & 3,3 bar Ar 
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CFR-35 LEM carbonization 
In coldbox 
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◊ εcoll∼0,7 

Coldbox tests of CRPs 
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CFR-35 NP02 LEM QC 



Electric field configuration 
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Geff = εextraction x GLEM x εcoll 

Effect of the collection electric field Ecoll : 5 kV/cm is the baseline  for maximum collection 

Have to lower Ecoll  to 2,5 kV/cm in Dlar NP02 conditions for stability (εcoll ~0,7) 



Gain limits in pure Argon : a possible explanation ? 

alain.delbart@cea.fr / First tests of Micromegas in double phase Liquid Argon (RD51 
Collab. meeting, oct 8th 2010, Bari) 
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Ref: J. Miyamoto, A. Breskin and V. Peskov, JINST 2010, doi:10.1088/1748-0221/5/05/P05008 

0,4 mm THGEM 

    < 25 kV/cm 

The purer the Argon is, the lower is the gain !  

100 ppm O2 
100-200 ppm N2 
 

Does this observation at room 
temperature and 1 bar with 
100 ppm impurity levels still 

apply in double phase cryogenic 
conditions with ppb impurities ? 
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Effective gain 
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LEM stability & maximum High-voltage 

Νο λαργε εφφεχτσ ωηεν τηε εξτραχτιον ανδ τηε δριφτ φιελδ αρε τυρνεδ ον
=> νο ηιντσ οφ ινσταβιλιτιεσ ρελατεδ το αχχυµυλατιον οφ ποσιτιϖε ιονσ οϖερ λονγ τιµε περιοδσ ατ 
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The LEM arrangement on CRP 

18 

Invar	Frame	

G10	Frame	+	
Extrac2on	Grid	
	

Instrumenta2on	

Detec2on	plane		
LEM	+	Anodes	

6000	mm	

6000	m
m	

3000
	mm	

ProtoDUNE-DP / 4 independant CRPs 

(level meters) 

CFR-35 
10 mm FR4 + 5 mm coper 

64	wires/module		-	1.5N	tension	(3.5N	@	87K)	

Wire-LEM	spacer	

3,
8

6,5 2,0 3,0

Filetage M2
Filetage M2

Matériau : PEEK

Entretoise CRP WA105

I M2

Anode-LEM spacer 

25 m
m
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INFN/COMPAS-RICH THGEM 
HV distribution 
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LEM – extraction Grid coupling 
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0.5 GΩ
0.5 GΩLEM Top PS 

LEM Bot PS 

Extr. GRID PS 0.5 GΩ

C~10 nF
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