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• Resistive Kapton LEM tests in room temperature gases. 

• Resistive Kapton LEM test in double phase LAr TPC. 

•  Conclusion.

Outline
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       Discharge quenching capability  
with 1 GOhm series current limiting resistor
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Is it possible to power the RKLEM  
 w/o a current limiting resistor?

500 MOhm current limiting resistor

Condition: pure argon at room temperature

1780 V
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       Discharge quenching performance  
   as a function of current limiting resistor

Condition: pure argon at room temperature
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     Effective gain of RKLEM and copper LEM 
 (40um rim) in pure argon and Ar(90%)+CO2(10%) 
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     RKLEM has a lower discharge rate than copper LEM  
                          under 55Fe (~1 kHz) 
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     RKLEM has a better energy resolution 
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 Possible due to 0 rim size? (rim size precision ~5 um for CU LEM)
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     RKLEM has a better energy resolution 

Effective gain
400 600 800 1000 1200 1400 1600 1800 2000

En
er

gy
 re

so
lu

tio
n 

(%
)

0

5

10

15

20

25

30

35

40

45

Resistive LEM2
Copper LEM

Effective gain
500 1000 1500 2000 2500

En
er

gy
 re

so
lu

tio
n 

(%
)

0

5

10

15

20

25

30

35

40

45

Resistive LEM2
Copper LEM

pure argon Ar(90%)+CO2(10%)

 Possible due to 0 rim size? (rim size precision ~5 um for CU LEM)

Sum of charge from X and Y views (fC)
0 10 20 30 40 50 60 70

En
tri

es

0

100

200

300

400

500

600

700

800

Sum of charge from X and Y views (fC)
0 10 20 30 40 50 60 70 80

En
tri

es
0

50

100

150

200

250RKLEM Copper LEM



0 5 10 15 20 25

E
ff
e
ct

iv
e
 g

a
in

450

500

550

600

650

700

750

800

850

Radiation time(h)
0 5 10 15 20 25

G
a
s 

d
e
n
si

ty
 (

m
b
a
r/

K
)

3.270

3.275

3.280

3.285

3.290

11

     RKLEM gain stability under 55Fe irradiation 
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    The “3 liter” double phase LAr TPC setup

35
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   Kapton does not bring any issue to LAr purity 
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  Effective gain as a function of LEM field
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 Event gallery
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    Yet, Kapton LEM seems to be fragile

RKLEM

copper LEM

Discharge rate during the 55Fe irradiation 
 in room T Ar(90%)+CO2(10%)

hint of damage
The burned hole

• The “damaged” RKLEM did not perform in double phase: gain<10  
• The copper LEM performed well in double phase (gain~100) after 

discharges in warm gas   
• The RKLEM performed well in double phase sparked limited times 

(<10) in gas first. 
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Summary

• The resistive Kapton (5 MOhm/sq) LEM has better energy resolution, lower 
discharge rate, near half the discharge energy and compatible gain compared to 
copper LEM with 40um rim in warm pure argon and ar(90%)+co2(10%).  

• 5 MOhm/sq surface resistivity seems not high enough, thus a big resistor in series 
is needed — this brings dead time during discharges.  

• The resistive Kapton LEM has similar performance as the copper LEM in double 
phase LAr TPC — maximal gain around 100 and stable operation at a gain of 50 
over several days.  

• However, the Kapton LEM seems less discharge resistant than copper LEM.   

• A possible solution to remove the big series resistor and have better discharge 
resistance will be the DLC (Diamond Like Carbon) with ~1-10 GOhm/sq? 
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Thank you for your attention!


