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ETH Outline

e Resistive Kapton LEM tests in room temperature gases.
e Resistive Kapton LEM test in double phase LAr TPC.

e Conclusion.



ETH Resistive Kapton LEM/ THGEM (RKLEM/RETHGEM)

5 MQ/sq Resistive Kapton LEM

CNC drilling

FR4 1T mm

Glue 25 um
Kapton

Resulting in no rim 25 um




Discharge quenching capability

with 1 GOhm series current limiting resistor

Copper LEM with 1 GOhm current
limiting resistor in series
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RKLEM with 1 GOhm current limiting
resistor in series
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Condition: pure argon at room temperature

pure argon = Ar with 1 ppm impurity flushing gas box for > 20 volume changes
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Is it possible to power the RKLEM
w/0 a current limiting resistor?

500 MOhm current limiting resistor
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100 MOhm current limiting resistor

Copper LEM

2000 2000

RKLEM

1780V F 1780V
1800 1800~
16001 — Voltage (V) 1600 —Voltage (v)
:_51 400— —— Current (nA) E‘ 400? —— Current (nA)
[} ] |
51200 S1200F
3F SL
he] - o -
21000 10000
S T [
< 800"
g r
5 600
> L F
400f F
I H
AN bl bR WA ool bk HAM“A\& ‘
0 16h20 : 9h30 0 19h00 19h10
Time Time
1 MOhm current limiting resistor
Copper LEM
PP RKLEM
o0 1780V | e0q. 1780V i
1600— — Voltage (V) 1 500:, — Voltage (V)
I E
?400* —— Current (nA) ?6'1 400— —— Current (nA)
[ [
51200 S1200F ‘
o o
-] e
21000 21000
S . r S
g 800 < 800
g g r
5 600 ‘ S 600
400 400
E | L Y l H ! L{ ! | |
0 30n5020n5220n54 20h56:20n5821h0021h0221h04 21h06 £0h36 20038 20140 20n42 20n44 20nd6 Z0nd8 20n50

Time Time

5

at room temperature
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Discharge Energy (nC)

102

Discharge quenching performance
as a function of current limiting resistor
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Condition: pure argon at room temperature
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Effective gain

2

pure argon

Effective gain of RKLEM and copper LEM
(40um rim) in pure argon and Ar(90%)+C02(10%)
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ETH RKLEM has a lower discharge rate than copper LEM
under >°Fe (~1 kHz)

pure argon Ar(90%)+C0O2(10%)
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Energy resolution (%)
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RKLEM has a better energy resolution

Ar(90%)+C0O2(10%)
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Possible due to 0 rim size? (rim size precision ~5 um for CU LEM)




RKLEM has a better energy resolution

pure argon
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RKLEM gain stability under °Fe irradiation

RKLEM
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ETH The “3 liter” double phase LAr TPC setup

Multilayer PCB anode

induction 5 kV/cm I I e
amplificati 35 kv/em {)(0)0(0/0(0/0)0/0/0.0]4/0)0(3)8(0)0
extraction 2 kV/cm OO
field shapers MHO1R%E0
OOO
TN
drift 0.5 kV/cm
TPB coated PMT Extraction grid
v

- ‘
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Oxygen equivalent impurity (ppb)
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Kapton does not bring any issue to LAr purity
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not limited by discharge .

G = trans x e**P-1-E)

P

a(p,T,E) =B—7{)e_ET
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ETH Stable operation at gain 50 for 2 days w/o discharge
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Event gallery
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Number of spark per hour

Number of spark per hour

Discharge rate during the °Fe irradiation
in room T Ar(90%)+C02(10%)
hint of damage
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copper LEM

« 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.

Yet, Kapton LEM seems to be fragile

The burned hole
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ETH 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?



Thank you for your attention!



