Effects of discharges on GEM
detectors — preliminary tests and

plans
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Motivations:
» Quantify the effect of discharges on single hole, single GEM,
multiple GEMs.

- Shorts, degradation of the amplification, instability etc ...

» Understand the longevity of GEM-based detectors
- Applications for CMS MEO, ESS etc ...

» Quantify the effect of discharges on the readout electronics.
- energy released, propagation, damages etc ....

—
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N Global Strateg o

- Vary operation and environmental parameters to
extreme conditions (HV, energy, humidity, gas
composition etc ...)

—> Isolate the components that play a role in the
discharge effect.

triple-GEM structure (performance degradation)

- Measure the discharge probability in different
. | environment (background, particle type etc ...)
| 2 Measure the probability of propagating discharges in
CMS conditions

— Confirm previous observation with full size chambers
and final prototypes
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le Hole — Test Setur

Outer pads to apply
voltage

Inner pad with single
hole (std dimensions)

Inner pads for the
capacitance

Y

» 1 foil contains about 80 single holes
» Independent HV pads for each hole

i
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/

Ar/CO, 70/30

/ Protection resistor
(default 10 MQ)

Capacitor outside
gas volume

Hole under test

m Cd-109 source
Capacitor inside gas volume

» Set the discharge energy with HV and
capacitance

» Trigger the discharge with a Cd109 source
(best control, very efficient)

» Measure the hole impedance (or short) via
the HV power supply.
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> First play = Problem (?):

- Not possible to create a short in CMS conditions, even after several thousands of

discharges: F&'f N STD configuration:
- 10 MQ protection
- Ciole = 5.6 nF

- Trip = HV off

- Ar/CO2 (70/30)

» Same observation with 40-50 holes

» Tried in “extreme” conditions:

- High current limit in the HV supply / Long trip time.
- Energy from 0.1 to 10 mJ

- High humidity (60 %RH).

> How to provoke destructive discharges ?
> What is the hole performance after 5, 10, 100 discharges ?
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In progress

component

Capacitance

Q Protection
resistance

Timing

Destructive
events

Ty,
@ HV settins g
%
Ar % (*) OISET Q Pre-existing
O Humidity Q Trip time Q Deposits
Q Air % Q HV filter Q Malter

(*) only few times were GEM sectors were lost during the whole CMS GEM R&D phase




Single Hole

» How to provoke destructive discharges ?
- Protection resistance ?
— Varying resistance from 0 to 350 kQ + 10 MQ
— Discharge energy from 1.20 to 1.88 m)J
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» Clear correlation between the resistance and the number of discharges
> Longevity increases at R > 200 kQ - to be continued ...
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stem

»What is happening at microscopic level ?

le Hole S

—Irradiated 20 holes with different accumulation of discharges to

understand the build-up effects.
—All holes can be analyzed with SEM/X-Spec/FIB

Yo
— %

. Foil #3
10 kQ protection test: Hole # // Nb discharges // Final state
1 1 ok -
Protection resistance 2 5 0 k
3 5 dead
L= 1 4 10 ok
5 5 dead
T T 6 9 dead
7 2 ok
8 3 ok
9 7 ok
. 10 1 dead -
10 MQ protection test: 11 ref
T 12 4 0K (10M)
1'—'th T %2 ihorted 0K (10M)
ﬂ.: 15 5 0K (10M)
T TNK T 16 10 0K (10M)
17 20 0K (10M)
18 100 0K (10M)
Additional 5-6 nF capacitance
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@) Single Hole Svstem

o X

.\s . .. ,’ a ))
Foil #3 Ref hol disch
Hole # // Nb discharges // Final state eference hole (no discharge)
ok
ok
dead
ok
dead
dead
ok
ok
ok

AR JWNOULEUWLE
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»What is happening at microscopic level ?

Foil #3
Hole # // Nb discharges // Final state

m
-

1
5
5
1
5
9
2
3
7
1
r
4

Observations:
> Holes are still “ok” (no shorts)
» Diameter is increasing with
the accumulated discharges
8
20/02/18

i N SN E

10 MQ.(1 discharges)

i w

K

ST

10 MQ (10 dlscharges)

Ix wx 'LH"‘ W TR W T, e
. % 1 [ - 2 x

10 MQ (100 discharges)

J. A. Merlin




Single Hole Svstem P

»What is happening at microscopic level ?
[ S X C Cawyy

Foil #3 10 kQ (1 discharges) . 10 kQ (5 discharges)
Hole # // Nb , > :

- -
HOooOwouswNne

ESS S e e S

10 kQ (10 discharges)

Observations:
» Holes are still “ok” (no shorts)

» Copper splashes it less pronoun
than before
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Foil #3

Hole # // Nb discharges // Final state

1 1 ok =

2 5 ok

3 5 dead

4 10 ok

N N dead | o

6 9 dead [~ 'f,‘)

7 2 ok

8 3 ok

9 7 ok

10 1 dead _

11 ref —

12 4 0K (18M)

13 shorted

14 1 0K (10M) | %

15 5 0K (18M) = @

16 10 0K (10M) D T

17 20 0K (1emM)

18 100 0K (18M) What |S
the reason

Observations: for that ?

» Holes are dead (shorts)
» Systematic effect, similar shape
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Samp
- /\

le #18
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le Hole System

»What is happening at microscopic level ?

Sample
Pos 1
c Wt% 6.35
SD 0.15
Wt% 0
N
SD 0
Wt% 0.6
(0]
SD 0.05
) Wt% 0
Si
sD 0
Wt% 0
S
SD 0
Wt% 0
Ca
SD 0
Wt% 93
Cu
SD 0.16
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»What is happening at microscopic level ?

Sample D-15
Pos 6 7 8
Wit% 3.9 58.3 63.5
SD 0.1 0.51 0.76
Wit% 2.07 6.7
SD 0.64 0.9
Wt% 0.8 6.26 13.8
SD 0.1 0.19 0.4
Wt% 0 0 0
SD 0 0 0
Wt% 0 1.49 0
SD 0 0.09 0
Wt% 0 1.33 0
SD 0 0.18 0
Wt% 95 30.6 16
SD 0.1 0.36 0.4
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10 MQ (2500 discharges — not deévd)




@) Single Hole System

»What is happening at microscopic level ?

Sample C-3
b ° Pos 3 4 5
| Sample C: HOIe #3 Wtee | 7.21 75.3 93.9
5 "o | oms 0.48 0.13
3 [ 0 5.14 0
SD 0 0.51 0
\ / o | W] o094 18.6 3.94
5 ! sD | 0.05 0.25 0.12
' @ [ wtee 0 0.13 2.14
10 kn\({%bar@agd) > oo 0 0.04 0.05
- — e Wt% 0 0 0
' : ; SD 0 0 0
Wt% 0 0 0
SD 0 0 0
Wt% | 91.9 0.9 0
so [ o.16 0.11 0
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Sin K
>What |s the role of the RC component ?

b | LA )\,

10 kQ protection test: power supply internal
capacitance; not under
Protection resistance control; difficult to
measure.
T - How much this capa
participate to discharge

also de-couples the HV energy ?
capa

Both tests were
10 MQ protection test: supposed to have the
same total
capacitance, is it
true?
What about timing ?

Protection resistance

Additional capa 6.4 nF
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Single Hole System - Summa

»What is the role of the RC component ?

o . - j
’ Y p

« »

10 kQ protection test: power supply internal 10 kQ protection test:
capacitance; not under
Protection resistance ContrOI; d|fﬁCU|t to Protection resistance

measure.
i Hole
T - How much this capa q T

participate to discharge -
also de-couples the HV energy ? Additional capa 6.4 nF

capa
Both tests were
10 MQ protection test: supposed to have the 10 MQ protection test:
Protection resistance same tOtaI Protection resistance
capacitance, is it

true?

What about timing ? T T
Additional capa 6.4 nF
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Sin

»What is the role of the RC component ?
10 kQ protection test — no Capa: 10 kQ protection test — 6.4nF Capa:
*kx 10k no Capa xx sxxx 10k with Capa 6.4 nF sxx
Hole # // Nb discharges // Final state Hole # // Nb discharges // Final stat
% ; gﬁ 22 100 0K
3 5 DEAD 33 %0 gE
4 10 0K
5 5 DEAD 25 1 OK
6 9 DEAD 26 REF
7 2 ok | | - 0@ Y
8 3 0K
9 7 0K
10 1 DEAD
10 MQ protection test — 6.4nF Capa: 10 MQ protection test — no Capa:
**x 10M with Capa 6.4 nF xxkx *x*% 10M no Capa *x*
Hole # // Nb discharges // Final state Hole # // Nb discharges // Final stat
11 REF 27 100 0K
12 4 0K 28 10 0K
13 shorted before test 29 1 0K
14 1 0K 30 REF
15 5 oK |l
16 10 0K
17 20 0K
18 100 0K
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Sin

»What is the role of the RC component ?

High resistance to de-

New design: couple HV capa
r r 1
Protection resistance De-coupling resistance
I L I | I I protection top neighbour de-coupling
protection top resistor

hole (only one in our setup)

A

-

ignored . 4
" ” - output —-(
energy pool” (can also capactance

How much of the represent neighbor

energy in the “pool” Sectors)
is transferred to the D protecton bot
discharge through

the protection

resistance ? How
does that affect the

discharge effect ?

» Understand the role of the capacitance and resistance during discharges
> New PCB designed for playing with RC components
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Small GEM Pad

»What is the hole “performance” after x accumulated
discharges ? What about larger scale ?

-Discharge propagation/probability ?
— effects on next GEMs, after/before amplifications ?

- effects of background (space-charge)? Re

- Influence on GEM performances ? “’ecz,‘:f’es%
- evolution of effective gain s""e/e‘;@fap‘;;"ef
- GEM stability, discharge probability etc ... Yy

10 diéchgrges | 25"di’s_'_c",ha‘|<rges

0 discharges 1 discharge
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»What is the hole “performance” after x accumulated

discharges ?

About to start

Accumulation
of discharges

" Durability
of the foil (shorts)
Degradation of
single GEM perfo.

Degradation of
triple GEM perfo.

Pr@ Gbablllty

Orlglns AIphas/neutron

O Consequences Q P vs. BKG
Q P vs. time

"\ What about larger scale ?
Det

Effects on

electronics

Damages

Typical discharge
signals

HV PS reaction




Multiple 1x1 cm?
GEM pads to test
different
configurations

Samples for SEM
analysis

0Q bridges to
disconnect
damaged pads

Comments:

» Possibility to assemble single or triple GEM structures with 25 independent GEM

pads

> Systematic analysis with SEM/X-Spec/FIB

Additional Studies:




Summary and Plans

Main Goals:
» Determine the parameters that defines the discharges and their consequences.
» Tune these parameters to reduce or increase the effect of discharges in GEM detectors

Three Setups:
» Single hole setup:
—> can power single GEM holes independently (ideal for destructive tests)
- study discharge effect vs protection resistance, energy, gas mixture.
—> study the evolution of the hole geometry after discharges
> Single/triple-GEM setup (sectorized): (ideal for destructive tests)
—> propagation of discharges, with/without background, effects on the large GEMs

—> study of detection characteristics vs. accumulated number of discharges (5, 10, 100/
cm? etc...)

» STD triple-GEM 10x10 and full-size setup:
—> Effects of discharges on electronics (VFAT, APV, PS etc ...)

(near) Future Plans:

» Detailed study of RC influence on discharge effects.

» Scale—-up the test samples toward realistic detectors.

» Quantify the GEM degradation vs accumulated discharges
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Starting point

Motivations: how many discharges before the GEM is shorted

Average N

Ar 100%
Veen = 550 # 50V

Operating in CMS conditions
(GE1/1 operating range)

A. Cardini, 2005 0.6
| GE1/1-GEM2-Sector-47
055 GE1/1-GEM2-Sector-1
E ¢ GE1/1-GEM1-Sector-1
— 05 7| & GE1/1-GEM1-Sector-47
> X3
ED A GE1/1-GEM3-Sector-47 ¥
o045 |
c A GE1/1-GEM3-Sector-1 N
g 0.4 Pk A
2 ¥ S <
(o 0.35 -
3 A A A
E 0.3 ¢ T
o .
———————————— Fe=g=s=wmigQ ¥,
Eis = 72 Coem Vieem 0.2
1.0E+02 1.0E+03 1.0E+04 1.0E+05
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e Effective Gain
Discharge Energy (mlJ)
Goals:
» What is the discharge limit in Ar/CO2 (70:30) ?
» How to increase the survivability to discharges (no shorts)?
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@N Detector operation vs. accumulated discharges ;

accumulated

o . - . . .
Discharge w/
alphas

A\
n

Discharge w/
neutrons ?
Propagation ?
(pending,
following ALICE

studies)

J. A. Merlin
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Single foil #1

Raw #2 spare

Single foil #2

spare

spare

spare spare

Raw #1 Ref

102

> Triple GEM 3/1/2/1
0]

Raw #2 spare

Single foil #3

spare

spare

Raw #1 Ref

10?

103

spare

20/02/18

spare

spare

spare
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