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Coarse outline

High flux section
High gain section
Relation between the two



Background

Triple GEMs are detectors known to
- reach huge gains
- sustain very high interaction fluxes

Where are the intrinsic limits*?
What are they due to?

*Limits are well beyond any reasonable application



Background

In 2006, Pieter Everaerts in his thesis showed an interesting
behaviour of triple GEM detectors
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The actual setup

Fe-55 Source

Cu shield and collm

Uncollimated
Beam

\

Cu absorbers with
varying thickness
on rotating disk

Area irradiated
With a collimated X-ray beam, span the range PY cuxraytube
from TkHz/mm? to T0OMHz/mm? measuring the gain
varying... possibly every variable



Schematic
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Gain vs flux

Compatible with existing measurements

No effect at same interaction rate over larger areas
Drift field has small impact

nitial gain matters!
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Gain normalised

'he normalised gain is almost a function only of flux x gain
otal charge is the important parameter

Effect smaller for larger gains (change the transfer fields too)

- Drift not relevant
- Gain matters
Therefore, it is an
effect involving

the charge after
the first GEM

normalised effective gain

1.8

1.6 |

1.4 r

1.2

1

0.8 r

0.6

04

0.2

Jo = 3500 ——— | | |
do = 7000 :--x--- . 2%
do = 16000 e s = .
9o = 35000 P L
wx = :
E cl 1|
iEE * y *
) = : - = »
R S CIEERTRL *
: ” h o
|
I |
FI
|
10 100 1000 10000

flux x gain (MHz/mm?)

100000

8



electron and ion gains

lon back flow

While the e~ at the anode increase,
the ions at the cathode decrease'

30000 - :
500V/cm ——
1000V/em -
| 2000V/cm weees |
25000 3000V/cm B
§ = w
@ * &
20000 LI .
g o}
g & . R
15000 - ¢ 7 0 Wopguge ¥ ¢ -
{ I I T g FEE ® .
» +
10000 ;E ! e
»*
-
5000 F - ¢ % ®oEEEmm g 1 05 F
0.001 0.01 0.1 1 =10 0
x-ray flux (MHz/mm?) ﬁ
S 03
o]
C
Q
0.2 -

IBF drops and then stabilises

Therefore, the fall may involve o]

the amplification only.

Increase can be due to
- More e’/ion created
- More charge collected

Therefore, the rise may
involve the amplification.
It involves the transport
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lon space charge

Field lines change!

Electron are more focused

lons are more de-focussed
Electron transparency increases
lon transparency decreases

Can be a starting point to

Simpler problem: a metal
mesh and two “drift gaps”

understand the gain increase

What about the decrease?
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Changing topic

High gain characterisation triggered by the talk of
Nayana Majumdar et al. at RD51 MiniWeek of June 2014

Their measurement
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Gain of triple GEM

Peak position vs. voltage
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effective gain

Gain of triple GEM N

Cu X-rays
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counts / bin
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The two effects together
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H lgh ﬂUX G x f ~ 20000MHz/mm? Hole density ~ 50mm~
#ion/hole = #, x G xfxt/vq/ p=120000
Primaries ~ 300 GEM thickness ~ 50pm

lon drift velocity ~ 0.05mm/pm

ngh galﬂ Gain ~ 100000 Hole density ~ 50mm-2
#ion/hole = #, x G/ G/ p = 800000

Primaries ~ 200 avalanche size ~ 0.5mm?

Not too different...
Not a computation, just an idea
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Summary

High flux

Gain increase due to transparency changes due to the
space charge in the GEM region

Gain decrease may be due to saturation similar to the

high gain behaviour, but due to space charge in the holes
For MIPs across 3mm @ G = 2000 limit > 3MHz/mm?

High gain
Avalanche self-quench due to its own charge
For MIPs across 3mm limit > 750k
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Outlook

For the moment no conclusions

ldeas how to interprete the results
Continue the measurements of both effects
Several parameters not yet investigated
(Gas, X-ray energy, transfer fields, ...)

Find measures to prove or disprove ideas
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