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1. Introduction
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» GEM stands for Gas Electron Multiplier.
» GEM is a gas detector for charged particles.
» GEM is used in combination with other detectors like MWPC (Multi-Wire Proportional Chamber).
» GEM can multiply electrons before main amplification.
» This paper reports
» |dea of GEM, and
» 15t test of a basic characteristic of GEM (the gain of GEM). 2



A brief introduction to gas
detector for charged particles Gas Chamber (MWPC)
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How gas chambers detect charged particles
1. Charged particles ionize gas molecules.
2. Electrons emitted from the gas molecules are accelerated by the electric field.
3. The accelerated electrons collide with other molecules near the wires and emit
electrons.
4. Step 3 occurs repeatedly and forms avalanche.
5. Anode wire collects multiplied electrons. .




Problem of MWPC

-2000 V

oV

Cathode Plates Anode wires

-2000V
Electric field lines

» MWPCs have problem of discharge.
» GEMs possibly solve this problem.
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» Discharge between anode and cathode
destroys electronics.
» High voltage causes the discharge.

— Some device is heeded in order to
operate the detector with lower

voltage without decreasing the gain.
4



2. Two-step amplification: MWPC combined

Wlth GEMN In the measurement in this paper,
MWPC combined with GEM GEM is combined with MWPC.,

Charged Particle 1. The emitted electrons drift into
the GEM.

2. The electrons are multiplied in
GEM (1st amplification).

Avalanche by GEM

S N GEM 3. The multiplied electrons drift to
MWPC.
4. MWPC further multiplies the
Va W ¢ o o e o ¢+ e « « o MWPC electrons (2nd amplification).

5. MWPC detects these electrons.

Avalanche by MWPC\

GND -« e — | 1st amplification by GEM allows

R.Bouclier et al. 1997 CERN-PPE/97-32 Expanded in to operate MWPC at lower
the nextslide | voltage. - Solve discharge.




Potential from cathode plate to anode

GEM as the 1st amplifier | A
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>0 UAT sheet with lots of small holes.
» Hole shape is conical ( ) for insulation.

» High voltage between two metal layers.
—Strong electric field in a hole of GEM.

» Electrons go through the hole, acquire kinetic energy and
ionize gas.

» The electrons are multiplied.

» Most of electrons don’t directly touch GEM and aren’t
captured by GEM’s electrodes.



3. Measurement of
property of GEM

Pre-amplification
How much GEM multiplies electrons
» MWPC with GEM
» Gas: Ar + DME (90:10)
» Metal of GEM: Copper
» Insulator of GEM: Polymer

>  &AX-ray (5.9 keV), photoelectric effect

» Pre-amplification factor (PA factor)
8

8
» Pre-amplification factor ~6

» Energy Resolution is almost the same:

Signal measured by MWPC + GEM: 11 % r.m.s.

Signal measured by MWPC only: 12 % r.m.s.
> Discharge appearsat W X ¢ OVI
» Max PA factor is ~6.
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4. Qutlook

Improvement of GEM (larger pre-amplification factor)
» Solve discharge on GEM by changing thickness of insulator from 25 pm

to 50 um.
» 100 A | sheet, PA factor ~100 (R.Bouclier et al. 1997 Nucl. Instr.
Meth. A 396 50'66) -HV
Multi-Grid GEM SESERRRRRRRR l':_'i_'f_f__i;f

» GEM combined with other GEM.

> Less possibility to discharge because each nsnngnnRRRERR O[]

GEM can share the required amplification. GEM/—mmmmmEEREREREE [

> Without putting MWPC as terminator, a
simple matrix of pads is enough to detect SRERRRRRRRNYY =]
particles.
—>Much cheaper & flexible design. Terminator(MWPC, MSGC or a matrix of pads)

Separation of amplifier and readout. 8



4. Summary

» MWPC (Multi-Wire Proportional Chamber) detects charged
particles by electron avalanche.

» MWPC has problem of discharge.
» GEM (Gas Electron Multiplier) is invented for two-step amplifier.

» GEM has structure of sheet with two metal layers and insulator,
pierced by conical holes.

» GEM can multiply electrons in the holes with strong electric field.
» GEM can achieve pre-amplification factor of ~6.

» Pre-amplification factor of GEM is improved by changing thickness
of the insulator.

» GEM possibly solves discharge because GEM allows to operate
MWPC at lower voltage without decreasing the total gain.



Appendix A: Shape of GEM
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Thus, gain increases when the hole is smaller.



lon feedback

0.8

0.6

0.4

0.2

Appendix B: lon Feedback
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Appendix C-1: Discharge
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Heavily

Anode

. . . ionized
Appendix C-2: Discharge mechanism \pamde
» Discharge mechanism : Cathode  SECtrON
» Heavily ionized particles make
large avalanche.
» The large avalanche spontaneously 100 pm
transits to streamer. )
> The streamer creates low- 100 um
resistivity channel between Particle
cathode and anode and it leads to ,
discharge. Drift Plate Electrode Anode
» Especially, in high luminosity By /
experiments, there’s large Cathode
background of strongly ionized
particles.
MSGC : Micro Strip \ Substrate

Gas Chamber Electric field lines




Appendix C-3: Discharge
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Appendix D: RICH detector

RICH detectors are used for particle identification.

Particles emit Cherenkov light in radiator.
Csl layer emits electron by the light.

GEM multiplies the electron.

MWPC also multiplies electrons and collects

them.
5. These avalanches induce signals on the PADS.

B wnN e

» GEM prevents photon feedback and ion
feedback.

» GEM allows larger gain without photon
feedback and ion feedback.
— easing single photo-electron detection

» GEM improves quantum efficiency of Csl
because GEM exerts electric field on Csl
photocathode higher than MWPC.

Fast RICH detector combined with GEM

Particle

\ Radiator

UV Window
Csl

I \LREREELILLE GEM




Appendix E: How to create GEM

5 um Cu both sides

50 ) 5 ) A |
R |

Photoresist coating,
masking and exposure
to UV light

L 1

aptonerching |0 () () (OO

Metal etching - - - _
and cleaning




Pre-Amplification Factor

Appendix F: Fill gas
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— High PA factor



Appendix G: Further study of GEM

» In their further experiments, they solve
discharge by changing thickness of insulator
to 50 um.

> 100 A | mesh, PA factor ~100 (R.Bouclier
et al. 1997 Nucl. Instr. Meth. A 396 50-66)



Appendix H-1: Suppression of photon feedback

» MWPC with Csl layer is used to detect
Cherenkov light in RICH detector.

Cherenkov
light

» In avalanche, atoms are excited by collision
with electrons and they emit photons.

Csl layer » These feedback photons hit cathode plate
Feedback and release new electrons.
Electron \ ' photon » The new electrons are amplified and

detected as the background.
Electron produced by

Excited gas
photon feedback

molecule —>Some device is needed in order to

block photons without disturbing

Avalanche( / \ electron path.

19



Appendix H-2: Suppression of photon feedback

R. Chechik et al. Nucl. Instr.
and Meth. A 419 (1998)
423-428

MWPC only MWPC + GEM (Gain of GEM = 1)
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Appendix H-3: Suppression of photon feedback

100 pm

Optical transparency of GEM:

=— T8 CqTP.

coming back to cathode plate.

o — Prevent ~80 % of photons
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GEM

Effective gain

Appendix |: Multi-Grid GEM
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» More pre-amplification factor because each
GEM pre-amplify.

» Less ion feedback due to more possibility for
ions to be collected by electrodes.

» Less possibility to discharge because each
GEM can share the required voltage.

» More suppression of photon feedback
because of less optical transparency.

» Without putting MWPC and MSGC as
terminators, a simple matrix of pads is
enough to detect particles.

"| Bkeweretal.lEE >Much cheaper & flexible design.

Trans. Nucl. Sci. vol.

a9 pp. 24032410  Separation of amplifier and readout.
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Appendix J-1: Measurement of Properties of
GEM
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Appendix J-2: Measurement of | e

oroperties of GEM SEEREEEEREE
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» The range of rate detectors properly work.
» Possibility of gain reduction by charges’
sticking to insulator surface.
> 8keV X-Rays irradiate 31 | area. | eoee eny —e—me
> In MWPC, from* p Ttcountsl | O , gain v ooy | | vA Ciwsov
loss dominates due to spatial charge. A SR
» Comparison between MWPC only and MWPC
+ GEM - no difference on pulse height R.Bouclier et al.

> GEM don’t charge up in this rates. CERN-PPE/96-177
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