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lon Back Flow in gaseous electron multiplie

APrimarylons
lonsin gaseousletectors
ASecondaryons Fromgasamplificationat the readout

lon BackFlow (IBF)is the ratio of ions that reach the cathode of the detector to the
electronscollectedat the anode

In a opengeometry(wire) detectorthis figureis=1. Allionsare collectedat the cathode

Slow moving ions in the drif volume = Field distortions = track distortion.



lon Back Flow in gaseous electron multiplie

Thedevelopmentof the hole type multipliers (GEM)and the cascadingf these electron
multipliers, alloweda significantreductionof the IBF
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AV L) ’ 3-GEM IBFof 0.5% At a gainof 10* and a
GEM drift field of 0.2 kV/cm (the goalis 1/G).
|Bot"\ GEM BOTTOM N_” e, M. Killenberg S. Lotze, J. Mnich, A. Munnich S. Roth, F. Sefkow M.Tonutt,
E2 |I " e.. M. Weber, P. Wienemann Chargetransferand chargebroadeningof GEM
" - structuresn high magneticfields, NuclearInstrumentsand Methodsin Physics
0 ResearctA 530(2004) 251-257.

Pulsedelectrodes/GEMactingasgatefor the ions
limited countrate ->not feasiblein ILC(?)
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Alternative Solutions

A DCtrappingof ions(RMHSP)

Successfubperationof Gaseous’hotomultiplierequippedwith a visiblesensitivephotocathode
[A. Lyashenkgetal. NuclearInstrumentsandMethodsin PhysicsResearctSectionA 610(2009]

A Useof the secondaryscintillationto propagatethe signalin the detector
(PACEM ZerolBFelectronmultiplier)

[J. F.C. A. Velosg etal. i T HPRotonrAssistedCascadedtlectronMultiplier: aconceptfor potentialavalanchéonb | o ¢ k2DO6HNST 1 PO8003
[F. D. Amaroetal. i Z elond@ackflow electronmultiplier operatingin noblegases2014 JINST 9 P02004
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lon Back FlowAlternatives

Standard Cascaded
Electron Multiplier
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Electric Field
Optimization
IBF = 0.5% at a gain of
10°.
50 ions/primary
electron
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lon Back FlowAlternatives
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Standard Cascaded a wS é SNESRe¢ al {t
Electron Multlpller
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Electric Field Trapping of ions at the
Optimization strips on the MHSP
IBF = 0.5% at a gain of IBF = 0.06% at a gain
10°. of 10
50 ions/primary 6 ions/primary
electron electron
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The Micro Hole and Striplate (MHSP)

x-ray% Cathode Plam?

MS }egion Hole n:-egion l E,nd

Cathode Plane
[J. F. C. A. Velosg et al, Rev. Sci. Instrum 71
(2000]
A SametechnologyasGEM
A 3Independentsetof Electrodes
U TopsimilarpatternedasGEM
U Bottom side has 2 type of electrodes,Cathodesand

| Anodes in a micro-strip pattern. ]

Highgain in a!ingle structure
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The MHSP Reverse mode operation

<< UV photons
L P )
ar®
TEDrift
) . — YO X
T v 1
< R-MHSP >eo< Vac \_/1>
s v H'—| .
o
TETransf
oV n®
°Vo

Replacinghe first GEMof a cascaddoy an MHSP
This MHSPis operatedin & NB @ SYNERSHatIS, with the anodesat a lower

potential that the cathodes
A no multiplicationbetweenthe anodecathodestrips
A trappingof positiveionsbackflowingfrom the lower stagesof the cascade
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lon Back FlowAlternatives

r\ IBF is dependent on gain
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Electric Field Trapping of ions at the 1E+1  1E+2  1E+3  1E+4  1E+5  1E+6
Optimization strips on the MHSP Effective Gain
IBF = 0.5% at a gain of IBF = 0.06% at a gain
10°. of 10%
50 ions/primary 6 ions/primary
electron electron
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lon Back FlowAlternatives

Ar/CHA4 Noble gases and ¢CF
| |
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Electric Field Trapping of ions at the Use of secondary
Optimization strips on the MHSP scintillation on MHSP
IBF = 0.5% at a gain of IBF = 0.06% at a gain To propagate the
10% of 10 signal
50 ions/primary 6 ions/primary IBF independent on
electron electron GAIN

2 ions/primary
electron (CE)
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lon Back FlowAlternatives

Ar/CH4 Noble gases and CF Noble gases
/\ | | ]
Standard Cascaded a wS @ SNAESR¢E | { FACEM ZERO IBF
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Electric Fleld Trapplng of ions at the Use ofsecondary NO ions produced in
Optimization strips on the MHSP scintillation on MHSP the proportional
IBF =0.5% atagainof  IBF=0.06% ata gain To propagate the scintillation region
10% of 104 signal Oiond primary
50 ions/primary 6 ions/primary IBF independent on electron
electron electron GAIN (only primary
2 ions/primary lonization

electron (CE)
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The Zero lon Back Flow Electron Multipliel

X-ray source

Drift Electrode
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Readout electrode

Theultimate stageon lon BackFlowSuppression
Onlythe primaryionsare presenton the conversiornregion Theprimaryelectroncloud
iIsamplifiedin the detectorandno secondaryionsreturn to the conversiorregion
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The Zero lon Back Flow Electron Multipliel

X-ray source
Drift Electrode

8.0 2

T E Conversion/Drift 7.0 - B Ecumuumon = 4 KV cm™ bar
i .
prit Region

@ . . .
Sclntlllatlon Region
_______ (/((_ A
o e pd '
] {
[— 0.0 T .- 0
C_GEML > 2 145 1 05 0 0.5 1 15 2

Eexrracrion (KV cm™bar ™)

S e
O | O Extractionfield playsa critical part

1 Eineuction on ion back flow suppressionas

G I L well asin photo-electronextraction
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Photo-electron extraction

Theultimate stageon lon BackFlowSuppression
Onlythe primaryionsare presenton the conversiornregion Theprimaryelectroncloud
iIsamplifiedin the detectorandno secondaryionsreturn to the conversiorregion
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Optical Gain

Ratio betweenthe numberof photo-electronsdetectedby the GPMand
the numberof primaryelectronsconvertedn the absorptionregion

61 0 OGE@E0 A QM 4 QISR HEdOO QL Bbd ‘DS )'Q, 7'

A Nph=numberof photonsemitted per primaryelectron
(© 350percmin xenon)

A W= Solidanglesubtendedby Cslphotocathode
(° 40%for our setup)

A meshtrans=meshoptical transparency

A activeareaof Csl= %of the GEMcoveredwith copper

A Cslquantumefficiency © 20%(170nm)

A xph =photo-electronbackscaterring



Optical Gain

et | The optical gain is strongly
s Xenon dependenton the purity conditionsof
. the gas
c —O—getter off 25 h (Kgg‘
% “oTgetteroft 2 f Detector was operated in sealed
S, ’ mode, with the purification done by
A«A’AA 1 circulating the gas through non-
%gﬁ evaporablegetters
’ 0 1 2 3 ‘;f 5 6

Escinmieation (KV cmibar)

Some geometrical factors that influence the optical gain:
0 proportionalscintillation regiorsize (current setup wasrém). Increase to 10
mm would increase the optical gain from 4 to 6
o Largersolid angle (larger photocathode; the one used was 28*2&mm

Despite the relatively modest optical gain, the energy resolution is not compromised
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Energy resolution

Charge multiplication
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Scintillation +Chargemultiplication
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Zero IBF Iin Argon

7 AN N\

"El "1{EHHET. PEm | AGROATAR OKEORD)198# OEu D E

Nph 203 130
CslIQ.E. ©20 % (170 nm) > 35 % (120 nm)
PhotoElectron 025 % 0 45 9%

Collection efficiency
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Zero IBF Iin Argon
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Nph 203 130
CslIQ.E. ©20 % (170 nm) > 35 % (120 nm)
°© 25 % ° 45 %

PhotoElectron
Collection efficiency

Slightly higher optical gains
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THCOBRA

THICKElectron Multiplier.
A 2 Independent Multiplication regions
A Very Robust
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[FDAmaroet f ® & ¢-BOBRA: éew gabeous electron multiplier for radiation
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