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Introduction

m  |LCTPC problem: lon Back Flow -> Distortion of reconstructed tracks

=  Expected Function of Gating GEM for ILC-TPC:
High Transparency for drift electrons at the OPEN state, and
high blocking power for positive ions at the CLOSED state.

Polyimide

We measured the ELECTRON blocking power at the closed state
as well the transmission rate at the open state using a full-size gating GEM
in order to

* estimate the lower limit for the blocking power for positive ions, and
* study possibility for the application to TPCs, for which drift electrons needs
to be efficiently prevented from entering the gas amplification region.



Measurement Technique 4

AV of Gating GEM:

Gating - GEM Positive for Open state
t Negative for Closed state
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We measured the electron transmission (blocking) rate as a function of
AV by observing the gas-amplified signals generated by an >>Fe source
or a UV laser.



Experimental Setup using an >’ Fe Source
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Experimental Setup using an 55Fe Source :

p m——ay 3 X-ray (E=5.9 keV)
- K’] af'h\ : ’ . Cathode Mesh
Epy =230 V/cm I 17.7mm
Gating-GEM I AV=-15 ~ 20V
E., =230 V/cm T J-4mm
l
Amp-GEM1 (100 um) | AVeri=345V

E;=900 V/cm

Amp-GEM2 (100 um) 1 AViemp=315V
‘ E, = 2700 V/em [ ! 2mm‘
Anode Readout PCB

e Usedgas -> Ar:CF, . lso-C,H,,=95:3:2[%] (T2Kgas)



Measurement using >’ Fe 7

We measured the signals with the normal and reversed drift fields for each AV.
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Measurement using >’ Fe

Examples of the pulse height distribution ( AVg,...cem= +2.5V)

o e ]
(1) Normal Drift Field ol rr »
o . - 1
signals from the both regions Zof i l,
: of Ny ' \
10-minute run o e qﬁ__f,»J n,
zs I 1000 150X C:X) o) x00 \‘:L(:)‘h\\ 4(;!‘
mE] .
(2) Reversed Drift Field 3 =i |
signals only from region 2 <El2 _s==im "
(full signal charge) ) Y LA
10-minute run ’
wof
-
(1) - (2): ;ﬂ):;-
signals only from region 1 o
)= |
e

T o ‘o — Peak 1 - Pedestal 100 v
ransmission rate = 5———rs-— X [%]




70
60
50
40
30
20
10

Fitting of the pulse height distribution of >>Fe signals
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Electron transmission rate vs. AV measured with 53 Fe
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* The maximum transmission rate is about 86% at around AV = +3.5 V.
e The transmission rate decreases slowly above +3.5 V.
e It decreases rapidly with increasing negative AV.

The measurement is difficult below AV =-4.5 V because of small signals.



Experimental Setup using a Laser

We measured the electron transmission rate at negative AV using a laser.
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Measurement using a Laser

Examples of the pulse height distribution

VGatmg cem= 4.5V VGating-GEM =-0.5V
o= 1 ndf 59121629 [ 7 ndl 376.1/ 358
§ - Prob 08576 gm— Prob 0.2447
r R 4387+052 3 bk A 84+10
0l— mean 1182+ 10 mean 3103 + 2 1
- sigma 1042408 E(J:-— | Sigma 2208+16
0 L
«.. Normalization RUN
0f -
- The transmission rate is
oF- “I™ measured to be about 60%
. - in the 55Fe run.
10}~ &
OAIII lltlllul...llllllk. D.I.Alll.lll..l¢l‘4h .l.ll -~
0 o 1& .({[ 200 250 X0 300 400 0 500 1000 1500 2000 2500 LCO 4000
eak ADC Channel Peak ) ADC Channed

Peak 1 - Pedestal

ai — 0 Pedestal = 55.0
Transmission rate Beal? —Pedestal X 0.6 X100 [%]

Transmission rate at V cem (AV)=-0.5V measured with >°Fe

Gating-



Measurement using a Laser ( for Negatively High AV) 13

Example: Vgaiing.gem = -14.5V
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Measurement using a Laser ( for Negatively High AV)

Example: Vg,ting.gem = -14.5V
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Electron transmission rate vs. AV (Log Scale)
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Summary

We have measured the electron transmission rate of a full-size gating GEM
as a function of the potential difference (AV) for AV between -15.5V and +20V
in the absence of axial magnetic field.

® The maximum transmission rateis about 86% at around AV=+3.5V.

e The transmission rate is measured to be as low as 3.3 x 10* at AV =-15.5 V.
We can expect adequate ion blocking power for the ILC-TPC
with the present gating GEM (see discussion below).

e Gating GEM may be applicable to TPCs for which drift electrons needs to be stopped.
A measurement in an axial magnetic field is necessary in order to prove it.

Future plan

Direct measurements of the ion back-flow with/without a gating GEM.



Discussion
If we assume 2000 for the gas gain and define F as the ion back-flow rate of the
amplifying GEMs, the number of positive ions entering the drift volume is expected to
be about 0.66°I per drift electron with a gating GEM at AV =-15.5 V.

It should be noted that the positive ions are thermal, i.e. the diffusion is small.
Therefore it is (much) easier to block positive ions than electrons.

In addition, their motion is hardly affected by the presence of a magnetic field.

Consequently, the blocking power measured for electrons without magnetic field
gives the lower limit for positive ions with a sufficient margin.

For example, if we assume (tentatively) 40% * for F (with respect to the effective gain)
the total ion back flow is expected to be (much) less than 0.26 per drift electron* at
AV =-15.5V.

See also the next slide for the result of a simulation for the ion back-flow suppression.

*The ion backflow fraction (F: IBF) of the amplifying GEMs assumed in the discussion is very conservative. Actually, 40% is a rough
estimate (gestimate) for MWPC readout.

Please replace 40% with 10%, and "0.26 per drift electron" with "0.07 per drift electron", in order not to be excessively conservative.
The conclusion itself is unchanged: the blocking power of the gating GEM for positive ions is sufficient in our application. The next step
is to measure directly the blocking power using an X-ray gun or a UV lamp.



Simulation of the ion su

ression (ANSYS + Garfield

P. Gros et al., JINST 8 (2013) C11023
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FIN

Thank you for your attention.



