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Status in the past 3 years

Simulation side:

> Prediction of performance
of the gating foil under higher B.
(+ understanding of behavior )

> Simulation did not fit with data
under B.

> Behavior under B 1s very suspicious.

Experimental side:

> A method for evaluating transmission
has been modified:

Using only an open state data.

Electron transmission [%]
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Comparison of Electron transmission
between Exp. and Sim.

Exp vs Sim (Fujikura Type 3)

A [Exp]B=00T,
= [Exp]B=10T,E
[Sim] B = 0.0T, E
[Sim] B = 1.0T, E

....................................................

E =E =230 V/icm
= E 230 V/ecm
= Et =230 V/em
= E, =230 V/icm
= E, =230 V/cm

® O O O Ao

[Sim] B = 35T, E

___________________________________ P_r_e_l__l_m_l_n_a_ry _______

—ANSYS+Garf|eId++ Hexagonal holes, 335 um pitch, 29 um rlm -width, P1 12.7 um th

........

..........................................................................................................................................

ick

Two data set (normal/reverse voltage of Edrift) are not necessary.

http://www-jlc.kek.jp/jlc/sites/default/files/7.27SagaYamashita.pptx
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Geometries for the simulation

Smooth
trapezoidal

Not smooth

trapezoidal

It seems to hav
protrusions..

[ Geometl’y parameters <«pevelopment of gating foils to inhibit ion feedback using FPC production techniques”
Measurement results o Daisuke Arai (presented at MPGD2015)
[tem Gating foil
Rim width (um) Copper thickness(um) Hole size 304um
F-side B-side F-side B-side Rim%:i?ﬂljl:t?si T 3;%?
Ave., 20.74 30.96 9.20 2.83 Rim width : B-side 3lum
. Insulator thickness 12.5um
Max-Min 6.87 1.27 3.19 0.89 Size 100mm x 100mm
30 4.66 5.03 233 0.69 Processing time 70min (only laser)
Optical aperture ratio 82.3% |




o
-
-

8 upper surface
[~ aperture 84.5%

-

A S
Common parameters: N
upper rim width 27 ym
lower rim width 31 pm :
diel. thickness 12.5 pm geometrical geometrical ,
upper rim thick. 9.5 pm aperture 82.3% aperture 81.2%

lower rim thick. 3.0 uym 1 ptm protrusion. A4



Electron transmission

Simulation

Avalanche Microscopic,
with the “default” setting

originally implemented in garfield

trapezoidal
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Exp vs Sim (Fujikura Type 3)

B A [Exp] B = 0.0T, Ed = E, =230 V/cm
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Electron transmission

Simulation

Avalanche Microscopic,
with “Null collision steps”
originally implemented in garfield

There 1s a switch on “Null collision steps”

E-field 1s updated
in each step after sampling time At
even 1f the step 1s null-collision.
According to a developer

this was supposed that
more precise tracking 1s given.
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Simulation: AvalancheMicrosopic

Avalanche Microscopic function,

1). An electron trajectory is calculated based on
given sampling time At (= -<t>log(u) u[0,1] ),

2). Electron Kinetic energy &’ after At is evaluated

2

€ =e+qv-EAt+ q—EQAtQ.
2Mee

e

~— —

A change of the kinetic energy after At

https://cds.cern.ch/record/1500583/files/CERN-
THESIS-2012-208.pdf

Heinrich Schindler,

Ph.D thesis * "Microscopic Simulation of Particle Detector",
CERN-THESIS-2012-208, 13/12/2012

p22 ~ p25

5000
4000

v and E do not have time dependence,
initial information are continuously used during At

(acceleration and deceleration are not sufficient.)

-0.002

-

X [cm

In reality,
E-field dramatically varies.
especially at around geometry.

v and E should be time-dependent variables
like v(t) and E(r(t)),

3000

0003 2000

0.002 1000

0.001 -1000

-2000
-3000

-0.001
-4000

-5000

-0.022 -0.02 -0.018 -0.012

0.00%

5

g

0.002

0.02

0.01%



Simulation: AvalancheMicrosopic w/ sub-step

Avalanche Microscopic function,

1). An electron trajectory is calculated based on
given sampling time At (=-<t>log(u) u[0,1]),

2). Electron Kinetic energy &’ after At is evaluated

2
€ =e+qv-EAt+ 1 m2A¢2,

2Me

~— —
e

change of the kinetic energy after At

https://cds.cern.ch/record/1500583/files/CERN-

THESIS-2012-208.pdf

Heinrich Schindler,
Ph.D thesis * "Microscopic Simulation of Particle Detector",
CERN-THESIS-2012-208, 13/12/2012

p22 ~ p25

Defined sub-step time ot ot(= At/N) recover above First approximation with N=1

E - S\ qu i_h 5t ) . Ez ('r'z'_l (5tz—1))5tz subscripts i, i-1 is not checked carefully
time dependent v time dependent E
v depends on E and ot
2¢42
+ Z (i1 (0t;_1))"0t; E depends on r
2m6 r depends on &t

A program has to access a field map many times
Huge CPU consumption and time is necessary.
If the field map 1s precisely generated, more time 1s needed
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Simulation: AvalancheMicrosopic w/ sub-step approx.

https://cds.cern.ch/record/1500583/files/CERN-

Avalanche Microscopic function, LS il
einrich Schindler,
Ph.D thesis * "Microscopic Simulation of Particle Detector",

CERN-THESIS-2012-208, 13/12/2012

1). An electron trajectory is calculated based on
given sampling time At (=-<t>log(u) u[0,1]), P22~ p25

2). Electron Kinetic energy &’ after At is evaluated

2
€ =e+qv-EAt+ 1 m2A¢2,

2Me

~— —
e

change of the kinetic energy after At

Defined sub-step time ot ot(= At/N) recover above First approximation with N=1

I check E’ (v(initial) * At)
d E—FE— E continuously include E dF -

initial after At the variation as N 1

€ —¢ + quz<E—d—Ez5) (E—dWEz)ét

Under the assumption :

time dependent v the variation of the E-field
n Z ( B _ dk z) ’ 512 b/w E(r) and E’(r’) (within At)
2m,, Z is linearly changed.
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ansSmission

Electron tr

Simulation w/ sub-step

0.7

0.6

o
N

Q2
&

Y

i
N
N

AVAVAN
A
N
N
VAN

VATATA
PAYAY:

Ed=Et=230V/cm, T2K gas@NTP o
—$— Exp. B=0.0T 1
—&— Exp. B=1.0T -

e Simulation “

geomeltrical -

aperture 0.818

E SR (R 2

- — k -

/ @B=1.0T i - — .

—}/ @B=0.0T -
- @B=4.0T "
I 1 2 o 2 o 1 o 2 o 2 1 2 N 2 o M 2 M 1 |

15 20
Vgate-GEM [V]

1SS10N

Electron transm

0.7

0.6

NAN

%’?Avgegh

SR
K]

DO

Vv, A7

S
IO

S5
W

VK

%

T T
Ed=Et=230V/cm, T2K gas@NTP -

—$— Exp. B=0.0T 7

—&— Exp. B=1.0T 1

—}— Simulation )
geomeltrical E

aperture 0.818 7

T~ -

\.\I .i\ _

@B=1.0T S e -
xtq_

@B=4.0T N

10 15

20

Veate-GEM [V]



Another simulation is the closed state Textbook

Particle Detection

. . . with Drift Chambers
Ion blocking measurement ( exp. data is with an electron )

— The Key point is diffusion.

t2k@ 0.0T - ~ 300 pm/Nem (Magboltz.) 230v/cm

Ar+,iC4H10+ ~ 142 um/Nem (textbook, Dt*2 ~ 1/E-field
an 1on has thermal energy
Dt () 1 (thermal balance))

DT(O) — 1_|_w21_27 textbook

10~* forions

1 for electrons

a)TBu:{

o :cyclotron frequency
T : mean free time

Transmission

Dt of the 10n does not change under B 102 L

Ed=Et=230V/cm
—a&— Meas. elec. (B=0)

- Diele. 12.5um / HolePitch 335um

. - 3L i . _
— B=0 give enough prediction 107 ¢ Simu. Ava-MC. ion  (B=0) 3
for the ion blocking, b Geomets :

Exp. with the electron.

. . . . 5 - UpRim. 27um / LwRim. 31 um
can give the lower limit for the ion blocking 10

- T2K gas / E-feild 230V/cm

Simu. Ava-Micro. elec. (B=0) __

- UpCopp. 9.5um / LwCopp. 3.0um

—20I | I—15I II I—lO -5

0

The modified version gives similar result Volage to the gating GEM [V]

(electron)
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Summary

Simulation was modified for predictions of the behavior of the gating foil
( I need to have discussion with a developer )

The Results reproduce experiment to some extent for 0 and 1 T.
With 0-1 V operation the transmission of >80% 1s
PROBABLY achievable under ~3.5/4.0 T.

Simulation mdicate that 1on blocking of <10"-5 even for <107-6 1s

PROBABLY achievable for a higher B field
with the applied voltage of <-20V.

Remaining tasks are 1). direct measurement of 1on blocking using the 1on itself.
and compare with the simulation (confirmation).

2). actual measurement under the higher B field. (electron/ion)
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0.25

AVAYAYY

NAN/
KEAODT %Aﬁ"} O. l 5
RIS

WAYAYAY

0.05

Ratio reaching to a lower copper

0.25

0.1

0.05

A A L L

lll

L lll

A

L

A

A

lll

-

A

A

L

A

A

A

L

54



X [em]
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z [cm]
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