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« ATPC for ILC

- Structure
- lon backflow and gate issue
* lon gating with GEM

- Concept
- Experiment
- Simulation results

e Conclusions and outlook
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LCTPC:

- 3.6m diameter

- 4.3m long

- >~200 points per

track

- ~31km Iong TN - ‘“100|J-m s_:pace

- ~16,000 SCRF cavities N // resolution (r)

- 250-500GeV e*e- UHEN S B - 3.5T B-field
upgrade 1TeV

- polarised beams

- Ims train (~3000 bunch)

every 200ms

- 2 Detectors (ILD, SiD)

Push-pull
- Japan?
- start 2025?77
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Readout plane
MPGD modules

- et

 Modular structure

 Minimises dead angles

e Tests with 7 small
modules

- ~20x20cm?
- GEM or Micromegas
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back flow in LCTPC

* |LC beam expected to produce large pair
background from beamstrahlung

» Simulations by D. Arai, K. Fujii and reproduced

by T. Krautsc
 Simulations s

neid

now that the positive ions in the

TPC will produce non negligible distortions

— from primary ions: ~8 um (cannot be avoided)

- from amplification: ~20BFR pym (back flow rate)
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Gating options
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e Suggested in 2006 by Sauli
F.Sauli, L.Ropelewski,P.Everaerts NIM A560(2006)269-277

* Transparency peak observed experimentally

- > Geometrical aperture “Faco, 7930 | |
- ED=150me1ET=3f)9ch1 ," T ‘ R

- Relatively high GEM voltage AN —
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lﬂOTnﬁ . Simulation

¢

o Garfield++

— microscopic description
— gas cross-sections calculated with Magboltz
- Field description from ANSYS®

 ANSYS

- Finite elements field calculation
- meshing with curved tetrahedra
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Definitions

» Collection efficiency
— coll = Njp / Nyt
» Extraction efficiency

- extr = Ntransfer/ Nin

transfer

e Transmission

- T=N [ Ny = coll x extr

transfer
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Simulation of Sauli's
experiment
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Experiments with a thin
“d  GEM gate (14um)
* A specific GEM gate was produced

 Thin GEM
- 14um kapton, 1um copper
* Relatively large aperture

- 90 um diameter
- 140 ym pitch
=> 37% geometrical aperture
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* Transparency measurement

- Compare the signal create
before and after the gate

- Systematic effects cancel out

e Space resolution

- 1T magnet =
— Cosmic rays
- Bvaluate Neffective
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e Transparency ~50%
at B=1T

* Consistent with 50%
transparency
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4.715% 0.065
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3407+ 21.5
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6.272+ 0.044
1.711e+04 £ 32
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11.25+ 0.02
38327
139.8+ 0.2

150 200 250
signal charge (ADC value)

D-GEM with Gate, T2K, 220V, 1T, ¢<5°, §<5°

D-GEM without Gate, T2K, 220V, 1T, ¢<5°, <5°
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Simulation

» Using Garfield++ and ANSYS

* Reproduces the experimental transparency
measurement very well

—e— Data —e— Data

coarse ANSYS mesh coarse ANSYS mesh

fine ANSYS mesh fine ANSYS mesh

finest ANSYS mesh finest ANSYS mesh

electron transmission [%]
electron transmission [%)]

=/ {Ar:isobutane (90:10) I
30¢ Round holes, hexagonal configuration (® 90 . m, picth %5 u m)
thickness=14 1 m
Edrift=50 V/cm, Etrans = 300 V/cm
B=IT

thickness=14 1 m
Edrift=50 V/cm, Etrans = 300 V/cm
B=1T
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Large aperture rﬁ;?
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.,{ao'[ ﬂ Simulating an extreme

.
- TOUUN
* Maximize the _ ‘ ‘
aperture
 Honeycomb structure "“‘...'

e 10um wide, 100um

1
gt veuzs TEANSYS
TYPE NUM Noncommercial use only
]
MARY 24 2013
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- 81% aperture
- difficult to build
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——B=35T
~+ B=1T
- B=0T

ion suppression

Ar:CF4:isobutane (95:3:2)

Hexagonal holes (frame width 10 pm, pitch 100 pm)
Edrift=230 V/cm, Etransfer=230 V/cm

Thickness = 10 L m

—_—
<
[#%]

o
|I||‘

As expected, the magnetic field has little influence on the ions
A GEM voltage above 3V already gives enough ion suppression.
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First result

» Without magnetic field

* Good transparency requires extreme conditions

1

g p—— Thickness =40 um
—— Thickness =20 um

——— Thickness =10 um

- Ar:CF4:isobutane (95:3;2)

Hexagonal holes (frame widthH04 itch 100 L m)
Edrift=230 V/cm FLJ]L.K*\‘
Etransfer=400 V/cm

B=0T

<)
o
N’
-
e,
0
D
&
0
-
©
| -
frar
-
@)
=
(&)
Q
)

2013-05-29 Ion gating with GEM 17
Philippe Gros, Saga University



First result

» Without magnetic field
* Good transparency requires extreme conditions

[ —— Et=230 Viem
—— Et =400 V/cm
—— Et =800 V/cm
—— Et=1200 V/icm

electron transmission [%)]

Ar:CF4:isobutane (95:3:2)

Hexagonal holes (frame width 10 pu m, pitch 100 p m)
thickness=10 1 m

Edrift=230 V/cm

B=0T
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With 3.5T B field  \'

e wT~10 => the electrons follow B, little diffusion
e Electric field and thickness have little influence
« Geometric transparency (81%)

~" _—_ Thickness =40 m
—— Thickness =20 u m

——— Thickness =10 u m

Ar:CF4:1sobutane (95:3:2) : —
Hexagonal holes (frame width 10 p m, pitch 10 },L m)
Edrift=230 V/cm

Etransfer=230 V/cm

B=35T
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Conclusion and outlook

» Garfield++ simulations give a good description
of GEM gate performance

* |In high B field, geometrical aperture becomes
the key parameter

= ﬁ —— Lower metal =1p m
. . . 5 E ’ ; ;",« ] ' —— Lower metal j 2pum
« Difficulties are T e
mechanical o N
= H OW to m a ke th I n Stru Ctu re gz;cal];izz(l)zztlj;igiii?N)idth 10 w m, pitch 100 pL m)
thickness=10 u m
_ M aybe | m p roved Wlth th | Cke r gdi;f.t;?r}O V/em, Etrans=230 V/em
metal?

2013-05-29 Ion gating with GEM 20
Philippe Gros, Saga University



backup

=

) -

27 HoASYTTRB
x1i720.000m
d ! 3 . s = ‘%}E :

ANTEEERS

FEHOBEREANREE LC

(International Linear Collider)

RFLMUF SIS ETHE- WRE L,
Ey I\ EBRL. FHEEQRICEVET.

LCTT - AHESIIE, T OFET P

B TORRESMRLET. e -
r e e 2




2013-05-29 Ion gating with GEM 22
Philippe Gros, Saga University



Effect of B field
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Effect of B field
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Spectrum ‘ol U\ Veate = 0V
Ar=isoC H,, (90:10) £ = 30/

100 150 200 250 100 150 200 250
signal charge (ADC value) signal charge (ADC value)

100 150 200 250 100 150 200 250 100 150 200 250
signal charge (ADC value) signal charge (ADC value) signal charge (ADC value)

Vgate = 20V

100 150 00 250 ) 100 150 200 250
signal charge (ADC value) signal charge (ADC value)
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* Well known technology
 Difficult to adapt to the module structure
e Possible effects of B field

=> Radial wires

- No radial support structure: minimises dead regions
- EXB Iin the wire direction => minimises distrotions
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Radial wire gate
prototype
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Status

3 prototypes were built
- 30um wires, 2mm pitch
- spot welded on stainless steel frame

- only one potential: no alternate potential closed gate
scheme

Could not be tested yet

- small design error has to be fixed
Planned test with laser at KEK

Needs to be tested in B field
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