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A Comparative Analysis of
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Motivation

P The ions, generated in the proportional multiplication process

B Atomic or molecular ions react with the carrier gas to form molecular ions

and cluster i1ons.

P Measurements of ion mobility in most common used mixtures show that the
lons are heavy, hence slow so signal induced the ion motion are altered.

» There they build up a space charge cloud

& Still, simulation programs still do not take ions into account.

[Y. Kalkan et al, “Cluster ions in gas-based detectors”, JINST 10 P07004, 2015.]
[Y. Kaya et al, “Protonated water clusters in TPC’s”, NIMA 824, 2016.]
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ions in the ILC-TPC

primary ionisation

e ions from a few previous bunches of 'the train,
still in TPC and not yet collected

e ions at rest for a drifting

o non-uniform feeding of the whole volume
|

electron
o creates an attractive force Fon an elec

tron



Solution Attempts

» Gated TPC

[Peter Némethy et al, 1983, “Gated Time Projection Chamber”, Nuclear Instruments
and Methods in Physics Research, 212, Issues 1—3,273-280 ]
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Solution Attempts
MM-THGEM with inner Graphene electrode

Franchino et al., NIMA 824 (2016) 571-574
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Coating GEM w GRAPHENE: need to increase e- Enersl > 10kV(cm. Did not succeed to
transmit e- via 3-layer Graphene. Literature: yet unclear (to our community) “directions”
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Solution Attempts

Hybrid: GEM-GEM-MicroMegas

UV-light
Pre-amplification gap

AN Top M-THGEM

Amplification gap

L /' Top Mesh : o3 inm
“a 0.2 mm

0.5 mm

._ A.-.,....._ TET Ion' ' B Bottom Mesh
T Awode Bottom M-THGEM l Niscaoiiias
Hole-like % ” Meshes \jé b
Multi-Mesh THGEM

[M. Cortesi, 2019, “Development of new MPGD structures for nuclear physics applications, MPGD19 La Rochelle, France]
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Solution Attempts

MM-THGEM with inner Graphene electrode

The idea:
sandwich a layer graphene inside the MM-THGEM transparent to
the drifting electrons and opaque to ions to suppress the IBF!

Charge Particle

-) Hole-type structure

-> e- collection
-) first stage MM-THGEM first stage

-> pre-amplification and mechanical support for the graphene
-) last stages M-THGEM

-> gas avalanche process

10 KV/em < E

Graphene

-) Electrons/ions transparency vs gain/bias configuration
-) Homogeneity of the graphene
[ -) Mechanical Robustness and stability
\ 4 M-THGEM -) Aging (rgdiation-ipduced damages)
l -) Production techniques

] Mest Parameters to be estimated:

i

T — -) IBF reduction (including cascade geometries)
-) Multi-layer THGEM and possible different configurations
Anode (intermediate layers between different electrodes)

[M. Cortesi, 2019, “Development of new MPGD structures for nuclear physics
applications, MPGD19 La Rochelle, France]
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Solution Attempts

DMM Design

e DMM: Double Micro-Mesh gaseous structure
o Hole-type — mesh-type : to strongly reduce IBF
o Double mesh: cascading avalanche for high gain

“« »

Drift region

Stacked two meshes

»  Gap between the stacked meshes: 200-300um, serving as pre-amplification (PA)

* Gap between the bottom mesh and anode: 50-100um as secondary amplification (SA)
= Allows to achieve very high gain, and yet significantly reduce ion back-flow.

26/09/2023 16th Topical Seminar on Innovative Particle anFI Radiation
Detectors, (IPRD23) 25-29 September 2023 Siena, Italy

[L. Jianbei, 2019, “A high-gain
and low ion-backflow DMM
gaseous structure,

MPGD19 La Rochelle, France]



Solution Attempts

P. Bhattacharya et al 2015 JINST10 P09017
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Ar'CH4 T

|_ong lived

No further
reactions
reported
. SlOW_» C3H7+
P

€ Impact ion-CH and ion-Ar interactions
[Prepared by Rob Veenhof]
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lons drifting in Ar-CO, and Ne-CO,

B

Little Ar*, Net, CO,* but CO,*(C0O.)

Z°n

f CO%.(CO,),, I § A Cotcod, I
COLCO; T4 o CO3.CO,
2 2 B sk < Z i
. ]
3
- — 0.8F E
il 0.7} x
0.6F "
o 0st 3
i 0.4t e
g
) 68 [t & B
Ne '+ &
4 0.2 ; € 100 m H,O i -
Ne"g‘ 4 . pp S
- O,.COLH,O i
H,O" )
=ttt T T Tt ettt Tt Tt T
CO, fraction CO, fraction

16th Topical Seminar on Innovative Particle and Radiation
Detectors, (IPRD23) 25-29 September 2023 Siena, Italy

10



26/09/2023

Clustering reactions involving CO,

» Ar*: charge exchange, T ~ (.85 ns
p A +1CO, = Ar -+ CO°

» Ne*: charge transfer in 2steps, T ~ 8 ns
p Net + CO, — Ne + CO* + O

» CO* + CO, » CO + CO;’

» CO,: 3body association, T=0.72 ns (faster if Ar helps)
» CO,* +2CO,— CO,*CO, + CO,

» [For 10 % CO,, atmospheric pressure, room temperature]

16th Topical Seminar on Innovative Particle and Radiation 11
Detectors, (IPRD23) 25-29 September 2023 Siena, Italy
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: Carbon dioxide cation

.. : Carbon dioxide molecule
/ with partially charge

ion-dipole chemical interactions
to form cluster

16th Topical Seminar on Innovative Particle and Radiation Detectors, (IPRD23) 25-29 12

September 2023 Siena, Italy



Experimental Setup

532 nm - 1kHz

Pulsed Laser

Fiberoptic
Cable

10 cm x 10 cm
GEM

500 MHz Osiloskop

Computer

High Voltage Source

16th Topical Seminar on Innovative Particle and Radiation

2 202
6/09/2023 Detectors, (IPRD23) 25-29 September 2023 Siena, Italy

P
Confirmation PMT
signal
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D a.ta An a I yS i S Particle Size (pm)  Signal (mV)

Ar/Ar™ 376 27
CO,/CO5 474 35
o ~— 2 2
»//'///—/.//_/"/'/‘f/f / CO;{CO:) 596 44
CO;}L-(COQ)Q 681 51
— CO; - (CO»)3 749 56
w 2z \ i S .
‘\ Distribution
( Fitter CO:' -(CO1s )5 856 63
Akaike’?l::lé) '?:u(;riterion C O;_ ] (C 02)6 901 67
COz_ + (CO;)-; 041 70
ot — CO; - (CO2)10 1046 78
o0 | l — Gons i . €O, (€O |
b [, CO, - (CO2)16 1207 90
E ‘ I"I |,Wp Mean: 70976 | H>O 275 20
7 ‘ “‘H“”III' .I Sana 053] [https://www.mathworks.com/h
0 ‘A‘ ...|.|||||||HH\|H\!m.mmH ’l“H\Im. i ” | elp/ident/ref/idmodel.aic.html]

20 100 120 140
PMTSg IIt nsity (m\V/)
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Mean value of Gauss fit (mV)

Gas mixture | Pressure (Atm) (Sigma value) Detected particle
Pure Ar 1 27.381 (7.235) Ar/Art
2 27.649 (5.557) Ar/ArT
3 27.833 (5.425) Ar/ATT
4 26.571 (8.504) Ar/ArT
5 26.764 (6.799) Ar/ArT
Mean value of Gauss fit (mV) Ior E 02 5
Gas mixture Pressure (Atm) (Sigma value) Detected particle
1 27.646 (7.039) Ar/Ar™
35.74 (10.272) CO,/CO5
44.414 (9.032) CO3 - (CO2)
56.926 (10.369) CO; - (COy);5
2 27.050 (7.285) Ar/Art
25% Ar-75% CO, 35.840 (10.097) CO,/CO5
44.040 (8.825) CO; - (CO,)
3 35.102 (9.674) Coz;'coz’r
44.31 (9.334) C();r -(CO7)
63.368 (10.965) CO; - (COy)5
4 27.786 (7.846) Ar/Ar™
44.711 (8.605) CO3 - (CO2)
63.521(10.98) CO; - (COy)5
5 27.542 (9.776) Ar/Art
35.337 (11.504) CO,/CO;5
44.483 (6.052) CO7 - (CO»)
26/09/2023

Ar

Density

0.2

015

01

0.05

for pure CO,

Ceues firwen (O, (00

Mean: 14.751
Sigma: 8.31

Mean: 33.477
Sigma: 11.18

Mean: 44.74
Sigma:9.18

Lata
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82.281 (15.181)

Mean value of Gauss fit (mV)
Gas mixture | Pressure (Atm) (Sigma value) Detected particle
1 35.758 (9.350) COQ;CO;
44.497 (5.056) CO:,' (CO»)
51.296 (7.44) CO; - (COy)a
56.268 (7.095) CO; - (CO2)3
2 35.185 (8.456) COQ;"COz+
50.844 (14.083) CO-_} (CO2)2
70.978 (17.094) CO; - (CO,);
89.6 (16.657) CO; - (CO2)16
3 4444 (3.78) COJ -(COy)
Pure CO, 51.119 (8.684) CO; - (COy)»
56.017 (15.646) CO; - (CO,);3
67.61 (9.981) CO; - (COs)g
78.413 (17.910) COJ - (CO,) 6
4 35.175(9.26) COZ;CO;
44.142 (10.692) CO:,' (CO»)
51.467 (12.0) CO; - (CO2);
for %25 Ne 70.547 (15.294) COJ - (CO,)7
5 44.926 (8.69) CO; - (COy)
Cala 56.32 (13.058) CO, - (CO2)3
—m ol am9a6sh | COj(cOn

(:.()_- : (‘()_"|_'-
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Conclusion

B Characterization of cluster ions is essential for an effective solution

>

>

Rayleigh Scattering technique is usefull to estimate the cluster size in gas
detectors.

Neon is less aggresive to forming the cluster ions.

Pressure has a role onto the clustering mechanism in
gaseous detectors.

Thank You !
Yalcin KALKAN

v.kalkan@cern.ch valcin.kalkan@ibu.edu.tr
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