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Julius-Maximilians-

UNIVERSITAT Processes in a Micromegas
WURZBURG - Well understood!? - A

Which gas-processes contribute to the signal formation a Micromegas?

MIP: ~25 clusters /cm with X-Ray y (8keV): 0 Primary ionization / conversion /
~2-5 & per clusters ~300 e in one cloud —> Typical energy loss tables (e.g. HEED)
driftcathode H ¥

@ Electron drift (diffusion, attachment...) ¢/
-> cross section databases (e.g. Magboltz, GARFIELD)

A

conversion- /

E 1 driftgap

@) Electron losses at the mesh X

mesh
A

amp

@ Electron amplification v

- including additional e~ production mechanisms
(“Understanding avalanches in a Micromegas from single-
electron response measurement”, NIM A 772 - 2015)

not to scale

(+ (5) signal capture, readout, amplification etc.)

He- passing trough the mesh

#

@©: Electron transparency of the mesh T = , depends on

e~ approaching the mesh

» mesh geometry: wire-diameter, mesh -opening width -> open area, mesh thickness & structure...
» approaching behavior of the electrons:

gas & electrical field
(composition, temperature, pressure) (geometry + voltages on drift, mesh & readout)
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UNIVERSITAT Concept of an
WURZBURG  Exchangeable Mesh Micromegas (ExMe) g4

To study different meshes under ideally comparable conditions we designed and build a

Micromegas with an exchangeable mesh:
Schematic view of the ExXMel components

- Presented during IWAD & 14t RD51 Meeting
(2014, Kolkata)

- Following the floating mesh concept
(as for seen for ATLAS NSW Micromegas)

mesh ~ 36- 60 um

electrostatic |force ~0.8 N / dm*

pillars 128 pm

resistiv strips <1 um” — i e I —
Kapton ™ + glue <50 um

readout strips ~17 pm B

PCB 500 pm

300 pm 450 um h 5-10 mm r:-l{](} pm
* for sputtered resistive carbon layers, screenprinted layers ~ 10 ym Not to scale o
€ Drift panel (stiff-back, internal gas lines,
- Independent mesh frames allow easy mesh exchange drift cathode, springs)
(ATLAS NSW: mesh will be fixed on the drift panel) 9 O-Ring
->Most detector inherent parameters (amplification- and drift © Mesh frame

gap thickness, readout surface etc.) are kept constant and allow

direct mesh comparison @ Readout panel (readout strips, Kapton foil

with sputtered resistive pattern, connectors...)
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UWNUIXEEISJEQT Experimental method A

On the experimental side... > Single processes can not be measured directly

- Spectrum of the signals induced by y from Cu-X-Ray

—> Position of the K -Peak (and Ar-Escape-Peak)

y EXP:X-Rayy (8keV):
~300 e in one cloud

1800 Entries 716809
. . = Mean 1266
y 6 primary ionization ~ "F RMS 228.3
! r 1400 .
AUl ) - Norm_Alpha  1718:3.2
N @ electron drift 1200 -
Ii 1 1000 = Mean_Alpha 1406 £ 0.2
'ﬁj{-‘ = Sigma_Alpha 124.7+0.2
Al mesh losses 800
(¢ b i. \) = Norm_Escape 345.5+1.5
oLl 600 — Mean_Escape 926:=0.9
400 ;— Sigma_Escape 149.5+ 1.4
200 — :
= | | 1 | S/N-Ratio = 14
not to scale % 500 1000 1500 2000 2500 FWHM = 20,9%

> Disentangling a single process (€)) requires control and stabilization of all other

5= Neprimary (1-A)-T -G - creadour - Csignal processing - @ underly!ng
assumption
[ 1) O 6 0 5]

S =Signal (measured in ADC counts), A = fraction of electrons lost to attachment, G = Gain per electron
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UWNJXEEISJEQT Experimental method & setup A

1200 ADCSmectalor | > Variation of the drift voltage causes a systematic shift of the
so0oF- Uy =500V spectrum, and accordingly the K -Peak

C — Upus = 700V
800 BRI —> signal loss corresponds to a loss of amplified e
6002* — @izggé —> caused by decreased Transparency with increasing U«
400 - %: ;gggz (increase of mean energy for electrons approaching the mesh)
2003

: - Presented during IWAD & 14t RD51 Meeting (2014, Kolkata)

M EEEEE R, '
1000 1500 2000 2500 3000 3500 4000

[ I
500

A rnnonugs
Intense Measurement program (Jan/Feb): Yoo v
:___________________E ‘! o - . )
» 3 Spectra each = 3-10° events i Ortec preamplifier; 1,1%;}
> screening Up,«: 10V — 2000V (over 5mm) S F
> for different U, : 540V — 600V (over 128um) - Ortec amplifier &
.. signalshaper
» repeated in each Sector A,B,C & D: +
5,7, 8.5 & 10mm pillar distance C Amptec i T HVsupgly P Lot Gas supply !
> with 4 different meshes: MCA8000D | (drift & resistive strips): {Ar:CO, 937 premixed

45-18, 60-18, 50-30, 71-30

digital signal

-> = 10.000 spectra recorded




Julius-Maximilians-

UNIVERSITAT
WURZBURG

Experimental data analysis

1200

1000

800

600

400

200

3000.00

-

2500.00

position [ADC]

000.00

K_a Peak
»>

1500.00
L3

1000.00 4

500 1000

15002000 . 2500 3000 3500 4000

ADC Spectra for
ExMe-B 60-18
Uw“ 590V

Upu = 700V
Upu = 800V
Upg = 1000V

K,-Peak Position
over Up

ExMel_B - 60-18: K_a Peak Position (in ADC)
- over drift voltage for different amplification voltages -

. . +
* * * * e
. . LR AR
<& * * + ¢
* * + + ¢
. . * * 0
* * * * ¢

100

*

P ]

PR X 23
‘e

60-18_B_540V
+60-18_B_550V

*+ #60-18_B_560V
. *60-18_B_570V

, *6018.B 580V
+60-18_B_590V
#60-18_B_600V

*

i

» Spectra are fitted with a two-gauss-function (K,- & Esc peak)

(Kg and its contribution to the Esc peak are not (jet) considered)

» Each K -Peak position corresponds to one point in the

‘Transparency’ curve

» Normalizing the curves corrects for all proportional factors
(Normalization to 1, from expectation of 100% Transparency for ideal
E-field settings)

ExMel_B - 60-18: normalized K_a Peak Position
- over drift voltage for different amplification voltages -

position

- ' I I A AR

Normalization to
Maximum =1

*
e
e
.

normalized K_a Peak
o
8
E

oootoo," o« *
+
*

* *ee *
1 .."'0 '0“
sevrer o, 10 ",
L3
R R YR ..‘.:.‘o..
%oy
00 y_Drift [V]

>

* 60-18_B_540V s
* 60-18_B_550V M
+ 60-18_B_560V
* 60-18_B_570V
o0 | *60-18_B_580V

+ 60-18_B_590V

* 60-18_B_600V

- Transparency

10 100 1000 U Drift [V]
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Results — U

(In-) Depencency of T

amp

» Tisassumed to be dependent from the electrical fields on both sides of the mesh:

>

120

position [ADC]

100

.80

normalized K_a Peak

060

.40

0.20

.00

Tt

9 T( Edrift)

Data taken over the full working-range of the MM (540V - 600V - 42,2kV/cm - 46,9kV/cm)

shows very small dependence (<2% effect) of Ton U, ..

10

ExMel_D - 50-30: normalized K_a Peak Position (in ADC)

- over drift field for different amplification -
¢ 50-30_D_540V
¢ 50-30_D_550V
$§ v ¢ + 50-30_D_560V
¢ 50-30_D_570V
v + 50-30_D_580V
v 50-30_D_590V

100 1000 E_Drift [V]

Transparency Mesh 50-30 at different U_amp
-Simulation only-

¥ * *
t
L
*
*
]
*
]
]
*
'L
*a
*U_amp = 5400 + '
+ U_amp = 560V Yoy,
* U _amp =580V
100 1000

» Simulation with different U, confirms this results (small systematic deviation at =1% level).

i
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UWN(}XEE?JQT Results — Experiment only A

Comparing the experimental results for different meshes:

x. ExMel_B—different meshes: normalized K_a Peak Position
Q(\ - W er drift voltage for U_amp = 580V -
P’/

N
F o 20
< Q.2 + A
3 & SRR
-9 Q(Q + ¢ +1 - ol *,
X 1 + )|
\(\ oo T * * ® 3
* * T .
.60 .. .’ .
0.40 *s 4 * .
+ 45-18_B_580V * . @
60-18_B_580V . ™ !
- + 50-30_B_580V
+71-30_B_580V
. u 100 1000 U_Drift [V]
Mesh T |Ugin=300V
mesh-opening 45-18 95,5%
&
wire-diameter 60-18 99,3%
m
tum} 50-30 73,6%
71-30 100,0%
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3\,"0'\.,’5';3',{37 Modeling and simulation approach

i

On the simulation side... » Full simulation of e.g. a single 8keV-y-event (by chaining the

simulation of all processes) is extremely CPU intensive
SIM: single electron™y y  EXP: X-Ray y (8keV):

in the drift region 300 ¢ in one cloud > Single process simulation is more reasonable (statistics)

o primary ionization

it
st i i .
.; '{}[]1 @ clectron drift To simulate the mesh transition €):
] ﬁi{ » the geometry has been modeled and the electrical field
\ (s é?}‘fﬁ\'l* @ mesh losses
...... J)- [ —— :"r‘ ARTZA

calculated using FEM (Ansys, > 50.000 elements / unit cell)

electron microscopic tracking performed in Garfield++

— o # ing trough th h
nottoscale > Electron end points yield T T = ; passing trough the mes

e~ approaching the mesh

63,5 um

| | |
-0.04 -0.03 -002 -0.01 o

0.01 0.02 003 _||||||||||\|b|||||||
ElectronEndPoint_y ~003 -0.02.. 0. o]

TT 7T T T T T T T T [ TTTT
—0.|01 -0.'02 —U.|U3 -0.04
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Comparing Exp & Sim for mesh 60-18

Simulated Transparency Mesh 60-18

100% ¢ * + * IR SR & & TN
*
+
*
80% *
*
*
*
*
60% ¢
a’{‘o(\
e
0% s\w
20%

* T60-18; U_amp=580V

00%
10

100 1000 U_Drift [V]

ExMel_B - 60-18: normalized K_a Peak Position
- over drift voltage for different amplification voltages -

120

position

1.00

*

normalized K_a Peak

+ 60-18_B_540V
+ 60-18_B_550V
+ 60-18_B_560V
+60-18_B_570V
+ 60-18_B_580V
+ 60-18_B_590V
+ 60-18_B_600V

B ¥ ¢

¢ @ ..'..’.

M
b

¢ %

ok
Qe"‘(“e t
2

100 1000 U_Drift [V]

/

i

Comparing simulation and experimental results reveals:

v' Good agreement in the overall T estimation

Comparison Transparency Mesh 60-18 <<:,,
Exp [norm to 1.] - [pur ArCO2] p kS‘
el S N AR I B AR Ssp >3y
3l & M
" bV
80% * _‘_ C?
40

60% +.*

+

40%

2% |« SIM T 60-18; U_amp=580V

+ EXP DATA-norm. to Max(SIM)
00%

10 100 1000 U_Drift [V]

X Systematic deviations at the low and high
drift field region



100%

B0%

B0

A0

20%

005

normalized K_a Peak position
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Simulated Transparency Mesh 45-18

+ * LR S T

R '
: ((\\)\3‘\0 "
S e

* 5IM T 45-18; U_amp=580V

10 100 1000 U_Drift [V]

ExMel_B - 45-18: normalized K_o Peak Position
- over drift voltage for different amplification voltages -

o
® L] L] R
g %
$
M
H x ¢
e(\ v
AN %
o\ v
kP '
]

+45-18_B_ 540V o

#45.18_B_550V - .

+45.18_B_S60V

+45.18_B_570V

+45.18_B_S80V
10 100 1000 U_Driﬁ [v]

Comparing Exp & Sim for mesh 45-18

X Agreement looks less convincing

Comparison Transparency Mesh 45-18

Exp [norm to 1.1 [pur ArCO2]
100% # + + + :— 1+ -1- ¥
+ T .

+ +
B0% -+

60% ¢ t

40%

o -+ SIM T 45-18; U_amp=580V ,
+ EXP DATA-norm. to Max(SIM)

00%
10 100

i

More pronounced discrepancies with other Exp data:

£
*,ok

Qo o Ky
6{5:]//’4
&

1000 U_Drift [V]

X Systematic deviations at the low drift field

are much more pronounced

X Same ‘crossing’ of simulated and

experimental data is observable at high U,
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UWN(}XEE?JQT Comparing experiment and simulation A

SIM: single electron ™y y  EXP: X-Ray y (8keV): ReVIeWIng the Underlylng assumptlon

in the drift region ~300 e in one cloud g @
>< > Soc(1—A) - T
0 primary ionization

rejected revised assumption

@ electron drift

Simulation of the attachment losses during electron drift (@) :

» non-negligible attachment to CO, at high e” energy
» crucial effect of small gas impurities (< + 0.1 % O,) at low Up,

not to scale

Comparison Transparency Mesh 45-18 Comparison Transparency Mesh 45-18 Comparison Transparency Mesh 45-18
Exp [norm to 1.] - [pur ArCO2] Exp [norm to 1.] - T - T*(1-A) [pur ArCO2] Exp [norm: Max _sim] - T*(1-A) [ArCO2 + 0.05%02]
100% + * * +ry = | 100% + * + AR AL + + 100%
+ . + +
+ + . ++ + 1 . ++ + +
. . + ¥ *
+ ot + ot + ¥ ¥
80% + 1 80% + 80% T + £3
* + T+ * t+
+ * + -
o o +CO, A > o Ty +0, | 4/0 > gy
60% 4/ O/) T ++_"_ - 60% O */ ¥ +++ 60% o f/)) / - oy
(@) / T + /)) J\ sl 4 > S «4/ 38!
“y ‘* Sy, ' Mo, 7> Tl
40% N i .t A0% 47 N r 405 e t
N ,] *., Q + + * *
+ * L s//b °++
+ S//)7 * T v + T
o . * SIMT 45-18; U_amp=580V s BN s - Z "
* SIM T*(1-A) ArCO2 93:7 pur ] ' + SIM T*(1-A) ArCO2 93:7 + 0.05% 02 *
*+ EXP DATA-norm. to Max(SIM) + EXP DATA-norm. to Max(SIM) +EXP DATA-norm. to Max(SIM)
00% 0% 00%
10 100 1000 U_Drift [V] 10 100 1000 U_Drift [V] 10

100 1000 U_Drift [V]
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Results — combined interpretation:
Experiment & Simulation

i

Comparing the experimental data under interpretation of simulation results:

ExMel_B - different meshes: normalized K_a Peak Position ExMel_B - different meshes: normalized K_«

X .
QO - - Exp [norm: 1] - over drift voltage for U_amp = 580V - Exp [norm: Max_sim] - T*(1-A) [ArCOz2 + 0.0x%02]
(Q 0 120
R 2%
Q/ Q 1.00 28 L B 4 it 100
L) 7y 4 by v
\"b A Y + [ LS )
"9 R 1 ! o 1 t [e] $/00
\,e 1 * 1 + * : * r .
- * *
\(\ TR * s . 3 080 . s * 1 L L
l * + t * . * L
. 4 * -* *
L ]
* - 4 L : L ] * I\ |
. * * * +
0.80 2 Py . 080 ¥ * -
* * o *
* - . T ! * ¢
* L ]
* * +* * *
0.40 o ] 04 NS .
* 60-18 (norm. to Max(SIM)) +
+ 45-18_B_580V * e e *
* - - * *
60-18_B_S80V * . 45-18 (norm. to Max(SIM)) . e
a2 Y 020 | 471.30 (norm. to Max(SIM)) *
+ 50-30_B_580V +
* 50-30 (norm. to Max(SIM))
+71-30_B_580V
0.00 000 * -
10 100 1000 U_Drift [V] 10 100 1000 U_Drift [V]

Mesh T *(1-A) |Ugn=300V
45-18 86,9%
60-18 98,4%
50-30 61,3%
71-30 93,4%
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Matching Data to impurities concentrations

Problem: Oxygen-Impurities in <0,1% concentration varies during hours / days

—> Different curves / data taken must be individually matched to the right concentrations

90.00%

80.00%

70.00%

»

-

o
60.00% .

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%

10

*
. + t®
+ P
. ®
P
+ 2
e T o
*
.« ¢
*
.
.
.
.
.

+ ArCO2 93:7 - pur
ArC02 93:7 + 0.03% 02

ArC0O2 93:7 + 0.06% 02

.
o

7 *
$ .

*e 400

. +*
P g
*

-

b soe

.

+ ArC02 93:7 + 0.01% 02
* ArCO2 93:7 + 0.04% 02
ArCO2 93:7 + 0.08% 02

100

1 - Attachment after 5mm Drift
in ArCO2 93:7 + different % 02

+ 4
12231 B
;3"‘ t ot

3

oﬁ&g
000‘§‘

s
.A
.
R
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]
»~
¥
4
¥
.
.
»
.
*
*
L]

* ArC0293:7 +0.02% 02
* ArC0293:7 +0.05% 02
* ArC0293:7+0.1% 02

1000

Effective Transparency: T * (1-A) - ExMe1_45-18_5

(Simulation comparison with Experiment - Experimental data normalizegAo Max_sim)

T & T*(1-A) - pure ArCO2 93:7

L]
ot o
+ 4+
1§ DN
"
e
+ v Ty
+ tl'
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+ ty
LS
e
-t
*T(45-18} - only .
+ T*{1-A) ArCO2 83:7 pure K
+ EXP DATA-norm. to Max(SIM)
o
1 100 100 U_Deét [v]
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s
T+t
¥ -
—+ "
1 -
¥ .-+
*+
+
[ 1 +'—+
5% * ¥ F
+ o+
o
NE
+
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o
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PRPYE I N & 8
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It T Iyt
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¥
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i Pl
A
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I .
.t
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.t
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b s 1
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T
+
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.
* T*|1-A] ArCOZ 337 + 0.04% D2 1
+EXP DATA-norm. to Max(SIM)
w0 060 U_prift (V)

T*(1-A) - ArCO2 93:7 + 02 0.01%

R
*
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Follow-up question: Does this tiny (<0.1%) O, impurity effect the gas properties ?
sufficiently to influence transparency simulations (simulated with pure ArCO, 93:7) =
. Drift velt?city Transverse Diffusion

in ArCO2 93:7 + different % 02 in ArCO2 93:7 + different % 02

100
o8

no systematic change in d
gt e $08 o o000 7 g (deviations are statistical fluctuations)

Lo
4
-
¥

[=]
1]

L I Yge

& —
= ¥ S
g ¥ c 8 ¢
';' * . . . D 05
5. . ¥ Deviation in vy only 2 :°
4 ¥ o £ g
i i in T=100%-range K l 0
g . . ¢ 04
£ s ' - No impacton T g LR
Ty —F . . &
‘ simulation £
¥ 03
+ ArC0O2 93:7 - pur + ArC0293:7 +0.01% 02 * ArC0O2 93:7 +0.02% 02 0 * ArCO2 93:7 - pur + ArCO293:7 +0.01% 02 * ArCO2 93:7 + 0.02% 02
t  ArC0293:7+0.03% 02 +ArC0293:7+0.04% 02 + ArCO2 93:7 + 0.05% 02 ArC0293:7 +0.03% 02 +ArC0293:7+0.04% 02 + ArC0293:7 +0.05% 02
ArC02 93:7 + 0.06% 02 ArC0293:7 +0.08% 02 *ArC0293:7+0.1% 02 ArC0293:7 +0.06% 02 ArC0293:7+0.08% 02 +ArC0293:7+0.1% 02
01 01
10 100 1000 Uorift [V] 10 100 1000 Ubrift [v]

- No ‘adjusted’ Transparency simulation (due to tiny O2 impurities) necessary!
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o0
S\ 100% + . ......

B0%

Simulated Transparency Mesh 45-18

B0% -
.0
*
.
1- Attachment after 5mm Drift *,
in ArCO2 93:7 + different % 02 *
000 3 R OS-I=S 11 ST 1 IBT]
RS- :,Eg!“::....ff.
008 L] . ? .t
tn s
- N LA 1000 U_Drift [V]
i
oo V‘
o i
]
sare
oo
0o
* AFCO? 93:7 - pur * ArCO293:7+001% 02 * ArCO283:7 + 0.02% 02
o ACOZO37+0.03%02 ¢ ArCOZ93:7+0.04% 02 * ArCO293:7 + 0.05% 02
ArCOZ 93:7+0.06% 02 © ArCO2 93:7+0.08% 02 * ArC0293:7 + 0.1% 02
o 1000
e
ExMel_B ormalized K_o Peak Position
- vam age for different amplification voltages -
HRE
3
S
Lo L 2 4
2 ISR *e
3 ¢
3 B
[ L ]
£ oom '
- §
H 8
- ",
]
]

020 &
*45-18_B_540V [
+45-18_B_S50V “

020 - *45-18_B_S60V
#45-18_B_S570V
+45-18_B_580V

000

0 0 100 u_orite V]

Matching Data to impurities concentrations A

v Convincing overall agreement for all meshes

45-18_A: T*(1-A) - ArCO2 93:7 + 02 0.08%

100%
| + v 14
+
+ 1 +
+ il
+
* +
+
50% ++
¥ +
+
+
+
T*(1-A) ArCO2 93:7 + 0.08% 02
+ EXP DATA-norm. to Max(SIM)
00%
10 100 1000 U_Drift [V]
71-30_A: T*(1-A) - ArC02 93:7 + 02 0.1%
100%
+
+ * tf++
+ T \
+ e +
. ++
* ¢ Ty
+
+ + +
50% ¢+
+ t 4
-
* o 1
+*
.
+ T*(1-A) ArCO2 93:7 + 0.1% 02 \
+ EXP DATA-norm. to Max(SIM)
00% +
10 100 1000 U_Drift [V]

60-18_A: T*(1-A) - ArCO2 93:7 + 02 0.05%

100% 249
s+ * Rkl ad t§+
s+ + el
.t

50% : * +

¢ T*(1-A) ArCO2 93:7 + 0.05% 02
+ EXP DATA-norm. to Max(SIM)

00%
10 100 1000 U_Drift [V]

50-30_A: T*(1-A) - ArCO2 93:7 + 02 0.02%

100%
s +FF 4+
+

50% b ++

* T*(1-A) ArCO2 93:7 + 0.02% 02 "

+ EXP DATA-norm. to Max(SIM) L
00%
10 100 1000 U_Drift [V]

X Still systematic deviations
—> other gas impurities(H,0 ...) ? Exp? Sim?
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Simulating impact of H,0 contamination (very recent results!):

Drift velocity
in ArCO2 93:7 + different % H20

1 - Attachment after 5mm Drift
in ArCO2 93:7 + different % H20

Transverse Diffusion
in ArCO2 93:7 + different % H20
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* ArC0O2 93:7 - pur

ArC02 93:7 + 0.5% H20

* ArCO2 93:7 + 0.1% H20

ArC02 93:7 + 0.05% H20
100

* ArCO2 93:7 + 0.9% H20
* ArC0O2 93:7 + 0.3% H20
ArC0O2 93:7 + 0.7% H20

1000

Uporie [\

Higher H,O concentrations (<1%)
increase attachment at high U ...

01

10

. +
* ArC0293:7 - pur

ArC0O2 93:7 +0.5% H20

* ArCO2 93:7 +0.1% H20

ArCO2 93:7 +0.05% H20

100

* ArC0O2 93:7 + 0.9% H20
*+ ArCO2 93:7 + 0.3% H20
ArC0O2 93:7 + 0.7% H20
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Upritt [V]

o
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* ArCO293:7 - pur

+ ArC0293:7 +0.1% H20

* ArC02 93:7 + 0.9% H20
* ArCO2 93:7 + 0.3% H20
ArC02 93:7 + 0.7% H20

ArC0293:7 +0.5% H20

ArC0293:7 +0.05% H20

100 1000 Ubrift [vl

... and have significant impact on vy and d;

—> Adjusted Simulation of T necessary?
-> Verify/ reject H20 concentration in experiment

—> Tiny H,0 impurities are unlikely to cause the visible systematic effect!
= Further possible contaminants to be studies
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> Experimental data & simulation show little effect of L. RERLIRS s
amplification voltages U,,, on the transparency P 030501
T ift; ) 9 T( Ed rift)

» Measured ‘effective transparency’ # mesh transparency

Double-checking experimental assumptions (and data interpretation) by correct modeling & simulation is crucial

ExMe1_B - different meshes: normalized K_a Peak Positi ExMe1_B - different meshes: normalized K_a

- Exp [norm: 1] - over drift voltage for U_amp = 580V - Exp [norm: Max_sim] - T*(1-A) [ArCO2 + 0.0x%02] Mesh EXP: EXP & SIM:
T | Ugm=300v T *(1-A) |ugm=300v
ISP DA 45-18 95,5% 86,9%
" —_— BEREIL 60-18 99,3% 98,4%

+45-18_B_S80V

50-30 73,6% 61,3%

50-30 {norm. to Max(SIM)) 71_30 100[0% 93,4%

» Identification of further ‘impurity-effects’ is ongoing (H,0, N, H,...)

» Next measurements should be done with an improved gas-system and within
shorter time periods
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The open area of a mesh is assumed to be a good predictor for the transparency

> However: Simulation shows deviation from the rule

when comparing meshes with different wire diameters.

ExMel_B - different meshes: normalized K_a

Exp [norm: Max_sim] - T*(1-A) [ArCO2 + 0.0x%0:]

12

>

0.8

+

0.6

0.4
60-18 (norm. to Max(SIM))
+ 45-18 (norm. to Max(SIM))
o 4+ 71-30 (norm. to Max(SIM))
+ 50-30 (norm. to Max(SIM))

0+
10

100

1000

U_Drift [V]

120%

100% @

Preliminary results:
Meshes open area effecton T

higher open area = better transparency,

i

2

( opening )
opening + dire

Simulated Transparency - different meshes - all

60-18: 59,2%

¢ 45-18: 51,0%
* 80-30: 52,3%
* 71-30: 49,4%

60-30: 44,4 %

* 50-30: 39.1%

1000 U_Drift [V]

» Experimental Data confirms this ‘order’ of mesh transparencies (# order of open area)
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Drift panel Readout panel
- with internal gas distribution
and HV conduct
- mounted on honeycomb
+ FR4 stiff-back
- carrying springs pressing
down the mesh frame

- copper readout strips routed
to Panasonic connectors

- Kapton™ foil with sputtered
resistive pattern

- cover lay (128um pyralux)
with pillar structure and
‘frame’ to define mesh
boarder height

O-ring
placed between external
FR4 frame (5mm) and mesh

frame (4mm+springs) - glued outer FR4 frame

- connectors for HV, r/o

Mesh frame (Panasonic) and grounding

Mesh glued on lower side,
aligned with r/o board via pins
in the corner.
Ground contact to copper
ground on r/o plane.

(! Non-flatness of the frame
due to mesh tension ~500um!)
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- Avariety of mesh specification details can be studied: s /'/ =]

- different wire diameter

S
(=23
T T T

- - different openings with same wires

4t-i= - N0/ soft / strong calendared meshes odf

RKF integration
—e— Microscopic tracking 1

""‘ - different types of weaving (plain vs. twill weave) .-

- First measurements show the severe impact of
mesh geometry on gain behavior

Sector A
« The ExMe readout is divided in four sectors, SN

covered by different spaced pillar patterns.
(Pillar-arrangement in regular triangles with different
side-length between 5-10mm)

- Impact on gain behavior is observed

Sector C

 Second ExMe chamber is available, where
the sputtered resistive layer is replaced SRR
by a screen-printed one.

" - alternative mesh material (metalized synthetics) AR

' AT AEAT AT
04 0.5 0.6 0.7
Optical Transparency

Sector B

7 mm
<>

Sector D

10 mm
T
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Transparency is (as expected) not depended on
the supporting pillar pattern / distances.
—> Difference in inactive area are discarded

UNIVERSITAT Backup — ExMe results:
W Influence of pillar pattern on gain 2,

Transparency Scan - ExMe - 71/30 - Sector comparison
(E_amp = 580V fixed, E_drift varied)

[
=
=1

>

* ¥ ¥ X¥F #***ﬁ_

*

=]
o«
o
s 3

g
5
. . . 8
during normalization to T, ., : %
2 0,60
] ¥
5 %
. . £ 040 | | —\fi
The mean gain on the contrary is effected: § | Tseoratmm i
® < 71/30 Sector B (7mm)
0,20 +
K_a Peak position - ExMe - 71/30 - Sector comparison ©71/30 Sector C (8.5mm)
(E_amp =580V fixed, E_drift varied) oo ¥71/30 SectorD (10mm) | | | L
700,0 T 10 100 1000
Greater pillar distance leads to higher  Priftveltage V]
| ) Gain over amqliﬁr.al'inn gap size - logflo_g
600,0 ¥ % X ¥ ;e ; ;;X)K mean galn (10_15%) i (Garfield++ Simulation, parallel plate approximation)
—_ x KX by . . . § ——ircoz 887 sa0w
S 0o f T T F TR - Larger pillar distance leads to higher * ==
g % Bl , . o
£ ‘|‘_>’<_>K sagging of the mesh between pillars -
: x¥ i .
£ 4000 5 ST > Pk (<1pm at 5Smm few, ~2pm with 10mm)
P & . . . e . ’, iy
s S “\EF;X - Yielding a lower effective amplification gap
£ 300,0 t . . . . . .
o Oyl HX Leading at this working point to higher gai
B % E‘ 25000 ——ArCO2 93:7 540V
3 2000 + +71/30 Sector A (Smm) % O'T‘ I
g . _—
N *71/30 sector 8 (7mm) of Deviating behavior in one spot o0
100 T 071730 sector ¢ (8.5mm) - Hint to non-flatness in the /0 or
0o | <7H30 sector D (10mm) deviation in the pillar height o0
10 100 1000 El

Drift Voltage [V]
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