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NIM A 577 (2007) 455
P. Abbon et al., NIM A 779 (2015) 69 PiGeviy’
hadron PID from 3 to 60 GeV/c; acceptance: H: 500 mrad V: 400 mrad; F. Tessarotto et al., JINST 9 (2014) C09011

trigger rates: up to ~100 KHz beam rates up to ~10% Hz; material: 2.4% Xo (beam region), 22% Xo (acceptance)
80 m3 C,F;,, 21 m? UV mirrors, 1.4 m? MAPMTs, 4 m? gaseous PDs

cathoden. 3

MWPCs+Csl: " cathode n. 14 , cathode n. 15
successful but with = 215
important performance
limitations, in particular S ) e B L ™y | Pibe  radiator
in the case of the 4 U R ' | \ gas: CyFqg
central chambers 0%3; °ﬁ%ﬁﬂo_:§z %

4 new detectors of 600 mm x 600 mm
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HV is applied
here through a
resistor (mesh @
ground)

Signal read-
out from this
0.07 mm pad

< . fiberglass
B/ | PCB |
8mm X 8mm pads
; - at positive HV
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Capacitive coupling > APV25




eOMPAS S ° ® IN:;]
L | construction and quality control e
.. Measurement of the raw material THGEM polishing with an
thickness before the THGEM “ad hoc” protocol setup by us:
Production, accepted: >90% break-down limit obtained
£ 15 um < gain uniformity c < 7%

X-ray MM test
to access
integrity and
gain uniformity

X-ray THGEM test
to access

gain uniformity (<7%)
and spark behaviour
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Csl QE measurement

19 Csl evaporations performed at CERN in 2015 - 2016 Iour — I
5 <51 Noise

on 15 pieces: 13 THGEMs, 1 dummy THGEM, INormalized =
and 1 reference piece (best from previous coatings) I [ IRe [N oise
11 coated THGEMSs available, 8 used + 3 spares ¥
THGEM number evaporation date at 60 degrees at 25 degrees
g"é@nfe'\g sf-r;’m ot | Thick GEM 319 1/18/2016 2.36 2.44
2.3 Thick GEM 307 1/25/2016 2.65 2.47
2.1 Thick GEM 407 2/2/2016 2.14 2.47
1.9 . Thick GEM 418 2/8/2016 2.79 2.98
17 w Thick GEM 410 2/15/2016 2.86 3.14
L3 s Thick GEM 429 2/22/2016 2.75 2.74
A 2 Thick GEM 334 2/29/2016 2.77 3.00
116 -84 Thick GEM 421 re-coating 3/10/2016 2.61 2.83
w1517 m17-19 Reference piece 7/4/2016 3.98 3.76

QE uniformity
: 3 % r.m.s. within a photocathode
: 10 % r.m.s. among photocathodes

coated by T. Schnider and M. Van Stenis

/"

| Lo gdy2 mean THGEM QE:
Optical transparency: 7 (5) -023 == _ 939 of reference
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Cs| THGEM mounting
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= Typical HV
values

e HV CONTROL

In total 136 HV channels
with correlated values

=  HV control =  Gain stability vs P, T:

» Custom-made (C++, wxWidgets) g =hG(V, :/.P) it dotect

= Compliant with COMPASS DCS (slow control) FIaners D AR aun Calation
< ISR . ' ) = AT=1°C 2 AG=12%

= “OwnScale” to fine-tune for gain uniformity

o = ~ 0,
= |V, | measured and logged at 1 Hz AP =5mbar > AG=18%
= JAutodecrease HV if needed (too high spark-rate) . THE WAY OUT:

= User interaction via GUI = Compensate T/P variations by V
. - = . i o
= Q§Correction wrt P/T to preserve gain stability - Gain stability at 5% level
I . p - ( - S2PD64180
| T OgREgn pog 0 i i OFRFQE 0. 0.0 | Scan results on parameter: Gainhdean —— SIGFDH 15!
o] 1 nossy | POSS S || POSSS l POSS FOEA L POt POGSS 2
| ~ 304PD5050
= : : T : S - 5
B T\ Ei | Bl | B! | BI | Bl | EI e
See- 104 Sw- 104 Set 1079 et 103 St 104 Set 104 See 104 S 104 SSFOS0S1
—hanes ) o i ) O __owwe | oo anca | _am o | enio o
MOS0 OIS l POLS S RIS w0 OIS ass OIS - GPDEHIS0
m. o 1 om0 o : 0 i 9 ¢ 9 o SATPDRMISY
B =1 ‘ £ 1 3% 3 2 3 =4 = 8 =3 : ;
Ses 105 See LoS S 100 Set. 100 Set 104 See 104 See L05 S 109 = starpa0so
Qn. 0 on: © Da O Os 0 an o on O on: o
937 . ) NS RS, .} v o S9FD3H051
- oA Bl 'l G s i
Secter nfo - S10FD24150
POIMO Chanpe to Secter - [PO151 - Satect | f : : : 5 11 P
i <) xem ; Low Intensity High Intensity # S1PD2AISI
Nare ez Ower e e Flsc warage Crctrons ot um: w0 nepk 5002 = .
i gesmi1 ;'?;"8 } 00 1080 0993 T 3aziag ;u'{l;; 0 %00 o ' Bl dib s
gese B 18 [55; e WE fiE iy i, o s
uM Y 1008 3 341 shlok AMesy e %11 Z 42 [ L 3 s ey = T . . ==
CageOn® . 1517 ¥, Q007 4A. 0 30R Cogeoo | BNV, 0,000 A 0 S8 Fednires OV, 0090 uh, 0 53K S15FDIHIS! —
St OnSiate D, Scabfon 105% OQualtyfactom: Recant: O Farraen D Dally 0
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during 2017 COMPASS run :

Spark: event with | > 23 nA ;

Current sparks in THGEMs

 Rate <1/h per detector ‘
* Recovery time: ~10s

* Fully correlated between the two layers
* Mild dependence on beam intensity

—lIIIIIIII|I|I]|\III‘IIII[IIIIIIIII|||II|\|II|I

1 0000 1 5000

beam intensity ppp on T6 (1013 per h)

Current sparks in MICROMEGAS %
+ Induced by THGEMs PE
* Recovery time: ~1s ’ :: ‘
;HGEM N B 'J
Spark rate We” under ContrOI 0 666306 6610658100 12:00 |1|5|oo' 5166 m!ooll ‘56100

time
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"] Noise figure for the 62208 ch. &

MWPCs Hybrids MWP =
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L] Noise level and pedestal stability

e 12 Detectors, 6144 Ch each.

| RA01P00_a2 {RA01P00_ch == 29} | Eriies htemp 5 6144 RAO1P0O0 o’s
E Mean 674 O. y
N M %l L val \ | htemp
70¢ Prob e || 500 ValUES Entries 6144
F v Constant  79.97 +4.44 [
o / Mean 673.9 +0.1 E Mean 2127
% :_ / 7 Sigma 2.363 +0.075 ||| 400 _— RMS 0.3126
3 sooF ) 22/ ndf 25.03/11
:_ = Constant  560.1+10.5
g 200/ Mean 2.028 +0.003
20— F Sigma  0.1332 £ 0.0024
10F 100~
0=%6s 670 672 674 676 678 680 sazhh'sé‘: of SR S .;5’}"."-.~;=‘éL.-':-_-~?§5 oo L
ADC e
single channel i -
* 39 APV Pedestal Runs during COMPASS 2017 run. .

8 The APV-based F/E is the
= detector average siomavs time g10 same for MWPCs +Csl and
: Zs Hybrid PD’s
3 The niose levels are:
SO e 9, e niose levels are:

E o n 000000 0000000000000000000000000000000
) S * MWPC: ~ 600 e
i e e L B B L B B T B B .
; 0 Ll ~ -
012345678 910110213141516171819202120232425262728293031323334353637383940 gongnsg s e ¢ Hyb“d- 800 e
#RA01PO0 0 RAOIPOL RAOTHO2 RAOTHO4 O RAO1POG O RAOTPO7 A H'l‘sﬂ;'m m o The noise Ievels are very Stable In time
. ——
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Effective Gain

Effective gain*transfer of THGEML1 in Ar/CH4,

with THGEM2 and MM at nominal voltages

— %2/ ndf 0.5003 /3
10? [ Prob 09188 : /‘/

1 AV, 1011+ 5.909 o

B X

Slope'[V] 108.6 + 1.569
10 +
b4
u
L} ,l/
"/
u
="
1 20 | e B B .# m-E R S JOOOE O
rd
£
/
/
/
10-1 1 L I | 11 1 1 L 1 L 1| 1 1 L L | L 1 1
0 200 400 600 800 1000 1200 1400

AVTHGEM1 [V]

nominal eff. gain: ~17000 with:
THGEM1 gain*transferl: ~ 13
THGEM2 gain*transfer2: ~ 10

Micromegas gain: ~130
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Effective Gain

Effective gain of Mcromegas in Ar/CH4, with
THGEM1 and THGEMZ2 at nominal voltages

10%

50

12/ ndf 7.209/18
Prob 0.9882
AV, 416.7 £1.021 [

20 [

40 -

10—
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+
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P I
350

P I
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|
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360
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Anodic current [pA]

o0 (T T VOO FOUOOURIPSPUPOVOI: NSPOFPIONRNSPOIE SFNSSSSPIUPRIONS SRS OSTIMISIOS SO FPNS
4 i e b
G I e
Z_i R L1 TR IR L L [ LT
460 480 500 520 540 560 580 600 620
AV paen [V]
IBF on Top1in Ar:CH4 50:50 using UV-light source
AV = OV AV, oo = 1276V AV, 0 = 1226V Y, = 624V
F xz / ndf 5404/3
E p0 2.678 + 0.6221

The lon Back Flow
has been

measured to b

(dedicated exercise)
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A specific gain equalization procedure has been developed and used

Sector | PD653 PD6S2 PD6S1  PD6SO | PD5S3  PD5S2  PD5S1  PD5SO | °f - gainRatio
B Entries 16
Eff. Gain | 14322 14207 14346 14464 | 14675 14366 14349 14192 | 7 Mean ;
Ratio | 1.0020 0.9936 1.0037 1.0119 | 1.0266 1.0051 1.0039 0.9929 | st AMS _0.01115
Eff. Gain | 14322 14024 14255 14073 | 14470 14291 14213 14099 | o
Ratio | 1.0042 0.9811 09973 0.9845 | 1.0123 0.9998 0.9944 0.9863 | ( —|_‘
Sector | PD2S3  PD2S2 PD2S1  PD2SO | PD1S3 PD1S2 PD1S1 PD1SO | =™ ™= ' e U
Average Eff. Gain 14294 o 159.40 o/Avg (%) 1.1 unlform at (~ 1%
=2 £ A |700 um B
LASTTT o
e —— - i Q.E. uniformity
E F T T Bm
A SO T T
______ ailea——
3 = 1 1.09 1.14 1.03 0.99
A TN old data
] i A 090 0.88 | 090 1.08
CTI_TT
4 LA : .
‘—|J4 780 ym F 1 p\" = J 730 ym 0 =9.3%
t L\ L

. compared to ~ 30% of old single “raw” PCB THGEMs and ~9 % of Csl Q.E. variations
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{ ) o L ) L ) /‘)
stability in time
ke s
cath2 cathd
cath2 — cath4
10t Entries 155658 10* o Entries 108330
Mean 47.68 +0.1207 = Mean 42.63 + 0.142
A 14104.8 +- 91.7 RMS 47.84 +0.08537 4 13976.1 +- 117.1 RMS 46.73 + 0.1004
10 ' ' Jndertiow 0 i ' ' Underflow 0
E E Overflow 0
- ;;T?gnrc?fl ) ;giﬁ?‘f:ﬂ? ; Integral(w) 1.083e+05
107 = Prob 7.051e-12 o x* / naf 244.8 /147
E p0 2081+ 41.0 = Prob 7.381e-07
- p1 0.02127 + 0.00014 - . p0 1845 + 31.9
10 - . ol ‘:‘:a#‘: . p1 0.02147 + 0.00018
s s s L RS
U_I I1|ZIiIfIlI IQllli[IlI '34|30' ! Iﬁlml = IS{LDI Iﬁ{lml ! I'.-"I'.;[JI = IB[IiDI = IQCIiDI = ‘IIDDU U_I I1|ZIiIfIlI IQ{;DI ! IB[IiDI ! Ixi{li[lll = IS{LD = Iﬁ{lml I?Illi[lll IB{LDI IQ[LDI ! ‘IIDDU
20000 o
= 15000 Qain stabilization using global p, T
(D - . E Mean 1.4282+004
(] 16000 ’ of AMS 1008
= % ° ® o e%0° o, ° o j: global .
é 14000 %, o 0 0%, ° ° i corrections:
W 12000 ®e Dt o/mean ~ 7%
10000 190:0'0' b0 1300 14060 5805 56063 170 THb05- i 26000
9/21/2017 9/26/2017 10/1/2017 10/6/2017 10/11/2017 e g
20000 . . . . - . % 8 T
518000 individual chamber gain stabilization 5 s
(D 1 & Mean 15118 + 98.8 1 n 71
£ 16000 = R . oo lnd|V|dl_JaI
S ‘v pdf cve Y % . corrections:
£ 14000 ¢ : o/mean ~ 4%
12000 Date 2
10000 1

7/24/2017 8/13/2017 9/2/2017 9/22/2017 10/12/2017 11/1/2017
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ffective Gain
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@ NICE RINGS

(in the 2017 run the Hybrid PDs were receiving Cherenkov photons from low p particles only)

6.36 GeV pion
6.76 GeV pion
JELEER 6.4 GeV pion
nn ® o o 00 D m Og
th \ l:lt [+ E - O
(calculated) L BRI
o Hybrid PD

Hvbrid
MAPMTs

MAPMTs
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. ™ ", = T .ll.
| & L ’ - b
‘ _ =38 - "
- p=28.4GeV/c . ' . .
= 38 |
6 = 49.5 mrad . 1
| — —
" T p=4.8GeV/c |p=7.8GeVic
g Ir : : = 0 =43.5mrad | 6 =49 mrad
=~ Hybrid PD’s Faies
O 0= Mean - theta_residual — "‘e“’-“”id“a;qgmg =
y RMS Entries 168143 JQL‘? ' J“Jm
A 8o mrad e s VS 3 g
= 2754 onstan 3.82e+06 £ 5. -e ~2
[ Constant L1sIes04 £3716e401 | 2.0 mrad 2/ ndf 96117 W oomis00mms
6 Mean 04413 £ 0.0060 Constant 7951+29.0 Signa 2412000
R ; Mean 1.219.£0.007 .
F Sigma 1.855 £0.007 Sigma 2 014 + 0,009 MAPMT:
- ; \ 2.4 mrad
2_
OWI‘- T Y S BN AJJJLJJINIRMJ.A Lol 1 P IR I
=200 -5 -0 50 5 10 915 ) T 5 0 5 0 5 10 15 0
%~ “photon 0, - Bphmon BI! ) epholon

In terms of angular resolution the response of the new Hybrid detectors
is similar but slightly superior to the MWPC one. MAPMT’s have larger pads
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@ Number of detected photoelectrons per ring FE&

Istituto Nazionale
di Fisica Nucleare

Critical chambers, have been changed from MWPC to Hybrid THGEM + Micromegas

MWPC E’ N h_n_VS_theta_after . &
- 1 0 - Entries 116 Hyb”d PD il'::;-."-"’"
i & [ | Ve w2 | cathoden.2  #
%) ~ RMS 13.04 '
S 8_— 22/ ndf 19.19/16 4
E B pO 3384 £ 118.0 + + ki
o3 B pl 46.34 +4.90 45 45 45 tlsﬁ,
- © 0
pumy> 10.3 - H;H; X
< 4—_ -++++4++51§5§&h
0 | _I_ + +++++++
2006 2007 2008 2009 20102011 B gt
vear o . sy extrap. to 55.2 mrad, n. of det. ph.e.=12.9
- ® ® cpdbd’cmo first part of the function =10.3 +/- 0.4
the n. of det. ph.e. (55.2 mrad) - o o %Bo second part of the function=2.6 +/- 0.3
|ncath0de n.2 WaS~8 9103 0_}01 AR T AN TN TR A TN NN TN TN N N AN SO SN TN NN AN TN SO SN NN AN SO NN N
0 10 20 30 40 50 60
> 10— : 2 105 Cherenkov angle (mrad)
I T € b (R VS then after <,
S oes e e S O
§ 8 el ool 1 2 8 |mws s The number of
£ = ,) 52176 j‘;"j E B ) 3384 £ 70.6 $
R i %* S R | detected photons
8 L " 2 5 | . .. -
A s AL . %ii%ﬁﬁgﬁtgi per ring is in line
L Tt +++-++++{'*"'*HM ! = B o 3 o 1
2_#“**+*::Z;%O: %@WM cathode n. 8 of ﬁ*i*“**“#wu&M cathode n. 1 with that of the
s 0 MWPC: 8.5 [ o MWPC: 10.3 good MWPC
O % 2 3 40 50 %0 O o203 a0 B 60

Cherenkov angle (mrad) Cherenkov angle (mrad)
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The characterization of the Hybrid PD
performance in terms of PID is ongoing

The remaining MWPCs of COMPASS
RICH-1 are likely to be replaced for 2021

Development of an optimized detector
for high space resolution based on the

hybrid THGEM + MM and “mini-pads” Talk by Shuddha Sha?kf:lr Dasguptav
Study the compatibility of these hybrid 'y
PDs with CF, for a windowless RICH for ) I
the Electron lon Collider I \\ 3

-gr—b—\JD _(04)

(m‘

Exploring the possibility to use a more |
F —e—ND-H (09) @1F —a—ND-H (09)

robust photocathode in the far UV: —Kb ' , "
hydrogenated nano-diamond crystals

140 160 180 200 220140 160 180 200 220
Wavelength (nm)

Poster by Chandradoy Chtterjee
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» CONCLUSIONS o

- COMPASS RICH-1 has been upgraded with 1.4 m? of MPGD-based PDs.

- The Hybrid PD: 2 THGEMSs (1 with Csl) + Micromegas are nicely operating.
I They present good gain uniformity and stability, low IBF and clean rings.

: 1.85 mrad single photon angular resolution, 10 detected photons per ring.
: A full characterization of the PID performance is ongoing.
- More Hybrid PD’s will probably be mounted on RICH-1.

: R&D for future RICH projects are considering the use of this technology.

Moscow, 30/07/2018 - 10t International Workshop on Ring Imaging Cherenkov Detectors, RICH 2018 Fulvio TESSAROTTO 23
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THGEM + CsI': 8 years of dedicated R&D NN

PARAMETERS:
Diam. = 0.4 mm
Pitch = 0.8 mm

r x? I ndf 232/29 Thickn. = 0.4 mm
300:_ Prob 0 . _
. Constant 292+ 10.3 RIm = 10 ym 3
= Mean .8+0.3
2003— Sigma ( 7.624)0.174 Charge [fC] .
i el Photon yield & Charged
150? . L L
- Particles vs Drift Field
100/
soi— ;lT ., .
%Tso' ‘-a:)o' ." ;”!M_m_; - | ‘,.~, [ o
"',4’»"’; = ! : '
*"E C .
oL
7-1000‘ ‘—Sﬂﬁ‘lllﬂlll‘ﬁﬂﬂ‘ ‘1000

Dt Figkd [V |
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Standard Bulk Micromegas produced at CERN

ms

* - - - L
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good Micromegas gain uniformity

3700
3600
3500
3400
3300
3200
3100
3000

2900

2800

10 12

maging Cherenkov Detectors, RICH 2018

66 _ Gmax - Gmin <59

Gmin
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current monitor recording,
discharge counting

0.5

0.4

0.3

I [uA]

0.2

0.1

Gain uniformity measurement
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THGEM quality assessment

THGEM : 422
= dV=1000V: 4 hours : 0 sparks/h
= dV=1150V : 6 hours : 70 sparks/h rejected
= dV=1030V .. 1160V / 10V steps , 1 hour for all dV

Spark rate of THGEM-422 (07/08/2015)
2

10

: N

ol bimmy popd $api g

THGEM:307 = % % e o
= dV=1100V : 74 hours : 0.27 sparks/h
« dV=1150V : 14 hours : 0.29 sparks/h 2ccepted

Spark rate [1/h]

"_zm\ A
| e

e ™=
o

Spark rate [1/h]

)
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20 —
307 —y—
320 —m—

[ 329 —A—

422 o rejected piece

—
(Sa]

—
o

(Sa}

1000 1050 1100

1150 AV(V) 1200

first 4 pieces: 1 rejected. Possibly recovered by

repeating the cleaning treatment

AMPTEK Mini-X Au used at 15 kV, 200pA + Cu foil provides 8 keV X-rays
uniform illumination at a rate > 5 kHz cm™ (for 1 cm Ar/CO, 70/30)

|GEMOX Average Charge HiMap2D

Entries 74381
Mean x  12.93
Meany 25.02
RMS x  6.449
12.7
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The anodic PCB INF/N)
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Signal read out via capacitive
coupling pad readout and
APV25 F/E boards

ci = Mesh at ground
Cetector

R1
COmdPARAT OF_IDEAL
R Feasistor c2
Pad u1
[ =¥ +
- T , , 8mm X 8mm pads T s
anodic pad PCB produced by TVR at positive HV - J::

Strong technological effort from TVR Company for the PCB (multilayer ]

3.2 mm thick) to comply with specific requirements of planarity, surface fests on 2500 pads: 470 MQ resistor for
o . Py v P at > OF pranarity, electrical continuity  each anodic pad

quality, layer thickness uniformity, surface irregularities (E field). and capacity meas.

“Z drilling controlled “surface anode” pad 2 38-42 pF/pad
via” = planarity issue

Metallic
pads

0.07 mm
fiberglass

HV to blue
pad
through the
hole of red
pad

{ e 22 Sos o
b . od
fog)
J . ¢ -~ ’
H . :
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12 sectors on both top and bottom, 0.7 mm separation

: — o ) R
{ 0000000000000 0O00O0000O0

Thickness: 0.4 mm, hole diameter: 0.4 mm, pitch: 0.8 mm R N 1

24 fixation points to guarantee THGEMSs flatness 00000000000000000000O0

000 O
20000000 000000000000 OO0OOOOOOO

l'!..i.'!"..il.'l,.i.."‘l RN RN R
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ke e
Our thickness uniformity requirements are stricter than those offered by producers = material selection
50 foils of 1245 mm x 1092 mm -> cut out borders - 800 mm x 800 mm - thickness measurement

@ THGEM raw material selection i

Elite Material Co., Ltd.

hitp:\lwww.emctw.com

Techm‘cw

Mitutoyo EURO CAT776

Lead-free , Halogen-free Material coordinate measuring
PRODUCT EM 370-5 machine with ruby
Thickness 0.407 mm touch probe

Copper 35u/35u ’
Sheet Size 1245 x 1092 mm hosted in a thermalized
T;E“g‘n‘:g : 2:2 2559 C-24123/50 : :: room
Volume resistivity 25171 C-86/35/90 MQ-cm +10™
Surface resistivity 25171 C-96/35/90 Ma »10°

Positioning blocks

y

underpressure induced flatness P/ASSS

700 X 700 mm?
active area

borders _ ot B~ for each foil 36 x 36 points in square pattern are measured
E 2 measurements (direct and reversed) to allow consistency checks.
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- THGEM raw material selection pon

di Fisica Nucleare

. . T52CMap
E s [ Entries 1289
- 8250—_ Mean 471.6
i i > i RMS 1.932
36 x 36 pOIﬂtS N C x2 / ndf 12.28/10
square pattern from 2001 Prob 0.2667
QI —T Y- -
(0,0) to (700,700) E - Mean 471.2£04
8 L Sigma 1.935 + 0.045
®© 150~
thickness,, ., — thickness,,; 100 -
thickness = e e i Othickness ™2
thickness,iy -
50—
- |_ 1 L | 1 L I 1 L 1 1 L | 1 1 1 ‘
800 mm 100 200 300 400 400 420 440 460 h48£ , 500
i H thickness / um
: typical result for a good piece. x/mm__
49 pieces

Max — Min 478 - 167 =
x 10(% = 1§ 3
e | i

all foils have been labelled and

38 pieces 13 pieces
E T HHHHH HUHE

6 for the 100 raw THGEM pcb (%)

measured - database of local
thickness of all THGEMS

1a

from each foil twoTHGEMS can be

1z

produced:

50 foils = 100 raw THGEM pchb &
THGEM pcb size = 620 mm x 320 mm,

active area = 581 mm x 287 mm

60 THGEMs have been 49 p.cs

[

T

DFOdUCEd by ELTOS - 2%<6<3%

#NO (#313)
AP S SRS RLINS B N I A G P PR L R S - IR
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In Trieste a specific cleaning

~| procedure is applied : polish with fine
grain pumice powder, pressure water
cleaning, ultrasonic Bath with Sonica
PCB solution (PH11), distilled water
rinsing and oven @ 160 °C
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» mechanical frames and wires
drift and field wires: Cu-Be, Au coated & e "E@_

4 mm pitch, 100 pm diam.
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INFN

‘ " Istituto Nazionale
di Fisica Nucleare

A -3.72x107
x10°

= field shaping electrodes

THGEM border study

[T

G LORLORRLLOLLLD R PR OO OO O OO0 0O OOE
WNHOLWVLENNDUVIBWWNFO VENNOUIERWNHFHOWVL®ENOUIUIEWNNI
UIN WO WU N0 Wi wiiN Woite Wuice RO NOIN NG

x10° x10*

¥ -335

o

Field shaping
electrodes in the
Isolating material
protections of the
chamber frames

isolating material
(Tufnol 6F/45)

protection
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