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Production issues for large THGEMSs

The ion backflow reduction

Hybrid THGEM + Micromegas PD’s

The 600 mm x 600 mm PD’s for RICH-1
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100 years of gaseous detector NN
developments

1908: FIRST WIRE COUNTER 1968: MULTIWIRE PROPORTIONAL CHAMBER
USED BY RUTHERFORD IN THE STUDY OF NATURAL RADIOACTIVITY

Firing Tube

E. Rutherford and H. Geiger,
Proc. Royal Soc. A81 (1908) 141

Nobel Prize in 1992
G. Charpak, Proc. Int. Symp. Nuclear Electronics
(Versailles 10-13 Sept 1968)
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@ RICH with large area gaseous PD’s

157 generation: photoconverting vapours
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@ RICH with large area gaseous PD's ;. .
279 generation: MWPC's + CsI

RD26 ‘ o
1992, F. Piuz et al. ® onsend
Development of < —y *avalanche
large area
advanced fast- L\"\/
RICH detector for < Cherenkov
particle ‘ photon
identification at

LHC operated . \ ©

Csl on the cathade pad planp

COMPASS RICH-1
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A

MWPCs + CsI have some limits: w

- the effective gain is moderate (~10,000 2 p.e. detection eff. ~70%)
- the quantum efficiency is challenged by aging (~1 mC/cm?)
- the signal is slow, coming from the ions drift (~100 ns)
- for larger gains the electrical stability in the experimental environment
Is limited and the recovery time after a detector trip is long (~1 d)

Performances in terms of rate capability and noise rejection cannot be
increased without a change of technoloqgy.

The new photon detectors should:

- use a closed geometry to avoid photon feedback
. A. Breskin and R. Chechik,
- reduce the ion backflow to the Csl layer NIM A 595 (2008) 116
- detect signals from electron drift (few ns) < flect;
) fipe retlective
- use simple and robust components > photocathode
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» the large area gaseous PD's for next ...

- g . ki et
generation RICH's will use MPGDs
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~ 90 Institutes from 4 continents
~ 500 physicists

“serves as an access point to
MPGD know-how for the world-
wide community”

Micromegas GEM THGEM MHSP Ingrid

MPGD characteristics:

THGEMs are Electron Multipliers derived from the GEM concept

*  Able to work and cope with high rate with larger geometrical dimensions and produced by standard
detection _ PCB technology. .
- High gain achievable: gas gain — Electrical robustness: no

s > !

damages induced by discharges
- Mechanical properties: robust
and self supporting (no stretching
Is needed)

- Possible industrial production of
large size @ low cost (PCB)

- Economic material

« Good time/space/E resolution

 Robust: ageing robustness

* Natural lon Backflow/Photon
feedback reduction

« Low cost large size detector
production possible

* Intrinsically fast: signal is
induced by electrons...!
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@ The COMPASS THGEM RAD project ...

Seven years ago we started an R&D program to develop a
large size, cheap, robust, fast, high gain, high rate, magnetic insensitive
single photon detector for RICH applications, based on THGEM and
reflective Csl photocathode, to be used for the upgrade of COMPASS RICH-1

SRR

MULTI-DIMENSIONAL SPACE:

. Isolating substrate material

= Thickness

= Hole diameter

°  Pich small THGEM’s

: Rim size 2 have 30 x 30 mm?
= Holes and rim production procedure active area

= Induction field

= Drift field

. Geometrical arrangement

. Gas mixture

To detect ionizing particle :
Vp< Vi< V<V,

ZVD [ERSE—— e pt——r

THGEM Q;I drift gap
to ZVT

bottom d, I induction gapN Vg

Eaie = (Vp-Vq) /dy
- Einducion= (Va-Va) /d,

Vy | AV =V;-Vg
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6 Characterization and tests of small THGEMs

More than 50 different THGEM types have been 10°

characterized using X-ray:

- optimized drift field (specific for each type)

- large rim =2 large gain but good gain stability
guaranteed for small rim or no rim

- production procedure details are very important

- good rate capability

light pulses)

Fused silica window

Wires

TnMeTHGEM

THGEM 2 - [

Using UV light sources we investigated: PARAMETERS: :
- photoelectron extraction and collection efficiency, gi'fcnlfl' z ‘
- timing properties of the signal (using 600 ps long - Thickn. = 04mm ... N ]
« Rim = 10um | | R
: . o TR
- photoelectron detection efficiency with digital r/o . w . i da
0 100 200 300 400 500 600 700 800
Charge [fC]
Several prototypes of small : X2 I naf 232129
y 300( ro
i THGEM-based PD’s have - G=20%*10° S
\ been built and tested el o e
cs . 1IN the lab and at test beams 2o e —ane
150
THGEM 1 S N | N | O | O O O . :
Small size PD’s e
T === (active area = 30x30 mm?) | == .
%s0 S00 750 700 =550 1t(ns)

THGEM 3 ~

[
Anode (with pads) .~

typical max. stable gain:
with UV light in lab: 1 M
during test beam: 0.2 M

time resolution =8 ns

efficient detection of single photons
signal formation time = 100 ns,
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w Operating THGEM-based PDs we realized: ("')....

In order to achieve a good photoelectron extraction efficiency we need:
- high value of the electric field at the Csl surface (>1 kV/cm)
- a methane-rich gas mixture to reduce backscattering ( > 30% CH,)

Reasonable geometrical parameters for our application are:
- THGEM 1 (with Csl): thickn. = 0.4 mm, hole diam. = 0.4 mm, pitch = 0.8 mm
- THGEM_2 and THGEM_3: thickn. = 0.8 mm, hole diam. = 0.4 mm, pitch = 0.8 mm
Predictable detector response is provided by choosing rim size < 10 um
Practical issues:
- THGEMSs can be produced by industry (ELTOS Company in Italy, for instance)
- The price is moderate: 1000 holes/Euro.

The response may vary a bit from piece to piece, but is stable and reproducible.

The ion backflow to the Csl is an important item

Tours, 02/07/2013 - 7t International Conference on New Development in Photodetection, NDIP-14 Fulvio TESSAROTTO 9



INFN

active area has been bUlyf (L uto neztonme

Fused silica window layer pitch(mm) DBho1e (MM) thickness (mm) rim (um)
5.2mm $

@ A THGEM-based PD with 300 mm x 300 mm )

THGEM1 0.8 0.4 0.4 <5

VAL

Wires s THGEM2 0.8 0.4 0.8 <5
" : THGEM3 0.8 0.4 0.8 <5
3

Eltran sf

THGEM 1 S N | | |

THGEM 2 - D

1 I O

THGEM 3

Anode (with pads)
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w and tested at the PS T10 beam line at CERN

Triple THGEM 300x300 (576 pads); 2 Triple 30x30, 1 MWPC, 1 MAPMT
trigger system, C radiators, analog & digital r/o, COMPASS-like DAQ, ...
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Cherenkov photon signals have been obtained INFN
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COMPASS

Nice overlap of Cherenkov rings
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Conical fused silica radiator

A remotely controlled
movable interceptor
allows for changing
the number of photons
in the corona

et the NUMber of detected
. photons depends linearly
. on the interceptor position

———— ..i...... [P

average multiplicity per sector

& 10 12 14
interceptor position (mm)




The 300 mm x 300 mm chamber had low gain INFN

The 300 x 300 mm? chamber provided the same response of the small ones
(30 x 30 mm?), but it could not reach the same maximum gain (almost a factor 10
lower than the best one):

but when operating a

single sector we could
- achieve a gain of ~0.2 M
Entries 7860
Mean x 7.707
. Meany 12.36
10 RMS x 4.984
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/ Effective Gain variation with DELTA_V for Jura Another(30mm X 30mm)
Gain variation with DELTA_V for Saleve with Separate channels{30mm X 30mm)
10°
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@ Local characterization of the sectors ..
of each THGEM using an *°Fe source L

—
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PCB thickness measurement for the ..
selection of the good samples L et

Mitutoyo digital
micrometer

e 469 4
0468 470 47 -

Frequency of measured Thickness piece #368

h
Entries 110
40 Mean 470.3
RMS 1.873

With material
preselection

Othickness 52,um

35

30

NUMBER OF COUNT

25

20

15

10

“aligned” sphere to sphere contact:
the THGEM is inserted here and the 5

upper sphere is lowered down until e e e T T
it touches the piece. THICKNESS
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Thickness reading (in ym) .,

/ Istituto Nazionale
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6 Thickness reading (in ym) 'N;'?
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Gain uniformity of a selected piece

Same voltage on all sectors: GAIN Max/Min = 1.6
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THGEM treatment after production =)

polishing (Hinrichs Pumice Powder)

cleaning with high pressure water to
remove all pumice residuals

ultrasonic bath (~1 h) @ 50-60 °C in
Sonica PCB solution (pH11)

washing with demineralized water plus
oven at 180 °C for 24 h

Tours, 02/07/2013 - 7t International Conference on New Development in Photodetection, NDIP-14 Fulvio TESSAROTTO 22



After the treatment the response
of the 300 mm x 300 mm THGEM
Is the same as for small THGEMSs

measured breakdown voltage for
all sectors results to be at least
95% of the Paschen voltage.

Tours, 02/07/2013 - 7™ International Conference on New Development in Photodetection,
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» The Ion Backflow problem o

(tstuto wazionate
drift
0% A
Drift
THGEM 1 Csl !
Transfer 1
THGEM 2
Transfer 2
THGEM 3 il
19% A “
Induction
47%

anode

field values optimization could reduce IBF by a factor 2
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Attempts to solve the problem wn

THCOBRA dedicated extra electrode

Plane of wires
to reduce the IBFR

path width < 0.1 mm:
may get damaged by

sparks —
unpractical for large surfaces

Tours, 02/07/2013 - 7t International Conference on New Development in Photodetection, NDIP-14 Fulvio TESSAROTTO 25



- The "Flower” THGEM INFN

LT
Coupling different geometries: THGEM-1 (red holes) and THGEM-2 (blue holes)

O o ® o The IBF for 1.2 and 2.0 kV//cm induction field
o.o.o.o.o o0
® 2 %°e%°0%°e° S 18l good IBF reduction
O o o o @ g :_*
0.,0,0,0, =°-
02e¢%¢%¢8%e 7 E T

2

o.o.o.o.o — ,}
......... m;—
o.o.o.o.o B

® o o o oF

I
1 1.2 1.4 1.6 1.8 2 2.2 2.4
W, transfer field (kV/cm)
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@ Identical THGEMs: aligned and staggered

Inspired by:
NIM A 260 (2006) 269

we studied the effect
of THGEM hole
alignment on IBF.

efficient IBF
reduction with
moderate impact on
the effective gain

0095959595949 ¢
090%0%0%0%0% %
090%0%0%0%0%¢ %
0590909590%0% o¢
090%0%0%0%0% %
0595959595900 o¢
o‘o’o‘o’o‘o‘o 'c
_B_6_~A A A _ A _a
M. Alexeev et al.

JINST 8 P01021 (2013)

”lon backflow in thick
GEM-based detectors of
single photons”

E1ro(kV/cm)

[

Erro(kVicm)

Aligned configuration, IBFR (%)

)
INFN

Istituto Nazionale
di Fisica Nucleare

Aligned configuration, effective GAIN (x 10%)
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Micromegas, the natural way to suppress IBF

A Micromegas detector consists in an ionization stage + It offers a natural suppression of
a parallel plate avalanche chamber with a very narrow the lon Back Flow:
amplification gap (~100 ym) defined by the anode plane the large majority of the ions are

and by a micromesh. collected by the mesh.

I HV1

L — 100A:L .

¢ 80

Conversion
3 mm

Calculated electron and

SO

c Micromesh (2) _,_'TE o ion transparency
I S ) . HV2

% 8- Strips il ‘J:IUT s J_ 80

g - . l-% = f=E2IE1

40

Transmission {100%)

MICROMEGAS: a high-granularity position-sensitive
Gaseous detector for high particle-flux environments

Y. GiomatarisPh. Rebourgeard J.P. Robert G. Charpak
Vol 376, Issue 1, 21 June 1996, Pages 29-35

VARE NN
YT Y

20
| [ ]
| i0
' 0 T ] i T T [] T T 1
. 0 S5 10 15 20 25 30 35 40 45 50
1: lonizing track, 2: Primary ionization, Field ratio (&)
3: Micromesh, 4 Charge Avalanche, Fig. 5. Calculated electron and ion transparency.

5: Readout Pad

Silvia Dalla Torre



W Small hybrid THGEM + Micromegas PD  wi

o T sty
Window
30 mm N Hybrld
Vs detector
5mm
EEEEEEE THGEM
| mm RN
I--Il--ll-l.-" 3 WQAESH _ MICROMEGAS Bulk Micromegas: courtesy of
I ¢ S-Jeim stage ' Saclay COMPASS colleagues
Anode  Pill
noce e PRELIMINARY
Fused silica windo P R OTOTY P E T
Wires I — /,;(’ VN
Csl \
THGEM 1 B B B BB BBl
THGEM 2 L, EE E E E E EE N B
THGEM 3 /I:::::::::I
e e e e
Anode (with pads) /
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@

S5Fe source,

Micromegas + |
single THGEM t50f

100}

50

Pulsed UV source
(single photoelectron
mode)
Micromegas +
double THGEM

IBF: ~ 4%

Tours, 02/07/2013 - 7t International Conference on New Development in Photodetection,
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Very promising first results INFN
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» Effective gain versus THGEM bias w

V =-600V, Ar:CH =50:50
y MESH ’ 1 Fe source
1 = ; - r T H
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» Effective gain versus THGEM bias w

V =-680V, Ar:CH =30:70
o MESH ' 4 “Fe source
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@ Effective gain versus THGEM bias L

Vyesi = -680V, Ar:CH,

=100 sspe source
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@ operating with pure CHy is not a problem i

UV LED source e Y

(single photoelectron Drift Wires < 88 988888888088 688888s0500s088s0800s k
mode)

Can be used at the [ 58 mm
same time as °°Fe o ,

X-ray source

Micro mesh

Anode

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

Counts

e . |
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R R D R Bl R Sl Sl S S S Sl G AR R AR/ ISR IRAR: (AR IRI IR EhLS LA thia YA UhER HR) UhE KRt TR ARt ERE LRd LR LRE KRR R0 B SRR AT S0 S S S S
20 40 60 80 100 120 140 160 180 200 220 240
Charge [fC]
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Study of the stability conditions NN

SFe source

MESH VOLTAGE
(V] | 600 | 610 | 620 | 630 | 640 | 650 | 660 | 670 | 680 | 690 | 700 | 710
1720 95.6
1740 88 | 1143
1760 * Black=fully stable region 865 | 1028
1780 ¢ Red=not completely stable 80.9 | 1057 | 1375
5 | 1800 90 | 1011 | 1305
< | 1820 91 |107.2 | 137 | 160.8
2 | 1840 839 | 1133 | 1335 | 1633
0 | 1860 871 | 1052 | 134 [ 1669
- | 1880 899 | 915 | 1067 | 1315 | 1745
1900 728 | 1001 | 1188 134 | 1664
1920 | 698 | 915 | 1284 | 1441 | 1689 | 1765 Ar/CH, 30/7
1940 | 865 1158 | 1643 | 1871
1960 151.2

‘ " Istituto Nazionale
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@ /roduction of 300 mm x 300 mm hybrid PDs

|(th
—/dF

Mesh preparatlon at Seritech Bulk Micromegas produced at CERN
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Assembly in Trieste NN

- Istituto Nazionale
—/ di Fisica Nucleare
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[ 5 /-)
ﬁ test with 2°Fe source NN

L/ Istituto N |
di Fisica Nucl
Sector 1A
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The maximum gain is AV V]
between 1.105 and 2,105 The large prototype shows the same performance as the small one

~2.107
= TeiEl eelge = Sl Systematic tests will be performed both in laboratory and at the
close to the Raether [imit | PS T10 CERN beam line soon (test beam: August 26 - September 16)
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j Production of a 600 mm x 600 mm hybrid PD

L
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The 600 mm x 600 mm hybrid PD prototype

‘ " Istituto Nazionale
di Fisica Nucleare
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@ The 600 mm x 600 mm hybrid PD prototype

L/ Istituto Nazionale
di Fisica Nucleare
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@ The 600 mm x 600 mm hybrid PD prototype
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Al vessel
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7P .
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Foreseen for 2016-2017

Al vessel

idi“%% \L,JV;/”mirror \
[ RSN
ope\ .
A
Sy
1)

r MWPC’s + Csl —s THGEMS + Csl

w g

® = | PiPe  radiator
' gas: C,Fp ||

» The COMPASS RICH-1 upgrade NN

Nazionale
sica Nucleare
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The RICH-1 PDs m/:?

‘ ~ Istituto Nazionale
di Fisica Nucleare
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88 The MAPMT + hybrid PD chamber for RICH- 1w

" Istituto Nazionale
di Fisica Nucleare

lenses and MAPMTs THGEMSs +Csl and Micromegas PD support frames

large fused silica windows
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w C’ONC’L Us. ION S ki et

THGEMSs represent a good choice for large area single photon detectors

Many aspects have been understood using small size prototypes

A 300x300 mm? active area Triple THGEM PD has been built and tested

The small hybrid THGEM + Micromegas PD showed excellent results
300x300 mm? active area hybrid THGEM + Micromegas PDs built and tested
A full scale prototype for COMPASS is under construction

The COMPASS RICH-1 upgrade is progressing on schedule
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Ayb6Ha (LPP and LNP),

Mocksa (INR, LPI, State @ Bonn (ISKP

University), TTporsu+o & PI), Erlangen, Freiburg,
Warsawa (NCBJ), CERN Mainz, Munchen . TU

Warsawa (TU)
Warsawa (U)

~ 250 physicists
from 24 Institutions

of 13:.Counfies: =% S <. H

Praha (CU/CTUV) Yamagata
Liberec (TU) . .
Brno (ISI-ASCR) P

aclay

USA (UIUc)

®

Calcutta (Matriviani) Lisboa/Aveiro . .

— Torino (University, INFN),
aipei (A3) Tel Aviv  Trieste (University, INFN)

Experiments with muon beam: Experiments with hadron beams:
COMPASS - | (2002 - 2011)

Spin structure, Gluon polarization Pion polarizability
Flavor decomposition Diffractive and Central production
Transversity Light meson spectroscopy
Transverse Momentum-dependent PDF Baryon spectroscopy

COMPASS - 1l (2012 - 2017) ...
DVCS and HEMP Pion and Kaon polarizabilities
Unpolarized SIDIS and TMDs Drell-Yan studies
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di Fisica Nucleare

BEAM
' L/ Istituto Nazionale

Polarized (p, d) target

i
.¥ COMPASS

Tax g " Hadron W 3He-4He Dilution R

KT Abzorber Seapar refrigerator (T~50mK) -

/ T8 } o
Protons scay
= —
=0m 650m 400m 50m

160 or 190 GeV/c p*(or W), 4 - 108 wspill, P, ~ 80% ‘
190 GeV/c p, *, K" K beams Various targets used

] j

first GEMs and Micromegas used in a HEP Experiment Small DAQ: 40 kB, 30 kHz, O(PB)
— RS

Large Angle ‘

Target Angle \ Spectrometer \. S~ ,

region /Spectrometer/ sz 4 TM , /j
1Tm _ A | : ,

P. Abbon et al., Nucl. Instr.
and Meth. A567 (2006) 114

. new: pixel GEMs
(not in scale)




@ HADRON PID IS PROVIDED BY RICH-1

COMPASS RICH-1: a large gaseous RICH

with two kind of photon detectors y R
providing: pTEp—

hadron PID from 3 to 60 GeV/c

| MWPC’s + Csl

*‘, UV mirror \

acceptance: H: 500 mrad V: 400 mrad

trigger rates: up to ~100 KHz
beam rates up to ~108 Hz

material in the beam region: 2.4% Xo
material in the acceptance: 22% Xo

w g

detector designed in 1996
In operation since 2002
first PD upgrade in 2006

e
I Y

radiator
gas: C4Fqg

beam pipe
J \r
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COMPASS MWPC's NN

‘ " Istituto Nazionale
di Fisica Nucleare

built in 1999 - 2000,
after prototypes tests
(RD26 development)

HF T S
: N
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coated photocathodes
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The Leopard system wa

‘ " Istituto Nazionale
di Fisica Nucleare
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100 H

10 1
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@ The Leopard system e

. : : ¢ > 1 i T T T
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@ The Leopard system -

-1000 Viem 0 V/em +100 V/cm +200 V/cm +500 V/cm +1000 V/em
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Hole
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@ electrostatic calculations (and simulations)

COMSOL ana' ANSyS (ana’ 5ARFIELD) Slice: Electric field norm (kV/cm) o
A i N

\ unTfeeLL @ { )

oo

000

-
o |
g J
Pt

2007 T —Zuog
o —

equipotential surfaces are modified by the
| presence of a charge on the THGEM rim
surface. See poster by P.M.M. Correia

for GEMs, see the nice article by

M. Alfonsi et al, NIM A 671 (2012) 6
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Small “reversed
arift bias”
provides an
inversion of drift
field direction:
mip suppression.
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@ IBF, needs and goals w

In the COMPASS RICH-1 environment:

NOW FUTURE
MWPC THGEM
photoelectron rate ~10 Hz/cm’ ~10 Hz/cm?
MIP rate =210 Hz/cm? =10 Hz/cm? Reverse
gain, i.e. number of ion-electron pairs Bias !l
generated per multiplied electron 4x10* 4x10°
collected electrons per MIP 20 =
IBFR ==350% ~=3%
N; 2x10% 2x10* GOAL 1
ion bombardment rate at the —
photocathode (from MIP and photoelectrons) | 4.2 10% Hz/cm? | 1.2x 10° Hz/cm?
NOTE: we normalize to the total ionization
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