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WHY GASEOUS PC

=  the most effective solution for what concerns the cost of large
detector area application ( a cheap approach )

=  operation in magnetic field ( low sensitivity to B )

=  minimum material budget when the photon detectors have to
seat in the experiment acceptance ( advantages for experiment
architectures )
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=  Historically, the development has been guided by the
requirements of the . namely
the goal has been the challenging detection of SINGLE
PHOTONS

= Detection of scintillation light, mainly in

= The relevance of generating/detecting ELECTROLUMINESCENCE
PHOTONS by MPGDs for
has become evident more recently
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GASEOUS PDs, I GENERATION

§ S
= 3100 DELPHI barrel RICH
o * Photosensitive volume:
1 -c% 80 5 cm thick
E S 60 *
a Lo
o o | g
ui £ ¢
o) 5 20 s .
L i i et 1 9 ‘ ‘ ‘
Y% 7= e 170 180 is0 200 200 220 3% 0 0 2'0 4'0 GIO 8IO
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Cothode shrips
Guard sirips betwaen biocks . ..
Outer quard siri. (et fead-aut «thick photosensitive volume (slow photon
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]
= Anode wire sphoton feed-back from amplification region
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] mm : :
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3
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GASEOUS PDs, I GENERATION

00 NIMA 554 (2005) 147 CLEOQ I, NIMA 441 (2000) 374
[T | | i
. | | - | | Cathode Board
T [ .
® [ i ! : i E i - Imm
= 60 —t-- ' ! ' L35 mm
= [ —— CaF, 2 mm
E sl [ i |—=uF 1 _ CaF
5 40 .
5 [ —— CH+TEA QE. Uttem Hings
T ,./)( - Fiberglass side rail
i [ § j ""'-.._.

[LI1] 120 140 4] 1 &0 200 M 2400
Wavelength (nm)

stechnical challenges of the far UV domain

 large chromatic dispersion in far UV region:
*Proximity focusing (the Chromatic
dispersion is not the major resolution
limitation)
*He, a radiator gas with extremely
reduced chromatic dispersion

N
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nitrogen

TIC NA44

o ALICE HMPID

Csl area >

> 10 m?

A solid state photocathode exposed to
a gaseous atmosphere in an effective PD:

a success !

T=Tg® 5im

COMPASS, T
R',_CF."l- e STAR
Csl area > 5 m«
o )
Silvia DALLA TORRE lef"“ 10
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COMPASS,
RICH-1 PDs

= Structure of the PDs

smm WW —— Quartz Window

20mm Pure CH,4

9mm

M42mm -
[

Collection Wires
(0.1 mm, 2mm pitch)

Cathode Wires

(30 mm, Zmm pitch)

Anode Wires

(20 mm, 4mm pitch)

» Pad Cathode Plane
(BxBmm pitch)

Photocathode - the most robust

P. Abbon et al, NIM A 577 (2007) 455.

@ 2 kV (typical):
E (CsI surface)

one in gaseous atmosphere:

0.45 . ; =
04 - —¥- PC32 (1907) ||
\ = PC38 (2002)
0.35 4= «~ W.1.5.-RD-26 ref. |—
™ -0~ TUM-HADES
03 1k
W o5 M_\
= Hh
(H_; 0.2 lR\ P

2
y.d

1

0 A~

150 160 170 180 190 200 210 220
wavelength [nm)]

Fig. 1. The QE of Csl PCs produced at CERN for ALICE and
at TUM for HADES, compared to that measured at the W_LS.
on small samples (reference for RD-26). PC32is one of the four
PCs equipping the ALICE-RICH prototype used m STAR at

BNL. ' A Di Mauro, NIM A 525 (2004) 173.
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REFLECTIVE - larger photoelectron collection :

= Semitransparent photocathode - the application of a thin metallic film,

which absorbs photons, on the entrance window

= the probability of photoelectron absorption is lower in a reflective

is required

photocathode than in a semitransparent one as the conversion probability
is the highest at the entrance surface of the photo-converter

the thickness of the photo-converter layer is non critical in the

reflective configuration, contrary to the semitransparent one:

Roma, 20/1/2015 Gaseous Photon Detectors

Silvia DALLA TORRE

Istituto Nazionale
aaaaaaaaaaaaaaaa



PHOTOELECTRON EXTRACTIO

=  Photoelectron extraction from a CsI film, the role of gas and E
I 2 CH4, 200 Tor °
= 3 P oqabk® . arr J
ngk VACUUM " vacuum 4.8 10°mbar » 1.4 K CH4. B0OO Torr .
3k e e . . 5 oL CH4/i=C4H10 (95/5), )
r _..--""“““ 5 800 Torr 4
K b ]
L E 1.0 e o o P L.
10 3 ol 0§ ’ : 1
g § 0.8 g ‘I
: 3t -
i o %%, P 0 " :
A. Breskin et al.,
156610000 15006 0000 ‘z‘séof‘ ‘3‘(1»606 E/p [V/emsTorr] | B NIM A 367 (1995) 342
'olt over 1 cm
160 10— : - :
| Atm. pressure ; P
. 140 - 0o Gas flow mode _ / |
S 120 - z | : // —H ]
- © 08 . LA
<100 - o O T S R 7
T F e o Ar/CH4=66/34 = R -
[ c 0 = —
L:) 60 _‘q. ... u AF/C02=70/30 g g ’A‘“ ,-/.’fr ‘
8 n S 06 % pat" Cra —
_8 40 T g + Ne/CH4=62:38 g ] }‘;,J & NeM0%CFe ]
oY WA O a0 o
20 O CH4 0'5'5&; —e—Nel5%CH4 |
i Arf5% CH4
0 4 T T T 041 : . —
0.0 05 1.0 15 20 25 30
0 2000 4000 6000 8000 £ (kV/em)
E (V/cm)
M. Alexeev et al., NIM A (2010) in press C. D. R. Azevedo et al., 2010 JINST 5 P01002
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= Ton accumulation at the photocathode moderate gain: <105

gedback pulses (effective gain: <1/2)
» Ton and photons feedback from the multiplication process not fast

Aging after integrating a few mC / cm¢
= Ion bombardment of the photocathode

MWPCs - slow signal formation
+ low gain 2> "slow" electronics (signal

0.2 mC/cm?

5 intfegration, low noise level)
Lo = Gassiplex FE : integration time ~ 0.5 us,
[ 1mciem? || time res> 1 us
APV (COMPASS RICH-1 upgrade) :
I resolution ~ 400 ns
L

H. HoedIlmoser et al., NIM A 574 (2007) 28.

Roma, 20/1/2015 Gaseous Photon Detectors Silvia DALLA TORRE am

Istituto Nazionale
di Fisica Nucleare



TOWARDS THE FUTURE

Reduced ageing

High gain > high photoelectron detection efficiency

n (signal due to electron motion)
Short integration time

High rate environments

R > MICROPATTERN GASEOUS DETECTORS
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ION & PHOTON BLOCKING GEOMETRIES

\hv : PR
- e Reflec’rlve PC
GEM-based PDs B : -
Y v
< 4 —
3 & D O _/_\\“/ . GEM2
S/ ol L
AN N
(S (§
) —
An “old” idea
L-photons mesh

Reflective -

phobocathode o W
wirEl o GEM1
B e | E1 GEM?2
G-EH — — — — T —
m&sh_ ________________ E 2_ ....... -—5j—i: GEM3
T = o | .

Signals GEM4
mesh— = = = 7rTrmrm e e anode meshe — — - _’E ________ T_E”
elecions ons
R. Chechwik et al., NIM A 419 (1998) 423
A. Breskin and R. Chechwik, NIM A 595 (2008) 116
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=

see and GEPI 'Ca.'.'ons : Transparent mesh 90%
o0 000000 : [ J
L) A
, ey ve ST
a threshold Cherenkov counter _ /.
(window-less) o - o
: . b Vil
= Reversed bias cuts the MIP signal ! o
™ Standard Bias
m%, \ N‘;;R;evers- BE>
3 detection of >> 1 photon per pad: low gain (5000) ~
: non negligible noise level (~20% single photon signal) W. Anderson et al., NIMA 646 (2011) 35
. detect photons with A down to ~110 nm: chromaticity !

Roma, 20/1/2015 Gaseous Photon Detectors Silvia DALLA TORRE INFN 18

Istituto Nazionale
di Fisica Nucleare



D »
W\-1 - - - -
rich literature about IFB in GEM-based detectors = y
here examples with semi-transparent PC . EEF L
) _L Cathode
& g 2 Sy’
.. = 1 79 ] hop
 strong dependence from gain and Epger g | (T | GEMT
» poor dependence from pressure and gas type T o o I
E ~ 1 kV/em needed E -
for good photoelectron = 1
extraction g S _}n' GEM2
Ep=0.5kV/iem . — e E -
_f‘é:_%\v\m $5-40-85 i 8 g J;E:':'_rn\\l
. : = [ av sav_ =05 = E - bottom3
i Ni =} Gain= 5000 — |
é 8 | E=05kViem ] ERN3 . i N
3 S F ® AdCE,(9010) 5 = A ] ?%" IA
g Vv AdCH, (WD) & AV JAV =10 ]
2 [ 0 XelCH,(90/10) 8 Gain = 3000 :
§ ED= 0.1 kV/em -
B | 2 acien | | g =0.1kviem 2 1| | The same for reflective PCs :
o Vo m b .5 7' | small and reversed Ep is needed
Gain E_ (kV/em)
. 0 =
A. Bondar et al., NIMA 496 (2003) 325 : IBF: a few % level in
A. Breskin et al., NIMA 478 (2002) 225 .\
(2002) effective GEM-based
photon detectors
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LARGE GAIN RELEVANT FOR SINGLE PHOTON DETECTION

= for single photoelectron detection, they have been operated at gains >
105 (see, for instance, the plots of the previous slides)

= Always a MIP flux and small rates of heavily ionizing fragments crossing
the detectors (even when the detectors are used as photon detectors)

o At COMPASS: G ~ 8000 (B. Ketzer, private comm.)

o At LHCb: G ~ 4000 (M.Alfonsi NIMA 581 (2007) 283)

o At TOTEM: G ~ 8000 (G. Catanesi, private comm.)

o Phenix HBD: G ~ 4000 (w. Anderson et al., NIMA 646 (2011) 35)
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= W - b A PL

About PCB geometrical dimensions:
=  robust .
: : Hole diameter : 0.2-1 mm
= mechanically self supporting Pitch : 05 -5 mm
= industrial production of large size | Thickness : 0.2 - 3 mm
boards

= large gains have been immediately
reported ( )

=  Geometrical dimensions X ~10
= But e~ motion/multiplic. properties do not!

= Larger holes: ed b dn
. . . introduced in // by different groups:
- dipole fields and external fields || Pperiale et al., NIM A478 (2002) 377.

P. Jeanneret, PhD thesis, Neuchatel U., 2001.
are strongly coupled P.S. Barbeau et al, IEEE NS50 (2003) 1285

0 e- dispersion p|qys a minor role R. Chechik et al, .NIMA 535 (2004) 303

N
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X-ray measurements '

NOTE: two different scales
THGEM |||
- ] o-0-0-0-0-0-0- [ 600
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DRIFT
S. Dalla Torre et al.,
IEEE — NSS 2008 , Dresden19-25/16/2608
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\ore about | IS

IBF control IBFR (%)

& 1 [14] 20 | H 22
4—  [13] |21 l?
o _ . - " E 19
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PHOTOELECTRON EXTRACTION

photoelectron trajectories from
a THGEM photocathode, simulation,
multiplication switched off

thickness 0.6 mm, diam. 0.4 mm, pitch: 0.8 mm, AV = 1500 V

| field above the THGEM ] |
E=0 l
' 11 ‘ =-500V
| | photoelectron lost 11
........................ .| (not entering A
the holes)

photoelectron lost
( filed too low

for extraction)
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LECTRON EXTRACTION

Anodic current

Ar/CH,: 40/60; 60/40
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G.Hamar an .Varga,
NIMA 694(2012) 16

Attachment

— o actuator

@ UV LED

Exchangeable

pinhole

Quartz lens

diaphragm

Quartz window

Cathode

TGEM
‘Wire plane
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Rl - |
é
0 ALICE VHPID
- Quartz window
0 THGEM & (4amm thickness)
o — |HyBRD |
\ (97% transparency)
300 ~ 6.0mm
200
8 100 ﬁ Thick GEM
.E 0
w 24LT\ Sense wires Field wires l ~ 4.5 mm
lé\ ---------- Ground plate 15 mm

COMPASS,

upgrade by

detectors

300 x 300 mm? active surface

Triple THGEM

RICH-1

| hits in big chamber |

Entries 110254
Meanx  11.21
Meany  12.2 )
RMS x 6437
RMSy 6.726

2 4 6 8 10 12 14 16 18 20 22 24
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NUMBER OF DETECTED PHOTONS

V.Peskov et al., NIMA 695 (2012) 154

N of detected photons is ~60-70% of MWPCs with CsI
= Ne+10%CH4, used with AV at 650-750 V

5. Conclusions and Outlook

1.0 . . .
We report the first successful implementation of a set of | Atm. pressure
CsI-TGEMs with a liquid radiator where a Cherenkov ring has Gas flow mode
been observed. The results obtained are encouraging and suggest - 0.9 ___.
that the present performance could be improved in the future by g CRE
optimizing elements of the design. We are launching now systematic @ pg )
studies on TGEM geometry optimization allowing increasing the E ' - : ‘:c
value of e, & and Aes We also are planning to investigate g 1 . l*., 4O
i PR 1 P e T at ] st a er A - D.? !. n ik _d_'_'_,-r ]
o "*‘ sl |
s 1 A £ / 1
o DE——“. CH4 )
s Yo --m-- CF4
> |t --d- Nel10% CF4 |
LLI AL --@-- Nef5% CF4
. . « e 0.5+ 2 —h—MNef10% CH4 |
> Relative extraction efficiency ;? —e— ez cris
044 : . ——t——
Respect to pure methane at A

E ~7kV/cm ~ 75% (my estimate) Eyq (KV/em)

C. D. R. Azevedo et al., 2010 JINST 5 P01002
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HYBRID MPGD PDs (THGEM + )

(] st
The 13 THGEM forms the PC | ¢\ Hubrid (300 X 300 mm?) with double THGEM
B The 2"d THGEM (staggered) e '
forces the electron dlfoSIC)n - 7.10”1”]! eessesessssesssssssssssses
= The MM provides large gain,
made |arger by the dlfoSlng 'ITHgE;Hm:u-GO;mm, '
the impinging electron cloud R P —_—— - —
.Y g:ifﬁﬂ?f:é:fﬁf:ﬁvRL" _&-------------------------- THGEM

[anode | staggered !
Gain ~ 130K
- Single Photon spectrum in BEAM !!!
‘L“q_ ¥4 et
N%“b\ g;g“& $
: .
-k &
et <\ )
I‘\H'\]Q i @\,}\)s
. N | AN
The same architecture ! i S\=
independently studied in parallel as e e N
GPM for DM searches (see later) ’ o .17
Courtesy of the COMPASS-THGEM group
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THGEMs
= 2 THGEMSs
= a THCOBRA with 2d R-O
structure 5D THCOBRA
Parameters
Structure Hole Diameter Pitch RIM
gft'h:de TNT card (pm) (I‘lm) (I‘lm)
trips THGEM 1 400 800 5
THGEM 2 700 1300 100
2D THCOBRA 400 1000 80

Csl Photocathode

» Gas Photomultiplier (GPM) : 2D-THCOBRA

> Good Ferformance
+ Gain of 10°
+ |BF values of about: 20%
» 2D THCOBRA adequate to obtain image
> Position Resolution: FWHM= 300 um, o= 128um
> Count rate of 100kHz

T. Lopes 2013 JINST 8 P09002
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Introductory considerations

Gaseous PDs, historical overview

= T generation - photoconverting vapours
= IT generation - MWPCs with solid state CsI PC

MPGD-based PDs

= Basic principles and architectures

= (Gaseous PDs with sensitivity in the visible range

= Cryogenic MPGD-based PDs

= Detecting electroluminescence produced in avalanche processes for

frontier research and applications

Conclusions
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GASEOUS DETECTORS FOR VISIBLE LIGHT

= photocathodes for visible light
= Chemical reactivity (gas purity better than ppm level needed >
UHV materials and sealed detectors)
= PC stability under ion bombardment - work function lower than CsI one

= AGEING CsI: -16% QE at 25uC/mm?2 F.Tokanai et al., NIMA 628 (2011) 190
Bilkaly: -20% QE at 0.4uC/mm?  [Tyoriyaetal, NIMA 732 (2013) 263
F-R-MHSP,
IBF: 3x 10 4
10 ~
E_.=0.5 KViem, vachgm QE~2T%@375nm
10° fro0 r-::-"'.ﬁ:.'-r:H; {-'ah'b_
m R o
i i KIHEF K -CE-5h
VS DN 10" Frop e picen ! —i-:sl [axp. 6]
e 3
_E 10 L
1 DE -\-':|'|'| .._. —
— ‘0 L T
— m— K-Ce-Sh
1 - o T ------- Csl (axp. 8] Doulble GEM,
$oo 220 240 260 280 300 IBF: ~ 10
""‘UA.:_ MHSP & 'M"'FE,EH [U] A.V.Lyashenko et al., 2009 JINST 4 P0O7005
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GASEOUS DETECTORS FOR VISIBLE LIGHT

= Dedicated photoelectron extraction studies

1 | | |

—4— AN[B0%HCH (10%)

—i— Ma(B%+CF (10%)

— i Na{BIHE H,(10%)]

—i— Aa{10{r)

Bilalkali,
Gas P 675 torr

Mormalised Fhotoelectron Collection
Efficiency
==
R on
TTTITITTITIT T I T I I T I am I rorII g aIrITIp TITITTa
\ \
#
If—f
|
|
*
|
|
{
|
|
&

Electric Field Ej (V/cm)

0 50 100 150 200 250 300 350

400

F. Tokanai et al., NIMA 610 (2010) in press
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GASEOUS DETECTORS FOR VISIBLE LIGHT

Vi

W

Be wind ?\
& window Tast chamba
O N
|
, Vs
“ TINNRRNRERRNNEENY ;J_G
/ |

l',l' ]
GCP

V. Peskov et al., NIMA 433 (1999) 492

---------------

MCP coupled to Micromegas

Inclined to reduce more the IBF
(tested with CsI)

mesh
) B
E Window
MCP [ |
E !l
\ Ton*
\ 1 mm
‘ i c
Micromegas L [
NAAAAANAAANAA A Usjem’ Micromega:

i - |

J.Va'vra and T. Sumiyoshi, NIMA, 435 (2004) 334
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GASEOUS DETECTORS FOR VISIBLE LIGHT

Multiple GEM \N
sealed Pulsed ion gating
%m Continuous
"T""“‘Q" | mode, not a sealed PD
}Eun Emm o by
[ I3 =) UIB L ] g -
1mm = pe | "- ]
PED @@ @ Gow B te
| B :'1“‘.‘.“:." T camz F-R-MHSP 3 E C
R.Chechik P o - 1 Epans
et al., NIMA - GEm 2 C5 = CTE
502 (2003) 195 2 ‘T:E":‘,j,? Cm wise D CEoaCTD Ci
A. Breskin et al., o Emimmmmmeme Fig
B. NIMA 553 (2005) 46 A.V.Lyashenko et al.,
2009 JINST 4 P07005

Poor compatibility of bialkali and GEM material ?

Extremely poor QE of the bialkali PC:
the material of the GEM chemically reacts with the bialkali metals F. Tokanai et al., NIMA 610 (2009) 164

Silvia DALLA TORRE
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GASEOUS DETECTORS FOR VISIBLE LIGHT

K-Cs-Sb
Double MM, Ni mesh

b 4 : | Vcalhade
de

Bi-alkali Photocathode catho

6.0 mm
Micromesh(#330)

CDoooooooooooc Vmeshi

IMesm

More recently: 2 staggered MM layers to enhance ion trapping

0.6 mm Micromesh(#330) —
Olsmmﬁnﬁanananﬁaﬁ IMEEhZ mes _
. Anode plane IMwe+ IBF <2.5x10 3
Vacuum, 20% [ —srwviam
\ | e Q.E. in Gas Galn < 104
e e —=— Q.E. in Vacuum after
10 5
=
W
£ —
s Ar (90%)+CH, (10%)
‘ 12% (stable) after 1.5y
0.01 \
200 300 400 500 600 700 8OO

‘Wavelength [nm]

F. Tokanai et al., NIMA 610 (2009) 164

In collaboration with HAMAMATSU
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. Tokanai et al., NIMA (2014) in press
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Introductory considerations

Gaseous PDs, historical overview

= T generation - photoconverting vapours
= IT generation - MWPCs with solid state CsI PC

MPGD based PDs

Basic principles and architectures

= (Gaseous PDs with sensitivity in the visible range

= Cryogenic MPGD-based PDs

= Detecting electroluminescence produced in avalanche processes for

frontier research and applications

Conclusions

Roma, 20/1/2015 Gaseous Photon Detectors

Silvia DALLA TORRE

Istituto Nazionale
di Fisica Nucleare



Y N\ WPED -PD

= Read-out elements of cryogenic noble liquid detectors
= Rear event detectors (v, DM)
= Detecting the scintillation light produced in the noble liquids

= Options of scintillator light and ionization charge detection by a same
detector !

with WINDOW WINDOWLESS OPERATED IN THE
(2-PHASES) CRYOGENIC LIQUID
S5Fe \ GPM (light readout) \ OR \ Padslchargereadnut) |
Electron avalanche Gas phase ’
AVriigens AVrrgen GEMs i E ‘L.%h \%’Lj § ; ; % ;
\ | _-
AVTHGEmz_ _:AVPIM h— {p::ll:nncathode £ E;Z-"'I( ,'/
N AN | W | | ) g
& ﬁiAVM[CRDMEEAS lenization signal —= :-‘ <—-—Sc|ntllllat_|on signal i L\y; aﬂ
(ﬁ} Cathode ~ R“ Hg}]ﬁe?'::',s?(r or Xe TPC Anode ™" LLLLLLL(SI ph t """""""" 52|E t """"

Electrons

S.Duval et al., JINST 6 (2011) P04007 cw{ Ragiation L.Arazi et al., JINST 8 (2013) C12004

Two-Phase Photoelectric Gate

A. Bondar et al.,

NIMA 556 (2006) 273 =
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MPGDs are source (and detection) of electroluminescence
=  Fast, no ion distortion

NIR )
| LC

(_1 A]’D

p]ate

THGEM2

Gaseous Ar
—
e
&
m
z
] t
L
3
=]
s —
(e ] m

Ve (=)

=
<
=4 7mm { |C
3 I
=3 i
= 1
)
Cathode == ===-= -} ..... |
Smm |
Chamber .
bottom 1
Xeray

A. Bondar et al.,
JINST 5 (2010) P08002

VUV

WLS plane

6mm

Electro Luminescence
-

. .| GEM/THGEM

Electro Luminescence
i GEM/THGEM

.‘....l.....I--.........'. Drift electrode

22mm

A. Akimov et al., NDIP2011

GEM?2
p Em l Avalanche
E P /
3 o
= 2 GEMI1
o 2
5[ 2er N Sw
E=] ! photocathode
= /\MM/\{K./\M
E 'g n T 'l' e Proportional scintillations
= =Z Electroluminescence
2 = plate: GEM or MIISP
& [=]

Z Eb ,L
A

£
Cathode —’l—
e
Radiation

A. Buzulutskov et al.,
JINST 1(2006) P08006
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MPGD PDs beyond fundamental research

=  (Gaseous Compton camera for medical applications
= Electroluminescence light is detected by THCOBRA with 2D R-O
= Drift time provides the third coordinate

1‘__‘“...“---“.‘..

Resistive Line K >
High pressure Photoelectron Ly Edrm
Absorption (10-20 bar) Csl thin film
region ® i Photoelectric Top
*-? Absorption strips(V:)
' - Anode strip (V,)
Top Strip
Cathode
strips (V)
[ l"_, ...... )
_a"f"."' 2st charge multiplication
i — stage Eind
- .
/ \

=
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= T generation - photoconverting vapours
= IT generation - MWPCs with solid state CsI PC
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JWMMARY ONCLUSION

- GASEOUS PHOTON DETECTORS

= Still no other approach to instrument large surfaces at affordable
costs

. MPGD-BASED PHOTON DETECTORS

= The handle to overcome the limitations of open geometry gaseous
PDs

= R&D in the context of MPGDs: dedicated developments needed for
photon detection

= A wide R&D effort (wider than what I could present) !

g APPLICATIONS OF MPGD-BASED PHOTON DETECTORS
= From PID to v, DM, medical applications ..

o =)
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SPARE SLIDES




[—

MWPCs with CsI photocathode, the limits
=  Severe recovery time (~ 1 d) after detector trips

*  Feedback pulses
= Ion feedback and photons from the multiplication process

=  Aging after integrating a few mC / cm?

moderate gain:<10°
(effective gain: <1/2)

not particularly fast

= Ton bombardment of the photoce
0.2 mC/cm? .
\' 25

% 1 mC/cm? i §

" Proof of the Csl film degradation Cabmmpmee

180 L thanks to an accident (COMPASS RICH-1), EaT . e

" 100 g o chamber contaminated by air: 13 s

27 og 150 2% water absorption is largely enhanced i :

yimm PP where the ion bombardment has been
0SB g™ xlm more intense ;
H. HoedImoser et al., NIM A 574 (2007) 28. ) “
/’
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PHOTOELECTRON EXTRACTION

" the ETE includes also the extraction efficiency from the PC into the gas "
1.0 |
1 760 Tomr :ft ) )
0.8 1 AFCH,(955) Ar.CH,=95:5
THGEM z | Gan-10? s |m
Tick 0.4 mm 2 o6 n
diam. 0.3 mm |- ]
Pitch 0.7 mm J: . n
Rim: 0.1 mm £ 04 E'I.
IL\(J[I“/& dalféd. 54 (7'1 Mormalization Mulriglication § | : u
. [T} 0.2 | | ..i..
{a) thi
Iwé m-é : ...I: Te [
00 +—1
O O S N OEE S O . O . -0.8 0.4 0.0 0.4 0.8
...... @----—--------MW Earin [KV/cm]
' il o o (g g — - - - I— AvCH, —AdCO; [cH, - CF, 1 l7e0tor | | -can I1;E?' 1'5.“ I‘FS |
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E=3 kV/cm R it 2l Active ks
] [ | £ 107 Active T
T’ B 1011 R e £o0sl area: 54 % 1
— p———y — = é 08 fw_-/ 1l % :/*/ j-/f\
| Tt J{Iﬂ / ' B 08 P Active
Ml = - o = - - — = = — - Z v s 5 r4 - 0
_________________ B g os A | | g 047 P area: 77 %
- OEE BN B BN BN B B EE B O . MW g 02 __‘#!___T“ _,E-f “ o2 1 iﬁ/l)))
ﬁ 0.0 'hJ_" - D_U__aﬁl;] |
C. Shalem et al., NIMA 558 (2006) 475 oo wo e am wo o W e S0 20 S0 e
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PHOTOELECTRON EXTRACTION 5/5

Anodic current in a THGEM detector versus

the external electric field applied ,
a measurement . [Z00M[__ 7
R ;
_50 o %%\u . - ! =
Ar/CH,: 40/60; 60/40 N I S W A
- | e ; - ;
AV = é -100 = e VAN
O e [ 1RV 3 125 A -
509 Tt - " 111,1.2 .2 ! ! NI !
4 :__—_—_—_1_____‘.__ %ﬁ'%& ___-.—"}—-J A P "-¥) . -—g -150 : : : - : : :f /
—lDO-_ H‘ﬁ;;:;:;"“x B'—_—_—z';: / / 1-25: 1'-3 c —-JA\H kVAr;’:CH 60/40 : “‘- - ‘/
-150 + ‘Q‘qq 4/ — < -1754 —e— AV-1.1 KV Ar/CH_ 60/40 ) ‘a e = £
- ___.‘__—d""- T —a— av=1.2 kV Ar/CH, 60/40 i 'I-'l"‘ ' :
~ -200 4 e "n, / -200 o —*— 4V=1.3 kV Ar/CH, 60/40 S 5 3
c 4 T A" Jl —®— av=1.25 kV Ar/CH, 40/60 k&: :
£ 250+ \\ / 1.35 “225 4 T S i e 060, v
3 -aco- N |18 L S
% 3504+ Tr—— / / Drift Field (kV/cm)
S -400 A S ¢
E 4 —m— Av= [ Ar % __—r’"‘f_.- " .
€ Lm0 ] WA e | Nt The behaviour predicted by the
{ —a— sv=1.21v ac/cE, sos40 el . . .
500 | = av-1.3 v asfci, co/do. simulation is confirmed!
Zzz e SVmLa v Al 30/60. —A clear suggestion to optimise
S S . S R S A the detector design
Dnift Field (kV/cm) S. Dalla Torre et al.,
TIPPQ9 - Tsukuba, Japan 11-17/3/2009
)
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RIM - analogous to the

GEM conical hole profile

THGEM

2007 IEEE Nuclear Science Symposium Conference Record

Understanding the gain characteristics of GEMs
inside the Hadron Blind Detector in PHENIX.

W. Anderson, B. Azmoun, C.-Y. Chi, Z. Citron, A. Dubey, J. M. Durham, Z. Fraenkel, T.Hemmick,
J. Kamin, A. Kozlov, A.Milov, M. Naglis, R. Pisani, I. Ravinovich, T. Sakaguchi , D. Sharma, /
A. Sickles, 1. Tserruya. C. Woody

& RIM
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S. Dalla Torre et al.,

IEEE — NSS 2008 , Dresden 19-25/10/2008
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NOTE: two different scales

X-ray measurements
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 makes it di

the charge accumulation at the dielectric surface
that allows to obtain much larger gains
icult to have complete charge

collection

S. Dalla Torre et al.,
IEEE — NSS 2008 , Dresden 19-25/10/2008
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