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Single photon detection with gaseous detector: a beautiful marriage

1908: FIRST WIRE COUNTER 1968: MULTIWIRE PROPORTIONAL CHAMBER
USED BY RUTHERFORD IN THE STUDY OF NATURAL RADIOACTIVITY
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E. Rutherford a H. Geiger,
Proc. Royal Soc. A81(1908) 141

More than 100 years of tradition on gaseous detectors
development and operation

A
Nobel Prize in 1992

G. Charpak, Proc. Int. Symp. Nuclear Electronics
(Versailles 10-13 Sept 1968)

1928: GEIGER COUNTER
SINGLE ELECTRON SENSITIVITY
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Walther Bothe
Nobel Prize in
1954 for the
“coincidence
method”

H. Geiger and W. Miiller,
Phys. Zeits. 29 (1928) 839

lams, H. E. and B. Salzburg, "The secondary
emission phototube," Proc. IRE 23, 55 (1935).

Heinrich Rudolf Hertz 2 ,
John Sealy Townsend photoelectric effect, 1887 A. Einstein, Nobel Prize in 1921

...the discovery and the exploit of the photoelectric
phenomenon and the Cherenkov effect ....

Pavel Cherenkov 1904-1990 llya Frank and  Igor Tamm Arthur Roberts 1912-2004 Tom Ypsilantis 1928-2000

Nobel Prize in 1958
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The motivation

Needed for n-K identification from HEP Experiments 0 1
. COS = —

Large momentum acceptance = Cherenkov angle measurement technique ©) np .

Large angular acceptance - large area of efficient single photon detection 9 9 9 %j:--‘;.
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10~ AB/B ~ 80 GeV/c /K separation

- 1970s: large area position sensitive gaseous detectors
available 10 . S r—

dE/dx (Classical and CIuster Counting)

_ —//

- Suitable photo-ionizing agent: .|

Benzene: Seguinot-Ypsilantis NIM 142 2‘;0,,, -

Time of Flight § , \ (1977) 377, )
— , _ TEA (7.6eV) NIM 173 (1980) 283, . ]
5 5 TMAE (5.3eV) NIM 178 (1980) 125. YT ‘mi,‘ v n 1w
0.1 i 10 100 1000 o
- agas gain high enough to detect single photoelectrons
p (GeV/c)

- conflicting requirements because of the copious UV emission by the
multiplication avalanche.

- solution: multistep avalanche chamber

(Charpak-Sauli Phys. Lett. B 142 (1977) 377) or TPC
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Photoconverting Vapor based RICH coupled to large MWPC: the first generation

SLD - CRID

Cherenkov photon

Townlsend
aldnche

Z
anode wires || cathode pads

photosensor

TEA

vapour
E,(eV) pression Il (mm) operational issues
(torr)

56 03 30 ‘hazardous 11'1.a.tenal..
strong anode wire ageing

operation in the far UV:
72 52 0.6 CaFytultrapure gas
mixture, high chromat.

100 — NIMA 554 (2005) 147

: gt
80 X V’
e
z 60
: L —— CaF,
é ok —o— LiF ]
g ' = CH#+TEA QE.
8 [ /\ CHGTEA QF
07 4 \
N N N
100 120 140 160 180 200 220 240
Wavelength (nm)
ML
s E605 PROSORTION.
MAGMET
iﬂﬁl' [ Goranon i& |
MELULTISTEF PROPOFTADMNA . .
WIRE CHAMBER
L] RS
PLAMN VIEW E 605
- G 10 Box Rib

| CH.+TEA
CaFz Window

192 mm

il
Sidprail

“~— 1 CLEO IlI

. I J fl .‘.- / LY PM;}{T!T:;S:UE:%::%K' l
o flff f“ f‘J- I Td d:f:! / /
Mo T L
TMAE (Tetrakis-Dimethylamine-Ethylene) Dﬁl' ﬁH/ ' S |
16 m |

TEA (Tri-Ethyl-Amine)

Stefano Levorato | 16 February 2021 | RD51 Workshop on Gaseous Detector Contributions to PID




TMAE gas
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*thick photosensitive volume (slow
photon detectors, parallax error)

*heating and temperature control
(T bubbling <T of operation)

*photon feed-back from
amplification region (protections)

echemically extremely reactive
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The revolution of the Csl, the conversion on solid photocathode

1956: Csl layer has large QE for photons with _
hv > 6 eV (Philipp and Taft) G4l oiytha cathods parplan
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Fie. 1. G sketch of ph be; (1) 9741 glass bubble window, (2) graphite coated
collector sphere 4 inches in diameter, (3) # inch glass tube, platinum painted, (4) nickel

sleeve insulated from tube by glass beads, (5) ion gauge, (6) evaporating cylinder and helical Fic. 2. Spectral distribution of the photoelectric
! heater, (7} coll hield yield for Csl surfaces: (a) thick film, (b} single crystal, hv
(c) thin film evaporated in presence of excess Cs.

\ e pc PN pc

gas y gas

. Phys. Chem, Solids, Pergamon Press 1956. Vol. 1. pp. 159-163.

PHOTOELECTRIC EMISSION FROM THE VALENCE

BAND OF CESIUM IODIDE = &
0866 S
H. R. PHILIPP AND]JE. A. TAFT 66606 6668

General Electric Research Laboratory, Box 1088, Schenectady, New York
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Semitransparent and reflective mode, photoelectron escape probability from thin film photocathodes

Semitransparent photocathode: T e ,
a F I ﬁ{\ I ]
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Reflective photocathqde: A lrge mumbe o imsigatons bve bocn promed
over the last five years on Csl photocathodes (Csl-PCs)
working in the refiective mode with electron extraction into a T | )
gaseous medium for application to Ring Imaging Cherenkov QE mensrecnl condons
Ol reflective photocathodes and their use for RICH detectors (5o oo ieieciors 4 wel as 2y imagias derectors. B R Lt s s 0 o e
p use gas filled multi-wire chambers (MWCs) as photon de- © Tighrioue Poodeeey Caliraion. Mode Thowdeedo Eviacion medum  Subrate
Expeﬂmemal studies tectors with pad {or wire and cathode strip) readout.
Large discrepancies in the measured quantum efficiency 6 Dylamp MW TMAE DX wiecolesor | o CHg sainlss
1. Séguinot™*, T. Ypsilantis®, J.P. Jobez®, R, Amold®, J.L. Guyonnet®, E. Chesi*, {QE) have been published. These contradictions largely re- of inizaton 4100 m frsh Al
¢RI ind e ; ie flect the difficulty of the technique which is strongly depen- (1] Dy lamp M S D oe CPM (no gain)  vacuum copper + fresh Al
b Tschhausr 'R"! al\,:ou:m h}lﬁm > T Sumiyos dent on the choice and preparation of the PC subsirate, the 1 puked B lp  MWC TMAE  phowoncowing  PFC(min) 20 Tom CHy -
b oRN, MFJ-GWM':ISWUM Srasbours, France conditions of the Csl vacuum deposition and any eventual Tow pressure or CHy +Hy
, ¢ CERWECP Dission, CH-1211 Gendve 13, Swizrland exposure of the Csl-PC to air. In addition, absolute QE mea- 113 pubied Hy lap MWC TMAE photon couning ~ MWC (gain) 40 Tom CHy aluminum
Depariment of Physics, Syracuse University, Syracuse, NY 132441130, USA ire : librati f the incident ligh ar 10 Torr CyHg
KK Mool et iy Py, O, oo i, 5o paremellis Teduirs procise o ;,:fnfpmm:: e ;,:"5: ] Dyump()  GTE b O WYC g NTnGry dmim
1. Lack of conirol of these ntany conditions can pac- [15] pulsed Ny sparkegap P TMAE  pulsed MWC (gin) | bar CH, alminized mylar
tially explain the contradictory conclusions. Presently, as it
will be shown, the most recent works on Csl-PCs are con-
verging and show that a large QE can be attained but im-
posing some restrictions on their uge with MWC detectors.
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RD26: MWPC coupled to Csl for the large area fast rich detectors

1992, F. Piuz et al. Development of large area advanced fast-RICH detector for particle identification at LHC operated with heavy ions
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Fig. 1. The QE of Csl PCs produced at CERN for ALICE and
at TUM for HADES, compared to that measured at the W.1.5.
on small samples (reference for RID-26). PC32 1s one of the four
PCs equipping the ALICE-RICH prototype used in STAR at

BMNL. .
A. Di Mauro, NIM A 525 (2004) 173.

TO ACHIEVE HIGH Csl QE:
Substrate preparation:

Cu clad PCB coated by Ni (7 um) and Au(0.5 um), surface cleaning in ultrasonic bath,
outgassing at 60 °C for 1 day

Slow deposition of 300 nm Csl film:

1 nm/s (by thermal evaporation or e-gun) at a vacuum

of ~ 10”7 mbar, monitoring of residual gas composition

Thermal treatment:

after deposition at 60 °Cfor 8 h

Careful Handling:

measurement of PC response, encapsulation under dry Ar, mounting by glove-box.

Schematic structure of the Photon Detector:

Smm | ~~ ] ———> Quartz Window

Collection Wires
20mm Pure CH, (0.1 mm, 2mm pitch)

Cathode Wires

(50 mm, 2mm pitch)
"""""""""""" Anode Wires
9mm / (20 mm, 4mm pitch)

» Pad Cathode Plane
(8x8mm pitch)
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RICH with large area single photon detector based on Csl and MWPC, the second generation

o g P chamber nitrogen
window isobutane radiator
/ TIrToT Kipdid
T UV photons -
10,
TIC, NA44
Table 1: Technical specifications for the TIC photon detection chambers
Active area 78 x 19 cm?
Number of pads 96 x 24
Pad size 8 % 8 mm’

COMPASS RICH-1 2002 Csl > 5 m?

MWPCs with solid state photocathode (the RD26 effort)

ALICE-HMPID
2009
Csl > 10 m?
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The COMPASS RICH photodetectors
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The ALICE RICH photodetectors

RADIATOR: 15 mm liquid C¢F,,, charged particle
n~1.2989 @ 175nm, By, = 0.77
PHOTON CONVERTER: Reflective layer of Csl K i Neoceram
N E C.F,, liquid
(QE ~25% @ 175 nm) o | I\ radiator
PHOTOELECTRON DETECTOR: MWPC with '
CH, at atmospheric pressure (4 mm gap) CH, collection
HV = 2050 V. 100 pm : electrode
Cu-Ba? 20 urm H
- Analogue pad readout i wioe £
2 {
[ Sf <X SN ¥ ¥ I X oF
E € © € € «+205KY g
= 4.2 mm :
I | II' '._'_'.'drt'f".'iri"l".".“._".;',':"',".",".".".':'t";".". MWPC
I', [_: i s -,i' ; . i X X 1L
€x8.4 mm pads H Front-end
electronics
Full QC
of the
Photon
detector

Fig. 4. The normalized photocurrent response mapping of
PC45 characterized by an average of 3.5 over the full sensi-
tive area.
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Photoelectron extraction from a Csl film, the role of gas and E
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The limits of the Csl and MWPC technology

Severe recovery time (~ 1 d) after detector trips
lon accumulation at the photocathode

Feedback pulses
lon and photons feedback from the multiplication process 2pi = 50% Operation at moderate gain < 10°

Aging after integrating a few mC / cm?
lon bombardment of the photocathode 50, 60 %
MPW(C based signal

slow signal formation ps and low gain
- “slow” electronics (signal
integration, low noise level)

120 1 I [l ], i

100

= @assiplex FE : integration time ~
40 - i 0.5 us, time res> 1 us

= APV (COMPASS RICH-1 upgrade) :
resolution ~ 400 ns

Relative QE {%]
=S

Breskin et al., NIMA 371(1996)116

204 jon-induced aging - .
Degradation not well understood — physical and , CH,, lam, G=10 > theCtOI; mem%r'y ’h"e' tnot
chemical mechanisms competing? Evaporation? 0 : : : : ' adequate jor high rates
Cesiation?.. 00 05 1.0 L5 20 25 3.0
H. Hoedimoser et al., NIM A 574 (2007) 28. Charge dose [C/mm?]
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An option for ALICE HMPID upgrade (later abandoned)

A.G. Agécs et al. / Nuclear Instruments and Methods in Physics Research A 732 (2013) 361-365

Details:
* Focusing RICH
Radiator: 3.5 bar C,F,O (50 cm)

Goals:

photon detector
- e

* Photon detector: Csl-MWPC (CH,)

sapphire ,-""’ T _‘/

window

Window:

Sapphire

* 1.5 mrad resolution = Mirrors: 3x3

= p/K 3 o sep. up to 25 GeV/c iy e

= /K sep. from 5 GeV/c il

* 7/K 3 osep. upto 16 GeVic il o

e, & oei)

tracking chamber o on

Expected (simulations):

o k| [p Test-beam :
R Vi — X N\ 3.5 bar .
i \ T = S T— n. of ph.s: 10 (saturation)
RNy 1 bar -1t ot s o
n/k sep "3‘;.“\ AR s gooe s-///- 1 bar
e D :" - 20 ph.s perm
i g“‘ = Reminder:
: / at 1 bar with MWPCs +Csl:
BT iy 6 5 B w_» » ® = ~ S ph.s perm
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The MPGD era

The Micro Pattern Gaseous Detector technology triggered new possibilities for Gaseous PD performance
Intrinsic mitigation of the photon feedback

Strategies for lon backflow reduction

*  High Rate Capability Micromegas Micro bulk InGrid
. . | s=mmm—— Standard micromegas
ngh gain «  High Gain / w1 —— =
g ==== T YY
H- h t I t * High Space Resolution g Do 40kViem == AR A
Yo Micromesh << - .-/t L S
lg pOSl Ion resolution * Good Time Resolution A,:::ﬁ A on l;s,' =
FaSt Signals * Good Energy Resolution fmm
* Excellent Radiation Hardness
Visible sensitivity + Good Ageing Properties
* lon Backflow Reduction
. . GEM 50um GEM THGEM GLASS GEM
Nano/Pico second resolution A T — o
* Large Size 2 B 8 &
* Low Cost
Triple-GEM
Particl Driftcathode [ :
Picosec MM: o Gain
Cherenkov GEM| mmm b/;- EEEEEEEEES ~20
Radiator &5 mm [
Photocathode ~ 18-20nm W1 Cathode GEMZ f-. - ~20
om e el s
Readout PCB : == = ~8000
Amplifier
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The MPGD ion and photon feedback suppression

An “old” idea .
Ly-photons Seml—Tr'anspar'en’r PC
hviy‘ ] ~
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GEM —— ol - 2 > é’:} C GEMI1
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mest—="="="~ e Gl = /\é D/\D C GEM3
(i) _‘ > | anpde
R. Chechik et al., NIM A 419 (1998) 423 SULips

- triple gem with Csl pc CEMLPCE ]
e s e rsencis e st _ . : 85-40-85 um
cetsee semi-transparent vs reflective pc . ATCE, (0110) |
GEM1 - typical stable gains ~ 10° = E, =05 kV/em
cem2 - large area > 1 m? can be produced — o1} :
E
GEM3 .§ L 3 >
e Bachman et al. NIMA 438(1999)376 = [ Volaee conlignration:
_ ‘ .
Breskin et al. NIMA 478(2002)225 = O reduced AVGEMI (X0.75)
anode mesh. Bondar et al. NIMA 496(2003)325 | O reduced E | (X0.5)
Chechik and Breskin NIMA 595(2008) 116 001 0 enhanced E, and B, (X2)
A. Breskin and R. Chechik, NIM A 595 (2008) 116 o 107 0 1o e
Gain
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On IBF

IFB in GEM-based detectors

o %
« strong dependence from gain and E ‘Qj;f | I
g 0P ~ RIFD E~ 1kV/cm needed < v / <
* poor dependence from pressure and gas type @ IE
for good . E— I Cathode
< Y
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- effective GEM-based
A. Bondar et al., NIMA 496 (2003) 325 A. Breskin et al., NIMA 478 (2002) 225d
photon detectors
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Hadron-Blind detector (HBD) at RHIC-PHENIX reflective mode

-Proximity focus
configuration, no
window, no mirror
-CF4  radiator and
active gas.

-Lrad=50 cm Very large
bandwidth 108 — 200
nm
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Reverse bias

_TripIeGEM 900 L L L

photo .prir'nary
- Csl reflective pc E P aotron, \[ fonization
- G~10* h—

Anderson et al., NIMA 546 (2005) 466. -
S. Milov, et al., J. Phys. G: Nucl. Part. Phys. 34 (2007) S701

Z. Fraenkel, et al., NIMA 546 (2005) 466.

) ! 1 700
i ! : 600 Pulse-height, reverse bias
400 [ 5 ] 500 Hadrons
— gl / Forward drlft§~f|eld : 400 E electrons
Reverse drift field 1 3 £
% J : $ 300
200 l ; >
I 4 200
I Ty : ! ] 100 [
0 IO oo Vo ok 3
E M " 1 1 H 0 i o S T, 1 1 1
0 200 400 600 800 1000 0 ﬁ) 200 300 400 500 600 700
ADC counts ADC counts
Detector operated in reverse bias mode to repel the

ionization charge from dE/dx
Cherenkov light is formed only by e* or e
Successfull operation at PHENIX since several years
It is not a detector of single photons




Large gain, one of the key element for an effective single photon detection

LARGE GAIN RELEVANT FOR SINGLE PHOTON DETECTION

GEM-based PDs in laboratory studies

for single photoelectron detection, they have been operated at gains > 10 (see, for instance, the plots of the
previous slides)

GEM-based detectors in experiments

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

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

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

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

Phenix HBD: G ~ 4000 (w. Anderson et al., NIMA 646 (2011) 35)

—In experiments, small chances
to operate GEM-based PDs at gains > 104
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THGEM-based PD

About PCB geometrical dimensions:

PCB technology, thus:

robust Hole diameter: ~ 0.2—1mm
. . Pitch : 0.5-5mm
mechanically self supporting Thickness - 0.9 -3 mm

industrial production of large size boards

large gains can be easily achieved (rim !)

Gain stability is challenging

Comparing to GEMs

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

Larger holes:
8 . . _ introduced in // by different groups:
dipole fields and external fields are strongly coupled L. Periale et al., NIM A478 (2002) 377.
e~ dispersion plays a minor role P. Jeanneret, PhD thesis, Neuchatel U., 2001.
P.S. Barbeau et al, IEEE NS50 (2003) 1285
R. Chechik et al, .NIMA 535 (2004) 303
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THGEM-based PD

High-rate device Photoelectron extrac:tion from |
THGEM PC fully confirmed by direct
S | b O ay photoelectron trajectories from a THGEM Obfer"at'on with “Leopard
photocathode,simulation, multiplication PO = e =
L3S ’ switched off U s~ S /
N thickness 0.6 mm, diam. 0.4 mm, g .
' pitch: 0.8 mm’ AV = 1500 V E -100 ___ ....._...__.._._-. S S B
- O 1251
0 20 40 60 80 100 120 ?5 'lfo R T T
Rate (kHz / mm?) S TS e e [ >
[Single THGEM, no RIM |~ v+ | P Rl B A e .
field above the THGE R B e “ i —
M. Alexeev et al. JINST 10 (2015 ) P03026 . E=0 T
Drift Field (KV/cm)

IBFR (%)
F 23| Drift field scan

6 12 23
o o X _ 0 Viem -100 V/em 1000 Vicm

s [l (2] [2n] (2] |2

l

) [2]  [2] g
- £ [19] -]
Triple THGEM: o (2] [z . g
lon Back Flow £ ‘ - g
reduction by i [ [» a g
staggering plates F = = = @ @ [= — S

’g ................... T L

(™)
& iy 2
£ l E=-500V g
E=500V =

i}

+100 V/iem +200 Viem +500 Viem +1000 Viem

Emom
* IBFR < 5% ! e
i~ [ 1) 2] w6 _

B (Viem) ' G.Hamar and D.Varga,

M. Alexeev et al., JINST 7 (2012) C002014 | photoelectrons lost photoelectrons lost NIMA 694(2012) 16
(not entering the holes) (field too low for extraction)
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THGEM R&D for RICHes

Ne+10%CH4, used with AV at 650-750 V

7 | o N of detected photons is ~60-70% of MWPCs
HEn i i ALICE VHMPID with Cs|
c. \Wﬂ ‘\ / THGEM & HYBRID [l
| “5 ‘ | Thick GEM
D: Z I l 6 ’ _":ICthCﬂkov 10 . Sense wires Field wires l 4.5 mm So CO“CIUSiODS al'ld Outlook
Iz == = =1 8 l T We report the first successful implementation of a set of
N 5 = 9 ' CsI-TGEMs with a liquid radiator where a Cherenkov ring has

been observed. The results obtained are encouraging and suggest
that the present performance could be improved in the future by
optimizing elements of the design. We are launching now systematic
studies on TGEM geometry optimization allowing increasing the
value of rlrel qd and Acg We also are planmng to 1nvest|gate

1. e s N

Entries

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

COMPASS, RICH-1 upgrade by Triple

THGEM detectors

%2 ndf 90.09 /24
Constant 458.4 +8.4
Mean -766.6 = 0.1
Sigma 7.208 +0.089

N T A Ll L [ ol g P OO TR R B
-950 -900 -850 -800 -750 -700 -650 -600
Time [ns)
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THGEMs+Resitive Micromegas combination

FUSED SILICA WINDOWS

MESH WIRES

DRIF WIRES

\

THGEM |

v

\4

THGEM 2

\{

MESH

Csl coating

(A AR AR Az a2 et

W2 W

ANODE wWITH PAD

5mm
_J I ILJLJLJLJLJLJLJL{

/

m. 0.4 mm, pitch 2 mm
= 8%. dead area)

THGEM 1- provide support for the Csl pc, gain and partial block of ions and photons

THGEM 2 -extra gain and extra ion blocking and charge splitting

spark mitigation

pipe

radlator
gas: C,Fqg

¥ Micromegas — discrete element approach efficient for ion trap and provide extra gain and

4 new detectors of 600 mm x 600 mm
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THGEMs+Resitive Micromegas combination, performance

Q - Entries 45684
= ) % Mean 46.07 +0.1947
3 + Gain=13445+/- 144.943 RUS 4161£01376
- low 0 . .
0 10 Ovelon o | || From electronic noise -
: xn:l;;;.unlur (w) l"?:(’m Threshold
Prob 0.09668
10°F po 988.6 £ 216 '
: \ pl voznizowes ||| From threshold & gain -
L Fitting rage: 45 -> 200 i g photoelectron detection
L] S ’m ‘ (effective) efficiency > 80%
_ 1ADC channel = 300 electrons For comparison,
5 = W S S in MWPCs: ~50-60%
0 5 100 150 200 250 300
Amplitude for photons : _—
‘w_ Entries s ‘?\:f;
5 Gain= 13854 4/-205.862 | mws 9o
o 10° = &“:R“;“ 0
= lrfllegmll w) 2.‘:.‘(744::
from the extrapolated b gt
exponential an 10° & e
estimate of the noise &
level under the 0 {m}‘&nﬁ.‘ 4
slgnal: f Fitting rage: 45 -> 200 ' m HT ;.i fﬁ 1
~10% 1 H
E 38 PR IS S S | PR SR SN AN VY NS |
0 50 100 150 200 250
Amplitude for photons

Number of photons per ring

1 0 - h_n_VS_theta_after |ssssssssssssnssssunsnssannnnssnnnnns
- Entries 116 |2 N(Bcn) = po-sin*bcn+p1-Ocn &
| Meﬂ[‘] 39‘52 NN NN EEEE NN EEEE Rl g
B RMS 13.04
8_ ¥/ ndf 19.19/ 16
B p0 3384 £ 118.0
6 L pl 46.34 +4.90
4 — e
K } ﬁqﬂ*ﬂﬁﬁ#ﬂ
- H—FH ++|'+-|i'++ 0;5’:5]{P Extrapolate to saturation, number of photon= 12.9
2 H*Jf o 9% First part of the function = 10.3 +/- 0.4
B ® ©,H = Second part of the function=2.6 +/-0.3
I~ a0 o o
0 réj? 1 I 1 | 1 1 I 1 1 1 L I L 1 1 1 l 1 1 1 1
0 10 20 30 40 50 60

Cherenkov anale (mrad)

Residual distribution for individual photons (preliminary):

0<:al<:ulated - ephoton

llll[llll]llllIIIIIIIITIIIé

Sigma: 1.8 mrad

photon_residual _2

Entries
Mean
RMS
K¢/ ndf
Constant
Mean

Sigma

2.056

1.832 £ 0.027
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InGrid — Micromegas integrated in a Timepix

The future...
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RICH at the EIC, exploiting the COMPASS hybrid PD upgrade

b -1<n<+1 (barrel) : SPHENIX + CF4 windowless RICH concept, test-beam results Pad-size ~ 5 mm

c n TP+ D.|RC [ M. Blatnik et al., IEEE NS 62 (2015) 3256 | :i- ‘ n_det_ph.s : 10

ompact- “[52GeV |
o s Frequency vs 9_C |

»  -4<n<-1 (e-going) : S: L =

Hiéh resolul’iion EM calorimeter = Lo i ) | Fesstingnareor

+ GEM trackers
»  +1<n<+4 (h-going): . JETE S 4

°  1<n<4:GEM tracker + Gas = 1 m-long radiator and gaseous PD

RICH * Increased n. of detected photons with a wavelength range around 120 nm
o 1<n<2: Aerogel RICH = 10 photons (as with visible PDs !)
o 1<n<5: EM Calorimeter + . CF, (n =1.0005, 6_max: 32 mrad ) .. .

Hadron Calorimeter _41: threshold : 4.4 GeV/c minimum material

K threshold : 15.6 GeV/e budget
n_det.ph.s (B=1)/ Im : ~ 12
Testbeam o_C_ph : 1 mrad, where about # from chromatic dispersion
to exploit PID up > 60 6eV/c : o_C_ph < 0.7 mrad

= High-tech, expensive mirrors, gas transparency issues at 120 nm

»  Along outgoing hadron beam:
ZDC and roman pots

\
ZDC Roman Pots
z=12m 2>10m

Different lever arm w.r.t. COMPASS requires pads of small

Studies performed with
hit distribution .
Shutter in front of radlav:::r open Shufzr in :om of radiator close | Difference between ope"r»b ??d dos; A r/C H 4 m I Xt u re s’
= | towards a windowless

approach using CF4 >
Chandradoy Chatterjee
and different

photoconverters = Daniele
D’Ago

Tad ¥ 1D

Ar:.CH, 50:50

8 —
——J c1 = Mesh at ground
Dutector

PATGY

Pre — Amplifier

CH, 100%

™ 25 30
Pad ID X
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InGrid — Micromegas integrated in a Timepix

Innovative approaches to single photon detection with
GPD, R&D
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InGrid — Micromegas integrated in a Timepix

)

Steel mesh ,é —

Low field:

transfer
Al grid,
200 nm Csl 7 High field:
pillars j multiplication
TimePix chip » readout

pixel n pixel n+1

- Very interesting performance for imaging (high granularity)
- Compact system with integrated electronics
- Limited to small detection areas — timePix limitation

Melai et al., NIMA 628 (2011)133

X (column number) X (column number)

2= .

0 500 1000 1500 2000 0 250 500 750 1000

Fig. 8. () Image of the logo of the University of Twente and (b) image of a fingerprint left on the detector window.

;
iy
=
L Ar/CH4 (95/5)
=
2 Ar (100)
2
s He (100)
i isobutane (100)
Hefizobutane
Arfisobutane (90/10)
1 {
4 5

Field strength [kvfcm]

Fig. 3. Extraction efficiency of photocledrons from a Csl photocathode into
various gas mixtures (reference to vacuum). All gases were maintained at 1 atm.
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MM-TGHEM — Multi-Mesh

First performance eyglyation of a Multi-layer Thick Gaseous Electron Multiplier with in-built electrode meshes—MM-THGEM

Pre-amplification gap

/ Amplification gap

0.5 mm

Top M-THGEM

N

Top Mesh

~ 0.2mm

Bottom Mesh

0.5 mm

Bottom M-THGEM

Post-amplification gap

Cathode

E[V/cm]

. 3000

500 V/cm

AVyem = 500 V

AV,,,, = 500 V

\
AViygem =500V

500 V/ecm

Anode

Oliveira and Cortesi., JINST 13 (2018) P06019

Gain

" AVjueem = 500 \
e
AV, = 500 V

S AVioen 5500V

10°
_ AVyy
1051 a= AVTHGEM 0.=1 .00
o
10* & =075
d o
1031 ,dc ,O’o D,O Ot:0.5
o o 0
1024 o °-°'° o°'° o 0=0.25
g0 P ’
1 & o° ? 0
10" 4 (= =) o) o
0% c° 20" 00
0 Ooooo Q °O°
100 ©0800°" og8oo
oo /
10t 2® = ArI(1O%)CH4
1 atm, UV-light
102 : —— — —
200 400 600 800 1000 1200
AVrhcem (Volt)
107 v
MM
108{ a = p— 0=0.75
10°] a:1.00° o 0=0.5
4 s 7 Loa=025
10 3 O/O O’ /ol Io
= 1034 o ,O/ o’o ,O'o
‘© s o’ol o°
O 1021 O,OIOO o o’ol O'O,O
10" o o~ ,o‘°°.o'°
o 0% 9" o°
1004 %0%00°% °
10" o'c® o® o° H&/(10%)C02
102 1 atm, UV-light
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MM-TGHEM + RWELL — Multi-Mesh

MM-THGEM/WELL-THGEM detector First performance evaluation of a Multi-layer Thick Gaseous
Electron Multiplier with in-built electrode meshes—MM-

Cathode

........................................ — lions THGEM
UV-light .
= \11 @ Vtop " DVpyeem =500V
KOS g - _ . ~ 6
MM-THGEM m BV =500V Gain ~10
T AVipyeem =500V

- Fair IBF for Csl pcs

WELL-THGEM
AnodeAvaEM:looov IBF ~2-3%
AV =900V I
108 - bl 7 = T Low IBF contribution when the WELL-
. . a=0.75 _ _G¥mm i o . .
100 T Brnem a=1p 0 [ 6 %= A S THGEM electrode contribution to the total
. & d 4 5{ - o - =1 gain is high
e 10 g, 4o=05 —_ =
© s r L4 ¥
(n 10° I o~ Y 107 5
Sy |5-|5 3 = 1100 v _ Hel(10%)CO,
d — O — Q- gD 10°4 1000V | 1 atm, UV-light
1ﬂ? fn-‘n___g"' _.aﬂf i g-m_ﬁ_’w /;JdF . 4 900 Volt
o] 77 Hertowco £ i 7 s
wily 11 Hel{10%)CO D 10t] P & : o oge®
P . 1 atm, UV-light 1 atm, UV-light © S I "4 é 21 %\u_:;—_wf pRside
0 200 400 600 800 e o ety MY e 1000 Volt o0~ o- =
: 10° Y Hel(10%)CO 1- 1100 Vot
o
AV (Volt) Gain =" 1 atm, UV-light |
10 T v v
(a) (b) 200 400 600 800 0 : . .
AV (Volt) 100 10° 10° 100 10° 10°
Gain

Oliveira and Cortesi., JINST 13 (2018) P06019
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HYBRID MPGD PDs (THGEM + THCOBRA) a low rate application

2 THGEMS UV Photons
Quartz Window A
a THCOBRA W|th 2 d R'O Structure - - PN —H;’;'T:M ! Csl Photocathodg
e ‘ THGEMs '
THGEM 2‘
T cad 2DTHOOBRA | 2D THCOBRA
Plane —
s 5 ‘ Structure Hole Dlameter Pitch RIM
= Strips. AN / (1m) (um) (1m)
""" : ,, _\‘/ -\‘ THGEM 1 400 800 5
_/‘N | THGEM 2 700 1300 100
Cathode/ 15! Chafge/‘r‘iﬁmode 2D THCOBRA 400 1000 80
= - Strips  Multiplication Stage St ips.
"""""" out ,‘_
2D-THCOBRA | s

T. Lopes 2013 JINST 8 P09002

o V=50V

« Gas Photomultiplier (GPM) : 2D-THCOBRA
» Good Performance

8 V=SS0V

* Cain of 10° IBF high but
+ |BF values of about: 20%
> 2DITHCOBRA adequate to obtain image

Viggen 1 = 330V

> Position Resolution: FWHM= 300 um, o= 128um . - Ve =600V
» Count rate of 100kHz L.

Gain
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Carbon based photocathodes coupled to Gaseous Detectors, HND and THGEMS

T T T T . T T T3 . .
.Very promising photocatode for VUV [ Rich-diamond ND ] Rich-graphite ND ] X-Ray Irradiation : 260_Shots/H-ND/Au_PCB Coin
. - very interesting QE Wk El 3 w 01
. L. - : § a i * Fresh Sample
L hlgh radlatlon hardness 100' T % L L] After 0.263 mClem® Charge Accumulation
. - spray technique — hidrogenated ND powder 3 El 1 50.08- 4 After2.895 mClom’ Charge Accumulation
: 2 B \ After 5.527 mC/cm® Charge Accumulation
10"k 4L i 0 06_ [ . After 8.1598 mC/cm” Charge Accumulation
Uncoated THGEM = : : ' .
10 —a— —a— N 0d > B R
3 E- NDawec(o d) El AT [?BF"“,( A ) -§ 0.04— : ]
o © H-ND (0d) = —_— ND d) ] L
Coated THGEM 3'. _3-_IE_NP-H (0 F) : (a) -TG—ND-H (Old) | (b) ] - S ¥ % 5 ¥
§ 0 T+ o0l ' o "
g L ——ND__  (443d)1L o Rich-graphite ND 5 . oo e "
w 10"k o— H-ND (433 d) 3 = B e e e e o
- ——e— ND-H (435 d) N N S I SR S I
s of 1 g 1 130 140 150 160 170 180
8 10°F 3 L. 3 A (nm)
E ‘ ff E Figure 6. Quantum efficiency as a function of wavelength for fresh and various charge accumulations
3 y o 4‘,. ) (0.263mC{em?, 2.895mC fem?, 5.52TmC {em?and 8.159mC fem?) due to ion bombardment on H-ND
107 E 3 coated Au_PCB substrate.
102l : \.(443d) 3
(@) o N33 o i .Still presenting some ageing =
Rich-diamond ND -=— N[§-H ( 5 d) (bl): .
7' IS | B BN .lon bombardment resistance !
140 160 180 200 220140 160 18 200 220

Wavelength (nm)

.Compatible with MPGD operation !

Velardi et al., Diamond & RM 76(2017)1 ; Valentini et al. Patented

Below Quartz cutoff

> Daniele D'’Ago Talk Windowless approach for
RICH
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Picosec

PICOSEC Collaboration aims for the development of a Micromegas based detector coupled to a photocathode for time

resolution in the ten pico second time scale, not single ph.

Crystal
| holder top TR+ dE/dx |
i lectron identification :
Particle - = i
Picosec MM: Q. il ’
Gas Cherenkov
Cherenkov 2.5 mm ol connector ;
Radiator » Cathod C"YS o _’/ - Siiomabiil dE/dx(classucaIandCIusterCounung)
son athode rys L
Photocathode 1620 Mg . _ -/// my,
Drift 200 um Mesh £
......................... Ground . o
Amplification 128 um E-Field4 (Bulk Micromegas) . H o8
Anod i B i
Hve nece Active area esh & cathode b Fh_ght : ‘( N
_,I Preamplifier + DAQ ‘ Ne(80%)/CF4( 10%)/C2 H6( 10%)(anode pads) contact rings 2
, ) ) . 0.1 1 10 100 1000
Lukas Sohl et al. For the PICOSEC Collab., presented in RD51 collaboration meeting, Munich, June 2018 b (GeV/c)
Papaevangelou et al, Fujiwara et al., EP/ Web Conf., 174(2018)02002 450~
- %2/ ndf = 73.26 / 45
400
- u =2.7451 + 0.0004 ns
* lon back flow damages Csl 350 F
photocathode under higher » - 6,=20.9 +0.3 ps
particle flux qc) 300 c,=38.9+1.1ps
« IBF > 60 % at high detector gain 2 - ¥
o > PR At ig 9 O o500 | o, =24.0+03ps
* Robust photocathodes needed o E " L VPR
- E i
Measurement of the IBF in a pion beam at different field _8 200 :_ I
Vanode [V Varige [V]  Tanote [MA]_Larige [mA] 1BF [ F
4450 -350 98.00 2340 24 S 150
4450 -375 193.85 53.00 28 prd C
+450 -325 45.47 10.65 23 E
+425 -400 193.50 53.10 28 100
+425 -375 87.30 23.95 27 E
4425 =350 44.48 10.99 25 F
[F100 %t 178.84 112.39 63 50
00 =100 S8 2554 28 E ,c-'"
+400 -375 41.28 11.10 27 C \ i B BRI iee..
= g i = € 8.6 2.65 2.7 2.75 2.8 2.85 29

Signal Arrival Time (ns)
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A comment

Advances in DLC films triggered the possibility of producing photocathodes to operate in gas medium for
MPGDs

e DLC — Diamond-like carbon

—Widely used in industry as a solid lubricant
—Recently introduced to the MPGD field as excellent resistive electrodes

—Tested with success in the PICOSEC Collaboration

* A breakthrough in carbon based photocathodes would favour:
* GPMs performance in general

* RICH detectors for PID for future NP/HEP experiments: i.e. HND nanodiamonds
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InGrid — Micromegas integrated in a Timepix

Innovative approaches to single photon detection with
GPD, R&D, visible range
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The visible range, challenges

Chemical reactivity (gas purity better than ppm level needed = UHV materials and sealed detectors

PC stability under ion bombardment - work function lower than Csl one

AGEING Csl: -16% QE at 25mC/mm? T.Moriya et al., NIMA 732 (2013) 263
Bilkaly: -20% QE at 0.4mC/mm?

F.Tokanai et al., NIMA 628 (2011) 190

104 T T T T T T T T T _ .
£ -o5iom  K-Cs-Sb fit Cs-Sbvs CSI T RrmHsp,
f _3g0 7 IBF: 3x 10
K-Cs-Sb QE=36%@375nm ] 10 - . _
103 /,' i Eﬂ:ﬁl.ﬁl Kviiem, 'l.l.?:ﬂ-u-:ﬂ'ﬂ QE~2 7 Snm 5 oof —4— ABOR}4CH (10%) Bialkali,
.% K-Cs-Sb " Cs| ] 10° |70 Torr AsfCH; (85/5)— P S bt Gas P 675 torr
(D 2 .% _.Hji- — _ I % 07 E —i— Xe{100%) T
T 0 | O 1ot T | e Koos: 180 e
= - 1 FR-MHSFIE —— Cal faxp. &) §¢ CE Ve
= A @ 10 B 1 T
10 E 1 [ . E Q =i
J) S O 2
0 | 1 e B ecvi Vo W TV O IO
10 —_ 10 e K 100 150 200 250 300 350 400
200 220 240 260 280 300 320 P _ D -Csl (axg\ft) Electic Feld £ (Viom)
AVGEM [V] qzum 220 240 260 280 300 [ F. Tokanai et al., NIMA 610 (2009) 164 |

“NAGMHEF & ﬁvGEH [Vl

A.V.Lyashenko et al., 2009 JINST 4 P0O7005

lon induced secondary emission in Csl is negligible

Double GEM,
IBF: ~ 10 2
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Visible range single photon detection, GEM approach

UV-LED
Sh Butside
é chamber |
bstrat Bi-alkali PC B
su sra?\ @
5 | =
E ' AMWW—o
drlft Vv
"-\ a WW—o
FRMHSPT> CAé « AMA—o
E’(rans1 ~~~~
MMN—o
GEM_ ¢ >@< ) & AMM—o

.\,

T E trans2 ¢y

MHSP é X | m °
/ o
bottom
cathode
A
BAS Jl }-> The gas system allows filling the defection chamber with high-purity two-component gas mixtures.
Prior to gas filling, the gas manifold is evacuated for 48 hours with a turbo-molecular pump, under
'VW\/ O bake out at 200°C, down to 3- 10~® Torr. The zas flow and the mixture ratio are regulated by
mass-flow controllers. In all experiments Ar of 99.9999% purity and CHy of 99.9995% purity
were used, filled into the detection chamber through a filter; the latter (GateKeeper 35K, Aeronex
Inc.) is capable of purifying noble gases, N> and CHy to ppb levels at a maximum flow of 1 liter
Lyashenko et al., JINTS 4(2009)P07005 per minute.
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Visible range single photon detection, GEM approach

Multiple GEM
sealed Pulsed ion gating —>
%"" K-Cs-Sb - Continuous
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Poor compatibility of Bialkali and GEM material ?

Extremely poor QE of the Bialkali PC: F. Tokanai et al., NIMA 610 (2009) 164
the material of the GEM chemically reacts with the bialkali metals
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Visible range single photon detection, Micromegas approach

the Micromegas approach

2 staggered MM layers to enhance ion trapping
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Nicely working!
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SUMMARY/CONCLUSIONS

GASEOUS PHOTON DETECTORS
Most effective approach to instrument large surfaces at affordable costs

MPGD-BASED PHOTON DETECTORS
Allow to overcome the limitations of open geometry gaseous PDs
A wide effort to refine and consolidate the technology

MANY APPLICATIONS OF MPGD-BASED PHOTON DETECTORS
From PID to v, DM, medical applications ...
First step toward large area: Hybrid THGEM+MM for COMPASS

BRIGHT FUTURE FOR:
Inventions: new ideas, new techniques
Technology consolidation, new applications
Large scale projects
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