COMPASS RICH-1 and Novel Gaseous ...»
Photon Detectors

Fulvio Tessarotto
( ILN.F.N. — Trieste)

COMPASS RICH-1

Vessel, radiator gas and mirror system
MWPC’s + Csl photocathodes

The MAPMT based detectors
THGEM-based PD’s

The upgrade with THGEM-based PDs

Promising developments in gaseous PD’s
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Experiments with hadron beams:

Experlments W|th muon beam

COMPASS -1 (2002 - 2011)

Spin structure, Gluon polarization
Flavor decomposition

Transversity

Transverse Momentum-dependent PDF

Pion polarizability

Diffractive and Central production
Light meson spectroscopy
Baryon spectroscopy

COMPASS - Il (2012 — 2018) ...

Pion and Kaon polarizabilities

(2021 — 2022) Drell-Yan studies
Transversity, proton radius > (2023 = ) Lol In preparation
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DVCS and HEMP
Unpolarized SIDIS and TMDs



Polarized (p, d) target
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rotons
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160 or 190 GeV/c u* (or W), 4 - 108 wspill, P, ~ 80% \
190 GeVic p, ", K" K beams Various targets used

first GEMs and Micromegas used in a HEP Experiment Small DAQ: 40 kB, 50 kHz, O(PB)
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Target Angle \ Spectrometer
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el Abbon et al., NIM A 567 (2006) 114
" e : ~ = | P.Abbonetal, NIMA577 (2007) 455
= pixel GEMs, pixel Micromegas | p. Abbon et al., NIM A 779 (2015) 69

' Proton Recoil detector = -
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F. Tessarotto et al., JINST 9 (2014) C09011

Is a large gaseous RICH

a

with three kind of photon detectors

providing:

Al vessel

hadron PID from 3 to 60 GeV/c

& MWPC’s + Cs|

acceptance: H: 500 mrad V: 400 mrad

trigger rates: up to ~50 KHz
beam rates up to ~108 Hz

material in the beam region: 1.2% Xo
material in the acceptance: 22% Xo

w G

detector designed in 1996

In operation since 2002
upgraded in 2006 with MAPMTs
and newly upgraded in 2016 with
hybrid THGEM+Micromegas PDs £

radiator
gas: C4Fqg

beam pipe

total investment: ~5M%€
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] the vessel and the mirror support wall R

light front and rear windows

80 m3 CaF10
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» irrors_and alignmen
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21 m?2, 116 mirrors _ _
radius: 6.6 m measurement of mirror alignment

via laser autocollimation

angular regulation screws



140 160 130 200 220

240 )\(nm)ZEﬂ

initial alignment accuracy: ~100 uyrad

surveying accuracy: ~ 60 urad

alignment instability: 1 mrad (first year)

alignment instability: ~ 100 yrad after 2002

alignment check - surveyors inside 2
opening the vessel: contamination, dust,
risky operations, work load, expenses.
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Transparency

—— transparency 18/06/2009
transparency for 187 cm,

scattering: On, 02: 2.63,

stable gas composition:

97.5% CaF10, 2.5% N2

C2H4: 0, other alkenes:
0.76, CeHeé: 0, nC4H1O:
0.32, fudge factor: 1.014

Rayleigh
H20:
0, C2H2:

0, C3HS8:

0,

on-line filters with separate functions:

-Cu catalyst, ~ 40°C for O,

-5A molecular sieve, ~ 10°C for H,O

1 1
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L . : -
@ Problems with The radiator gas NN

CaF10 is out of production (=2 new radiator gas: C4FsO ? )

It comes dirty (very, very dirty sometimes). pre-cleaning is needed:
dedicated system, unavoidable losses, expert manpower

Inserting it into the vessel (and recovering it) is delicate,
losses ~ 2%, incomplete (97.5% maximum)

Critical circulation system with feedback to keep Ap < 0.1 mbar challenged by weather
CaF10 leaks out (60 I/day): regular refill is needed

It integrates contaminants: some can be accepted (N2, Ar), others need
continuous filtering out (O2, H20) ; the filters have limited capacitance
(significant contaminations fill them quickly); regeneration takes several days

Monitoring the transparency is a must (dedicated system, expert
manpower, significant gas consumption for each measurement)

Thermal gradients problem: = fast circulation (20 m3/h)

Accidents can become disasters: emergency intervention to be granted in short time:
EXPERT ON CALL 24 h/day, 7 days/week for 7 months/year: heavy load on experts
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1992, F. Piuz et al. Development of large area
advanced fast-RICH detector for particle
identification at LHC operated with heavy ions

TO ACHIEVE HIGH Csl QE:
Substrate preparation:

Cu clad PCB coated by Ni (7 um) and Au(0.5 pm), 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" mbar, monitoring of residual gas composition

0.45 ’
o mel{,ggﬂl B after deposition at 60 °C for 8 h
0.35 - | | Careful Handling:
03 ':"'T--';;; o TUM-HADES measurement of PC response, encapsulation under dry Ar,
: S mounting by glove-box.
W 0.25 L‘{
sy )= R
8 02— e ‘L!\_\ Schematic structure of the COMPASS Photon Detector:
0.15 T .
N Smm | . | ————> Quartz Window
0.1 1&\\

0.05 \‘G’fh:_. Collection Wires
0 T 20mm (0.1 mm, 2mm pitch)
150 160 170 180 190 200 210 220 )
wavelength [nm] Cathode Wires
(50 mm, 2Zmm pitch)

Fig. 1. The QFE of Csl PCs produced at CERN for ALICE and

at TUM for HADES, compared to that measured at the W.L.S. P S S Anode “’ITCS_
on small samples (reference for RID-26). PC32 15 one of the four 21 (20 mm, 4mm pitch)
PCs equpping the ALICE-RICH prototype used in STAR at B R R S e R i o8 S

BNL. A. Di Mauro, NIM A 525 (2004) 173, ; > ;ﬁgﬂﬁf;ﬁfﬁe Flanc
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COMPASS: 8 MWPC's with CsI e
built in 1999 — 2000, | i | :

In operation since 2002

more than 5 m?
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Good' performance in low gain” configuration

photons / ring (= 1, complete ring in
acceptance) : 14

Ogpn (B=1) 1 1.2 mrad

Gring (B=1) : 0.6 mrad

20 - K separation @ 43 GeV/c

PID efficiency ~ 95% for 6, > 30 mrad

except for the very forward region 20 £ | | [ 1
10 20 30 40

p (GeV/c)

After a long fight for increasing electrical stability at high m.i.p. rates and
systematic studies at the CERN GIF we came to the same conclusion as
Ypsilantis and Seguinot:

J. Seqguinot et al., NIM A 371 (1996), 64:
Csl-MWPC with 0.5 mm gap to minimize ion collection time, fast front-end electronics (20 ns int. time):
stable operation is not possible at 10° gain because of photon feedback, space charge and sparks

Rauischholzhausen, 08/08/2017 - DIRC 2017 Eulvio TESSAROTTO 15



EOMPAS S

1) MWPCs with Csl photocathodes in COMPASS:
beam off: stable operation up to > 2300 V
beam on: stable operation only up to ~2000 V g ¢ 92inRu2001.1.dat
: : i 10 " FegainRu200T:2:dat:
(in spill=> ph. flux: 0 - 50 kHz/cm? , mip flux: ~1 kHz/cm?) "« gairiRu2001.3.dat
Whenever a severe discharge happens, recovery takes ~1 day -
2) Photocathode aging:
- our information from accidental contamination
- very detailed study by Alice team

PD Absolute GAIN

" e gainRu1998.1.dat
[ ® gainRu2000.6.dat

Gain

1600 1800 2000 2200 2400 2600

cluster amplitude distribution: Voltage

I I

I§r : effective gain ~ 10*

E | pe detection efficiency ~ 70%

= |

- 5 slo —0.1087

= |

= |

= | S Illﬂlﬂﬂﬂmﬂﬂl

20 40 60 a0 100
Fulvio TESSAROTTO 16
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IN‘F N
before 2006 e

di Fisica Nucleare

THE EXPERIMENTAL ENVIRONMENT
huge uncorrelated background related
to the memory of the MWPCs

Upper Chambers

+ read-out

overlap of
event images

Accelerated ageing test
H. Hoedimoser et al., NIM A 574 (2007) 28.

0.2 mC/cm?

Inorm

Rauischholzhausen, 08/08/2017
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p upgr'ade of RICH-1 with MAPMT's

12 outer Csl cathodes: change
electronics (use APV25-S1)

4 central Csl cathodes: remove
and insert frames with MAPMTs
and lense telescopes

field lens

Same mechanics
as Csl photo-
cathode frame

Rauischholzhausen, 08/08/2017 - DIRC 2017 Eulvio TESSAROTTO 18
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T 0 MAPMT: HAMAMATSU R7600-03-M16 NGNS

Digital read-out electronics: DREISAM card

FE cards plugged

: 16 anodes : ro——
d i rectly he re + 64 channels per card, compact solution complete digitalisation
« optical data transfer (40 MByte/s) on the detector
v UV eXte n d ed « high rates per channel 10 MHz @ 100 kHz trigger rate
« time resolution < 120 ps
+» based on dead time free F1-TDC

"vu"!n‘-!”'v ffff
home made
voltage
divider

PMT in
soft iron box

protects
against
B < 200 6

and guarantees
good alignment

20
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COMPASY]

number of photons and resolutions

80000 . 80000
5 { estimated I
s b photoelectron v
70000 |- detectiontime £ il
i - . : i
3 resolution: E 1
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time resolution is useful for correctly assigning hits to rings

0 4 8 12 16 20 24 28 32 36 40 44 48




PID from the likelihood function Fims

di Fisica Nucleare

PID relies on a Likelihood function, built from all the photons

associated to the particle Computed for
no reference to a reconstructed ring 5 mass hypothesis M =e, 11, 7,K, p,
N - .
L - H su(6,,0;)+ b( 6., 9;) + background hypothesis (no signal)
. S, +B
=1 M
MWPC MAPMT
mom = 19.6 GeV /c
Hit Psendo-pad O = 49.1 mrad
coardinates coordinates g Oy = 48.8 mrad
Cluster £
coordinates %
Photon (UV) Photon (UV+FS) :E: ‘ |
reconstriction reconstruction E 20. 30. 40. 50. 60.
': Ouvporresis (mrod)
=
Photon likelihood = T ;
PID ﬁj_pﬁn:mrzrlJJ é 1 ; ””””” ° e T T T T T T T T o
& o E N lowess T
Ring i o s = . 0.9
recognition 5 ’ -
= 0.7 | -
Ring % PID 2, E e E
(Opmg! = a - 45.6
L 0.5 | I L | L L | L L | | | | | | | J
O 10 20 30 40 50 60

Particle momentum (GeV/c)
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LN/F Lg;ﬁ‘::zz‘;:::
PID
performance

and purity of K
samples

]_
£ s o & & R
gf A
0.8 *
o
0.6\— A
LK/Lan >
04— @ 1.00
°
A .04
0.2+
* 1.08
0 0.01 0.02 0.03 10 20 30 40 50
1y’ (GeVie)? p (GeV/c)
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@ New COMPASS PID requirements

Precision measurements require not just high efficiency but also very stable response

MWPC + Csl operate at low gain = depend on p, T, threshhold and background
stability but we need precise comparison of data with different background levels

Reduction of systematics from photon detectors = larger gain and faster signals

PMTs not adequate because of large angular acceptance = only a small
demagnification factor of optical system is allowed (large distortions);
5 m? of PMTs are not affordable.

A dedicated R&D project to develop THGEM-based PDs did choose a hybrid MPGD
architecture as the best option.

Rauischholzhausen, 08/08/2017 - DIRC 2017 Eulvio TESSAROTTO 26
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GAS ELECTRON MULTIPLIER FORMED BY A RIGID DIELECTIC FOIL
BETWEEN ELECTRODES, PROVIDED WITH A PATTERN OF HOLES.

In a proper gas and with electric bias it can provide large electron
multiplication

Material: - FR4, permaglass, ARLON ...

- - PTFE, PET, ...

" - glass, PEG3 (etchable glass), ...

" - ceramic

: Holes: - mechanical drilling (1 € per 1000 holes, 30000 hole/h)
- water jet
- laser

- chemical etching

- preformed (capillary plates)
Rauischholzhausen, 08/08/2017 - DIRC 2017 Fulvio TESSAROTTO 27
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robust
. . Hole diameter : 0.2 -1 mm
=  mechanically self supporting Pitch : 0.4 - 4 mm
- |arge sjize Thickness : 0.2 -2 mm

: Industrially produced

- Geometrical dimensions X ~10
= But e motion/multiplic. properties do not!
= Larger holes:
- dipole fields and external fields
are strongly coupled
- e dispersion plays aminor role | ["echeed Y e s,
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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+Cs1: 8 years of dedicated R&D NN

Ar/CH,: 50/50

PARAMETERS:
. Diam. = 0.4 mm
. Pitch = 0.8 mm
- x? I ndf 232/29 . Thickn. = 04mm | i o
300— Prob 0 i _ .o’.'*f:;o .\'." .
e Constant 292+10.3 Rim = 10 ym L i i L ”t’f"s‘-s;;% .
™ Mean .8+0.3
o sigma ( 7.624;0.174 Charge [fC] .
I — | Photon yield & Charged
150 q o o
B Particles vs Drift Field
100—
50.:._ “;'.nu;v\-w, Ty "';"'!"i """ [
l§[50 .8{)0 .7°°hl . Ao .)anmim ...... ".' ..............................
-5;u : R 'minn_
Dt Field [err ]

Rauischholzhausen,
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DIRC 2017
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5mm

S L I L L 8 MM

Standard Bulk Micromegas produced at CERN

a ,r : ' |
> S—. good Micromegas gain uniformity

a2
a E
:
B

Gmax — Gmin

6G= <50/0

Gmin
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The anodic PCB o,

‘ " Istituto Nazionale
di Fisica Nucleare

Signal read out via capacitive
coupling pad readout and
APV25 F/E boards

1 = Mesh at ground
Detector

e - R1
& | COMPARAT OF_IDEAL
¥ / R0l Rasistor c2
_- i g + “ Pad u1
S ‘ =% +
= ST _ 8mm X 8mm pads T 2
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
2l : ply / .p q _ > P _ \ electrical continuity  each anodic pad

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

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

Metallic
pads

0.07 mm
fiberglass

HV to blue
pad
through the
hole of red
pad

)
! S 2d Sos i
P . o
oy
. ~ ’
i ol 5= )

“buried pad” ‘
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Thickness: 0.4 mm, hole diameter: 0.4 mm, pitch: 0.8 mm

12 sectors on both top and bottom, 0.7 mm separation ' k- ' ,)

-------------
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@ THGEM raw material selection e

7 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

£ Elite Material Co., Ltd.
G .y . Techni .
Té:— http:\lwww.emctw.com i HW M I t u to y 0 E U R O CA 7 7 6
Lead-free , Halogen-free Material coordinate measuring
PRODUCT EM 370-5 machine with ruby
Thickness 0.407 mm to u C h p ro b e
Copper 35u/ 35y ’
Sheet Size 1245x1092 mm hosted in a thermalized
i’;g“gtn“a’g : Z:i 2559 C-24/23/50 : :: rnoom
Volume resistivity 25171 C-96/35/90 MQ-cm »>10"
Surface resistivity 25171 C-96/35/90 MQ »10°

Positioning blocks

700 X 700 mm?
active area

borders _ i for each foil 36 x 36 points in square pattern are measured
| 2 measurements (direct and reversed) to allow consistency checks.

Rauischholzhausen, 08/08/2017 - DIRC 2017 Fulvio TESSAROTTO 33



THGEM raw material selection

36 x 36 pointsin

square pattern from
(0,0) to (700,700)

800 mm

thickness,,q, — thickness,,;,

thickness =

thickness,,i,

800 mm

y/ mm

Max  Min
X

478 - 467

#NO{4313)

Rauischholzhausen,

x 100% — 2.146

08/08/2017

200
typical result for a good piece.

300

all foils have been labelled and
measured = database of local
thickness of all THGEMS

from each foil twoTHGEMS can be
produced:

60 THGEMSs have been
produced by ELTOS

- DIRC 2017

)

16

1a

1z

10

INFN
‘ " Istituto Nazionale
di Fisica Nucleare
" T52CMap
5 Entries 1289
8 Mean 471.6
250
L RMS 1.932
[ X2/ ndf 12.28 /10
| Prob 0.2667
2007 mseaees o
- Mean 471.2+01
L Sigma 1.935 = 0.045
150
100—
L . 0,
[ ‘Sthlckness ~2.6
50—
0' 1 | 1 1 | 1 1 1 1
400 420 440 460 480 500
X f mm thickness / pm
49 pieces 38 pieces

13 pieces
E P HHHH HUHE

- 6 for the 100 raw THGEM pcb (%)

49 p.cs
 2%<6<3%

A [

L o

SN N S B SR L R A e LS P T g % B
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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

Rauischholzhausen, 08/08/2017 - DIRC 2017
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‘- THGEM quality assessment

current monitor recording, 20 = . . , ,
discharge countin e
e ? THGEM : 422 ool
N < = « dV=1000V: 4 hours: 0 sparks/h red g5 [0 A
+ dV=1150V : 6 hours : 70 sparks/h TEEEEE 1T 142 == rejcted piece
L « dV=1030V .. 1160V / 10V steps , 1 hour for all dV | g
03+ Spark rate of THGEM-422 (07/08/2015) @ 10 I
g * | E
:- E Lt \ g
02} § | l 0 54
i o5 | | +
01} n.fx,xtr.lf,xix A ) _
| THGEM : 307 1020 104D 1060 IlzﬂtMv::u(:e[":l?ﬂ 140 160 0 I D Qn_Qn X 4 -"‘ ] : , |
b s
B ";"‘ = "“;‘J";,""‘?o « dV=1100V : 74 hours : 0.27 sparks/h 1000 1050 1100 1150 AV(V) 1200
Time ] = dV=1150V : 14 hours : 0.29 sparks/h accepted first 4 pieces: 1 rejected. Possibly recovered by

repeating the cleaning treatment

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

GEMG dvirage Crarge = iMas2D

Entries 74381
Meanx 12.93
Meany 2502
RMS x  6.449
12.7

PR
§ v
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@ mechanical frames and wires
drift and field wires: Cu-Be, Au coated & . '&—

4 mm pitch, 100 pm diam.
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. . il
field shaping electrodes -

EOMPAS S

di Fisica Nucleare

2
A -3.72x10™
x10°

THGEM border study

Field shaping
; , , electrodes in the
isolating material isolating material

(Tufnol 6F/45)

protection protections of the

chamber frames
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e OMPA

'- Csl ¢oziirie) of TrlG =Y/

19 Csl evaporations performed in 2015 - 2016
on 15 pieces: 11 coated THGEMs available, 8 used

A

INFN
‘ " Istituto Nazionale
di Fisica Nucleare

+ 3 spares
THGEM number evaporation date at 60 deg. at 25 deg. |
Thick GEM 319 1/18/2016 2.36 2.44
Thick GEM 307 1/25/2016 2.65 2.47
Thick GEM 407 2/2/2016 2.14 2.47
Thick GEM 418 2/8/2016 2.79 2.98
Thick GEM 410 2/15/2016 2.86 3.14
Thick GEM 429 2/22/2016 2.75 2.74
Thick GEM 334 2/29/2016 2.77 3.00
Thick GEM 421 re-coating 3/10/2016 2.61 2.83
| Reference piece 7/4/2016 3.98 3.76 |

Rauischholzhausen, 08/08/2017 - DIRC 2017

QE measurements indicate an average THGEM
QE = 0.73 x Ref. piece QE, in agreement with
expectations (THGEM optical transp. = 0.76)
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The new COMPASS PDs oo
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The PD r'eadou'r and services Fuamm

4

“\\-" b gw _4

Rauischholzhausen, 08/08/2017 DIRC 2017 Fulvio TESSAROTTO




N.Hits A2>20

commissioning and 2016 COMPASS run

INFN
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HV monitor and control system

HV Infa (on pecohvhybrid.cern.ch)
HY Status
PDSHO | PDSH1 | PDEHD I PDGH1 I

QfiRF.D): 0, 0, O QfiRF.D): 0, 0, O QfiRFD): 0, 0, O QfRFD): 0, 0, O
Oni 0 Seti104 On 0 Seti104 On 0 Set:104 On 0 Set:104
[oskoso | eoswos1 | eoswiso || oswisa || rostoso | postosa | posraso | poeast |
: gm0 | om0 | om0 | OmR 0 | GmR 0 | Gm 0 | QR ©
: oF 0 | of o0 | ofRo | ofRo | oFo | oF o | oF 2 %)
: om: 0 | oD:0o | oD:o | oD:0 | oD:0 | oD:o0 | oD: 0 =
: Set;104 | Set104 | Set104 | Set104 | Set104 | Set104 | Seti104 i
: on 0 on: 0 on: 0 on: 0 on: 0 on: 0 on: 0 o]
T
PD1HOSO PD1HOS1 PD1H1SO PD1H1S1 PD2HOSO PD2HOS1 PD2H151 =
R 2z | GR Z | QR 0 | QR 0 | QR 0 | QR 0 om0 E
oF 2 | oF 8 | oF 0 | oF 0 | oF 0 | OF 0 ofF. 0 @
Om: 0 | OD: 0 | OD: 0 | OD: 0 | OD: 0 | Om: 0 om: 0 =
Set:104 | Se:104 | Set: 60 | Sen104 | Set: B0 | Set: 8O Set: 104 @
on: 0 on: 0 on: 0 on: 0 on: 0 on: 0 on: 0 a
PDIHO | PDILHI PD2HO PD2H1 | 5
QDN 1, 1, 0 QARFOL 0, 0, 0 GIRFOI 0, 0.0 QRFD): 0, 0. 0 =
On: 0 Set: 104 On: 0 Set: 104 On: 0 Set: 104 On: 0 Set:104 o
o
Sector Info E
PD5HOSO Change to Sector : [PD5HOS0 v| _select =
Name  Nom OwnSc SetSc  PTSc  Voltage Electrode VSet  Mon  IMon  NspR
EDrift 200 1,000 1,040 1,000 228,80 UDrift 3347,96 3347,16 0,000 o
UThgeml 1250 1,000 1,040 0,979 1273,04 UTlTep 3119,16 3119,01 0,002 L]
Efansl 1000 1000 1,040 1,000 312,00 UTiBot 184612 184619 0000 0
UThgem? 1200 1000 1,040 0,079 122212 UT2%p 153412 153390 0,003 0
Eans2 1000 1,000 1,040 1,000 312,00 UT2Bot 31200 31194 0001 0
UMesh 600 1000 1,040 0,079 61L06 UMesh 61106 61050 135 0

CageDrift : 3348 V, 0,029 uA, 0 CageTop : 3119V, 0,003 uA, 0 SpR FieldWires :
Status: OnState : 0, ScaleSet: 104%, QualityFactors:: Recent: 0, Former: 2, Daily: 0

0V, 0,000 uA, 0SpR

Regular updates [s] : |10 H Update

40000

P-13 ——

38000 -

36000 -

34000

32000

30000

28000

26000

120 110 100 90
Latency of A2 [ApvUnits=25ns]

APV25 samples the signal waveform

130

Rauischholzhausen, 08/08/2017 -

~ 20 discharges/day during running

45
40 |
35 +
30
25
20 |
15 +
PD5HO
10 +
16.4/day
5
O mi 1 1 L 1 1
0 12 24 36 48 60
Time [h]
P-13 ——
14000 |
12000
0
£ 10000 -
=
T
o
Q
o
. 8000 -
k4
6000
4000

110 115 120 125 130 135
Latency of A0 [ApvUnits=2%5ns]

105 140

Cherenkov signals are clearly seen

DIRC 2017

72

PtScale

1% p,T variation =2 ~ 40 % g@ain
variation without HV compensation, =2

PD2
0.094 PD5

PD6
0.992

0978 |

0.976

01/Aug 02Aug 03/Aug 04/Aug 05/Aug 06/Aug 07/Aug 08/Aug 09/Aug 10/Aug 11/Aug

1.4 m?2 of hybrid PDs operated

Stable data taking conditions

Effective suppression of
sighals from charged particles

lon Back-Flow < 3%

More Cherenkov photons seen
with respect to MWPCs + Csl

46



10°

102

10

MWE

+
O
@

2506

200 R - Noise figure:

MWPCs:
<o>~ 700 e”
Hybrid:

150 F

. <0>-~000 €

100 5

APV 25 FEE

INFN

Running at gain of ~30Kk -

Nominal gain: ~30000 with:
THGEM1 gain* transferl: ~ 20
THGEMZ2 gain*transfer2 ~ 15
Micromegas gain ~100

" . ! ! — Tail of the
H{ o 1 ® signal

- 4 ADC saturation signals  amplitude

mostly come from spectrum

- |.charged particles ‘ S

I 1 i 1
100 200 300 400 500 600
PulseHeight [AdcUnit=300el

Efficient suppression of
charged particle signals
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. Hybrid PD
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Rauischholzhausen,

¥
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MAPMTSs

08/08/2017

RINGS

Hybrid PD

MAPMTSs .

DIRC 2017

D 1 Il Il
40 50 o 10 2 En
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@ IBF to photocathode (meas. in lab.)

IBF on Top1 in Ar:CH4 50:50 using UV-light source

AV = OV AV oo = 1275V AV oo = 1225V V,, = 624V #\
_ Quartz window = Kapton window .
e 6 xZ / ndf /3 Field wires . N Electrodes:
e F N s = o S s [T
2 b pO 2.678 + 0.6221 i
L \’
, Drift Region ——» THGEM1
W 10mm Topl Bottoml
: I L L L _— _—
- Transfer Region 1 > THGEM2
3 :_ e I Topz Bottom2
[ I L L _— _— _— L]
, i Transfegr"FI{:gion 2 — Micro{/l‘esh Viesh
N Induction Region .- -------------------------------- Anode
- 128 um g S ——
- Anode
1=
o
—T— 1 1 | 1 1 1 | | 1 1 | | 1 1 | | 1 1 ‘ | 1 1 ‘ | 1 | ‘
350 352 354 356 358 360 362
Anodic current [pA]

The result of the direct
measurement: 3% nicely
matches the expectation
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VISIBLE LIGHT

Y.
IDIP .

Gaseous PMT ‘amagatau. MU, HamamaTsu

Position Timing Magnetic | Effective
Sensor type Sensmvnt/ Resolution | Resolution | Uniformity [ Price Field Area
Vacuum PMT | & ° - o - C
ccb/cMos | A © X ° & X
Gaseous PMT | O O o o ® ® @

of- May 23, 2002

The advantage of the gaseous PMT:
It can achieve a very large effective area with moderate

position and timing resolutions.

GASEOUS DETECTORS FOR

INFN
L -

Istituto Nazionale
di Fisica Nucleare

Operation in magnetic field environmen

Ar(90%)+CH,(10%) 15 E

{
|

“{t.can be easily operated under-avery high magnetic field. & '
] —= W
— :
A *1 1
= e
Tungsten lamp & 61 B N | —
Q e { +GasPMT 0 : 0 -
— {Veatnode | g | #GasPMT 6 : 90°
Bi-alkali Photocathode hiog — 2 o _‘b" 'y
5.0 mm 0.0] | #R5924-700 : 0
Pyrex glass CP lep N A
HIII'I (" P,}“l.llll:hﬂi,,,.); = -
LR 'Lﬂ"—-l 0.001 "
0.5 mm Micromesh(#330) ke v 0 02 04 06 08 I 1.2 14 1.6
mcl:::::sclf:::l:::r::l: ; : s
0.4 mm lygesho Magnetic flux density [T]
-D Lecture Series  Anode plane lanode ¥ H. Sugiyama et al., NIMA (2016)
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- Single layer of C atoms in hexaqgonal lattice
- _Thinnest possible conductive mesh with 0.6 A pores
- Very good ion blocking

- Charge transtfer properties through graphene layers
have been measured

/—cathode
SL graphene

Gas 1 PDMS
mesh
Innnmm
L Gas ZH J

P. Thuiner!?, R. Hall-Wilton3, R. B. Jackman®, H. Miiller?,
T. T. Nguye de Oliveiral, E. Oliveril, atil, s — . —
. A - - . 1 L s 0w = A= 10 M 200
L. Ropelewskil, J. A. Smith*, M. van Stenis?, eenhof~ WO+ B0mm St o Time 173813 n ]

1CERN, “Technische Universitat Wien, 3ESS,

*University College London, *Uludag Unive /D/"O m /:5'/./70 new /'a’ea
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InGrid and TwinGrid i

L/- Istituto Nazionale
di Fisica Nucleare
‘—\

|

S

X488 SBxMm 2S5 /APR/G8

» N ———

“+ .
. ———

M.Chefdeville et al., Nucl. Instrum. Meth. A 556 (2006) 490. Y.Bilevych et al., Nucl. Instrum. Meth. A 610 (2009) 644.

Excellent space resolution for single UV photons provided by InGrid with Csl coating of a
micro-grid directly integrated by wafer post-processing production onto a CMOS pixel detector

with the complete readout system.
The array of microgrid round holes corresponds to the array of CMOS pixel centers

Rauischholzhausen, 08/08/2017 - DIRC 2017 Fulvio TESSAROTTO 52




RPWELL INEN
(L zuuto Naziona

UV photons

Quartz window

Ne-orAr-based | 000 Mesh erereseeesesesee Qs
Csl photocathode

mixture 5 mm
single-faced THGEM § . 2mm *
piate  THEEM: IO R N
silver paint + 2mm * Resistive
readout pads conductive  RPWELL
glue
i . Position-S itive Read
10 Q cm resistive plate = discharge free S
operations. 99% eff. up to ~ 10° Hz/cm? _
o _ proposed for UV photon detection

proposed for digital hadron calorimetry
L. Moleri et al.,NIMA 845 (2017) 262 S. Bressler et al. JINST July 2013 arXiv:1305.4657

L. Arazi et al. 2012 JINST 7 C05011 arXiv:1112.1915
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LXe

Bubble-assisted 257}

INFN

electroluminescence in LXe s

di Fisica Nucleare

A “local dual-phase” noble-liquid detector

5.0mm

. 5.0mm

| |04mm

45mm

bottom PMT

amplitude (mV)
B 1 - .

[

’.

Yy | R
' "‘-‘\ ﬁWY

W\
b

" ot gt bt

Bubble

time {y« sec) \

UV-pe’s \

s

EL

in bubble A Breskin MPGD 2015 Trieste

TOWARDS LARGE-SCALE NOBLE-LIQ DETs

Energy resolution 5MeV alphas: 6/E=7.5%
Time resolution: 6=10ns

Bubble (under THGEM, GEM) stable for days
Csl on THGEM: high pe extraction

7 |

~ Typical 81 - S1 photoelectrons - S2 waveform AP —

33
Breskin, J. Phys. Conf. Ser. 460(2013) 012020

Rauischholzhausen, 08/08/2017

- DIRC 2017
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Scintillating Glass-GEM imager &FN

1. Glass Substrate (PEG3) | PEG3 | G E—
Cathode ’
/ exe’%s&roa = Sample / "
SRRRNRSRRNYAR o Imaging setup % IO Glass Window
2. UV exposure (15_exp) l_ .. electron ’\_\, \ ! o Scintitation light
- /
(iw;mls%nmon '¢" )\ : /
50" - - . /
3. Crystal formation (T T T e 10 KV X-ray tube PP it o [ L ’
(heat treatment) - :
A AAAAAAL ::.'22:
S s ST — 2 : |
ydrogen fluoride wet etching O Spoher fim - -
& Cu Plating lectron avalanche ' . ' ‘@ ‘~~~* H
P 1
5. Cr sputter & Cu plating ZDJZZEE HOYA & excitation ' ‘ ‘ . | !
; D =290
‘ ‘ mm /

PHoto ETcHABLE GLass 3 : PEG3

Promising technique for precise pattemning
Able to drill high aspect hole
680um deep hole (ex. CERN GEM: 50um)

T. Fujiwara, et al., JINST 8 C12020, 2013
y %W Y W | < 100mm

s 70u Ea= IOmm/
‘ i ‘ ‘ ; ! . b ‘ Ek:zmm :
| cintiliation light Cooled CCD Camera
\.4
— X X X X i

Max: 500,000 photons @5.9keV

550,000 | B R ——

—b-—gugc(nvtpho!oﬁq
e Photons ‘

Obtained ilége of leaves (2 sec integration time)['0

—_—

Excellent spatial resolution =500um
Quick imaging of low Z material with low energy X-rays (=7 keV)

Gas gain:

© 1000 2000 3000 4000 5000 6000 7,000 8000 9,000 10,000
Gas gain
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“picosecond” timing with MPGDs? mr/r?

' ~ Istituto Nazionale
di Fisica Nucleare

e

Charged particle

3mm thick
MgF2 C radiator
~28 photoelectrons

\s B AT, 5] e

- s‘!'."x
photocathode
electron
preamplification 28 :
=0.2 mm / tricosec-tmep
MICromes 70 - | ::'IQI 7 :::
avalanche GOE- I S0 004063
0.128 mm '
" H 35 £ 2 ps
nsulator - -
Many configuration tested “of-
T.Papaevangelou et al, Fast Timing for High- . : 3
Rate Environments with Micromegas, Successfully achieved ~35 PSs -
arXiv:1601.00123 (Jan. 2016). . . =
resolution in test beam. :
10—
Presentation by Sebastian : |\
H - - H RE ETRTE P wa V2l iis ‘sl FUeTs Frev
White at NDIP 2017 Puzzling shift in spite of CF. 5737355556 7 70 e s
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A NEW PHOTOCONVERTER:

. Rich-graphite Nano-Diamond film (...
Csl bandgap: 6.2 eV; electron affinity: 0.1 eV; 47 % (V)
hygroscopic; ages by ion bombardment (*mC/cm?) 0 LA L S e | , —

Rich-diamond ND Rlch graphlte ND ]

Diamond bandgap: 5.5 eV; chemically inert and 10"
robust; if hydrogenated: electron affinity -1.27 eV

Hydrogenated chemical vapor deposited diamond
films (4-6 um) known to have QE ~15% @ 140 nm.

Heterogranular-structured diamond-gold
nanohybrids proposed as stable field emission
cathode material

Quantum Efficiency, QE (%)
S S '

r—+—ND__ (0d) -——ND__(0d) -
Nano-Diamond grains (size: ~250 nm), with : D : ° :
variable sp? (graphite phase) and sp3 (diamond Gl TTNHOY @ TENeHOY (lb)-
phase) hybridized carbon contents treated in H2 140 160 180 200 220140 160 180 200 220
microwave plasma show large QE: “50% @ 140 nm Wavelength (nm)

L.Velardi, A.Valentini, G.Cicala, Diamond & Related Materials 76 (2017) 1 ‘

NEW 111
Photocatodes: diamond film obtained with Spray Technique
Spray technique: T ~ 120" (instead of ~800° as in standard techniques)
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/D~ SUMMARY / CONCLUSIONS a?

=  COMPASS RICH-1
= Provides outstanding PID performance
= Has progressively improved and undergone two major upgrades

=  MPGD-BASED PHOTON DETECTORS
= Allow to overcome the limitations of MWPC-based PDs
= A wide effort has refined and consolidated the THGEM technology

. Hybrid THGEM + Micromegas PDs
= Have been implemented on COMPASS RICH-1 in 2016 for 1.4 m?
= They provide efficient single UV photon detection

" GASEOUS PDs are expected to allow
= Inventions: new ideas, new techniques
= Technology consolidation, new applications
= Large scale projects

Rauischholzhausen, 08/08/2017 - DIRC 2017 Fulvio TESSAROTTO



