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Experiments with muon beam:

COMPASS -1 (2002 -2011)
Spin structure, Gluon polarization

Flavor decomposition

Transversity

Transverse Momentum-dependent PDF
COMPASS - 11 (2012 -2018)

DVCS and HEMP

Unpolarized SIDIS and TMDs
COMPASS - 11 (2021 -2022)

TMDs and Proton Radius

Chy COMPASS Experiment @ CERN
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Experiments with hadron beams:

Pion polarizability

Diffractive and Central production
Light meson spectroscopy

Baryon spectroscopy

Pion and Kaon polarizabilities
Drell-Yan studies
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D COMPASS RICH - 1
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190 GeV/c p,*, ", K" K beams

160 or 190 GeV/c p* (orp’), 4 - 108 p/spill, Py ~ 80%
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thin layer (300 - 500 nm) of
Csl on the cathode pad plane

UV mirror
Wall (21m?)

hadron PID from 3 to 60 GeV/c acceptance:
H: 500 mrad V: 400 mrad

trigger rates: up to ~50 KHz beam rates up
to ~10% Hz P

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

detector designed in 1996 and in operation

mljt;u ol Q. e since 2002
Vo (S
1 T = . gpgraded in 2006 total investment: ~5M
— 20 1 1 L | L
cos6 "B | 02030 w0500, |« ANEW UPGRADE HAS BEEN DONE IN 2016
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(D’ Building COMPASSRICH-1 <o
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@ Motivation for upgrading COMPASS RICH-1 g

IIIIIII

. In order to ccgoe with the challenging
requests posed by the future physics mmmm
program of COMPASS. a set of new A HHHHHH il
generation, high performing photon
detectors with an active area of 576X576 ‘”H”H” m“”””’
mm? will be installed. The characteristics N
of the new detectors are:

1. A small time resolution < 10 ns.
2. A closed geometry to avoid photon feedback.

3. A large gain (> 10°). New Hybrid PDs I
4. A reduced lon Back — Flow (IBF) to the Csl photocathode (<

MPGD based PDs: A

Chosen -> = ‘,"ﬁ

HYBRID: THGEMs + Tﬂ
MICROMEGAS based B B
PDs of single photons
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& The MPGD-based hvbrid photon detector &--

modular structure: one module = 600x300 mm?

INSTR'2020

Hybrid PD scheme

ooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooo

U L

3imm

4 61100 1 A M W W

5mm

HV is applied
here througha ¢
resistor (mesh@
ground) 4

' _signal read-

, ~ 4 outfrom this
0.07 mm - pad

fibergtass ~

8mm X 8mm pads
at positive HV
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@ Component Quality Control THGEM polishing with an “ad hoc” protocgliNFN
setup by us including baking: s

Measurement of the raw material >909% -
thickness before the THGEM - eak
production, accepted:

INSTR'2020
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X-ray MM test toaccess
integrityand gain
uniformity (<5%)

S & oty D N @@
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500

0 00 20 300 400
X-ray THGEM test to access
gain uniformity, (<7%) and spark behaviour
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X/ mm

SFe source gpectra

Spark rate [1/h)
8

Thegern 429

Thgem-416

Theern 418 |

180
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THGEM PRODUCTION DETAILS

(h
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toc@l INFN

(,)L 2 40 60 80 100
Csl Dummies |¥1 ' : : —
Csl coated | ™o 11
THGEM in Det | N 16 Preliminary Yield
THGEM Characterized |y 24 ~24/32 == 75%
THGEM treated |y 32
Total THGEMs \70
Dummies |10 F,access
THGEM Produced Mmmmmm o ’
Tot THGEM | .m
THGEM/PCB |92 100 |-
PCB measured .

27/0242020




INSTR'2020

® THGEM Csl coating at CERN _ ——— - <L

THGEM box
A

174 145 1"e 58 n S8 18 145 174
% [mm]

Rel. QE Csl for THGEM 421 [without Cuartz window|

£ T | Cslrelative QF |

8 s0; 'Entries 108 |

QE measurement . Mean  1.841
501

QE uniformity RMS R.O0R087 |

v" 3 % r.m.s. within a photocathode
v' 10 % r.m.s. among photocathodes

20

Saleve

10|

A/ [
' o‘_;,,f,. | I T L e R O
1.4 1.6 1.8 2 2.2 24
QE
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® Detector assembling

INSTR'2020

mechanics
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Assembling Csl coated THGEM in
a dedicated Glove box flushing with
& N2 gas
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& HV control for the hybrid detectors
INSTR'2020 y
Gain stabilityvs P, T:
Electrode Protection Drift THGEM1 | THGEM1 | THGEM2 | THGEM2 mesh MM anode . G = G(V T /P)
- ’
wire plane | wire plane top bottom top bottom - Enhanced in a multistage detector
Voltage 300V 3520V 3320V 2050V 1750 V =500 vV grounded +620V - AT =1 degree QAG ~12 %
Number of = AP =10 mbar 2AG=20%
HV channels 1 1 4 4 4 4 0 4
per detector THE WAY OUT:
3 .. c\°
= HV segmentation = Compensate T/P variations by V a(\a\‘!
X \ev
a‘\‘?\ (9% (o
Hardware in the experimental Hall — 30 \6659 Q05 0“ Qe(
T’. < ¥ X .\ “ ("
P/T sensors |====p-|RPj HV Crate | sep | Hybrid Detectors 2 25 i QQ’_@.,‘(’«\OQA‘OG
High Vioitage — x
----------------------- | O DR - S - S S £ o '.g\(\j\‘}}\ . 4 PDI
DlM l HVCM [~ P o X el xuil "
- (— —)— e L (CAEN HV Control Protocol) ‘a;. 15 _-io }-.i{““ L R TR T Koz
' " [N = %, Tk ,xx‘.a?x (.':x’!"x’cn;&x.-xx « PDS
| T loRd G 10 gl M L EE AL
| L em S b e, | " PD6
I | Hvbrid Hieh ol lcontrol Terminal]l & S ‘;'.‘...““.“.'.‘f'“?... S TN SV
I p ==Y 8 ™ S Wi P TR G M 7, Y ) B
: | I(DlM) V It c t I (RVCM) @ e % N T * . x 2
et ST bttty o Y L T T
resistor (meg ’ \ 1(HVCM] (DIM X P s o s s
COMPASS Detector](DIM) T Date [M/D/YYYY]
— HVCM: Custom made TCP)IP messa, rotocol
COI‘Itl‘O| SYStem p DM Drstnt:uted lnformatlaon r.4ana:':f\:te:n usad by CERN
OPC: Protacol used at CERN aflowing communications between
any compliant companents regardiess of vendor
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& HV control for the hybrid detectors <=

Electrode

Voltage

Number of

HV channels

per detector

HV is applied
here through a
resistor (megh

Q7 mm

» PD6S2
O

S PD6SO
%]

= PD5S2
©

T PD5S0
PD2S2
PD2S0
PD1S2
PD1S0

Average Spark Rate per THGEM sectors

Global Ayerage ~ 2
Sparks per Sectors per D

75
04
25.3

1 2 3 4 5 6

Average #Sparks [Day-'] = x10?
Gain

OPC: Protacol used at CERN aflowing communications between
any compliant companents regardiess of vendor
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@ Noise level for the APV based readout

12 Gaseous Photon Detectors using APV based readout i I
. i | g
(4 hybrid, 12 MWPC), 6144 Channels/detector £
o
39 pedestal runs in 2017 COMPASS run @ 6
o |
) . a |
1 channelina particular pedestal run 6144 channels for 1 detector in a particular o 4 o
" RA01P00_a2 {RA01P00_ch == 29} | htemp pedestal run LRI IR
=3 : s k.. F v 1 11111
E [ ndf 17.01/13 r . htemp | 0 LRRinn
b3 Prob 099 | | 500/ Entries 6144 N~ Ol ~O mi~ o
602— ::nsm o tyee F Mean 2.127 § - o E o | oo o
505_ Sigma 2.363 £ 0.075 4001»—_ RMS 0.3126 i.'I':I ﬂ'i- | o i.'l':l -I'l'i- "y | o
b 30054 %2/ ndf 25.03 /11 4L
305_ i Constant ~ 560.1+10.5 The niose levels are:
E Si gma Mean 2.028 + 0.003 )
“ ; Sigma 01332400024 ¥ « MWPC: ~ 600 e-
10— f 100;— '
é f | ‘ [ 2l 2 | — H « NV -
=66 670 &2 674 676 67 680 6a2 6% ) R S T w * Hybrld 900 e
ADC ch ADC Ch [300 e’] The noise levels are very stable in time
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Gain of hybrid detectors

INSTR'2020
h_amp
..“..E" ot = Entries 116871
=3 — . Mean 45.24 1+ 01241
2 = . -
§ E*  Gain—>13511.4+-121.764 ean  dn2d 012
— . Underflow ]
I~ ‘.‘ Owvarflow 823
- Intaaraliw} 1.1582+05
1 I nedi 1882 /108
10° E_ Prab 2793808
= po 2443 & 424
_ P 0.0232 + 0.0002
10° =
~ Fit Range: 50 to 160 AR
“ Py :“' -
~  Formula: PO*exp(-P1*x) ©L RN
10— 1 ADC Channel -> 300 electrons U
: 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 50 100 150 200 250

A non-negligible achievement due
to P, T corrections on HV application

Amplitude for Photons [units of ADC Channel]

27/02/2020

Temperature [K]

Pressure [mbar|

Gain [x 1000]
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S Temperature fluctuation
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Gain of hybrid detectors

Temperature [K]

10°

107

10

.

t“

Fit Range: 50 to 160
Formula: PO*exp(-P1*x)
1 ADC Channel -> 300 electrons

Gain = 13511.4 +- 121.764

42.25 + 0.08777

Pressure [mbarl

0.0222 & 0.0002

D|||||||

A non-negligible achievement due
to P, T corrections on HV application

n
=

100

Amplitude for Photons [units of ADC Channel]

—
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Grain [x 10001
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Temperature fluctuation
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-i | E. %f‘ﬂl 1-!_
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- Entries 75
?:_ Mean 1.268e+04
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S |
4
3
2
1F -
_|H||”|||
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(B Event displays 6.76 GeV pion 6.4 GeV pion NN

INSTR'2020 Hyb r.id
6.36 GeV pion Hybrid
Hybrid g 0oo _—
oO ':'n UE o
photons <} o™ . == = 1l
o o
. \ ] o o oMT PMT PMT
!
Ring center
from traCk 'u.
[ -
Ring centre (calc.) ] B . =
s ¥ - | [ : 1 r
. w ¢ p=7.8GeVic
For reference: - . ; 6 = 49 mrad
p=3.5GeVic
6 = 34 mrad (r hypothesis) : p=48GeVic | L
©(B=1)=52.5mrad 6 = 43.5 mrad
) . . . . |Pp=38GeVlc " '
* Ring center calculated from particle trajectory 6 = 38 mrad v "
. . hi [ 1 . p=284GeVic
Detected photoelectrons : hits on the sensors o5 oy
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counts

Angular resolution for photon detection

5 x10’ theta_residual
c Entries 242604
10— Mean 0.547
C RMS 3.267
] :_ x> / ndf 258.2/19
C Constant 1.181e+04 £ 3.716e+01
6 Resolution ~ 1.86 mrad Mein______()_4_4_l_3 £ 0.0060
- ¢ Sigma 1.855 +0.007_|>
4 __ ey p——— __-_—.‘_
20—
O - St St e | 1  —— 1 I | L | + | 1 | | I | | | 1 | | | 1 t ! 1 4 4 | I =11 | |
—20 —-15 —-10 -5 0 5 10 15 20
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Number of photons

o =
= 1 O - h_n_ VS theta_after :] .................................. 2 A
: = Entries | 165 N(OCh) =Po- Sil‘?z Och + Pl Och E ‘;::.'5"":
8- = Mcaﬂ 39.52 ------------------------------------ = o
(é) B RMS 13.04
S 8_— 2 / ndf 19.19/ 16 +
E B pO 3384 £ 118.0 + +
o L p! 46.34 +4.90 +
S 6
E f—
'CE: -
=3 4 -
Z e "=FF*++++.-

- sl

T e

et AT e
2 i + Q d)dboo
- D ®© p il
I gL o ©O
0 {"C)cq) | | I | | | | | | | 1 | l | | | | l | | | | l | | | |
0 10 20 30 40 50 60
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Collider (EIC)

Future — RICH application — Electron-lon

INFN
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1970s 1980s/2000s
1
5 = [§AE + LQ] + [Ag + Lg]

Higgs mechanism

Proton
Quarks ase =~ 168x10 % 9

M
i ~99% of proton mass

Dynamics of gluons

~ 1% of proton mass

However ...

Standard Model: The most successful theory so far ...

S
& -

Spin structure
Mass structure
What does a proton

look like in terms of
quarks & gluons?

Leptdns

- EIC: The next QCD frontier, understanding the glue that binds us all

- Collider requirements: High luminosity & energy, variable CM energy, all- A

nuclear beams, polarization in e- and light ions

- Detector requirements: Hermetic detector, low mass inner tracking, good PID

(electron/pion/kaon/proton) in wide range, calorimetry, forward & backwards
tracking

27/02/2020
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"~ Motivation of this specific R & D

* Demand of a compact RICH for the future EIC »short radiator length (Limited number of
Photons)

« As standard quartz window is opaque below 165 nm » windowless RICH is a possible
approach » Gaseous detectors

» Csl most used, however ageing due to humidity and ion bombardment » quest for novel
PC with sensitivity in the far UV region

« H-ND powder as possible alternative photocathode of Csl
* Our R&D; H-ND coupled to THGEM
« We report here some preliminary results on the initial phase of these studies

27/02/2020 INSTR20, S. S. Dasgupta, INFN Trieste 23



(Y The Hybrid PD with MiniPADs

INSTR'2020

The requirement for future
EIC is to have large area
Detector of single photons
with small pads (3 x 3 mm?)
over several m2.

Mosaic architecture with all
the components and services
installed within the active
area has been developed.

100 x 100 mm? active area
hybrid modules with 32 x 32 3
x 3 mm?2 Pads are built for lab
tests.

Each components of the
hybrid modules are
characterized separately in
the lab and then the ful
module was characterized.

The R/O is with APV — 25
based Scalable Readout
System (SRS).
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Drift Wire Frame

THGEM 1

THGEM 2

Micromegas

Capacitive
Anode PCB

R/O Card
Support

R/O + HV CARD

27/02/2020 INSTR20, S. S. Dasgupta, INFN Trieste
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(i Ongoing R&D efforts at INFN Trieste <G

INSTR'2020

Beam test @ CERN SPS T10 beam line with Pion Beam

* Development of an optimized detector for finer spatial resolution based on the hybrid THGEM + MM and
“mini-pads” of size 3mm x 3mm

* Study the compatibility of these hybrid PDs with CF, for a windowless RICH for the future Electron lon
Collider

4 «  Exploring the possibility to use a more robust photocathode in the far UV: hydrogenated nano-diamond

crystals
/ 47 % (1)

Y e 257 L T TR I |- ™7 T
2D hit distribution . LE Rich-diamond ND | i+ Rich-graphite ND
Shutter in front of radiator open Shutter in front of radiator close | Difference between open and close é 10' 3 4 . -
~ f - | I w E g :i 3
; E : E o | it ‘
2 - 3 PR & = 107 [ :
oF of 2 z —= " TR \\ El3 E
v o ¢ _ :
£ N 2 5
£ ‘ S
x ' -+ &i‘ovg ) S e
Y ) E \
< . - = -
- § 100 ——w0, 00 %
ND 0 - ND Vg L3
‘ﬂf y -1 8 E— h._)‘ -rrl" d .é E et < .%
TEERE 0 23 0 E . 1F 3
- R — F—a—ND-H(0d) @{f —e—No-H(Oe) (O]
- - i . et 10 g quidrea b gl Al gl o | PR | TR YAl MO
o = ‘e |7 E S l»“ TR 140 160 180 200 22101;2”16? 180 200 220
i 3 2 MR - s » avelength (nm
2 2, X - 2 10
3 % E' 'y - " T Diamond & Related Materials 76 (2017) 1
u 10 - °
_ “l" Nano Diamond Photo cathodes — Poster Presented by Dr.
el == el B Triloki Pandit — Poster No. 40
Pad 1D X Pad ID X Pad X 1D

27/02/2020
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Conclusion

* The MPGD based [THGEMSs plus Micromegas] Hybrid Detectors of Single
Photons have been built and implemented in real experiments.

* The detector fine tuning has been done with big care.
e Hybrids are running successfully, and Cerenkov Rings have been observed.

* The future R&D [MINIPAD version] of this novel technology has already
been started for possible use in future EIC experiments.

* In recent TEST beams Cerenkov rings are observed also with the first
prototype.

e A separate R&D for a quest to find a robust photocathode having
significant QE at lower wavelength has been started and preliminary
interesting results have been observed.

27/02/2020 INSTR20, S. S. Dasgupta, INFN Trieste 26
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Effective Gain

10
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104}

p: Gain Sharing

Effective gain*transfer of THGEMT1 in Ar/CH4,
with THGEM2 and MM at nominal voltages

— %* / ndf 0.5003/3 p
| Prob 0.9188 /i
| |
AT 1011+ 5.909 / :
Siope ' [V] 108.6 + 1.569 e f
= = 2
: n/ |
L o |
- =T |
L]
m u
-
- ssssgussunnnn o° // :
" 4 a
/
| 1 l 1 1 1 I | 1 l l 1 /I L l L l 1 ] 1 | 1 !
0 200 400 60C 800 1000 1200 1400
AViigem [V]

Effective Gain

10

N w & O

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

T f1jTr[

T

-

—| £/ ndf 7.209/18
Prob 0.9882

]

| AV, 416.7 = 1.021 |

L | Siope (V] 42.24 = 0.2268

L

PO NN I IO AU NN

llllllllll Lk

460 480 500

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

Micromegas gain ~100

INSTR20, S. S. Dasgupta, INFN Trieste
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600 620
AVyguen [V]

28

Itk bkt o ke badany



<R

Fetake bkt o ke badvany

INSTR'2020

BACKUP: IBF

IBF on Top1in At:CH‘ 50:50 using UV-light source
AVpn = OV AV o = 1275V AV o = 1225V Y, =-624V S% e
Ny

Quartz window Kapton window

2 6 2 : V Field wires . Electrodes:
& g wires
2 . p0 2.678 + 0.6221 ahpubpdubeb s hubebypdebep igalatpiindind
- ’ ‘ Drift Region ——b THGEMI
a4l ke \ Topl Bottaml
- Transfer Reglon 1 > B _THEMZ_ o
3 - omn Topz Bottom2
S -
4P
o
1 - — 1 l e [ s A l .. 4 l A .. l L J l .
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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~ The Bulk Micromegas with MiniPADs

* 4 PCBs have been -
produced and two ol
of them have been
equipped with a
bulk Micromegas.

* For each the :
capacitance e s L e
between the _—
Readout pads and s Ef ]
HV PADs have
been measured.

* Avariation~3 -5
% have been
noticed. 5
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