RICH detectors
and alternative/complementary
options for PID at colliders

Thank you to
all the colleagues who kindly provided information

all the colleagues whose material (paper, slides) | used

Of course, all the mistakes and biases are mine !
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INTRODUCTION
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ABOUT RICHes, A QUICK REMINDER

'With focalization

DIRC

HIGH MOMENTA

Extended radiator (aranoe)

(gas) mirror
the only approach

at high momenta
((E > 3-4 GeV/ED

EXAMPLES: SELEX,

Gas radiator

- —
- Charged
particle

OMEGA, DELPHI, SLD-CRID, HeraB, HERMES,

COMPASS, LHCb, NA62, EIC

Quartz as radiator and as light guide
Effective at low momenta

Q@ < 5-6 GeV/cD

Quartz Bar

The only existing DIRC operated in an experiment: BABAR DIRC

-Proximi'ry focusing

thin radiator

(liquid, solid, aerogel)

Effective porici.
at low momenta

Jp <« 5-6-8? GeV/cD

|
100318p UOI0Ud

Proximity
gap

i

EXAMPLES: STAR,

Liquid Fadiator

ALICE HMPID, HERMES, CLEO ILI,
CLAS12, BelleIT A-RICH, EIC

PMT image as seen

by track w
N
% x DS\ i
A2~ ;
-~ L AT
-

NEW: DIRC-derived architectures in BELLE II (TOP), Panda & EIC (focusing DIRC)
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“TWith focalization | HIGH MOMENTA Proximity focusing
3 ALICE HMPID
= LHCb - not a classical collider setup: *  Bellell A-RICH 2
forward angles one arm spectrometer E EIC 2
= DELPHI, SLD-CRID - the only examples |- \%
in contexts of much lower & than what DIRC %\
expected in the next generation colliders o BABAR DIRC 7,)‘
- EIC o BELLE Il (TOP) Y
. Panda (focusing DIRC)

3 EIC (high performance DIRC)

"From this quick analysis

I Up-to-date options for low momenta available (DIRC-like,
aerogel) < limited space required

m Problematic approach for high momenta <> space demanding:

wep 2d the development of a compact RICH concept required k" -




Addressing the photon

detector issues

(common to high and low momenta)




ABOUT SINGLE PHOTON D

3 families (grouping by technologies)

Vacuum based PDs
. PMTS (SELEX, Hermes, BaBar DIRC, NA62)

. MAPMTs (HeraB, COMPASS RICH-1 forward region, LHCb upgrade, GlueX, CLASS12,

Panda forward-RICH)
Hybride PMTs (LHCDb)
HAPD (BELLE Il aerogel-RICH)
MCP-PMT (BELLE Il barrel: TOP detector)
LAPPDs - large size MCP-PMTs, development ongoing

Gaseous PDs

= Organic vapours - in practice only TMAE and TEA (Delphi, OMEGA, SLD CRID, CLEO/II, ...)

. Csl and open geometry (HADES, COMPASS, ALICE, STAR, JLAB-HALL A)
. Csl and MPGDs (PHENIX HBD, no imaging, NEW: COMPASS RICH-1 2016-17 upgrade)

SiPMs

. Silicon PMs (not used so far in any experiment)
= radiation hardness , intrinsic noise
= cooling to moderate them > more material, complexity
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PMTs & MAGNETIC FIELD

LHCb

250 rad

- Spherical
— Mirror

- Beam pipe
nr

[~ Track

100 200 z (cm)

Nevertheless:

HPM, LHCb custom

1024 anods

A. Papanestic, RICH 2013

iwi' %ﬁ

Before
After

correction
for B

winy
1 2 3

Pixels (0.5 mm) 4

COMPASS P. Abbon et al., NIMA 616 (2010) 21

Occupancy

014 ¢
= No
012 e 18 mT field
01k
0.08 [
e
0.06 |— ——
0.04 —
H.

002 [—
07|||\|||\||||\|||\\||\|||‘||||||||||||\|||\|||\|||
o 10 20 30 40 50 60 70 80 90

Threshold (fC)

MAPMT type R7600-03-M16 by Hamamatsu

Individual soft iron shielding -
B <2 mT (external B ~20 mT)
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Time resolution (o)

8 PMTs, MAPMTs >/~ 0.3 ns
0 MCP-PMT <100 ps

D SiPM <100 ps

0 MWPCs >/~ 20 - 400 ns

FE dependent, ballistic deficit implications (*)

- MPGDs ~ 7-10 ns (INTRINSIC)

(*) COMPASS - Gassiplex 400 ns, ballistic def. 50%
APV25 20ns, ballistic def. 25%

A FEW WORDS ABOUT SINGLE PHOTON D

CoOnts

Effective QE range

- Vacuum-based devices:
A > 300, 250, 200 nm
[also solar-blind]

" Gaseous devices (Csl):
A <205 nm

Operation in magnetic field

- PMTs, MAPMTs, HPMTs NO

" MCP-PMT ~YES
- MWPCs, MPGDs YES
= SIPMYES

HEP 2021, 14-21/1/2021

COSTS

= Gaseous (/- $ (0.2-0.4 M/ m?)
=  MAPMTs - $$ (0.5-1 M/ m?)
= SiPM- $$ (0.8-1 M/ m?)

=  MCP-PMT - $$$ (??7?)

= LAPPD - $$ (0.8-1 M/ m?)
(*) UV: gas system, mirrors more DEMANDING >

expensive

RICH & be
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Any source of noise compromises PID efficiency and purity
. Here shown making use of LHCb experience

Run I Run II (2015)
LHCb g qaf " J &4 ' ' ' '
RICH 1 2 Detectors RICH 2 S 1 B pmoay 7 2rnt 38 gk B proimiay (2
Acceptance 25-300 mrad 3 Radiators Acceptance 15-120 mrad ';.Mﬁiﬁ:wo«»ﬁmo E N ';:»W:o«.ﬁvo
Topview| | Image RICH1 | °f o B -
] 400 mr2d L‘iﬂ / ~7 m In RUN | “;':j..; LM_&_W o *’:xa:. -
- pomead L AT | ‘ B, f Eestev ko Loy
. Betmpie /i S L é b 1.2 £ 12
Spherical [T \ 1:- "'-Q-w . 1 o
F::itrrr::rors ‘."7 - l O'B;j_ 0.8
\Jv‘ 49 os_ os
Aerogel, then Note Scale Difference —— 'y .
‘ removed for RUN I — N\ | 0.4F 0.4
. . n=1.03 | i A. Papanestis, RICH2016 0.2 = 0.2
Aerogel rings very big o o
‘ ¢ Many photons, many track/photon combinations 0 20 00 20
Intrinsic noise rate, hits per m? in a time windowa 10 ns )
- MAPMTs (cut to reject cross talk with only 5% photoelectron loss):
~0.1 (infOrmation source.: COMPASS) MCCPs by Hamamatsu,
. 70% active area
o Gaseous (cut at 3 ¢ noise) : <20 (information source: COMPASS)
- SiPM (S13361-3050-08, room temperature, no ageing): 500
(information source: _
Hamamatsu data sheet) N
| | | | : —_— | | [ | '-miﬁ;\&ﬂﬂw _IJ"
- MAPMT : Gaseous : SiPM = 1: 200 : 5000 T B
NTIOTIT ™ UGYUIIU OIVid DALL/~— T~ T—

TTET 4VULT, TS~ 17 17&aVU4T



LAPPD, an OPTION ?

Window and photocathode
Indium Top Seal

Glass spacer #1
Top MCP

Glass spacer #2
Battom MCP
Glass spacer #3

(20x20 cm?) MCP-PMTs

Glass sidewall

Baottom anode plate with conductive
strips penelrating seal

LAPPD #25 Performance Summary

Parameter LAPPD 25

MCP resistance

(Entry/Exit: MQ) 10.7 /142 MQ at 875 V

@365 nm: Max: 10%, Mean: 7.1%, s = 0.8%

QE
(@]
s Gain 7.5 x10° @ 850/950 V (entry/exit) C
= 9.5 Cts/s cm2
o Dark rate
Z o — (Single 13.5 cm2 strip) @ 50 volts on the P/C, 850 V/MCP, and Threshold of
o _t 7.6x105 gain
w (Vp) After pulses Typical for MCP PMT - about 3.5%
Along-strip 2.8 mm RMS (measured as 33.4 psec)
Spatial Resolution
Cross-strip 1.3 mm RMS
Time Resolution 64 psec resolution TTS <:F:|
. M - S0 rrrrrrrrrr T T T
GEN II Capacitive Coupling| e L T3
SR o3
User-designed read- - —
out elements 3 3
2 4 6 8 10 12 14 16
— time {ns}

Table 1 - LAPPD Pricing Schedule (05-18-2015)
# Sold Unit Price Sales
1 ¢ 50,000 g 50,000
2 5 47,044 5 94,088
3 ¢ 43,440 ¢ 130,319
4 5 41,461 5 165,842
5 5 40,111 5 200,557
7] 5 30,005 a5 234,571
7 5 38,284 5 267,988
8 ¢ 37,611 ¢ 300,890
g 5 37,038 5 333,343
10 5 36,540 5 365,398
20 5 36,100 a5 721,995
S0 5 33,334 5 1,666,694
75 ¢ 30,000 4 2 950,007
100 5 28,633 5 2,863,335
300 3 <
500 S 12,206,898
rsol I
1000 5 21,972 5 21,972,132
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555555

Parameter
MCP resistance ‘\ e
(Entry/Exit; MQ2) “s be GO“ ‘“e eq

~ 5{?0,8‘30

© % 333,343
§ 365,398
$ 721,995

$ 1,666,694
$ 2,250,007
$ 2,863,335

L,

| $ 21,972,132 |
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Room temperature; 400 nm laser

-30°C: 400 nm laser

Radiation damages and recovering via annealing (@175 °C) Rgadiation

MO8 150
-1."012‘*12'?'

!.1 ,046 o] AP ooy __mv-n-‘---'w-w'\—.r.’_ P f.,-ﬂu-vrm:
W ¥ / v

reference—————

-30°C: DCR

tolerance

f :1.0@3 A3
;--1-01;2-12 ‘ ;
L' bl A e e e T e n -

rreference

[“

I

-30 oc: DCR After annealing

| From recent literature

Room temperature
NOT an option !

SiPMs

c@-30°C
* With annealing

Compatible with
integrated fluence
~10""neg/cm? ?

Contents lists avai
Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

lable at ScienceDirect

HEP 2021, 14-21/1/2021

Single photon detection with SiPMs irradiated up to 10'* cm™2

RICH & beyond 1-MeV-equivalent neutron fluence

M. Calvi®", P. Carniti "', C. Gotti =™, C. Matteuzz:

RE INEN

i“, G. Pessina TRIESTE
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A FEW MORE WORDS ABOUT SiPMs 2/2

A dedicated effort for application at EIC by a cluster of INFN groups

=  SiPMs from different producers mounted on a RICH prototype
= Part as received
= Part irradiated
= Part irradiated and annealing cycle

<> Performance in a test beam
=  Coupled to specific FE r-o:
= ALCOR, developed for DarkSide

multiple manufacturers
differences in architecture, V4 and electric fields
keep Hamamatsu, leading producer of photosensors
keep Broadcom, possible future R&D within FBK-INFN collaboration agreement
chooseobetween Ketek (25/15 um, cheaper) and SensL (830/20 pytining}feree

HEP 2021, 14-21/1/2021 RICH & beyond Silvia DALLA TORRE INFN
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RICHes

The low momentum
sector




AEROGEL
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AEROGEL in CHERENKOV IMAGING, so far

1/2

HERMES [ icenicairicries 0K aeroge | N Calculation:
Dual radiator: Ml effective range
Aerogel & C4F10 wp serogel | NN = of separation LA o, © % © ° of o| 9* oo o
s | ool
PMT mat ] ! 096 |-, %=
ila:i# m?s/ieel]ﬂate Kip gas E — 094 | o MC
' s R 15 Gev 092 |o = dala
PX 0.06
0.04 [*
002 |o m
N. Akopovet al., o | """ om"mon® 0 0 o
NIMA 479 (2002) 215 L B L P
2 4 6 8 10 12 14
P [GeV]
LHCb Run I Run II (2015)
& 14F = é‘ 1.4 T i 3
RICH 1 2 Detectors RICH 2 % 12F W Preliminary : :Att::"‘:’: E % 12F ®TB™  Preliminary ;’ :i:::z::: E
Acceptance 25-300 mrad 3 Radiators Acceptance 15-120 mrad n.:'::; PPt o.:z," PPRE s S
Proon Top view  / / mage RICH1 . o UE B S o
/4 e o000 o b g o000 0
200 rarad ~7 m n RU N I ° m’ “© I:%men!u?: (Mevlg)n . 0 ”‘
L
Aerogel ~ Spherical | : - — =
9 Mirror 1@//\/_‘"/ § 1.4._ 8
/A e o L LHCb HC
| e é 1.2F le=8Tev % lf';-?a'rw
! - N =
. \ Lu =
Spherical \ . w
mFi’rrer‘;:a—) \ . 1_— _;_—.—*-h
Flat mirrors = | g : e :()—
/" CF, gas 0.8
i Lo
AerogeL then Note Scale Difference = L ?\‘ 0.6
removed for RUN I AN C
200 z (em) N -
— \ - , 0.4
. . n=1.03 A. Papanestis, RICH2016 s
Aerogel rings very big 0.2f o
« Many photons, many track/photon combinations - .
0 0
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BELLE IT - ARICH

proximity focusing aerogel RICH

Focusing aerogel
radiator

* | n[ns

ny<ng

Charged

Photon
detector

/
_—

particle

Cherenk
photons

A

[aTa
U LT

-

Goals and constraints:

+ >4 o K/t separation @ 1-3.5 GeV/c
+ operation in magnetic field 1.5T

+ limited available space ~280 mm

+ radiation tolerance (n,y)

HAMAMATSU HAPD
Selected because of
Radiation tolerance

Two 2cm thick layers
n,= 1.045

TEST BEAM

1 1 1 1 L 1
%005 0.1 015 02 025 03 035 04 045 05

R. Pestotnik, RICH2016

>550K/m
separation at 4
GeVic

CLAS12, prelimiunary results

Implemented so far

Direct nings and best performance for high momentum particles

plane
mirron

spherical
mirror

s

photon
detector

HEP 2021, 14-21/1/2021

n,= 1.055
RICH goal: 7t/K/p identification from 3 up to 8 GeV/c and 25 degrees
~4g pion-kaon separation for a pion rejection factor ~ 1:500
n=1.05 from test beam, 12 ph.s/ring expected for 2 cm-long tiles (TDR)
E RUN: 4013 ‘g RUN: 4013 g 300 10’
= - EVE: 43457663 r—’I'_r - - EVE: 43458264 r’_’_l_l_,’ £, C
[ @ Rec.Photons Hadron Hit [ & Rec.Photons t 5 B
5 i 5 300
e © F oo
: ; ‘ ’ / ] Expected 280:_ 107
. . . Pattern o
i f . i LLLLLL\!HM 240 10
50  Expected =50 [ " 220i .;T:*‘
P:ttern _H_\_\ “\_|_L Hadron I'{(!—\ \_“\-\5‘,_ E j : 7
e vl | e S
P [GeV/c]
M. Contalbrigpo et al., NIMA 994 (2020) 163791
RICH & beyond sivia DALLATORRE (( INFN 17
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M dUI RICH »
} A: ,-mpg:am ingredient: Goal: rise 3o n/K separation to 10 GeV R & D’T g OIng

The Fresnel lens le

thanks to focalization with Fresnel lens fOr EIC

foam holder of aerogel

3.3cm thick aerogel

-

Position scans with 120 GeV/c proton beam &

Aluminum box

6" focal length
Fresnel lens

High counts regions
are the beam spots.

10 15 20 25 30
pixel ID

FEATURES

@ High quantum efficiency: 33 % typ.

® High collection efficiency: 80 % typ.

@ Single photon peaks detectable at every
anode (pixel)

® Wide effective area: 48.5 mm x 48.5 mm
® 16 x 16 multianode,
pixel size: 3 mm x 3 mm / anode

Xiaochun He
EIC PID mRICH Yellow Report

)
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ABOUT AEROGEL ITSELF

Producers: —

HERMES - Matsushita Electric Works, Japan (ho longer available)

LHCb, AMS, CLAS12 - Bunker and Boreskov Institutes in Novosibirsk, Russia
BELLE IT ARICH - Mass Production

* Japan Fine Ceramics Center (JFCC) for mass production.
* Panasonic no longer accepts new aerogel production.
* Technology transfer by joint effort with us.
* Recipe was provided from our side.

I.Adachi, RICH2016

M. Contalbrigo, RICH2016 I I.Adachi, RICH2016
Aerogel for CLAS12 Aerogel for BELLE IT
varoscoplc ae rngel Hydrophoblc treatment r
|Provide long-term stability in optical propertyl
£ Qb ct Total 124 tiles foreach refractive index
g g production over 13 months Wedge shape cutting from
;i'm: 4 * Visual inspection 180x180x20 mm3 tlle ’
g 30/ * Crack/Chip/Milky area -
E 20:_ ) i | o Emri:sﬁe” d . . . E 60 .
gL In line with R&D achievements Ei n-> i Enmengmow o.ogiggi * Dimensions/weight measurement ;E’so '\_j’,%‘
; | - : * Refractive index measurement g0 i
FOA 1.042 1.044 1.046 1.048 1.05 1052 054 1|0d§6 1&50% .08 6? . Fraunhofer technique 5 0 o
* Transparency measurement g
- + Using a spectro-photometer S0
\\\\\ H | Lol 1 P R SR | [ . . . !
104 1.042 1044 1046 1048 105 1052 1054 1056 1058 1.06 - 1.0400 1.0450 1.0500 1.0550 1.0600
Refractive Index Y|EI d ~ 740/0 Refractive index
I

HEP 2021, 14-21/1/2021 RICH & beyond Silvia DALLATORRE ( INFN 19

TRIESTE



DIRC

& RELATED DETECTORS




DIRC

The only DIRC operated so far:

Babar /K separation power:
il BABAR
- ° | Adam et al.,
s 7 . NIMA 538 (2005) 281
g ¢ :
E s -
% " .. —
& |
1 |
0 ' b '
2 2.5 3 3.5 4
momentum (GeV/c)
a FDIRC Steel Box PMTs
Filled with
L Distiled Water BN, ciise
in Glue-X I \
/Qm:ﬂﬂm {bocked
glass mirrors
G OAL : gierrpeﬁc
ealing
Interface
30 @ 4 GeV/c

J. Stevens et al.,

JINST 11 (2016) C07010

PROVEN

v
7 PMT 12
. lane

The concept of the focusing DIRC

fine timing allowing for Chromatic Correction,

—#+- Present BaBar DIRC
“® 1.5t FDIRC prototype (H-9500, 3mm pixels)

10

-0~ Final FDIRC (H-8500, 6 mm pixels, no chrom.corr)
=¥ Final FDIRC (R11256, 3 mm pixels, no chrom. corr.)

\ 5\ =*= Final FDIRC (R11256, 3 mm pixels, Chrom. corr. on)
“\ N | Final FDIRC (SIPMT array, 3 mum pixes, Clirom. corr o)

pi/K separation [sigmas]

B. Deyet al., NIMA 775 (2015) 112

Momentum [GeV/c]

More exotic configuration: PANDA DISC-DIRC

* Barrel DIRC

* Endcap Disc DIRC

Goal: 3s.d. WK separation up to 3.5 GeV/g

Goal: 4 5.d. m/K separation up to 4 GeVle

J. Schwiening.,
RICH2016

i

HEP 2021, 14-21/1/2021

i

| Concepts tested in WASA polymer DIRC |

M. Diiren,
RICH2016

\ bar
I5
f

Focusing light
guide: LiF

-5

4] [

RICH & beyond

Silvia DALLATORRE (( INFN 21



MORE WITH FINE TIME RESOLUTION PDs

g X } Simulation
i First Cherenk ey pe 1+ e, Queingr T 2GeVic, 0=00 deg.
ov photon ctor X
— HAMAMATSU . ~ 20mm
b

device using MCP-PMTs e —
in an experimen"' Side view of crystal /magméarme

X

crystal

Single photon (laser)
singlq PP
final Laser photon timin, W/ﬂ
Entries 3107 P . 9,
Mean 0.01011 Preliminary: Backuar ging — T
RMS 0.1175 systematics of using /
gﬂi‘l:im 315(:28;51: refc;ence(;ime marker z-component of unit velocity
M -0.01934 + 0.00237 needs stu i i
vean 0019 = 000237 y Different opening angles for the same momentum
- - : * Measure x-y position (5 mm) of photons (imagin
ol Amplified, ~50-60 ps single hit yp (5 mm) of photons (imaging)
single p.e. @ * Measure precise (40 ps) time of arrival of photons
150 . . . . . g
5x105 gain Consistent results in (time-of-propagation); TOF from IP works additively
10 channels tested

~1% occupancy

Working to automate J. Fast, RICH 2016 |..... 5 2016 PNNLSA. 120857

lewmitdot 1

50

Expected recoil tail

o

. 8
SO T I T

06
Time [ns]

TORCH (LHCb upgrade): a DIRC for TOF measurements using MCP-PMTs

u Overcoming: MC
4 o ) 10 m M.J.Charles, R. Forty,
= the upper limit from 0. saturation o, =12.5 ps NIMA 639 (2011) 173
» the time-resolution limit from single photon K T
Detected photon = [ o TE T e
9E ++ 09 F Rians
, oo it os £ +
| 6y Foousng § A7 o7 v L 0T E [From
;\ frote. PPt 5 06 £ +:»: +++ HECRS
! delec/l:ci[/’ y % 05 ? % 0.5 ;_
= o £l H
) resmel 02 E 0z F +
H SINZV 01 g_ N ++-+_++ 0.1 ;— Lt o _+__+_
Track momentum (GeVic) Track momentum (GeV/c)
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IR On QOing

. R&D including FDIRC & TOP concepts R D fOr E '
- \
- Goal * p/Kupto 10 GeVic : : - standard lens eo | S-layerToms —
* /K up to 6 GeV/c simulation L e
* e/ up to 1.8 GeV/c ® Sy ¥
2 Therefore needed: - w A ~
/K identification as a function of the 6, resolution ‘% A . i o . | ) Ef it ‘ “" . )
0 g;- 0 Promlslng 05 10 15 20 % 0 % 40 45 0 o 5 10 15 20 2 30‘“'35""4‘6“5‘[0'“'30
'; & Measured .:-md_simulated focal plane:
3: & E Conﬂrmed g"“’ Cylindrical 3-layer lens 5
r - > - =1 | Data oF
o rack Cherenkov ~ 23 o
'g 30 angle resolution S 0 (Compared to X
g {mrad) ﬁ b SimUIation) ;
§ 20 —0.5 mrad 2 ::: ;:-
' o o ]
3 2 3
= 1.5 mrad LN °
_9 10 .k‘ o.on 5 10 15 20 25 30 35 :D as
a 2.0 mrad X [em]
00 LM 3-layer lens material:
ot . . T - L performance & radiation hardness
particle momentum (GeV/c)
. n-K separation at 6 GeV/c (MC
Handles: P (MC)
o %: NLak33, 3.0+0.1s.d. %,U; PbF, :5.:010.15.4 %j:%_sapphirew 31 £01s0.
= New focusing element ) B
= Better timing (electronics limits in FDIRC) :
EIC RICH L 0 S m;n 20 10 0 I|I?| L(z{é})r‘anum}n 9;0 = = TR S
NLaK33 Pb F2 SAPPHIRE
1mm thick glass (5krad) 4mm thick (150krad) :Inmm thick (150krad)
E‘; E ! ! T o0 . OB
s 2 0 0 krad | By 0 krad | b 0 krad
Eatst oo on | 3 component lens 1 % f| s krad| 3 150 krad| ¥ 150 krad ;=
panw Il i ! R '3,._;",_‘,“‘,”‘.,",,9‘ e | il | : —
HEP 2021 , 14_21 I1/2021 RIC 200 300 400 500 600 700 800 200 300 400 500 600 700 800 200 300 400 S00 600 700 800

Wavelength [nm] Wavelength [nm] Wavelength [nm]
Tg o




RICHes for
high momenta




DELPHI BARREL RICH I

' r LEP max <= 1032 cm~ s-1
E.G. Anassontzis et al. / BRICH counter of DELPHI
m
l 1775
| n
) Outer Cylinder Mirror Suppor#i Mirrors E‘S
/ i clo
/ " !
mm A T momentum range for PID)
I — ,
Soo: \WTIG\;S Radialt;r | -
/ N 38-42 cm
. - GsFyy C4F1o
T by wuare N Multi-Wire
4 Il ! A a =t Proportional
z ’ - 1Drift Tube. . t‘g/ Chamber
— ;1 1CHa-CeHo*T.MAE, __’f’\kf_f, _
11l ' ] I
— | S I J
n :_J i P - > Y I R S o ‘ L/ !
0 -‘ / / l{;jl* 3 " GAs RADIATOR]|
Low High / / o9 il
! i) el
Energy Energy /' ) ) T - o = 60
Particles Particfes Eleclrical Insulation Liguid Radiator Tube ' € af /, ,,,,,,,,, \
} CoFia \ ool kY
nner Cylinder End Plate | & o ( . .-‘3 )
1550 4; \ y
Layout of the Barrel RICH:; 1 of cut along axis. ol Y o r
16580 60 40 20 0 20 40 60 80 100
0 cos(¢.) [mrad]

Max photoelectron drift time: 25 us

Thickness of the conversion gap: 5
cm (parallax error = limiting

Thickness of the gas radiator:

» Initially designed for C;F,, at
40 °C and 1.3 bar, than
operated with C,F,, at 1.03 bar

8. sin($.) [mrad]

]
S

:

O
%00 600 400 200 0 200 400 600 800

®
s

2
=

g

g

o
T

LIQUID

b)

RADIATOR

0, cos(¢,) [mrad]

Nuclear Instruments and Methods in Physics Research A 371 (1996) 240-242
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DELPHI BARREL RICH

E:IL'hrrlran | rexd]
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e What is needed & related challenges:

« Gaseous radiator ....................... Short radiator length in spite of limited Ch. photon yield
- the COMPACT RICH concept
 Focusing system (mirrors) ........... Light support and substrate

 Wide phase space acceptance .... Extended systems complemented by low-p RICH &
beyond
« Detector in B-field region ............ Photon detectors effectively operating in B-field

 Limited number of active RICHES for high p RICH & beyond world-wide

 COMPASS Wide phase space acceptance
 LHCDb (2-counter system) P P P
* NA62 small phase space acceptance

- WHERE NEEDED?

 An absolute must at the EIC, now an approved project
A desired option in circular et+e- colliders

HEP 2021, 14-21/1/2021 RICH & beyond Silvia DALLA TORRE INFN
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LESSONS FROM HIGH p RICHes IN OPERATION

| COMPASS LHCb

(n = 1.0015)
on average,
14 det. prr.s'lring (B=1) . ..| R]n(j]-[-l (251_0;00 mradz«;n z (cml‘ o (152_8182;::15‘:3;1 magnetic shielding
.o . N\ 4m® CFyy n-1.0014, up to 60 GeV 100 m® CF; n=1.0005, up to ~100 GeV
i I NIMA, 766 (2014) 245
< o = By, -- vy . \‘-‘
g f ’ _f {'; ! ;?Eg ’“,;: = ”m Radiator N, from data Ny from simulation
o / | sl )
1" o 0 K-t - Calculated Npe True N,
e - 2016-2017: novel PDs Tagged D">K=a*  PP=PPRTH  LAlUAlEd Npe I Rpe
_ _ : : by MPGD technologies:
[ ,E'u“- ) o . . Improved detector stabilit![ ﬂE‘l‘OgE] 50 i 30 43 i Ug 80 i 06 68 i 03
P . e, | CsFio 204401 245403 283106 295+0.5
on average, — = . -.. - - CF,4 158 + 0.1 176 + 0.2 227406 233405
58 det. ph.s/ring (p=1) : . .
= [ T T T | T T T | T T T T ]
S 14f Alog £(K — )
g 12 = B 1o 2017 waidaton ¢ BALLK-m=0
L = “r * ® ALLK-m)>5 ]
: R | -
Effective QE range 08 Eo- o T S
Lo S — K e —o—
Csl: 165-205 nm 0.6 - -
MAPMTs (UV extended 04 - - E
window) : 200-650 nm : - TS K _D_:_‘__E%
3 L, _D_—D—-—D— _
P e SR I t : 0 M+Wm-xm3
10 20 30 40 50 60
P. Abbon et al., p (GeVic) S. Gambetta, RICH 2018 | © 20 40 60 80 100
| NIMA 616 (2010) 21 7-K separation, CL > 95% up to 45 GeV/e | I Momentum ' (GeV/c)

1-K separation, CL > 90% up to 60 GeV/c )
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LESSONS FROM HIGH

COMPASS

RICHes IN OERA

56 glass spherical

TION

C4F1° - 3 m
(n = 1.0015)

on average,

14 det. ph.s/ring (=1)

f

on average,
58 det. ph.s/ring (p=1)

Effective QE range
Csl: 165-205 nm

MAPMTs (UV extended
window) : 200-650 nm

P. Abbon et al.,

40

50 60
p (GeVrie)

RICH-2 (15-120 mrad)

/ support structure

Central Tube ==
288 HPDs and magnetic shielding

100m* CF; n=1.0005, up to~100 GeV

mirrors

Npe from simulation

NIMA 616 (2010) 21

1-K separation, CL > 95% up to 45 GeV/c
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1-K separation, CL > 90% up to 60 GeV/c
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80406 68403
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5] - Ly 0 ALLK-m=0 ]
. a 1 AL == 13 TeV 2017 validation B ]
= “r e W ALLK-1)>5 ]
e e -
5*3— +++ . T T T l_—f_: —o— :
0.8 K >K -, oo o]
0.6 - =
04F I
n T—K e
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Options for RICH

at_high p
in classical collider setups
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"STANDARD" APPROCH

- 1 m-long radiator and visible light PDs

& PDs: LAPPDs or SiPMs

= CFo (n=1.0015, 6_max: 55 mrad )
= 7 threshold : 2.5 GeV/c
= K threshold : 9.0 GeV/c
* n_det.ph.s (f=1)/1m : ~ 20
= To exploit PID up to 50 GeV/c : o_C_ph < 1.5 mrad (vis. range)

= CF, (n=1.0005, 6_max: 32 mrad )
= 1 threshold : 4.4 GeV/c
= K threshold : 15.6 GeV/c
* n_det.ph.s (=1)/1m : ~ 10
= to exploit PID up > 60 GeV/c : o_C_ph < 0.7 mrad
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“"WINDOWLESS" RICH

CF, windowless RICH concept, test-beam results Pad-size ~ 5 mm
M. Blatnik et al., IEEE NS 62 (2015) 3256 s e n_det_ph.s : 10

- 32 GV
- il Frequency vs 6_C |

e B o = I ;

GEM staok CF,, Radialor \Mirror = o — £ By a thin-film

| Particle track :/ : J ‘ = S Lh.mu;ﬁ i 3 reflecting mirror
— s | . o (rad) 2 —
]

28 38 mrad

- 1 m-long radiator and gaseous PD
: Increased n. of detected photons with a wavelength range around 120 nm
= 10 photons (as with visible PDs !)
= CF, (n=1.0005, 6_max: 32 mrad )
= 1 threshold : 4.4 GeV/c
= K threshold : 15.6 GeV/c
= n_det.ph.s (f=1)/ 1Im : ~ 10
= to exploit PID up > 60 GeV/c : o_C_ph < 0.7 mrad

3 High-tech, expensive mirrors, gas transparency issues at 120 nm
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"HIGH PRESSURE" RICH

An option for ALICE HMPID upgrade (later abandoned)

A. Agocs et al. NIM A 732 (2013), 361-365 —
etails:
M. Weber at RICH2013

charged particle * Focusing RICH

* Radiator: 3.5 bar C,F,0 (50 cm)
Goals: sapphire — [ photondetector * Photon detector: CsI-MWPC (CH,)
. window L0 SR * Window: Sapphire
= 1.5 mrad resolution - Mirrors: 3x3
= p/K 3o sep. up to 25 GeV/c o e Cherenkoy & desupportals

tracking chamber (3cm

radiator gas ; photons \

= 7/K sep. from 5 GeV/c Y
= 7/K 3 o sep.upto16 GeV/c

/ photon
sapphire detector
window (7.5 cm total, 2.5 ¢m gap

(0.5 cm) between window and 50 cm

photocathode) (focal distance to 51 70

. hotocathod
__-radiator vessel phatocathode]

(Al honeycom! b+ spherical mirrors

spherical mirror insulation, 5 cm) (with support and alignment

ExpeCted (s i m u Iati o ns) : . -~ ) ) tracking chamber (3cm) —
§ ki |p Test-beam :

: A0\ R\ e \ \ \ \ 3.5 bar . .
2 T wksep i | \ n. of ph.s: 10 (saturation)
és -:."".\ \'\ \ 1 bar —K/p—L.bar
nlk sep | . o To
3.5 bar /v\‘< S NI || R = 20 ph.s per m
L &° Reminder:
N R DU N P e at 1 bar with MWPCs +Csl:
10 15 2nm°mem‘-2lzrI [Gewc]ao 35 40 o 5 10 1:.1 umenzt:;m [Ge'z:;c] 30 35 40 ~ 5 ph. s per m
|
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ONE MORE ISSUE

The current model are based on the use of fluorocarbons

= Limited chromaticity
= High Cherenkov photon yield

These gasses are not eco-friendly

= They attack O,
They have high Global Warming Potential (GWP) values (100 y)
- C,F,,: 4800
- CF, :6500

Can satisfactory gas system/operation w/o
fluorocarbons went-out in the open air be realized ?

Procurent ?

Other gas options?
= A first proposal in the context of the design of PID for EIC

HEP 2021, 14-21/1/2021 RICH & beyond Silvia DALLA TORRE QN!,T,EQI
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C-F, 1 bar Chromat}ldispersion -
VISIBLE (bialkali with ext. UV glass window)
c O »
c 0_max (n_ph/
(n-1) |(n-1) |6_ma (chrom |m i
gas |P *10° |*10° |x c 0 |.only) |(B= 1}\
\ (bar) (mbar)(mbar) (%) \ | HIGH PRESSURE- RICH:
Eco-friendly alternative
CF, 497| 11.5| 31.5| 0.4 1.2| 10.0 to C-F-gasses
CsF1o 1| 1367 46| 52.3| 0.9 1.7] 275\ Ar@3.5bar~ C,F,,
- Ar@ 2 bar—~CF,
Ar 1| 294 10| 24.2| 04 1.7 5.9
Ar 1.5| 441 15| 29.7| 0.5 1.7 8.9
Ar 2| 588| 19.5| 34.3| 0.6 1.7 11.8
Ar 3| 882| 29.5| 42.0/ 0.7 1.7 17.7
} 3.5| 1029| 34.5| 453| 0.8 1.7| 20.7
Number of detected photons at § = 1
Ar, P> 1 bar (scaling from yellow%ox, LHCb l13‘igure)

S. Dalla Torre, High Momentum PID at EIC (in 10 years from now), 1st EIC Yellow Report Workshop,
Temple University, Philadelphia, 19-21 March 2020, https://indico.bnl.gov/event/7449/.
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ALTERNATIVE/COMPLEMENTARY
OPTIONS




2m lever arm assumed

¥

-3

o= dE/dx (n=100, t=1.2cm, 1 bar, B0%Me+20%C4H10)
= ® + TOF (2 m path, sigma = 1 ps}
= fy » TOF (2 m path, sigma = 5 p&)

TOF (2 m path, sigma = 10 ps)

= # + TOF (2 m path, sigma = 15 ps)

TORCH : a DIRC for TOF

Overcoming:

| =G = TOF (2 m path, sigma = 20 ps)
== BaBar DIRC
a =~ Test beam data: Japanese Aerogel Forward RICH (Krizan)
E = ML Russian Aerogel Forward RICH (€ layers, normal inc,, 1 ring)
oh —m— MC: Russian Asrogel Forward RICH (€ layers, 30 deg dip, 1 ring)
# : ,
= i | Aerogel
= Aerogel 9. (Novosibirsk)
| (Japan) TOF, 1 ps MC
Test beam " '
0 ] 2 J 4 5 6 & 8 9 10 11 12
Momentum [GeV/e] J. Va'vra
@ RICH2007 |

u the upper limit from Ggsaturation

o the time-resolution limit from
single photon

Detected photon

¥
etected photon

Quartz plate

K

MC

10 m
o, =12.5 ps

M.J.Charles, R. Forty,
NIMA 639 (2011) 173
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7 T
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g e Mc StUd 'es 'n the E'C co ntext A novel TPC readout system based on readout chips
for Si-pixel detectors
Ties Behnke!, Klaus Dehmelt**, Klaus Desch?, Ralf Diener',
Ulrich Einhaus', Prakhar Garg®, Jochen Kaminski®, Thomas K. Hemmick®
—_ 10 LDC-TPC .-\rl(‘.H,f(‘.OI (ONS2) . 10 )
T, dE/dx by charge St LDC-TPC HelCO, (70/30) s e ;
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Dedicated R&D

HEP 2021, 14-21/1/2021 RICH & beyond Silvia DALLA TORRE INFN 40

TRIESTE



e DedlcaTed RaU

LAPPD StUdles G.A.Cowan et al, NIMA 876 (2017) 80
. Ongoing within LHCb
= particular attention to B-field behaviour (LHCb environment)

= time resolution performance (as a handle to overcome the high rate
occupancy at HiLumi LHC)

" OngOing Wlthln eRD14 (generic R&D for EIC) thfggﬁ\?viilr(]i.bnl.gov/conferences/index.php/EIC_R%25D
= Forlow-p RICH & beyond applications
. in one task within AIDAinnova

= Focus on high-p RICH & beyond applications

SiPM studies
. Ongoing within LHCb

= time resolution performance (as a handle to overcome the high rate
occupancy at HiLumi LHC)

. in one task within AIDAinnova
= Operational parameters and ageing for low- and high-p applications
. Within INFN EIC_NET

Reports in |
https://wiki.bnl.gov/conferences/index.php/EIC_R %25

Pad Y ID

MPGD-based photon detectors

. Initial studies within eRD6 (generic R&D for EIC) and INFN program EIC_NET
. Study continuation in one Expression of Interest for AIDAinnova
. Within INFN EIC_NET
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SUMMARIZING
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SUMMARY

—HEP 2021, 14-2111/12021—— RICH & beyond

For PID at both low and high momenta
* a new generation of photon detectors NEEDED

= no PD option without open questions
o Gaseous PDs : number of detected photons
o« LAPPD: development still on-going
o= SiPM: noise rates and ageing

RICH & beyond at high-p in classical collider setups

needed at EIC, desired for e+e- colliders
= Challenges: “short” radiator, light material, PDs operated in B-field
= A few active high-p counters (RICHes in LHCbh, COMPASS)
No completely consistent RICH model existing yet

Principle approaches
= Standard with visible light PDs
= Windowless RICH with MPGDs
= High-pressure RICH

FLUOROCARBON RADIATOR issues: high P-Ar approach, to be
validated

ftvia DALLATORRE v 43



SUMMARY

For PID at both low and high momenta
= a new generation of photon detectors NEEF
= no PD option without open questjc

aseous S . numper g ‘5‘
a G PD b 0\\\69

-~ LAPPD: develo o

Prin \ ““e
= S “
Wi ')0 Ds
= Hig 2
FLUORC BON RADIATOR issues: high P-Ar approach, to be

validated
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Thank you !
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