Particle Identification with the
ePIC detector at the EIC

Chandradoy Chatterjee
INFN Trieste

OutLine:
1. Introduction to the EIC and ePIC

2. PID subsystems in ePIC based on
RICH technologies




? Polarized
Electron
Source p/A beam ~_ electron beam

Central
Detector

Spanning over wide COM
energy - 20 -141 GeV

High luminosity - 10%*cm2s?
High polarization - (~70%)
electron and light nuclel.
Heavy nuclei up to U

Two possible interaction
point.

https://doi.org/10.1016/j.nuclphysa.2022.12244

- Particle identification is crucial for several physics channels
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Introduction: ePIC

pi/K separation requirement

B
ackward
Solenoidal Magnet
- ° Upto 9 GeV/c
(ECal) Central
R * Up to 6 GeV/c
RICH detectors
’ MPGD trackers ‘ Forwa rd
® Up to 50 GeV/c

Wide phase-space.

- Different PID technologies essential!
Photosensors are placed in high
magnetic field. Limitation is sensor
choice.
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Backward PID
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. / e-endcap RICH for ePIC detector

* Aclassical proximity focusing RICH
| E /,:;;;;’\’@“ * Pseudorapidity coverage: -3.5<n<-1.5
= 0 e NP * Uniform performance in the whole {n,¢} range
| © e * 7/K separation above 3o up to ~ 9.0 GeV/c and ~10-20ps t,
= ! reference with a ~100% geometric efficiency in one detector
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Serves as Time of Flight using HRPPD sensors! 0T Geneor plane X, ) Track Cherenkov angle (mrad)
Sophisticated chi-squared analysis capable of performing
efficient pid with complicated event topologies.
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Backward PID
(pfRICH performance)
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Backward PID

,
-

(HRPPD for timing applications)

Backward Timing measurements - Cherenkov photon hits created

—

in the window of LAPPD. |
Geometric efficiency of particles with more than 5 photons. " ~100

Timing resolution with nominal 50 ps/SPE provides Ch. photons
50/V6 ~ 20 ps timing resolution. o Photosensor
Geometric Efficiency (> 5 Hits) % - .{ »
5 E I L
i GAS Up to 10
os - Ch. photons
:: ; - - B ‘\\ / /
012 g—f P T S R S S Aerogel i
3 2 1 0 1 2 ¢(gad)
Red dips = ribs from Aerogel wall Black dips - ribs from window ceramic boundary Single Particles fired at n=-3
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Backward PID
(HRPPD)
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P h beam (4-12 GeV)

Beam tests at Fermilab PS beam test at CERN Magnetic fie
100 | v Sophisticated PID algorithm for
%) " 2 2 meszs| & .
n C | e \\ event level analysis: Software
. S D waml s b
Bo | | 5 Sa\ used by dual RICH.
§ 40%— \ HV (PC) = 20V: ~75ps §’00;— : HV (PC) =100V:~35ps é 40:_ '\\'\.M / HRPPD as photo Sensors: Cost
= L‘-m i A 8 - effective alternative solution for
-%00 — 5 ) hgga'\nnﬂHAM];%&EMMMM“M;?DO -%00 J [l) "Hms‘g;-“**h 10155 e -.‘-I.SJOC %) . 1 1 1 | | 1 1 1
— Leading edge timing, [ps] Leading edge timing, [ps] %20 a0 e g)h‘ott(;?:tl';o‘ﬁ‘vtoll;:; ; ;37 D I RC
v Potential application as a timing
detector.
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Backward PID

(HRPPD)

Beam test with LAPPD (recap)
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Illlustraxive Schematic: NOT TO SCALEI
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) — 1
E _ _5 window
3 : Dl —— J L " . —— CERN PS beam
E - —e - L L}_ é ’ Laser calibration
E UL ” E_ --------- Poisson+Gaussian fit
35 .
Fused Silica Window =
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e ARARTTRRRERNAARRARRNNNNY § osf
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wees e [NNINNRRERRRRRRRRRRRRNRI 2°§
}nom?: [ gap = 6.73 mm] 15 :
e PCB with pads 10 _E__
d  Mixed hadron beam from 53— .
CERN PS T-10 (4-10 GeV) o il DA at
Q LAPPD ID 124 0 100 200 3020(:[ \;1]00 500 600 700
m
Q20 micron pore.
(d  AC coupled readout.
[ 1inch pad Designed by
" INCOM.
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Backward PID

(HRPPD)
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- beam-spot 3
§ - ] «  Similar SPE time resolution is observed for Photons from the lens radiator and LAPPD window.
- o E % Quartz lens transparent down to 200 nm; the acrylic filters out the Cherenkov photons below 400 nm
- ] (reducing the average number of pe/pad).
50: ] %  Simulation studies suggested ™ 8.3 ps contribution due to geometry and chromaticity. W/O acrylic filter from
- . simulation a factor two worsening of time resolution is observed.
B | | ] % Comparing simulation data we can estimate the contribution due to Chromaticity (1.5 ps).
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Backward PID
(HRPPD) Magntic field
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Resistive The overall performance of LAPPD in magnetic field is B - - :Z.',Tf"ffcppffgzssvv
- - —6— B=1T, MCP=925 V
- Anode satisfactory. . N o o 1.2 i . MRSV
2 mm ceramic plate The drop in the gain and efficiency in high magnetic field values e C B=1T, MCP=950 V
is observed. The drop is particularly present along the Chevron % 1= va uT ” ::;‘TT'";‘CCP':;%SVV
[ ) | ) | inclination and angle larger than 15 degrees. S - " . :
[ ! Most the loss can however be recovered by applying larger bias _‘;_J 0.8:—
voltage across the MCP and increasing the photocathode - E
voltage. 2 0.6
The applied voltage can however vary from sensor to sensor é -
0.4}
- I . 0.2
https://indico.cern.ch/event/1456663/contributions/6185327/attachments/2953434/5192492/chatterjee_ LAPPD_DRDA4.pdf C
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AW:B' ) Aty . | ! i
Requirements:

A oI S R * Wide acceptance (+: N=32)
. ?’;-ge At lngni § * High momentum coverage up to 50 GeV/c IT-K
comm i g R o * Dual radiator (aerogel (n ~1.02)+ C,F¢ gas
- BY AR, T (n~1.0008))

-l . CfoooGas o R Compact geometry: short radiator space available
. »
!
y
4

Entrance
Face

O‘! * Smaller number of detected photons — Critical
T S I optical tuning and control over background hits.
N 1SR H A Large sensor surface to be covered in magnetic field.
by R L e Limited choice of photon-sensor (SiPM as a cost
o Simulation contains: 6 identical sectors

* Spherical mirror with radius 220 cm

* SiPM sensors with realistic PDE and additional

70% safety factor.
* Realistic parameters for aerogel and C;Fs

.........................
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Forward particle identification

Performance studies
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W/ conservative 70% safety factor 18 photo electrons are detected. Over a wide

range of rapidity required resolution is achieved. Region affected w/ spherical aberration
are limited in momentum (60 sep. upto 20 GeVlc).
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Aerogel
T ey

Forward particle identification

Optimization of Aerogel

o + L+ : —
Optimization of new aerogel 5 0 n* k™ separation n=2.0
parameters. | | = old Aerogel
- Bgtter optical .propertles. 45 new Aerogel
— Higher refractive index + '
: nt n=2.0
— Improved separatipn 1 —— T ;
: § : ‘ e old Aerogel | 4.0 -
new Aerogel ©
| EL i i o E
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| s s )
! ! ! ! =
w | ; ISR s b
S 10 e e e e 9 0 e 9 0 000 K e
| ° I | ;
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.
| 2.0 : , : O L
01— a — s 15 16 17 18 19
1 2 3 4 5678910 20
momentum [GeV/c] momentum [GeV/cl
19/11/24 The Sixth Internation Workshop on Future Tau Charm 13

Facility




Forward particle identification

Simulation Studies of SIPM noise

-

Intrinsic noise of Sl_PM nt k* separation d=4cm n=2.0
- 300 kHZ of noise 5.0
- 1ns time window ®  no noise
Cherenkov Angle distribution at p=01.5GeV/c injecting n.r._:300kHz - 300 kHZ
- fit parameters 4.5 1
é B Entries 29300
s [ Mean 189.2
E " Std Dev 63.1 4.0 1 +
o 2 I ndf 68.03 /61
400 Prob 0.2503 @©
B pO 535.4 + 8.3 E +
300~ pl 204+ 0.0 D 3.5 +
B p2 3.262 + 0.037 2 +
200} p3 10.67 + 10.46
B p4 0.04898 + 0.05128 30+-——==——mm————— .+. _____________________ * _____
100 +
oL 2.5 1
0 50 100 150 200 250 300
6[mrad] +
Reduction in aerogel performance by 1 GeV/c 2.0 .

New aerogel parameters helps to boost performance! 1.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0 19.

momentum [GeV/c]
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Forward particle identification:

SiIPM sensor

ePIC]

® pros
o cheap
o high photon efficiency

Studies of radiation damage on SiPM

— E 1 I W : - - - -
o excellent time resolution :S_: E FBK NUV-HD-CHK Voer =4V 5 preated |rrad|at|0n/ anneallng CyCIeS
o insensitive to B field S sl - < F L [
=107 i = £ HPKS13360-3050VS Vover =4V
® cCons - a . c i
- s 2i107F
o large DCR, ~ 50 kHz/mm? @ T =24 °C M 7 (5) ;
o not radiation tolerant - : 4 t~ g 2
= moderate fluence < 10" n_ /em? . e 1 10*‘1— g L g I —
e R&D on mitigation strategies 108 -
o reduce DCR at low temperature L - 10 8; C &
m operation at T =-30 °C (or lower) 10_10; 3 :;.: % %
o recover radiation damage E 3 0 of £ £
m in-situ high-temperature annealing E N E I-—
5 exploit timing Capabilities 10-12 - : r:?:;‘ated pomttls average over several channels . L
- i i rectangle represents RMS dispersion =2 f
: _ : " . l J ] -12
m with ALCOR (NFN) front-end chip new 10° ng, 10°n,, 10" n, 10 E 1 J 1
Different types of SiPMs have — flcycle 29cycle 3“cycle 4" cycle
been studied. Maximum expected rate of DCR 300 kHz for each SiPM
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Forward particle identification:
Beam test @ CERN

N N T N PR FEEE SR FEE R |
80 60 40 20 0 20 40 60 80
x [mm]

o, vs photon per particle - Gas 3 X/ ndf 644/33
- Xz / ndf 25.19 / 20 9000 :_ Constant 8982 +44.5
S 4= p0 1.115 +0.027 ; Mean 40.25 +0.00
E E pi 0.2384 +0.0076 aooo;— ﬁ Sigma 0.3694 +0.0011
“E 7000;—
] pg 5 i ] Ring angle and single particle resolution is in good
N3 ~ TP *F agreement with simulation studies.
0.4 E— 30005'—
of- - 2ooof-
| T T T T D tooof-
¢ 10 % % 40 Photon/panicle[xsc] 0 :

37 38 39 40 41 42 43 44
radius [mRad]
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Forward particle identification:

Beam test @ CERN

successful operation of SiPM with complete readout chain AeoR Bl g
> 7 2 o

| dRICH prototipe on PS beamline with SiPM-ALCOR box

- '

® Compatible results between
simulation and beam test for very

| forward high momentum PID.

. = I ©® Ongoing R&D and beam test

ook positive negative .
SiPM sensors were irradiated (up to 10") ¢ e e e measurements are Coupled with

and annealed (150 hours at T= 150 C) = \‘ simulation studies. |
| P, ® Commonality of reconstruction
algorithm with pfRICH
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Forward particle identification:

Beam test @ CERN

Photodetector design and layout

carrier board

SiPMs matrix PDU Curved SiF(’M 't‘-'a‘)’m‘t plane 4 matrixes of 8x8
AMA A TSU sector Hamamatsu S13661 SiPMs
8x8 513361 (256) on rigid-flex pcb
4 ntc sensors on the back
FlexPCB —» \
4&2&"&;’:’ Heat exchanger 4Xx ada pters
ALCOR ASIC -30°C )
B HV regulation
AC coupling to ALCOR
15cm
= 4x FE boards
i:te:gdg:te:::gAwai;z liquid cooling 2X ALCOR-VZ (8 tOtaI)
optical output pipe 2x Firefly connectors

rignanes@bo.infn.it - 2nd DRD4 meeting 21-25 Oct. 2024
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Forward particle identification:

Beam test @ CERN

Number of photoelectron

even-by-event photon counting in the ring

2D fit to accumulated data with realistic model (ring + background) Poisson fit to data, average number of photons
= F %] 0.1
(] -
= 80 3 0.09- i =23.69 +0.05
60 c 0.08F
B R r
40r & 0.07-
20 0.06F N
0f- 0.05 0 40
g F L . F —— s13361-3050
_ool- = S 38— =2
20 0.04f S [ —— s133613075
E 5 36
—40~ 0.031 g t
: - 'g 341
—60}— 0.02 g aof
C ; % [ e
—80 001_— § 30:— —
- - © |
kL 11 l |- 11 l 111 J Ll l 11 L 111 l 111 L1l l 111 0— o 11 J 11 1 I 1l 1 gt priiiy. L_igele. 28; — PS— ~ 150/
-80 -60 -40 -20 0 20 40 60 80 0 10 20 30 40 50 60 F —— T
x (mm) number of hits within 3c '
11.5 GeV/c negative beam, L=4 cm n = 1.02 aerogel (accumulated events) event-by-event distribution of hits in the ring A
. . . . . 22
rignanes@bo.infn.it; DRD4 collaboration meeting ] | .
20 bbb e
0o 1 2 3 4 5 6 7 8 9 10
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PID @ ePIC:

Summary

a. Different PID technologies adopted by the ePIC collaboration to achieve
desired physics goals:
1. AC-LGAD TOF
2. high performance DIRC

3. proximity focusing RICH
4. dual radiator RICH

b. Matured simulation and test beam results have validated the conceptual
designs. Ongoing R&D exercises are focusing the risk minimization and optimization.
c. Preparation for the Technical design report is ongoing.
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Back up
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Backup-1: dRICH

Aerogel performance

o _ 3 o limit
Noise | Aerogel Thickness i .
| o P Aerogel Type | m-K separation
(kHz) | (cm) o
| Gel J
() 4 old 15
() 4 new =18
300 4 new 17
() 5 new 19
300 § new 1S
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Aerogel d=4cm n.r.=300kHz

Backup-2: dRICH sa{l14.. a=2s
g 5 96 1 n=s. FE A A AAAAAM
SIPM noise rate 7 RSB ERS
8 . J A L
A
Hamamatsu S131360-3050 @ Vover =4V, T =-3C 2 .88 .
ﬁ\ T ITIIIT] T T TIIITTI T T TTIIIT] (—8086
E 107 no annealing limit - o
o - —— online annealing limit > “ 0.84-
O = oven annealing limit
(] -  ——— possible operation R 0.82 1 Y SRS S S S S S S 5 S |
i 0.80 ' o T T T T T LI B T
: 1 2 3 4 5 6780910 20
10 g momentum [GeV/c]
\\ - 300 kHz
LT ’ .l L oo Gas n.r.=300kHz
nl“"ﬂj /) . A n=20 Y P a4k .
10 W o= 098] T s
: A A - | . 0.961
u /N / / // - 3
| Iaras S - ‘5 0.94 1
| ay | F 0.92
‘ / 500 fb" <
19 | 3 € 0.90-
C_ 1 11111 L A 1l Lol § ‘0
= 0.88
10 10° 10° s
. _— 4 C 0.86-
integrated luminosity (fb™) 3 0.841
0.82 -
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Backup-3: dRICH

resolution contribution
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Backup-4: IRT

Detector
Mirror
- TT—___ RP
. . //
Emission -

Charged Track
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Estimated Cherenkov Angle for Aerogel
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Estimated Cherenkov Angle for Gas
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Backup-5:

Aerogel parameters

16/0472:
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Estimated Cherenkov Angle for Aerogel

Entries 851
Mean 193
Std Dev 0.9202
2/ ndf 31.86/31
Prob 0.4233

Constant 87.24 +3.90
Mean 193+ 0.0
Sigma 0.7497 + 0.0211

Q60 6T~ TeT~Tob T8 TS0 192 194 98 TOB 200
0 (mrad)

Estimated Cherenkov Angle for Gas

Entries 845
Mean 38.48
Std Dev 0.7408
22/ ndlf 25.34/28
Prob 0.3331
Constant 187.1% 65
Mean 3845 0.02
Sigma___ 0.4682 £ 0.0148

38.45 mrad

o0
6{mrad]
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Number of photoelectron

even-by-event photon counting in the ring

2D fit to accumulated data with realistic model (ring + background) Poisson fit to data, average number of photons

fraction of events
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x (mm) number of hits within 3
11.5 GeV/c negative beam, L=4 cm n = 1.02 aerogel (accumulated events) event-by-event distribution of hits in the ring
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Beam test Wlth LAPPD (recap) ,,,,,,,,,,,,,,,,,,,,, e

(412 GeV)

h-beam

Fused Silica Window
[ thickness = § mm]

SR LT VR

[ gap 1.37 mm]

svel [T

[ gap=6.73 mm

Aode

[ thickness = 5 mm]

PCB with pads

Mixed hadron beam from
CERN PS T-10 (4-10 GeV)
LAPPD ID 124

20 micron pore.

AC coupled readout.
1inch pad Designed by
INCOM.
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¥ / ndt 644 /33
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e-endcap RICH for ePIC detector

¢ Aclassical proximity focusing RICH

* Pseudorapidity coverage: -3.5<n<-1.5

* Uniform performance in the whole {n,¢} range

¢ 7/K separation above 3¢ up to ~ 9.0 GeV/c and ~10-20ps t,
reference with a ~100% geometric efficiency in one detector
















Comparison between different SiPM sensors
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Photodetector design and layout

SiPMs matrix PDU Curved SiPM readout plane dRICH
4x (sector)
HAMAMATSU

8x8 s13361

FlexPCB —» \
4x Frontend
board with o Heat exchanger
ALCOR ASIC -30°C
—_
Bem

Readout board with
integrated FPGA and liquid cooling
optical output pipe
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Cathode
connect.

5 mm Fused Silica

Na,KSb
Photo-Cathode

1.4 mm
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Readout pads
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carrier board

4 matrixes of 8x8
Hamamatsu S13661 SiPMs
(256) on rigid-flex pcb
4 ntc sensors on the back

4x adapters

HV regulation
AC coupling to ALCOR

4x FE boards

2x ALCOR-V2 (8 total)
2x Firefly connectors




Beam test with LAPPD (recap) o= o # m

o1l x? 1 ndf 33.47/8
L Prob 5.071e-05 = —— Direct
= o4f po 0.03352 + 0.00140
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«  Similar SPE time resolution is observed for Photons from the lens radiator and LAPPD window.
% Quartz lens transparent down to 200 nm; the acrylic filters out the Cherenkov photons below 400 nm

(reducing the average number of pe/pad).

Simulation studies suggested ™ 8.3 ps contribution due to geometry and chromaticity. W/O acrylic filter from
simulation a factor two worsening of time resolution is observed.

Comparing simulation data we can estimate the contribution due to Chromaticity (1.5 ps).
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Photosensors — SiPM !

magnetic-field insensitive and cheap solution for the dRICH

® pros

o cheap

o high photon efficiency

o excellent time resolution

o insensitive to B field
® cons

o large DCR, ~ 50 kHz/mm? @ T = 24 °C

o not radiation tolerant

m  moderate fluence < 10" neq/cm2

e R&D on mitigation strategies
o reduce DCR at low temperature
m  operation at T =-30 °C (orlower)
o recover radiation damage
m in-situ high-temperature annealing
o exploit timing capabilities i
= with ALCOR (nFw) front-end chip I S Bt bbb
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Studies of radiation damage on SiPM
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successful operation of SiPM with complete readout chain

— G g T
dRICH prototlpe on PS beamlme W|thS|PM-ALCOVR box

SiPM sensors were irradiated (up to 10")
and annealed (150 hours at T = 150 C)





Performance: e/t & n/k separation
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Particle Identification with the ePIC detector at the EIC 





Chandradoy Chatterjee

INFN Trieste 
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1. Introduction to the EIC and ePIC

2. PID subsystems in ePIC based on RICH technologies













Introduction: ePIC at the EIC
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Diagram
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c



		Spanning over wide COM energy→ 20 -141 GeV



		High luminosity→ 1034cm-2s-1



		High polarization→ (~70%) electron and light nuclei. Heavy nuclei up to U



		Two possible interaction point. 





Particle identification is crucial for several physics channels 













Introduction: ePIC 





Logo

Description automatically generated

pi/K separation requirement

		Backward





				Up to 9 GeV/c







		Central

		Up to 6 GeV/c







		Forward

		Up to 50 GeV/c









Wide phase-space.

 → Different PID technologies essential!

Photosensors are placed in high magnetic field. Limitation is sensor choice.















Backward PID
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A picture containing chart
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Sophisticated chi-squared analysis capable of performing efficient pid with complicated event topologies. 

 

Serves as Time of Flight using HRPPD sensors!











Backward PID 

(pfRICH performance)
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A picture containing chart
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Chart, scatter chart
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Backward PID 

(HRPPD for timing applications)
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Backward Timing measurements→ Cherenkov photon hits created 

in the window of LAPPD.

Geometric efficiency of particles with more than 5 photons.

Timing resolution with nominal 50 ps/SPE provides

50/√6 ~ 20 ps timing resolution.

 











Backward PID

(HRPPD)
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A picture containing chart
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Graphical user interface
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A picture containing text, indoor

Description automatically generatedBeam tests at Fermilab

PS beam test at CERN

		Sophisticated PID algorithm for event level analysis:  Software used by dual RICH.  



		HRPPD as photo sensors: cost effective alternative solution for DIRC.



		Potential application as a timing detector.













Magnetic field test at CERN











Backward PID

(HRPPD)
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A picture containing chart
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Backward PID

(HRPPD)
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A picture containing chart
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Backward PID

(HRPPD) Magntic field
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https://indico.cern.ch/event/1456663/contributions/6185327/attachments/2953434/5192492/chatterjee_LAPPD_DRD4.pdf



The overall performance of LAPPD in magnetic field is satisfactory. 

The drop in the gain and efficiency in high magnetic field values is observed. The drop is particularly present along the Chevron inclination and angle larger than 15 degrees. 

Most the loss can however be recovered by applying larger bias voltage across the MCP and increasing the photocathode voltage. 

The applied voltage can however vary from sensor to sensor













Forward particle identification
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						Wide acceptance (+- 300 mrad/ 1.5<η≤3.5)



		High momentum coverage up to 50 GeV/c π-K













								Dual radiator (aerogel (n ~1.02)+ C2F6 gas (n~1.0008))















		Compact geometry: short radiator space available

				Smaller number of detected photons → Critical optical tuning and control over background hits.











		Large sensor surface to be covered in magnetic field.

				Limited choice of photon-sensor (SiPM as a cost effective solution )  











		Simulation contains: 6 identical sectors  

				Spherical mirror with radius 220 cm



		SiPM sensors with realistic PDE and additional 70% safety factor.



		Realistic parameters for aerogel and  C2F6





























Forward particle identification

		Performance studies
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Description automatically generatedW/ conservative 70% safety factor 18 photo electrons are detected. Over a wide range of rapidity required resolution is achieved. Region affected w/ spherical aberration are limited in momentum (6σ sep. upto 20 GeV/c).  















Forward particle identification

		Optimization of Aerogel
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Optimization of new aerogel parameters.

→ Better optical properties.

→ Higher refractive index

→ Improved separation















Forward particle identification

Simulation Studies of SiPM noise
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Intrinsic noise of SiPM

 → 300 kHZ of noise

 → 1ns time window 





Reduction in aerogel performance by 1 GeV/c

New aerogel parameters helps to boost performance! 











Forward particle identification:

SiPM sensor
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Different types of SiPMs have been studied.





Maximum expected rate of DCR 300 kHz for each SiPM channel.











Forward particle identification:

Beam test @ CERN
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Ring angle and single particle resolution is in good agreement with simulation studies.













Forward particle identification:

Beam test @ CERN
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		Compatible results between simulation and beam test for very forward high momentum PID.



		Ongoing R&D and beam test measurements are coupled with simulation studies.



		Commonality of reconstruction algorithm with pfRICH  















Forward particle identification:

Beam test @ CERN
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Forward particle identification:

Beam test @ CERN
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rignanes@bo.infn.it; DRD4 collaboration meeting















PID @ ePIC :

Summary
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	a. Different PID technologies adopted by the ePIC  collaboration to achieve desired physics goals: 	

		1.  AC-LGAD TOF

		2.  high performance DIRC

		3.  proximity focusing RICH

		4.  dual radiator RICH 	

	b. Matured simulation and test beam results have validated the conceptual designs. Ongoing R&D exercises are focusing the risk minimization and optimization.

	c. Preparation for the Technical design report is ongoing.
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Backup-1: dRICH

Aerogel performance
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Backup-2: dRICH

SiPM noise rate
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Backup-3: dRICH

resolution contribution
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Backup-4: IRT
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Aerogel parameters
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