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TeopeTnyeckasi 6asa npoodbsiembl

e CTONKHOBEHUSA TAXKENbIX MOHOB B akcnepumMeHTax PHENIX [1] n STAR [2]

(RHIC, BNL) nokasanun HeoxxmngaHHoe nogasneHne KonnvecTsa 4acTul, C
60/bLLIMM NonepeyHbIM MOMEHTOM Pt

(HenTpanbHbIE MNOHBbI U 3apsi>)XKEHHblE adpPOHbIl B LEHTPasbHbIX
coygapeHunax Au-Au npu Pt > 2 GeV/c).

HepaBHne akcnepumeHTanbHble gaHHble PHENIX OTOT aKCNEPUMEHTaNbHbIN
(RHIC) [3,4] cBUOeTensCTBYOT O 3HAUYNUTENTIBHOM chakT HaseaH “baryon puzzle”
yBenn4eHmnn 6aprnoHoB n aHTMbapmoHOoB Mno " . N
CpaBHEHWIO C NoHamu npu Py > 2-5 GeV/c noutun M "jet quenching effect” Ha
B TpW pasa. RHIC.
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TeopeTnyeckasi 6asa npoodbsiembl

e Cpeon Hanbonee nonynspHbIX TEOPETUYECKUX Mogenen Habnogaemoro
nogas/fieHNs agpOHOB - MOOENN, OCHOBAHHbIE HA peKOMbOUHaLUWN KBapKoB [5,6].
[pyrne nogxonbl npenckasblBatoT, YTO ‘jet quenching’ ykasbiBaeT Ha pasinyHyo
NOTEPO SHEPIrUN NAPTOHAMMN U IIOOHAMIN B CXKXAaTOM Si0EPHOM BELLECTBE.

Ona petanbHOro N3y4eHus1 3Toro siBJieHNs Bce aetektopHbie PID-cuctemnl
OOJDKHbI pacLUMPUTb CBOU BO3MOXXHOCTU pa3aeneHus YyacTul npy nMmnysibcax
o6onee 10 N'3B/c.
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KoHuenTt FARICH

» 3agava: Pasp3aboTtatb NpOTOTUMN OETEKTOPA, KOTOPbIN Bbl CMOr
pacwmMpuTb rpaHnLbl MNybca No ngeHTedmnkaumn 3apsa>KeHHbIX
yacTuu,;

Ao 10 GeV/c pnsa pion-kaon pas3nu4yeHus v

Ao 14 GeV/c pna kaon-proton pasnnyeHus
Ons cunctemol ALICE HMPID [1, 2]. 9TOT npoekT Obln npensiodxXeH
npodeccopom Anekceem KypennHbim (INR RAS, Moscow) B 2008 s
rony. Aerogel

* Focusing Aerogel Ring Imaging CHerenkov (FARICH) pnetekTop —
- TaKon npeanaraemMmboll 4ETEKTOP NCNOSIb3YET HECKOJIbKO C/I0EB
KPEeMHNEBOIro asporens B KadecTBe pagunaTtopa. charged

B uioHe 2012, npoToTun 6bin ncnbitaH ¢ Digital Photon Counters  P2rticle

(DPC - dSiPM) ot komnaHum Phillips Ha yctaHoBke CERN PS T10

C MMYNbCOM YacTul BNaoTb Ao 6 GeV/C [A.yu. Baryakov (Novosibirsk, IYF) et aerogel

al., Nucl.Instrum.Meth. A732 (2013) 352-356]. photon detector
References: Aerogel setup

[1] Berlev (Moscow, INR) et al., Nucl.Instrum.Meth. A598 (2009) 156-159.
[2] A Very High Momentum Particle Identification Detector (VHMPID) for ALICE. Letter of Intent, Version 19.0, ALICE VHMPID Upgrade, 2012.



KoHuent FARICH

Asporenb n3 okcuga kpemHus (SiO.) npegcraBnsaeT
cobou BbICOKONOPUCTbIN MaTepuar, KOTopbIi
coaep>XXut so3ayx 6onee yem Ha 90% obbema. OH
npo3padveH ons smanmoro ceeta. KoadppununeHT

nponyckaHua npu gnmHe sonHbl 400 HM cocTaBngaeT
npumepHo 77% npun n=1,05
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KoHuenTt FARICH - rnaBHbie uenwn

* YBENMNYNTb KONNYECTBO M3NyYaeMbiXx (POTOHOB 3a CUYET UCMNONb30BaHus bonee
TOJICTOro pagunaTtopa

* NCMOSIb30BaTb HECKOJIBKO CNOEB asporesnist Ans OKYyCUPOBKN KOHYCOB
YepeHkoBa Ha YyBCTBUTESIbHOW MNIOCKOCTN AeTeKTopa 6€3 yxyaweHnst yrinoBoro
paspeLLeHus

Simulation data for multilayer aerogel radiator ( 10GeV/c)

] I'ch kov ring, Ring area, /K
Radiator type T total, mm  Nphotoelectrons er;:r:] "o or, mm ) o(6), mrad separation, o
=R 33.1 20 1213 1.5 6.86-103 0.65 7.1
2 layers
n=1.03, 45.8 26 1215 1.4 6.41-103 0.53 8.7
3 layers
n=1.05, 35.6 35 157.2 20 1.19-104 0.61 5.8
2 layers
n=1.05, 50.0 a7 157.4 1.9 1.13-104 0.49 7.2

3 layers



KoHuent FARICH - ny4ok

o CBeTO-n3054u,. Kopobd 400x400x1000 mms;

* TOHKOE yrnepogHoe OKOLLKO ON1S BXOOSALLMX

yacTu; e N=1.0454

« [BycnounHbin focusing Aerogel Cherenkov | N=1.045
radiator 120x120x31 mm (made in Novosibirsk);

Aerogel

e Tapenka c Habopammn “Winston-cone holes”;

 MaccuBbl 3 MRS Avalanche PhotoDiods:
naTb Knactepos no 25 APDs (125 Bcero);

 BoaosHoe oxnaxkneHue;

* Time Readout Modules (TRB) Ha ocHoBe NINO-

chip npoLieccopos. . MRS APD setup



KoHuen FARICH - nyyok

NAME OF THE EXPERIMENT: FARICH-Prototype (ALICE)
TEST CHANNEL: T10 PS/ BId.157/EP-T10
SPOKESPERSON: Andrei RESHETIN

R h=1,
TECHNICAL COORDINATOR: Arturo TAURO ,, 0453
START AND COMP-N DATES: (in according to PS n<1.045
Schedule-2011, P2): 14 — 29 June, 2011
Sec 5 APD 010 CH 116 TDC 04 Ch 21 | m [ Sec 1 APD 008 CH 023 TDC 01 Ch 24 ) CH_023
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Typical MRS APD time spectrum - radial
(Cherenkov photons from a two-layer Aerogel)

Typical MRS APD time spectrum - center
(scintillation photons)

MRS APD setup
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KOHu,enT FARICH - PDPC readout

Aerogel

Philips Digital Photon Counting:

PDPC noctpoeHa Ha ocHoBe MacluTabmnpyemom
TexHonorum digital Silicon PhotoMultiplier (dSiPM) — HoBbIM
TUNOM NPOABUHYTbIX TBEPOOTENbHbBIX OETEKTOPOB.

OHa xapakTepun3yeTcs XOPOLUMM BPEMEHHbIM
paspeLleHneM 1 BKItOYaeT (DPOHT-3HA, SNEKTPOHUKY

(discriminators, TDC)
Requirements for photon readout:

DPC3200-22-44
1 tile is 8x8 pixels

* Operation in magnetic field

* High proton detection efficiency

* Resolution approx. 1 mm

The setup is 6x6 tiles, It features 576 time channels
or 48x48 pixels, and 2304 amplitude channels
20x20 cm?2
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KoHuent FARICH - PDPC readout
et

Aerogel

Thomas Frach,
Inventor of DPC

£ E, |
Ll
e

' &/%/
%

FARICH prototype at
CERN PS T10 beam channel

Aerogel setup
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KoHuenTt FARICH - PDPC readout
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A.Yu. Barnyakov et.al., Nuclear Instruments
and Methods in Physics Research A 732 (2013) 352-356

The article concludes:

“A beam test of the FARICH detector prototype with
DPCs has been successfully carried out. An
excellent timing resolution of o: = 48 ps for single
proton has been obtained. We observed Cherenkov
rings with 12 photoelectrons in average and a
Cherenkov angle resolution of gsc = 3.61 + 0.04 mrad
for relativistic particles. /K separation at 6 GeV/c is
3.50 and p/mt separation at 1 GeV/C is 5.30. A
satisfactory agreement with the Geant4 simulation
results is achieved.”

Studied aerogel samples were produced in Novosibirsk.



KoHuenT FARICH - yto panbLie?

Antonello Di Mauro on “ALICE 3: First workshop on physics and detector”
(October 2020) made a new Aerogel-RICH proposal for ALICE 3 Upgrade:

» The ALICE 3 detector introduced in the Eol fully covers the requirements of flagship cases
for which PID is focused on low pt ( approx. 3 GeV/c).

* However, in the ongoing discussion to define the physics programme, various
measurements could require PID at larger pt. In addition one cannot exclude the possibility
of unexpected new physics channels which would benefit of a larger PID coverage.

» A proximity focusing RICH using aerogel Cherenkov radiator represents the simplest and
potentially most cost-effective solution to complement the TOF measurement and extend
the hadron PID range up to 15-20 GeV/c, still remaining consistent with the original idea of
a new experiment fully based on silicon sensors.

» A timing layer for TOF based on SPADs has intrinsically single photon detection capability,
therefore...

A. Di Mauro, E. Nappi, R. Preghenella, G. Volpe

This is a slide from: ALICE 3: First workshop on physics and detector
14/10/2020
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The FARICH concept - further usage

Antonello Di Mauro on “ALICE 3: First workshop on physics and detector”
(October 2020) made a new Aerogel-RICH proposal for ALICE 3 Upgrade:

Aerogel-RICH first idea

Shower Pixel Detector (SPD)

+—— Time Of Flight
(TOF) _ _
<o aerogel ...in the ideal case of MIPs and Cherenkov

photons detection by the same layer, one
would implement the RICH by increasing the
radius of the TOF layer by ~ 20 cm to insert
the aerogel radiator and a Cherenkov
expansion gap

| __ insert-able
conversion layer

< ~400cm >
A. Di Mauro, E. Nappi, R. Preghenella, G. Volpe
This is a slide from: ALICE 3: First workshop on physics and detector
14/10/2020
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KoHuenTt FARICH - yto npanbwe?

» Tekywas sepcus Letter of Intent konnabopaunun ALICES y>xxe cooepxunt getektop ¢
NPUMEHEHNEM asporens, Npu 3TOM UCCNeayTCA BOSMOXXHOCTU UCMNONb30BaHUS pPa3nyHbIX
TBepaoTenbHbiX SiPM. MNpuyém, nx nnaHmpyeTcsa oxnaxxgaTb No HeO6XoaMMOCTH

156 ALICE Collaboration

@410nm

--¢-"HPK S13360-3050 50

—&— HPK S14160-3050

-- 4 - Broadcom, 30pm
30 —&—FBK NUV-HD, 40pm
~p Ketek PM3350 (WBAO)
201 | —e— SensL FJ, 35um
€

PDE [%]
PDE [%]

overvoltage [V] overvoltage [V]
(@) (b)
Figure 94: PDE as a function of SiPM overvoltage measured at 410 nm, for sensors from Hama-
matsu (a) and other vendors (b).



3akJ1roueHume

° Aaporenb N3 OKCNOA KPEMHNA ABJTAETCA XOpownM MaTtepmnasioM a4 paclimpeHnd
Sq)CbeKTI/IBHOFO avanal3oHa pas3gesnieHnsd 4acTtumuy,

* Focusing Aerogel Ring Imaging CHerenkov (FARICH) ncnonb3ayet MHOrOCNonHbIN KPEMHUNEBbIN
asporesib B KAYeCTBe U3nyyaTtens oas yBennyeHns konmdectsa OTO3NEKTPOHOB N OS5
dokycnpoBkn HepeHKOBCKNX KOHYCOB Ha YyBCTBUTESIbHON MIOCKOCTU AeTekTopa

e [1lpoToTtun c Phillips DPCs nmeeT oTnnyHoe BpeMeHHoe paspeLleHne ot = 48 ps anst ogHoro
NpoToHa; PaspelueHne Osis YHepeHKOBCOKIo yrna gec = 3.61 + 0.04 mrad ons pensaTnBMCcTCKNX
yacTtuy,. /K pasgeneHune Ha 6 GeV/c Ha yposHe 3.50 u P/t pasgenernune Ha 1 GeV/C Ha ypoBHe
5.30 ObINO NOKa3aHoO Ha aKCNeEPUMEHTaNbHOW YCTaHOBKE

4.4.1 Specifications

The specifications of a Ring-Imaging Cherenkov (RICH) system installed following the TOF de-
. tectorare derived from the requirement to extend the e/7r separation from 500 MeV/c (TOF limit)

to ~ 2GeV/c and the charged hadron identification (3¢ 7/K separation) up to ~ 10GeV/c. To

this end, a RICH detector with a 2 cm thick aerogel tile and a photo-detection layer at 20 cm from

16



Thank you for your attention!
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Geant4 geometry

* aerogel radiator
* cylinder, inner R =100 cm
¢ 2 cm thick
* refractive index n = 1.03
* material properties to be tuned
* optical properties from measurements

* expansion region
* 20 cm thick
* Argon gas
* n=1.00 (it is anyway small < 1.0003)
* Photo-detector surface
* cylinder at R =122 cm
* silicon sensors, SiPM HPK 3050CS
* 3x8 mmz2 active area, 3.14x3.14 mm?2 pitch, 3.1 M channels
(91% fill factor)

This is a slide from:

tracking layers not shown

A. Di Mauro, E. Nappi, R. Preghenella, G. Volpe
ALICE 3: First workshop on physics and detector
14/10/2020




DPC3200-22-44

I I I | 3 I I S

[ ' ' ' ' ' ' '

[ ' ' ' ' ' ' '

[ ' ' ' ' ' ' 4
I T U S [ D S S, ——

[ ' ' ' ' ' '

[ ' ' ' ' ' '

[ ' ' ' ' ' '

[ ' ' ' ' ' '

[ ' ' ' ' ' ' '

[ ' ' ' ' ' ' b

1 ' ' ' ' ' ' 5.

[ ' ' ' ' ' '
A S Fp——

' ' ' ' ' ' ' '

[ ' ' ' ' ' ' '

[ ' ' ' ' ' ' '

[ ' ' ' ' ' . '

[ ' ' ' ' ' '

[ ' ' ' ' ' 3 '

[ ' ' ' ' ' '

[ ' ' ' ' ' '
e e e ccctbtccctcccdeaccdeccatea [ R —

[ ' ' ' ' ' '

[ ' ' ' ' ' - '

[ ' ' ' ' ' - '

' ' ' ' ' ' ' '

[ ' ' ' ' ' ' '

[ ' ' ' ' [ ' '

' ' ' ' ' - ' '

' ' ' ' ' ' '
T N [ | [ e —

[ ' ' ' ' [ '

[ ' ' ' ' ' '

[ ' ' ' ' ' '

[ ' ' ' ' ' '

[ ' ' [ ' 1 '

[ ' ' ' ' '

[ ' ' ' [, ' '

' ' ' ' LIS = ' '
e e R i - - - —

[ ' ' ' Ly ' '

] ] ] ' - e ] '

] ] ' ' L p—— ] '

1 ] ] ' - = Sl | ] ]

' ' ' ' Rl ' '

' ] ] =3 PN ] '

' ' ' S, s ! ' '

1 ' ' _ . ' ' '
- = =y SRR R

1 ' ' P ' ' '

] ' == e | ' ' '

' ' A ' ' '

' ' e E=T ' ' '

[ ' - ' ' ' '

] 1 g ] ' ] '

' S ' ' ' '

' R — el ] ] ] '
i e e e e — e R

' N T oy oA — ] ] ' '

] i =gl 1 ' ' '

' = S — = 1 ' ' '

1 [ = T ' ' '

i — e 0 ' ' '

m—fm—o e &

gty ——— — ﬂlllvlu. s . .
R e e = e ettt
- - i ' ' ' ' '
LT ' ' ' ' '
= = o =— r ' 1] ' '

— = ' ' ' '

1 =N — - ' ' ' '

[ 1 ' ' [ '

 F = e o ' [ '

[ ' _ = — = S ' '
T T S & . = ﬂ‘lll.%bll-llll?lllt - —

1 ] (4 == = e = ) ] '

[ ' ' O e e e ol ' '

] ] ' ' ] Wl '

' ' ' ' ' ' Tadrahd

] 1 ' ' 1 1 n..IM.....rN-

' ' ' ' ' ' ' -

' ' ' ' ' ' '

[ ' ' ' ' ' '
=== =I- == =F - T---a---Aa----F--=-pF-= - =

[ ' ' ' ' ' ' =

[ ' ' ' ' ' ' ®

1 ] ] ' ] ] ] -

[ ' [ [ ' ' [ '8

[ ' ' ' ' ' ' '

' ' ' ' ' ' ' v g

[ ' ' ' ' ' ' [

[ ' ' ' ' ' [ '
=== === == F - - y---q---a----F--=-rF-=--7

[ ' ' ' ' ' ' '

[ ' ' ' ' ' ' '

[ ' ' ' ' ' ' '

'
I | i | I | | |
-— -

- T = = = = = =2 i

—

&,
w
=]
o

800

70

50

&0
iedength i



