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® FARICH (Focusing Aerogel RICH-AeTekTop): KOHU.enuus

® FARICH-IMpoTtoTnn-1 ¢ MRS AaBMHHBIMU POTO-AUOAOMMU
— KOHCTPYKLUMUS

UcnbiTaHnsa FARICH MNMpoToTuna-1 HA TeCTOBbIX NyYKAX
B LLEPH

UcnbiTaHua FARICH MNMpoTtoTuna-2 ¢ umcdposbim-SiPM

CYMTbIBAHUEM HA TeCTOoBbIX Nny4kax B LLEPH

Pe3yAbTaTbl McnbiTaHUMU FARICH MpoToTHna-2 ¢

L1McppoBbIM-SIPM cHUMTbIBOHUEM

® Aerogel-RICH lNpoekT - «ALICE-3, 2024-2032 rr.»
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ALICE HMPID-system

uses the proximity type geometry without focusing,
consists of:
- container with liquid C6F14 radiator (n = 1.26) and quartz window

- photosensitive detector on the basis of MWPC with
Csl-photocathode plane segmented into the pad readout

\ (sizes of the pad are 8 x 8.4 mm)

ALICE HMPID-system at CERN

ALICE HMPID-system performances
(Results of HMPID beam test runs at CERN):

e On an average 16 pe / ring per event track
e Single photon resolution - about 12 mrad

——— i = ——— " quartz window | e Cherenkov angle resolution - about 4 mrad
collection | CH e Particle identification:
electrode \ A\ 4
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in the momentum range from1.5to0 5 GeV/c:
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Rings measured during
the HMPID beam test run
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Mt npeocmaensem konuenuyuro FARICH-0emexmopa (Focusing Aerogel RICH-detector), ocnosannyio na:

uccneooearnusx 2009-2014 zz. onsa mooeprnuzauuu cucmemot uoenmupukayuu uacmuy 6 Ixkcnepumenme ALICE
¢ IIEPH.

Ha “ALICE 3: First workshop on physics and detector” (I[EPH, oxmsaops 2020 2.) ovi1 npeonosicen
noguwiit Aerogel-RICH npoexm onsa ALICE 3 Upgrade (Antonello Di Mauro ¢ compyonuuecmee ¢c HAH PAH).

Ieab npoekToB cocTouT B pazpadorke Ilpororuna nerexkropa ajisi HaAeHTUGUKAIUN 3aAPSIKEHHBIX YaCTHUIl B
pACIIMPEHHOM JAWana3oHe 3HAYeHHH momepeuyHoro ummyjbca: 10 10 GeV/C niasi mUOH-KaOHHOTO pa3iesieHust u ao 14
GeV/c nasi kaoH-nporonHoro pasaeienusi B ALICE HMPID cucreme [1, 2].

ARICH-nerexTop misi sxcniepumenta ALICE npennoxknia npod. A.b. Kypenun (MSA PAH, Mocksa) B 2008 r.

B pamkax 3Toro mpoekra mbl pazpadoraium u ucneiTagau Ilpororun FARICH-gerexkTopa Ha ocHoBe
orocnoﬁno /0 KPpeMHHEBOI0 a’poresisi B kKauecTBe paauaropa uziaydenuss YUepenkora. B uione 2012 r. Mmbl ncnbiTa u
FARICH-npoTorun ¢ npumenenneM IndppoBuix @otonnbix CuétunkoB (DPC-DSIPM) by Phillips Company na PS T10
TedroBoM yukoBoM kanaje B [IEPH npu 3HaueHusIX UMIyJibca yacTui my4ka o 6 GeV/c [3, 4].

\
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{ FARICH-koHUenuus

Focusing Aerogel RICH: RICH with multilayer aerogel radiator

—_—

Improvment of the Cherenkov angle measurement accuracy as
compared to single layer is achieved by the reduction of the contribution
from the thickness of the radiator in the error.

OcHosHaa uenb FARICH-koHUenuuu:
- yBe/IMYeHune Yncaa YepeHKoBCKMUX GOoTOHOB Npu ncnonb3oBaHum 6onee Toncroro Aerogel-paguartopa;

- NPUMEHeHue HECKONIbKUX CNNI0EB asporesibHOro paguaropa ana GoKycMpoBKKU KOHYCOB YepeHKOBa Ha
AeTeKTopHYo ¢oTOo-4yBCTBUTENbHYIO NJIOCKOCTb 6€3 Aerpasauumn yrnoBoro paspeLueHus.
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TeopeTtuyeckoe obocHosaHue FARICH-TIpoexra 8 2008 -2014 rr.

The experimental study of ultra-relativistic heavy ion collisions at PHENIX and STAR (RHIC, BNL) [1,2] shows the
unexpected suppression of the inclusive high-Pt particle yields — neutral pions and charged hadrons in central Au-Au
collisions at P; > 2 GeV/c. At the same time, the more recent experimental data at PHENIX (RHIC) [3,4] give the evidence
of a large enhancement of baryons and anti-baryons relative to pions at P > 2-5 GeV/c by almost a factor of three.

This experimental fact is called “baryon puzzle” or “jet quenching effect” at RHIC.

Among the most popular theoretical models of the observable suppression of hadrons are those based on recombination of
quarks [5,6]. Other approaches predict that ““jet quenching effect” gives the indication on a different loss of energy by
partons and gluons in the compressed nuclear matter.

OcCHOBHOM BbIBOA,: /1A AETa/IbHOIO UccnenoBaHma asneHna “baryon puzzle” or “jet quenching effect”,

3KCcnepumeHTaNbHO 0bHapyxeHHoro Ha RHIC, Heobxoanmo pacwmpuTb CNOCOOHOCTL

naoeHTnduKaumm Yyactmuy B PID-cuctemax Ao 3HaYeHM nonepeyHoro umnyasca bonee 10 GeV/c.
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Fild 27 — Maichs. 200B  Oissdo@mant of FARKCH-detschar far the ALICE axgerimant o CERM agydeay Rashatin
METRIE, Heraisibisk, FIESIE rakda 1) It e Por Ficlaar Rasaanch, WS

Pa3paboTka u pe3ynbratbl ucnoitauum FARICH MpotoTtnna-1 Ha TectoBbix ny4kax B LEPH gna akcnepumeHTta
ALICE 6b1au ponoxxeHbl Ha KoHdpepeHunmn INSTRO8 B BUAD COAH (r. HoBocnbupck) s 2008 r.

14-Yepenxosckue urenus, 20 anpeas 2021 r. Development of the Focusing Aerogel Ring Imaging Detector for the upgrade ALICE AM. Pemnerun (MSIX PAH Caang 7




73 o Bl
& | IIpoexm FARICH-IIpomomuna 6vi1 ocnoean na 2-x paspabomxax B
pomo-uyecmeumenbHOU MaAmMPULbL: |

1. MRS APD Jlaséunnsie ghpomo-ouoowt — 1-a onuus.
2. lHugppoevie @omonnvie Cuémuuxku (Philips, Aachen, Germany) digital SIPMs—
2 —s onyus
B Tedenne 2007-2011 rr. mbl pazpadoraau u ucnbitagau FARICH-IIpororun-1 ¢ ¢oro-

4yBCTBUTEJIbHOI MaTpulieid Ha ocHoBe MRS APD, cocTosiinuii U3 cJIeayroiux
KOHCTPYKIMOHHBIX YaCTeM:

1) cBeTo-m30aAMOHHOr0 Kopmyca pazmepamu 400 X 400 x 1000 mm;

2) TOHKOT'0 YIJIEPOAHOT0 BXOAHOT0 OKHA JJIsl YACTHII IMy4YKa;

3) ABYXCJIOIHOTO (DOKYCHPYIOIIEr0 a3PpOoreJibHOr0 paanaropa usaydyenne Yepenkona pazmepamu 120 X 120 x 31
mm, u3rorosjeHHOro B Uucruryre Karaausa B . HoBocudupcke;

4) poxanbHOI MIaTHI U3 aToMUAHEA ¢ WWINStON-KOHYCHBIMH OTBEPCTHSIMMU;

5) doTo-uyBcTBHTENBbHOI MaTpunbl ¢ MRS JlaBuaubiMu goTo-auogamm: 100 APDS — Ha oKpy:KHOCTH U 25
APDs — B nenrpe;

6) cucTeMBbI BOASTHOTO OXJIAKICHUS ;

7) Time Readout Board (TRB) na 6aze NINO-chip mpoueccopa.
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FARICH-TIpototun-1 KOHCTPYKUUOHHbIE YacTu:

doKanbHaA naaTta ¢ maTpuuen
Pap.ma'rop ¢OTOHOB LlEDEHKOBa - OTBepCTMﬁ Ana moHTaXka 240 MRS APDs
SR EREAET) PRI > MaTpUHHBIX CEKTOPOB: MRS APDs (n13rotosneHbl 8 CPTA, Mocksa)
oA — LYl ) .
aspore/ib, U3roTOB/IEHHbIN B 1 ceKtop u,eH'rpan.bem, 3aBUCUMOCTb PDE [%] OT AL/1MHbI BOAIHBI
r. Hosocnbupcke 4 ceKktopa — “on ring” ¢$oToHOB YepeHKoBa

Cucrema BOgAHOrO
oxXNnaxkaeHua

CPTA MRS APD
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doKycupyrowmia geyxcnoitHbin AEROGEL-paguartop
¢ KoadppuumeHTamm npenomneHumsn
nl=1.0453; n2 =1.0470
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@ MoaenupoBaHue XxapaKTepUCTUK MHOFOCNOUHOMO
2 dOoKycupyloLero paanaTtopa Ha OCHoBe asporens ans
FARICH-peTeKTOpa

Pe3ynbratbl moaenuposaHusa ana umnynbca 10 GeV/c

Radigtor - T total Npe - O: 1pe. Rlnr?]rs;ea, o(8), | K sep,
version mm MM mrad (o)
(+/_30)
n=1.03 1 23.5 15 120.5 1.9 8.63E+03 0.92 4.9
2 33.1 20 121.3 15 6.86E+03 0.65 7.1
3 45.8 26 121.5 1.4 6.41E+03 0.53 8.7
n=1.03 with WLS| 1 38.5 29 | 118.6 | 3.1 | 1.39E+04 | 1.10 4.2 Ta6/MuUa NOKa3bIBaeT, YTo
2 52.6 35 120.1 2.5 1.13E+04 0.81 5.6 NPY MCNONb30BaHUM
1 22.3 24 156.5 2.5 1.48E+04 0.91 3.9 . -
n=1.05 2 35.6 35 157.2 2.0 1.19E+04 0.61 5.8 TpexcaounHoro
3 50.0 47 157.4 | 1.9 | 1.13E+04 | 0.49 7.2 $okycupytowero Aerogel-
n=1.05 with WLS 1 40.2 49 153.6 4.1 2.37E+04 1.04 3.4 paguaTtopac
where: KoapPpuumeHtamu
r is the average radius of the Cherenkov ring; npenomneHnsa 1.05 moxkHo
or, 1 pe is the mean deviation of the Cherenkov radius (for single photon). AOCTUYb BbICOKOTO
S is the ring area; pa3peLueHuns no yray

Npe is the number of detected photoelectrons;
6O is Cherenkov angle resolution in mrad;

/K sep is the pion/kaon separation power in number of standard
deviations for momentum 10 GeV/c.

YepeHKkoBa 0.49 mrad ¢
pa3geneHnem NMOHOB U
KaoHoB npu 10 GeV/c.
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@ = McnbiTaHMA Ha NyYKe PeNATUBUCTCKUX YacCTuL,

FARICH MpoTtoTtuna-1 (PS ALICE T10 kaHan)

M Photon detector with space resolution: NAVE OF THE EXPERIMENT: FARICH-Prototype (ALICE)

| MRS Avalanche Photodiodes (APD) matrix or TEST CHANNEL: T10 PS / BId.157/EP-T10

Focusing ZAWE SPOKESPERSON: Andrei RESHETIN
radiator T
nl=1.0453: n2 = TECHNICAL COORDINATOR: Arturo TAURO
: . - Start and completion dates (in according to PS Schedule-2011, P2): 14 - 29 .lune, 2011

o
General description of the experimental apparatus/test beam:

FARICH-Prototype is the Focussing Aerogel RICH
Prototype detector developed for possible upgrade
of the ALICE HMPID system. FARICH-Prototype
consists of the aerogel SiO2 radiator of Cherenkov
photons, the photosensitive matrix plane on basis
of 110 Avalanche Photodiodes (MRS APD), the
water-cooling system, the light isolating box, the
system of front-end and digital electronics (TRB-
module) and beam trigger scintillation detectors.
The lay-out of the FARICH-Prototype on the test

beam (T10 PS channel) is shown in Fig.1.
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B 2012 r. 8 Konna6opauuu c Philips Digital Photon Counting (Aachen, Germany)
6b1n paspabortaH, usrorosneH u ucnertaH FARICH TTporotun-2.

Konbuesbre usobpaxeHua usnyyeHua YepeHkora ot 4-CnoUHOro (poKycupyroliero
Aerogel-paauaropa 6L1nU 3aperUcTpUpOBAHLI Ha TeCTOBOM KaHane PS ALICE T10
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& | Photon detector

Requirements:
» Operation in magnetic field
» High photon detection efficiency

. Space resolution ~1 mm Philips digital SiPM:
« Number of channels ~10% -106 * Integrated FEE (discriminators,

TDC)
» Active quenching => less DCR
* High time resolution

1 tile = 4x4 dies = 16x16 pixels

iinatnatefal

| 3asucumocTtb PDE [%] oT AnnHbI BOAHbI $OTOHOB YepeHKoBa

CBeTo-uyBCcTBUTENbHAA MaTpuua ¢upmbl Philips Ha ocHoBse unudposbix SiPM u nHterpuposaHHou Front-End saneKTpoHUKM
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@ CosmecTHble ¢ dupmom Philips ncnoiraHuna FARICH MpoTtotuna-2
Ha ny4ke penatusmuctckmx yactmu, (PS ALICE T10 kaHan)

A\
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@ - Pesynbratsr ucneitaHum FARICH TTpototuna-2 ¢ uugpposbimm SiPM

hits.yindex:hits.xindex

Konbuesoe usobpaxeHue musnyveHus YepeHkosa
oT 4-cnoviHoro pokycupytoulero Aerogel-paauaropa

6. Conclusion nuclear Instruments and Methods in Physics Research A 732 (2013) 352-356

(b}

n Enties o5 | 16000 Erii TR | .

e S B [ erwd I | o A beam test of the FARICH detector prototype with DPCs has been
sk | | smascos [|[a, wweesa| successfully carried out. An excellent timing resolution of o, =48 ps
2 - 6 GeV/C Cob) A | 4, P 12000 - 1 GeV/c Let *Hi?*m . ] )

: ok = s for single photons has been obtained. We observed Cherenkov rings
20000 - v I n | E-. “ina| with 12 photoelectrons in average and a Cherenkov angle resolution of
ok " il f\ | | 76. =361+ 0.04 mrad| for relativistic particles. =/K separation at

D ank \ " | B Gev|C 15 3.0 and p /= separation at 1 GeV/c is 5.37. A satisfactory
e /\ o 1 ' agreement with the Geantd simulation results is achieved.

g " o

mE / \ K \ om0 | . E,J We studied aerogel samples produced in Novosibirsk. One is a
| A SN bt e | four-layer 'focusing' aerogel 34 mm thick with refractive index of
g e | g s e e 51,046 in the densest layer and focal length of about 20 cm.

ring radius, mm ring radius, mm

Fig. 4. Ring radius distributions for L=200 mm at 6 Ge¥|c (a) and 1 GeVfc (b) with indicated particle compaosition of the peaks. Fit function is shown with a dashed line.

Mbl Habnloganu KayectBeHHoe pasaeneHue nMoHoB/KaoHoB/npoToHoB npu 6 GeV/c
u mooHos/nuoHos npu 1 GeV/c.
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Aerogel-RICH proposal

3
Proposal motivations ALICE-3

Ha “ALICE 3: First workshop on physics and detector” B oktabpe 2020 r.
6bin npeacTasneH Hosbil Aerogel-RICH MpoekT ana ALICE 3 Upgrade
(moknagumk Antonello Di Mauro B coTpyaHuuectse ¢ UAAN PAH)

* The ALICE 3 detector introduced in the Eol fully covers the requirements of flagship cases
for which PID is focused on low p, (< 3 GeV/c).

* However, in the ongoing discussion to define the physics programme, various

measurements could reguire PID at larger p,. In addition one cannot exclude the
possibility of unexpected new physics channels which would benefit of a larger PID

coverage. Bbl/1I0 OTMEYEeHO, UTo

RICH c proximity-poKycupoBKOi Ha OCHOBE MHOrocnoiMHoro Aerogel-paguaropa nsnydyeHua YepeHKkoBa
npeacrasanet cobom npocreiiiee n NoTeHUMaNbHO Hanbonee IKOHOMUYHOE peLleHne gNA JOoNONIHEHUA
unsmepenua TOF u paclumpeHus agManasoHa nonepeyHoro umnynabca Ao 15-20 MB / ¢ B cucreme

naeHTndukaumm yactuy, HMPID. Mpu stom ARICH-MpoeKT NONHOCTbIO COrnacyeTcsa ¢ UCXOAHOU naeeun
HOBOrO 3KCNepPUMeHTa Ha OCHOBE KPpeMHUEBbIX CEHCOPOB.

17
14-YepenkoBckue utenusi, 20 anpens 2021 . Development of the Focusing Aerogel Ring Imaging Detector for the upgrade ALICE ~ A.WU. Pemerun (USIA PAH) C.]Iﬂi/i[l 17



Aerogel-RICH

ICH pro posal

ALICE

Shower Pixel Detector (SPD)

+— Time Of Flight
1" 20cm (TOF)
< aerogel

.. insert-able
| conversion layer

< ~400cm

v

Aerogel as Cherenkov radiator
I—Y‘- g § ! /
\ ;

..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

LHCb, ~ 0.7 m?

CLAS12, 10 m?

The photon detector

ALICE

Main requirements

+ Single photon sensitivity in the visible range (PDE > 40-50%)
* Fillfactor > 80-90%

+ Pivel~ 3x3 mm? {up to 545 mm?)

+ Ultra-fast, time resolution ¢ < 100 ps

* Area coverage ~ 30 m2

Example: SiPM HPK 13360 3050CS,

— o 33 mm? pixel (microcell of 3600 SPADs with 50 pm pitch)
0 Dark count rate ~ 50 kHz/mm?
0 50 ps time resolution (RMS)

Slides from the presentation:

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

ALICE 3: First workshop on physics and detector
14/10/2020
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Aerogel-RICH proposal

ALICE-3

B LLEPH-IMpoeKkTe “RD51 EXTENSION BEYOND 2018”
OTMeYeHO:
«O4yeHb 06HaaeXKuBaroLWMe U NepCcneKTMBHble TeHAEeHUUU
HabnrogatotTca Ha nyTM 06beauHeHunsa rasosbix MPGD-
AETEKTOPOB U YePEHKOBCKUX Usnyyatenemn».

Bonpoc: moXXHO nu paccmaTtpusaTtb npototun GEM c
doToKaToaomM Ha ocHose Csl KaKk oAWH U3 BapUaHTOB
petekrtopa Aerogel-RICH 8 ALICE 3 ?
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‘AerogeI—RICH

ALICE 3

proposal ‘

2. Detection of photons
GEM detectors can be made sensitive to

photons using an internal photosensitive layer,

Fig. 1. Electron microscope view of a GEM. Hole diameter and
pitch are 70 and 140 pm.

DRIFT i ——

JKcnepumeHTanbHO bbIN0 NOKa3aHo, 4To GEM-
AEeTEeKTOpPbl C BHYTPEHHUM POTO-4yBCTBUTE/IbHbIM
cnoem (Csl-¢poToKaToabl) MOryT UMETb BbICOKYIO
YYBCTBUTE/IbHOCTb K POTOHaAM U3ny4yeHUAa YepeHKoBa.

“Novel Cherenkov photon detectors” were discussed in the article by Fabio Sauli, NIM A553 (2005) 18-24.

ED DRIFT
GEM 1 EEOTOSTRSoRNEER
ET1 TRANSFER 1
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GEM 2 e e
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READOUT

Fig. 2. Schematics of a triple-GEM detector.

Offering position accuracies of 50 um and multi-
particle resolutions of around Imm, they are
already in use in several particle physics experi-
ments or under development for other applica-
tions. Fig. 3 shows one of the triple-GEM
detectors built for the COMPASS experiment at
CERN: 20 chambers, with an active area of
~1000cm? each and two-dimensional projective
readout, are successfully operated in the experi-
ment [4]. Fig. 4 is a close view of a prototype for
the TOTEM forward tracker for CMS, of similar

conception but with a shape tailored to detec - =
particles very close to the primary beam [5].

% CHERENKOV RING IMAGING

COMPASS RICH-1 MPGD UPGRADE
DOUBLE STAGGERED THGEMS+MICROMEGAS

Window

Drift

M. Alexeev et al, MPGD Workshop (Trieste 2015)

Fabio Sauli 20 YEARS OF GEM DETECTORS  CERN 21 October 2016

Alexeev, M. et al. The MPGD-based photon detectors for the upgrade of
COMPASS RICH-1. Nucl. Instruments Methods Phys. Res. Sect. A Accel.
Spectrometers, Detect. Assoc. Equip. 876, 96-100 (2017).
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Cs | and Nanodiamond quantum efficiency

Comparison of different
Photocathode meterials

100

—
2] Cs | — quantum efficiency is 50 % at wavelength 140 nm.
0.1 _

e’
0.01 +—— 1| — \  —
o 200 2

Quantum Efficiencoy [%]

100 15 30

Wavelength (&) [nm]
The picture from the presentation by Daniele D'’Ago

——Cs] [NIMA 438 (1999) 94]
===ND [ALP 108 (2016) 083503]
===H-ND [ALP 108 (2016) 083503]

s HF Hamamatsu Phototube R&e8000-26
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Aerogel-RICH proposal

. i ALICE-3

The Cherenkov light is Rayleigh scattered in Aerogel:

the intensity of scattered lightis 1., ~ 1/A*-
the scattering lengthis L ., = 35 - 50 mm for A = 400 nm.

No Quartz wmwpow
ME SH

The light transparency of 20 mm-Aerogel block is
~ 60 % at A =400 nm
- DSENSITIVE

-
5
o b B Fall
-
. (o} -
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
<<<<<<<<<<<<<<<<<<<<<<<<<<<<

%
> 4 Photosensitive Layer

BbiBOA: _ ‘\x' } p

Csl or Nanodiamond He MoryT ObITb — 7 L
ncnosnb3oBaHbl B Ka4ecTBe (POTOKaTOAOB B ): (\ ) \
RICH-petekTopax ¢ Aerogel-paguatopamn. = : / ——
B aTom cnyyae kpeMHueBble PIY SiPM ocTtatoTcsa |
OCHOBHOI4 onuuen ansa pa3paboTku oToOHHOro Bo3smoxkHas cxema Aerogel-GEM petekropa c
netektopa B Aerogel-RICH lNpoekTte ALICE-3. !l nornowarLWwmm GoTo4yBCTBUTEIbHBIM C10EM
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Cnacubo 3a BHUMaHue!
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3
Geantd4 geometry

ALICE

tracking layers not shown

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

* expansion region
e 20 cm thick
* Argon gas
 n=1.00 (it is anyway small < 1.0003)

* Photo-detector surface
e cylinderatR=122cm
* silicon sensors, SiPM HPK 3050CS »
* 3x3 mm? active area, 3.14x3.14 mm? pitch, 3.1 M channels (91% fill factor)

25
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System of front-end and digital electronics was developed

128-cnannel Time Readout Board (TRB)

ALICE Upgrade Meeting, 21.09.2011 Slide 12 Andrei Reshetin, INR, Moscow
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Winston-cone holes for light-collection

o3

X Half-angle of the Cherenkov cone
For testing 13.86°
. . Cherenkov light
the prototype Winston-cone holes with Uv-refiecting surface
.. / / \
parabolic inner surface = i
in aluminium and stainless steel plates >

have been produced.

Winston-holes in aluminium plate
had 4 types of the treatment of an inner Wiinstan cone
surface:

- treatment with special (14 class)
polishing

- treatment with polishing of a tool
= L ——

- pressure method; — o MRS APDbody

- pressure method with polishing. 012 '

MRS APD sensitive area

Winston-cone hole: |

Winston-holes in stainless plate

Diam. 3 mm - Diam. 1.1 mm I

were polished by 4 different methods of

FARICH detector
Light-collecting Cell

electric-plasma polishing. beiped_|_ Bt

1

Institute for Nuclear Research
of the Russian Academy
Approued Reshetin of Sciences (INR RAS)

Format &4




MRS APDs (yellow) with 2.6 mm size (Winston cones)
50% light collection efficiency
2-layer focusing aerogel (n1=1.048, n2=1.050), total thickness 30mm
Distance between radiator and photon detectors — 500 mm.
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REFLECTIVE CsI PHOTOCATHODE ON UPPER. GEM ELECTRODE
+ NOPHOTON FEEDBACK
= INSENSITIVE TO DIRECT IONIZATION

PHOTOMN
TRIPLE GEM
................................. — COLLIMATED SINGLE UV PHOTON SOURCE

POSITION ACCURACY
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GﬁD I, Meinschad, L. Ropelewski and F. Sauli, NIMA 335¢2004)324
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PHENIX HADRON BLIND DETECTOR

“INVERSE FIELD"” TPC

51 _(Hi

C. Aidala et al, Nucl. Instr. and Methods A502(2003)200

Z. Fraenkel et al, Nucl. Instr: and Methods A546(2005) 466

Fabio Sauli
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