Onuuna PAPUY netekTopa
ana skcrnepumMmeHTa SPD

A.10. bapHakos om umeHu epynnsl MUAD CO PAH
0214 Konnabopayuu SPD

s sxecniepumenta SPD (Spin Physics Detector) Ha komnaiinepe NICA (Nuclotron-based Ion Collider fAcility) BeneTcs
pa3paboTKa YHUBEPCAJIbHOTO JIETEKTOpA JJIEMEHTApHBIX 4YacTUll. B KadecTBe CIelUaIu3UpPOBAHHON CHUCTEMBI
UJICHTU(PUKALMU TPeIIoKeHO pa3zpadorarh cueTuuk MAPUY (Dokycupyromuii AsporeneBsiii PUY). IIpeacrasiena
koHueniusa cuetunka @APUY nnsa nerekropa SPD, 00Cy)1at0TCsi COBpEMEHHBIE PE3YJIbTaThl PACYETOB U UCIIBITAHUN
MPOTOTHIIA, & TAK KE JOCTHXKEHHUS B IPOM3BOACTBE YEPEHKOBCKUX a3pOresieBbIX paanaropoB B HoBocubupcke.

HayuyHasa ceccua-koHpepeHuma CAD OPH PAH 2024,
1-5 anpensa 2024r., ONAN, r. AybHa



FARICH option for the
SPD experiment

A.Yu.Barnyakov on behalf of BINP team
for the SPD collaboration

Scientific session-conference of Section of Nuclear Physics Physics Science Branch of RAS 2024,
1-5 April 2024, JINR, Dubna



SPD@NICA
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. Spin Physics Detector

to 1investigate nucleon and light nuclei
(p & d) spin structure with help of colliding
| beams at the energies up to 27 GeV.
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PID system: requirements
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The main task of SPD PID system is

n/K-separation up to P=5+6 GeV/c
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For reliable n/K-separation at P=6 GeV/c the RICH

detector is required:
—n = 1.05 (aerogel),
—oc~2.5mrad/track
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FARICH motivation
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To get (Npe) > 5 from aerogel with n=1.05 & thickness 1 cm is too hard practice task!!!

* Thicknesses and refractive indexes in each layer
are adjusted in such way that Cherenkov rings
from each layer overlap in the same region of the
position-sensitive photon detector.

e The number of detected Cherenkov photons
increases due to increase of the thickness without
degradation of Cherenkov angle resolution due to
uncertainties of photon emission point.

T.lijima et al., NIM A548 (2005) 383 and A.Yu.Barnyakov et al., NIM A553 (2005) 70
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FARICH technique milestones

The first 4-layer monolithic sample
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Increase N, due thickness increase without og. degradation

T.lijima et al., NIM A548 (2005) 383 and A.Yu.Barnyakov et al., NIM A553 (2005) 70
2004+2005

AYu. Barnyakoy, et al., NIM A 732 (2013) 352
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Th_., le Il (ARICH) is the first application of the method |
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Two 4-layer focusing aerogel blocks
230x230x35 mm
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The largest 4-layer focusing aerogel samples were produced in
Novosibirsk and tested at BINP in 2022-2023

MaPMT H12700 2 aerogel pcs
(Hamamatsu) 230x230x35 mm

with mask 3x3 mm? {

Refractive index profile is measured with
help of digital X-ray setup at the BINP.
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Recent beam test results
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Beam test results are in good agreement with MC simulation and corresponds to:
n/K—separation at level of 30 up to P=4.5 GeV/c for 6x6 mm pixel
n/K—separation at level of 30 up to P=8.5 GeV/c for 3x3 mm pixel
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aerogels 23x23x3.5 cm allow

us to design the

full-scale

FARICH systems for the future
particle physics experiments.
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FARICH system conceptual design
Dy

4-layer aerogel tiles

Aerogel:
74 tiles

PMT

—12 il S=0.5+(5.6 + 15.6)+18.5=159.0 sq.cm
— 15 tiles x $=0.5+(12.2+20.2)+18.5 = 299.7 sqg.cm
— 20 tiles x S=0.5+(15.0+20.8)+18.5 = 331.15 sq.cm 3
—27‘t|i|e663=35'(15.2+19.6)°18.5 =321.9 sqg.cm
50 3 Photon detector: 548 PMT 51x51 mm 29
e T T e & e
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20 P FARICH system:
— - T L :
H e 4-layer aerogel with n,,,=1.05
_40 TH )
40 e e Focus distance — 20 cm
— -] L H [ | ] . 9 2
60 7 NEH T e PS PD — MCP-PMT or SiPM arrays with pixel 35 mm
—80-100-80-60 -40-2U6-"20 40 60 80 100 550 PMTs per endcap if lateral sizes ~51x51 mm
=100 T T e e T 2200 PMTs per endcap if lateral sizes ~27x27 mm
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Photon detector options

Due to axial magnetic field in endcap region of the detector only limited opations of the photon detectors are
able to detect very low intensity Cherenkov radiation produced in aerogel

SiPM arrays

There are several manufacturer in
the world including China.

There is no comercially available
SiPM arrays produced in Russia for
the moment, but some R&Ds are
going now.

Estimated cost of such detector
option is about 1005/cm?

It is required to develop and
produce special R/O electronics
and cooling system to operate
with SiPMs in SPD detector

conditions

KETEK PA3325-WB-0808
(BroadCom, USA)

MCP-PMT

HAPD

CAD ODH PAH 2

There are several manufacturer in the world including China.

There is no comercially available position-sensitive MCP-
PMTs produced in Russia for the moment, but R&Ds are
going now in (Baspik&Ekran FEP).

There is a very large spread of prices for rectangular
position-sensitive MCP-PMT. The best price is about
200S/cm?

PDE is not so high, it is limited by photoelectron collection
efficiency (¥60%) and geometrical efficiency is worse than
for SiPM option.

Specialised R/O elctronics is already developed for other
experiments and could be adopted for the SPD experiment
requirements

There is no such a big problem with intrinsic noise rejecion
in comparison with SiPM option

Planacon XP85112
8x8 pixels with 6x6 mm
Cost: 15 k$

*  Only Hamamtsu produced such devices for the
Belle Il experiment and now it doesn’t produced
anymore!

* There is no comercially available HAPDs in Russia
for the moment, but R&Ds are going now in ISP
SB RAS.

*  Price —7?7??

* Expected PDE of such devices will be less than for
SiPM option but signficantly (1.5 times) higher
than for MCP-PMT option.

+ Expected gain is about 1 + 2 - 10°

* Development of specialised R/O elctronics is
needed. It is possible to adopt some Belle Il
ARICH system expirience.

Photon HV:-8500V
3

T quartz window

v
P-€:  [Bombardment
v |_gain : ~1800
—[Avalanche L:176v L
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FARICH based on existing solutions

MCP PMT available from vendors:

30

Expected performance:

10

Planacon XP85112 (USA)
8x8 pixels with 6x6 mm

NNVT N6021 (China)
8x8 pixels with 5.9x5.9 mm

2x548 PMTs:
e 2x35kPixels

1 I

¢ Pixel ~6x6 mm

Existing FEE aka DiRICH (GSlI):
e 1 DiRICH board per each 6 PMTs
e 2x100 DiRICHs per 2 end-caps
e 2x100 optical links to DAQ sys.
e 10+20 TRB3 interfaces

CA® OPH PAH 2024

P, GeVic

e i/K—separationupto5 GeV/c
e u/m—separation up to 1.1 GeV/c
* K/p—separation from 3 to 9 GeV/c

13



FARICH based on 3x3mm pixels

Suitable PDs with 3x3mm pixels

Expected performance:

x /s
A A\ 4 pixel 03 mm
SRR i R BB RS
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MCP PMT, Ekran FEP (RU) 3 F ~-K/p
SiPM arrays, Joinbon (China) 64 2.5x2.5mm pixels e 5
64 3x3mm pixels, PDE~40% ___still under R&D R
DCR ~1+2:10%cps/ch.@300°K | wghun, 10—
2x2600 PMTs: Banag -

: 3 LR 5 =196 7
* 2x166.4kPixels ’ W -
e Pixel 3x3 mm - N T T
00 6 8 10 12
P, GeV/c

Specialazed FEE is required!!!
 FaRICH-Auslese-System (GSI) — design inspired by DiRICH approach e t/K—separation up to 8.5 GeV/c
to readout of SiPM arrays or MCP PMTs with 3x3mm pixels?!

» ASICs developed at BINP for SR detector to readout Hybrid Photo : u/rt—separat.lon up to 1.7 GeV/c
Detectors?! e K/p—separation from 3 to 14 GeV/c

14
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R/0O electronics cost estimation

There are two modern approaches in development of specialised R/O electronics:
— ASIC (Application Specialised Integrated Circuits)
— FPGA (Field Programable Gate Arrays)
The differences in performance, power consumption and costs are not sufficient today!!!

FPG-TDC (GSlI) TOFPET-II (PetSys)
Unit Article Price per unit Total price The price of what you list ( if based on ASIC_2,c) is
2 DIRICH 4917,00€| 9.834,00€ '
Additionally the export duty from Germany 150,00 € : gﬁ‘g g 5.0008 000
Total price 9.984,00 € 1 FEB/D 5'376
9 834€ 8 FMi128 1579 12'632
~ 13€/chan if N4,<1000 (2019) TOT 31008
2X384
: . 31 008€ :
A system with 30kChannel (HADES): WET 30€/chan if N;,<1000

170k€/30k = 6€/chan (2017)

Power consumption: ~55mW/chan A system with 100kChannel:

5€/chan (2020)

Power consumption:
15mW/chan (ASIC) + DAQ (FPGA)~60mW/chan

Both options are not available for us, we are looking for new solution!

CA® OPH PAH 2024 15



FARICH prototype with full-ring detection

* To demonstrate real PID capabilities of
the FARICH based on modern solutions. : TisSond Treck
e 812 MCP PMTs with size ~5x5 cm (like

N6021 from NNVT, China) to provide
photon detection area S=15x15 cm.

* We have at BINP FEE to readout up to B " =

18 MCP PMTs (18.64=1152 pixelsfJ by
means of DIiRICH boards and TRB-3
interface.

* Time performances and ToF
approaches should be tested too. Jitter
of this FPGA-TDC from GSI| declared

better than 40 ps. 12 MCP PMTs ,
. 8x8 pixels with : 2 DiRICH boards

* This FARICH prototype could be tested B |
with mixed hadron beams or with

cosmic rays to demonstrate PID
capabilities.

CA® OPH PAH 2024 16



Summary

* In 2020-2023 the essential progress in FARICH technique was achieved:

* The 4-layer focusing aerogel sample with 20x20x3.5 cm size were produced for the
first time in the world

 The measured SPR of these samples is in good agreement with simulation and could
provide /K up to 8.5 GeV/c and p/m up to 1.7 GeV/c in combination with 3 mm pixel
size based photon detectors

* The PID system based on FARICH technique is proposed for SPD experiment
for reliable m/K-separation

* Full-scale FARICH prototype to demonstrate nt/K-separation up to 6 GeV/c is
under development

 Search for suitable and available position-sensetive photon detectors and

R&D on specialized FEE have to be done for succesefull realization of the
FARICH system in SPD project.
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HRPPD (Income)
10x10 cm; pixel 2.5x2.5 mm

Position-sensitive MCP-PMT

Hamamtsu R10754-016-M16(N)

4x4 pixels with 5x5 mm

Planacon XP85112
8x8 pixels with 6x6 mm
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Momentum measurements with FARICH
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0 1 %GeV/c 4 S 6 track correspondingly measured with relativistic

electron beams.
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