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NICA: Nuclotron-Based Ion Collider
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Key Parameters of The NICA Collider

Ring circumference, m 503,04

Number of bunches 22

R.m.s. bunch length, m 06

Ring acceptance, st mm.mrad 40.0

Long. Acceptance, Apip 10.01
ytransition (Etransition, GeViu) 7.091 (5.72)

p, m 0.35

lon Energy, GeV/u 1.0 3.0 4.5
lon number/bunch, 1e9 0.275 24 2:2
R.m.s. emittance, h/v 1.1/1.0 [1.1/0.9 | 1.1/0
Jmm-mrad .76
R.m.s. Ap/p, 1e-3 0.62 1.25 | 1.65
IBS growth time, s 190 700 | 2500

1.1e25 | 1e27 | 1e27

Peak luminosity, cm2.s-

Heavy ion colliding beams up to 197 Au™* + 1974479+
at 15,,=4+ 11 GeV, -
Light-Heavy ion colliding beams of the same energy range and L

= 1x10%7 cm?s?

Polarized beams of protons and deuterons in collider mode:
phfk, =12+26GeV L, =1x10% cmr2s?
d i1, =4+13.8 GeV
Extracted beams of light ions and polarized protons and deuterons
for fixed target experiments:
Li+Au=1+4.5 GeV/u ion kinetic energy
p,pl=5+126GeV kinetic energy
d, df'=2+59 GeWu ion kinetic energy

Applied research in ion beams at kinetic energy starting with 3 MeV/u

Aerogel Detector for SPD (Spin Physics Detector)

Yore = v ECT

Cryostat

T
TPC

Spin Physics
Detector (SPD)

It is based on the ASHIPH technology
developed at the KEDR experiment

Option (Il)

Photon detector:
144-ch HAPD

Charged
particle

- Radiator:
Silica aerogel

Ring Imaging Aerogel Cherenkov
(ARICH) or Focusing RICH (FARICH).
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AANL-SPD Collaboration start and Bases

- Collaboration started in 2020 = -

MOU AANL/NICA-SPD signed in 2021 T - , : | & 2
AANL group proposed contribution: : ’

1. assembling of EmCal modules for SPD, will conduct a detailed
tests

2. take part in the installations and commissioning of SPD
EmCal,

3. Perform the necessary Monte-Carlo simulations

o —

sl

AANL- SPD Collaboration Current Team

Nikolay Ivanov (doctor)

Hamlet Mkrtchyan (doctor professor)
Albert Shahinyan (Phd in engineering)
Arthur Mkrtchyan (Phd)

Vardan Tadevosyan (scientist)

Alvard Malxasyan (student)

Argine Hakobyan (student)

- Since 2022 by request of SPD Collaboration AANL group
works on Aerogel detector

- In 2022 at SPD Collaboration meeting we presented report
“Design, Construction and Performance of Aerogel detectors
for HMS and SHMS Spectrometers at Jlab Hall C”

- In 2023 our group, as a winner of NICA support program,
conducted project “Development of aerogel based Cherenkov
counter (prototype) for SPD”

- In 2023 A. Malxasyan and A. Hakobyan visited JINR as a
summer students

3D printers

microscope

students and young scientists 3



Aerogel Cherenkov Detector Properties

According to the physics program of the SPD experiment, the major task of the particle identification
(PID) system is to separate pions and kaons in final states at momentum range above 1.5 GeV/c,
where it is not possible with other systems (TOF and dE/dx).

Cherenkov counters are the best option for solving such a problem. Aerogels are most useful
materials as the Cherenkov radiator due to their transparency and adjustable refractive indices that

can fill the gap between the gases and liquids .
Threshold momentum of particles for aerogel with different n

= S Proton | Type of P_in P_in P_in P_in
T OF 3 A ---Proton |
: N % ‘ AAAA Plon H P:Fr)ticle nt:hl.O n:thl.Ol n:thl.Ol n;hl.O
i ': 30 5 0 06
B n 0.428 0.608 0.746 0.963
: | m 0.565 0.803 0.984 1.272
‘—/ / : K 2.000 2.840 3.482 4.500
’ ™ ™ p 3.802 5.397 6.618 8.552

Several options of aerogel Cherenkov detectors used in collider experiments were considered.
Two options for SPD Cherenkov are selected for detailed studies:

- Aerogel counter based on wavelength Shifters and Phototubes (ASHIPH)

- Aerogel, Ring Imaging Cherenkov (ARICH) or Focusing ARICH (FARICH)

Relatively simple ASHIPH type Aerogel Detector, positioned at the end-caps of SPD will extend 11/K
separation range from 1.2 GeV/c to 2.5 GeV/c.

More complicated RICH type aerogel detector is the best option to provide reliable 1T/K-separation
in a wide momentum range (from 0.6 to 5.0 GeV/c).

SPD need Aerogel detector to improve 1r/K/p separation above 1.5 GeV/c momentum
4



Proposed Option (I).
Aerogel. wavelength Shifters and Phototubes (ASHIPH

We assume the Aerogel Detector, positioned at the end-caps of SPD to extend
TT/K separation range from 1.2 GeV/c (with TOF) to 2.5 GeV/c.
It is based on the ASHIPH technology developed at the KEDR experiment

Aerogel SHifter and PHotomultiplier
PMT Ael'o 0 el WLS ar Ta 214 B
| Aerogel 5
|1 ws
+,Pmbox e
g |
A-A s wis 1 &
1
PMMA light guide doped with BBQ dye o
is used as wavelength shifter
74

We are working on this project in collaboration with SPD and BIHEP (Novosibirsk) .
Prototype of counter are constructed and tested at BIHEP, MC simulation at AANL

Vardan’s Geant4 simulation results (work in progress)

U=54V ASIPH Prototype signals, 2.5 GeV e- incident
T 22
p1 p2 p3 § 20F ® Measured

10532016  15.05:0.22 | 12.62:0.17 2 aE ® MC simulated
18-
16~

E . )

14—
12
(4 p5 p6 E
10552016 14.00£0.22 | 13.91:0.21 10

6
4
p7 p8 po E
896:0.14  11.43:0.18 | 13.20:0.20 2

e = —

ASHIPH Prototype

1 2 3 4 5 6 7 8 9 10
Point number

Data from 2.5 GeV e- beam measurements, Comparison of real and simulated data
courtesy of 1.Ovtin.



Proposed Option (II).
RICH type aerogel detector for SPD
Due to increase of dimensions of the SPD setup (from 160 mm to 300 mm), the
space in the end-cup region can be used to install more sophisticated Cherenkov
detector: Ring Imaging Aerogel Cherenkov (ARICH) gr Focusing RICH (FARICH).

Photon detector:
144-ch HAPD
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Cherenkov photons are emitted at an angle 9, depending on the refractiveindex n
and particle velocity v. If we measure p and O, we can separate different particles
through the relation cos9=c/(nxv)=1/(nxpB)

Cherenkov Radiation Angle 6, .. in Aerogel

S 400 RerogeTR=T 050 ... RICH type aerogel could provide
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Eawsof - Bl photon detector which should
;100_— . ~ 2
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PP TR P SN 00 A P i oo .
R T T R T R high cost (>51 M) of the detector.
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More detailed studies, MC simulations, design and tests of prototypes are needed
before we can propose best option of Aerogel detector for SPD. (work in progress)



PaGorthl no Focusing RICH (FARICH) cucreme SPD
“AEROGEL”

(4T0 MOkHO cnejaTh B AANL u uTo TpedyeTcsi)

1. Cunre3 asporeas UK CO PAH, HoBocuoupck
0e3 BApUAHTOB

2. BxoaHol KOHTPOJIb KayecTBa U 0TOOP MO ONTHYeCKUM U MexaHn4yeckuM napamerpam (USAAPD u Ep®dH)

Ci10:)kHOCTH padoT 3aBUCHUT OT THIIA U KO3 PuumenTa npesomiienus adporeas. Ecaiu n > 1,05 u BogocToiikuii a3poreJib,
TO MeXaHMYeCKHUe MmapaMeTpbl (pasMepsbl), CBETONPOINYCKAHHE MOKHO U3MEPATH U KOHTpoauposarts B Ep@HU.
HNHCcTpyMeHTBI 1J1s1 TOYHBIX H3MEPEHUH PasMepoB M (POTOCIIEKTPOMETP AJIsl U3MEPEHHs CBETONPONYCKAHUS HMEIOTCH.
Byaer Heo0xoaMMO MOATOTOBUTH CTEH/ AJIsl M3MepeHNH K0P PUIMEHTA NPeIOMIICHHS.

3. U3ydeHue 10JIrOBpeMEHHOI CTAOMIbHOCTH: BJAMSIHUE BOAbI M IPYTrUX KOHCTPYKIMOHHBIX MATEPHAJIOB HA ONITHYECKHE
napamMeTpbl KpUTHYECKHE [IUIsl 1eTeKTOPOB YepeHKOBCKUX KoJiel. (USAD u AANL-Ep®HN)

Mo:xkHo opranu3oBarb Takue ucciaegopanus B AANL(Ep®H). 3a kauecTBOM a3poreisi MOXKHO CJIeUTh MEPUOAUIECCKUMU
U3MepPeHHUIMH MPO3PAYHOCTH U KodpuuueHTa npejsomiaeHus. Heodxoqumo codparb cOOTBETCTBYIOIIMH CTEH/
U3MepeHM .

4. Uzyvyenue BapuaHTa ruipo¢odu3anuu BICOKO NMPO3PAYHBIX ajporesieil U BIUsIHHE ee KAK HA CAMH ONITHYECKHe
NapaMeTphl, TAK ¥ HA X A0JTOBpeMeHHYI0 cTa0uIbHOCTh. (USA® u AANL-Ep®H)

Mo:xkno B Ep®@MU, ecam OynyT npencrabiienbl ruipoGoou3supoBaHHbie 00pa3ibl.

5. Mexannueckasi 00padotka - usrorosjienue paauaropos (USAPD u AANL-Ep®H)

Moxno B Ep@U, Hamu cienuaaucTbl UMEKT TAaKOro onbIiTa. C10KHOCTH PadoT 3aBUCUT OT YyBCTBUTEJIbHOCTH a3poreJist
K BJIare H OT MHAeKca npejaovieHus. Hy:kHo npuodpecTn aaMasHyr0 NHIy, 000py10BaTh YMCTYK) KOMHATY U BBITS2KHOM
mkad.




Paborbl o Focusing RICH (FARICH) cucreme SPD
“LIGHT DETECTION”

(uro MoxkHO cnesarb B AANL u 4T0 Tpedyercs)

1. Mop6op BapuaHTa, nUamepeHue n cpaBHeHue xapakrepuctuk: PMT ¢ MKI, SiPM, nnu HAPD m T.4.

B npuHuune AANL(Ep®PU) moxeT npoBoanuTb Takne mccrneposaHus ¢ @Y mn SiPM, HO y Hac ana 3Toro HeT
roToBOro creHga v anekTpoHuku. Heobxogmmo o6opypnoBaTb CTeHA U3MEPEHUIN C HeoGXxoauMOMn
anekTpoHukon. OCHOBHasA TPYAHOCTb NMPUOGPECcTU HyXXHble AnA aetekropa ¢potoymHoxutenu n SiPM.

2. BXxoagHOM KOHTPOJSb U OTOOP: U3MepeHune napamMmeTpoB (ycuneHue, wWymbl U T.n.). PaspaboTtka cteHAOB U
npoueayp KOHTPOIs U CeneKkuun.

He moxem, B AANL (Ep®U) HeT cOOTBETCTBYHOLUUX YCITOBUNA U TEXHUKU. HO MBI CMOXeM y4yacTBOBaTb U
NoMoO4b, ecnu usmepeHus 6yayt nposoautbca B [lyoHe / UAD.

3. UccnepoBaHue oonroBpeMeHHON CTabUNbHOCTU, KaK BPEMEHU XXU3HU, TaK U paaMaLMOHHON CTOMKOCTU B
YCNOBUAX MaKCUMaribHO NMPUONNXKEHHbIX K 3KCMEePUMEHTY.

He moxem, B AANL (Ep®U) HeT cOOTBETCTBYHOLUUX YCIIOBUNA U TEXHUKU. HO Mbl CMOXeM y4yacTBoOBaTb U
NOMoOYb, eCnn uamepeHusa oyayT nposoautTbecs B [lyoHe /| UAD.

4. NU3yyeHue TemnepaTypHbIX 3aBUCUMOCTEN NapameTpoB (POTOHHbLIX AEeTEKTOPOB U pa3paboTka cUCTeMbl
TepmMocTabunusaumm u oxnaxaeHus.

B npuHuune AANL (Ep®W) moxeT npoBoaAuTb Takne uccneposaHus ¢ ®3Y u SiPM. Mbl nmeem
oxnaxaarulyr cuctemy. Heobxoaumo cosgatb COOTBETCTBYHOLWMUNA TEPMO-PErynmpyemMbii CTEHA, U
CUCTEMY INEKTPOHUKM.




PaGothl no Focusing RICH (FARICH) cucreme SPD
“ELECTRONICS”

(a0 MOxHO caeaarb B AANL v uTo Tpedvercs)

Hagexaa npueneYb aNekTpoHlWmukoB UAD (3to 1.5 3emnekona u To nocne cnaga paéor no CKU®y) u
(vwnn) opraHmMsoBaTb 4TO-TO coBMecTHO ¢ Kutanckumm cneunanucrtamu s UCTS nnu ewle Kakue
BapuaHTbI.

2. Cuctema nutaHuA: BbicokoBonbTHOE Ha 1000 ynpaBnsieMmbix kaHanoB (PJY ¢ MKI1), HuskosonsTHOE AnNA
ceHcopoB (PIJY), nuTaHMe CUMTbIBAKOLLEN INEKTPOHUKMU.

3. Cuctema megneHHOro KOHTPOA U ynpaBrieHUs: TemnepaTtypa, BNaXHOCTb, MTUTaHUe CEHCOPOB, NUTaHue
ANEeKTPOHUKU. Cuctema KanmbpoBKU N KOHTPONSA paboTOCNOCOOHOCTM CUCTEMbI CHUTLIBAHUA.

4. TecTnpoBaHue, Kak C pa3HbiMU BapuaHTaMu (poToAeTEeKTOPOB, TaK U C TOYKU 3PEeHUsI MPUrOQHOCTU U
paboTocnocobHOCTU B YCIIOBUAX IKCNEPUMEHTA.

AANL (Ep®UN) He MOXxeT OpaTb OTBETCTBEHHOCTDb 32 3NEeKTPOHUKY,. Mbl roTOBbI NPUHMMATb y4acTue u
NOMOYb.




Pa6ornl 1o Focusing RICH (FARICH) cucreme SPD
“MECHANICS and SOFTWARE”

(a0 MOxHO caeaarh B AANL v uTo Tpedvercsi)

1. Pa3paboTka KOHCTPYKLUM MEXaHM4YEeCKOM NoaaepXXKu asporens, (pOTOHHOro geTekropa 1
Front-End-Electronics (FEE) cornacoBaHHOM C oCTanbHOMW KOHCTPYKLUEN AeTeKTopa.

Ep®U moxeT paspaboTaTb KOHCTpPYKUMIO. Hawm cneynanucTbl (ONbITHbIE MHXEHepa) MOryT BbIMONMHUTb
Takyl paboty. O6bem paboT u geTanu TpedyroT AONONMHUTENbHbIX O0CYXXAEHUN N YTOYHEHUN.

2. HPOBepKa NMPUMEHUMOCTUN COBPEMEeHHbIX JNTerknx (yrnennaCTMK n T.I1.) KOHCTPYKUMOHHbIX MaTepuanos,
KaK C TOYKHMN 3peHuns paA.CTOVIKOCTM, TaKN U C TOYKUN 3pPeHNA ralieHnsa u nopyum alporensd v 1.4.

B Ep®PU cmoxem n3rotoButb HekoTopble aetanu (3D print) n npepoctaButb [ly6He Ana ucnbiTaHUN.
Heo6xoaMmMo yTOYHUTL TUNbI MaTepuanoB U OpraHU3oBaTb UX NPUobpeTeHune.

3. N3roToBneHue (opraHMsauus u KOHTPOJb 3a NPOU3BOACTBOM).

EcTtecTBeHHO opraHM3oBaTb KOHTPOSb TaMm, rae 6yaet npousBoanTbes usrotosneHme. AANL (EpPU)
CMOXeT y4yacTBOBaTb 1 NOMO4b, €Cfin 3TO 6yaeT npoBoauThCA B [ly6He / UAD.

1. MogenupoBaHue

BoamoxHo, AANL (Ep®PU) moxeT yyacTBOBaTb B CO34aHUN NPOrpamMMHOro obecne4yeHms n npoBeneHus
pacueToB.

2. PeKOHCTpPYKLUA
Bo3moxHo, AANL (Ep®PU) moxeT yyacTBOBaTb B CO3A4aHUMN NMPOrpaMMHOro obecrne4vyeHums.

3. YnpaBneHue, MeaANeHHbIN KOHTPOSb, KanubpoBku n B[
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Pa6ornl 1o Focusing RICH (FARICH) cucreme SPD
“PROTOTYPING”

(uro MoxkHO cnesarb B AANL u 4T0 Tpedyercs)

1. PaspaboTtka-c6opka npototuna (UAD, AANL (EpPH))

MoxHo B AANL (Ep®U), ecnu HoBocubupck/[lybHa npeaocTtaBAT HeobxoanMMble MexaHU4eckue
KOMMOHEHTbI, MaTepuanbl u getanu. Ecnu nporotun 6yaer cob6pax B [ly6He nunu Hosocnbupcke, To AANL
(Ep®PWU) roTtoB yyacTtBOoBaThb.

2. UcnbiTaHue

MoxHo, ecnu npototun 6yaet co6paH B AANL (Ep®U) n 6yanet cobpaH cTteH C COOTBETCTBYHOLLEN
anekTpoHukon . Ecnu ato 6yaet B [ly6He nunu HoBocnbupcke, To Ep®PU rotoB yyacteoBaTtb.

3. ObpaboTka 1 aHanu3 aKcnepumMeHTanbHbIX AaHHbIX (AP, EpPU,).

O6paboTtka pe3ynsratoB MoxHO B AANL (Ep®PWU), ecnu ucnbitanusa 6yayT y Hac, unu oyayt
npenocTaBrieHbl HAM 3KCNepUMeEHTanbHbIe AaHHbIe U3MEPEHUN ApYyrux rpynn konnadopauumu SPD.

SUMMARY

YuyntbiBas 06beM, BaXXKHOCTb U CIIOXKHOCTb psij paboT, a Takke orpaHM4eHHOCTb MaTepuaribHoO-
TEXHUYEeCKon 6a3bl, HaWero MHCTUTYTA, NIy4YLWUM BapuaHTOM OpraHm3auum padoT Obino Obl
co3paHue coBmecTtHom na6opatopum B AANL (Ep®PU). 3a 1-2 roga o6WKMMM YCUITUAMU MOXKHO
OOMONHUTbL 3Ty NabopaTopuio HeAoCTaLWUMN NPUGOPaMN U ANEKTPOHUKON, U co3aaTb
conuaHyro 6asy Ana ycnewHoro npoBeaeHusi HaMeYeHHbIX uccnefoBaHMN U co3aaHus
AeporenbHoro YepeHkoBckoro cyetumka gna SPD.

cnacuoo 3a enumanue !
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