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Polarization facilities are being developed at the JINR
accelerator complex in the framework of the polarization
research program under the NICA project. Those are the
polarized deuteron and proton source SPI, SPI low energy and
linac output polarimeters, and the absolute polarimeter at the
NICA collider.

The status of the above facilities and the results achieved
are presented.



Implementation of polarization program
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Physics with polarized light ion beams is considered as an important part of the NICA program
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The SPI was installed at linac preaccelerator hall of the NUCLOTRON
in May 2016. The source has been commissioned and used in the
NUCLOTRON runs in 2016 and February — March 2017

Polarized&unpolarized deuteron and proton beams were produced for
acceleration in the NUCLOTRON

Deuteron beam polarization of 0.6-0.88 of theoretical values for different

modes of the HFT units operation has been measured by internal
polarimeter in NUCLOTRON ring

SPI tests are ongoing and polarized deuteron beam with pulsed current
up to 6 mA has been produced

SPI1 operating improvements of parameters are continued



Source of Polarized Ions (SPI)

The Source of Polarized lons (SPI) is developed
as a high-intensity setup of polarized
deuterons & protons beams

The main purpose of the SPl-project is to
increase the intensity of the accelerated
polarized beams at the JINR Accelerator
Complex up to 5:10'° d(p)/pulse

The design output current of the SPIlis up to 10
mA for TD* (T H*)

The D* (H*) polarization will be up to 90% of the
maximal vector (+1) &

tensor (+1,-2) polarization

SPI ABS

ABS tests results

Atomic D & H beam intensities were
measured. The averaged
beam intensities are

Ipb=8-10"®at/s I,=5-101¢at/s

Nozzle temperature was scanned
over a range of 16...100 K

The optimum nozzle temperature is
about 80 K

The optimum feed rate is about
0.045 mbar - |/ pulse



Source of Polarized Ions (SPI)

SPI Nuclear polarization
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Source of Polarized Ions (SPI)
SPI Charge-Exchange lonizer

Nearly resonant charge-exchange
reactions for production of polarized

protons & deuterons are used: Electrostatic
deflector Electrostatic
Einzel lens
Holr + Dt = H+T +D 0 Turbo Electrostatic
Pump Beam position corrector
e | I ]‘ Extraction
~ . -15 2 o 1 des
(G 5-10 cm ) Analysing | I [ serode Storage cell
lonization efficiency is about 10% Magnet D/ \Cuzge Txchm
D Region)
D*T (H*T ) beam energy 25 — 26 keV Ho : _
. . — AEE d Del(He)
Normalized emittans 1.2 T mm mrad E: = K _
_ \%‘ ? | Deuterium
Pulse duration 100 ps ; D¢ (hvdrogen)
Pulse repetition rate 0.2 Hz \ Solenoid 1 l Plasma Source
) trong Feild
The storage cell allows: BE Tramifon Uil e
- increase intensity of the polarized D* (H*) beam (SFT) Pump
_ . WeakField RF
- reduce emittance of the polarized beam Transition Unit

- considerably reduce H,* ion current which
Is difficult to be separated from polarized
D* due to similar mass of the ions

(WFT)



SPI Low Energy Polarimeter (SPIRO)

To measure the protons and deuterons beam polarization directly
at the exit of the source of polarized 1ons SPI, the polarimeter
SPIRO 1s being developed. It 1s designed to work with beam
energies from 25 to 100 keV. This polarimeter will make it
possible to control the beam polarization and tune the operation of
the SPI nuclear polarization cells, as well as to determine the
influence of the perturbing devices of the installation on the
polarization of the beams. For polarized protons, it 1s proposed to
use the D(p,y)’He fusion reaction, where solid deuterated titanium
TiD will be used as a target. For polarized deuterons, the D(d,p)T
fusion reaction 1s used with the same TiD target.



SPI Low Energy Polarimeter (SPIRO) for polarized protons
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SPI Low Energy Polarimeter (SPIRO) for polarized deuterons
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Low Energy Polarimeter (LEQO)

Low energy polarimeter (LEQO) 1s placed behind the linear accelerator Lu-
20. Its operating energy 1s S MeV per nucleon. The main advantage of this
polarimeter 1s that the setup may be used not only for polarization measuring
but also for tuning SPI RF transition units (WFT, MFT, SFT).

The °He target of this setup allows one to measure both the vector
polarization of protons (with *He(p,p)’He elastic scattering reaction) and the
vector and tensor polarization of deuterons (with *He(d,d)*He elastic
scattering reaction and *He(d,p)*He nuclear reaction). The main features of
the LEO are:

- Up-to-date fast detectors will be used. It 1s assumed to measure the
polarization of each bunch.

- The data flow will be protected from electromagnetic noises.

- It 1s assumed that the design of the polarimeter will make 1t possible to
measure vector and tensor polarization of deuterons with one setup at the
same time.



Low Energy Polarimeter (LEQO)
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Absolute Polarimeter (APol)

APol 3D view
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Absolute Polarimeter (APol)

To measure absolute values of proton or deuteron polarization at NICA collider
rings an Absolute Polarimeter APol with the internal polarized atomic
hydrogen/deuterium jet target is being built.
Main tasks for APol
- beam polarization testing in tuning of the NICA polarization control system
- determination the effect of disturbing Collider devices on beam polarization
- monitoring the degree of beam polarization during operation of the Collider
APol parameters
Beam energy range: 3..11 GeV
Recoil particle energy: 40 - 100 MeV
Recoil particle registration angle (in lab system): 75°
Analyzing power A range: 20% .. 8%
APol Status ( Oct. 2021)
« Testing of vacuum equipment has been completely carried out.
* Magnet system measurements and analysis have been carried out (Values are
close to optimum).
* Preliminary tests of Dissociator and Atomic Beam Source performance have
been carried out. (Atomic hydrogen beam intensity is about 7-10'° atom/s, degree
of dissociation is 80%).
Nearest plans
« Atomic Beam mass spectrometry of hydrogen and deuterium.
* Tunning of nuclear polarization cells



Cratyc nonapusosaHHoro He? B 1®B3 OUAU

nOﬂﬂpM3aLI,MF| 3He BO3MOHa ABYMA Pa3HbIMU METOA4aMMU:

OnTuyeckas Hakayka c metactabunbHbiMm 0bmeHom (Metastability Exchange Optical
Pumping, MEOP)

CnnH-obmeHHaa onTuYecKkasa HaKaudKa (Spin-Exchange Optical Pumping, SEOP).

Mo meTtoay SEOP aapa 3He nonapusytotcs

npu peann3aumMnm CnNMHOBOro obmeHa Npu CTONKHOBEHMAX C MONAPU30OBAHHbIMU
wenoyHbimm metannamm (Rb, K

Pa38a6aTb|BaeMbu51 B /I®B3 OUNAN nonapusatop *He no SEOP-meToay No3BoAUT cO34aThb
He nonAapu3oBaHHYO MuLEHb ﬁ,/‘lﬂ ?I/BW-IECKMX 3KCNepPUMEeHTOB Ha BblBeAEHHbIX
nonApmn3oBaHHbIX NyyYykax 3 HYR/IOTPOHA

Hangmme nonapusatopa 3He no3BonuT paspaboTaTb UCTOUHMUK I'IOI'IHEM3OBaHHUbIX MOHOB
He* no nporpamme nonapusaymnoHHbix nccnegosaHmm gna NICA-konnangepa

MonyyeHune nonapusosaHHoro 2°Xe (SEOP - meToA) OTKpbIBaE€T BO3MOXKHOCTb €ro
KCNONb30BAHNA B MeAMLMHE KaK 6o/iee geweBoro rasa B CPaBHEHUWN C NONSAPU30BAHHbIM
He (coBpemeHHaa Tomorpad-anarHocTMKa nerodHbix 3abonesanmmn, COVID-gmMarHocTuKa, B

4acTHOCTH)



NMonsipusoBaHHbIe NOHbI SHe**

Some history

Laval University group (Canada, Slobodrian et al.,1984) polarized 3He atoms in the
metastable state 23S, (lifetime of 7860 s) with electron spin J = 1 and then ionized
them to 3He* in an electron impact ionizer

The subsequent ionization to 3He** was effected by stripping in the base of the Van
de Graaf accelerator at 7.5 MV

More inspiring example from Saclay (France)

SATURNE group (PY. Beauvais et al., 1994) reported the results of tests conducted
with use of the known HYPERION polarized ion source fed with 3He gas.

The ionizer with a reflex electron beam yielded mostly 3He* ions with a pulsed
beam current of 50 pA and pulse duration 1 ms



MonapusosaHHble UOHbI 3He'*

NCTOYHMKM NONSPN30BaHHbIX MOHOB *He** Ans HXeKunn B YCKOPUTENU BbICOKMX
SHEPruin OOMKHbI UMETb CPABHUTENbHO BbICOKYH MHTEHCUBHOCTb

Ha gaHHbI MOMEHT Hanbornee NpoaBUHYTLIM ABNSETCS BapuUaHT MCTOYHMKA,
paspabarbiBaembi B BNL. B nctouHuke ncnonb3yercs MoHmM3aums
NONSIPN30BaHHbBIX aTOMOB refiud B MOHU3aTope C dneKTPOHHbIM nydkom (EBIS) B
mMarHuTHoM rnosne 5 T. lNonspu3oBaHHbIE aTOMbI MOSy4YaroT METOLOM ONTUYECKOU
Haka4ykym aToOMOB refnima-3 B MetactabusibHOM COCTOSSHUN B CUSTbHOM MarHUTHOM
none. MNMnaHnpyeTcsa NonyyYnTb MHTEHCUBHOCTb MOMSAPU30BaHHbIX MOHOB 3He**
okono 2-10" noHos B nmnynbsce u nonsapusaumen 70% Ons yckopeHus ny4dka
nonsipusoBaHHbIX MoHoB B RHIC



WoHusaTtop 3He't
V. P. Ovsyannikov

NMapameTpbl MOHHOrO NyYKa:
NHTEHCUBHOCTb MOHHOrO ny4ka — 1x10° — 5x10° yacTtuy B mnynbce
AnnTenbHOCTb NOHHOMO nMnyrnbca — 250 MUKPOCEKYH

UactoTta nostopeHusi — 1 'y — 0,1 'y,

ANeKTPOHHO-Ny4YeBasi MIOHHas NOBYLUKA.
[nsa ynoBneTBOPUTENBHOW MHTEHCUBHOCTN €MKOCTb MOHHOW FOBYLLKN —
1010 3. 3apsigos..

Tok anekTpoHHoro ny4vka — 0,3-0,5 A.

OHeprua afiekTPoHHOro nyyka — 1 -3 kaB.

MepBeaHCc aneKkTpoHHOoro ny4dka — (5 — 10) A/\V3/2

MoHuzauus.

PacueTbl noHnsaummn nposoaunnmnce no nporpamme IBIS T ana cneayrowmx
napamMeTpoB NOHHOW FOBYLLKMU:

- bazoBbIi Bakyym-1x10 -8 mbar (ocTaTouHbIV ra3 BOAOPOA)

- MmnynbcHbI BBOA paboyero rasa 3He npeacraensieT cobon nmnynbc
ONUTENbHOCTLIO 1-2 Mc, Npu AaBneHun B ananasoHe 1x10-7 mbar-1x10-° mbar



Cxema WoHunsaropa 3He**
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CraTtyc npoekTta nonsipusoBaHHoro *He** B JI®B3 OUAU

Monapusartop 3He'*

ba3soBoe obopyaoBaHue - 70-75 % npnobpeteHo

INEeKTPOHUKa CUCTEMbI U3MepPeHUA nonapusaumm 3He n 12°Xe metogom
AMP B cnabom marHuTHOM none (MAD, HoBocmbupck — cpok
ncnonHeHua Hosbpb 2021)

3He™* nonApn3oBaHHAA MULLEHb
HeobxoamMmo TexHuueckoe 3agaHue (JIOBI)

NoHusatop 3He**
TexHnyeckoe 3aaaHue

basoBoe obopyaoBaHue - 25-30 % B HaNUYUK

Cpok nsrotosneHuna MloHnsartopad-5 mecauyes no lorosopy

CoTpyaHMUYECcTBO M B3aumopgencrame:

NAn onAan, UAd Hosocnbupck, PUAH Mocksa, HUN nynbmoHonornm
®MBA Poccum



Thank you for your attention !
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