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3ydeHne CTPYKTYypbl NErkux saep, BkNovas JeENTPOH U
0COBEHHOCTN CUMBbHbIX B3aUMOOENCTBUA NpU
NCNONb30BaHNKN MYYKOB MOSIAPMU30BaHHbLIX JENTPOHOB,
YCKOpeHHbIX B CrHxpodrasoTpoHe (10 'aB npOTOHHbIN
CUHXPOTPOH) ocyulecTtensanock B J1IBO ONAN ¢ cepeguHel
80-x rogoB

C 2003 r. nporpamMmma nonsipusaumMoHHbIX uccrnenoBaHum boina
npoaomkeHa Ha HYKJITOTPOHE (cBepxnpoBoaawinm
CUHXPOTPOH TsKenbix saep 6AGeV ¢ xecTkomn
JoOKyCMpPOBKOW)
OcobeHHocTn HYKITOTPOHA
O4HO0DOpPOTHAasA NHXEKUUSA

KOpOTKOEe BpeMst nHxekumn (8.36 ucek, ansa CuHxpodasoTpoHa
Bpems nHxekumn 200 ucek)

Pa3paboTka HOBOro BbICOKOMHTEHCUBHOIO UCTOYHMKA
NONSIPM30BaHHbIX YacTuL, paccmaTpuBaeTcsi B nabopatopun B psay
3aJay BbICOKOro npuopuTeTa



General view of the NICA facility

The new flagship JINR project in high energy nuclear physics, NICA

(Nuclotron-based lon Collider fAcility), aimed at the study of phase transitions in strongly interacting nuclear matter at
SPI & linac the highest possible baryon density, was put forward in 2006

The NICA program consists of several subprojects
The one of them is the project NUCLOTRON-M, where the new polarized ion
source is included in, because the existing 0.4 mA 1t D* cryogenic source
POLARIS cannot provide some of the key parameters necessary for the new
facility

Physics with polarized light ion beams is considered as an important part of
the NICA collider program also

The expected luminosity is planned at the level of (103°-1031) cm?s -

Spin Physics
Detector (SPD)




- [lanbHeulwee pa3BuUTnE NporpaMmmbl NONAPU3aLNOHHbBIX NCCnegoBaHnn Ha
HYKIOTPOHE/NICA npegnonaraeT cyLeCTBEHHOE yBENNYEHNE
WHTEHCMBHOCTU KVICTOYHMKA nerknx nonigpusoBaHHbIX aaep

« HoBbIK NpoeKT no IcTouHmnky nonapusoBaHHbiX MOHOB (UINN-npoekT)
npegnonaraeT pa3paboTKy YHMBEPCanbHOro MCTOYHMKA MOSISIPU30BaHHbIX
OENTPOHOB M NPOTOHOB BbICOKOW MHTEHCMBHOCTH

 [lepBbIn aTan — 310 paboTa No yBENUYEHUO MHTEHCUBHOCTUN YCKOPEHHOIO
NONAPM30OBaHHOrO Ny4yka genTpoHos D*

« BaxHbIn paKkT - OTCYyTCTBME OENONAPUIYIOLLNX PE3OHAHCOB MO BCEMY
ananasoHy aHeprun HYKJITOTPOHA xapaktepHo Toneko gnsa DY

Llenb npoekTa — yBennyeHne MHTEHCUBHOCTM
YCKOPEHHbIX NONAPU30BaHHbIX MYYKOB Ha
YckoputenbHom komnnekce JI®B3 go 1079 yact/umn



NN -npoekT npegnonaraeTt UCrnosib3oBaHne 3apsago000MeHHOro
NoHM3aTopa

HoT + D* = H*T +D°
DT + H* = D*T +H° & ~5-10""5cm2

« [1poekTHble NapameTpbl ToKa Ha Bbixoge SPI-uctoyHnka go 10 vA
ona TD* (T HY)

« D*nongapusauus - 90% oT MakcMmanbHOro 3Ha4YeHus a5 BEKTOPHON
moAabl (£1) n TeH3opHon (+1,-2)



NN -npoekT YyacTnyHo BasupyeTca Ha obopyaoBaHum nctovHuka CIPIOS,
nepenaHHom B ONAN B pamkax coTpygHMyecTBa mexay
JINR&IUCF(Bloomington, USA)

Cooler Injector Polarized |0On Source (CIPIOS) 6bin paspaborar ripm

corpyarmnyectee IUCF&INR RAS 4na nonyvyermus nonsgpu3oBaHHbIX 1
HEerosISpU30BaHHBIX yYkoB H- 1 D~ MoHOB ¢ TOKOM Ha Bbixoge 4o 2 VA ¢
rnosnspusaymnent 4o 85% 4 H v 90% gs15 D~ moHoB

MonapusaunoHHas nporpamma uccrnegosaHmin B IUCF 6bina npekpaweHa B 2002 r. v

HekoTopble y3nbl uctoyHmnka CIPIOS 6binu nepeseseHsbl B ONAN

HacroaLymii ripoekT peasin3yercs B TeCHoM coTpyaHnydectse ¢ VAN PAH
(Mocksa)



TN — npoekT npegnonaraer:

pa3paboTKy BbICOKOMHTEHCUMBHOro VIcTouHuka [lonspusoBaHHbIX VIOHOB W
npoBefeHne ero KOMMJIEKCHbIX UCMbITaHUW Ha CTeHae

MoaANOUUMPOBAHNE BbICOKOBOJSIbTHOM MNatdopMbl M CTaAHUMM NUTAHUS Ha
doopuHxekTope Jly-20

agantauusi CyulecTBYOLWEN CUCTEMbI ANCTaHUMOHHOro koHTpona VI (nyneT
Jly-20) Ha BbICOKOM MoTeHUnane

cornacoBaHune VINMA&J1y-20 n npoBeaeHNe COBMECTHbLIX CEaHCOB C
NONsipPU30oBaHHLIM NYYKOM U N3MepeHmnem nonspusaunm Ha soixoge Jly-20
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ba3oBoe obopygosaHue UMW

ﬂ’ump, Turbo-V 3K-T, 2300 I/s H2 , 2400 I/s He - 2 item
Pump, Turbo-V 2K-G, 1600 I/s N2 -2 item
Fore pump Dry scroll pump type TriScroll 600 Inverter, 30m?h -2 item

Cryocooler, Single Stage Cryodyne Refrigeration System, Model 350
will provide 40 watts of heat lift at 77K

Pressure measurement system, MaxiGauge TPG256A
Qontroller for 6 gauges

&

Power supply Sorensen SGI40X375C-1CAA (40V, 375A, 15kW) - ABS sextupole
Power supply Sorensen DCS 8-350E (8V, 350A, 3 kW)
ABS&IONIZER
Power supply Sorensen DCS 12-250E (12V, 250A, 3 kW) - ionizer solenoid
Power supply Sorensen XG 8-200 (8V, 200A, 1.6 kW)
Power supply Sorensen DCS20-150E (20V, 150A, 3 kW) - bending magnet of the ionizer
Power supply Sorensen XG 40-42 (40V, 42A, 1680 W) - ABS arc source J
Signal Generator SMB100A with option - 1item
SMB-B102 9kHz — 2.2 GHz
High Frequency Generator HG1462C - 2items
100kHz-400MHz :
Power amplifier FLG-15CA, 0.7GHz-3GHz - 1 item > RF - units

Power amplifier FLH-20B, 20MHz-1000MHz - 2 items

Power Supply ZUP-10-20, 0-10V, 0-20A — 4items —/

High voltage power supply HCP350-35000 - 1 item
0-30 kV, 0-10 mA, positive

High voltage power supply HCP350-35000 - 2 items
0-30 kV, 0-10 mA, negative




BbICOKOBOSIbTHLIW pas3gennuTeribHbin TpaHcgopmaTop

Stewart isolation transformer
Electrostatically shielded
50.52 amps/35 kva- 160 kvdc isolation between input and output

[MpegHasHadveH onsa anektponutaHns VN Ha BbICOKOBONLTHOM TEpMUHane
doopuHxkekTopa J1Y-20



OcobeHHocTn HYKJITOTPOHA

- 0OAHOOBOPOTHAA NHXKEKUUSA
- NONOXXUTENbHbIE UOHbI

NTor - uenecoobpasHocTb pa3paboTkm McToYHMKA NONOXUTENBHO
3apAKEHHbIX MONAPU30BaHHbIX 4EATPOHOB

3ameyaHue:
10/15PU30BAHHBIE UCTOYHUKU ITOSIOXKUTESTbHO 38PSIKEHHBIX MOHOB
LSOCTUrar0T HaUBbLICLLEN MHTEHCUBHOCTU Ha 4aHHbBIV MOMEHT

I — npoekT npegnonaraeT npeobpasoBaHne 3apsi000OMEHHOro
noHnsaTtopa oTpuuatensHblix noHoB CIPIOS B noHunsatop

NONOXNTENBHLIX MOHOB C UCMOSTIb30BaHNEM HAKOMUTESNTbHON SA4YENKM
B crny4vae nosiydeHust nonsipu3oBaHHbIX 4ENTPOHOB NpU 3apsia0BOM

obmeHe B BOOOPOAHOM nna3me



loHn3aTop c HakonsieHUeM NONSAPU3oBaHHbLIX aTOMOB B
T nossonseT

- YBEITINYNTb MHTEHCUBHOCTDb NOJIAPNU30BAHHOIO My4Ka D+
- YMEHbLLLINTb SMUTTAHC MYy4Ka

- CYLLLeCTBEHHO YMEHbLUUTb UOHHbIN TOK H,* , KOTOpbIX
CITOXHO cenapupoBaTthb OT nonapusosaHHoro D* BBUAOy
CcXoAcTBa Macc MOHOB



IcTOYHKMK nonapusoBaHHbIX MoHOB B AN PAH

= atomic beam-type source with resonant charge-exchange plasma

lonizer and with a storage cell in the charge-exchange region

(Belov et. al. INR RAS, 1986, 1999)

HoT + D+ — H*T + Do

AT ——— . DH e
from storage plasma
ABC cell source

11 mA of H*T 80 % polarization has been
obtained from the INR source



Pas3paboTtka n nsrotosnenme yanos VlNA, ontummnsauus
napamMeTpoB aTOMapHOro ny4vka gentepus (Bogoposna) u
doyHKUMOHaNbLHOE TECTUPOBAHUE SYEEK SOEPHON NonapusaLnm
aTomoB ocyulectenanocsk B AW PAH (Mocksa)

Llenb — nony4yeHne atomapHoro nyyka D ¢
NNOTHOCTbLIO B uMnynbce Ao 2.5 -10'% at/cm? Ha
pacctosaHun 150 cm OT oxnakgaemoro KaHana
consia auccoumaTtopa ¢ Hanbonee BEPOATHOM

ckopocTbto aTomoB 1.5 -10° cm/cek



UctouHuk NMOJIAPUC (OUAN)

Transition | Pz Pz | Pzz | PzAI
M@ —4)| 12 | .9/ 2/9 0
M@—>6)| 12 | 2/3 2/9 0
M@2— 6)| 1/2 1/3 1/18 1 1/2
M@ —>5)| 1/2 1/3 1/18 -1 1/2
UMn (ONgun)

Transition | Pz Pl | Pzz | PzZA2I
M({1 —> 4)M| 1/3 0 0 -2 4/3

(3 — 5)

M(1 —> 4)M| 1/3 0 0 1 1/3

(2 —> ©6)

M@ —>6)M| 13 | _1 1/3 1 1/3

(1 — 4)

M@ — 5 M| 1/3 1 1/3 1 1/3

(2 — 6)




/ICTOYHUK [ lonapu3oBaHHbIX ATOMOB

(NAN PAH ctenn)
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Pulsed dissociator (INR-type), nozzle cooling to 70 K, set of permanent
magnet sextupoles and electromagnet sextupole, MFT, WFT and SFT
(CIPIOS)



Permanent sextupole

assembly & RF-cells Dissociator & Sextupole magnets
vacuum chamber

adjustment mechanism

L
Sextupole Y Y0 Cr :
\ & ryocoolel
magnet i ':r\ ’
N N
Mass -
spectrometr 3 Dissociator
Mass

spectrometer

vacuum chamber ¥ -

Leak detector
TW-14

23.04.2011

Pump Turbo-V 3K-T 5L D2 & Oz
2300 I/s Hz cylinders

Atomic Beam Source setup general view
(AW cTeHpn)



Signals of the TOF MS with the sextupole electromagnet
“ON” and “OFF”

RF discharge — on
Electromagnet 6-pole -- on

RF discharge — on
Electromagnet 6-pole -- off

RF discharge — off
Electromagnet 6-pole -- off

11/16/2011

Peak intensity obtained: DT - 1.0 -10'7sec!, H’T -1.5- 10"7sec""



CoctosaHue aen no UMNA

IcTouHUK [lonapusoBaHHbix ATomoB VIl cobpaH, npoTecTnpoBaH B
NAN PAH n nepeseseH B ONAN

v MnoTHocTb atomMapHoro ny4yka D B umnynbce Ha pacctodHmn 150 cm
oT oxnaxgaemoro conna (70K) 2.5 -10*1° at/cm® npn Hanbonee
BEPOATHOM ckopocTh atomoB 1.5 -10%° cm/cek

4 dyHkunoHanbHoe TectupoBaHne WFT&MFT aueek aoepHon
nonapusaymMm atomMoB OenTepus n Bogopona OCyLLEeCTBNEeHO



RFT scheme and deuteron polarization

Deuterinum

==t of permanent electromagnet
t-pole mognets E-paole

N e
[ - - [

= IIII|I\II|I\II|I I\|I\I\|IIII

HES M. M,
|1> +3/2 +1
|2> +1/2 0O
[3> -1/2 -1

|4= -3/2 -1
|5=> =-1/2 0
|6> +1/2 +1

Mg

+1/2
+1/2
+1/2

-1/2
=1/2
-1/2

1 1 1 I 1 L | I 1 1 L I 1 1 1

2

HFT between 6poles HFT after 6poles  Fmal D hfs P,

MFT 3 —> 4 WFT1—>54,2->3 3,4 -1
MFT 3 —> 4 SFT 2 —>6 1,6 +1
MFT 1 —> 4 SFT 3 -5 2,5 0

MFT 1 —> 4 SFT 2 > 6 3,6 0

4 6
D
B/BP

+1
+1
-2
+1




Deuterium atoms

Tests of the WFT

set of permonent
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Tests of the MFT

set of permorent electromagnet
t—pole moghnets E—pole
MET B OF Ms
Deuterium atoms
1,2 1,2 1,2
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Current of static field coil (A) 0 02 04 08 08 1 12 14 16 Current of static field coil (A)
lgrad=10,5 A Current of static field coil (A)
f=24,1 MHz Igrad=1A lgrad=2 A
f=24,1 MHz f=24,1 MHz

3 >4 mode

1— 4 mode




PaboTtbl no UM B ONAN BknoyatroT B cebs

cOOpKy U TeCcTUpoBaHME 3apsa000MEHHOIrO NOHU3aTOpa B peXNME
NONy4YEeHUs1 MPOTOHHOIO N AENTPOHHOIO NYYKOB C HAKOMUTESbHON
SIYENKON B NOHU3ALMOHHOM 0bbeme

onTUMM3aumo NOHHO-OMNTUYECKON CUCTEMbI NPU SHEPTUM MYYKOB A0
25 k3B 1 TpaHCNOPTUPOBKN CUITbHOTOYHbLIX MYy4YKOB

OONroBpemMeHHble KoMmnnekcHble ncnoitadua UM, sknrovas J1y-20
N3MepeHne nonapusauymm nydka Ha soixoge Jly-20

HeobxoauMo Takke paspaboTaTb KOMMNOHEHTbI CUCTEMbI YNIpaBNEeHNS
NS NEPBUYHOro aHanmsa u coopa AaHHbIX Y BONTOKOHHO-OMTUYECcKne
CUCTEMbI NEpPeaaymn AaHHbIX C YCTAHOBKW Ha BbICOKOM NOTeHLUMane



Cbopka 3apssgo0o0bMeHHOro nIasMmeHHoro
noHmsartopa Ha cteHae OUAN

Kamepa
9KCTPaKLu1M NOHOB
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o |
I

OnekTpocTaTuyeckoe ’
chepuyeckoe 3epkano

ONEeKTPoaYroBoMu
MCTOYHUK Nnasmbl

3apsaooObMeHHbIN
nyasMmeHHbIN MOHU3aTop



Bua co ctopoHbl ATTA

[ ™ ]

Mnatdopma onopel MA

[MoBOPOTHbLIN
MarHuT



Oowwmn Bug UMM nHa ctenage OUNAN

NTA

3apsa006MeEHHbIN MOHU3ATOP




Buag UM co cTopoHbI avccoupaTtopa

‘‘‘‘‘

b~ - S Kamepa akcTpakymm MOHOB n
. A ' CNUH-NpeLeccopa



Summary & Outlook

» IHTeHcuBHble paboTkl no IA B AW PAH (Mockea)
3aBeplueHbl B utone 2012 roaa

- B aerycte 2012 roga VA nepeseseH B ONAN n UT'TA
cobpaH B OKOHYaATENIbHOM KOHMUrypauumn Ha cteHae

 [NonHble ncnbitaHua V' ¢ BbIXogAoM Ha MPOEKTHbIE
napameTpbl OyayT ocyuwectenateca B OUNAN ([yoHa)

B 2012-2013 r.r.



Criacubo 3a BHUMaHue



