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Llenn n 3agaym skCcnepmnMeHTa

NccnepgoBaHne OCHOBHOW 4-HYKJ/IOHHOW peaKkuuuy C nongpusauunen
0b6enx NCxXoaHbIX YacTuy Npu HU3KNX aHepruax (Ao 100k3B).

—> — t+p
d + d <
SHe + n

e CucTeMaTmyeckme UaMepeHuns CnnH-KopennaumoHHbIX KOIPOULIMEHTOB
e I3MepeHne ceyeHmns peakumm Nonasspn3oBaHHOro CMHTE3a
[R.M. Kulsrud et al., Phys. Rev. Lett. 49, 1248 (1982)]
3He+d — “He+p : Factor ~1.5 at 430 keV
[Ch. Leemann et al., Annals of Phys. 66, 810 (1971)]
e I3MepeHne nogaBneHUss HEMTPOHHOIO KaHana peakuuu
Quintet suppression factor
[H. Paetz gen. Schieck, Eur. Phys. J. A 44, 321-354 (2010)]
[Deltuva and Fonseca, Phys. Rev. C 81 (2010)]
e I3MepeHne yrnoBoro pacnpeaeneHns npoayKros peakumm
e A\ccnegoBaHne BO3MOXHOCTU NPaKTUYECKOro UCMosib30BaHUS
NoNsipU30BaHHOIoO TOMNIMBA
Persistence of the Polarization in a Fusion Process
[J.-P. Didelez and C. Deutsch. Few-Body Conference, Bonn (2009)]
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@ BnnaHune ceyeHnsa Ha napaMeTpbl peakTopa

NWMNYyNbCHbIN peakTop C UHEPUMOHHbLIM yaep)XaHunem nsasmbl (D+T)
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@ The Quintet suppression factor
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@ CxeMa aKcrnepuMeHTa

‘He* (0.8 I\/IeV), ABS Polarized Atomic Beam Source
*H* (1.0 MeV)

|~ 1-10" at/s

Target density ~ 7 - 10" at/cm’
Vector polarization: £ 0.7

d " (1-32 keV) lon

source

Polarized lon Source

lon beam: I< 20 yA

(1.3 - 10" d/s)

E....< 32 keV

Vector polarization: = 0.7

dd-polarimeter
or LSP

Luminosity: 1.3:10® 1/cm’ s

— count rate: ~ 54/h (30keV) LSP n (2.4 MeV),
| p (3.0 MeV)

— 2 month beam time Lamb-Shift Polarimeter
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@ CxeMa aKcnepuMmeHTa

"He™ (0.8 MeV),
*H* (1.0 MeV)

dd-polarimeter
or LSP

Luminosity: 5.2-10® 1/cm® s
Luminosity: 1.3:10® 1/cm’ s
— count rate: ~ 216/h (30keV)
— count rate: ~ 54/h (30keV)
— 3 week beam time

— 2 month beam time

Ferrara (IUCF) ABS
|~ 4-10°at/s

L 1 4. N16

LSP

I L 'y

Target density ~ 2.8 - 10" at/cm®

Vector polarization: £ 0.7

d *(1-32 keV) lon

source

Polarized lon Source

lon beam: I< 20 yA

(1.3 - 10" d/s)

E....< 32 keV

Vector polarization: = 0.7

n (2.4 MeV),
p (3.0 MeV)

Lamb-Shift Polarimeter
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@ NCcTOYHMK nonsspnu3oBaHHbiX atoMoB (ABS)
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Oxnaxpaemoe conno
(70-300K)
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@ N3MepeHne MHTEHCUBHOCTU U CTENEHU Anccouunaumm

[BYXKOOPANHATHbIN CTON

eQMS
eKOMMNpPEeccnoHHasa Tpybka
eFaraday cup
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@ POLIS

v'BakyyMHas cuctema [2:10-7 mbar]

v BoasitHoe oxnaxaeHune POLIS
[6€3 ueHTpanbHON CUCTEMDI ]

v Cuctema ynpaB/ieHus
[BakyyM+oxnaxaeHune]

o Dissociator

o Magnets

o RF units
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@ POLIS. Cucrtema ynpasneHus4.
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@ [JeTekTopHada cuctema

25.12.2012

KaTyLwKu
[[enbMronbua

JeTekTopHas
cucrtemMa

Kamepa
B3aMMo4encTeumnsa
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@ JetekTopHasa cuctema (MNbA)

NoBepxXHOCTHO-bapbepHble AEeTEKTOPLI
4-71 NeTeKTop C 3anojiHeHneMm 65%

50 geTteKTopHbIX 31eMeHToB (33x33mm)
800 snemeHTapHbIX A4eeK (7x7mm)
A.X.XycanHoB
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@ TecToBad cucremMa gnga AeTeKTopos

Vacuum
chamber

Detector | Bleeding

- valve
Preamplifier ¢ — —&l ﬂ

(R e

Oscilloscope

/ P+C_ [ X
L O

Turbopump  Forepump

| 4]

Alpha-source:
239py + 240py = 80.4%
238py + 241Am = 19.6%

2341 4 235 4 238

241 Am
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@ N3mMepeHune xapaktepuctuk MNb
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@ JNeKTpoHuka ansa céopa gaHHbix (OP3)

TpeﬁoBaHMﬂ: ATLAS CSC CSP
O 800 kaHasnoB r

 TMonHasa ckopocTb cyeTa < 1kHz
d CtaHaapTtHbin nHtepdenc c MK (Ethernet?)
d CuHXpoHM3auma ansa aHanmsa coBnageHuim

24 channel CSP 24 channel ADC board Concentrator

™~ /
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- N
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@ CnctemMa BOASHOro oxsaa)XaeHus

'; S [lapaMeTpbl CUCTEMbI.

T\- e Bo3ayLWHbIM TEMNTOOOMEHHUK
: - e XosiogunbHaa MowHOCTb: 100kW
] e XuakocTb: Boga + 10% 3TaHon
e Pabounn notok: 1.4 1/s

e [lepenag temnepatypbl: 30-50°C
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@ [naH paboT

NHdpacTpyKTypa
O [loarotoBka aKCNepuUMEHTa bHOro 3ana

O T[Mnatdopma Ans 3N1EeKTPOHUKH
0 CucrtemMa oxnaxxgeHusd

d Cobopka v 3anycKk MOHHOIoO UCTOYHMKA
O BakyyMmHas v BoasiHas cuctema

v/ mMapT 2011
v/ maii 2011
<& mapTt 2013

v/ nekabpb 2011

0 CwucTteMma ynpaBneHus v/ mapT 2012

O [lycko-Hanagka & BecHa 2013

0 DSKCnepuMeHT C TBEPAOTENIbHOM MULWLEHbID  OocCeHb 2013
d Co3pgaHune aToMapHOro UCTOYHKMKA oceHb 2013

BakyyMHaa cuctema

PaspaboTka MarHMTHOW CUCTEMBI
PaspaboTka gmnccoumnaTtopa
KoHcTpykunsa BY 6nokoB nepexoaa
[Tycko-Hanaaka UCTOYHUKA
eTeKToOpHas cuctema

deTeKkTopHasa Kamepa

PaspaboTtka mexaHunku AC
PazpaboTka 3N1eKTPOHUKHU
[Mpon3BOACTBO 3/1EKTPOHUKN
MponsBoacTBo U TectnpoBaHue MNb

U
IR o e e R Y Y B

2 BecHa 2013

& MapT 2013

v/ Aekabpb 2012

2 deBpanb 2013
oceHb 2013

KoHey 2012

v~ anpenb 2011

v BecHa 2012

2 ¢eBpanb 2013
noHb 2013

2 MioHb 2014
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@ naH paboT. PHaAHCUpPOBAHUE,

®unHaHcmpoBaHue 2012:

-  MHTU npoekT #3881

d  Deutsche Forschungsgemeinschaft
d HUU KU ( ~ 0.6 MAH.p.)

OunHaHcupoBaHue 2013:

d  MEHApeek—H#3881—

O  -Dedtsehe-forsehuRgsgemesehaft—
g HWUU KU ( ~ 8 MaH.p.)

3adBKU Ha rpaHTbl POOU.

d  Pa3paboTka n co3gaHme MHOrokaHanbHOW 4pi-AeTEKTOPHOMN CUCTEMbI AN
perncTpauum npoayKToB peakuuin 94epHOro CUHTE3a J1erknux 3/;1eMEHTOB B paMKax
skcrnepmMmeHTa PolFusion.

O Pa3paboTka 1 cozgaHne UCToOYHMKa MOHOB C aHeprmnen no 100 k3B ¢
NCNOIb30BaHMEM MJIAa3MEHHOI0 pa3psaa B Nosie BbICOKOTEMNEPATYPHOro
CBEPXMNPOBOAHNKA N KPUOFEHHOIO0 UCTOYHMKA BbICOKOIO Hanps>XeHus.

d  MaTteMmatunyeckoe MoaenmpoBaHue saepHbIX peakunin 4eUNTPOHOB Npu HU3Kux (10-
100 k3B) sHeprusax ¢ y4eToM CrMHOBbBIX COCTOSIHUMN.
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@ Bo3aylUuHbIN TEMNTO00OMEHHUK
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@ BnnaHune cedyeHnsa Ha napaMeTpbl peakTopa

NMNyNbCHbIN peakTop C MHEPUMOHHbLIM yaepxXaHuem nnasmbl (D+T)
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M. Temporal et al. Nucl. Fusion 52 (2012) 103011
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@ Adjacent experiments

Persistence of the Polarization in a Fusion Process.
J.-P. Didelez and C. Deutsch. Few-Body
Conference, Bonn (2009).

Basic study on polarized D-D fusion.
N. Horikawa. International Symposium on
Polarized Target and its Application (2008).

Proposal for Basic Study on Spin Estimation of Cost and Time
Polarized D-D Collision 1. Cost:
* Pol. lon Source : ¥ 328,000,000 (for 2 stations)
« Beam Channel : 28,000,000
1. Condition for the Pol. Beam ) SDZ?;‘;:;?S Sllbcas SPU0,000
Beam Intensity : I > 10" particles/s
Beam Polarization : P > 50% > Comsumable : 51,000,000
matterials
2 Event Rate * Employment . 54,000,000
E = 10 ~ 100keV Region « dravel Expenses : 11,000.000
About n> 102 (events/s) 512,000,000
2. Time schedule :
3. Data acquisition 3 years : for Construction
Statistical Error < 5% = Confirmation of Effect of 1 year : for tuning
Spin Pol. Collision 1 year :measurement
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@ dopmupoBaHue Konnabopaumm

d  SPIN-2010. CERN Courier 51 N3

(2010). JOURNAL OF PHYSICS: CONFERENCE SERIES

The open-access Journal for conferences
19th International Spin Physics
Symposium (SPIN2010):
Part 1 (articles 1-75)

d PSTP-2011. St-Petersburg,

Jilich, Germany

Se ptem ber 2011. 27 September - 2 October 2010

Editors: Frank Rathmann, Hans Stroher, Ralf Gebel, Christoph Hanhan, Andeo Kacharava,
Andreas Lehrach, Bemnd Lorentz, Nikolai N Nikolaev and Andreas Nogga

1 2~1‘6.§eptember 2011
St.Petersburg

jpcs.iop.org

IOP Publishing
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@ Hyperfine states

ABS 85% value
BESSHaE MET BES e SFT WFT | HFS after ABS| Pz Pzz Pz Pzz Beam
Sextupole 1 Sextupole 2
1,2 3 1,2 3 1,23 +1/3 173 0272 | -0.332 0
1,2 3 1-4 23 2.3 0 =: 0.02 | -0.85 1
1,23 3-4 1,2 1.2 +2/3 0 +0.561 | -0.02 2
1,2 3 3-4 1,2 on 3,4 203 0 -0.561 | +0.02 3
1,2 3 3-4 1,2 2-6 1.6 +5/6 +05 | +0.714 | +0.434 4
1,23 1-4 2.3 2-6 3,6 +1/6 05 | +0.145 | -0.391 5
1,23 1-4 23 35 2.5 16 05 | -0.145 | -0.459 6
POLIS 75% value
HFS after MFT HFS after SFT WFT | HFS after ABS| Pz Pzz Pz P2z Beam
Sextupole 1 Sextupole 2
1,2 3 123 123 0 0 0 0 0
1,23 1-4 23 2.3 05 05 | -0375 | -0.375 1
1,23 34 1,2 1,2 +05 05 | +0.375 | -0.375 2
1,2 3 3-4 1,2 on 3,4 1 1 0.75 | +0.75 3
1,2 3 3-4 1,2 26 1.6 +1 +1 +0.75 | +0.75 4
1,23 1-4 23 2-6 3,6 0 +1 +0.02 | +0.75 5
1,2 3 1-4 23 35 25 0 = -0.02 15 6
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@ Electron screening

Astrophysical S-Factor:
F. Raiola et al.; Eur. Phys. J. A 13, 377 (2002)
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@ Unpolarized cross sections
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R. E. Brown, N. Jarmie, Phys. Rev. C 41 N4 (1990)
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@ The Formula

3 [A(b)(e)pv A(‘)qy] + = [A(b)(e)]’:.z + Agz) (e)q"]

- [Ai';’ (©)Pesy + Asz (©)dez-u]

[A“” P2z + A(0)g::

—4- [Cy.y(e pry + CZ.Z(e)pIqI + CI.Z(e)pIqZ

+Cz,z(e)sz: + Cz.z(e)pz%]
3
1 [Cv.R(e)py(kz + sz.y(e)pzz%]

Cy,:z(e)prxz + Cz:.y(e)pz'zQy + Cz,y:(e)pqu:
Cyz.x(e)pyz‘k + Cz.yz(e)p:Qyz + Cy:.z(e)pyz‘k

1
Z [Cy,xx-w(e)prx:-yy + sz—yy.y(e)pzx—yVQy

+C:z.zz(6)Pzz‘kz]
1
§ [sz.zz(e)pzz‘hz + Cz:.z:(e)pzz‘hz]

1
'1'5 [C:z.:x—w(e)p:xq:z—w + C:z—w.z:(e)pzz—wq“]

4
§ [Cz:.zz(e)pn(kz + Cy:.y:(e)pyz%{z]

8
9 [Czy.yz(e)nyQyz + Cyz.:y(e)py:(ky]

16

g‘crv.rv(e)l’zu‘ky

1
§ [C:z.z:-yy(e)pzzqz:-yy + sz—yy.z:(e)pzz—yyqu]

1
%sz—w,z.t—yy(e)pzz——ny.:x—yy

1
'2‘ [Cz.zy(e)Pzsz + Czy.z(e)pry‘h + Cz.zy(e)pz(hy

+Cry.: (e)pzy‘h] }

0(0,P) =00(0){1 +

Spins of both deuterons
are aligned:

Only p,(q,) and p,,(q,,) # 0

3

§ [Agt)(e)p-’-l Ar Ag‘z)(e)q“]
9
4

1
+ -Cz,z(e)pzq: 1 Zczz,zz(e)pzzq:z}

Only beam is polarized:
(pi,j 7 0, Qi; = 0)

o(8,9) = 0y(8) - {1+3/12A(0)p,
+ 112 A,(O) Py,
+ 1/6 A yy(©) Pyxzz
+2/3A,,(0) p,,}
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@ NcTopus. MNMpenpuHT AgbsiceBnd, AHTOHEHKO (1976)

MUA3-2704

Opaewa fMenuna
MHCTUTYT aTOMHOW 3HEpruu
um. U. B. Kypuarosa

N3ameperune koaddhuumeHTos
Koppensuuu nonspusauuvin

B peakuusx "ﬁ(&',p)*’H " ’FI’(I,n)aHe

Mocxsa 1976
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@ MoaennpoBaHume n 0bpaboTka AaHHbIX
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d Moaenb AeTeKTOPHOW CUCTEMBI
O NeHepaTop cobbLITUN

d ObpaboTka AaHHbIX
0 BoccTaHOBMEHME CeYyeHnin reHepatopa cobbiTum
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@ Deuterium polarization

' Vector polarization

P =Emmmm==mmn

WNF
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o 2 a1 & 3 4 =BIB.

=B/ BC Tensor polarization
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