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Polarized target at VEPP3 :: Cryogenic Atomic Beam Source

[ Stern-Gerlach method + adiabatic rf transitions ]
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Cryogenic Atomic Beam Source :: Superconducting magnets

Pole tip field of magnetsis up to 4.8 T.

Surface of magnets is used as a cryopump.
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Max. flux = 8.2*1016 at./sec.

Intrabeam scattering limits

the intensity. (D.K.Toporkov,

Phys. of Part. and Nucl. (2014)
\\/.45, Nol, 338-340)
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How to increase the intensity of polarized beam ?

[Large aperture — Low beam density —» Avoidance of intrabeam scattering ]

Yu.V.Shestakov et al., “Possibility to obtain a high density polarized ortho-
hydrogen gas target”. Proc. of 13t Inter. Symp. on High Energy Spin Phys.,
Pronvino (1998) p.415 (Calculated I=101"mol./s, yielding t=10*>mol./cm?)

& 7| capillary ) Cold storage
& ring array Multipole magnet Turbo pump cell (10K)

) : NN

O

|
450
cm

—20

m, — projection of molecular nuclear spin I. Under normal condition hydrogen is a
mixture of 3/4 ortho- (I=1) and 1/4 para- (I=0) states. Total electron spin S=0.




Joint Russian-German project within the RSF-DFG cooperation

/“Towards a Molecular Source for Polarized Deuterium\
Fuel in Nuclear Fusion Research and other Applications”
(2016-2018)

Applicants

on the Russian side: on the German side:

Dr. Dmitri Toporkov, Prof. Dr. Markus Buscher,
Budker Institute of Nuclear Institute of Laser and Plasma
Physics of Siberian Branch Physics, Heinrich Heine

RAS, Novosibirsk University, Dusseldorf.

The joint project involves the study of the possibility of obtaining of
nuclear spin polarized molecules of hydrogen isotopes by their
separation in a nonuniform magnetic field.




Polarized fuel for thermonuclear fusion

Enhancement on fusion cross section

The primary reaction for fusion D+T- He*—- 4He+n is dominated by spin

3/2 resonance that is just above the particle decay threshold in compound
nuclei *He* => Only the 3/2 spin channel contributes to the cross section:
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_ 2
Sunpol = S+ 5 = 3%
i o .
If the incoming particles are both polarized: gain= —P = _~82 -15

Ounpol 2130y,

Control of angular distribution of reaction products
Maxwell-averaged cross section for D + T->4He+n:

spins parallel
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P.is the triton polarization, P} and P are the deuteron ™./ ~ \ .-~

vector and tensor polarizations, angle @ is measured
relative to magnetic field. ]~

(A.M.Sandorfi, et al., arXiv:1703.06165v1 0.0 spins antiparallel

[physics.plasm-ph] 2017) Y
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Experimental setup to obtain polarized molecules
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Profile of the molecular beam

The DSMC method was used to calculate
the dynamics of the H, outflow through a
ring nozzle.

Molecules interacting with the inner surface
of the magnets, subject to 2 h sin(0) « A,
are reflected specularly.

=
=
in
o
N

R=

BN S e

0,2 0.4
OnwvHa ceoboaHoro npobera (M)

Right figure shows the pressure (blue
points) measured by the CT as a function
of the CT position. The position of
compressing tube is changed in the
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Monte Carlo ray tracing simulation

Energies of H, states as a
function of magnetic field.
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Experimental setup to obtain polarized molecules




Experimental results :: Intensity of H, beam while ramping the magnet

Figure shows the experimental result on the pressure change in the CT for a
H, molecular beam, when the current through the magnets was turned on
and off. The measurements were done at different temperature of the nozzle.
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The conductance of the CT and the sensitivity of the vacuum
gauge to the given gas are known. == It is possible to determine
the flux of focused (polarized) molecules. 1, ® 3-:1012 mol./sec.




Polarization measurement with the LSP

POLARIZED MOLECULAR SOURCE LAMB-SHIFT POLARIMETER
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Photo of the Lamb-Shift Polarimeter in Novosibirsk




Cmambs e XypHasne

DH3IHKA JIEMEHTAPHBIX YACTHL H ATOMHOIO A0PA
2019. T. 50. BbIIL 5. C. 572-584

UCTOYHUK ALAEPHO-NONAPU3OBAHHbIX
MOJIEKYJ1 BOOOPOJA/AENTEPUA

10. B. lllecmaxoe > *, J]. M. Huxonenxo ', H. A. Pauex ',
1. K. Tonopkos '*, A. B. FOpuenxo*

! MucturyT apnepuoi duamm . . U. Bynxepa CO PAH, HosocuBupck, Poccus

2 HosocuBupckmA rocyaapcTeeHHbIn yHueepcuter, HosocuBupck, Poccus

B Hucruryre apepuoit dmankn um. . H. byakepa wcneiran nporotin HCTOMHHKA
AAEPHO-NONAPHIOBAHHLIX MOIEKY BOAOpoAa/AeiiTepHd, B OCHOBE KOTOPOIO JIEANT KAACCH-
yeckad cxema lrepuna-Tepnaxa. OCHOBHEIMH KOMIIOHEHTAMH [IPOTOTHIA ARIHIOTCH KOJb-
HeBoe Comlo, oxnaxiaemoe a0 6,5 K, M ABa CBEpXNpOBOASIIMX MECTHIIOIIOCHBIX Mar-
Huta. HiMepennas HHTEHCHBHOCTE SASPHO-NONSPHIOBAHHEIX MOJIEKYI BOAOPOAA COCTABIIA
3-10" ¢! npu nonmowm razosom notoke uepes comwto 4 - 1077 n-Topple. TMonyuen-
Hhle pelynbrarel Gyayr ucnonelosansl npu paspaborke Gonee HHTEHCHBHOIO MCTOMHHKA
MOAPHIOBAHHLIX MOJIEKYI,




Keanmoesbii uHmepgepomemp Ha ocHoee UIA u CoHa-nepexodoe

Mepexon MexxaQy 3HepreTMYeCKMMU YPOBHAMM NPHU NpoxoxxgeHnn obnacru |
C Hy/1eBbIM MarHNTHbIM nonem (CoHa-nepexoq).

MpaeanbHbin cnyyan
He - |
B B

PeasibHbIii My4YOK aTOMOB MMEET rnonepeYyHblii pasMep —=> BO3HHKAaeT B,

div(B)=0 => B,=-(dB,/dz)r/2




Keanmoesbii uHmepgepomemp Ha ocHoee UIA u CoHa-nepexodoe
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Keanmoesbii uHmepgepomemp Ha ocHoee UIA u CoHa-nepexodoe

ATOMIC BEAM SOURCE LAMB-SHIFT POLARIMETER
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Spin filter i

VACUUM Ionizer Wien filter

W3-W1 as a function of current
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Habnroodernue ocuyunnayuu e Onuxe (FepmaHusi)
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The Sona Transition Unit
p-metall shieldings
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Cwm. http://hepd.pnpi.spb.ru/hepd/events/abstract/2018/Talk.LSP.PNPI1.2018.pdf




Habnroodernue ocuyunnayuu e Onuxe (FepmaHusi)

in & (o) = At [y )

or to move in the direction of the 7 axis:

L @) =L @) y@),
where V is a velocity of atom in the direction of the 7 axis and four-dimensional vector of
quantum state ¥1(2)
Y2 (2)
l¥(2)
)= Y3 (2)
Ya(2)

H= hAm’ S Mg ge(B: S, +B, SX+B S)

Hamiltonian in the case of axial symmetry has the following matrix form

15 By(2) Enj;Lﬂ 0 :Eﬁvﬁ_r(ﬂ
2 2
H =
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V2 g B;(2) vz —Apfs




Habnroodernue ocuyunnayuu e Onuxe (FepmaHusi)
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Habnroodernue ocuyunnayuu e Onuxe (FepmaHusi)




Habnroodernue ocuyunnayuu e Onuxe (FepmaHusi)

Componenits of magnetic field vs Z (axis along the motion of atoms)
at r=3mm. Current through the coils is 10A.




Hab6nrdeHue ocuunnsayuii e Onuxe (FlepmaHus)
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CnuHosasi OuHamuka H, e nepuodu4eCcKoOM Ma2HUMHOM roJsie
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CnuHosasi OuHamuka H, e nepuodu4eCcKoOM Ma2HUMHOM roJsie
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CnuHosasi OuHamuka H, e nepuodu4eCcKoOM Ma2HUMHOM roJsie

1
H,(t) = Hysin(kvt), H,= —gkp Hy cos(kut) .

zaiv,b = B[S.sinT — V2)\ S, cos Ty, B= Kot :
T
Krylov-Bogolyubov-Mitropol’skii method
W, = cos*(Q7/2), Wy =2sin*(Qu7/2) cos*(Q7/2), W_1 =sin*(Qy7/2),
where the oscillation frequency €2 reads Qo = V2AB J1(B).
B* =3.83, 7.02, 10.17, 13.32...

O U U U A T T T T T S A A A

Wi(3.5, 0.07)
Wi(3.82, 0.07)




CnuHosasi OuHamuka H, e nepuodu4eCcKoOM Ma2HUMHOM roJsie

Spin dynamics of a hydrogen atom in a periodic magnetic

structure

AL Milstein,* Yu.V. Shestakov,! ' and D.K. Toporkov!:?

L Budker Institute of Nuclear Physics of SB RAS, 630090 Novosibirsk, Russia
(Dated: March 11, 2020)
Abstract
The spin dynamics of a hydrogen atom during the passage of a periodic magnetic structure is
discussed. The oceupation numbers of the components of the hyvperfine structure are considered

as a function of time. The characteristic low-frequency oscillations are visible, which have a direct

analogue in the effect of nuclear magnetic resonance. An envelope forms of these oscillations are
found using the Krvlov-Bogolyubov-Mitropol'skii method. The dependence of spin dynamics on
the parameters of the magnetic structure is investizated. It is shown that this dependence is very

sensitive to the structure of the magnetic field.
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