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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 magnets is up to 4.8 T.

Surface of magnets is used as a cryopump.  

Max. flux = 8.2*1016 at./sec.

Intrabeam scattering limits 
the intensity. (D.K.Toporkov, 
Phys. of Part. and Nucl. (2014) 
v.45, No1, 338-340)
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How to increase the intensity of polarized beam ?

Yu.V.Shestakov et al., “Possibility to obtain a high density polarized ortho-
hydrogen gas target”. Proc. of 13th Inter. Symp. on High Energy Spin Phys., 
Pronvino (1998) p.415 (Calculated I≈1017mol./s, yielding t≈1015mol./cm2)

mI – 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.
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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:

Dr. Dmitri Toporkov,
Budker Institute of Nuclear
Physics of Siberian Branch 

RAS, Novosibirsk

on the German side:

Prof. Dr. Markus Buscher,
Institute of Laser and Plasma 

Physics, Heinrich Heine 
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.



6

Polarized fuel for thermonuclear fusion

Enhancement on fusion cross section 
The primary reaction for fusion D+T→ 5He*→ 4He+n is dominated by spin
3/2 resonance that is just above the particle decay threshold in compound
nuclei 5He*. => Only the 3/2 spin channel contributes to the cross section:

If the incoming particles are both polarized:
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Control of angular distribution of reaction products
Maxwell-averaged cross section for D + T→ 4He+n:

is the triton polarization,     and     are the deuteron
vector and tensor polarizations, angle  is measured 
relative to magnetic field. 
(A.M.Sandorfi, et al., arXiv:1703.06165v1 
[physics.plasm-ph] 2017)
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Experimental setup to obtain polarized molecules
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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 
direction perpendicular to the molecular 
jet. Red curve is the results of simulation.

Profile of the molecular beam 

The DSMC method was used to calculate 
the dynamics of the H2 outflow through a 
ring nozzle. 

Molecules interacting with the inner surface 
of the magnets, subject to 2 h sin(Θ) « λ, 
are reflected specularly.
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Monte Carlo ray tracing simulation

Energies of H2 states as a
function of magnetic field.

Only molecules in the states
A,B,C with mI=-1, which are
focused can enter the CT.
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Experimental setup to obtain polarized molecules
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Experimental results :: Intensity of H2 beam while ramping the magnet 

Figure shows the experimental result on the pressure change in the CT for a
H2 molecular beam, when the current through the magnets was turned on
and off. The measurements were done at different temperature of the nozzle.

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. Imax ≈ 3∙1012 mol./sec.
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Polarization measurement with the LSP
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Photo of the Lamb-Shift Polarimeter in Novosibirsk 
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Статья в журнале
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Квантовый интерферометр на основе ИПА и Сона-переходов

Реальный пучок атомов имеет поперечный размер => возникает Br

div(B)=0  => Br=-(dBz/dz)r/2
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Квантовый интерферометр на основе ИПА и Сона-переходов
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Результаты первых измерений:

- низкая чувствительность 
поляриметра;

- плохая экранировка от внешнего 
магнитного поля;

- магнитные свойства нержавеющей 
трубы влияют на проникновение 
магнитного поля.

Квантовый интерферометр на основе ИПА и Сона-переходов
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Наблюдение осцилляций в Юлихе (Германия)

См. http://hepd.pnpi.spb.ru/hepd/events/abstract/2018/Talk.LSP.PNPI.2018.pdf
.
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Наблюдение осцилляций в Юлихе (Германия)
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Наблюдение осцилляций в Юлихе (Германия)
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Наблюдение осцилляций в Юлихе (Германия)
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Наблюдение осцилляций в Юлихе (Германия)
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Наблюдение осцилляций в Юлихе (Германия)
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Синяя кривая – численное решение ур-ния
Шрёдингера.
Оранжевая кривая – матричный расчет по 
выше описанной схеме квантового 
интерферометра.

Частица со спином 1 описывается тремя базисными 
состояниями, соответствующими трем собственным 
значениям оператора Sz

При этом операторы Sx Sy и Sz задаются матрицами:

Поворот вектора состояния:

Сравнение двух расчетов 
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Спиновая динамика H1 в периодическом магнитном поле
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Спиновая динамика H1 в периодическом магнитном поле
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Спиновая динамика H1 в периодическом магнитном поле
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Спиновая динамика H1 в периодическом магнитном поле
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СПАСИБО !
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