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Outlook of the presentation

> Fusion with polarized fuel.

> The PREFER collaboration/projects:
< DD spin dependent studies (PNPI/FZ]/FE).

» Production of polarized fuel from pABS, and
its handling (FZJ / PNPI/ FE).

» Filtering of hyperpolarized molecules from
MBS (BINP/HHUD).

> A new method of Laser QB excitation and

UV dissociation (IESL/FZJ/HHUD).

* Laser Induced Plasma: production,
acceleration and fusion (PGI- FZJ/HHUD ).

> References more than conclusions.
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Fusion of Niuclear Polarized Fuel

From the point of view of the nuclear
physics, the use of polarized fuel
seems the viable way 1n order to fulfill
nuclear fusion for energy production
thanks to:

> enhancement of fusion cross
sections,

» control of angular distribution of
reaction products,

» possible neutron lean reactors.

But practical use is still far away, mainly
due to still open questions and
requirements:

» polarized fuel, high polarization and
high density (few orders of magnitude
higher than available as nuclear
polarized targets).

» Preparation of fuel for magnetic
confinement or inertial confinement.

» Survival of polarized fuel in the
fusion reactors or in inertial
confinement.

It’s a challenging deal providing useful polarized fuel for the purpose of testing in
present (... future) FUSION environments and by product gain in “better” targets.

G. Cuullo et al. Nuclear Fusion with Polarized Fuel - Springer Proc. in Phys. 187 (2016)




1 i i1 | 1. Generation:D+T — “He+n

B 1.a) Increase of total cross section!
4 L 1.b) differential cross section: angular distrib.
7 | f(6) therefore better control!!
i | 2. Generation:D+D — T+p or 3He+n
Fuel available (30 g m3 in ocean water)

Anya 2.a) Increase of total cross section ?
: = 2.b) differential cross-section and angular
A distrib.?
I /' | Still missing data for a complete description.

s i —3.4: | 2.c) Possibility to suppress the reactio 3He + n
i ;J s (QSF Quintet Suppression Factor)?
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< DD spin dependent studies (PNPI/FZ]/FE).




Deuterium Fusion experiments
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< Production of polarized fuel from pABS, and
its handling (FZJ / PNPI/ FE).




Lyman Spectrum of HD Molecules
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Condensation & transp. of pol. fuel

S Polarization Measurement:
l NMR — Sensor?
=iz heat up, accel., measure with LSP?
.
Production of 1 day
RCT SC Solenoid LHe tank l (>1O21 mOIGCL“eS) iS
X e enough to feed a
— memiin [ 12 3.10k Cold Tokamak for seconds !!
N / B
\
Correction Cell _ ]
coils D2 Ice

== oS

We can produce .’7—[2, D,, and HD molecules with a large polarization
of P~ 0.8 | For HD any spin combination is possible !
HD is a perfect training ground for the handling of TD !
The condenser will be surrounded by a SC MgB, cylinder, which allows

to provide the holding field during transportation.



Field Cooling -> Field Trapping
cool down about 7.5 hours

temperature 13 K INFN

resistive magnet ramp: 0.25Aeach 4 s
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Statera et al . NIM A 882 (2018) 17
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< Filtering of hyperpolarized molecules from
MBS (BINP/HHUD,).




Energies of H, states as a function of magnetic field.
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C With mI=-1I focused by the , ‘/a Budker Institute of
field can enter the Compression | R
tube (CT). —

Nuclear Physics

D. Toporkov in http://prefer.lkst.ru/agenda.php (6/2019)




Ring source Entrance slit Compression tube
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Fig. 6. Trajectories of H, molecules with different projec-
tions m; of the nuclear spin passing through magnets M1
and M2. CT is the compression tube.
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Fig. 7. Measured dependence of the pressure in the CT
(squares) on its position. The curve represents the results
of computer simulations.



<« A new method of Laser QB excitation and
UV dissociation (IESL/FZJ/HHUD).




Fxcite OF and dissociate with UV
FORTH _ 4) J0LicH

New idea: ,Highly nuclear-spin polarized deuterium atoms
from the UV dissociation of Deuterium lodide”

Sofikitis et a.; Phys. Rev. Lett. 118 (2017) 233401.

Pulsed Nozzle DI

N4
) //l\ D atoms ——> LSP of Julich Type

Laser

Excitation [ Laser —> Electron-Polarization =1

Dissociation \’
Deuteron-Polarization ~ 2/3

(Proton-Polarization = 1)

Proof-of-principle experiment under study
(Uni. of Crete/FORTH, IKP/PGI in FZJ/HHUD).

C. Kannis in http://prefer.lkst.ru/agenda.php (6/2019)




Comparison of spin polarized hydrogen obtained from atomic

beam source (the most intense) and UV dissociation

BNL ABS UV dissociation
(Crete)
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< Laser Induced Plasma: production,
acceleration and fusion (PGI- FZJ/HHUD ).




LTP production, diagnosis and fusion test

Fusion reactions

=, Does the fusion rate
depend on the target
polarization?”

MU|ti-TW Iaser beam Accelerated Ions Heinrich Heine
U Universitat
Dusseldorf .
=, Are the
accelerated ions

pum-sized polarized?”
relativistic |
plasma

&, Angular
dependence of fusion
products?”

Polarimetry available: N. Rab et al. Phyisics of Plasma 21 (2014) 023104
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Pre-polarize
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polarized proton beams
From LIP

Ali t of
100 mJ @ 1064 nm f &.\. — :rr A%Tr:::d:
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Polarized He beams
From compresse polarized 3He

Photo-dissociation

20m) @ 213 nm : r I ) ® ‘ ® and polarization of
‘ ‘ ‘ the H nucleus

;:::n o O o — ‘ ?‘ Acceleration of the

300J) @ 800 nm ‘ ‘ ‘ protons in gas jet

High Power Laser Science and Engineering, 120193, Vol, T,¢16, 6 pages.
© The Author(s) 2019, This isan Open Access article, distributed under the terms of the Creative' Commons Atiribution licence (hifp orgf
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Polarized proton beams from laser-induced plasmas
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Deuterium Polarized Molecules
From MBS
or
From recombined molecules

in preparation. from ABS: HD too.




> References more than conclusions.
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10:30 Ralf Engels
"Advantages of nuclear fusion with polarized fuel"

10:30 Dmitriy Toporkov
"Test of Lamb Shift polarimeter for molecular source"

11:00 Markus Buesher
"Nuclear polarization in Laser-induced plasmas"

11:00 Erhard Steffens
"Design considerations of a polarized gas target for the

12:00 Giuseppe Ciullo | LHC"

"A movable magnetic holding field for HD-ice targets,
easily implementable for hyper-polarized molecular
targets for fusion research"

12:00 Kannis Chrysovalantis

"High-density spin-polarized H and D atoms for studies
- of polarized laser-fusion"

12:30 Polina Kravchenko

"Experimental studies of nuclear fusion reactions at

PNPI"

12:30 Kirill Grigoryev |
"Production and storage of polarized H2, D2 and HD

molecules"
14:00 Ivan Solov'ev
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"Ab Initio Description of Thermonuclear Fusion "Status of the polarized atomic hydrogen target at
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Integral and differentiaal cross-section for spin 1 and 1/2
(angular distribution of reaction products)
In purely S-wave approx f=1, B along z, (6) respect to B (z)
do(0 do(0
o(9) (1+1PZfAZZ+3P prc. |4009)
dQ 2 2 dQ unpol
» A, tensor analysing power A,= - [3 (cos? (6) -1]/2

» C,, spin correlation coefficient C,,= - 3 [cos? (6) -2]/2

In the d t reaction with d and t polarized parallel to B

Oor = 1.50 dG(H) . 2Sil’12 O dG(H)

d Q 4 d Q unpol

unpol

In the case of only d polarized perpendicular to B

o = ()

tot unpol

da(H) = —(1 +3cos’ (9)
dQ dQ unpol

PSTP 2019 @ Knoxville - G. Ciullo 27
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[Ch. Leeman et al Helv. Phys. Acta 44 (1971) 141]
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SHe +d ——» 4He + o Factor: ~1.5 at 430 keV

[Ch. Leemann et al., Helv. Phys. Acta 44, 141 (1971)]

—> —

t+d — 4He +n Factor: ~1.5 at 107 keV

* | s-wave dominated (> 96%

unpolarized

(H. Paetz gen. Schieck, Eur. Phys. J. A44, 321-354 (2010))



2nd D+D—->T+p 50% (no n)
— 3He +n 50%(*)

Fusing D + D, then D + T can fuses (n)

SHe does not contribute at the ignition energy of D-D

The total cross section D + D in respect to the incoming
polarization of the fusing particles:

|
o = —(2 ORIk 4 O G ) o )
9 S M, )

Quintet Tafiét Singlet SEZc;r_lJet

Higher energy for fusion involes also P-, D-wave,
togheter with S-wave and their interferences

D, + D, spin dependent cross section (data set very
poor), and stilll worse at lower energy (e screening ?)



Neutron lean fusion: QSF (Quintet Suppression Factor)

Spin alignements allows to enhance or suppress reaction channels?
Ad’yasevich 2.5 -3 (? Cited by Russian)

D4 (d 4+ p) Tand D4 (d 4 n) *He suppressed
by choosing deuteron spin parallel each others

S | | 0 °S » Quintet State Suppressed
C < @
l . Osmglet 1 3
D/[\ ‘ l D/]\ e Ounpol 3/ 9Os1nglet
(0 = @
= w
1 -1 IS, Singlet state allowed



Mapping the field in the Cylinder,
tranversely and longitudinally.




TP 55t e icasen o cmmecs 10TW Electrons

100 TW Protons (MeV)
PH[—:L*X 1 PW Protons, ions (10 MeV)
— 10 PW Protons (GeV)

M. Buscher in http://prefer.lkst.ru/agenda.php (06/2019)






