Count what is countable, measure what is measurable, and what is not measurable, make measurable. - Galileo Galilei
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Motivation

Increase the gain of nuclear fusion reaction
S 30 ~e;o° 90 1200 1500 B0 O 30 60 od 120 156 180 Sﬁe _|_ d_}%ZlH@ _|_p
P T

Leemann Ch et al. 1971 Helv.Phys.Acta 44, p |41
Cross section T with factor 1.5 at 430keV
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Motivation

Increase the gain of nuclear fusion reaction
3He + d—*He + D
Eaid addlo
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Experimental setup

Substantial part of the equipment from:
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Experimental setup

Substantial part of the equipment from:
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lon current at the source up to 20uA

Stable beam PO LI S
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Current working conditions:
Dissociator power |60-300WW
Nozzle T 43-55K
D flow |3-22ccm
Pressure: Dissociator 8mbar
HEX| HEX2 8e-4mbar/le-5mbar
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4-n detector with 519% filling
576 Hamamatsu PIN-diodes (S3590-09)

PIN-diode active area: 1 cm?2 ( : I
depleted layer: 300 um entra
energy resolution: <50keV
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Target: deuterated
polymethylmethacrylate

Deuteron beam 15keV ~5uA Central
detector
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Target: deuterated
polymethylmethacrylate

Deuteron beam 15keV ~5uA Central
detector

.‘

Solid target measurements
>>Signal quality

>Form and sources of
electronic background

Integral amplitude spectra

Entries 2825
Mean 1147
RMS 894 .2

CO3_EVENT_000106_3618975217_(8)




Target: deuterated
polymethylmethacrylate

Deuteron beam 15keV ~5uA Central
detector

Solid target measurements
>>Signal quality
>>Form and sources of

electronic background

>Energy resolution better then 25keV

Integral amplitude spectra

Entries 2825
Mean 1147
RMS 894 .2

Channel

ADC calibration

CO3_EVENT_000106_3618975217_(8)
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Profiles of ion and atomic beams

Interaction point
Detector geometry
Kinematics of reaction
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Observables

unpolarized cross section g

Analyzing powers

pin-correlation coefficients
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Experiments

’H(d,p)’H
2H(d n)3He
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Mathematical model

HAIMOHARHEIL HOWIETOBATENRCKII LHEHTP "KYPUATOBCKHIT HHCTICTYT"
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VK 539.17 539.171.017
Partial-wave expansion , AN
of the reaction amplitude processes e e
dd— *Henand d d — *H p I AHCTHTYT AEPHON GHANKS
E. N. Komarov, S. G. Sherman
Abstract

The partial-wave expansion of the amplitude of the nuclear
reaction for particles with spins 1 -+ 1 —>1/2 + 1,/2 is performed
with the identical particles in the initial state (for example,
dd— *He n and d d — *H p).

The reaction amplitude for the low energy range is written
taking into account. the s-, p- and d-waves only. The work has

been done in the frame of POLFUSION experiment.

The work has been performed at the High Energy Physics
Department (HEPD).

AHHoTanuga

[ ooy ueno napiuaIbHO-BOJTHOBOC PARTOAKCHHE AMILTHTV/IRI Pe-
AKLpH acTi co copayu 1+ 1—> 1/2 + 1/2 s oz aecrsen-
HBIX YACTHIL B HAMAILHOM cocrosnun (Haupmep, d d —

He n and d d — *H p).

JIrst coryyast HHE3KHX SHepPruil aMILTHTY/ 1A BRIIHCAHA B SABHOM
BH/IE C VIETOM BKJIAJIOB S-, p- H d-BoJiH., Pabora BbIIOVIHCHA B
pamrax skcnepuMenta POLFUSION,

Pabora seimovinesa, B OrpaesieHun (pU3HKH BBICOKHX SHePIHii
(ODBD).

ISBN 978-5>-86763-352-3
©OIBY "IMUAD" HIUI "Kypuarosckuii uncturyr , 2015




Theory. Partial wave expansion for scattering amplitude two-body
reaction with spin 1+1 —1/2+1/2

Differential cross section of the reaction . )
Amplitude: matrix 4X9

with polarized particles:
do Bii Big Big Big Bi2; Bil; Bl

— = Spur[A-p-AT] S 5 i B, B, BE,
0] 00 00 00 0] —
2 1 0 12 -

dx)

! J+s / ’
BS’S —_ ) 11t {s SY/ /
g9 ,/ ZJ OZZ |J—s] ’ o asaRll l'o—0o
20+ 1

ym Py (cos 0e'™?)
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Theory. Partial wave expansion for scattering amplitude two-body
reaction with spin 1+1 —=1/2+1/2

Differential cross section of the reaction , ,
. : : Amplitude: matrix 4X9
with polarized particles:

do
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Factorization using penetrability assumption for energy dependence:

/
complex partial wave Ri{‘; 5 (E) —

e : Energy-independent
Penetrability function &/~ INEEP
matrix element
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Theory. Partial wave expansion for scattering amplitude two-body
reaction with spin 1+1 —1/2+1/2

Differential cross section of the reaction

o with polarized particles: Amplitude: matrix 4X9
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— = pur[A p- A+] _ Bé% B B{ BY B, Bé;l BiZ,

dQ 0] (0]0) (0]0) (0]0) 0] BO 1 BO 2
2 1 0 2 Bl

_ — ] —1 —1 —1— —1 1-2

! 1 J+ J+o ’
B;’f, - 2ZMZ?=OZI=; 8|Z | 471' 4ol ClOSGCJG— 's'o’ Ri{? sYl’O'—o"
i

=|J — |
6 transitions due to the total spin and orbital angular momenta
All states with partial waves up to £=4 taken into account
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Theory. Partial wave expansion for scattering amplitude two-body
reaction with spin 1+1 —1/2+1/2

ifferential cross section of the reaction

o with polarized particles: Amplitude: matrix 4X9
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Minimization procedure
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do/dw
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We can take into account all states with partial
waves up to £=4.
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P(zz,xx-yy) P(xx-yy,zz)

do/dw, mb/s

A

Hadrons and Nuclei e N
EPJ©'S L i

your physics jourml

Eur. Phys. J. A 44, 321-354 (2010) DOI: 10.1140/epja/i2010-10964-4

0 120 140 160 180 0 20 40 60 80 100 120 140 160 180
0, grad 0, grad

P(Ly) P(y,1)

The status of “polarized fusion”

H. Paetz gen. Schieck

We can take into account all states with partial
Welton formula waves up to £=4. Here £=2 for comparison with

H.Paetz gen Schieck’s group result.
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Conclusions

Data on polarized d-d cross sections will provide usefull and
expected information in
nuclear fusion with polarized fuel and astrophysics

The experimental setup is under construction
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* On August 2014 INFN and NRC “Kurchatov Institute™ have conclided a Framework
Agreement of the duration of five (5) years to encourage and develop their cooperation in
the field of expenimental and theoretical, nuclear, subouclear and astroparticle physics
and related technologies;

* the provisions set out in art. 2 of the Framework Azreement state that for the deployment
of each program and project the Parties shall stipulate specific Implementation
Agreements;

* NRC “Kurchatov Institate™ and INFN are leading scientific organizations in their
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NOW, THEREFORE, THE PARTIES HAVE AGREED AS FOLLOWS:
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