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@ DD-fusion reactions
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@ Applied and fundamental physics

Astrophysics

e Big Bang

e Hydrogen
burning

e Helium burning

e Advanced
burning

* (carbon/neon/
oxygen/silicon)

® s-process
(neutron sources)

® p-process

Theory of nuclear Thermonuclear
interaction energy
e Wide range of e Use of polarized
models fuel
e Difficulties in e Cross section
describing increase
direct/indirect e Controlling the
measurements Angular
Distribution of
Escape of
Reaction
Products

e Reactors with low
neutron yield
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Applied physics

e Tritium and
helium-3
production

e 3He-oriented
technology of
gas-discharge
detectors

e Neutron source
to produce

medical isotopes
100Mo(n,2n)99Mo



@ Astrophysics

Big Bang nucleosynthesis —— Primordial isotope ratio D/H

Deuterium Uncertainty Contributions

38N Rates Combined | o7

d(d,n)*He

0,053

d(d,p)t 0,039

Better dd-data

0,036 <\ needed!

d(p,y)’He

old d(p.y)’He (before LUNA) - [ Iimproved due to LUNATTT 0,073
old d(py)°He + other BBN Rates [ 0,099
0 0,02 0,04 0,06 0,08 0,1 0,12
10° X Op/H

Global BBN Analysis: Tsung-Han Yeh, Keith Olive, Brian Fields (2021)
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@ Astrophysics
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Primordial Deuterium after LUNA: concordances and error budget (2020) (2011)
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@ Theoretical methods

Many different cases — No “unique” model

e Internal structure
Capture neglected
Fusion * Antisymetrization
approximated

Potential/optical model

* No explicit wave function

. Capture . )
R-matrix P * Physics simulated by some
Transfer
parameters
e Perturbation method
Transfer

DWBA e Wave function in the
entrance and exit channels

* Based on a nucleon-
Capture nucleon interaction
Transfer * A-nucleon problems
* Predictive power

Microscopic models

Pierre Descouvemont: Reaction models in nuclear astrophysics
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@ Thermonuclear fusion and applied physics

* Cross section increasement
e Control over the direction of expansion of
reaction products

Distributions of neutron sources in coordinates (R, Z) for
(a) non-polarized case and (b) case of full parallel

. olarization
e Suppression of the neutron channel P
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Scattering angle, © W.Yang, G.Li, X.Gong, X.Gao, X.Li, H.Li... Effect of the Fusion Fuels’ Polarization
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Exp.: Ch. Leemann et al., Helv. Phys. Acta 44, 141 (1971) https://doi.org/10.1080/15361055.2021.1969064 (China Fusion Engineering
Theor.: G. Hupin et al. Nature Com. 10, 321 (2019) Test Reactor (CFETR))
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Review of experiments
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@ Latest research
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@ Experimental setup

oARS Pol)Fusion

Polarized Atomic
Beam Source

4n - detector

0 NRP
. % Nuclear-Reaction
Polarimeter

POLIS
Polarized lon
Source

Lamb-Shift

0.5m /\ Polarimeter
>\/
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(@ Experimental setup

POLIS PABS
Polarized lon Polarized Atomic
Source Beam Source
lon beam Atomic beam

10-50 keV

0.01 eV

. 1016 :
1.2- 10*° ions/s 4- 101 atoms/s

Nozzle: Nozzle:
d=1.3mm d=2mm
T=65K T=65-85K
4n - detector NRP
Nuclear-Reaction
Polarimeter
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@ Detector system

Detector coordinate system
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@ Test run 2020

Counts
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@ Scintillation detector

Anton Rozhdestvenskij

1 — Scintillator

2 — WLS fiber

3 — SiPM-connector

4 - Scintillator mount
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@ Monte-Carlo simulation in Geant 4

Red - p
Blue-t
Green — He3

1 — Vacuum chamber
2 — Scintillators
3 - PIN - diodes
Detector geometry 4 — Printed circuit boards
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(@ Cosmic muon generator
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D. Pagano, et al., e I Y I — Y TET
EcoMug: An Efficient COsmic MUon Generator for cosmic-ray muon applications, Nuclear
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors
and  Associated  Equipment, Volume 1014, 2021, 165732, 0168-9002,
https://doi.org/10.1016/j.nima.2021.165732.
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@ Simulation results
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@ Test system

SiPM Onsemi MicroFJ-30035-TSV

WLS fiber holders and SiPM mounts
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@ Cosmic muons registration

100.08/ CTo ] 13.4%

Agilent

K aHanw
1.00:1
1.00:1

B MzmeHeHmMAa
Amrn(1]):

A0, 0my
Amrn(3):

42 .8my

signal_1 ]
signal_2

30F

Tést assembly for registration of cosmic radiation

20 |

1 — Scintillator :

2 — Amplifier and power supply PCB 10F

3 — DC voltage sources
4 — Oscilloscope

-400 -200 0 200 400
t, HC
Anton Rozhdestvenskij 19



@ Development strategy

Performed: ‘- R,
v" Modelling of the scintillation detector system was carried out
v' Optimal cosmic ray generator was selected

v’ Designed electronics for SiPM

v’ A test system was assembled

Work Plan:

d Assembly of the system outside the vacuum chamber

[ Connecting the system to a common data acquisition system
 Recruitment of cosmic ray statistics

 Placing the system in the vacuum chamber of the main

detector
1 Obtaining experimental data SPO] Fusion

Anton Rozhdestvenskij 20




@ PNPI - NRC K SPOfSFusion

Y

Thank you for your attention!



(@ POLIS

Pz Pzz
(vector) (tensor)
+2/3 0
0 +1
0 -2
-1/3 +1
+1/3 +1
+1/3 -1/2

ion beam
d, 10-75 keV

.17 1.2-10'° atoms/s
0.5m ////;>\ SR >15 pA
S dpozzte = 1.3 mm
S S Tyoze = 65 K

RF yoer = 200-250 W

Polarizer:
Sextupoles + WFT + Sextupoles + WFT + SFT1 (460 MHz) +SFT2 (350 MHz)
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(@ PABS

Pz Pzz
(vector) (tensor)

-2/3 0

-

-1 +1
+1/2 -1/2

atomic beam  dpgzzle =2 mm
D, 0.01 eV Tnozz]e =84 K
210" atoms/s RFpower =300 W

Polarizing system:
Sextupoles + Quadrupoles + MFT + Sextupoles + MFT
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Intensity in the PM (a.u.)
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@ NRP

L-R _ 3Py sin B A, U
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0.5 _ZL{Q:PXE- ZH@'I‘)jne .

0 | B0keV Ewkv \
s .
y = -
oY = :
08 fiispmeistrimpiiad ; ........... . -
0 wy‘\ {okev /\ PIN dlodes
P4
NN ~—
é 08 | ; SN
0 -I)y\ gtonv Y
0.5 m
AF N e=270°
[ T § I ‘ ...... ——
0 8kev {25kev N\
\ } &\
05 \. - \ “Q
} i —QN°
I I Rt ) ¢=90

0 (degrees)
K. Fletcher, et al., Phys. Rev. C 49, 2305 (1994).

N

©=180°

Anton Rozhdestvenskij



(@ Detector system

;“ j.
:

L
H
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(@ concentrator
@ top flange

@ signal cables
@ detector cube
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@ Geant 4
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@ Optical polarization *He
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@ Cross section
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