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Nuclear physics: areas of research

Searching for parity violations in nuclear reactions
Fission physics

Investigation of neutron resonances

Studies of (n,n’), (n,2n), (n,p) and (n,Q) reactions
Physics of cold and ultracold neutrons, neutron optics

Applied research.
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earch for the weak neutral current in the nucleon-
nucleon interaction: P-odd effects

Determination of the ft weak neutral current coupling constant from the experimental
P-odd correlations Experiments are performed at ILL (Grenoble)

10B(n,a)7Li* — 7Li +y (Ey = 0.478 MeV) 6Li(n,a)3H triton-asymmetry
y-ray asymmetry 10B(n,a)’Li o-asymmetry
expected value ¢,= 5.2-10 (DDH) expected value = - 2.7-107 (DDH)
polarized neutrons
adiabatic RF spin-flipper
% coils of the %uide fields
/‘((,////')/v,/ N i
= X
NalJ(TI) /,.%N X’
detectors - J’;j' | Multisection

set up

ionization
chamber

detectors

For the first time in the world, the P-odd coefficients were measured with a sensitivity of ~10-8

asymmetries in reactions of cold neutrons with light nuclei:
ao(®Li,t)=-(8,8 £ 2,1)-10% a(*°B,a)=-(11,2 £ 3,4)-108; a (°B,y)=(0,0 = 2,6) - 10~
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tudies of nuclear fission

Binary Fission Ternary Fission
» g »
T = I3,
w X & > @
The two heavy fragments are sometimes accompanied by ' vy ag® >3
a Light Charged Particle (LCP): Ternary fission . “:‘b -— v_-, b'} — ":‘n
27 e Ca. v
T = b‘) —_— » l
The possibility of fission into three charged nuclei has been 4 ’- > e a 8Be” ('Li")
pointed out by theoretical physicists, predicting a liberation of 1
maximum energy of 210-220 MeV, even 10-20 MeV higher than 25 L& \ o (;H?)
that of binary fission. ' U= e
» N.Bohr and J.A.Wheeler, Phys.Rev.50, 426 (1939)
» R.D.,Present, Phys.Rev.59, 466 (1941)
Tsien San-Tsiang, Phys. Rev. 71 (1947), 382
FFL 3 = 2 ==
e e > : ST _,I;RA/ :
1FF,. |
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Measurement of ternary and quaternary fission of 2>2Cf

AE-E method of particle identification
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oo e, HA A E (ms)
Particle Energy (MeV) o (MeV) Yield Energy (MeV) Yield (per 10*
Measured (per 10* a) (Ref.) a) (Ref.)
parameters Be (a, a) (g.5.*) 22.76(90) 5.942(433) 5.34(32) 10 (per a)? 10(6)*
of rare fission Be (a, a) (1d ex.s.) 23.46(25) 5.326(214) 0.62(1) 11.2(8) (per a)* 2(1)t
modes: Lia, t) (2 ex.s¥) 19.25(34) 4.279(430) 0.13(1) - 0.3(1)"
(a, a) 14.32(96) 4.919(370) 1.12(8) 13.7(8)* 3(1)
(@ 1) 13.77(25) 4.397(855) 0.31(5) - 0.4(1)
’ 8.51(1.8) 3.356(708)
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Experlment
s atthe ILL
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ROT- and TRI-effects for the a-particle emission

nuclei spin ROT (degree | TRI (x 103)
of rotation)

233y 2+, 3+ 0.03(2) -3.9(1)

235() 3-, 4- 0.215(5) 1.7(2)

239py, 0+, 1+ 0.020(3) -0.23(9)

o
B
TP yield (arb. units)

L
e
(%)
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Measurements of T-odd effects in the polarized
neutron induced fission

Experiments are performed at the ILL reactor in Grenoble and
FRM-2 reactor in Munich in large international collaborations

Experiments
at the FRM-2

polarized neutron
beam

Target

fission fragment
detectors (start and

stop)

o\

Azimuthal angle of y-rays

y-ray and neutron

detectors

i
o,
ST
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-50 0 50
Angle (deg)

ROT-effect for the y-ray and neutron emission

nuclei Angle to the y-rays Neutrons
fission axis (x105) (x10°5)

2331 22.5 +2.8+1.7 +4.811.6

235 22.5 -12.9+2.4 -21.2+2.5
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Model of the ROT-effect

Trajectories of fission products for
two directions of the scissioning
nucleus rotation (schematically)
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Nuclear fission studies

* Experimental setup for ROT-effect study

* 1 —fission chamber, 2 — Al input chamber window,
3,4 — fission fragment detectors based on position-
sensitive multiwire proportional counters (start and
stop detectors), 5 — holder, 6 — scintillation plastic

detectors of Y-quanta and neutrons

* Angular distributions of Y-quanta, neutrons and
fission products are measured

Experimental setups

Experimental setup for studying of fission neutron
multiplicity and fragment mass distribution

To measure mass distribution a position-sensitive
ionization chamber is used

BC501 scintillators are used for neutron registration
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Neutron resonances

® Nucleusis a quantum system — energy levels

After neutron capture nucleus excites with energy E*=B _+T,

If B,+T, matches A*1Z energy level, the reaction probability grows dramatically
It is compound reaction - ideal for parity violation search

Unique tool for studying high excited states properties
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Neutrons capture vs neutron transmission

transmission detector

prompt gamma-
rays

~N A

sample

- gamma-ray
vOF o detector
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Experiments at IREN: Non-destructive analysis of the
geological samples
250
Element Mass of the element
13, ! in the sample (g)
245 eV Os
221 eV
J. | Pt 2.720.3
(2]
= Pd 0.1+0.02
S
Ir 5.20.6
I i Ru 1.14+0.2
Os 4.3+0.5
° 2800 l 2900 l 3000 l 3100 ' 3200 l 3300 . 3400 . 3500 l 3600 ' 3700
channel
Advantages
fully nondestructive esensitivity to the isotopic composition
*bulk investigation epossibility to investigate radioactive
*negligible residual activity samples
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One hypothesis for crash of the Proton rocket is presence of
palladium in some critical components of the engine
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The amount of Pd in the ~60 g sample was found to be

JOINT INSTITUTE

Frank Laboratory of Neutron Physics
JlaGopaTopun HeHTPOHHOM! chusuku um. U.M. ®panka

The use of resonance neutron method for investigating parts of

the “Proton” rocket engine

Pulsed transformer

20d accelerating section

st modulator
2 klystron

274 modulator

RN

Magnetic spectrometer

98 £ 10 mg.

Estimated sensitivity of the method: ~1.5 x 10-3 g/g

-

— Pd-102 (1.02%)
— Pd-104 (11.14%)
Pd-105 (22.33%)
— Pd-106 (27.33%)
Pd-108 (26.46%)
—— Pd-110 (11.72%)
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Measurements on (n,p), (n,at) reaction cross sections

Experiments at EG-5 (FLNP), EG-4.5 (Peking University,
Beijing) and HI-13 (Chinese Institute of Atomic Energy, Beijing)
Neutron source GIC Scintillator
detector
Deuterium : !
gas target ; 02 | 01
_E] . side Side: I:I
Deuteron beam! d : i |
;233U3O : !
' 432 1 235
i jSdcm |
3 3.5m
1. Cathode 2. Grid 3. Anode
4. Fission cathode 5. Shield 300 e
| « J.Han (2015) X. Zhang (2000) ~
[ v S.M. Qaim (1977) - S o
. . . . 250F o 3w, T
Experimental setup for (n,a) investigation P el 0.8] .
e ion. chamber is used to measure energies E 200} \
of o = 150 - 2 = = Compoun N
. . g L S~ < Pre-equilibrium
e 238U for neutron fluence monitoring, n- 2 — ENDF/B-VIILO=JEFF3.2 S\ & | ool
2 = BROND-3.1 = ROSFOND-2010 ’ =:=- Direct
detector for measurement of n-energy = 100 -+ -JENDLS =FENDL 3.1
e Estimation of nuclear reaction mechanisms sol CENDL-3.2 0.2f
o . ---- TENDL-2019 |
impacts in result - -Talys19 adjusted | | A
0 | 1 0k . " 1 . . . ——
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Neutron
Method
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Project TANGRA: TAgged Neutrons & Gamma RAys

D + T — “He (3.5MeV) + n (14.1MeV) ‘L

a-particle 3,5 MeV Triton

®<—& — Q

@ Deuteron ~100 keV

Neutron 14.1 MeV

Neutron generator ING-27

X Tagged neutrons

= <[=

a-particles

3.5MeV; 1.3cm/ns

Deuteron beam

H-enriched 14MeV: Scm/ns
target
/ Sample

y-detectors

Event recording (a-y coincedences) |;| |—l_—| Q

> Time, Toy
Gamma-quantum energy E, <
Adress(ID) of the y-detector -
Adress(ID) of the a-detector pixel

A

PC

Elements can be identified by their characteristic spectra.

=

Counts

10°

104 i

10°

107

Neutron generator ING-27
with built-in position
sensitive a-detector

No coincidence

coincidence /

JIIIIIIIIIIIIIIIIJIL|||IJI|

7000 2000 3000 2000 5000 8000 7000
E. keV
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Using tagged neutron method for detecting illegal and hazardous substances
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A configuration of the set-up consisting of 18
BGO detectors has been created.

Gamma-spectra and angular distributions of gamma ray
have been measured in inelastic neutron scattering
reactions for 20 nuclei.

W(c_ose) \

| x2/ndt 2529/68 2085.1—
Prob 0

5{— | Norm 1= 0 1238.3, E2 1.4F 4 t +
- | = 0.162+0.003 g
3 -0.034+0.005 Y R Y #t :

Wi(cos(0))
T

[

‘1.2:—

1.0f *{“, +++ ++ + + 3 v
- * + -4 '*t ++ 40
0.8l - *W 4 R zr Te | | | Xe
B S T + 6| 55 | 88| 57 | g0y | 72 84 | 85 | 86
+ Cs | Ba| La Hf Po | At | Rn
0.6 L + 2| 87 | 8| 8 | g0 .| 104|105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 116 | 117 | 118
R Fr | Ra | Ac | % Rf /Db | Sg | Bh|Hs | Mt|Ds|Rg|Cn| Nh Lv | Ts | Og
{) 4 i 1 'l 1 1 1 L 1 1 1 1 ' 1 1 1 1 L ' 1 1 1 ga gg hs]% P61 SGZ 23 gda -le-g Be Eif E& 1§9 \Fob E]
" . ). ] e r 'm | Sm u y [¢] r m u
0.8 1.0 0.5 0 0.5 1.0 90 | 91 | 92 | 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102 | 103
" cos(8) cosb Th|Pa| U |Np|Pu|Am | Cm|Bk| Cf | Es |Fm|Md| No | Lr

Examples of measured angular distributions for 847 keV gamma transition in iron and 6.13 MeV

K transitions in oxygen. @/
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Determination of carbon in soil using

BGO detectors

95% y-KBaHTOB NPUXOANT ¢ ryOHHBI 10 50 cM.

tagged neutron method

distribution of reactions by depth

c

Events

InyomHa, ¢

3

40 -
10000 [—
8000—
60 6000|—
4000 —
80 2000—
0: PSRN St P S T S H S R v
0 1000 2000 3000 4000 5000 6000 7000 8000
100 E,, keV

Carbon concentration is
determined by the amplitude of
the characteristic 4.44 MeV
gamma-line.
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Ultracold neutrons (UCN)

Potential of interaction of slow neutrons with matter :

%
Effective potential ~107eV
Gravity: ~10"eV |/ Meter
Magnetic field: ~107eV / Tesla
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Measurements of the neutron lifetime t,

........

Storage experiments with UCN Beam experiments with cold neutrons Neutron Lifetime Puzzle

By




. Conception of a UCN source @ periodic pulsed reactor with pulsed
accumulation of UCN in a trap

If to decelerate VCN to UCN by local

p The flux of neutrons, which can be trapped
device which is placed near the trap

after deceleration, will have a pulsed structure

Moderator

8l A

VCN

Thin converter Neutron guide /

Time lens Pulsed valve \

UCN Trap

v'Decelerator reduces the energy of all neutrons by the same
amount

v'Time lens is necessary to compensate the dispersion of the
time of subsequent deceleration

Decelerator — broadband gradient (adiabatic) spin

flipper in high magnetic field

B
hw
Bres + AB| Byes = —2

/Cm"\ V‘ Bres ———————— s 2uB
L Bog—AB|™ "7 T7C ==

| [
»

AB > |H|

AE = 2uB = ha

Preliminary design of stationary gradient field — 15T superconducting solenoid.

| Spin-fiip point
|

Vv 16 4

B, T

-1!?;00 -550 6 5(;0 10;)0
Z, mm
The dependence of the magnetic
field and neutron velocities from the
coordinate along the axis

=

A.l. Frank, G.V. Kulin. On the duration of the pulse formed by a local time lens for ultracold neutrons, NIM A 1053 (2023) 168370

K A.l. Frank, G.V. Kulin, M.A. Zakharov. On a New Possibility of Pulsed Accumulation of Ultra Cold Neutrons in a Trap, Phys. Part. Nuclei Lett. 20 (2023) 664-667

224
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Reflection of Cold Neutrons by Nanoparticles

Efficient elastic reflection of VCN (A>25A) at diamond nanoparticle powders (d~ 1)

Nano-diamond trap Bl I T Diamond nanopowder
Theor
0,8 I b g /\_/°
Experlment ALY
Z o6f i v
= i
5 !
D 04} Super mirrow I _
= i Graphite
m '
0.2 ;
Fermi potentlal ' !
[ |
0’0 Sy . . e ~ L PSS
10 100 1000
Vv, m/s

Could be used:

«Storage of very cold neutrons
dozens of times possible increasing neutron density

*Using as reflector in cold neutron souse
dozens of times more intensive VCN and UCN source 23]
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Neutron activation analysis at FLNP

H He . . .. .
T S TETRTBIE s e Neutron activation analysis is a very sensitive
Na| Mg Al|si|P|s|Cl|Ar (ppb) method of elemental analysis based on
K| Ca|Sc |Ti|V|Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br| Kr AZ d t t

Rb| sr | ¥ | 2r |Nd|Mo| Tc |Ru|Rh|Pb|Ag|cd|in[Sn|sb|Te| I | xe (n,y) — products measuremen

Cs | Ba | La* |Hf | Ta| W |Re|0s[ir| Pt [Au[Hg| T [Pb] Bi [Po| At|Rn e In FLNP this method is implemented at

Fr| Ra JAct Rf |Db{ g [Bh{Hs REGATA and REGATA-2 facilities

* | Ce |Pr|Nd/Pm|Sm|Eu|Gd|Th|Dy|Ho| Er [Tm|Yb | Lu
** | ' Th |Pa| U |Np|Pu|Am|Cm|Bk| Cf | Es |Fm|(Md| No|Lw

The Main Areas of Research

« Quality control of the air (study of aerosol filters,
biomonitoring with mosses, lichens, etc.)

« Assessment of terrestrial and aquatic ecosystems (soil,
sediments, biota)

* Geology and Geoecology

* Foodstuffs

« Materials Science (new and ultra—pure materials, new
technologies)

« Biotechnology (development of new medicines and
sorbents)

« Archaeology
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M.V. Frontasyeva, V.M. Nazarov and E. Steinnhes. Mosses as monitors of

P
UK Certre o
Gum—_,.._ﬂ(m ﬂ‘g‘ .LHTAP

heavy metal deposition: Comparison of different multi-element
analytical techniques. In R.J. Allan and J.O. Nriagu, eds., Heavy Metals NSOES AS ANTORSOF AR POLUTIO: V(/’ \Q\’
survey o2
in the Environment, Vol.2, pp. 17-20. CEP Consultants, Edinburgh 1993. UNECE 12/'
W
United Nations

United Nations Economic
Commission for Europe

International Cooperative
Programme on Effects of
Air Pollution on Natural
Vegetation and Crops

courtesy of Dr. M.V. Frontasyeva ' !
Moss is used as a monitor of atmospheric S

pollution determined using the Neutron Activation

Analysis detecting heavy metals and other trace 7
elements (up to 45 in total) ﬁ e N s
Map of arsenic ol 2 D [
distribution from the | o SRS
2015-2016 report = }L,":;g':ég g 4‘3 F -
e T 240 5 %b - ‘i::: @
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Example of the maps of the element distribution on the investigated territory

(Tver’ and Yaroslavl’ Regions)
KoHueHTpaLys KoHueHTpauus KoHueHTpauus

[ mkr/r] [ mkr/r] [ mkr/r]
<0.05 B <oo0s <1
0.05-0.10 B o.08-0.10 1-2
0.10-0.15 B o010-0.12 2-3
[ 0.15-0.20 [ 0.12-0.14 0 3-4
[l o0.20-025 [l o0.14-0.16 0 4-s
0.25 - 0.30 B o0.16-0.18 5-6
0.30-0.35 B o0.18-020 6-7
0.35 - 0.40 B o020-022 7-8
>0.40 ] >0.22 B -s

KoHueHTpauus KoHueHTpaLus KoHueHTpauust

[ mKr/r] [ mkr/r] [ mkr/r]
<01 <0.030 <1
0.1-0.2 0.030 - 0.045 2
02-0.3 0.045 - 0.060 203
[l o03-04 [] 0.060-0.075 0 3-4
[0 o4-05 [l 0.075-0.090 0 a-5
0.5-06 0.090 - 0.105 5-6
0.6-0.7 0.105 - 0.120 o7
0.7-0.8 0.120-0.135 r-8
>0.8 >0.135 8
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Neutrons in space

0526 51 74 97 120 2001 Mars Odyssey

-180° -00° 0° 90° 180°

Gamma Sensor

Water Map
2001 Mars Odyssey Gamma Ray Spectrometer

H20 Low il H2O High

180 120 60 0 60 120 180

\ U 180" 240" 3000 o 60" 120° 180" J




2@ JOINT INSTITUTE
(EBERY, FOR NUCLEAR RESEARCH

Mastcam
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Dynamic albedo of neutrons on Curiosity

*——Antenne UHF

o Antenne
grand gain

DAN
RAD

-~
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