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Chapter 5

It is the Theory Which Decides What We Can Observe
(Einstein)

Thomas Filk

University of Freiburg, Germany

In this chapter I will give examples for three types of contextuality: the-
ory as context, a theory of measurement as context, and environmen-
tal and internal conditions as context. In particular, I will argue that
depending on which theory of measurements we attribute to Bohmian
mechanics, this theory may be called a classical theory or a quantum
theory. Furthermore, I will show that for neural networks one can define
in a natural way two different theories of measurements which can be
compared with scanner-type measurements on the one hand and psycho-
logical experiments on the other hand. The later theory of measurements
for neural networks leads to non-commutativity and even quantum-like
contextuality. It is shown that very simple neural networks can violate
Bell-type inequalities.

1. Introduction

The famous quote of Einstein which gave rise to the title of this chapter
is reported to us through Werner Heisenberg, who in his book Physics and
Beyond recalls a discussion with Einstein during the first years of quantum
theory: Heisenberg explained to Einstein that with quantum mechanics
his intention was to construet a theory which is based purely on observable
quantities, but Einstein rejects the idea as not feasible. Upon the astonished
remark of Heisenberg, that this is what Einstein did with relativity, Einstein
replies: “Perhaps I did use such a philosophy earlier, perhaps I even wrote
it, but it is nonsense all the same. ...It is the theory which decides what
we can observe (Heisenberg, 1971).7

There are many examples in the history of physics (and presumably in
the history of any science) where an experimental result implied different,
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Nuclear reaction mechanisms (direct, compound, pre-equilibrium, other)

Nuclear fission

Statistical Hauser-Feshbach theory

Surrogate methods

Optical model

Level densities and photon strength functions

R-matrix theory

Nuclear structure for nuclear reactions

Measurements relevant to compound-nuclear reactions (direct and indirect)

Nuclear data evaluation and dissemination (including Machine Learning, Statistics, Bayesian
Inference)

Applications in nuclear astrophysics, energy, waste management, nonproliferation, medical
physics, etc.

Experimental facilities
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DMITRI MENDELEYEV (1834 -

The Russian chemist, Dmitri Mendeleyev. was the first to observe that if elements were listed in
order of atomic mass, they showed reguior repeating - He his
discovery in a periodic table of elements, now regarded as the backbone of modern chemistry.
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The crowning achievement of Mendeleyev's pericdic table lay in his prophecy of then, undiscovered

~ HaLogens | 1.0 elemants. In 1869, the year he published his periodic classification, the slements gallium,
| germanium and scandium were unknown. Mendeleyev left spaces for them in his table and even
. [ predicted their atomic masses and other chemical properties. Six years later, gallium was
R LS | ! diacovered and his predictiaons were found to be accurate. Other discoveries followed and
M reom temperature the element is: Symdol their chemical behaviour matched that predicted by Mendeleyev.
Gas i
- This remarkable man, the youngest in a family of 17 children, has loft the scientific
e 3 community with a classification system so powerful that it bacame the cornerstone
N W wareral solis Momic in chemistry teaching and the prediction of new elements ever since
Soditm 11 B mao.made sotid fsynthetic] =ass In 1955, element 101 was named after him: Md, Mendelevium.
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The Tonopah Flats have a potential mine life of over 400 years,
.\,Q with an average annual LCE production of 30,000 metric tons.
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MUHepasibHOoe corjiaweHue UKRAINE’S oo e o
# Beryllium ¢ Lithium  Uranium

Cm A Titanium, Zirconium  Polymetallic
# Non-ferrous metal Rare Earths

Mineral Resources
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A large amount of
Ukraine’s minerals are
located in Russian-

occupied territories.

MepegoBas nuHUA
- pyccKas oKKynauus

Ukraine claims to have
nearly $15T in minerals,
which includes Europe’s
largest reserves of lithium,
uranium, and titanium.

Occupied
by Russia

Share of Global
Element Reserves Production

18 6mt 40%
140Me 165%

6.5Bt 1.5%

13.9Kt 0%
Lithium Classified 0%
Uranium Classified 2.0%
Titanium Classified 7.0%

As of
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https://www.voronoiapp.com/geopolitics/Mapped-Ukraines-Mineral-Resources-4211
https://www.reuters.com/graphics/UKRAINE-CRISIS/USA-MINERALS/gdpznylnqpw/
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Ha Bec 30/10T7a. PQQQVIFI
m Ha4ynHaeT 4o6bIvy
CTRATENMYECKOTr0 ChlpRbA

JIntnin HeobxoamMM ANA BbinNycka antoMMHUEBLIX NonydabpuKaTos,
9NMEKTPOHUKMN, nasepHowu TEXHUKMN, ncnonb3yercs B
aBMaKOCMUYECKON MHAYCTPUU, aTOMHOW MPOMbILLIEHOCTU.

Ero He3aBuncumaa nobbiva — cTpaTernyeckas 3agava.

IMnopT Tonbko kKapboHaTa nutmna obxoantca Poccum kak MUHUMYM
NOYTM B YeTbipe Munnnapapa pybneu B roa.

06‘beMbl .qoﬁbmm COCTaBAT 40 45 ThiCcAY 3 Ta U TMAPOKCMAA NUTUA B roA.
\ [eonoropasBenouHblie paboTbl NNaHUPYHOT 3aBEPLLNTL YEPEe3 HECKO/bKO NET, a BbIATK
‘=4 HanNpoekTHyto MowHOCTb — K 2030 roay, coobiaet MuHnpoMTOpr.


https://ria.ru/20230225/litiy-1853523587.html
https://ria.ru/20230225/

Ha BEC 30/10Ta, Poccvm
5 HaYMHaeT AoobIvy
QTDQTQI’H‘JQQKQI’Q CbIPbA

W _._B HacToALLEE BpeMsA Ha MVPOBOM pPbIHKE P® - wvmMnopTep :
Kap60HaTa nnTns (Vl3 Yunu n ApreHTuHbI) U rnpgpokcuaa
B nntna (ms KHP n CLUIA); B nepecuyete Ha MeTanna — 3ToO
Z4@¥"  0Kkono 1500 T.

cbipbe nepepabarbiBaeTcs Ha
_ 3aBope XVMKOHLEHTPaToB (P3XK) c
Tal/INUECKOFOJINTUA U €ro MSOTOHOB,

<
e e jrm-ai S > “l‘-.

a< S XUMUKO- Me'ranny i B~

 Ha BKCHOPT.
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[Oe vcnonb3yeTcA NUTHUA natLi 0 2025/02/1 9

[NMoyemy cnpoc Ha NUTUIA B ANEKTPOHUKE MOMET COKpallaThCA
BbonuBua pacnonaraer
3anacamMmu nntua B 23 Mt

2024: POCCHMA 3aHANA NATOE MECTO NO MECTOPOXOEHUAM NUTUA W BXOAMUT B "NUTUEBBIN
TpeyronbHuK", roe

3anachl

2023: IWTUA HAa 3EMNE - MHOTME MMNMUAPAbI TOHH

pacnonaratoTcs

2022 CTpaHbI-NTMAEPLI N0 3anacam 1 NPOU3BOACTBY NUTUA KpynHeMLwmne MMpoBbie
2021: CTpaHbl C HANGONbILWM OTLEMOM A0OLINK NUTHA MECTOPOXXAEHUA 3TOro
MeTanna, BMecTe C

XpoHWKa ApreHTuHOM c ee 19 Mt

n Yumnm c 9 Mt.
2024

= MlopHOOOOLIBAKLIME KOMNAHWKY OTEA3bIBAKOTCA OT NNMAHOEB NO YBENWYEHWH NPOW3IBOOCTEA NOCne

AnNA aKKyMynATopoB
2023

= Mupoesas go0bi4a NMTHA 338 9 NeT soipocna B 5 pas. Ton-10 HanpasneHui ero UCNonk308aH1A
= Peskoe CHW#EHWe UeH Ha NWTUI Ha 75%

= Ha Poccuio npuxoguTca 10% MUPOBLIX 33NacoB NMTHA

- «PocatoM» gorogopunca o godeide NMTHA B BonKeMK 3a $600 mnH

= PazpaboTana TeXHONOrMA J00LIYM NIMTHA M3 CTApLIX HemTAHLIX MECTOPOXIEHHA

= B MpaHe OTKPLITO ETOPOE NO BENWYMHE B MMpPE MECTOPOXIEHHWE NATHA

= MHama 3aneuna of ofHapy:#eHMK KpyNHedllero B MUpe MecTOPOOEHHUA NMTUA

2022: MeKcWKka NnepeBodNT BCE 3anachkl NMTHA NOM, rOCKOHTPONL

2021:PocT noTpefneHua peakoseMensHoro NuTHA

The World's Largest
Lithium Producing Coun

Lithium demand for electric vehicle batteries and other energy
storage devices has grown significantly over the past few years.

Australia produces most of its lithium
by mining hard rack spodumene;
unlike Argentina, Chile, and China,
which produce it mostly from brine.

Over 70% of global lithium production comes from only two countries.

Lithium Production by Country 20222 in [onnes

Australia
61,000t

China
19,000t

Countries with the Largest Lithium Reserves
in million tonnes
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«PocaTom» noctpout B bonneuu saeopn

Nno NpousBOACTBY KapboHaTa /IMTUA 16 cenTabpa 2024
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3aBopg nnaHnpyeTcsa noCTpouTb Ha CO/IOH4YakKe YioHu B aenapramMeHTe MoTtocu.

[Mpn ocBoeHUM conoH4Yaka nnaHupyeTca MCNoib30BaTb pOCCMﬁCKYI-O TEXHOMOINKO
npAMoro COp6LI,MOHHOI'O n3prneyvyeHma nntna. B umcne ee 9KONOrMYeckmx
npenmMmyLLlecTB — OTCYTCTBUE Heo6bxo4MMOCTN MCNONb30BaHMA B TEXHOMTOTMYECKOM
npouecce arpeccmBHbIX peareHtToB, a TakKXKe MaKCUManbHbIN peunkn BOAHbIX
NoTOKOB, 4YTO o6ecneyunT COoXpaHeHne oKpy>Xaromnx aKoOCNCTeM

CTtopoHaMu goroBopa ctanm KomnaHumm «yYpaHuym YaH
Mpyn» (BxoauT B «<PocaTtom») n «<bonneumnckme
MecTopoxkaeHua nutna» (YLB). OduyuanbHasa yepeMoHuA
npowysia 11 ceHMA6pA B npucymcmauu ripesugeHma
bonusuu /lyuca Anibbepmo Apce Kamakopsl.

3aBof 6yaeT pacrnosioXXeH Ha TEPPUTOPUM KPYMHENLLEro B
Mupe IMTUEeHOCHOro canapa (6eccTtoyHoe NOHUXKXEHNE
3eMHOW NOBEPXHOCTU, 3aNOTHEHHOE OT/IOXKEHMAMM CONEN)
YIOHM, KOTOPbIN HaxoauTcA Ha BbicoTe 3650 M Hag, ypOBHEM
MopSA 1 3aHKUMaeT nnowaab 6onee 10,5 Tbic. KM2,

[Be Hepenu cnycTa 6bIN10 3aKAOYEHO cornawleHue ¢
kntanckon Hong Kong CBC o cTpounTenbcTBe ABYyX 3aBO40B
Nno Npon3BoACTBY KapboHaTa NUTUA C aHaNOrMMMYHbLIM
06BHEMOM BIOXKEHU.

[MpoekT NnpenycMaTpmBaeT 3anyck BO BTOPOM nonyroamu
2025 ropa NpoMbILLNIEHHOW YCTAHOBKM C NOC/eAyHOL MM
NO3TanHbIM pacLUMPEHNEM NPON3BOACTBEHHbIX MOLLHOCTEN
M BbIXOA4OM Ha BbiNycK A0 14 Tbic. T. Kap6oHaTa NINTUA B rof.

Aobblya nutna Poccnein n Kntaem B bonmeum 3aTpoHeT
b 1,64% conoH4yaka YHOHW - KOMNaHWS


https://ria.ru/20230225/litiy-1853523587.html
https://strana-rosatom.ru/2024/09/16/rosatom-podpisal-s-boliviej-kontr/
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https://strana-rosatom.ru/2024/09/16/rosatom-podpisal-s-boliviej-kontr/

KOTOpbIE HEe MOI'YT BBDKMBATHb B HeEIpaX 3Be3[, IIOCKOJIbKY OHWM
pa3pymaroTcAd B peaKlMsAaX € y4acTeM IIPOTOHOB.

° JIroOom Imponecc HYKIEOCVHTE3a, HdeTalil KOTOpOro HeACHBI,
THE SCIENCE PYRAMID L I - B e - B KOTOpBIVI OoTBeYaeT 3a JIerKre 3JIeMeHTBhI JIMTUMU, 6epI/IJIJ'II/II7I 4 60p,
A \
P e,

https://doi.org/10.1016/j.egyr.2022.06.087
9 — e 96 84
S 4& Kr 1195,
; 160
~ 81cC 235
> 14p Most stable nucleus
£ 744 e Energy released by U
c 1B
° . . .
2 .~ |[Msge Fusion Fission FUSION FISSION
g 6 - fast " deuterium “i‘,i""l // s
7L| particles N 2 o

: T B
15 .
8- 54 z, Energy m=2 @ = ,
> =
ol S
& 2 Region of very e
()] et - P
o 5 _ - stable nuclides ®/ e B e,
2 3H 3
© : g o "=0
£ = o
m 2-—

1-— By e

[ Energy Energy
0 | | | i | | | | | | —

0 20 40 60 80 100 120 140 160 180 200 220 240
Mass number (A)

Fig. 4. Binding energy per nucleon versus atomic number A.
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Li-Be-B

The Universe has a Lithium
Problem
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The Big Bang Theory suggests that there
should be three times as much lithium as we
can observe. Why is there such a discrepancy

between predictions and observations?

The missing lithium problem is centred around the earliest stages
of the universe: from about 10 seconds to 20 minutes after the Big
Bang. The universe was super hot and it was expanding rapidly.
This was the beginning of what's called the Photon Epoch.

Binding energy per nucleon (MeV)
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The Big Bang Theory suggests that there
should be three times as much lithium as we
can observe. Why is there such a discrepancy

between predictions and observations?

The missing lithium problem is centred around the earliest stages
of the universe: from about 10 seconds to 20 minutes after the Big
Bang. The universe was super hot and it was expanding rapidly.
This was the beginning of what's called the Photon Epoch.
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Smolsky, J., Leach,
K.G., Abells, R. et al.
Direct experimental
constraints on the
spatial extentof a
neutrino wavepacket.
Nature 638, 640-644
(2025).
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BIG-BANG NUCLEOSYNTHESIS AND PRIMORDIAL @ 2019

LITHIUM ABUNDANCE PROBLEM

HYKJIEOCUHTE3 BOJ1bLLUOIO B3PbIBA U NMPOBJIEMA
PACNPOCTPAHEHHOCTW JINTNA B PAHHEW BCEJIEHHOW

* ok ek ek
B. Cumex *°", Ooc. Jaxupu ®, J. Bromux® , 1. H. Bacy*°

V. Singh, J. Lahiri, D. Bhowmick, D. N. Basu

¢ Huraompoumusill yenmp nepementsir sHepaui

700064, Kaavkymma, Hndus [MpenckasaHua ctaHgapTHOM Teopun HBB 3aBucat ot
b Hayuonaasnsd unemumym Xomu Baba CKopocTen acTpodU3NUYECKNX A0EPHbIX peakumnm N Tpex
400085, Myaba, Hidus [OMOMHUTENbHbBIX NapaMeTpoB, a8 UMEHHO:
- Yynucna apomMaToB fIerKkoro HEMTPUHO,
- BPEMEHU XXM3HN HEUTPOHA
- 6apnoH-GOTOHHOro OTHOLLEHWA BO BceneHHow.

[o cux nop He ynaeTcA
006 BACHUTL MPUMEPHO
TpexKpaTHOe NpeBbILLEHNE

TEOPETUYECKOMN OLLEHKM PacnpocTtpaHeHHOCTb ’Li MOXXeT NoHM>KaTbCA 3a CUET pacnaga TAXKenon yacTtuubl

pacnpocTpaHeHHOCTH “Li. BO BpeMA WM rnocne HykneocuHTtesa bonbworo B3pbiBa (HBB), ¢oTtoHHOE
oxna)kgaeHue, BO3MOXHOCTb KOMOMHMPOBAHHOIO pacnaga 4actul, WU BAUAHUE
MarHMTHOro NonA.

Boixoa teopumn HBB 3a npeaensl ctTaHaapTHOWM Mogenn MoXeT notpeboBaTbCa ANa N3yvyeHnsa paHHeu
BceneHHoW 1 npoBepkn dyHOaMeHTanbHOW GU3NKK, a TakXKe A9 peLueHna npodbnemMol NNTUA.


http://jetp.ras.ru/cgi-bin/dn/r_155_0832.pdf
http://jetp.ras.ru/cgi-bin/dn/r_155_0832.pdf
http://jetp.ras.ru/cgi-bin/dn/r_155_0832.pdf

Nucleosynthesis Periodic Table
http://commons.wikimedia.org/wiki/file:nucleosynthesis_periodic_table.svg © CMG Lee, CC BY-SA 3.0

Exploding .. Human synthesis
- massive - No stable isotopes
© stars .

Exploding

A periodic table showing the origins of the elements in the Solar System, based on data by Jennifer Johnson at
Ohio State University. The percentages of each element’s origins are represented by squares (out of a hundred)
to make it easier to estimate proportions. Elements above lawrencium are not included. Johnson’s explanation at

http://web.archive.org/web/20220226100944/http://blog.sdss.org/2017/01/09/origin-of-the-elements-in-the-solar-system

cautions, “We still don’t know everything...” The image is NASA’s Astronomy Picture of the Day 2020-08-09

(http://apod.nasa.gov/apod/ap200809.html) and 2017-10-24 (http://apod.nasa.gov/apod/ap171024.html).


https://en.m.wikipedia.org/wiki/File:Nucleosynthesis_periodic_table.svg

Nucleosynthesis Periodic Table
http://commons.wikimedia.org/wiki/file:nucleosynthesis_periodic_table.svg © CMG Lee, CC BY-SA 3.0
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A periodic table showing the origins of the elements in the Solar System, based on data by Jennifer Johnson at
Ohio State University. The percentages of each element’s origins are represented by squares (out of a hundred)
to make it easier to estimate proportions. Elements above lawrencium are not included. Johnson’s explanation at

http://web.archive.org/web/20220226100944/http://blog.sdss.org/2017/01/09/origin-of-the-elements-in-the-solar-system

cautions, “We still don’t know everything...” The image is NASA’s Astronomy Picture of the Day 2020-08-09

(http://apod.nasa.gov/apod/ap200809.html) and 2017-10-24 (http://apod.nasa.gov/apod/ap171024.html).


https://en.m.wikipedia.org/wiki/File:Nucleosynthesis_periodic_table.svg

Teopua bonbLuoro B3pbiBa npeackasbiBaeT, Uto Koraa BceneHHaa Tonbko o6pasoBanach, eAMHCTBEHHOM MaTepuen, KotTopas
cyLlecTBoBana, 6bin1M Bogopo.a, re/iuii 1 o4eHb Masble Konmyectsa nuTuda. Ecnm aTto npasaa, TO BCe OCTallbHble 9/1€MEHTb

OOMKHbI 6blnn BbITb CO34aHbl B 3BE€34aX. .
Nntnunm mnmeet cnoxkHoe npoucxoxaeHmne. OH nNnpomn3BoanUTCA TPeMs

B3pbiB 3B€3abl, 60raton nutnem cnocobamu:
1) Hykneo-cuHTEe3ncomMm Bo BpeMsa bonbLioro B3pbiBa; A4EPHbLIMU
peakumamMm B MEX3Be3QHOW cpene, KOTOpPble  Bbl3BaHbI
y 8 SHEPrnYHbIMN KOCMUYECKMMU NyYaMM N TakKe OTBETCTBEHHbI 3a
- npoucxoxaeHue 6epunnua n 6opa;

D 2) AgepHbiMMn peakumMaMn B 3Be3AHbIX UCTOYHUKaAX, TaKmMX Kak
E v KpacCHblE rmraHTbl

3) 3Be3gHble MUCTOUYHUKM HeobxoamMbl ONA BOCMNPOU3BEAEHMUA
Y ‘Be p pocTta pacnpocTpaHeHHOCTU nutma B MneyHoM [lytn nocne
obpasoBaHna ConHeuyHOM cucteMbl okono 4,5 mMmunnmnapaos net

4 Ha3ag. BHyTpu 3Be3n 7Be, o6pa3yeTcs NyTeM CAUAHUA renma-3 u
l renna-4. 3aTeM 23TOT paguoakTMBHbLIM 3N1EMEHT 3axBaTtbiBaeT

9NEKTPOH M npeBpallaeTca B CBoe AoYyepHee Aapo 'Be B TeueHue
14
478 keV KOPOTKOro npoMexytka BpeMeHn (‘Be wumMeeTr nepuopa

nonypacnaga 53,22 agHA), sbiceobo>xaasa ¢OTOH ¢ aHepruen 478
—x KWNO3NEKTPOHBO/LT (pUC.).

Bknapg B3pbiBOB, M3BECTHbIX KAK HOBbIE, B cOAep>XaHue nnutna B MnevyHoMm
P [MyTn HeonpeaeneH. PaanoakTnBHbIN 6epunanmn, KOTOPbIK NpeBpaLllaeTca
B NTNTUK, 6b121 BNepBbie 06Hapy>XeH B 04HOM N3 TaKMX B3PbIBOB.

OCHOBHbI€e AepHble peakLuumn, yuacTByroLLme B cMHTe3e 'Be 1 ’Li B HOBbIX. Tagykuuy v ap.1 06Hapy>Xunm paamnoakTuBHbIN Be
Nnpwv B3pbiBe HOBON. 'Be npeBpaLLaeTca B ’Li, HeMTpuHO U $OTOH c aHepruen 478 KaB, Korpoa 3axBaTbiBaeT 31€KTPOH. p, e—,
y-nyun, 34He, ’Be, ’Li, 8B, V.


https://sci-hub.ru/https:/doi.org/10.1038/518307a
https://sci-hub.ru/https:/doi.org/10.1038/518307a

Beryllium and 14-MeV neutrons in Big Bang Nucleosynthesis (BBN)
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The BBN theory predicted "Be destruction via
resonance in d + "Be — ?B process.

V. Valkovic, D. Sudac, and J. Obhodas, The role of 14 MeV neutrons in
light element nucleosynthesis, ANIMMA 2017 EPJ Web of Conferences
170,01017 (2018), https://doi.org/10.1051/epjconf/201817001017

Experiment: n +'Be —» a+a+n+p+e+v
a AE-E telescope

°Be

n- detector

a AE-E telescope

»
v A

n

oV

Fig. 4: Incoming neutron interacting with d in "Be nucleus leading to
’Li+"n interaction and sequence of decays as indicated.

A pulsed 14.2-MeV neutron source and Nal(Tl) gamma-ray spectrometer
were used to measure gamma-ray production cross sections for beryllium,
carbon, magnesium, aluminum, silicon, calcium, titanium, vanadium,
chromium, iron, copper, niobium, molybdenum, thorium, and 238U.

No gamma rays were observed from beryllium-9
except for the 0.48-MeV gamma-ray from °Be(n, t)’Li*,

with a cross section of 0.7 £ 0.2 mb/sr
https://digital.library.unt.edu/ark:/67531/metadc868503/
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ACUMMETPUW BbINETA NMPOAYKTOB PEAKLAIA

1 TEMNJI0OBLIX HENTPOHOB C JIEFTKUMW A0PAMU

HccrnenoBanue npocTpanCTBEHHOM YeTHOCTH B PEAKIUAX MOJIIPU30BAHHBIX HEUTPOHOB
C JIETKMMH SIpaMU SBJISI€TCS BaXHBIM HANpaBlIeHHEM B paMKax (PyHIaMEHTAIbHOM Ipo-
O71eMbl IOHUMAHHUS MEXaHU3Ma TMPOSBIIEHHUS CIa00T0 B3aMMOJIEUCTBUS B SIEPHBIX IMPOIIeC-
cax, a TakKXe OLEHKH IMapamMeTpoB c/1aboro HyKJIOH-HYK/IOHHOTO B3aumozeiictusi. [Ipencra-
BIIEHA TIPOrpaMMa U3MEPEHUs C MPeIeIbHON YYBCTBUTEIBHOCTRIO U TOYHOCTBIO KOa(huIiu-
€HTOB P-HEUeTHOW aCUMMETPUH B PEaKlMsIX B3aUMOACHCTBUS MOJISPU30BAHHBIX XOJIOIHBIX
Y TEIUIOBBIX HEUTPOHOB C fApaMu JUTUA U Oopa. B pamkax sroro nmkia pabor BHepBbie
B MHpE M3MepeHbl C UyBCTBHTEIBHOCTHIO, Omm3koit K 107 °, KoaummenTsl P-HedeTHOl
aCHUMMETPHHU B PeaKlMaX XOJIOIHBIX M TEILIOBBIX HEHTPOHOB C M30TONMAMH JIETKUX sjep ° Li
n OB a e = (88 42,1)- 1075, a, Byl P = (0,0 £ 2,6, + 1,1,,,,) - 1075,

10
ago e B P — (11 94 34)-107%. lng aByX acUMMeTpHii BIepBbIe B MHpe 3a(hUK-

CHpOBAaHBI HEHyNeBble 3HaueHus. JlaHHble, MOTydeHHble HaMH B peakuuax °Li(n, «)*H
u "B (n,a) "Li* — v — "Li(gr.st.) (B Kanane y-KBaHTOB) M 06paboTaHHbIe COIIACHO
KJIACTEPHOI MOJIE/IH, XOPOIIO COIIACYIOTCS C Pe3y/IbTaTaMH JPYIHX 3KCHEPUMEHTOB, HO
UCKJIIYAKT «Jiydiiee» 3HadeHue DDH. OueHb BaXHO Onmcarh 3TU peaklUu U3 «IIEPBBIX
IPUHLIUAIIOB .
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https://www.visualcapitalist.com/charted-teslas-2025-sales-slump/
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[[Oﬁbl‘la autnga B CIIA - Tekyuian 3aucrMocTb CLLA ot
JKHNIHEHHO BAKHAS HOTpEﬁHOCTb WHOCTPAHHBIXNCTOYHNKOBJINTUA U OT

9 6aTtapen, Heob6xoanMbIX.Aaa NNTaAHNA
DSOS LU0 ] aneKTpoMobuIeEN U TN6PNAHbIX

’F J

Lenouka. nocmabok rudpokcuoa Numus

BaxHOCTb nUutTmA.

B gonvHe BepxHero PeiiHa HaxoauTcs KpynHenee B TenedoHOB 1 MH oer‘p.py
EBpone 1 0HO 13 KpYNHENLIMX B MUPE MECTOPOXAEHUE : 5

BbICOKOTEXHOJIOFrNYHbIX YCTPOWCT
NUTWKS, KOTOPOE TOMBKO W XKAET, KOTAa €ro Ha4HyT

ABnseTcA npob6nemMon HaUuMOHabHOW e
paspaﬁaTblBaTb. S Germany
6e30MacHOCTU 1 3KOHOMMW Ku. canaca

- EE . Congo

China
2020 Lithium Production Worlil Total .
(tonnet‘-)* (%) United States

Chile

Kpumuveckoe coipse dns nepexoda na 3nekmpomodunu

Jintnn.

JIUTUI 9BNAETCA KPUTUHECKU BaXKHBIM METANIIOM B aKKyMynsaTopax

Australia _m ‘
anextpomobunei (EV), urpas BaxHyio porb B Nepexofe K yCTon4nBomy
o s Zimbabwe 3
TpaHcnopTy. MockonbKy EBponenckuin coto3 0643bIBaET BCE HOBbIE aBTOMOGUIN
pacriopTy y Eep ~ Fnited stESRNR [N
6bITb Ha 100% anekTpuyeckumu K 2035 rogy, NpOrHo3mMpyeTes, YTO CNpoC Ha NUTUA

p
B EBpone ang anekrpomobunei npesbICUT OANH MUMITMOH TOHH B rof kK 2030 rogy, Rest of World
YTO NPEBLICUT Pa3Mep BCETO CETOAHSLLIHErO MUPOBOTO PbiHKA NMUTUS. w I

Argentina

Bolivia

:
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TpaguuMOoHHbIE MeTOOLI NPOM3BOACTBA NUTUS 0KA3bIBAKOT 3HAYUMTENLHOE
BO30ENCTBME HA OKPYKAIOLLYI0 cpeny. B 3aBMCcMMOCTH OT npouecca Belbpockl CO: 1
notpedneHne Bogbl MOryT ObiTb OFPOMHBIMW. SKCTEHCUBHOE 3EeMMNEeNnonb30BaHne
TaKKe BMUSIET HA OKPYKAOLWYIO cpedy W Bbl3bIBAET couMarnkHble npobnemsl B

cTpaHax, rae eegetcs gobbiya nuTua. Ham HeoGxoaAuUMo caenaTb NPOM3BOACTBO
nutnA 6onee yCTOAYUBBIM .
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https://v-er.eu/importance-of-lithium/
https://www.essentialminerals.org/insight/u-s-lithium-mining-the-green-economys-vital-need/

O6beAVHEHHbI UHCTUTYT J'Iyl-lLuue NMOCTEepHbIle AO0KJ/laAbl MOJ104bIX
AAepHbIX uccneposanmi  yyaypiX Ha ceccuax MKK

HAYKA CBNTMXAET HAPO bl

B ssiHBape npounun sacegaHus lNporpaMMHO-KOHCYTbTaTUBHbIX KOMUTETOB
OUAWN. Mo Tpagmuymnmn Ha MNKK monogbie y4eHblie 06 begMHEHHOIO
WHCTUTYTa NPpegCcTaB/Is/In CBOU Hay4YHble paboThbl. 30 AHBaps 2023

YneHbl KOMUTETOB onpeaennnm I'IijE,El,HTEJ'IEﬁ MOCTEPHBIX CecCUM:

® Ha ceccum NKK no pmsuke koHaeHcupoBaHHbIx cpef 6bino caenardo 10
NOCTEPHbIX AOKNAA0B, NyYLMn U3 KOTOPbIX NpeAcTaBu Hay4YHblW COTPYAHUK
HayuyHo-3aKcnepMmMeHTanbHOro oTaena HEMTPOHHbIX UCcNedoBaHum
KoHAeHcupoBaHHbIX cpea JIHO OMAN Menp Epaaynetos: «Pa3spaboTka nUTUI-
MOHHbIX aKKYMYNATOPOB C NOBbILWEHHbIMW YAENbHbIMW XapakTepucTUKamMm».

OduunanbHbIi MHTEpPHET-NopTan opraHoB MeCTHOro caMoyrnpaeneHus
ropoackoro okpyra [ly6Ha MocKoBCKo#i o6nacTtu

0 cbeBpanﬂ 2023 Haykorpan Poccuitckon denepaimm

B N'ocypapcTBeHHOM yHuBepcuteTte «JlybHa» npoBoasTcS
3KCMNEepPUMEHTbI No pa3paboTKe TeXHONOrMmu co3aHuns NOpPOLLUKOBOro
NUTUPOBAHHOIO yriepoaa aNns IMTUN-NOHHbBIX aKKYMYNAATOPOB
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faepHas KpUMMHaANMUCTUKA BKIIKOYaeT M3yYyeHue maTepuarnoB, WCMOoNb3yeMbiX AN aTpubyumm sgepHoro
coObITUA. AHanuM3 npoaykTOB SOEPHOM peakuuu, MOoSlydeHHbIX Kak OT OpYyXus, Tak WM OT mMmartepuana B
HenocpeacTBEHHOW ONM30CTM OT CcOoBbITUS, OaeT AaHHble, Heobxoauwmble ONA UMAEHTUMUKAUUMM UCTOYHUKA
AOEepPHOro Martepuana M KOHCTPYKUuMM opyxus. CnekTpanbHash MHJoOpMaunst HEMTPOHOB, MNPOM3BELAEHHbIX
cobblTEM, [OaeT MWHJopMauuio O KOoHdurypauuum opyxuda. JlutneBas Oatapesa npeacraBnsieT CoOoM
YHUKaNbHYO nnatcgopmMmy Ansa SOepHOU KPUMMHANIMCTUKWU, MOCKONbKY coaepxumoe Li-6 oveHb
YYBCTBUTEJIbHO K HEUTPOHaAM, B TO BPEeMSA KaK KOHCTPYKUUA OaTapeum COCTOMT U3 pas3fiMyHbIX CloeB
MaTepuanoB. Kaxgbln N3 aTux matepuanoB npeacraBnser codbon anemMeHT ANns NOPOoroBoM CXeMbl OETEKTopa,
roe M3oTonbl NMPoOu3BOAATCS B KOMIMOHEHTax Oartapen nocpeacTBOM PasfnUYHbIX SOEPHbIX peakumn, KoTopble
TPeOYIT 3HEPIN HEUTPOHOB BbilLe dyHAAMeHTaNbHOW NOPOroBOMN SHEPTUN.

Table 3-1 List of Batteries and Their Specifications.

Model No. Type Mass (g) Shape Dimensions (mm)
LIR2032 LiCoO, 2.35 Coin Cell DxH: 20.0x3.2
CR2032 LiMnO» 3.00 Coin Cell DxH: 20.0x3.2
ML-2020 | LiMnO, 2.30 Coin Cell DxH: 20.1x2.0
MEC201 LiCoO; 0.400 Thin Foil LxWxH: 25.4%25.4%0.17

* D 1s diameter, H 1s height, L is Length, and W 1s width.



https://ui.adsabs.harvard.edu/abs/2013APS..DNP.HJ001J/abstract
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0630p pa3snINUYHDLIX TUNOB AETEKTOPOB HEUTPOHOB Ha
OCHOBE NUTUA-6, UX ONNCaHNN U NPUMEHEHUMN.

Tun petekropa

CuMHTUNANATOPDI
M3 cTeknac
nmnTnemM-6

MonynpoBoaHuKoO-
Bble [,eTEeKTOpbI C
nmTnem-6

HenTpoHHbIE
CUYETUNKU C
nmutTnem-6

OetekTopsl LiF
(nuTun-dTop)

OeTteKTopbl C
MNOKpbITUEM U3
nntna-6

OnucaHue

Mcnonb3yloT cTekno ¢
po6aBneHmneM nnTnA-6, KOTOopoe
CBeTUTCA NpU B3aUMoOAEeNCTBUMN C
HEeUTpoHaMMm.

Mcnonb3ytoT nnTnin-6 B
nonynpoBoOAHNKOBOW popMe AnAa
cbopa 3apsana npm B3anMoaencTenmn
C HENTPOHaMMW.

[a30HanoONHEHHbIE OETEKTOPHI,
KOTOpPblE CUNTAIOT 3aPAXKEHHbIE
yacTuubl, o6paszyroLumecsa npm
B3aMMOOENCTBUN HEUTPOHOB C
nnTnem-6.

Kpuctannel ¢pTopmnaa nutna, Kotopble
ob6Hapy>XMBatOT HENTPOHbI Yepes
B3aMMOAENCTBUA C NNTUEM-6.

[eTekTopbl C C/I0EM NUTUSA-6 Ha
noAanoXkke, Kotopble o6Hapy>KnBatoT
BTOPUYHbIE YaCTMLbl OT HEMTPOHOB.

MpuMmeHeHUA

AnepHaa 6e30MacHOCTb U
nccnenoBaHuA.

CnekTpocKkonma HEUTPOHOB
C BbICOKMM pa3peLLeHMEM.

NlabopaTtopun n agepHbie
06bEeKTbl 4719 MOHUTOPUHTA.

3awuTta oT pagnaunmn u
[03NMeTpuUA.

Hayu4Hble 1 NpoMbILLIEHHbIE
NpUNo>XKeHMA ans
obHapy>XeHns HEMTPOHOB.
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O630p pa3nNUYHbIX TUMOB A,ETEKTOPOB HEUTPOHOB HA OCHOBE NINTUA-6,
UX OoNMCaHNU U NPUMEHEHUN.

Tun petekTopa

CumHTUANATOPLI
M3 crtekKnac
nnMTnem-6

MonynpoBoaHUKO-
Bble A,eTEKTOPbI C
nntnemM-6

HenTpoHHbIe
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DeTtekTopobl LiF
(nuTnn-¢dpTop)
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;He (2.05 MeV)

OnucaHue

Mcnonb3yloT cTekno c
pob6aBneHneM nuTUA-6, KoTopoe
CBEeTUTCA NP B3aUMOAENCTBUU C
HEUTPOHaMMU.

Ncnonb3yoT nntnin-6 B
nonynpoBoAHUKOBOM popMe AnA
cbopa 3apsana npu B3anMoaencTBUn
C HEUTPOHaMW.

[a30HanonHeHHblIE AETEKTOPDI,
KOTOpble CUNTaIOT 3apA>XKEHHbIE
yacTumubl, obpasyroLimecsa npm
B3aMMOENCTBUMN HEUTPOHOB C
NNTNEM-6.

Kpuctannbel ¢pTopmnga nntma, Kotopble
obHapy>X1BatOT HEUTPOHbI Yepe3
B3aMMOAENCTBUA C NUTUEM-6.

[leTekTOpbl C CIOeM NNUTUA-6 Ha
noasioXKKe, KOTopble 06Hapy>knBatoT
BTOPUYHbIE YAaCTMLbl OT HEMTPOHOB.

iH (2.73 MeV)
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06BbEeKTbl 4NA MOHUTOPUHTA.

3awmTa oT pagmaunm m
[Oo3nMeTpuA.

HayuHble 1 NPOMBbILLUNEHHbIE
NPUNOXeHMA ana
obHapy>keHnss HEMTPOHOB.
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Article doTorpadum cbopkm cuuteiBaTena cumHtunnatopa NalL ¢ Y (cnesa) n maccusa SiPM (cnpaga).

A Compact Dual Gamma Neutron Detector Based on NalI(T1+Li)
Scintillator Readout with SiPM o

Fengzhao Shen, Qibin Fu ", Tuchen Huang *'*" and Wei Wang 3000

Resolution: 6.5 = 0.2% _
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Kpuctann woaupa HatpuaA, NEerMpoBaHHbIM TanaveM W NNTUEM, ABMAETCA MNepcrnekTUBHbIM
CUMHTUNANATOPOM C LUMPOKMMK NepCcrnekTMBamMm npuMeHeHna gna oBonHoro obHapy>xeHna raMma-
HeWTpPoHOB. B aToM nccnepoBaHum 6bin pa3dpabotaH KOMMaKTHbIA AeTEKTOP raMMa/HENTPOHOB Ha 1508
ocHoBe 2-gronmoBoro cuumHtuanatopa Nal(Tl+Li) (NalL) ¢ m™MaTpuuen 8x8 KpeMHUEBbIX 1000
dotoyMHoXxXuTenen (SiPM). lna matpuupl SiPM 6bina paspaboTtaHa cneumanbHaa cxeMa yeunmtens 500 -
TpaHcuMneaaHca. QHepreTnyeckoe paspeLleHne n NIMHENHOCTb OTKNMKa ¢ MaTpuuen SiPM 6binn ol , , , ,
OLLEHEHbl U CpPaBHEHbl C MNOAYYEHHbIMWU NPU CUUTbIBAHUMN C POTOYMHOXUTENBHOWN TPYOKM (DIY). . e Chanmel T 1=
OHepreTnyeckoe paspelleHne gna ramma-nyden 661,6 kaB 6bino namepeHo kak 7,0% mn 6,5% c 3000

MaTpuuen SiPM n ®3Y cooTtBeTcTBEHHO. JIMHENHbIV OTKIMK MaTpuubl SiPM noyutn Takow e, Kak y
®3Y B gnanasoHe aHeprum o ~4 MaB. duckpnMmmHauma ¢opMbl UMNyIbCa HENTPOHaA M raMMa- |
n3nyyeHmAa OBblna oueHeHa nyTeM nonyyeHma GopM MMMyNbCOB C MOMOLbI aurmtamasepa (12 2000
6unT/250 MSPS) 1 aHanm3a B aBTOHOMHOM pexume. Jlyuwmnm nokasatenb kadectBa (FOM) 6bin |
n3mepeH kak 3,75 gna maccua SiPM ¢ ontMMum3ampoBaHHbIMM NapaMeTpamm, yto 6/M3KO K
NPOU3BOAUTENBHOCTN, MU3MepeHHOW ¢ nomowbio PMT (FOM = 4,07). 3OkcnepuMeHTanbHble == _
pe3ynbTtaTbl MOKa3blBalOT, UTO cuuTbiBaHWMe cuuHTunnatopa NalL ¢ maccusom  SiPM 500 4
ODEMOHCTPUMpPYET JHepreTuyYeckoe paspelleHue, akBMBaneHTHoe ramMMma-getektopam Nal(Tl), wm . )
NPEeBOCXOAHYH ANCKPUMMHALWIO HEUTPOHOB/raMMa, UYTo Aenaet ero ocobeHHO noaxoaAaLLmMM o ) ‘ 500 1000 1500
KOMMAaKTHbIX YCTPONCTB, TPeOYHOLLMX BOBMOXXHOCTMN ABOMHOIo 06Hapy>XeHna raMmMa- h HEMTPOHOB. R
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Cogep>kaHVE B'SEMHONKOPE: Jg/ 6nnsntenbHo 50 ppm (0,05 r/kr). Bonee
pacl ng TPaHEHREEMIONOBO WA cBHeL, 1 B 10 pa3 6onee pacnpochaHeH yem
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DUPBAHOTO. a). Jintnn-7 (92,5% ot npnpoaHOro lm
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\ nonb3oBaHue B TepMd MpupopaHbIK NUTUN BOSMOXKEH
CHONIBEOEAHVARNONIPEAnoUYTUTENIbHEe o6oraw,eHHbIN TNTUN-6 (40-90%).
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https://armyrecognition.com/news/navy-news/2024/l3harris-delivers-first-lithium-ion-battery-powered-auvs-for-us-navy-submarines

NlntTun — wmatepuan, npeacrtaBnaAlOWMA OOMbLUOA MHTEPEC B MUPE, OH BCTpPeYaeTcsl B PasfMYHbIX
MUHEpanax 3eMHOW Kopbl (cnogymeHe, nenuaoonute, amOnUroHUTE N NeTanuTe), a TakKe B COMAHbIX
BaHHaX.

OTOT aNeMeHT OTHOCUTCS K LLENOYHOW rpynne 1 UMeeT ABa npupoaHbix nsotona: Li-6 n Li-7.
B siaepHoOM o6nacTy U30Tonbl NMUTUS UCMONbL3YIOTCS OJ1Sl PA3NMYHbIX Lenen.

Li-6 npMeHsieTca B NPON3BOACTBE SHEPIUN, MOCKONbLKY ero cevyeHue bonbuie, 4yem y Li-7.

Li-7 perynupyet pH B xnag-areHTe B NepBUYHbIX KOHTYypax S4EPHOro peakrtopa C BOAOW nod AaBrfiEHMEM
(PWR).

B saaepHOM peakTtope NnUTUM UCMONb3YETCA B Ka4yecTBe TENSIOHocuTena Grnarogapsi cBoen Temneparype
knneHuns (1342 °C), 4Tto genaet ero oTfINYHbLIM TENS10-NPOBOAHNKOM.

OpgHako Ans AOCTUXXKEHUA BCEX 3TUX Lerien NNTUN AO0IMKEeH UMeTb BbICOKYH0 Yuctoty (> 99%).

OCHOBHbIe npoueccbl AOJid AOAOCTUXEHUNA BbICOKOINO YPOBHA YUCTOTbl JINTUA, HABJIIAKOTCA COYETaHNEM
IKCTpakunn pacreoputesiemMm m rnpoueccomMm MOHHOIo obmeHa - And nonyveHna ero CONEW, UM XMMNYeCKNM
ANEKTPOJIN3OM €ro xnopmaos - Asd rnornyyvyeHnda YnCcTtoro metarsina.
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MuHucrtepctBo aHepreTukm CLUA rotoBuT MacLutabHyro Mop.epuusau.mo
CBOMX ornepauum no nponsBoaCcTBY IUTUA-6
VISOTONN & WCTIOBSY e TCALANIA MSFOTOB/IEHMAIN oA A e PXKaHNA AAePHbIX

OOENOJIOBOKAIEPEPAOOTKAIEIO WS Ci X Jr El0J/IOBOK MOXKET HE

Voltage Divider

VAOENETEOPUTLICTIPOC.

CMpPOC HEeYK/IOHHO poC, TUNMUYHbIE Light Tight

3aKa3bl cocTaBnAanu okono 10-20 kr STy S
otons

Ka>kabin. arh

Takon pocT cripoca ABnAeTca NpAMbIM pe3ysibTaToOM Ucnonb3oBaHuA °Li B HeMTPOHHbIX AeTeKkTopax. ’Li n3 Y-12 ncnonb3yertca B
KayecTBe CUUMHTUANALMOHHOIO Martepuana pAanfa HEUTPOHHbIX [AeTeKTOpPOoB, 3akynaeMblx MUHUCTEPCTBOM BHYTPEHHEN
6e3onacHoctK, VYnpaBneHmeM BTOpon nAuMHUKM o06opoHbl NNSA (NA-25), ApyrMMmM BHYTPEHHUMU U MeXAYyHapOAHbIMU
npaBUTENbCTBEHHbIMU areHTCTBaMn U nccriegoBaTenbCkMMm nabopatopnuaMun. TMNUYHbIE HENTPOHHbIE AETEKTOPbLI MOXXHO NpmnobpecTun
B BMOE PYYHbIX YCTPOWCTB, PHOK3aKOB WM MOPTanbHbIX MOHUTOPOB, OETEKTOPOB, MUCMOMb3yeMblX O1A obHapy>XeHWA He3aKOHHOW
KOHTpabaHAabl crieumnanbHbIX A4ePHbIX MaTepmnanoB Ha NorpaHUYHbIX Nepexogax, B nopTax, asponoprax u T. 4.

Ewe ogHow obnacTbto 6yayLiero pocta ang Li ot Y-12 aBngerca ucnonb3oBaHMe B bnaHkeTax 6punaepos A1 Nponu3BoaCcTBa TPUTUA B
TepMoaaepHon saHepreTuke. HepgaBHo Y-12 nonyyuna 3anpoc Ha noctaeky éLi ona vcnbeitaTtenbHoro 6naHkera 6puaepa, KOTOpbIn
OyneT ncnonb3oBaTbCA B NpoekTe MeXxayHapoaHOro TepMoaaepHOro aKCnepmMeHTanbHOro peaktopa, KOTopbiv B HAacTosLLEE BPeEMS
cTpouTtca Bo PpaHuunn.
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https://www.y12.doe.gov/mission/global-security/lithium-based-technologies
https://www.y12.doe.gov/mission/global-security/lithium-based-technologies
https://doi.org/10.1016/j.omx.2024.100373

HAY KA Pa3pabotaHa “3e/ieHad” MeToayka Aobblun ANTUA-6 414 TEPMOAAEPHON0 TOM/INBA

20 MAP, 18:17, 2025
Cherno Jaye, Daniel A. Fischer, Lucia Zuin, Jian Wang, Sarbajit Banerjee.

I J. Luis Carrillo, Andrew A. Ezazi, Saul Perez-Beltran, Carlos A. Larriuz, Harris Kohl, Jaime A. Ayala,
hem ' Arnab Maji, Stanislav Verkhoturov, Mohammed Al-Hashimi, Hassan Bazzi, Conan Weiland,

Electrochemical *' /isotope enrichment based on
1D tunnel-structured V,0g. ©i1=) 20750 i
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ucnonb3oeamb numull, KOTOPbIA B XoAe TepMOAAepPHOW peakuuu Oyper

o0ny4arbCA HEUTPOHAMWU, Mbl CMOXEM NONy4YaTb Ha BbIXOAE TPUTUKW, KOTOPbLIW

MOXHO GYAGT CHOBA MCNONbL30BaTb KaK TONNMUMBO. JTO NO3BONUT cAenarb

IKOHOMMKY TepMOAAEE HOW JHEpPreTUKU BbIroAHOW, a BOT 6e3 nuTusA oHa Oyaert noa
T, - ckasan y4eHsii. ,

KpaT CrenaH AHﬁpeeBMq

YueHad cTeneHb: KaHAUAAT (PU3UKO-MaTEMATUYECKUX HayK

CrapLuMi Hay4HbIA COTPYAHUK

JlaGopaTtopuns "hU3NKo-XMMUYEeCKUe NPoLEecchl B CTEHKaX TePMOSAEePHbIX YCTaHOBOK"
WMHCTWUTYTa Ta3epHbIX W M1a3MeHHbIX TexHonoruia HUAY MUOKU

3aBeayoLlWmMii Hay4HO-UCccnefgoBaTeNbCKoi nabopaTtopueit
JNaGopaTtopus "MUTUEBLIE TEXHONOMMW 0BpaLLEHHBIX K NnasmMe anemeHTor" Kadheapsb!
uarky nnasmel (N°21)

CrapLluvii Hay4HbIi COTPYAHUK

Kadenpa dmanku nnasmel (N°21) MHCTUTYTa Na3epHbIX ¥ NNa3MEHHbIX TEXHONOrMA
HUFY MWDK


https://www.mos.ru/news/item/134304073/
https://www.protectthackerpass.org/lithium-and-nuclear-weapons/
https://home.mephi.ru/ru/users/5235/public

NMepBoe NokoneHue ynpasnsieMbiX TEpMoaaepHbIX
YCTPOUCTB

D+T— “He(3.5MeV)+n(14.1MeV)

CBoboaHas aHeprma peakumm cocrtandet 17,6 MaB, okono
80 n 20 NpouUEHTOB 3HEPIUN, NEPEHOCUMON HEUTPOHAMU U
anbda-yacTmMuaMm COOTBETCTBEHHO. bonbuwe HenTpoHoB
nponssogmntca B 6naHkeTe NUTMA, rae OHW NpPoOM3BOAAT
TPpUTUNU. HEenTpoHbl MOryT BbIXOAUTbL 4epe3 6naHKeT unu
nornowaTbCA CTPYKTYPHbIM MaTtepuanom.

TpnTn mnMeeT orpaHUYeHHble MNPUPOAHbIE PECYPCbhbl W
TakKke pagnoakTuBeH. PagMoakTUBHBLIA TPUTUA CROHTaAHHO
pacnapaetca Ha 3He, anekTpoH N aHTUHENTPUHO C NEPUOa0M
nonypacnapga 12,3 rona B npouecce 6eta-pacnapga:

T — *He+e +v, +18.6 KeV

B otnnume ot crtabunbHOro unsortona Aentepus, KOTOPbIN
coctaBndetr 156 ppm Bogopoga Ha 3emne, TPUTUN UMeeT
OTHOCUTENbHO KOPOTKUM CpoOK XpaHeHusa n3-3a
pagnoakTMBHOINo pacnaga, Mo3ToMy TpUTUU Haubonee
3pPeKTUBHO MUCMOJIb3yeTCA Yepe3 HeCKONbKOo sieT nocne
ero npon3BoACTBa.

CnepnoBaTenbHO, €ro Npon3BoAcTBO TpebyeT ocoboro ynpaBneHums.

Ona Ttoro 4utobbl peakumsa cuHTe3a Oblna 3KOHOMUYECKU BbIFOAHOW,
KoapduumeHT Bocnpomsesoactea Tputma (TBR) gomkeH 6biTb 6onbLue
eanHuubl. KoapdumumeHT BOCNPON3BOACTBA TPUTUA onpeaenseTca Kak
cpegHee 4Mcno atoMOB TPUTMA, BOCMPOU3BOAMMbBIX Ha OAMH aTOM
TpUTUA, cKuraemoln B peakumn 1. OguH U3 MeToaoB MOXeT 6biTb
ODOCTUTHYT B TepMmoAaepHoM peaktope TBR 6onblwe egunHuubl,
MCNonb3yA nuTnncopepKaume 6naHKeTbl C HEWTPOHHbIM
yMHOXUTenem. BsauMopencreme HEUTPOHOB C  JIUTUEBLIM
6naHKeTOM C 4YnUCTbIM TpUTUEM Tputun 6yaer npomsBoaUTbCH
cnepyrowmm obpasom

n(slow )+ Li > T+ *He+4.8 MeV
n(fast)+ 'Li > T+ *He+#4-2.5 MeV

Copep>xaHue n3otonos NnUTna coctasnaet 7,51 92,5 cooTBeTCTBEHHO.
Mpn npaBunbHOM BbIGOpe M™MaTepuanos, CTPYKTYPbl M TEOMETpUM
6naHkeTa NnoTepa HEUTPOHOB MOXET OblTb CBeAEHA K MUHUMYMY NYTEM
NornoLeHna unum Bbixoga n3 6naHkera.

[MouTn BCE HENUTPOHLI, KOTOPbIE 3aMeaNATCA A0 TEMN/IOBbIX SHEPIUN OT
CBOMX HavanbHbix 14,1 M3aB, ™Moryt 6biITb nornowieHbl SLi m moryt
reHepupoBaTb TPUTUMN.
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Rosen L., Stewart L. Neutron-Induced Disintegration of éLi and “Li. Physical Review A. Vol. 126. No. 3. 1962. pp. 1150-1151.
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FiG. 2. Energy dependence of the cross section for the
Li%(n,dn)He* and Li%(s,tn )He! reactions.

HeobbluannHo 6onbLiMe ceyeHUa o1
BblLLIEyKa3aHHbIX peakumin UMerT apyrue
n 6onee nparMaTU4HbIE NOCNEACTBUA.

(1) LiH pomxeH ObITb 4pe3BblUaMHO
noneseH B KayecTBe NErkoro
peakTopHOro wurta. 910 cneayeT u3 Toro
¢dakTa, YTO OTHOLLIEHME FrEOMETPUYECKOrO
nornepeYyHoro cedyeHnA K Becy Agpa
nponopumoHanbHo A3, B To BpeMa Kak
aToMHaA nnotHocTb LiIH He ABnAetcs
HebnaronpuatHon. Kpome Toro, Manas
Macca Li npencraesnser ero ynpyroe
nornepeYyHoe cevyeHne B BbIrOAHOM CBETE
C TOYKM 3peHNA 3aMeaNeHnA HEUTPOHOB.
Nocne TOro, Kak HENTPOHDI
TepManuaytoTca B akpaHe LiH, oHn 6yayt
3axBaTbiBaTbcA SLi 6e3 o6bpas3oBaHuA
raMMa-syyemn.

(2) O6bluHbIM Li MOXXET 6bITb BNONHE NOAX0AALLMM B KaveCcTBe «oaeAana» 1A ynpaBnaeMbiX TEPMOALEPHbIX YyCTPOMCTB.
9710 «0aeAno» byaeT BbINONHATL ABONHYIO GYHKLUMIO HEUTPOHHOIO LWMTa M Npon3BoauTena Tputna — BbliCTpble HEUTPOHbI ByayT
NpPon3BOAUTbL TPUTUM B “Li, a TepManmM3oBaHHble HENTPOHbI OyayT NPOU3BOANTL TPUTUI B SLI.

TaknM 06pa3oM, MO>KHO 6bI/10 Obl Npon3BOANTL BObLLE TPUTUA, YEM NOTPebAeTCA B TEPMOAAEPHOM peakTope, UCMNONb3YHLLEM
peakumto d-T.


https://doi.org/10.1103/physrev.126.1150
https://doi.org/10.1103/physrev.126.1150
https://doi.org/10.1103/physrev.126.1150
https://doi.org/10.1103/physrev.126.1150
https://doi.org/10.1103/physrev.126.1150

PaccesitHue HeutpoHoB ¢ SLi n 7Li npu 3aHepruu nagawowmx HeutpoHoB 14 MaB
C ncnonb3oBaHueM nnaTtopmMbl UHEPLUOHHOrO CXXaTuUs TepMosAAePHOro cCuHTe3a.

ur
LLE
SLi to ’Li composition 2> TBR* > 1 | koaccdmumeHT paamHoxeHuns tputusa (TBR) > 1
Deuterium/Tritium reaction (plasma) * Xopoluo
Well measured down U3MepeHo Ao
Q to thermal energies. TennoBbIiX
“ ‘ , D 3Heprum.
A7
Deuterium . / Heli =
2H Fusion elium =
(1 ) (4H) o
2 o ) He xopoLio usmepeHo ¢
/ \ IE Not well measured with fast | 5, ,croLivm Heittporamy.
0 i ILi+n-n'+a+t neutrons. Emitted neutron WanyyaeMbiit HEUTPOH
o o feeds back into SLi to yBenuuMBaeT CKOPOCTb
T";'um Neutron [11] increase reaction rate. BepxHel peakumu.
(tH) Energy '
|
. *TBR: tritium breeding ratio
C. J. Forrest 64th Annual Meeting of the American Physical
University of Rochester Society Division of Plasma Physics
Laboratory for Laser Energetics Spokane, WA October 17-21 2022
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Breeding Tritium from a Lithium Blanket NMonyyeHune TpUTUA N3 NUTUEBOro GnaHkeTa

NMpupoaHbIN NUTUN B Ka4yecTBe MaTepunana-opunaepa He npuBeaeT K CKOpPOCTU Npon3BoacTBa

TPUTUA, AOoCTaTovyHOM Ans TOro, YTOObI PeaKTop MOr noaaepxXmBatb CaMmoaoCTaTO4YHOCTD.

uUR
LLE

EOVMHCTBEHHO BO3MOXHbLIM pelleHUueM sIBNSAeTCA yBenuyeHue copepxaHusa SLi(%) Ao ypoBHs,
Heobxoaumoro Ans gocTuxeHus KoacpduumeHta Bocnpounssoactea Tputua (TBR > 1).
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The measured cross sections for the 7Li(n,n't)a reaction

channel available in the literature vary significantly.
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Koroa npuaet TepMosiaepHbIi cMHTE3? TepmoaaepHas 3HepreTMKka He BO3MOXKHa... B uem 6bin npas Octpeno0B?
Munnuapabl 4011aPOB MNOoTPaYeHbl BAYCTyHO?

OOKTOP

npodeccop,

OCTpeLI,OB
I/Ir pb
Hukonaeenu

'He'H=o?He 5 4

HekoTopblie yueHble-TepMOosAePLUNKN YyTBEPXKAAIOT, UTO peakTopbl DT-TepMosaepHOro CMHTE3a CMOryT MPOU3BOAUTbL AOCTATOYHOE
KONMMYEeCTBO TPUTUA, pa3MHOXKaA ero n3 nutua. [lpyrme yyeHblie-TepMoAaepPLUMNKN TOBOPAT, UTO HE CYLLLECTBYET M3BECTHOM PUBUKU
NN TEXHONOTMK, KOoTopas no3sosninna 6ol 3To caenatb. Tenepb Mbl 3HaeM, UTO NMPOMBbILL/IEHHOTO MCTOYHMKA NNTUA-6 HeT.

Taknm o6pas3omM, yTBep>Ka,eHne 0 TOM, UTO TEPMOAAEPHbIN CUHTE3 NO3BO/INT NPOU3BOANTb «<KOMMEpPUYECKN 3HAUYNMYIO
3Hepruo» N3 «pecypca, CTosib Xke o6bIMHOro, Kak ctTakaH MOpPCKOM BoAbl», ABNIAETCA COBPEMEHHbIM 3KBUBA/IEHTOM NaHaueu ot
Bcex 6onesHen.


https://news.newenergytimes.net/2022/01/08/lithium-lithium-everywhere-and-none-to-use-for-fusion-reactors/
https://dzen.ru/a/ZtnSFc07ugDAaRv2

corsiacoBaHHbI Habop AAEpPHbIX OaHHbIX ONA NMPUIOKEHUUA HEUTPOHHOMU METPONIOrUnN AeNeHna N TepMoaaAepPHOro CMHTesa ¢

3Heprmen HenTpoHoB Ao 60 MaB.

bubnmnoTteka npegHa3Ha4veHa anAa noanep>XKKu: a) I'IpVII'IO)KGHVIVI B MCccnegoBaTtes/ibCKUX peaKTopax;,

b) npunoxxeHnn 6e3onacHOCTN U perynnmpoBaHmsa B NpOnU3BOACTBE AAEPHOMN 3HEPTUN B
KOMMepYecknx peaktopax AefieHus; n ¢) nccneaoBaHuUin MatepuanbHoro yulepba B noanepskky
ncecnenoBaHui U pa3paboTok NepeaoBbiX KOHUENLUUI TepMOSAepPHOro CUHTEe3a.

IRDFF-II: A New Neutron Dosimetry. ..

NUCLEAR DATA SHEETS

A. Trkov et al.

TABLE 13. Gas production reactions in IRDFF-II library from neutrons interacting with “Li target. The MT numbers (reactions)
used in IRDFF-IT assembly following the ENDF-6 format, and the relevant reaction products are highlighted in bold. LR is the

ENDF-6 break-up flag.

MT |LR|Gas|Reaction Products Source evaluations of IRDFF-II
22 H |"Li(n,na) — n + *He + *H EAF-2010(r) (E > 20)

52,53,...|33 "Li(n,n’)  — n + ("Li* — *H + *He) ENDF/B-VIILO (E < 20)
33 "Li(n,nt) — n + *H + *He EAF-2010(r) MT22 |ENDF/B-VIILO MT 52,53....
24 "Li(n,2na) — 2n + *He + *H EAF-2010(r) (E > 20) |ENDF/B-VIILO (E < 20)
25 "Li(n,3na) — 3n + ‘"He + 'H EAF-2010(r) MT28 |ENDF/B-VIILO (E < 20)
28 "Li(n,np) — 3n + ‘He + 'H EAF-2010(r) (E > 20)
29 ‘He| Li(n,na) — n + *He + *H EAF-2010(r) (E > 20)

52,53....|33 "Li(n,n’)  — n + ("Li* — *H + ‘He) ENDF/B-VIILO (E < 20)
33 “Li(n,nt) — n + *H + ‘He EAF-2010(r) MT22 |ENDF/B-VIILO MT 52,53,...
102 "Li(nyy) — ®Li —(0.8 s) (°Be — 2 *He)|EAF-2010(r) (E > 20) |ENDF/B-VIILO (E < 20)

A. TRKOV et al., “IRDFF-II: A New Neutron Metrology Library,” Nucl. Data Sheets, 163, 1 (2020); https://doi.org/10.1016/j.nds.2019.12.001



https://doi.org/10.1016/j.nds.2019.12.001
https://doi.org/10.1016/j.nds.2019.12.001

NcnbiTaHue Castle Bravo Ha aTtonne
BbukuHu B 1954 roay ctano nepebiM, B
KOTOPOM B KayecTBe TepMOoAAEepPHOro
TOon/inBa NCNonb3oBascs gentepua
nntuna. YueHble HeJ00L.eHU/IU BbIXOA,
YyCTPOUCTBA B ABa C NO/IOBUHOM pa3a U3-
3a owimbouHoro ybe>xgeHus, 4YTo NTUTUN-
7 He byneT Npon3BOAUTb TPUTUUN B
NOTOKE HEMTPOHOB.

1 March 1954

MuHucrtepctTBo aHepreTukn CLUA rotoBUT MacLutTabHyro MOoAepHU3aLmnio CBONX
onepauuv No NPpon3BOACTBY NIUTUA-6

/iSononk E MCHoABbayeTca and U3LoToBNEHVE U NoAaep>KaHnea aaepPHbIX
DOENLOJIOBOKSMIEPEPALOTKAEIOM S CTAPBIX 00EN0/IOBOK MOYKET HE VA OB/IETBOPUTD

CIIPOCS

Ya =

FiE
=
1

|

|

|
|
!
|

....... - [ 1 : "’: : :l' L —
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apoposana MHQL&M wnn Ma{iﬂ.‘u _Leﬂlj;!na.Jtl bl MMHUCTEpCTBA
: 1110 | ypaHa, MoAepHU3aLii "MOLLLHOCTEN MO

npomn3BoacTBey NAyToHUEBLBIX TINTOB U | HNTO TTPONSBOL Ba TVITVIH. MeHee
3aMeTHbIM, nox(anyl‘/'l, AB/1IAeTcAa npeaso>xeHne areHtTcrtea nocTpouTb 3aBopL4

TepmospgepHble 60eronoBkM MHOrocTyneHyaTble, C
TBEPAbIM  OentepnaoM  Antma-6 B KadecTBe
TepMoAQEepHOro TomnmMBa [AnAa BTOPOWM  CTYMNEHW.
HenTtpoHsbl, Bblgenarowmecsa npu AeneHnm nnayToHus
Ha MEepBUYHOM CTYNEHU OpPY>XMUA, COEeAUHATCA C
nnTnem, obpasysa TpuTUIn. 3aTeM TPUTUN coeanHAaeTCs
C pgentepueM, o06pa3ya BbICOKO3HepreTnyeckue
HEMTPOHbLI, KOTOPbIE 3anyckarT AeneHune ypaHa unu
NAYTOHMA HA BTOPUYHOM CTYNEHN.



https://pubs.aip.org/physicstoday/article/71/5/29/827440/DOE-prepares-major-upgrade-of-its-lithium-6
https://www.y12.doe.gov/mission/global-security/lithium-based-technologies
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%B8%D0%B4_%D0%BB%D0%B8%D1%82%D0%B8%D1%8F
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Published January 8, 2022 at the Sierfall Nevada Ally
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Yacbl CyaHOro AHA B HacTosLee BpeMAa ycTaHOB/IEHbl HA 100 ceKyHA, A0 NONYHOUN.
9TO0 caMoe CTpaluHOEe NpeaynpexaeHne, Kotopoe Korpa-nm6o ebinyckan Bulletin.



https://www.protectthackerpass.org/lithium-and-nuclear-weapons/
https://sierranevadaally.org/2022/01/08/the-thacker-pass-lithium-mine-would-supply-nuclear-weapons-and-reactors/
https://www.sierranevadaally.org/2022/01/08/the-thacker-pass-lithium-mine-would-supply-nuclear-weapons-and-reactors/
https://www.protectthackerpass.org/lithium-and-nuclear-weapons/
https://www.protectthackerpass.org/lithium-and-nuclear-weapons/
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Aneu Mawuk (lvy Mike) — kogoBoe Ha3BaHMe NeEPBOro

loHKa 3a
nonHoMacLUTabHOro NcnbiTaHWA TePMOALEPHOTO
BOAOPOAHYIO yCTpOWnCTBa.

LUenb: OHO 6b1510 3aayMaHO Kak «TEXHUYECKN
KOHCepBaTUBHbIN» 3KCMEPUMEHT A/19 NPOBEPKU
KOHLEMNUWN, NCNONb3YEMbIX A1 MHOTO-MeraToHHbIX
JEeToHauunn.

DaTta u mecTo: VicnbiTaHme 66110 NpoBeaeHo 1 HoAbpA
1952 ropa CoeamHeHHbIMU LLITaTaMn Ha ocTpoBe 3nyrenab
B aTo/1/1e QHUBETOK, KOTOPbIV TENEPb ABNAETCA YaCTbHO
He3aBucuMoro rocygapctea Mapwannosbl OcTpoga.

KoHcTpyKuma: OT0 6bl/10 NepBOe NO/IHOE UCTIbITaHNE
KOHCTpyKLUWUM Tennepa-Ynama, ycTPOWNCTBa NO3TANHOro
TepMoA4epPHOro cUHTE3a.

Tun Tonnunea: YCTPOMCTBO MCMNO/Ib30BaNo KPUOTEHHbIN
XXNOKUU AeNTepn B Ka4ecTBe TEPMOALEPHOro ToNMBa.

He noaxogut onAa ooctaBku Kak opy>kue: 13-3a cBoux
pa3MepoB 1 TUMa Tonnea ycTponucTeo «Mamnk» He 6bino

- L‘
m1 noaxoaALmMM A1 UCNONb30BaHMA B KAYeCTBe
, N [10CTaBNAeMOro opy>kms.
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O6pasLbl, NOyYEeHHbIe B pe3ynbTaTe B3pbiBa, UMeNW creabl U30TOMOB MYTOHMA-246 , NNYTOHMA-244 1 npeacka3aHHbIX 3/1IEMEHTOB SMHLLUTENHUA U depMus
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https://www.fourmilab.ch/bombcalc/
https://thebulletin.org/2024/04/the-short-march-to-chinas-hydrogen-bomb/#EarlyExplorations

» Natural uranium 238

Comparison of nuclear explosions B

“Tsar Bomba” Uranium 235 solid core

50 Mt-
— Uranium deuteride neutron initiator
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Thermonuclear Fusion Probability Q

Reaction MeV
¢D+4D - *He +n 50% 3.269
2D+2D - 3T+ p 50% 4.033
2D+ 3T — *He +n 100% 17.589
2D 4+ 3He — “He + p 100% 18.353
3T+ 3T - *He +2n 100% 11.332
3T +3He - D + *He 43% 14.320
3T +3He - p+ °He 6% 14.320

[aH LizsacaHb (cneBa), «0Tel, KNUTANCKON aTOMHOM 60MbbI», 1
KO MuHb (cnpaBa), «oTel, KNTamckom BoaopoaHomn 6oM6bI»,
BMecTe. (ABTop: Xie Jianyan / Cant The story of Liangzi)


https://thebulletin.org/2024/04/the-short-march-to-chinas-hydrogen-bomb/

This Day in Jewish

History | 1921: The Father of
the Bomb That Destroys Only
Life, Not Property, Is Born

OT0 TaKTUYEecKoe opyxkme
npegHa3Ha4veHo ana 6os, ¢
pa3pyLUNTENbHbIM
BO3/1ENCTBMEM Ha HEOO/bLLIOM
pagunyce, MUIHUMAasNbHOM
B3PbIBHOM SHEPINEN U
MaKCUMarsibHOW CMEePTE/bHOM
paguaumeinn. OHo ybrBaeT BCHO
>XN3Hb B Npeaenax
[0CAraemMocTu, cBoaA
pa3pyLueHne co6CTBEHHOCTU K
MWUHMMYMY. HEATPOHBbI,
BbicBo60>KAaeMble 6oMboW,
6bICcTpO pacceuBaloTcs, He
OCTaBNAA OTPaB/IEHHOW 3eM/In
AnAa 6yayLimx noKkoneHum
(koTopbix HE 6yaer).

Camwan Teopop Ko3H poaunca 25 aHeaps 1921 roga. OH 6bln aMepuKaHCKUM GU3MKOM U U3BECTEH Kak oTel
HEWTPoHHOM 60oMb6bl. HenTpoHHaa 6omMb6a — aTo BB, TepMmoapepHoe opy>kue Mmanon MowHocTU. OHM NpegHa3Ha4YeHbl
015 cO34aHMA BbICOKOWN MHTEHCUBHOCTM CMEPTENIbHONO HEUTPOHHOIO U3ny4veHua B61n3m B3poiea. C 1992 ropa aTto opyxkue
CHATO C BOOpY>KeHuA (npe3naeHT AxKopaK byw-ctapwimnii npukasan yHUUTOXKUTb 3anachbl.)

Poontenn KosHa 6bl5it aBCTPUNCKMMKN €BPEAMU, IMUTPUpOBaBLLUMMK U3 JloHaoHa. OH poaunca n eelipoc B bpyknnHe. OH ndyyan mateMaTuky u
dun3nky B KanndpopHumnckom yHnsepcuteTe B Jloc-AHaxkenece, KOTOPbIM OKOHUMN B 1943 roay.

Mo3>ke B TOM e rogy oH BcTtynun B apmuto CLUA. Ero Hanpaeunu B MaccauyceTcknim TEXHOMOTMYECKNUN MHCTUTYT AN NPOX0XKAeHUA yriybneHHON
NOAroTOBKM MO MaTeMaTuke 1 GpU3nke, a 3aTeM oH NnpucoeamHunca Kk ManxatreHckomy npoekty. B 1944 roay oH npu6bbin B Jloc-Anamoc.
3pecb oH pa6oTtan B rpynne no 3¢ $peKTMBHOCTM U paccuuTbiBan, Kak BeayTt ce6a HeMTpoHbl B 6oMbe «Tonctak» .

[Mocne BOWHbI OH Henosro y4dymnca s BGDKI'IVI, npexae 4yeM npncoegnHNTbCA K Kopropaunmmn
RAND. B RAND oH cnpoekTupoBan HeNTpoHHyto 60M6y B KayecTBe KOHCy/MbTaHTa HauuoHanbHom
nabopatopun JloypeHca B JluBepmope, wucnonb3ysa KkKapaHpaw, Oymary u, Kak OH YyTBep>aan,
norapndMmUUEcKyro IMHENKY, NoaapeHHyo eMy oTLoM Ha 15-netne. Bo BpeMa BOMHbI BO BbeTHaMe
KoaH BbiCTynan 3a ncnosjib3opaHume He6onbLUNX HeﬁTpOHHbIX 6OM6, nonarad, YtTo 3TO
MO>KeT npuBectun K 6bICTpOMy OKOHYaHMIO BOWHbI. MHOrMe Mo/IMTUKU U y4yeHble He
cornawanucb. bbiBLWKMKM coBeTcknm npeMmbep Hukmta Xpywes HaszBan 6omby
«aBCcoMOTHbIM KanUTanncTUYeCcknm opy>kmnem», Co3gaHHbIM «YTOOBI y6MTb yesniopeka TaknuMm
o6p330M, 4yTOoObl €ro KOCTHOM He Obln1 3anATHaH KPpOBbHO, C LEJ/TBbIO MPUNCBOEHNA KOCTHOMA».

F*** You! Mr. President:
Confessions of the Father
of the Neutron Bomb

3rd Edition

Teeturing a Nevwr Overviaw and Postsorpt Chaptar,
“The Prolits of Fear" by Charius Platt

Sam Cohen

S5 R
s {-35

B Hauane 1970-x rogoB oH 6bIn YneHoM Jloc-AnaMOCCKOM KOMMUCCUM MO TaKTUUYECKOMY
anepHoMy opyxuto. B 1978 r. npesnpgeHTt Kaprtep oTnoXxun paspaboTrky HEUTPOHHOM
6omM6blI. HO B TOM >Xe roay Nana Naeen VI Harpagun KoaHa Mepanbio Mupa “3a ero
nonbiTkn pedopMupoBatb COBpPEMEHHYO BOMHY.” [lo3)xe npesnpeHT PewnraH
paspewunn co3pgaHue 700 HEUTPOHHbIX 60M6.

KHurn KoaHa BkntoyatoT: «Takmu4eckoe 94ePHOE Opy>Kue: uccreqoBaHue rnpobsiem» (1978); «HelimpoHHas 6omba:
nosaumMuyeckue, mexHosiorudeckue U BOeHHble npobsieMbl» (1978); «lllax u mam Ha BoliHe» (1980); «[lpaBaga o
HelimpoHHOU 6ombe» (1983); «Mbl MoxxeM npegomBpamume Tpembro MupoByro BOUHYy » (1985); u «HaepHoe
opy>kue, nosiumuka u npobsemMa 3anpema ucrbimaHul» (1987).

Ero memyapsbl « Cmebig: npusaHaHua omuya HeumpoHHoU 6oM6bI » 6bin onyb1MKOBaHbI B

NuTtepHeTe B 2000 roay.

KoaH ckoHuancsa B BockpeceHbe 28.11.2010 r. Bo Bo3pacTte 89 neTty ceba goma B Jloc-AHpy)Kenece
OT OC/IO>KHEHUI paKa >kenyaka, coobwinn ero cbiH razetaM New York Times n Los Angeles Times.


https://ahf.nuclearmuseum.org/ahf/profile/samuel-t-cohen/
https://www.haaretz.com/jewish/2016-01-25/ty-article/1921-father-of-the-neutron-bomb-is-born/0000017f-dbd6-d856-a37f-ffd618780000
https://amp.theguardian.com/world/2010/dec/05/sam-cohen-obituary
https://amp.theguardian.com/world/2010/dec/05/sam-cohen-obituary
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HentpoHHaa 6omM6a crtana pesynbraToM MNOMNbITKM cOo3[aTb AOEpPHOE opyXue, KoTopoe 6bis1o Obl
«0o0b6pbIM» K OKpyXatowien cpege. «HemtpoHHaa 6omba» — nonynapHoe Ha3BaHWe YCTPOWCTBA,
KOTOpOEe ero cosgaTtenu npeanoymTaroT HasblBaTb YCUIEHHbIM paauvauuoHHbIM opy)kmem (ERW).
OHo 6b110 padpaboTaHo A/19 CHUMXKEHMA pa3pyLIUTENIbHOro BO34AENCTBMA B3pbiBa M Tenna, Nnpu 3ToM
Bblaenas 6onblLue SHEPrnm Ha U3nyyeHmne, YeM obblYHOE A4EPHOE OpYy>XKMeE.

O

&  oe e ©
H'+H —He'+n'+ 17.6 M3B

HeuntpoHHaa 6omMb6a MoXeT 6bITb co3pgaHa nyteM gobaBneHuA TpUTUA K HebonbLoW rnsiyToHneesou 6ombe
aAeneHusa, Tak 4YTto nonoBuHa mnm 6onee sHeprun 6omM6OblI ByaeT mocTynaTb OT CUHTE3a TPUTUA, U NYyTEM
nsberaHna mcnonb3oBaHua B 6omMbe Martepumano, NOrnowarOLWMNX HEUTPOHbI. Takaa HenTpoHHasa 6omba
ABNAETCA OPY>KMEM OefieHNA-CUHTEe3a.

MuweHun, oborawieHHble SLI, obnyyatoTca B A4epHOM peakTope, roe HEeWTPOHbl pearupyroT ¢ nuTtuem, obpasys
renvum n TpuTmnn. 3aTeM 3T MULLIEHN NEPEHOCATCA B MNeyb 1 NaBATCA B BakyyMe, rae oTBoAMMbIE radbl cobmpatrorca n
ounwiarotrca. NMayroHunm gna Tpurrepa geneHma npomssoamTca nyteM obnydyeHua ypaHa HEUTPOHaAMU B A4€PHOM

peakTope.


Нейтронная бомба стала результатом попытки создать ядерное оружие, которое было бы «добрым» к окружающей среде. «Нейтронная бомба» — популярное название устройства, которое его создатели предпочитают называть усиленным радиационным оружием (ERW). Оно было разработано для снижения разрушительного воздействия взрыва и тепла, при этом выделяя больше энергии на излучение, чем обычное ядерное оружие.

Cupaart gBa ankalua, TenenapTyroT O HAaCYLLHOM.

— Ckaxku, uTo Takoe aToMHana bomba?

— MNpeacTaBb: CMAMM Mbl, Tbl U A, U PAAOM CTOUT

O6yTbinka Boakn. ATomHasa 6oMba B3opBanacb —
Te6Aa HET, MeHA HET, BOOKM TOXE HET.

— A ecnun HenTpoHHaa 6omba B3opBanacb?

Joe: "Mbl c6pocunM Ha Bac HEUMTPOHHYHO 6O0MOBy. — Mocne B3pbiBa Te6S HET, MEHS HeT,
Y Bac Bce XXMBOE NCYE3HET, a BCe LLeHHOe ocTaHeTcA." a 6yTbl/IKa BOAKM CTOUT!
VoVa: "A Mbl cbpocunM Ha Bac Yybanca. — dura ce. .. A kakaa 6oMb6a celivac B3opBanach?

Y Bac Bce XXMBOe OCTaHeTCcHA, a Bce LLleHHoe ncyesHet!" Tbl €CTb, A1 €CTb, @ BOAKM HeT!


https://www.anekdot.ru/id/1309631/
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HEVITPOHHbIe ceyeHna nnuTunAa Bo BpemAa MaHX3TTeHCKOoro

Lithium Neutron Cross Sections During the Manhattan Project .
and the Quest for the H-Bomb fpoeKTa i ouckos BoﬂoPonHofE*---'Gc;)%Merl L L Lt bt e e
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HelTpoHHblE ceyeHMA cTabunbHbIX M30TONOB NNTUA °Li U 7Li een— 7 javepenmbie ans

0 npeactaenAann nHtepec B 1940-x n 1950-x rogax otyacTm n3-sa -+ pesoHanca°Li(n,t).
’ gt e MULLeHbo Gbin

MX peakuun, B KOTOPbIX TPUTUM 06pal3yeTcs C MCNOMb30BaHNEM
3aMeaIeHHbIX HEMTPOHOB Ha °Li U HenTpoHOB 60/1ee BbICOKOWM
aHeprmum Ha ntobom nzotona.

™ MPUPOAHbIA NNTUN,
MnoaTOMy nonepevyHoe -
. ceueHue SLi 6bIn0

npumepHo B 13 pas

Cross Section (barns)
=
<

— SLi(n,xt) .
10-2 bty NIntnuii v cerogHs npeacTaBnAaeT MHTePEeC A5 UCMO/Ib30BaHUA B H Gonblue, yem
nat| j(n,xt) kayecTBe 6naHkKeTa U 3alLUMTHOIro Matepmasna B TepMoanepHbIX . nokasaHo 3Aecb
' (LA-150)
1073 5 7 & = 2 peaKkTopax, rge ero MO>XHO nMcnosib3oBaTb anAd B ‘
10 10 10 10 10 % :7, i !

BocCrnpounsdsoactea TpuUTMA O/ CcaMonogaep>XmparoLlerocA
TOMNNMMBHOIO LKMKa.

Energy (eV)

== e e
200 400 approvED ror*BOsLIc RELEASE

800

OueHeHHble ceyeHUa 6a3bl gaHHbix IRDFF-II
ANnA NPOM3BOACTBA TpUTUA U3 NpupoaHbix Bo BpeMsa MaHxaTTeHCcKoro npoekTta 6bi1 o6Hapy>keH pe3oHaHc B peakuuu 6Li(n,t), koTopbin

M30TOMOB NIUTUA U NONyYeHHOEe B pe3ynbraTe pBrnocneacTBUM CTan BaXKHbIM N4 ynydlleHna Npomn3BoACTBa TPUTUA ONA A0EPHbIX TEXHONOTMMMN.
ceYeHne ecTeCTBEHHON pacnpoCTPaHEHHOCTU.  NoMUHUPYHOLLMA NPUPOAHbIM M3oton ’Li npeacrtaBnan v npeacrtaBndaeT WHTepec W3-3a

" pacxoaoB Ha oborauieHue SLi.

Castle Bravo 6b11 nepBbIM B ceEpUM UCMbITAHUN KOHCTPYKL MM TEPMOALEPHOI0 OpYy>KUA 60M1bLLON MOLLHOCTU Ha aTonne
BuknHu, Mapwannosbl octpoBa. BaopsaHHoe 1 MapTa 1954 roaa, yCTPOMCTBO OCTaeTCA CaMbliM MOLLLHBIM SiAePHbIM
YCTPOMUCTBOM, Koraa-nnbo saopsaHHbiM CLUA, 1 nepBbIM TEPMOALEPHBIM OPY>KMEM Ha AenTepuae NIUTUA, UCMNbITaHHbIM C
ncrnonb3oBaHMEM KOHCTpykumm Tennepa-Ynama. MowHocTb coctaBuna 15 [MT] (63 NAX), uto B 2,5 pasa 6onblLue
nporHo3unpyembix 6 MT (25 MNAYK) n3-3a HenpeaBMAEHHbIX 0MNONHUTENbHbIX peakuunii ¢ y4yacTMeM NINTUA-7, YTo NPMUBENO K
pannoakTUBHOMY 3arpA3HEHMIO OKpY>KatoLen MECTHOCTU. ABTOPbI 3TOW CTaTU YTBEPIKAAKOT, UTO 3TO 06 bACHEHUE NTOXKHO.



https://www.tandfonline.com/doi/epdf/10.1080/15361055.2024.2370737?needAccess=true
https://www.tandfonline.com/doi/epdf/10.1080/15361055.2024.2370737?needAccess=true
https://www.tandfonline.com/doi/epdf/10.1080/15361055.2024.2370737?needAccess=true
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INDC(CCP)-413 STATUS OF EXPERIMENTAL AND EVALUATED S. P. Simakov', A. Pavlik?, H. Vonach?, S. Hlava¢®
Distr. G+RP

DISCRETE y-RAY PRODUCTION AT E_=14.5 MeV

Final Report of Research Contract 7809/RB, Institute of Physics and Power Engineering, Obninsk, Russia

INDC INTERNATIONAL NUCLEAR DATA COMMITTEE

performed under the CRP on Measurement, Calculation *Institut fur Radiumforschung und Kemphysik, University of Vienna, Austria
and Evaluation of Photon Production Data ‘Institute of Physics SAS, Bratislava, Slovakia

Table 3. Compilation of measured and corrected discrete photon production cross sections (Comments: (s) - these data were skipped
during the calculation of the averaged cross-section; * - these data are preliminary and could be still corrected by the authors).

Ey, | Reaction ____ Transilion | E, Angle, Sample | Detect. a, Author Publ Correction Cormrected o
keV Ui (1i®)-sURIM), Speed | MeV | Degree | Mat:Size (mm), AWMS mb Year | Abs Ang | Ao, mb
mb
1 2 3 4 5 6 7 8 9 10 11 12 13 14
J-Lithium-6
3562 | “Li(n.n)'Li ] 3562(3)0(1),p | 14 | 0-180 | "Li.@70=@77, +/- | Nal(Tl) | 14205 | Bezotosny | 1976 ] 10] 1.0 ] -0.11 | 1.2940 46
3-Lithium-7
14 0-180 Li:@70x@77, +/- | Nal(Tl) 20+3 Bezotosny | 1976 1.0 1.0 2.8 (s) 17.242.6
10 ses o 14.8 90 Li:@7x7, +/+ | Nal(T1) 9747 Western | 1965 1.0 1.12 1.7 1103478
oy Lisn PRI 13.6 150 | LiH:@360x@300x40, +/+ | Nal(Tl) 108412 Benveniste | 1962 1.0 -5.0
I T 13.7 140 | LiH.@360x@300x40, +/+ | Nal(Tl) 86+10 Benveniste | 1962 1.0 4.4
o Hetn+p [ ‘ 13.7 130 | LiN:@3160x@300x40, +/+ | Nal(Th 86+10 Benveniste | 1962 1.0 4.4
B 2186, | 50 13.8 120 | LiH:@360x@300x40, +/+ | Nal(TI) 87£10 Benveniste | 1962 1.0 -39
14.0 110 |  LiH:@360x@300x40, +/+ | Nal(Tl) 82£10 Benveniste | 1962 1.0 2.8
_ |14 100 | LiH.@360x@300x40, +/+ | Nal(Th) 7749 Benveniste | 1962 1.0 22 85.5%10
N 099 61 7 142 90 Lil:@360x@300x=40, +/+ | Nal(TI) 7549 Benveniste 1962 1.0 -1.7
Y Lid-t prd 14,3 80 LiH:@360x@300x40, +/+ | Nal(TI) 7849 Benveniste | 1962 1.0 «1.1
s S ol 7 pue | 144 70 | LiH:@360x@300x40, +/+ | Nal(TI) 91%10 Benveniste | 1962 1.0 0.6
it SUB N o7 A Herer | 146 50 | LiH:2360x@300x40, +/+ | Nal(TI) 99411 Benveniste | 1962 1.0 +0.6
T e S - Hett-n 14.7 40 | LiH:@360x@300x40, +/+ | Nal(TI) 8049 Benveniste | 1962 1.0 +1.1
. TLivyn 14.8 30 LiH:@360=@300=40, +/+ | Nal(TI) 115£13 Benveniste 1962 1.0 +1.7
4-Beryllium-9 (100%)
478 | "Be(n.\Y'Li 478(1/2)»0(3/2°),p | 14 0-180 @60x220, +/- | NakT!) 2+.5 Bezotosny | 1976 1.0 L.o] +1.0 310.5
14.2 90 | @44x6,D31x@25x32,4/+ | Nal(TI) 8.8£2.5 Drake | 1978 1.0 71 +06 9.4+2.5

Peakuus Heynpyroro paccestaus SLi(n,n"y)®Li mpoucxoauT ToabKo depe3 BTOpoil BO3OYKIEHHBINA YPOBEHb
(J*= 0+, E,= 3,562 M5B, n30TporHoe yrioBoe pacripeesieHue).


https://www-nds.iaea.org/publications/indc/indc-ccp-0413.pdf
https://www-nds.iaea.org/publications/indc/indc-ccp-0413.pdf
https://nucldata.tunl.duke.edu/nucldata/figures/06figs/06_03_2002.pdf
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Peakmuss  Heympyroro paccesaus SLi(n,n'y)’Li  mpoucxomauT TOJABKO depe3  BTOPOid
BO30Y KIICHHBIN ypoBeHb (J7= 0+, E, = 3,562 MbsB, u30TponHoe yIioBoe pacipeencHue).


https://core.ac.uk/download/pdf/81684809.pdf
https://nucldata.tunl.duke.edu/nucldata/figures/06figs/06_03_2002.pdf

TABLE I. - n-SLi reactions producing one or two meutrons.

Reaction

T

Q-value (MeV)

B, (MeV)

One neutron in the exit channel

(1) Elastic scattering ¢Li(n, n)¢Li1
(2) 6Li(n, n’)8Li* > SLi+vy

(5) 6Li(n, n'd)*He

Two neutrons in the exit channel

(6) Elastic scattering ¢Li(n, 2n)°Li — a+4p
(7) 6Li(n, n')’Li* > a+p+n
(8) 6Li(n, 2n'p)*He

— 3.56

— 1.472

— 5.662
— 3.697
— 3.697

(4) 6Li(n, d)’He — a-4n’ —2.430 -2.838

— 1.719

— 6.613
—4.317
—4.137
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o n + SLi Bz - n + 5Li B S
107~ ---- elastic
= e inelastic k-
10? = - capture §
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102 107" 1 102 10° 10° 10° 10° 107 0 5 10 15
Neutron Energy (eV) Neutron Energy (MeV)
MT | Reaction | 0.0253-ev | Maxwellian | o .op | Resomance | .4 npy | Fis. Spec.
Average Integral Average
1 (n,total) 944.8 (b) 945.3 (b) 1.001 — 1.432 (b) 1.900 (b)
2 (n.elastic) | 798.0 (mb) | 898.4 (mb) 1.126 — 905.8 (mb) | 1.422 (b)
4 (n,inelastic) ( E-threshold = 1.752 MeV) 412.0 (mb) | 142.8 (mb)
16 (n,2n) ( E-threshold = 6.614 MeV ) 78.05 (mb) | 190.5 (ub)
102 (n,y) 38.49 (mb) | 38.51 (mb) 1.000 17.43 (mb) | 82.04 (ub) | 28.05 (ub)
103 (n,p) ( E-threshold = 3.185 MeV ) 6.766 (mb) | 4.263 (mb)
105 (n,t) 940.3 (b) 940.9 (b) 1.001 4252 (b) || 28.04 (mb) | 330.8 (mb)



https://wwwndc.jaea.go.jp/jendl/j5/elm/Table/z003/T6.html
https://wwwndc.jaea.go.jp/jendl/j5/fig3/n_003-Li-006_f3.jpg
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Ref. [17]
PHYSICAL REVIEW VOLUME 139, NUMBER 2B 1965 26 JULY 1965
Reactions **Ti(n,d)*'Sc, *O (n,d)**N, *B(n,d)’Be, and ‘Li(n,d)°He at 14.4 MeV*

V. Varkovié, G. Paié, 1. Stavs,t P Toma%, anp M. CERINEO

Peakuunu 1,mp,aroT MOHO3HepreTMyeckme HEMTPOHbI, LUMPUHA Ka>ka,oum rpynnbl
onpepensaeTrca LWUPUHON BO36Y>KAEHHbIX Bce Bo036y)XaeHHbIe
cocToaHuA T=0 SLi pe-Bo36y>xpatotca 3a cueT ncnyckaHma o+d. el RN Re)
[aloT HeENpepbiBHblIE CNEKTPbl HEMTPOHOB. Peakunn 4 1 5 npoTekatoT B ABe CTagmm C
npoMexytouHbiMm agpomM PHe(3/2-) wnn S°He(1/2-), «koTopoe ucnyckaeTcs
npenmyuiectBeHHo Hazsag (Ref. [17]). lNoatomy ™Mbl 6yaeM MMeTb B OCHOBHOM
HEWTPOHbI C HU3KOW aHepruen. KmHeMatnyeckmim pacyetr MakCUManbHOW 3Hepruu
HEMPEpPbLIBHOrO crnekTpa HEUTPOHOB, UCMyCKaeMbIX B npouecce 5, noka3biBaeT, YTo
9T HEWUTPOHbl Henb3Aa cnyTatTb C HEUTPOHHbIM MNWKOM, HabnwgaeMbiM m

Heynpyrom pacceaHuu éLi(n,n') Ha ypoBHe 0+ 3.56 MaB




o

Ne d'ordre Bknaa B uM3yyeHMe Heynpyroro paccesHus

Ny . SLi(n,n’) Ha ypoBHe 0+, pacnonoXxeHHOM npwu

= LJ 3.56 MaB, HeliTpoHamu ¢ aHepruen 14 MaB.
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Pabota nocBAuwleHa 3KCNepMMEeHTarbHOMY WCCNeaoBaHUIO pacceaHus
HEUTPOHOB C 3Hepruen 14 MsB Ha ypoBHe 3,56 MaB SLi. HenTpoHbl C
aHepruen 14 MaB npousBogatca B xogae peakuum T(d,n)a, B KoTOpoOMn
DenTpoHbl C¢ 3Heprmen 175 kaB noctynatot m3 yckoputena ARIANE.
N3mepeHune aHeprmmn HENTPOHOB npoBOAMIOCH C NOMOLLLbIO
BPEMAMPOSIETHOro cnektpometpa. [AnAa cHMXKeHUA GOHOBOro ramma-Liyma
6bino pa3paboTaHO 3/1EKTPOHHOE YCTPOWCTBO A7 MNOCTPOEHUA CUCTEMBbI
naoeHTndumnkKaunm n-y npm HU3KoM nopore (okosno 0,5 MaB).

MuLEeHb N3roToBNEHa U3 NUTUA, oborawieHHoro no SLi B cooTHoLLeHnn 96%.
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Lithium Neutron Cross Sections During the Manhattan Project
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Differential and Angle-Integrated Cross-Section Measurement
for the °Li(n,f)*He Reaction at E,, = 1.05, 1.54, and 2.25 MeV

Guohui Zhang, Rongtai Cao, Jinxiang Chen, Guoyou Tang, Yu. M. Gledenov, M. Sedysheva & G. Khuukhenkhuu ...show less
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MEASUREMENT OF DIFFERENTIAL CROSS-SECTIONS
OF THE °Li(n,t)*He REACTION*

Yu. M. Gledenov, M. V. Sedysheva
Frank Laboratory of Neutron Physics,JINR, Dubna, 141980, Russia

Guohui Zhang, Jinxiang Chen, Guoyou Tang
Key Laboratory of Heavy Ion Physics, Ministry of Education and School of Physics, Peking
University, Beijing 100871, China

G. Khuukhenkhuu
Nuclear Research Center, National University of Mongolia, Ulaanbaatar, Mongolia

Abstract
Differential cross-sections and angle integrated cross-sections of the °Li(n,7)*He reaction were
measured at 1.05, 1.54 and 2.25 MeV by using a gridded ionization chamber. Neutrons were
produced through the T(p,n)’He reaction on the 4.5 MV Van de Graaff at Peking University. The
absolute neutron flux for 2.25 MeV was determined by the 238U(n,f) reaction, and for 1.54 and
1.05 MeV by a calibrated BF; long counter. Present results are compared with existing data.

Measurement of differential and angle-
integrated cross sections of the °Li(n,t)*He
reaction in the MeV neutron energy range

1.05, 1.54, 1.85, 2.25, 2.67, 3.67, 4.42 MeV

Huaiyong Bai et 82, Chinese Phys. C 44, 014003, 2020

Measurement of the differential cross sections and angle-integrated cross sections of
the Li(n, t)*He reaction from 1.0 eV to 3.0 MeV at the CSNS Back-n white neutron source
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Peakuwna 6Li(n, t)*He aBnaetca o4HOM M3 BadkKHEWLUUX AOEPHbIX peakuui mno
cneayroLwmM NpUUYNHamM: 500+
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Recent Work on Neutron Standards

Allan D. Carlson

Presented at

The IAEA Consultancy (Virtual) Meeting
on
Neutron Data Standards

65,125 cm

Oct 12-16, 2020
|
1 i ____ceramic FC
| *Lil(Eu)
|
l

set

screw
electrode \ )
L din. 0.464" spherical CSLYC

*2Cfdeposit tangential recoil radius

Figure 1: Experimental setup and schematic of the [lission chamber.
Back-to-back fission fragments cannot both recoil into the electrode
due to its hemispherical shape.

6Li(n,t) Measurements at LANL by Kirsch et al.

» A novel new experiment for obtaining absolute measurements of the °Li(n,t)
cross section was performed at LANL by Kirsch et al. for energies from 245 keV
to 10 MeV.

»The neutron source is a 2>2Cf deposit in a fission chamber producing nubar
neutrons per fission

»Neutrons were detected in 2 detectors containing 6Li. The detectors were also
the targets.
» Corrections were made for scattering in the detectors

»The results agree well with the standards evaluation but their uncertainties
are large, about 10%
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SLi(n,t)*He

Nuclear Data Week 2023 (CSEWG-USNDP-NDAG)

Nov. 13-17, 2023

Recent Standards Worlk Allan D. Carlson, NIST Associate

N3mepeHus éLi(n,t) BaeM n gp. 66111 BbIMONHEHbI U3MEPeHUs, KoTopble npocTupatoTca oT 1 3B no 3 MaB c 80 aHepreTuueckumMm
rpynnamm 1 n3aMepeHMAMUM YrIioBOro pacnpeneneHunsa B KaXxxaom aHepretnyeckou rpynne ana 15 yrnos mexxay 19,2 n 160,8
rpagyca. 3Tu gaHHble ObiN HOPManNM30BaHbl K TEKyLLEMY cTaHaapTy B uHTepBane ot 0,1 ao 0,4 MaB.

B uenomMm, st gaHHble MoryT ObITb Hanbonee NOMTHbIM N Ka4eCTBEHHbIM HAbOPOM OTHOCUTENBLHbLIX AnddepeHLManbHbIX CEYEeHNIN ANA
peakuuu 6Li(n,t), kKoTopaa B HacToALLEee BpeMs CYLLECTBYET NPU aHEPrnax Hmxe 3 MaB.

BaykHO pacLnpuTb aHEPreTUYECKNin Ananal3oH 3TOro ctaHaapTa A0 3HaueHu Boille 1 MaB, TekyLuero npeaena aToro craHgapTa.

9710 No3BoNNMO 6bl yA0OHO NEpPEKPLITLCA CO cCTaHAapToM H(n,n).

Peaximsa En - nuamason
H(n,n) 1 keV —20 MeV
He(np)  0.0253 eV — 50 keV 0
6Li(n,t) 0.0253 eV —1MeV 2
10B(n,a) 0.0253 eV —1 MeV \g
0B(n,0y) 0.0253 eV — 1 MeV %
2C(n,n)  10eV-18MeV S
7Au(n,y)  0.0253eV, 0.2-2.5MeV™
25UMn,f)  0.0253eV,7.8-11eV,

0.15 — 200 MeV
Z8U(n,f)  2-200MeV

50

Huaiyong Bai et 82, Chinese Phys. C 44, 014003, 2020
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Status of and Plans for Light-Element Standards
Evaluations at LANL

G. Hale. M. Paris. and H. Sasaki n-p (N-N system) scattering up to 100 MeV
n+3He (*He system) cross sections up to 20 MeV

TM on Neutron Data Standards 2025 n+6Li (“Li system) cross sections up to 8 MeV

IAEA, Vienna, Austria n+19B (11B system) cross sections up to 1 MeV
2025 January 28 —work just started with lan Thompson (LLNL)

n+12C (13C system) scattering up to 16 MeV
LA-UR-25-20810
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 Jonrsure mail - Ucnonb3osanca Kpuctann CLYC
The measurement of the 6Li(n, t)*He reaction cross- - Y-POoH 6bin oTOpOLEH AUCKPUMUHALNEN POpPMbl MMyNbca - KBa3n-moHo-
section in the energy rangé of 4.25-7 50 MeV SHEepreTUYeCcKUm UCTOYHUK HEUTPOHOB B COYETAHUWN C METOA0M BPEMEHMU NponeTa
Ana nsbexxkanma 3sdpdekTa caBmura BPEMeHHOM METKM U GOHOBbIX HEMTPOHOB
) P.S. Prusachenko?, T.L. Bobrovskiy? 235
e - CevyeHune geneHuna <>>U gna Hopmanmsaumm AaHHbIX
o R 1 — Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research

2 — Leypunsky named Institute for Physics and Power Engineering

*email: prusachenko@jinr.ru

200

Experimental setup

April 14 - 18, 2024

Geometry and accelerator:

« An axially symmetrical geometry of detectors

« 3MV Tandem accelerator

« Target— TiD2 (~1 mg/cm?) on copper backing
« Neutron energy range from 4.25 to 7.40

« Pulsed deuteron beam

' 100

PSD Parameter (a.u.)

Pulse Integral (a.u.)

Pulse Integral (a.u.)

Fission CLYC: Fission chamber:

Chamb i
e, «  Crystal size of 38x20 mm * 3135[?3%]: lo side layers of

Time-of-flight (ns)

200 p « SLienrichment of 95%

. Flight path 186.3£0.5 cm
« Cadmium case (~0.5 mm)

« Total number of 25U atoms
is 56+1-10'8

. Efficiencyis 0.91+0.01
«  Flight path 46.5+£0.5 cm
« Cadmium case (~0.5 mm)

°Li(n,t)'He

2

« Inside the shielding
collimator

—
o
=

3

Pulse Integral (channels)

Acquisition system:

. Waveform digitizer
. Sampling rate of 500 MS/s, ADC resolution of 14 bit 13

200 200
Time-of-flight (channels)
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measurement of the 6Li(n, t)*He
reaction cross-section in the energy

The measurement of the °Li(n, t)*He

reaction cross-sectionin the energy range range of 4.25-7.50 MeV. Eur. Phys. J. A

of 4.25—7.50 MeV ) 60,12(2024)

Regular Article - Experimental Physics | Published: 23 January 2024 The European Physical Journal A

G(barns) M3MepeHMe nonHoro cevyeHmnsa peakumm °Li(n,t)*He nposoaunocso
B [Aumana3oHe 3Heprun 4.25-7.50 MaB w~memogom BpemeHuU

0.15

T —  ENDF/BVIILO rposiema OTHOCUTENbHO cevyeHun aeneHus 23°U.,

% — JENDL-5.0 B kauectBe nutnncogep>kawenm MULWLEHU UNCNOoNb30Bascs
f O 1959, R.B.Murray

0.12 [ I | ; 1323, g‘gﬂﬁﬁ':y gLI,VIHTI/II'II‘IFILI,VIOHHbIVI V,El,eTeKTOp Ha ocHoBe CLYC. _
rd O o RSB M LI,MHTMnnFlLI,VIVOHHbIVI [eTeKTop pasMmewianca B alfcmaano
N iy m 2000, Guohui Zhang CUMMETPUYHON reoOMeTPUN OTHOCUTENNbHO MOHUTOPHOU KaMepbl

S o - © 2008, Devlin neneHus, coaepkaluen cnom 235U,

0:06 %—iHé

0.03 —

¥ 2017, L.E.Kirsch, CLYC:Ce
jud

L.E.Kirsch, Lil:Eu B kauecTBe MCTOUYHMKA HEUTPOHOB UCMOJIb30BAasICA UMMY/IbCHbIN

KBa3N-MOHO-3HEpPreTMYyecKUmM nyvyoK HEUTPOHOB U3 peakuunu
’H(d,n)*He. O6waa cucTemMaTMyeckaa HeonpeaeneHHOCTb
aKkcnepuMmeHta coctasuna 4,6-6,7% npu CTaTUCTUYECKOW
HeonpegeneHHoctn 2,0-3,7%. NMonyyeHHble pAaHHbIE He
NnoATBEpP)KAaloT OL,eHeHHoe ceyeHue peakuuun SLi(n,t)*He wus
6unbnmnotrekn ENDF-B/VIIL.0. B To >XKe BpeMA cpeaHAA pasHuLa
OOO | | | | | | | MeXXAy OLLeHEeHHbIM ceyeHmeM u3 6ubnumorekn JENDL-5.0 l:l
3 4 5 6 7 8 9 10 3KCMEPUMEHTaNIbHbIMMU AaHHbIMU, MNOAYYEHHbIMU B AaHHOMU

pabote, Tak)ke npeBbilLaeT CYMMapHYK CUCTEMATUYECKYIO

En (MeV) HeonpepneneHHOCTb U3MEePEHUMN.
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Prusachenko, P.S., Bobrovskiy, T.L. The measurement of the 6Li(n, t)*He reaction cross-section in the

energy range of 4.25-7.50 MeV. Eur. Phys. J. A60, 12 (2024).

: Cross Section for the Li’(n,«)H? Reaction for 1.2< E, <8.0 Mev o Ribe '56
FAY _R.B. Mureay anp H, W, Scaurrr M Murfay '59
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U *  Zhang '00, '03, '06
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— f‘ﬂ,:i i) .
N AN [}o spurious difference
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E N ‘%’ %
) SN
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| This Work °Li(n,o)t : L
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Prusachenko, P.S., Bobrovskiy, T.L.
The measurement of the
5Li(n,t)*He reaction cross-section
in the energy range of 4.25-7.50
MeV. Eur. Phys. J. A60, 12 (2024).

Leo E. Kirsch, M. Devlin, S.M.
Mosby, J.A. Gomez, A new
measurement of the °Li(n,a)t cross
section at MeV energies using

a 2°2Cf fission chamber and °Li
scintillators,

NIM A 874, 57-65 (2017)
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E.(MeV)

Add new data to the "Li analysis, and possibly extend its energy to 10 MeV.

* Decide on the best approach to extend the N-N analysis to 250 MeV.

* A lot of work needs to be done on the 1B analysis, with help from Ian Thompson.

* Add new GALINA data to the 13C analysis, and assess its suitability for a new evaluation of the n+C standard
below 2 MeV. No new work is planned for n+13C (14C system).

* Implement a new approximate method for taking into account the width of an excited-state channel in R-
matrix analyses.
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International Atomic Energy Agency

.

INDC(CCP)-413
Distr. G+RP

INDC

INTERNATIONAL NUCLEAR DATA COMMITTEE

STATUS OF EXPERIMENTAL AND EVALUATED
DISCRETE y-RAY PRODUCTION AT E_=14.5 MeV

Final Report of Research Contract 7809/RB,

performed under the CRP on Measurement, Calculation
and Evaluation of Photon Production Data

S. P. Simakov', A. Pavlik’, H. Vonach?, S. Hlava¢’

‘Institute of Physics and Power Engineering, Obninsk, Russia

*Institut fur Radiumforschung und Kemphysik, University of Vienna, Austria
‘Institute of Physics SAS, Bratislava, Slovakia

Table 3. Compilation of measured and corrected discrete photon production cross sections (Comments: (s) - these data were skipped
during the calculation of the averaged cross-section; * - these data are preliminary and could be still corrected by the authors).

Ey, | Reaction 3 __ Transilion | E, Angle, Sample | Detect. a, Author Publ Cormection Comected o
keV Ui (IiM)—= URIM), Speed | MeV Degree Mat:Size (mm), AILMS mb Year | Abs Ang Ag, mb
mb
1 2 3 4 5 6 7 8 9 10 11 12 13 14
3-Lithium-6
3562 | “Li(n,n')'Li ] 3562(3)-0(1),p [ 14 ] 0-180 | ‘Li:@70x@?7, +/- | Nal(Tl) | 14205 | Bezotosny | 1976 | 10] 10 ] -0.11 | 1.2940.46
J-Lithium-7
478 | 'Li(n,n"y'Li | 478(1/2)= 0372}, p | 14 0-180 Li.@T0x@77, +/- | Nal(TI) 203 Bezotosny | 1976 1.0 1.0 2.8 (5) 17.2+£2.6
- 14.8 90 Li:@7x?, +i+ | Nal(TI) 07+7 Western 1965 1.0 1.12 1.7 1103178
7.454 5 ] 13.6 150 LiH:2360x@300=40, +/+ | Nal(TI) 108412 Benveniste 1962 1.0 -5.0
. l6.604 | T T2 13.7 140 LiH:&360=3300=40, +/+ Mal(TI) 8e+10 Benveniste 1962 1.0 -4.4
13.7 130 LiH:2360x@300=40, +/+ | Wal(Tl) 8610 Benveniste 1962 1.0 4.4
4652 T 13.8 120 LiH:Z360=3300=40, +/+ | Nal(TI) B7+10 Benveniste 1962 1.0 -39
i ] 14.0 10 LiH:@360=&300x40, +/+ | Nal(TI) 8210 Benveniste | 1962 1.0 -2.8
5 505 14.1 100 LiH:@360x@300x40, +/+ | Nal(Tl) 77+9 Benveniste | 1962 1.0 2.2 R5.5+10
UBn-ct 142 90 LiH:@360=x@300=40, +/+ | Nal(TD) 759 Benveniste | 1962 1.0 -1.7
143 80 LiH:&360=@300=40, +/+ | Nal(Tl) 78+9 Benveniste | 1962 1.0 -1.1
0.47761 5] st —OF618 14 .4 70 LiH:2360=x@300x=40, +/+ | Nal(TI) 110 Benveniste | 1962 1.0 -0.6
e e 14.6 50 LiH:23360=@300:40, +/+ | Nal(TD 094] | Benveniste | 1962 1.0 +0.6
_ o 14.7 40 LiH:2360x@300x40, +/+ | WNal(Tl) BO+9 Benveniste 1962 1.0 +1.1
) | 4.8 30 LiH:2360@300=40, +/+ | Nal(Tl) 115£13 Benveniste 1962 1.0 +1.7
4-Beryllium-9 (100%)
478 | "Be(n.tY'Li 478(1/2)—=0(3/2"), p | 14 0-180 @60=220, +/- | Nal(TI) 2.5 Bezotosny | 1976 1.0 L.O | +1.0 340.5
14.2 90 446,03 1«@25x32 4/+ | MNal(T1) B.B£2.5 Drake | 1978 1.0 ? +0.6 9.4+2.5
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- = 107 e
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= ™ @] 2| | S
- 1072 5 w
103 g - ,
- — total P T B i
-4 1 o i :
10 = .elastlc. S 103k |
e = inelastic e = :
107" -~ capture T - 5 -
10—6 B 1 IIIlIII| 1 IIIIIIII | IllIIIII 1 JIIIIIIl l IlIIIlIl | IIIIJIli 1 lLIIILIJ 1 IIIEHILI 1 lIIIII‘Ir.\ 10—4 1 1 1 I 1 1 : | 1 1 1 | 1 1 1 1
102 107 1 10 102 10° 10* 10° 10° 10 0 5 10 12 .
Neutron Energy (eV) Neutron Energy (MeV)
MT | Reaction | 0.0253-v | Maxwellian |, p, . | Resomance | g gy | Fis Spec.
verage Integral Average
1 (n,total) 1.089 (b) 1.221 (b) 1.121 — 1.471 (b) 1.845 (b)
2 (n,elastic) 1.042 (b) 1.174 (b) 1.127 — 1.025 (b) 1.660 (b)
4 (n,nelastic) ( E-threshold = 546.3 keV ) 365.1 (mb) | 184.7 (mb)
16 (n,2n) ( E-threshold = 8.300 MeV ) 70.09 (mb) | 38.53 (ub)
102 (n,y) 45.40 (mb) | 45.43 (mb) 1.001 20.44 (mb) | 1.932(ub) | 6.909 (ub)
104 (n,d) ( E-threshold = 8.868 MeV ) 9.763 (mb) | 10.98 (ub)
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Liln,n'y) |
Gamma rays from the interaction of |
Opn (477keV) 14-MeV neutrons with lithium !
— — — , _ I
— O-nx O-n,nt O-n’zn 1 Benveniste, A.C Mitchell, C.D Schrader, ].H Zenger :
Table 7.2: Energy levels of 'Li  OHEpPreTuyeckue ypoBHu ’Li 1
I
E, JOT Ton OF [ Decay Reactions Q\ 1
(MeV = keV) (keV) o o |
os. ;1 e | stable [1,2,3,5,6,7, 11, 12, 13, 15, \%\
S—— 16, 17, 18, 19, 20, 21, 22, 23, |
P 24, 25, 26, 27, 28, 29, 30, 31, |
_";" :::-ﬂ:w 32, 33, 37, 38, 39, 40, 4], 42., 1 %
d 43, 44, 45, 46, 47, 49, 50, 51, 1
52,54, 55,57 :
0.477612 £ 0.003 %_; % Tm = 105 £ 3 fsec? o 1,5,6,7, 11, 12, 16, 17, 18, 1
19, 20, 21, 22, 23, 26, 27, 30, a 1
33, 34, 37, 38, 39, 40, 41, 42, — (n,n')0.477 MeV :
44, 45, 46, 47, 49, 50, 52, 54, b 08 Ony (BJORKLUND) |
55,57 - — |
4652° ;1 T =69 keV ta |4,511,12,17,18,19,20,21, 0.6} :
22,23,27,39,40,42,47, 51 .
6.604 © %_, % 918" t,a |4, 12,17, 18, 19, 23, 40, 47, .
55 041 N
.- —
7.454° 251 80 " nta|3,4,8,9,10,12, 17, 18, 19, o tf NN = (n.nt}
20, 23, 37,39, 40,47 02 y" ~~~~~~~~~~~ 146
8.75° g_; % 4712 ° na |8, 37 \ / S e | {breakup)
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Cross sectlon data

JInTna TaKoke Nerko AoCTyneH B BUAE oNTUYeCcKnx okoH na prtopumnga nutma (LiF).
dTopunabl NNTMA N 6epunnnAa NpeacTaBnAOT MHTEPEC B KAYECTBE OxXNnaanTeneu
O1A CUCTEM peaKTOPOB Ha pacr/iaBNeHHbIX COMAX.

B peakTopax cuHTE3a AENTEPUa N TPUTUA TONUBHBIN LMK TpebyeT
BocrnpounssoacTea Tputns ua éLi n “Li.

B3anMmoagenctema Mexxay HEUTPOHaAMU N NTIUTUEM BNNAKOT Ha KOSPPULMEHT
BOCMNPOM3BOACTBA TPUTUA, AAEPHbIN HAarpes 1 pagmMaumMoHHbIe MoBpeXaeHU .
TakuM 06pa3oM, HeEOOBXOAMMbI KaYeCTBEHHbIe AfAepHble JaHHble 0 peakuusax SLi
n 7Li, BbI3BaHHbIX HEMTPOHAMM N NPOTOHaMMN.

Ilepexon 477.6-x3B (1/2- 3/2-g.s.) B 7Li siBjIIeTCA OMHMM W3 JIYUILVIX
KaHIMIaTOB Ha 3TaJIOHHOE IT0IIepevyHOoe ceueHe. ,
B 1107163y 3TOro roBOpsIT HeCKOJILKO (PaKTOPOB: \

- I3OTPOITHOE Y-U3JIy4eHue,

- He3HAUNTeJIbHBIV BHYTPeHHUM K03 PuLIMeHT Ipeodpa3oBaHs,

- HU3Kas “Heympyrast Hoporosas sHeprus (546 k3B)

- JOBOJIBHO IUIaBHAas SHepreTmdecKkas 3aB/CYMOCTD IIOIIePeYHOro CeUeH.
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TABLE 2. EXPERIMENTS SELECTED FOR EVALUATION OF THE 7Li(ﬂ,ll"¥4‘?8 kev) CROSS SECTION.

o

Cross section data

Benveniste'62: 11165002

L3
Type of . Number Relative ‘ Li(n.n" e e
No Author, Year. Cross Section Neutron Energies of Points Weight o I'|‘ ( ’ Y473) < Presser72: 20534004
: _-0.20 & | ‘ : 02:::5'74‘:10502003*@
_______ 1 Benveniste, 1962 absolute _135-150MeV_ 0.006 @ W Smih7e: 10641002
2 Western, 1965 absolute 14.5 MeV 0.006 = U Y Coarso: 10000
""""""""""""""""""""""""""""""""" c - GMA fit A Nyman'16: 23288002
3 Presser, 1972 absolute 0.95-5.0 MeV 0.004 < 015 f Y tomane: 2328300
4.8 -8.75 MeV 0.004 T D Batchelorss: 21147047
5.0, 5.25 MeV 0.004 E Kniter8: 20395004
_______ L19.0-200MeV 0.002 010 B
______________ Smith, 1976 "~ abs ratio 065-40Me
______________ Morgan, 1978 absolute _065-20Me 0.008
___________ b_s_gl e T 0.05 - ENDF/B-VIII.O
—
GMA fit Uncertainty
9 ] 1 2 4.0
10 Batchelor, 1963 absolute 1.5,34,40MeV 2 0.008 ) I
11 Knitter, 1968 absolute 1.1 -23MeV 8 0.018 B 20
12 Knox, 1978 absolute 2.3-4.1 MeV 5 0.009 <
Total 0.70 — 17.0 MeV 452 0.0 , ) , . , . _ )

16
Neutron Energy, MeV

10 12 14

18 20

AUAE
R
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Neutron Interactions with ’Li

Reaction Q Value
Number Reaction (MeV)

1 "Li(n,ny) " Li 0

2 "Li(n,n;)"Li* -» "Li + v —(.48

3 Li(n,n’a)T —2.46

4 Li(n,t)’He—»>a+n’ -3.42

5 "Li(n,ny,)'Li*>a+T —4.63

-6.54, . ..

Li(n,2nd) o
"Li(n,d)%He
"Li(n,y)8Li

~ N

-7.78
+2.03

JENDL-3.

VHTerprpoBaHHbIC 110 YIIY
"Li(n,n,) ceueHuss HEYIpyroro
paccessaus. CIUIONIHAS JIMHUS

ooo3HauaeT ENDF/B-V, a
NyHKTHUPHAsS JTUHUS - JaHHBIC
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OBonHblie anddpepeHumnanbHblie cevyeHua: ’Li(n,xn)
CpeanHwue yrnbl ammuccumn: 24, 40, 60, 90, 120 n 150 rpagycos.

MeTton nameperus: CeueHnsa 6binm MU3MEPEHDI C
MCMNONb30BaHMEM 3N1EKTPOHHOIO IMHEMHOIO YCKOPUTESNA B
KayecTBe MMMNY/bCHOINo NCTOYHKMKA BefbIX HEUTPOHOB.

OHeprna MHUUAEHTHbIX HEUTPOHOB: oT 1.6 po 13.8 MaB.

MpynnmnpoBKa HENTPOHOB: YNpyro pacceaHHbie HEUTPOHbI U
HEWTPOHbI, paccesaHHble Yepes cocToAaHme 0.478 MaB,
paccMaTpuBaloTCA Kak ogHa rpynna.

Heynpyrue pacceaHusa: [lonyyeHbl cevyeHna pacceaHns ans
cocToaHnM 4.63 n 6.54 M3aB.

MopenbHble pacyeTbl: OueHka HEUTPOHHOTO KOHTUHYYMa,
BO3HMKAOLLENO N3 KOHKYPUPYHOLMX peakLumnii no
NPOM3BOACTBY TPUTUA (pa3aeneHne Ha TPy YacTuLbl U
nocnegosaTenbHas peakuuma B ABa 3Tana 4yepe3 OCHOBHOE
cocToaHue SHe).

CpaBHeHMe AaHHbIX: lLl,aHHbIe cpaBHMBAKOTCA C nocnegHnMMu
oueHKaMMW.
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FLiBe (Li,BeF,) is a molten salt made from a
mixture of lithium fluoride (LiF) and berylliumsg

fluoride (BeF,). It is both a nuclear reactor = =
coolant-and solvent for fertile or fissile- material ¥

serveq both purposes in the Molten-Salt Reacto'r"" : | T & | » ‘34-4 @®The y-ray production cross section of the 477.6-keV 1/2-
Experiment (MSRE) at the Oak Ridge National «"=— S8 D Bl - 3/2,, transition is a good candidate to be used as a

*_Laboratory. . s, VG . standard:
oy e e e — e R @ Isotropic y-ray emission

T @ Negligible IC coefficient

. ®Two experiments done at EC-JRC-Geel in 2015: .LO.W inelastic threshold (546 keV) .
@FP3/200m, 398 hours @Fairly smooth energy dependence of the cross section
@FP3/100m, 380 hours @ Material readily available as LiF optical windows
@ For using confidently as a standard, more measurements are @Issues: 11B(n,ay)’Li (boron shielding), isotopic composition

needed determination

! 7Li, 120’ 160’ '
| 23Na,24Mg, 28Si, |
--------- 3’ ’#’-- S A— ‘ ) 1% y & — ‘ natTj. natMgo. 52Cr, '
Ll L GO L (L ’ : , , >°Cr, |
i e Mﬂﬂy , " £ : 54F¢, 56Fe, 57Fe,
12 coaxial HPGe detectors (8cm x 8 cm) at 1109, Sstbll:::lz-o::ge
1259, and 15009, four at each angle § "°Zr,200207.200Pp),
209B;, 54Fg, N, ...

3 Acquiris DC440 digitizers for the HPGe detectors,
12 bit amplitude resolution, 420 MS/s

235U Fission chamber 2.1 m upstream from the

sample position to monitor the neutron flux
+ 8 UF, deposits (@ 70 mm) on 5 Al foils (20 mm) AR N . ‘ : - -
Located at flight path 3, 100 m z ‘ \ European

Commission
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[Ipensiayinue u3MepeHus CEYEHUsT 00pa30BaHus Y-KBAHTOB IS IEPEXO/Ia
477,6 ¥3B 1/2- — 3/27g.s. B 'Li

Authors and Year E, range (MeV) Neutron Data  Detected Detectors Neutron flux Comments  Ref.
Institute production  points  particle measurement
Freeman et al. 1955 0.415-1.645 T(p.n) ‘He 44 ¥ Nal, stilbene BF; monitor Ring geom. [4]
AERE + calibrated

BF; detector
Bostrom et al. 1959 1.01 N/A 1 ¥ Nal(TI) N/A Ring geom. [5]
Texas Nuclear Corp. . 25 000
Benveniste et al. 1962 13.57-14.75 T(d.n) He 12 ¥ Nal aoPM Ring geom. [6]
LLNL TOF L =200 m, I
Glazkov 1963 0.8-1.2 T(p,n) He 2 n He Absolute Inverse [9 i 19710
Obninsk Power- measurement spherical 1000 <¢> ~ 270 n-/cmzs F (1 97, 1 K:‘)B
Physics Institute geom. ) At _ 1 5d 20000 r

3 - - - L Ld
Batchelor and Towle 1963 1.5-4.0 T(p,n) He 3 n LS H(n,n)H TOF [10] E o ParUClCS E [ LlF (n, n’y) LlF
AWRE O 100 ¢ Q 3
Hopkins et al. 1968 3.35-4.83 T(p.n) 3He 2 n,y Nal(TL), H(n,n)H TOF [11] R L. R L
LANL NE102A PS >—< i Fission fragments >—< 15000 +
Knitter and Coppola 1968  1.12-2.30 T(p,n) *He 8 n NEI102APS  H(n.n)H TOF [12] 0. I TLi* (47 7 ’6 KSB)
CBNM L
Presser and Bass 1972 0.95-8.8,19-21 T(p,n) He 187 v Ge(Li) PS +15% [17] 3
KIT D(d,n) He (absolute n-flux  uncertainty 1 0000 bkg
T(d,n) ‘He measurement) in absolute 1 0 2600 4600 6000 3000 I
scale

Besotosnyj ef al. 1975 14 T(d.n) *He 1 ¥ Nal Absolute TOF [27] Channel number bkg
IAE measurement 5 000 I
Smith 1976 0.57-4 Li(pn)"Be 70 ¥ Ge(Li) B3U(n,F) TOF [18]
Dickens et al. 1977 0.538-20.57 e” +Ta 285 ¥ Nal NE-110 PS TOF, PHD  [24] 2 O P ) L ‘ ) L ‘ L ‘
ORNL NE-213 LS

s Area (mm”)  5022.62(8) 100 300 400 500 600
Morgan 1978 0.5004-19.83 e +Be 403 ¥ NE-213LS  PS monitor Ring geom.  [25] Diameter (mm) 79.971(1) E., (keV)
ORNL NE-213LS TOF, PSD Th'ckness ( ) 2 05( 1) Y

4 .
gﬁ?jg;?;mﬂy 1979 2.6-4.6 T(d,n) "He 5 n NE-2241.8  NE-22418 TOF [30] 1 mim . HI/IK 7Ll ymeeH Y CMEIEH U3-3a 3(1)(1)GKTa
. 1980 05-5.0 e+ By G Hean TOF 1] Il\)/Iass. (&) , 22674;71(;) Jomnepa (mo3unus 477,6 k3B obo3HaueHa
preee ensit cm d 9 9
telescope) y (g/cm”) (13) NYHKTUPHOW JTUHUEH )
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Measurement of the 477.6-keV y-ray production cross section following inelastic

’LiF
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ND2016

DOI: 10.1051/epjconf/201714611018

2017

Inelastic neutron scattering cross-section measurements
on "Li and 365Cu

Markus Nyman'?®, Francesca Belloni', Dagvadorj Ichinkhorloo?, Elisa Pirovano', Arjan Plompen!,

and Chariklia Rouki'

! JRC Geel, Retieseweg 111, 2440 Geel, Belgium
2 Meme Media Laboratory, Hokkaido University, Sapporo 060-8628, Japan

CeueHune obpasoBaHua y-nyyen ana nepexona 477,6 kaB 1/2- > 3/2-g.s. B ’Li nocne Heynpyroro paccesHnsa HEMTPOHOB 6bINI0 M3MEPEHO OT nopora peakumu o 18 MaB. 3T1o
CeYeHVe MHTEPECHO KakK BO3MOXHbIN CTaHOapT ANA OPYrMX U3MepeHUn ceyeHna obpal3oBaHua y-nyvyen. DKCNepuMeHT NpoBoAU/ICA Ha UMMYNbCHOM 6e/10M UCTOUHUKE
HenTpoHoB GELINA co cnektpometpom GAINS, cocTtoAawmMM n3 12 peTeKTopoB N3 BbICOKOUUCTOrO repMaHua. [1na onpegeneHna aHeprmm HEMTPOHOB MCMNONb30oBasncs
MeToq BpeMeHu nponeTta. O6pasL oM Cny>Xun AUcK U3 GTopmaa NUTUS ONTUYECKOro KayecTBa, a NMoTOK HEMTPOHOB KOHTPO/IMPOBACA C MOMOLLbI KaMepbl aeneHua 235U.
Mpeabloywime namMepeHmAa 3TOro CeyeHna paccMaTpuMBaloTCA M CPaBHMBAKOTCA C MOMyYEeHHbIMU pel3ynbTaTaMu. HepaBHO mccnegoBaHHOe cedveHue 6bl1o paccymTaHo C
MCNoNbL30BaHMEM MeTo4a CBA3aHHbIX KaHaNoB, ANCKPETU3NPOBAHHbIX MO KOHTUHYYMY. Pe3ynbTaTbl OKa3anucb B pa3syMHOM coOrflacum ¢ aKcrnepmMeHTalbHbIMU A aHHbIMMU.
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Evaluation of the Neutron Data Stanm

A.D. Carlson,'»* V.G. Pronyaev,? R. Capote,® G.M. Hale,* Z.-P. Chen,® 1. Duran,® F.-J. Hambsch,”
S. Kunieda,® W. Mannhart,? B. Marcinkevicius,>'® R.0O. Nelson,* D. Neudecker,* G. Noguere,'! M. Paris,*
S.P. Simakov,'? P. Schillebeeckx,” D.L. Smith,'® X. Tao,!* A. Trkov,®> A. Wallner,'% 16 and W. Wang!*

BMecTo ogHOV MBI peKOMeH/IyeM MCII0/Ib30BaTh KOMOVHAIINIO
HecKoJIbKMxX peakumit: 1°B(n,a,y) ot TerwtoBsix 10 1,0 MaB,

"Li(n, n'y) ot 0,8 1o 8 M3B 1 ¥Ti(n, n'y)ot 3 mo 16 M3B.

Ceuenwne 00pa3oBaHMA Y-KBaHTOB “Li(n, n'y) 478 k3B
[Topor Heympyroro paccesHms HEMTPOHOB Ha ’Li cocTasirsieT 546
k3B, Korma 3acesieHne 1epBOro BO30YKAE€HHOTO COCTOSHMS IIpU
478 k3B B gppe-muIilleHNM CTAaHOBUTCA  KMHeMaTWYeCKU
pasperieHHbIM. [I0CKOIBEKY 3TOT IIepBbIVI YPOBEHb IIPeACTaBIIseT
coDOVI eIMHCTBEHHOE CBS3aHHOe cocTosiHMe ’Li (HecBsi3aHHbBIE
pacragaloTcs TOJIBKO C MCIIyCKaHVeM TPUTOHOB M d-YacTWLI),
cedeHMsI oOpa3oBaHMS Y-KBAaHTOB C JHepruent 478 3B wu
HeYIIPYIroro paccesHus, 3alloJIHAIONIero IEepBbII YPOBEHb,
paBHBL. KpoMe TOro, mockosibKy CIVH IIepBOrO BO30OY>XIEeHHOIO
cocrosaMa ‘Li paBeH 1/2, yrioBoe pacripenerieHie (POTOHOB
(n,n"y) sBiIsteTcs m3oTrponHbeIM B CMS. Beero c 1955 roma Obuio
rpoBefeHO 14 He3aBUCUMBIX VM3MepPeHWUV BBIXOAa Y-KBaHTOB C
sHepruenm 478 k3B m 5 wm3MepeHUV HeyIpyro paccesHHBIX
HenrpoHoB. Cample  HoOCIe[lHME  3KCIEPUMEHTbl  ObUIN
rposezieHsl B JRC, I'eest 1 LANL, JToc-Ajtamoc.


https://doi.org/10.1016/j.nds.2018.02.002
https://doi.org/10.1016/j.nds.2018.02.002
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Measurement of the "Li(n,n’t) and Be(n,2n) cross sections for
modelling tritium-breeding blankets

G. Perfetto?, N. Colonna', S. Amaducci®, L. Cosentino®, P. Finocchiaro®, V. Foteinou?,
S. Goula®'?, G. Lorusso™®, M. Mastromarco?, A. Mazzone'?, R. Mucciola'
N. Patronis?, V. Raffuzzi”, G. Tagliente', P. Zugec® and the n_ TOF collaboration

TpuTni ABNAETCA KNHOYEBLIM TONMBOM ANA aentepun-tputmesoro (D-T) cuHTE3a, OH pagnoakTMBeH U odeHb penok. OH
AonxeH 6blTb NpoudBedeH Kak MobOouYHbIM NPOoAYKT CUMHTE3a M BO3BpalleH obpaTHO B MNpouLecC CUHTe3a, 3aMblkas
TOMAMBHBLIA UMKN. [JocTumxkeHune kKoapduumeHtTa BOCNPOM3BOACTBA TPUTMA (MPOM3BOAMMOINO TPUTMA K noTpebnaemMomy
Tputuio) 6onbLUEe eguHNLbI UMEET pellarollee 3HavyeHne, 1 9To oA4Ha M3 caMblx 6onblKMX NpobneM aaepHOro cMHTE3a.
PasMHOXatowme 6OnaHkeTbl, cogepXxawuve antmm wu  6epunnuini, npeaHasHadeHbl 408 9TOW  Uenu; peakyumn
5Li(n,t)a,’Li(n,n't)a n °Be(n,2n)2a B ocHOBHOM oTBeYaloT 3a npoussoactso 3H. OagHako Tekylinme HeonpeaeneHHoOCTU B
nonepe4vyHoOM ceYvyeHUn nocregHnx OByX peakunim 3HavynTeslbHO pPacnpoCTpPaHAKTCA Ha KO3dPMLMEHT BOCMPOMN3BOACTBA
TpuTtna (TBR), KOTOpbIN A0MKeEH 6bITb CMOAENNPOBAH C BbICOKOM TOYHOCTbHO.

NMpegnonaraemble namepeHna B n-TOF 6yayT nepBbiMU, MCNONb3YHOLWMMN TEXHUKY BPEMEHU MponieTa, U NpeaocTaBAaT
yNnyudlleHHbIn Habop ceyeHun, HeobXxoguMbIX OAA pacyeTOB BOCMPOU3BOACTBA TPUTUA B HEKOTOPbIX M3 Haumbonee
NepcnekTUBHbLIX KOHCTPYKUMM peakTopoB. ITO KPUTUYECKU BaXXHO Ha TekyweMm 9aTane, korga TBR>1 ewe He

NpoAeMoHCTpupoBaHo. M3MepeHua npeanaraloTcsd C UCMNOMb30BAaHMEM YCTaHOBKM Si-AeTekTopoB, pa3paboTaHHON
konnabopaumen n TOF gna obHapy>keHua npoaykTos peakuum 3H n 4He.


https://cds.cern.ch/record/2929615/files/INTC-P-739.pdf
https://cds.cern.ch/record/2929615/files/INTC-P-739.pdf
https://cds.cern.ch/record/2929615/files/INTC-P-739.pdf
https://cds.cern.ch/record/2929615/files/INTC-P-739.pdf
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Measurement of the "Li(n,n't) and “Be(n,2n) cross sections for
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Figure 1: Existing measurement and evaluations for the cross section of (a) "Li(n,n’t)a and (b)

9Be(n,2n)2a.

5Li(n,t)a,’Li(n,n't)a 1 °Be(n,2n)2a
B OCHOBHOM OTBeYaloT 3a
nNpon3BoACTBO TPUTKA (t, 3H).
Tekywine HeonpepneneHHOCTU B
nonepevyHoM ceuYeHuun peakumm
5Li(n,t)a,’Li(n,n't)a n °Be(n,2n)2a
CYLLLECTBEHHO
pacnpocTpaHATCA Ha
KoadpPUumneHT
BOCMNpPOU3BOACTBA TPUTUA
(TBR), KoTOpbIX A0/HKEH ObITH
cMoAe/IMpPoBaH C BbICOKOM
TOUHOCTbIO.
[MpepnaraemMblie nU3aMepeHUA
Ha n-TOF 6éyayT nepBbIMY,
MCNONb3YHOLLMUMUN TEXHUKY
BpeMeHW nponeta, n
NpPeaoCTaBAT YNy4LLUEHHbIW
Habop ceyeHnin, HeobxoanMbIX
ANA pacyeToB BOCNPOM3BOACTBA
TPUTNA B HEKOTOPDIX N3
Hanbonee nepcnekTUBHbIX
KOHCTPYKLIMN peakTopoB.
OTO KPUTUYECKM BA>KHO Ha
TekyLleM aTane, korga TBR>1
eLle He NpPoAEeMOHCTPUPOBAHO.


https://cds.cern.ch/record/2929615/files/INTC-P-739.pdf

Measurement of the "Li(n,n't) and “Be(n,2n) cross sections for 5Li(n,t)a,’Li(n,n't)a n °Be(n,2n)2a B KV3MepeHus
modelling tritium-breeding blankets npeanaratoTcA C MCMNOMNb30BaHWEM YCTaHOBKM Si-

April 8, 2025 neTekTtopoB, paspabotaHHou Konnabopauwnen n-

TOF pna ob6HapyXeHuMA MpoAyKTOB peaKLuuu

G. Perfetto??, N. Colonna!, S. Amaducci®, L. Cosentino®, P. Finocchiaro®, V. Foteinou?,

6 . 7 . 1 9 3 4
S. Goula™, G. Lorusso™®, M. Mastromarco®?, A. Mazzone?, R. Mucciola' Li(n,t)a, Ll(n’n t)a n-Be(n,2n)2a............. "Hu *He.
N. Patronis?, V. Raffuzzi’, G. Tagliente!, P. Zugec® and the n_TOF collaboration

[1Ba KONbLEBbLIX AEeTEKTOPa YCTAHOB/IEHbI HA
npAMoOM n o6paTHOM HanpasneHnn, obpaseL,
(KOPUUHEBLIN) HAXO0AMUTCA HA PacCTOAHNN 7 CM
OT NepegHero KobLEeBOro AeTekTopa

(b)
(@) CXeMaTUYeCKUM YepTexX yCTaAaHOBKU Ha
OCHOBE KO/bLEBbIX U KBagpaTHbIX NTD
KPEMHUEBBIX AETEKTOPOB.

npobHble Konbuesble NTD Si
petektopa npu n-TOF
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Tritium Breeding has focused on °Li(n,a)t but 'YB might be of interest too

First principles review of options for tritium breeder and neutron multiplier materials for breeding blankets in fusion reactors

This peak 1n in

*Li(n,tH)or makes
“fusion-eers”™ 1

happy ©
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An activation experiment at

14 Mel” and a coincident
LENZ-style experiment might
help tritium production
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Is 'B(n,o) L1
REALLY that big?

Or does this curve have

contributions from
HB(Mn,0)Li"— t+o ?

£, +11.45 MeV

0

S, =4.63 MeV
N

E +2.79 MeV

............. -

L1
Help Mark Paris!

1'B+n
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Thanks to Mike Loughlin & Paul Humrickhouse (ORNL) g
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Prusachenko, P.S., Bobrovskiy, T.L. The measurement of the 6Li(n, t)*He reaction cross-section in the
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Trittum Breeding has focused on °Li(n,o)t but '°B might be of interest too

Here’s all the available EXFOR data for 1"B(n,o)

J.:Clr—
=i p Display Year Author-1 Energy range.eV Points Reference
i@ 1) i) 2 5_p-10(N,n)3-LI-7,,SIG 0Q(keV)=2757.222 C4: MF=3 MT=107 0p=0

Quantity: [C5] Cross section

1 ﬂﬂﬂ'&h CE8Vl+ T4| Cew| 2019 Haoyu Jiang+
ﬂﬂﬂl&h’ CSV)+ T4| Cov| 2017 R.Bevilacqua+
+| 4] x4 x4+ CV)+ T4| Cov| 2017 zhimin Wang+
Aﬂilﬂ]&lt @*EJG;W] 2011 Zhang Guohuit
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g, 11010,2017
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11 @+l x4] xarfe C8V)+ T4| Covl
12 [ +|.ilx4] xa+fe C3V)+ T4] Coul
13 @ +| il X8| Xa+ft C3V) T4| Covl
14 @ +| 1l x4] xarft C8V)+ T4| Coul
* 15[ +|1)x4] xasfe CSV)+ Ta| Coul
16 [ A +| il X4| Xa+fe C3V)+ T4| Covl
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J,MSE, 142,203, 2002

C, 75WASH,1,232,197503
J,NP/h, 125,463,069

J, PR, 165,1147, 1968

+ J,JNE,21,271,1967

B, ANL-6877,5, 64

+ J, JNE/AB,17,83,1963

J AP, 10, 455,60

Jy PR, 108, 1025,57
R,LA-46,1944

Additional measurements, especially

between 6.5 & 14 MeV are needed
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Cross Section (barns)

No measurements
above 6.52 MeV!

There’s virtually no
data for 1°B(n,t) itself
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But 14 MeV looks
promising

Thanks to Mike Loughlin & Paul Humrickhouse (ORNL)
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Fortunately, parts of DOE have been investing in improving fast neutron
scattering data, offering fusion a chance to address fusion needs incrementally

LENZ @ LANL Chi-nu — CoGNAC @ GENESIS @ LBNL
Gas Production LANL - Neutron Scatter Neutron Scatter and y-ray
Cross Sections Cross Sections production Cross Sections
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A joint JHUAPL/NNDC/Berkeley team™ are using a DT-API system to measure

(n,,,xny) cross sections (Thanks Keegan for the advance advertisement!)

Simple Count Rate Estimate

Sample
R“—Y/n = O-(N)sampleq)n
neut1 on deteutm For a 10 g sample 1 m away from

o | . e -
Tagged a | cm scintillator (@ 5 em:

Neutron

Cone D+T beam Nsample = 10%3atoms

d, ~ 108~ x L. 107 —
n s 100 day
\"‘ R _)Ra—y/n =

= . 7. L ',' S o (barn) e day
91 I “':'"' \__—_’_—_“ / - . _
= \E ~ Generator 10° peak counts/day for a

| - " 0.1% detection efficiency
Borated Poly Housing ————

) wANDA 2025 * Funded under a FY24 NDIAWG grant (PI: P. Peplowski) 15
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Yacer CyagHoro ous B
HacTosIIIee BpeMs
ycraHoBJIeHbI Ha 100

ceKyHJ, 10 IIOJIyHO4W.

DTO caMoOe CTpalIHoe
IpeaynpexaeHne,
KOTOpOe KOrga-jando
BbIITycKas Bulletin!

OcB0O0OOXIeHHas ci1jIa aToMa
M3MeHMJIa BCe, KpoMe Halllero
MBINJIeHnsa. Takum 00pa3oM, MBI
apevidpyeM K KatacTtpode 3a
npegeiaMy IOHMMaHMA.

Ham moTpeOyeTcs cyniecrBeHHO
HOBBIV CIIOCO0 MBIIIIJIEHMSI, eCc/Iu
yeJIoBeuecTBO XOUeT BLIKUTh.

— AJIb0epT DVHILITEVH
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https://www.philol.msu.ru/~rki/alphabet/bukva%20jat.html
https://www.nationalgeographic.bg/a/denyat-na-bukvite-i-na-kulturata-24-mai-e-duxovniyat-velikden
https://www.km.ru/front-projects/russkii-yazyk-velikoe-dostoyanie-vsego-chelovechestva/russkaya-azbuka-zakodirovannoe-

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26: Beryllium and 14-MeV neutrons in Big Bang Nucleosynthesis (BBN)
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46: Рассеяние нейтронов с 6Li и 7Li при энергии падающих нейтронов 14 МэВ  с использованием платформы инерционного сжатия термоядерного синтеза.
	Slide 47: Природный литий в качестве материала-бридера не приведет к скорости производства трития, достаточной для того, чтобы реактор мог поддерживать самодостаточность.
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82: The measurement of the 6Li(n, t)4He reaction cross- section in the energy range of 4.25–7.50 MeV
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115

