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C BBICOKOI TOYHOCTHIO
orpe/e/ieHa BEPOATHOCTh
HEUTPOHHOI'0 pacnaaa psajaa
sijiep B CpeaHen 001acTu Mace

VYuensle 13 OObEANHEHHOTO HHCTHTYTa SIAEPHBIX HCCIIENOBA-
HUI COBMECTHO C KoJuteramu u3 MHcTuTyTa simepHoit gpusuku B Opce
(Dpannus) pazpaboTalii YHUKAIBHBIN JETEKTOp HEHTPOHOB, OJaro-
Japsi KOTOpoMy ObLIa TOYHO OIpEZEIeHa BEPOSTHOCTh HEHTPOHHOTO
pacmnazia siiep y rpaHuIbl HSUTPOHHON CTaOMIIBHOCTH.

HeiiTpoHHBIi pacnag — 3TO BBIHYXJIEHHOE M3MEHEHHE COCTa-
Ba WJIM BHYTPEHHETO CTPOCHMSI HECTAOMIIBHBIX A1ep aToMoB. Pacnan
MPOUCXOIUT IMyTEM HUCIYCKAaHHsI HEUTPOHOB — YAaCTHL, KOTOPBIE HE
HUMEIOT 3apsaa. B xome paboThl YYCHBIC CMOIIIM C BBICOKOH TOYHO-
CTBIO ONPEENUTh BEPOSITHOCTh HEWTPOHHOTO pacmaja siep ¢ 6onb-
MM KOJMYECTBOM HEHTPOHOB (HEHTPOHHO-M30BITOUYHBIX) B palioHe
HelTporHo o6oouku ¢ N = 50. MccnenoBanucs siipa, 3al10JIHEHHbIE
HeliTpoHamu, dncio Kotopeix npessimaetT N = 50. Ynanocs caenars
BBIBOJIbI O HEOOBIYHBIX CBOMCTBAX SI/IEP B 3TOM 00JIACTH IPOTOHOB U

Yu. E. Penionzhkevich

The Probability of

Neutron Decay of Nuclei

in the Medium-Mass Region Is
Measured with High Accuracy

Scientists from the Joint Institute for Nuclear Research togeth-
er with colleagues from the Institute of Nuclear Physics in Orsay
(France) developed a unique neutron detector. It allowed highly accu-
rate measurements of the probability of beta-delayed neutron decay of
nuclei located far from the beta valley.

Neutron decay is a forced change in the internal structure of
unstable nuclei of atoms. Disintegration occurs by the emission of
neutrons — particles that do not have a charge. In the reported exper-
iments, the scientists were able to determine with high precision the
probability of neutron decay of nuclei with a large number of neutrons
(neutron-rich) in the region of the neutron N = 50 closed shell. In the

- ]




B JIABOPATOPUAX MHCTUTYTA

HEUTPOHOB: O HOBBIX BHJaX Je(opMaliin, cocymecTBoBa-
HUHM JBYX M OoJiee BUIOB JeopMariiy st OJHOTO M TOTO
ke f7pa, O MOSBICHWU HOBBIX MarM4eckKux 4YHCel U HX
BIIMSIHAU HA BEPOSTHOCTD PACHa/a TAKUX SAEP.

B pamxax storo mpoekra B [lyOHe ObuT co3maH yHU-
KaJIbHBII pHUOOp AT peruCcTpaluy HEHTPOHOB € BEICOKOMH
3¢ PEKTHBHOCTHIO — HEHTPOHHBIN AETEKTOP MTOTHOH T'e0-
merpun TETRA, upe3Bbruaiino sdexTrBHas yCcTaHOBKA,
MIpeJHAa3HAYEeHHAas JJIs U3yYeHHs pacraga HEUTPOHHO-U3-
OBITOYHBIX sfep. JleTekrop ObUT yCTaHOBIEH Ha OTBOJE
JUIA U3YYECHUS PaJMOAKTUBHBIX fAJep, MOIydaeMbIX Ha
yckopurenbHoM Komruiekce ALTO B Opce (Ppantus).

AT THE LABORATORIES OF JINR

N3-3a OTCYTCTBUSA NIEKTPUUECKOT0 3apsiia HEUTPOHBI
HE BBI3BIBAIOT HOHU3AIMIO BEIECTBA — T.€. HE IIPOU3BO-
JSIT HUKAKOTO CIIe[ja U3 MOHU3MPOBAaHHBIX M BO30YXICH-
HBIX YacTHIl, SBISIONUIMXCS «CHTHAIOM» I OOJBIIMH-
CTBa JIeTeKTOpoB. Pa3paboraHHas yHHMKalbHas yCTaHOB-
Ka MCIIOJIb3YET CHELMANBHBIM «KOHBEPTEP» — TIa3 3He.
3apspKEHHBIE YaCTHIBI 00Pa3yrOTCsl B pe3yiIbTare sAepHOH
peakiuy B3auMOAEHCTBHUS HEUTPOHOB U 3He. Dtu BTOpHUY-
HBIE YaCTUIBl ¥ BBI3BIBAIOT MOHU3AIHUIO, KOTOpas MOXKET
OBITH 3apETUCTPHPOBAHA IETEKTOPOM.

ITonmy4yeHHble pe3yabTaThl UIMEIOT BayKHBIE TPUIIOXKE-
HUS [UIA ApYTHX OnMu3kux oOmacted Haykn. OHH ITO3BO-

HeliTponnsiii nerexrop
4m-reomerpr TETRA
Ha ocHoBe SHe-cueTdmnkoB

Full geometry (4x) neutron
array TETRA based
on He counters

focus of the researcher were nuclei in which the number of
neutrons exceeds 50. It has been possible to draw conclu-
sions about the unusual properties of nuclei in this region
of proton and neutron numbers: new types of deformation,
the coexistence of two or more types of deformation for
the same nucleus, the appearance of new magic numbers
and their influence on the decay probability of such nuclei.

Within the framework of this project, a unique tool
for neutron detection array with a high efficiency was
created in Dubna — the neutron detector of full geom-
etry TETRA, an extremely powerful device designed to
study the decay of neutron-rich nuclei. The detector was
installed on a beam of radioactive nuclei of the ALTO
accelerator complex in Orsay, France. The facility offers

EI

a wide range of neutron-rich nuclei in the mass range
50 < A< 100.

Due to the fact that a neutron does not carry any elec-
tric charge, a neutron itself does not produce ionization —
traces of ionized and excited charged particles which can
be seen by a detector. Therefore, the neutron array built
contained a special “converter” — 3He gas; charged par-
ticles are produced due to the process of the nuclear reac-
tion of a neutron with the gas. These secondary particles
can produce ionization and thus be “visible” in the detec-
tor. To enhance the probability for the nuclear reaction to
take place, the detector is placed inside a polyethylene
moderator to slow down neutrons.

The results obtained are important not only for nu-
clear physics but also for the related scientific fields. The
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JISIOT ONPEACTUTh BEPOATHOCTH 00pa30oBaHUSA
3JIEMEHTOB, KOJMYECTBO IPOTOHOB B aTOMHOM
aape KOTOphIX Bapbupyerca oT 10 mo 70. Ota
XapaKkTepHCTUKA paclaja HCIONb3yeTCs INpHU
pacyerax Ipolecca HYKJIEOCHHTe3a — 00pa-
30BaHMA SA7ep XUMHUYECKHUX IEMEHTOB TsDKelee
BOJIOPOAa B XOJ€ pPEaKUWH SACPHOTO CHHTE-
3a — B acTpodusuke. Co3aHHBIA HEHTPOHHBIH
JIETEKTOP MOXET OBITh TaKXKe MCIIOIB30BaH IS
HCCIEOBAaHUN HEWTPOHHOTO pacraja B pas-
JUYHBIX SIEPHBIX MpOIleccax, B TOM YUCIE IpU
JIEJICHUH TSDKENBIX SAEP B AJCpHON SHEPTeTHKE.
Pabora mpoxoania B paMKax MpOeKTa, Moj-
nepxxuBaeMoro Poccuiickum Hay4HbIM (HOHIOM
(http://xn--m1lafn.xn--plai/prjcard?rid=17-12-
01170), B corpyaauyecTse ¢ yaeHbMH u3 CTpac-
Oyprckoro yHuBepcureTa, HCTUTYTa SAEPHOI
¢msuku (Opce, Ppanums), MaHdecTepcKoro
yauBepcurera (BemukoOpurtanus) u LIEPH.
Pe3ysbrarhl OmyOJUKOBaHBI B xKypHajie «Phys-
ical Review C» (https://journals.aps.org/prc/abs-
tract/10.1103/PhysRevC.95.054320).

data measured makes it possible to determine
the probability of formation of elements, whose
nuclei contain between ten and a few tens of
protons. This decay characteristic is used in as-
trophysical calculations of the nucleosynthesis
process — the formation of nuclei of chemical
elements heavier than hydrogen during the nu-
clear fusion reaction. The created neutron array
can also be used to study neutron decay in var-
ious nuclear processes, including the fission of
heavy nuclei for the nuclear power industry.

The work was carried out within the frame-
work of a project supported by the Russian
Science Foundation (http://xn--mlafn.xn--plai/
prjcard?rid=17-12-01170) in  collaboration
with scientists from Strasbourg University, the
Institute of Nuclear Physics (Orsay, France),
Manchester University (UK) and CERN. The re-
sults were published in the “Physical Review C”
(https://journals.aps.org/prc/abstract/10.1103/
PhysRevC.95.054320).
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