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Hu3skosHepreTrueckue KBaApPYyMOibHBIE BO30YXKICHHS B sIpax NPEIACTaBIIAIOT Co0Oi
YHUKaJIBHBIN TOJUTOH ISl M3Y4YeHHUS 000JI0YEYHON CTPYKTYPHI M M30CITHMHOBBIX CTEIIEHEH CBOOOBI.
HecummeTpudHBI MPOTOH-HEUTPOHHBIA BKIIAJ B BOJHOBYIO (DYHKIHIO KBaIpYIOJIBHBIX COCTOSHUI
MposiBIsieTcst Omarogapsi 00oovYeyHon cTpykType. Takue 0COOCHHOCTH YacTO MPOSIBISIOTCS B BUJC
CHUITBHBIX M1-Tiepexoi0B MEKIy HU3KOIEKAIUMHU 2 -cocTossHusaMu. CBOMCTBA TaKMX BO30YKICHUI
OBLTM M3YYEHBI B paMKax MOJENH, KOTOopas mocTpoeHa Ha 0aze 3ddextuBHbIX cun Ckupma [1, 2]
C YYETOM B3aWMOJICHCTBUS MEXIy MPOCTHIMUA W CIIOKHBIMEH KoH(purypamusmu [3]. CenapabenpHas
armnpoKCUMAIIU YaCTHYHO-ABIPOYHOTO B3aUMOJICHCTBHS TO3BOJISCT BBIMOIHUTD PACYCTHl B OOJIBIIIOM
KOH(QUTYpallMOHHOM TpocTpaHcTBe [4]. B naHHOM mokiaje Mbl aHATH3UpPyeM CBOWCTBA HH3KOJIE-
)Kamux 2*-COCTOSHUI B HEHTPOHHO-M30BITOUHBIX M30TOnmax Te. C ogHUM HabOpPOM MapamMeTpOB MBI
OTNMCBHIBACM HMMEIOIIUECS DKCIICPUMEHTAIBHBIC JaHHBIC [5] W JEMOHCTPHUPYEM BIIMSHHE ITapHBIX
KOPpEISLUiA CBEPXIIPOBOAAIIETO THIIA HA CBOWCTBA KBAAPYHOILHBIX BO30OY:K1eHuH B sape °Te [6].

Crucok JMTepaTypsbl

1. Severyukhin A. P., Arsenyev N. N., Pietralla N., Werner V. Impact of variational space on
M1 transitions between first and second quadrupole excitations in $321341%Te // Phys. Rev. C. — 2014.
-Vol. 90. - P. 011306-1-011306-4.

2. Severyukhin A. P., Arsenyev N. N., Pietralla N., Werner V. Proton-neutron structure of
first and second quadrupole excitations of ®*Sr // Eur. Phys. Jour. A. — 2018. — Vol. 54. — P. 4-1-4-8.

3. Severyukhin A. P., Voronov V. V., Nguyen Van Giai. Effects of phonon-phonon coupling
on low-lying states in neutron-rich Sn isotopes // Eur. Phys. J. A. — 2004. — Vol. 22. — P.397-403.

4. Severyukhin A. P., Voronov V. V., Nguyen Van Giai. Effects of the particle-particle
channel on properties of low-lying vibrational states // Phys. Rev. C. — 2008. — Vol. 77. — P. 024322-
1-024322-8.

5. Allmond J. M., Stuchbery A. E., Baktash C., et al. Electromagnetic moments of radioactive
1%Te and the emergence of collectivity 2px2n outside of double-magic **2Sn // Phys. Rev. Lett. —
2017. - Vol. 118. — P. 092503-1-092503-6.

6. Arsenyev N. N., Severyukhin A. P. // in preparation.

PROPERTIES OF LOW-LYING 2* STATES IN 132136T¢
N. N. Arsenyev, A. P. Severyukhin

Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research Joliot-Curie 6,
141980 Dubna, Moscow Region, Russia
Phone: +7(49621)63-665, Fax: +7(49621)65-084, arsenev@theor.jinr.ru

Low-energy quadrupole excitations of nuclei represent a unique laboratory for studying the
balance between collectivity, shell structure, and the isospin degree of freedom. An unbalanced the
proton-neutron content of the wave functions can be interpreted as configurational isospin polarization
which denotes varying contributions to the 2* states by the active proton and neutron configurations
due to subshell structure. M1 transitions between low-energy quadrupole excitations are often used as
signature for states with such features. Starting from a Skyrme interaction we study the properties of
the low-energy spectrum of quadrupole excitations [1, 2]. The coupling between one- and two-phonon
terms in the wave functions of excited states is taken into account [3]. We use the finite-rank separable
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approximation [4] which allows one to perform the calculations in large configurational space. In the
present talk we study the properties of low-lying quadrupole excitations in neutron-rich Te isotopes.
Using the same set of parameters, we describe available experimental data [5] and demonstrate the
importance of the pairing effects on the properties of quadrupole excitations of $3*Te [6].
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BonuoBas GpyHKIMs OCHOBHOTO COCTOSIHUS sapa *Be B anb(a-kinactepHoi Moxenu (o + o + n)
BBIYHMCIICHA C ITOMOIIBIO Pa3oKeHHs no runepcepudeckuM QyHkuusM [1]. s pemeHus cucTeMbl
THIIEppaTUabHBIX YpPaBHEHWH TPUMEHEH METOJ HHTEPIOJSANNKA KyOMYecKHMHU cIutaiiHamu [2].
ITpuMepsl TIOTHOCTH BEPOATHOCTH I BEKTOpOB SIkobm X LYy wu X||y mokasaHsl Ha PHCYHKE.

HauOonee BepositHa kKoHurypauuss 1 ¢ HEHTpPOHOM MeXIy oO-KiacTepamu; KoHpurypamuum 2, 3
(o + °He), nposBisiomuecs B peakuMsaX HYKIOHHBIX M KJIACTEPHBIX Iepenad [3], MeHee BEPOSTHBI.
BbUIO paccyuTaHo pachpesieieHue JIEKTPUYECKOTrO 3apsja B sjape °Be M MOMydeHo coriacue

C SKCIICPUMCHTAJILHBIM PACIIPEACIICHUCM (CM., HaIrpuMmep, [4])
Vot
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I OCHOBHOT'O COCTOSIHMSA sizipa “Be B koopaunarax Sxo6u (X,y) mist x Ly (a) u X||y (6), naubGonee

BepOsATHA KOoHUrypanus | ¢ HEHTPOHOM MEXIy O-KiacTepamu; KoHpurypamuu 2, 3 (o + °He) menee
BEPOSTHBI, KPUBbIC — SKBUTIOTCHIMATbHBIC JIMHUU TIOTCHIIMATBLHON SHEPTHU CUCTEMBI (o + o + N).

1. xuOytu P. U., lutukosa K. B. Meton runepcdepnveckux QyHKIMH B aTOMHON U A1ep-
Ho# (usuke. — M.: DHeproatommsaat, 1993.

2. Samarin V. V., Eur. Phys. J. A. 2022. V. 58. P. 117.

3. Lukyanov S. M., Harakeh M. N., Naumenko M. A., World J. Nucl. Sci. Techn. 2015. V. 5.
P. 265.

4. 3arpebaes B. W., Jlenukun A. C., KapmoB A. B., Anekcee A. A., Haymenko M. A,
PaukoB B. A., Camapun B. B., Caiixo B. B. ba3a 3nanuit NRV no snepHo#l (pu3nke HU3KUX SHEPrH,
http://nrv.jinr.ru/.

STUDY OF THE STRUCTURE OF THE °Be NUCLEUS
IN THE ALPHA-CLUSTER MODEL BY HYPERSPHERICAL
FUNCTIONS METHOD

A. S. Bazhin*?, V. V. Samarin '?

! Dubna State University, Dubna, Moscow Region 141982, Russia
2 Joint Institute for Nuclear Research Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
E-mail: factortanton@gmail.com

The wave function of the ground state of the °Be nucleus is calculated in the alpha-cluster
model (a + o + n) using hyperspherical functions [1]. Cubic spline interpolation is applied for solving
hyperradial equations [2]. The examples of the probability density for Jacobi vectors x Ly and x||y
are shown in figure. The most probable configuration is configuration 1 with a neutron between o-
clusters. Configurations 2 and 3 (o + °He) that may manifest themselves in nucleon and cluster transfer
reactions [3] are less probable. The charge distribution for the °Be nucleus was calculated and
agreement with the experimental distribution (e.g., [4]) was obtained.
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Examples of the probability density (shades of grey; logarithmic scale) for the ground state of
the °Be nucleus in Jacobi coordinates (x,y) for x Ly (a) and x|ly (b). The most probable is the
configuration 1 with neutron between a-clusters. Configurations 2 and 3 (o + °He) are less probable.
Curves are equipotential lines for the potential energy of the system (a + a +n).
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HCCHCILOBaHHC CBCPXTAKCIIBIX J3JICMCHTOB ABJIACTCA OI[HOﬁ H3 CaMbIX AKTHBHO pa3BUBaroO-
muxcst obmacreit sipepHOl (DU3UKM Ha TPOTSDKEHUH TOCIESTHUX HECKOJIBbKHX aecstwineTnid. Hesary-
XaIoMMH HWHTEpeC OO0YyCIOBICH KaK BaKHOCTBIO 3TOH OOJACTH ISl MCCIEIOBAaHMS OCOOEHHOCTEH
CTPYKTYpBl U JUHAMHUKH aTOMHBIX SIJEp C DKCTPEMAalbHO OOJBIIMMH MAaCCOBBIMH YHCIAMH, Tak
U MIOCTOSIHHBIM TPOrPECCOM B IKCMEPHMEHTAJBHBIX HCCIIEI0BAaHUAX CBEpPXTsDKENbIX spep [1, 2].
Baxnoil 3amadeit B 3TOH o00MacTH sBIsAETCS HapaOOTKa KaK MOXKHO 0oJiee TONMHBIX IEMOYeK
CBCPXTAKEIIBIX U30TOIIOB.

OpmHO# M3 OCHOBHBIX MOJ pacmaja CBEPXTSDKEIBIX 3JIEMEHTOB SIBISETCS O-pacmajn. daktu-
YEeCKM PEerucTpanys IEernodyeK o-pacraza SBISETCS CBUAETEIbCTBOM OOpa30BaHUS HOBOTO H30TOIA.
B namreii paboTte paccMOTpeHbI HEKOTOpPbIe (DEHOMEHOJIOTHUECKHE COOTHOIICHUS AJsl MpeACcKa3aHus
HEPHO0B MOJIypacHaa CBEPXTSKEIBIX 2JIEMEHTOB B 3aBUCUMOCTH OT SHEPrHM pacliajia U Ha OCHOBE
COBPEMEHHBIX KCHEPHMEHTAIBHBIX JaHHBIX 3aHOBO MOJOOpaHBI 3HAUEHHS ITOJrOHOYHBIX MapamerT-
poB. IIpuBeneHs! pe3yabTaThl UCIIOIB30BAHUS HOBBIX AIMPOKCHUMAIMH Ul HEM3BECTHBIX sJep, HPH
9TOM AJisl TpeAcKazaHusl SHepruu o-pachajga cAelaHbl B paMKax (EHOMEHOJIOTHYECKOTO MeEToAa
C MCTIOJIb30BAHUEM MAcCOBBIX COOTHOUICHWH Ui ONHMCaHUs HEHTPOH-MPOTOHHBIX KOPPEISLUi
B @TOMHBIX S/Ipax. DTOT MPOCTOW M MPO3PAaYHbIH METO/ J0CTATOYHO dPPEKTUBEH YIS MPEICKa3aHMI
Macc aTOMHBIX sIep B LIMPOKOM JAuarna3oHe MaccoBbIX uucen [3, 4]. [IpoBeneHo cpaBHEHHME HAIIUX
pacueToB C pe3yNbTaTaMu IPyTuX MOJeNei.
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Over the past few decades, the study of superheavy elements has been one of the most actively
developing areas of nuclear physics. The continued interest is due both to the importance of this area
for studying the features of the structure and dynamics of atomic nuclei with extremely large mass
numbers, and to the constant progress in experimental studies of superheavy nuclei [1, 2]. An
important task in this area is to produce as complete chains of superheavy isotopes as possible.

One of the main modes of decay of superheavy elements is a-decay. In fact, the registration of
a-decay chains is evidence of the formation of a new isotope. In our work, we consider some
phenomenological relations for predicting the half-lives of superheavy elements as a function of the
decay energy and, using modern experimental data, we reselect the values of the fitting parameters.
The results of using new approximations for unknown nuclei are presented. Alpha-decay energy
predictions are made within the framework of the phenomenological method using mass relations to
describe neutron-proton correlations in atomic nuclei. This simple and transparent method is quite
effective for predicting the masses of atomic nuclei in a wide range of mass numbers [3, 4]. Our
calculations are compared with the results of other models.
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«Heoxunanno» 6omabmue [1] 3apsaoBbie paguychl I'cy, HEUTPOHHO-N30BITOYHBIX H30TONOB Ca
IOCTaBWIM BOIPOC O HPOSIBJIECHUHM [BaXKIbl MarM4eckux CBOMCTB m3oromamu °>**Ca. B [2] pocr
pammyca rq, B aapax ¢ N > 28 cBs3anu ¢ rano-mogo0HEIMH OCOOCHHOCTSIMU CTPYKTYPhI HEHTPOHHBIX
opout 2ps» u 2p12 B m3otonax Ca ¢ N > 28. B HacTosmieid paboTe BBHIMOJHEH pacyeT DBOJIOIUU
HEUTPOHHBIX OAHOYACTHUYHBIX dHepruil Enj m3otonoB ¢ N = 32, 34 (cM. puc.) mo IUCIIEPCUOHHON
ontudeckoii Mmomenu. Ilokaszano, uro aus u3otoHoB °2Ca, *Ti ¢ N = 32 u agpa ¢ **Cac N = 34
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XapakTepHa OJHM30CTh CEpPeJUHBI MEXAy MOCICIHUM 3allOJIHEHHBIM K TEePBBIM  CBOOOJHBIM
HEHUTPOHHBIMH COCTOSHUSIMU (COTIACHO MOJENM HE3aBUCHMBIX dacTHl) K sHepruun Pepmu Er (cm.
Bpe3KH K pUCyHKaM Hike). CpelHeKBaapaTUUHbIe PAAUYCHI Irms HEUTPOHHBIX opOUT 1f72 U 2pap

B°2Ca cocraBumu cootBeTcTBeHHO 4.2 u 5.0 ¢m. IlepBoe 3HaueHHME XOPOLIO COIIACYETCS

C 9KCIEPUMEHTAIILHBIM pagnuycoM I'pns = 4.13(14) M, BTOpoe HECKOIBKO 3aBBILICHO 110 CPAaBHEHHIO

crifd=4.74(18) ¢m [3]. Yiyuiienue coraacusi BO3MOKHO IPH YU€Te TEH30PHOTO B3aHMOICHCTBHSI.
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"Unexpectedly" large [1] charge radii r.,0f the Ca isotopes with neutron excess challenges the
doubly magic nature of %*Ca. In [2], an increase in the radius r., in Ca isotopes with N > 28 was
associated with the halo-like features of the structure of the 2ps, and 2pi» neutron orbits. We
calculated the evolution of neutron single-particle energies of isotones with N = 32, 34 (see fig.) by the
dispersive optical model. It is shown that the single-particle spectra of 2Ca and *Ti isotones with N =
32 and %“Ca nucleus with N = 34 are characterized by the proximity of the middle between the last
occupied and the first unoccupied neutron states (according to the independent particle model) to the
Fermi energy Er (see incuts to the figures below). The rms radius of the 1f7, and 2ps; neutron orbits in
%2Ca are equal to 4.2 and 5.0 fm, respectively. The first value is in good agreement with the

experimental radius ron. = 4.13(14) fm and the second one is somewhat overestimated compared to

rms
exp _

I'rms= 4.74(18) fm [3]. The agreement can be improved by taking into account the tensor interaction.
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Neutron single-particle energies of isotones with N = 32 (left), 34 (right). In the incuts, the differences

and Ag= |EF - <E2p1/2' Elfs/z)l are shown for isotones with N = 32
and 34 respectively

Ap = |Ep - (E2p3/2’ E2P1/2)
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B noxmane mpencraBieHBI pe3yNbTaThl TEOPETHUYECKMX HCCIEAOBAaHWN OCHOBHBIX CBOMCTB
3apsA0BO-00MEHHBIX (M30BEKTOPHBIX) THTAHTCKUX CIHH-IAUIONBHBIX pe3oHancos (MBI CL[P(“_L)) U HUX
o6eproros (UBFCAP(™2) B marepunckux smpax “8Ca, ©Zr, 132Zr u 2%8Pb. Byayun BBINONHEHHBIM
B PaMKaX IIOJYMUKPOCKOIIMYECKONW YACTHYHO-IBIPOYHON JMCHEPCHOHHOM ONTUYECKOW MOAEIn
(MAAOM), sT0 wucciemoBaHHE SBISETCS HEMOCPEICTBEHHBIM IMPOJOJDKEHHEM pa3BUTOrO B [1]
MOIX0Ja K ONMCAaHUIO OCHOBHBIX XapaKTEPUCTHK W MapaMeTpOB FaMOB-TEIIEPOBCKOTO U 3apsI0BO-
OOMEHHBIX TMTAHTCKHX CIIMH-MOHOIIOJIHBIX PE30HAHCOB B YKa3aHHBIX MAaTEpPHHCKUX sapax. B mo-
KJIaZie TpescTaBieHsl cienyromue pesynbraTel: 1) YUAJIOM amantupoBaHa K ONHCAHUIO 3apsIOBO-
OOMEHHBIX THTaHTCKUX (TPEXKOMIIOHEHTHBIX) CIIMH-MYJIBTHIIOJIILHBIX PE30HAHCOB B CPEIHETSIKEIBIX
Maru4ecKux MaTepUHCKUX sApax. B TakoM ONMMCaHUM BO3MOXHO HCIIOJIB30BaHHE (PUKCHPOBAHHBIX
B[1] mapamerpoB wMmozjenu. 2) BeruucieHsl cunoBble (QYHKIUH J-KOMIIOHEHT UBTCAP™,
UBICAP™?2) ("= 07, 17, 2°), a TakKe yCpeaHEHHbIE 110 J CHIOBbIE (PYHKIMH H3y4aeMbIX THTAHTCKHX
pesonancoB (I'P) B ykasaHHBIX BbIlle MaT€pUHCKHUX sipax. Ha 3Toil oCHOBE BBIYMCICHBI OCHOBHBIC
nmapaMeTpsl ykazaHHBIX [P (sHepruss m mMpHHA OCHOBHOTO MaKCHMyMa pPE30HAaHCOB, IPOLIEHT
WCUEPIIBIBAHUSI COOTBETCTBYIOLIET0 mpaBuia cyMmMm). 3) IlpoanannsupoBaHbl pacueTHbIC JBOWHBIC
Y OZHOKpaTHbIE (IPOCLMPOBAHHBIEC) NEPEXOAHbIE IUIOTHOCTH, a TAaKKE MapLUalbHBIE U TOJHBIC
OTHOCHUTEIIFHBIE BEPOSTHOCTH (OpIHYMHTU) MPSMOTO OJHOHYKJIOHHOTO pacnaaa u3ydaembix [P.
HekoTtoprle u3 pe3ynbTaToB pacyeToB CPAaBHUBAIOTCS C HUMEIOMIMMUCS 3KCIIEPUMEHTAIbHBIMU
JIaHHBIMH [2].
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In this report, the results of a theoretical study of main properties of charge-exchange
(isovector giant spin-dipole resonances IVGSDR(™ and their overtones IVGSDR(2) in the “8Ca, %Zr,
13290, and 2%Pb parent nuclei are presented. Being performed within the semi-microscopic particle-
hole dispersive optical model (PHDOM), this study is a direct continuation of the description of the
main characteristics and parameters of Gamow-Teller and charge-exchange giant spin-monopole
resonances in the above-mentioned parent nuclei [1]. In this talk, the following results are presented.
1) PHDOM is adapted to the description of charge-exchange giant (three-component) spin-multipole
GRs in medium-heavy closed-shell parent nuclei. All the model parameters specified in Ref. [1] might
be used in such description. 2) The strength functions of J™ = 0~,1~,2~ components of IVGSDR
and IVGSDR(2 in parent nuclei under consideration are calculated together with J-averaged strength
functions. On this base, the main GR parameters (the energies of GR maxima, total widths, percentage
of sum-rule exhaustion) are also evaluated. 3) The calculated GR double and projected (one-body)
transition densities are analyzed together with partial and total branching ratios of GR direct one-
nucleon decay. Some of calculation results are compared with available experimental data [2].
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I''IOBAJIBHBIE MOJEJIN BETA-PACITAIA U OBPA3ZOBAHUE TAXKEJIBIX
SJIEMEHTOB

W. H. bop3os'?, U. B. IManos'?®
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B HyxkieocuHTe3e TSHKENBIX Aep, MPOXONALIEM B Pa3IWYHBIX CIeHapusax [1], ygacTByioT
KOPOTKO)KMBYILIUE S/Ipa, HE N3yYCHHBIE dKCIIEpUMeHTaNbHO. [ acTpodu3ndeckoro MoaenupoBaHus
uxX 00pa3zoBaHHs HEOOXOAWMBI MPOTHO3BI OONBIIOr0 KOJMYECTBA SACPHBIX XapaKTEPUCTHK, CpPeIu
KOTOPBIX CKOpPOCTh OeTa-pacmajia sBisieTcss HauOoliee BaKHOW BeIHMUYMHOW. MoJenupoBaHue
PacIpOCTPAaHEHHOCTH TSDKEJNIBIX SIEP C MCIIOJIB30BAHUEM PA3JIMUHBIX MPOTHO30B SIIEPHBIX XapakKTe-
pUCTUK (aKTHUYECKH SIBIACTCS YMCICHHBIM 3KCIIEpUMEHTOM. [IpenckazaHusi TEOPETHUECKUX MOAeIer
MOTYT OBITH MPOBEPEHBI U3 CPABHEHUS C HAOIIOJAEMOW PAaCIPOCTPAHEHHOCTHIO TSXKEIBIX JIEMEHTOB
B ConHe4HOH crucTeMe.

Pacuersl Hykj€ocHHTe3a B CLEHApUU CIUSHHUS HEWTPOHHBIX 3Be3[ [2] MOKA3bIBalOT 3HAYH-
TEJIbHBIC PACXOXKACHUS PE3yIbTaTOB MPU UCTIOIL30BAHNY PA3IMYHBIX TJI00aIbHBIX MOJIelel OeTa-pac-
nana [4-6]. Onu npUBOIAT K (OPMHUPOBAHHMIO PEATMCTUYHOU CTPYKTYphI KPHUBOH pPacHpOCTpaHEeH-
HOCTH XHMHYECKHX OJJIEMEHTOB B CJIadOM r-TIpoLecce, HO C CYLIECTBEHHO pa3Invarouieics
pacipoCTpaHEHHOCTHIO.

B HacTosillieM pacyeTe KCIIOJIb30BaHbl CKOpOCcTH Oera-pacmaga okosio 300 chepuueckux
U KBa3u-c(eprUIecKux sep, BaKHBIX Ui r-npouecca. Onu nomydensl B CQRPA monenu [6], ocHo-
BaHHOH Ha (ynkumonane dPasnca [7]. Kak mokaszano cpaBHeHHE TEOPETUYECKUX CKOpOCTel Oera-
pacnana B 6aze nanabix MATATO [8], pacdetsl [6] B ciydae cepruuecKux saep Jydile corIacyrTcs
C KCHIEPUMEHTOM, YTO BHOCHT KOPPEKTHUBBI B MOJIETMPOBAHNE I-TIPOIIECCa.
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. I. N. Borzov // Phys.Rev. C67, 025508 (2003); Phys.Rev. C69, 025508 (2005); Phys.At.
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GLOBAL BETA DECAY MODELSAND THE FORMATION OF HEAVY ELEMENTS
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The nucleosynthesis of heavy nuclei, which takes place in various scenarios [1], involves
short-lived nuclei that have not been studied experimentally. For astrophysical modeling of their formation,
forecasts of a large number of nuclear characteristics are necessary, among which the beta decay rate is the
most important value. Modeling the prevalence of heavy nuclei using various predictions of nuclear
characteristics is actually a numerical experiment. The predictions of theoretical models can be verified by
comparison with the observed prevalence of heavy elements in the Solar System.
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Calculations of nucleosynthesis in the neutron star merger scenario [2] show significant
discrepancies in the results when using different global beta decay models [4-6]. They lead to the
formation of a realistic structure of the abundance curve of chemical elements in a weak r-process, but
with significantly different abundances.

In this calculation, the beta decay rates of about 300 spherical and quasi-spherical nuclei
important for the r-process are used. They are obtained in the CQRPA model [6] based on the Fayans
functional [7]. As shown by the comparison of beta decay rates in the IAEA database [8], the
calculations [6] in spherical nuclei are in better agreement with the experiment, which influences the
modeling of the r-process.
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®YHKIIMOHAJ PASTHCA. DJEKTPOMATHUTHBIE MOMEHTBI U PAJINY ChI SIJIEP
BBJIN3U HEUTPOHHOM OBOJIOYKH N = 126

H. H. Bop3sos!’2, C. C. Ilankpatos'’3, C. B. Tosokonuukos*>
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3apsoBBle PagUyChl, KBaJAPYNOJIbHbIE W MAarHUTHBIC IWIONBHBIE MOMEHTHI B JJUHHOU
M30TOMHOW IIeMOYKE HM30TONOB Tl paccuMTaHbl B paMKax CaMOCOITIACOBAaHHOW TEOPHHM KOHEYHBIX
depmu cuctem (FFS). OcHoBHOE cOCTOsSHME sIpa OMUCHIBAETCSA B paMKaX (DYHKIIHOHANA TUIOTHOCTH
sneprun (EDF) ®asinca u np. [1] i MOMEHTOB HCIOJNB3YeTCS KOHTHHYaJbHOE KBAa3HYACTHIHOE
npubmmkerne criy4vaitnoit dassr (CQRPA) B HOTHOM OJHOYACTHYHOM MPOCTPAHCTBE, OMPEICISIEMOM
Bapuarueii pyakmuonana DF3-a [2]. Dddexrusroe crimu-3aBrcumoe NN-B3anMoeiicTBIE COMEPIKHUT
XOPOIIO YCTAaHOBJICHHOE KOHTaKTHOe B3amMmoieiicTBue Jlangay-Mwurmana ¢ KoHCTaHTaMHu CWIbI (, §
Y OJHO-TIMOHHBIM ¥ OJHO-PO-ME30HHBIM OOMEHaMH, MOIU(PHUIIMPOBAHHBEIME SICPHOW CPEIOH.
CrniapuBaH#e yYuThIBaeTCs B iuaronaibHoM HFB npubnmkennn (moBepXxHOCTHOE criapuBanue) |3, 4].

DddexTs HOHOHHOM CBA3M BKIIOYEHBI B NPUOIMKEHUH 2 TEOPUH BO3MyIUeHHH (rae gL —
BEpIIMHA KBa3WYaCTUYHO-(DOHOHHOTO B3amMmojeicTBus) [5]. s M30TONMOB BOad OT HEHUTPOHHOMN
obomoukn N = 126, “HeperyaspHbIi” BKJIaJ B MarHUTHBIC MOMEHTHI CTAaHOBHUTCS BaXKHBIM, KOTIa
MPOUCXOJUT PE30HAHCHOE YCWJICHHE M3-3a CMEIICHUS ¢ KOH(UTYpalusMu KBa3H4yacTHUIla-(OHOH,
UHIYLUPYEMBbIMH B OCHOBHOM 2+ 1 3- (oHOHaMu cooTBeTcTBYHOIIEro kopa Pb. ITomydeHo xopoiiee
ONHMCAaHNE WMEIOIUXCS SKCIIEPUMEHTANBHBIX JaHHBIX JUIsi MarHATHBIX MOMEHTOB. B wacTHOCTH,
OTKJIOHEHHUE OT JaHHBIX st coctosuus 1/2+ B 27Tl cocrasnser Beero 0,019(5) UN o cpaBHeHHUIO €O
3HadeHneM 0,734(2) UN mosyueHHBIM myTeM ycpenHeHus mo 5 pasnuuneiM EDF mpu rmobansrom
aKCHAJIbHO-1e()OPMUPOBAHHOM OIMCAHUU MATHUTHBIX MOMEHTOB B [6].
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FAYANS FUNCTIONAL. NUCLEAR ELECTROMAGNETIC MOMENTS
AND RADII NEAR N =126 NEUTRON SHELL
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Nuclear charge radii, quadrupole and magnetic dipole moments in long isotopic chain of Tl
isotopes are calculated within the self-consistent finite Fermi system (FFS) theory. The nuclear ground
state is described within the energy-density functional (EDF) by Fayans et.al. [1] For the moments, the
continuum quasiparticle random-phase approximation (CQRPA) is used in full single-particle space
defined by the variation of the DF3-a functional [2]. The effective spin-dependent NN-interaction
contains well established contact Landau-Migdal interaction with the strength constants g, g’ and the
one-pion and one-rho meson exchanges modified by nuclear medium. The HFB problem is solved in
diagonal approximation for surface pairing [3, 4].

The phonon-coupling effects are included perturbatively in g2 approximation (where g?_ is
the quasiparticle-phonon vertex) [5]. For the isotopes aside from the N=126 neutron shell, “non-
regular” contribution to the magnetic moments become important when a resonant amplification
occurs due to the mixing with quasiparticle-phonon configurations induced mostly by the 2+ and 3-
phonons of corresponding Pb core. A good description of the available experimental data for the
magnetic moments is achieved. In particular, the deviation from the data for the 1 /2+ state in 2Tl is
only 0.019(5) uN cf. 0.734(2) UN obtained by averaging on the 5 different EDFs in the global axially-
deformed description of magnetic moments in [6]. Supported by the RSCF grant 21-12-00061.
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BO3MOKHBIE ITPAMBIE ITPOIECCHI ITPU CTOJIKHOBEHHNU TSXKEJBIX NOHOB
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B HenaBHUX M3MEPEHMSIX IPONYKTOB CTOJIKHOBEHMH TSKENBIX MOHOB, IIPOBEIEHHBIX B JISIP

OUAU (dyOHa), Obu1H 0OHAPYKEHBI OBICTpPBIC alb()a-yacTUIIbl, BBUICTAIOIIUE MO/ IEPEIHUMHU YIIIaMU
U YHOCSIIME DHEPTHUIO0, MPEBBILAIOIIYI0 SHEPIHI0 HAICTAIOIMX Ha TSHKETYI0 MHILIEHb MOHOB (CM.,
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Hanpumep [1]). B Hameit pabore [2] ObuT0 mpenyiokeHo 0ObICHEHHE 3TOTO ABJIEHHS KaK pe3yabrara
HOBOTO Tpolecca MpsIMOTO KBasWIEJCHHs oOOpasylouleiicss B pe3yiabraTe CTOJKHOBEHUS HMOHOB
JIBOWHOU SIIEPHOM CUCTEMBI TAXKEIIOTO MIIM CBEPXTAKEIIOTO Sapa.

PaccMmoTpeHbI mpsiMble TIPOLIECCHI, MPHBOJSINME K TOSBICHUIO ajb(a-dqacTHIl C dHEPrUet,
ONMM3KOHM K SHEPTrUU HAJNETAIOIIMX TSKENIBIX HOHOB. IIpoBomuTcsa aHamu3 BO3MOXKHBIX SKCIEPHUMEHTOB
JUTSL CHCTEMATUYECKOIO N3yYEHUs 3TUX MPOLECCOB.
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POSSIBLE DIRECT PROCESSES IN HEAVI-ION COLLISIONS
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In the recent measurements of the heavy-ion collisions products carried out in FNLR at JINR
(Dubna) fast alpha-particles were observed which were emitted at forward angles with energies
exceeding the energy of the ion incident on the heavy target (see e.g. [1]). The explanation of this
phenomenon was given in our paper [2] as a result of the new process of quasi-fission of the dinuclear
heavy or superheavy system formed as a result of the ion-ion collision.

Direct processes are considered which lead to the appearance of fast alpha-particles with
energies close to the energy of the incident heavy ion. The analysis is carried out of possible
experiments for the studies of these processes.
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HenaBno nnst nehopmMupoBaHHBIX siep ObLT MpeAcKa3aH HU3KOIHEPreTUYeCKUH MarHUTHBIN
nunonsHbd (M1) cnima-HOXHUYHEIN pe3oHaHc (CHP) B pamkax momxoga MOMEHTOB BurHepoBckmx
¢ynakuuit (MB®) [1]. Mbl aHanmu3upyeM JaHHOE MpelcKa3aHhe, HCIONb3ys MOJHOCTBIO CamoCco-
IJIACOBAaHHBIN KBa3MYaCTUUHBIA MeToZ nmpubnwkeHus ciydaiHeix (a3 (KIICD) [2,3]. Hcnonb3yroTes
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cunel Cxkupma SKM*, SVbas, SG2 u SV-tls s uccnenosanmss CHP u opOUTANbHOTO HOKHHYHOTO
pesonanca (OHP) p 1601621840y 232Th = 58Nj, [JokaszaHa 3aBHCMMOCTh BOZHMKHOBEHHUsS HH3KOIHEP-
IETHYECKUX CIMHOBBIX COCTOSHHMU OT aedopMaiu. BbUIO MPOJEeMOHCTPHPOBAHO, YTO HU3KOIHEP-
retndeckue cocrosuus 1%, mwabmonaemsie B DY, 00BICHAIOTCS CKOpee (hparMeHTanneit opouTamIbHOR
cwibl M1, 4eM BO3HUKHOBEHHMEM KOJUIEKTUBHOI'O PE30HAHCA CIMHOBBIX HOKHHUIL B 1eioM, Hamm
pacyeThl He MOATBEPKAAIOT CYIIECTBOBAHKE 3TOIO PE30HAHCA.
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A low-energy magnetic dipole (M1) spin-scissors resonance (SSR) was recently predicted in
deformed nuclei within the Wigner function moments (WFM) approach [1]. We analyze this
prediction using fully self-consistent Skyrme quasiparticle random phase approximation (QRPA)
method [2,3]. Skyrme forces SkM*, SVbas, SG2 and SV-tls are implemented to explore SSR and
orbital scissor resonance (OSR) in 160162184Dy 232Th S8Nj, The dependence of the occurrence of low-
energy spin states on deformation is shown. It is shown that low-energy 1* states observed at in Dy are
rather explained by fragmentation of the orbital M1 strength than by the occurrence of the collective
spin-scissors resonance. In general, our calculations do not confirm the existence of this resonance.
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PACYETHI CBOMCTB “*Gd C UCITIOJIb30BAHUEM TOYHOI'O U IPUBJINKEHHOI'O
METO10OB, OCHOBAHHBIX HA TAMWJIbTOHUAHE BKIII

A. K. Baacauxkos, B. M. Muxaiijiios, A. B. JIynes

Cankr-IlerepOyprckuii Tocy1apCTBEHHBIH YHUBEPCUTET, Y IbsSHOBCKas yiI., 1, Cankr-TlerepOypr,
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CoOctBennbie 3HadeHusi ramuibronnana BKIUI paccuutane B Gd (Z = 64, N = 84) s
HPOTOHHBIX COCTOSIHHIL C HYJICBBIM CHHBOPHUTH (S) (T.€. IUTsl OCHOBHBIX COCTOSIHMI M MOHOMONBHBIX (0+)
BO30YXKIOEHHMI) W /I COCTOSHMM C S=2, ONUCHIBAEMBIX, KAaK MPAaBUIO, KaK COCTOSHUSIMH C JBYMS
60romo00BCKUMY KBa3HM4acTHLaMU. PacueTsl npoBoauych ¢ ogHO4acTUUHbIMU criekTpamu Cakcona-By -
ca, B KOTOPBIX CIIapHMBaHNE BBIPE3AET IHEPreTHUECKUH ClI0i ¢ ieHTpoM Ha ypoBHe Depmu. KoHcTanTa
cnapuBanus Gp = 0,2 MsB npuMepHO COOTBETCTBYET CIUIXKEHHBIM 3aBUCHUMOCTSIM G OT MaccoBBIX
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YHCeNl, TOTYYEeHHBIM M3 SMIHMPHYECKUX MapHBIX dHepruil B pamkax teopun BKUI. Otm xe 3HadeHus
UCTIONB3YIOTCS B pacyeTax KBa3M4acTHLl. To4HbIE SHEPTUH BO30YXKICHHUS (KaK pa3HOCTH SHEPTU ¢ S = 2
W OCHOBHBIX COCTOSIHMH B TPOTOHAX) TPHBEACHBI B TaOJHIIE BMECTE C COOTBETCTBYIOIIUMHU JBYX-
kBazngactuuHbiME dHeprusivu BKII (BKIL 2qp.) w 3Ha4YeHWsIMH, pacCYMTAHHBIMH B MPHOIMKCHUN
cubHOTO criapuBanus ([ICC) [1]. M3 Tabmuisl BUAHO, YTO Bce BO30YKIIEHUS MPOTOHOB S = 2 JIeXKaT
BBIILIC YABOCHHOW MpOTOHHOH mmienn (2A,=2,71 M»aB), a nepBbiii Bo30yxaeHHbI ypoBenb Ey(0%) =
=241 M»>B naxoautcs mmxe 2Ap. Xora BKII u IICC paror cpaBHHMBIE OTKIOHEHHS OT TOYHBIX
srepruit, [ICC, moHmkas sHEpruy, TeM HE MEHEe JaeT MOJIOKEHHE TIEPBBIX S = (0 COCTOSHMI HUXKE 2A.
JHepruu NPOTOHHBIX BO30YxkAeHuil ¢ S=2 (MaB)

s=2 2d 512, | (2d5/2)? | 2d5/2, | (1h11/2)? | (2d3/2)? | 1g7/2, | 2d5/2,
KOH(UTYpaIiu 2d 3/2 3s1/2 2d 3/2 1g7/2
TOYHO 3,18 3,19 3,44 4,05 4,08 4,24 4,25
BKIII 2qp. 3,37 2,97 3,59 3,74 4,22 3,98 3,83
Icc 3,49 3,17 3,7 4,00 4,03 4,26 4,04
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CALCULATIONS OF THE PROPERTIES OF *8Gd USING EXACT AND APPROXIMATE
METHODS BASED ON THE BCS HAMILTONIAN

A. K. Vlasnikov, V. M. Mikhajlov, A. V. Lunyov

Saint-Petersburg State University, Ulianovskaya Street, 1, St. Petersburg, 198504, Russia,
phone: (905)2736310, fax: (812)4287240, e-mail: a.vlasnikov@spbu.ru

Eigenvalues of the BCS Hamiltonian are found in Gd (Z = 64, N = 84), for proton states with
zero seniority (s) (i.e. for the ground states and monopole (0) excitations) and for states with s = 2
described as a rule as states with two Bogolubov quasiparticles. Calculations have been performed

with Saxon-Woods single-particle spectra in which the pairing cuts out the energy layer of ~ 2hw,,

with the center on the Fermi level. Pairing strength G, = 0,2 MeV approximately correspond to
smoothed dependencies of G on mass numbers obtained from empirical pair energies in the frame of
the BCS theory. The same values are employed in quasiparticle calculations. Exact excitation energies
(as differences of energies with s=2 and ground states in protons) are displayed in the table together
with corresponding BCS two-quasiparticle energies (BCS 2gp.) and values calculated in the strong
pairing approximation (SPA) [1]. The table shows that all proton s=2 excitations lie above doubled
proton pairing gap (2Ap=2,71 MeV) while the first excited level Ex(0") = 2,41 MeV is below 2A,
Though BCS and SPA give comparable deviations from the exact energies, SPA, lowering energies,
nevertheless, gives position of first s =  states below 2A,.

Proton s=2 excitation energies (MeV)

s = 2 configurations| 2d 5/2, | (2d5/2)?> | 2d5/2, | (1h11/2)? | (2d 3/2)?> | 1g 7/2, |2d5/2, 1g
2d 3/2 3s1/2 2d 3/2 712
exact 3,18 3,19 3,44 4,05 4,08 4,24 4,25
BCS 2qp. 3,37 2,97 3,59 3,74 4,22 3,98 3,83
SPA 3,49 3,17 3,7 4,00 4,03 4,26 4,04
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O CBOMCTBAX M30CKAJISIPHBIX THTAHTCKUX MYJIbTHNOJBHBIX
PE3OHAHCOB B CPEJHETSA/KEJIBIX COEPUYECKHUX SAJIPAX

M. JI. Topennx, b. A. Tyaynos?, III. llliomo®, M. I'. Ypun*
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B mocnexnue roapl BBIMOMHEH OONBIION 00bEM TEOPETHUECKMX HCCIEIOBAHHH OCHOBHBIX
CBOMCTB M30CKAISIPHBIX TUTAHTCKUX MYJNbTUNONBHBIX (L = 0 —3) pe3onancos (MCI'MIIP) B cpenne-
TshKenbIX chepuyeckux szapax [1]. B pamkax uyacTUYHO-ABIPOYHON JHMCIIEPCHOHHON ONTHYECKON
mogenu (YJZAOM) coBMECTHO YUUTHIBAIOTCA OCHOBHBIE MOJBI PENIAKCALMH BBICOKOIHEPTETHYECKHX
BO30YXK/JICHUH THIA YacTHUIIA-IbIPKa, aCCOIMMPOBAHHBIX ¢ TUTaHTCKUMU pe3oHaHcamu (I'P). [o stoit
npuuuHe YJIIOM ob6nanaerT yHUKaJIbHBIMA BO3MOXKHOCTSMU B OTNMCAHWU CHIIOBBIX (DYHKIIMH, Hepe-
XOJHBIX IUIOTHOCTEH, BEPOSITHOCTEH MPAMOro OJHOHYKJIOHHOIO pacmana Juid pa3nuuHelx [P B yka-
3aHHBIX sfpax. B mpencraBieHHON padoTe COAEPKHUTCS PsJ JOTOJHEHUH K BBHIMOJIHEHHBIM B [1]
B pamkax YJIJIOM uccnenosanusm ceoiicte MCMITIP B smpax “8Ca, %Zr, 1¥2Sn u 2%Ph. 1) Cunossie
¢yHKIHH, TTONyYeHHBIC U3 aHanmu3a (a, a)-peakiun ¢ Bo30yxaeanem MCITMIIP [2] cpaBHUBAIOTCS C
CHWJIOBBIMH (YHKIMSIMH, BBIYUCICHHBIMA B pamkax YJJIOM. 2) Meton BBIYMCIEHHS B paMKax
YJI/JIOM OTHOCHUTEIHHBIX BEPOSTHOCTEH MPSMOTO OMHOHYKJIOHHOTO pacranga ['P yrouHeH ¢ memnbio
OTHCAaHUS COOTBETCTBYIOIIMX 3KCHepUMEHTaNbHBIX NaHHBIX [3]. 3) Bepcus UJJOM, B koTOopoit
NpUOIMKEHHO YYUTHIBACTCSl CHAPUBAHHME HYKJIOHOB B CPEIHETSHKENBIX CPEpHUECKUX AOpax C Hesa-
MOJTHEHHBIMH 00OJIOYKAaMH, HCIIONB30BaHA ISl BBIYMCICHHS CWJIOBOH (YHKIMH H30CKAJISPHOTO
MoHOnonsHOro I'P B 4eTHBIX HM30TOmax onoBa 21%Sn. B menom, mosnydenssle B mm. 1) — 3)
pe3yabTaThl  yAOBIETBOPUTENBHO COTNIACYIOTCS C  COOTBETCTBYIOIIMMH 3KCHEPHMEHTAIBHBIMH
JaHHBEIMHE [2-4].
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ON PROPERTIES OF ISOSCALAR GIANT MULTIPOLE RESONANCES
IN MEDIUM-HEAVY SPHERICAL NUCLEI

M. L. Gorelik!, S. Shlomo?, B. A. Tulupov?, M. H. Urin*

!Moscow Economic School, Moscow, Russia;
2Cyclotron Institute, Texas A&M University, College Station, TX 77843, USA;
3Institute for Nuclear Research, RAS, Moscow 117312, Russia
“National Research Nuclear University “MEPhI”, Moscow, Russia
E-mail: gorelik@theor.mephi.ru

In recent years, a large volume of theoretical studies of properties of isoscalar giant multipole
(L = 0 - 3) resonances (ISGMPRs) in medium-heavy spherical nuclei has been performed [1]. Within
the particle-hole dispersive optical Model (PHDOM), main relaxation modes of high-energy particle-
hole-type nuclear excitations associated with Giant Resonances (GRs) in medium-heavy closed-shell
nuclei are together taken into account. For this reason, PHDOM has unique abilities in describing
strength functions, transition densities, probabilities of direct one-nucleon decay for various GRS in
mentioned nuclei. In the present work, studies of Ref. [1] related to ISGMPRs in “Ca, *Zr, 132Sn, and
208pp are supplemented by the following points. (i) The strength distributions deduced from an
analysis of (o, a’)-reaction of ISGMPR excitation [2] are compared with the respective strength
functions calculated within PHDOM. (ii) The method of evaluating within PHDOM partial branching
ratios of GR direct one-nucleon decay is specified to make more adequate the comparison with
experimental data of Ref. [3]. (iii) The extended PHDOM version, in which nucleon pairing in open-
shell spherical nuclei is approximate taken into account, is implemented to evaluate the strength
function of isoscalar monopole GR in the chain of even 4124Sn isotopes. In a whole, the obtained in
pp. (i)-(iii) calculation results are in a reasonable agreement with the respective experimental data [2—4].
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AJIB®A-KJIACTEPHBIE BPAIIIATEJIBHBIE COCTOSHUS B 4N SIJIPAX
A. C. JlembsinoBa, A. H. Jlanuaos”, B. U. CrapocTun

HUIL] «KypuaToBckuii uncTUTYT», MOockBa 123182, Poccus
*email: danilov1987@mail.ru

HHTeHcHBHOE H3y4YeHHE YETHIPEXHYKJIOHHBIX KOPPENALMH O-KJIaCTepHOTO THIA, HAdYaToe
Oonee 50 yieT Ha3aJ, YCTAHOBWJIO MX BAXKHYIO POJb B sIpax. MHUKPOCKOIMYECKUM O-KIaCTEPHBIM
MOJEIISIM YAaJoCh ONMUCAaTh CTPYKTYPY MHOTHX COCTOSHMHM B JIETKUX AOpax, B YaCTHOCTH, BOJIU3U
MOPOTOB pacraja Ha COCTaBISIONIME KiacTepbl. bonblioe BHUMaHHE TNPHUBIEKIN HCCIEIOBAHUS
0-KJIACTEPHBIX COCTOSAHUM B 2C, 0cOGEHHO BTOPOro BO30YkKIEHHOr0 cocTosHus 0F, pacroNoKeHHOro
npu Ex = 7,65 M»sB, na 0.38 M»B Bbimie nopora pacnaza Ha 3o yactunpl. Pacuersl merogoM 3a
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rerepaTopa koopauHat (GCM) u meromom pe3onancHbix rpynn (RGM), npoeenennsie Oonee 30 et
Ha3aJ, Mokasanu, uto coctosaue 02 B 2C mMeer cnaboCBSA3aHHYIO 30-CTPYKTYPY M yBEJIMYEHHBIH
paauyc. CoBpeMEHHbIE MHUKPOCKOIMYECKHE pacueThl B paMKax KIACTEPHBIX MOJeNed, TaKhX Kak
AHTHCUMMETPU30BaHHAs MOJIeKyIsipHas nuHamuka (AMD) u depmuonHas MoneKynsipHas TUHAMHKA
(FMD), npezicka3bIBalOT yBEITHUCHHBIN paiilyc 3TOr0 HAAMOPOrOBOrO KIACTEPHOrO COCTOsHUS. bomee
Toro, mocieanue ab initio pacueTsl MOATBEpAMNIM ITOT pe3ynbTaT. Takke ObUIO MOKAa3aHO, YTO
cocTosiHMEe XOWja sBIIIETCS OCHOBOM BpallaTEeJbHOM IIOJIOCHL, BCE WWIEHbl KOTOPOM HMEIOT
yBEJIWYEHHBIE paguychl. ECTECTBEHHO BO3HHMKAET BOMPOC: CYIIECTBYIOT JIM aHAJIOTH COCTOSTHHS XOiia
B Oosiee TsoKenbIX 4N spax.

Mar paccmotpenu 4n sapa ot %0 o 28Si. TlepBbIM BO3MOKHBIM KaHIuaaTOM sBjsieTcst 20,
Ham anamm3 B pamkax MoauduimpoBanHoli mudpakiuonHod monenu (MJIM) mokaszan, d4to
coctostaust 0%2-0%6, Ha3BaHHbIC BO3MOXKHBIMH aHAJIOraMH COCTOSIHUSI XOWIJla, UMEIOT HOPMAlIbHbIC
HeyBennuennsle paauychl. Cnenyromas nenb — 2°Ne. Cpennexsaapariuunbie panauychbl 2°Ne B KOpoTKo-
KHUBYIIUX BO30YKICHHBIX COCTOSIHUSIX OBUIM OIlEHEHBI B pamkax MJIM-aHanmmza mudpakiiioHHOTO
paccestaus o + 2°Ne. Mbl HabIr01a1M YBEIMUEHHBIE PAIMYChI TOJBKO JUIs WieHoB nonockl K* = 0r,
pamuycel Obutn yBenmuueHel Ha ~ 20 %. bonee Toro, mns cocrosHus 02°, pacmoyioKEHHOTO BBIIIE
ropora o-pacrajia, HaOIoancs YBeIHUYEHHBIH paguyc. DTOT pe3yslbTaT MOKET FOBOPHUTH B MOJIB3Y
BO3MOJKHO# (-KOHJICHCATHOM CTPYKTYpPbI COCTOSIHUSA 02" M MOXKET paccMaTPUBATHCS KaK BO3MOXKHBIH
ananor cocrosuus Xoina 0," B 2C. MbI Takke NpoaHATM3UPOBAIU B pamMkax MJIM cymuecTByronme
SKCIIEPUMEHTANILHBIC JaHHBIE IO PacCesHuio aib(a-dactun Ha 2*Mg u %Si, HO He HaGmomanu
YBEJIMYEHHBIX PaJINyCOB HU JUISl OAHOTO M3 COCTOSAHUHN. AHAJIHN3 B IpoILiecce.

ALPHA-CLSUTER ROTATIONAL STATES IN 4N NUCLEI
A. S. Demyanova, A. N. Danilov”, V. I. Starostsin

NRC Kurchatov Institute, Moscow 123182, Russia
*email: danilov1987@mail.ru

An intensive study of four-nucleon correlations of the a-cluster type initiated more than 50
years ago established their important role in nuclei. The microscopic a-cluster models have succeeded
in describing the structure of many states in light nuclei, in particular, around the threshold energy of
breakup into constituent clusters. Considerable attention has been drawn to the studies of a-cluster
states in 12C, especially the second 0* state, located at Ex = 7.65 MeV, which is 0.38 MeV above the 3o
threshold. The 3o generator coordinate method (GCM) and 3a resonating group method (RGM)
calculations, made over 30 years ago, showed that the 7.65 MeV 0*; state in 1>C has a loosely coupled
3a structure and an enlarged radius. Modern microscopic calculations in the framework of cluster
models such as the antisymmetrized molecular dynamics (AMD) and the fermionic molecular
dynamics (FMD) predict an increased radius of this above-threshold cluster state. Moreover, last ab
initio calculations confirmed this result. It was also shown that the Hoyle state is a head of rotational
band, all members of which have increased radii. A question naturally arises: do analogs of the Hoyle
state exist in more massive 4n nuclei.

We have considered 4n nuclei from °0 to Si. First possible candidate is the 0. Our
analysis within Modified diffraction model (MDM) has shown that 0%,-0%s states, which were named
as possible analogs of the Hoyle state have normal non-increased radii. The next goal is 2°Ne. The root
mean square radii of 2°Ne in the short-lived excited states were estimated from the MDM analysis of o
+ 29Ne diffraction scattering. We observed radius enhancement only for the K™ = 0,~ band members,
radii were increased by ~ 20%. Moreover, for the 0, state located above o-emission threshold
increased radius was observed. This result can speak in favor of possible a-condensate structure of the
0, state and can be considered as a possible analog of the famous 7.65-MeV 0," Hoyle state of *2C.
We also analyzed within MDM existing experimental data on alpha-particle scattering on 2*Mg and
28Si but haven’t observed radius enhancement for any of the states. Analysis is still in progress.
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HCCJEIOBAHUE COCTOSIHUM °Li M °Li B TIPOIIECCAX B3AUMOJIEHCTBUS
JTEUTPOHOB C SIJIPAMMH Li

H. Bypre6aesl, A. C. Jlembsnosa®*, C. B. Cakyra?, Mapsxan Hacypsuial, Mayaen Hacypiuial,
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[lepBbie HccaenoBaHUST HEUTPOHHOTO Taj0 MPHUBEIH K OTKPHITHIO COBEPIIEHHO HOBBIX
ANepHBIX KOH(UTrypanuii. B 4acTHOCTH, 3TO yTBEpKIEHHE OTHOCUTCS K TPEXYaCTUYHBIM CHCTEMaM
BONM3M TpaHULbl CcTa0MiIbHOCTH. CaMoOi NOMYNAPHOH CTPYKTypOW OKasajach TaK Ha3bIBacMas
OOppOMHAHOBCKasl CTPYKTypa, B KOTOPOW KakAas Iapa 4acTHIl He oOpa3zyeT CBS3aHHOW Mapbl, a
BMECTE OHHM 00pa3yroT ycToWunBoe siipo. Hapsay ¢ 60ppoMHaHOBCKHMHU CTPYKTYpaMH 0OCYKIAINCh
U Te, B KOTOPBIX OJHA W3 Tpex map Obuia cinabocBsi3aHHON. UTOOBI MOAYEPKHYTHh Pa3HHMILY, ObLIO
NPEJIOKEHO HAa3bIBaTh TaKWe KOH(QUIYpALH, «TaHro-rayno». OJHUM U3 BO3MOXHBIX KaHAWIATOB Ha
«TaHro-ranoy BeicTynaet °Li. TIoaToMy GOMIBIIOM MHTEPEC TIPEACTABIISET ONPEAEIEHHIE PAIMYCa 3TOTO
HEHTPOH-TIPOTOHHOTO Tajo B °Li. DTOT e BOMPOC MOXKET BO3HUKHYTh M IIpU cpaBHeHuu °Li u ®B.
B mysnbTuuieTe A=8 BrepBble Tano ObLIO OOHAPYXEHO B °B Mo yBeNIMYEHHOMY KBaJIPYNOILHOMY
MOMEHTY. BBIIO MOKa3aHo, 4TO CTPYKTypa 3TOrO Tajlo MPEACTABISET KOP 'Be ¥ BaJE€HTHBIN IPOTOH.
CrnexyeT OTMETHTH, YTO Tajo OOHApy’KEHO BONPEKH HAJIMYUIO KaK KYJIOHOBCKOTO, TaK M ILIEHTpPO-
OexHOro 6apbepoB. BosHuKaeT BONpoc 0 BO3MOKHOCTH rano B °Li. Tak, B 0HOMN u3 paboT 10 3Hade-
HUIO KBaJPyTOJILHOr0 MOMEHTA ISt °Li TOBOPUTCS 0 TOHKOH HEMTPOHHOI Kovke BOKPYT kopa 'Li. Ta-
KMM 00pa30M, OCTarOTCs OTKPHITHIE BOMPOCH O CTPYKTYpPe BO30yKIeHHBIX cocTosHuii °Li u 8Li. TTos-
TOMy BaKHBIM OCTAETCS BOIPOC HAKOILIEHHMS HOBBIX SKCIIEPMMEHTAIILHBIX IAHHBIX ¢ BbIX0oM °Li n 8Li.

Jupdepenunansusie ceuenns peaxmmit 'Li(d,p)eLi m ’Li(d,t)°Li  6bum msmepensl Ha
BBIBEJICHHOM TMy4ke JeiltpoHoB Y-150M WHctutyta sinepHodt ¢usuku (Anmatel, PecryOnmuka
Kazaxcran) npu sHeprun 14.5 MoB. B kauecTBe MuIeHH ObLT MCTIONB30BaH u30Ton 'Li (o6oramenue
~ 90%). Ilommoxkkoii cimyxuia amyHmoBas IUieHKa. TommmHa mumeHu coctasmsiia (0.39+0.03)
Mr/cM?. YTJIOBbIE paclpeeleHus UCCIENyEMbIX SIEPHBIX PEAKIMH OXBATHIBAIOT YIJIOBO JMana3oH
ot 18° no 128° (;1a0). DkcnepuMeHTaIbHBIC TaHHBIC ObLTH 00pabOTaHBl B PaMKaX METO/a CBSI3aHHBIX
KaHaJIoB. AHAN3 JaHHBIX POJIOIDKAETCS.

Hannoe uccnenoanue ¢punancupyercs MHBO PK (I'pant Ne BR20280986 «KomriekcHsie
(dyHIaMeHTaIbHBIC UCCIIEIOBAHMUS TI0 SICPHON U pagralliOHHON (PHU3HUKe, (PU3UKE BBICOKHX SHEPTHH U
KOCMHMYECKHX JIydeH IJIs1 aTOMHON DHEPTUNY).

STUDY OF STATES IN ®Li AND 8Li IN THE INTERACTIONS OF DEUTERONS
WITH Li NUCLEI

N. Burtebayev?, A. S. Demyanova®’, S. B. Sakuta?, Marzhan Nassurllal, Maulen Nassurlla?,
V. S. Zhdanov?, D. K. Alimov!, A. N. Danilov?, S. V. Dmitriev?, V. I. Starastsin?, D. A. Isaev 3

YInstitute of Nuclear Physics, 050032 Almaty, Republic of Kazakhstan
2National Research Centre "Kurchatov Institute”, 123182 Moscow, Russia
3Al-Farabi Kazakh National University, 050040 Almaty, Republic of Kazakhstan
*email: a.s.demyanova@bk.ru

The first studies of the neutron halo have led to the discovery of completely new nuclear
configurations. In particular, this statement applies to three-particle systems near the stability
boundary. The most popular structure turned out to be the so-called Borromean structure, in which
each pair of particles does not form a bound pair, but together they form a stable nucleus. Along with
Borromean structures, those in which one of the three pairs was weakly bound were also discussed. To
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emphasize the difference, these configurations were proposed to be called "tango-halo". One of the
possible candidates for a "tango-halo" is ®Li. Therefore, determining the radius of this neutron-proton
halo in SLi is of great interest. The same question may arise when comparing 8Li and ®B. In the A=8
multiplet, the halo was first discovered in 8B based on the increased quadrupole moment. It was shown
that the structure of this halo consists of a core of 'Be and a valence proton. It should be noted that the
halo was discovered despite the presence of both Coulomb and centrifugal barriers. The question of
the possibility of a halo in 8Li arises. For example, in one of the studies, the value of the quadrupole
moment for 8Li indicates a thin neutron skin around the core of “Li. Thus, there are still open questions
about the structure of the excited states of SLi and 8Li. Therefore, the accumulation of new
experimental data on SLi and 8Li remains important.

The differential cross-sections of the reactions ’Li(d,p)®Li and ’Li(d,t)°Li were measured using
the extracted deuteron beam of U-150M at the Institute of Nuclear Physics (Almaty, Republic of
Kazakhstan) at an energy of 14.5 MeV. The isotope 'Li (enrichment = 90%) was used as the target.
The substrate was an alundum film. The thickness of the target was (0.39+£0.03) mg/cm?. The angular
distributions of the investigated nuclear reactions cover an angular range from 18° to 128° (lab). The
experimental data were processed within the framework of the coupled reactions channel method.
Data analysis is in progress.

This study is funded by the Ministry of Education and Science of the Republic of Kazakhstan
(Grant No. BR20280986 "Comprehensive fundamental research in nuclear and radiation physics,
high-energy physics, and cosmic rays for atomic energy").

KJIACCUPUKAIIAA TONMOJIOT I INIOBEPXHOCTH SIJEP B PAMKAX
HEEBKJINJJOBbBIX TEOMETPUU

B. B. /IbsiukoB, 10. A. 3apunosa, A. B. FOmkoB*

HayuHo-uccnenoBarenbcKuil HHCTUTYT 3KCIIEPUMEHTAIBHOM U TeopeTnyeckoil puzuku npu KasHY
um. anb-®apabu, np. anb-Dapadu 71, r. Anmarsl, Pecrrybnuka Kazaxcran
*yushkovalexv@mail.ru

B mnoBepxnoctit P2(N,Z) [1-3] ycraHOBieH wenblii psii TOMOJOTMYECKUX THIIOB SIEP.
Teopetnuecku oOCyxmaeTcss mpobieMa HaXOXACHHS eIlle HEM3BECTHBIX DK30THYEeCKUX (opM smep.
Hamu ucnonb3yercsi XxapakTepucThKa Oiiyiepa, B KOTOpOW MHOXeCTBO ceueHuit o(0) ompenenser
paccrosiuust Mexay HuMmu 04(0),0,(0) —>d(oi(9)) u mpespamiaer o(0) B IICEBIOMETPHUECKOE
MPOCTPAHCTBO, KOTOPOE MO3BOJISIET CAETATh HEOOXOAUMBIN TOIIOJIOTUUECKUI aHATHU3.

Torma omHOPOAHOCTH PaJAUANBLHOTO paclpelesieHus SACPHON Marepun (QparMeHTUpyeT Ha
HOBBIC TOTIOJIOTWYECKHE THMU3alUu. B Hacrosmiel paboTe mpeiokeHa KiacCUpUKANUsS sICpHON
TeOMETPHUH HA CEMb THUIIOB TOIOJIOTHYECKOW Mopdoioruu atomMHoro sapa. [IpoctpancTBeHHas
CTPYKTypa sifep ¢ He0OXOAUMOW TOYHOCTBIO AKCIEPHUMEHTAIBHO 30HAUPYETCS C MOMOIIBIO ITyYKOB
YCKOPCHHBIX JICTKUX W TAXKCEIIBIX MOHOB. CaMbIM YYBCTBUTCJIBHBIM PE3YJILTATOM H3Yy4YCHUSA 3D-pac-
MIpEeACIICHUs] SIAEPHOM MATEpPUM C MOMOILBIO SIAEPHBIX PEAKLUHN SIBISAIOTCS YIJIOBBIE pacCIpeneieHUus

o d
muddepennnansabix ceuennii (YPIAC) — d—;(e) =0(0), a caMbiM TOYHBIM H JOMHUHHPYIOIIUM

SIIEPHBIM MIPOIIECCOM, YKA3bIBAIOIIUM Ha CJIOKHYIO IMPOCTPAHCTBEHHYIO MOP(OJIOTHIO SI/ipa, SBISIETCS
peakmus yIpyroro paccesHus Ha sApax-MaTpUllax M OTACIBHBIX MYJbTHUKIIACTEPAX B YCIOBHIX
sanepHoit nudpakiuu. B atom ciydae dopma YPJIC mocTatodHO CIIO)KHA M B3aWMHO OIHO3HAYHO
OTpa)kaeT BCI0O TaMMy MEXAaHH3MOB YIIPYTOrO pacCesHUs HAJCTAOIINX HOHOB C SIAPOM — OT
Pa3HOO0PAa3HBIX MPSAMBIX MPOIECCOB JI0 PEAKIMA ¢ 00pa30BaHUEM MPEIAPABHOBECHBIX U PABHOBECHBIX
COCTaBHBIX simep. B HacTosmieid paboTe Mo HAUM W MO MHUPOBBIM 0azaM JaHHBIX BBIIOJTHEHA
cucreMaruzanus YP/IC c akueHTaMu Ha MOUCK HOBBIX Tomojorudyeckux TumnoB saep. B YPIC stu
MEXaHU3MBI, B COOTBETCTBHM C HEOOXOJUMBIMH MPHUIEIBHBIMU TapaMeTpaMH, PacHpee/ICHbI I10
yriam paccestHus 0 1 JeMOHCTPUPYIOT HETPUBUAIBHYIO CTPYKTYPY U CII0XKHOE TIOBECHHE.
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CLASSIFICATION OF THE NUCLEAR SURFACE TOPOLOGIES IN THE FRAMEWORK
OF NON-EUCLIDAN GEOMETRIES

V. Dyachkov, Yu. Zaripova, A. Yushkov*

Institute of Experimental and Theoretical Physics al-Farabi KazNU, Almaty, Kazakhstan
*yushkovalexv@mail.ru

In the surface B2(N,Z) [1-3], a number of topological types of nuclei have been established.
The problem of finding still unknown exotic forms of nuclei is discussed theoretically. We use the
Euler characteristic, in which the set of sections o(6) determines the distances between them
0,(0),0,(0) —» d(ci(e)) and turns ¢(0) into a pseudometric space, which allows us to make the
necessary topological analysis.

Then the uniformity of the radial distribution of nuclear matter fragments into new topological
typifications. In this paper, we propose a classification of nuclear geometry into seven types of
topological morphology of the atomic nucleus. The spatial structure of nuclei is experimentally probed
with the required accuracy using beams of accelerated light and heavy ions. The most sensitive result
of studying the 3D distribution of nuclear matter using nuclear reactions is the angular distributions of

differential cross sections — j—g(e) = 0(0). And the most accurate and dominant nuclear process,

indicating the complex spatial morphology of the nucleus, is the reaction of elastic scattering on
matrix nuclei and individual multiclusters under conditions of nuclear diffraction. In this case, the
shape of the angular distribution of the differential cross sections is quite complex and one-to-one
reflects the entire range of mechanisms of elastic scattering of incident ions with a nucleus, from
various direct processes to reactions with the formation of preequilibrium and equilibrium compound
nuclei. In this paper, using our and world databases, we systematize the angular distributions of
differential cross sections with emphasis on the search for new topological types of nuclei. In the
angular distributions of differential cross sections, these mechanisms, in accordance with the required
impact parameters, are distributed over scattering angles 6 and exhibit a nontrivial structure and
complex behavior.
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«HOEB KOBYED'» IJISI XUMHUYECKHUX 3JIEMEHTOB
B. B. [IbsiukoB, 10. A. 3apunosa A. B. FOuikos

HUU sxcniepumenTanbHON U Teopetudeckoit Gpusuku npu KasHY um. anp-Dapadu, Anmarsl,
Pecrry0nmka Kazaxcran
*yushkovalexv@mail.ru

B pamkax puMaHOBO-100aueBCKON HEEBKIHMIOBOW T'€OMETPHM HaiaeH (pyHIaMeHTaIbHBIH
MIPUHLIMII, OTPAaHUYMBAIOIIUI CBSI3aHHBIE COCTOSHUSA AAep (aTOMOB) XUMUYECKHX 3JIEMEHTOB. BriepBrie
HaWJEHbl YETBIPE «IMHUM CBS3HOCTH» [1], Ha3BaHHBIE HAMHU CIEAYIOIIMM O0Opa3oM: Z-THHUSA,
N-nmunust, Cr-muaus u E-nmuHMA, TpOBEINEHHBIE CO CTOPOHBI INPOTOHOB, HEHTPOHOB, T'PAHMILBI
MEHJIEJIEeBCKON TaOIMIIBI 1 MAKCUMAJIBHO MPEAeIbHON 3HEprun Bo30yxaeHus saep (ypoBHs Pepmu),
COOTBETCTBEHHO.

Oco0eHHO HarIsIIHO BUAHBI NPUHIMIIMAIBHBIE TPAHULIBI CBS3HOCTU siAep (ATOMOB) B psmy
M30TONMYECKUX ILIETIOUEK, IIOCTPOCHHbIE HAa HAIIMX M HAa MHUPOBBIX 0a3zax NaHHBIX [2], HA OCHOBE
(yHIaMEHTaIbHBIX 3HAYCHUH HA KOHIAX TUX LEMOYeK MO Zrpan, Nrpan, Clipan U Erpan. ITH rpaHIYHBIE
3HAYeHHs BBIYMCISIOTCS C MOMOIIBI0O PUMaHOBOW KPHUBHM3HBI @, MOJYYEHHOM B paMKax pUMaHOBOI
reoMeTpur B TeH30pHOM (opmanusme [3]: @ = 1/p% rme p — paanyc puMaHOBOH KpuBH3HBL Ilpu
YCTpEMIICHUN KPUBU3HBI @ K Hym0 ® — 0 syummnconnagbHble T€0e3MUecKre pa3MBIKaloTCs, YTO U
03HAa4YaeT OKOHYAHHE CBS3aHHBIX COCTOSIHUH HYKIIOHHO-KJIACTEPHOU CyOCTaHIMU sjep, a ¢ Hell u
MeHJeneeBCcKkod Tabiuupl. TakuMm oOpa3oMmM, HaMu pelleHa W CTapoaaBHAS (yHAaMeHTalIbHas
npobiema o 6eckoHeUHOCTH BeeneHHoii: 1 oHa, yBbI, KOHEUHA.

Bropoii HOBBI pe3ynbTaT HACTOSMIEH pPa0OTHl COCTOUT B OTKPHITHM HaMH HOBOTO
napadoIn4ecKoro 3aK0Ha 17 U3MEHEHHS PauyCOB saep Rzconst BIOIB N30TOMNYECKON LIEMOUKU

Rzconst= 1](2N)2.

B pesynpTate Bce pacmMpsIOMMIACA DSl W30TONOB, HaYMHAs OT BOAOPOAA W 3aKaHUYMBAS
YpaHOM M IUTyTOHHEM, JIETKO BIMCBIBAETCS B aJUIETOPHIO «HOEBA KOBYETa», CMACAIOLIETO Pa3yMHYIO,
OMOJIOTUYECKYIO M €CTECTBEHHYIO JKU3HU OT PACaJioB Cpelin OYIIYIOIIETO OKeaHa xXaoca M Heolpe-
JeNeHHOCTH. «PebpaMu JKeCTKOCTH» KOBYera, Kak pas, M CIy)KaT H30TOMUYECKUE PSJIbl PaTUyCOB,
YIENbHBIX SHEPTHA CBSI3H U APYTHX MapaMeTpoB ZN-MaTpHILbl CYyLIECTBYIOLIUX SAEP.
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"NOAH'S ARK" FOR CHEMICAL ELEMENTS

A. Yushkov*, V. Dyachkov, Yu. Zaripova

Institute of Experimental and Theoretical Physics al-Farabi KazNU, Almaty, Kazakhstan
*yushkovalexv@mail.ru

Within the framework of Riemannian-Lobachevsky non-Euclidean geometries, a fundamental
principle was found that limits the bound states of nuclei (atoms) of chemical elements. For the first
time, four “connection lines” [1] were found, which we named as follows: Z-line, N-line, Cr-line and
E-line, drawn from the side of protons, neutrons, the boundary of the periodic table and the maximum
limiting nuclear excitation energy (level Fermi), respectively.
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Especially clearly visible are the fundamental boundaries of the connectivity of nuclei (atoms)
in a series of isotopic chains, constructed on our and world databases [2], based on the fundamental
values at the ends of these chains for Zgmand, Ngrand, Crgrand @and Egrang. These boundary values are
calculated using the Riemannian curvature @ obtained in the framework of Riemannian geometry in
the tensor formalism [3]: @ = 1/p?, where p is the radius of the Riemannian curvature. As the curvature
@ tends to zero ® — 0, the ellipsoidal geodesics open, which means the end of the bound states of the
nucleon-cluster substance of the nuclei, and with it the periodic table. Thus, we have also solved the
ancient fundamental problem of the infinity of the Universe: and, alas, it is finite.

The second new result of this work is the discovery by us of a new parabolic law for the
variation of the nuclear radii Rzconst along the isotopic chain

Rzconst= r|(2N)2-

As a result, the ever-expanding range of isotopes, ranging from hydrogen to uranium and
plutonium, easily fits into the allegory of the "Noah's Ark", saving intelligent, biological and natural
life from decay in the midst of a raging ocean of chaos and uncertainty. The “stiffening ribs” of the

ark, just, are the isotopic series of radii, specific binding energies and other parameters of the ZN-
matrix of existing nuclei.
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OBOCHOBAHME CYIIECTBOBAHHSI BOCbMY ®YHIAMEHTAJILHBIX «OCTPOBOB
CTABWJILHOCTH» B HOBOI MAPAJJUTME KJIACTEPU3ALIUU-KPUCTAJLTU3ALIUNA
SITEP

B. B. Ipsiukos, 0. A. 3apunosa, A. B. FOmkoB*

Kazaxckwuii HaMOHANBHBIA YHUBEpCUTET UMeHH anb-Dapadu, T. Anmatsel, Pecrryonuka Kazaxcran
*yushkovalexv@mail.ru

OKCNepUMEHTAJIbHO YCTAaHOBIEHHOE KBa3UKpHUCTaNInYeckoe cTpoerue saaep [1, 2] wiu «inep-
CHEX)KMHOK»  TO3BOJISIET  pAclpOCTpaHUTh Ha (QU3MKY sACp UW3BECTHBIE B  KJIACCHYECKOH
KpUcTaliorpaguu 3aKOHbI W 3aKOHOMEPHOCTH, B YAaCTHOCTH, 3HAMEHHUTYIO TEOpEMY aKaJeMHuKa
benosa [3]. 2D-mpoekuus 3HEpruu CBA3M s Bcell ZN-MaTpuIilbl BBIBISET 3aKOHOMEPHOCTH!
akcTpeMyMbl €=€(Z,N) COBMaalOT ¢ Maru4eckuMu siaepHbiMu yuciamu Z, N = 2, 8, 20, 28, 50, 82,
126 (mporuos), 184 (mporHo3). DTUM PUCYHKOM BCKphIBaeTCA (pu3ndecKkasi CyHIHOCTh MArH4ecKHuX
YyHcesI — 3TO MAKCUMAJIbHO IUIOTHBIE YIIAKOBKU B 00bEMeE Sii€p HYyKJIOHOB U HYKJIOHHBIX aCCOLIMALMH.
[IpenckaspiBaem mokanu3zaruio monoxeHus 7-ro (I7) m 8-ro (Is) «OcTpoBoB cTabuiIbHOCTHY: 7-1 OyneT

oOHapyxeH npu Z = 126-128, a 8-it mpu Z = 184. B
{  HacTosmed paboTe MBI JaeM HICI0 BKCIEpH-
i MEHTAJIBHOTO JOCTH)KEHHUSI 7-T0O M 8-TO OCTPOBOB
| IyTeM IOCTPOCHHS HOBOTO TUIA YCKOPHUTENS — 2-X
.E MYYKOBOTO  TSDKEJIOMOHHOTO — KOJUlaiimepa  Iuis
i
I
I
|
I
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JIBIJKEHHE LIEHTpa MacC COCTABHOM CHCTEMBI.
Maoe ceueHne TakuX CTOJKHOBEHHUH TUIAHUPYETCS
MPEOAOEeTh IyTEM OpraHu3allii BCTpPEUd 2-X
MyYKOB TafoNMHUSA (Ui 17) B MEXIUIOCKOCTHOM MPOCTPAHCTBE OXJIAXKIAEMOTO OPHMEHTHPOBAHHOTO
MOHOKPHCTAJIJIa U3 TaHTaJla WK BoJbG)pama U JIByX IMyukoB ypaHa (s Ig).
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3a npexenamu Z = 184 prUMaHOBHI SUTUNTHYECKHE TE€0AE3MUECKNE BHYTPHSJIEPHBIE Tpaek-
TOPHU Pa3MBIKAIOTCS, YTO O3HAa4aeT ()YHIAMEHTAIbHBIA Pe3yIbTaT — OKOHEYHOCTh MEHJICTIECBCKOM
Ta0JMIIbL: SKCIIEPUMEHTAIIBHBIE JTAHHBIE 110 PaJMyCaM TSUKEJIBIX sijlep TTOKa3bIBAIOT, YTO yXKe JUIs sSapa
208Ph kpuBHM3HA PUMAHOBA POCTPAHCTBA ® YCTPEMIIEHA K HYJIFO M COCTaBIsieT 3Hauenne ® =0,01.

Cnucok JiMTeparypsl:

1. FOmxoB A. B. IloBepxHocts B(Z,N) sinepHoit nedopmanuu ans siaep ¢ Z = 2-102 // DUASL
1993. T.24, Bem. 2. C. 348-408.

2. N. D. Cook. Models of the Atomic Nucleus. — London-New York: Springer, 2010. — 300 p.

3. bemos H. B. CtpykTypa HOHHBIX KpHcTaJIOB M Metammnueckux ¢asz. — M.: AH CCCP,
1947. 235 c.

JUSTIFICATION OF THE EXISTENCE OF EIGHT FUNDAMENTAL "ISLANDS OF
STABILITY" IN THE NEW NUCLEAR CLUSTERING-CRYSTALLIZATION PARADIGM

V. Dyachkov, Yu. Zaripova, A. Yushkov*

Al-Farabi Kazakh National University, Almaty, Kazakhstan
*yushkovalexv@mail.ru

The experimentally established quasi-crystalline structure of nuclei [1, 2] or “snowflake
nuclei” makes it possible to extend the laws and regularities known in classical crystallography to
nuclear physics, in particular, the famous theorem of Academician Belov [3]. The 2D projection of the
binding energy for the entire ZN matrix reveals a regularity: the extremes ¢ = (Z,N) coincide with the
nuclear magic numbers Z, N = 2, 8, 20, 28, 50, 82, 126 (forecast), 184 (forecast). This figure reveals
the physical essence of magic numbers - these are the densest packings in the volume of nuclei of
nucleons and nucleon associations.

We predict the localization of the position of the 71" (I7) and 8" (l) "Islands of Stability": the
7" one will be found at Z = 126-128, and the 8" at Z = 184. In this paper, we give the idea of an

experimental achievement 7" and 8" islands by
' building a new type of accelerator - a 2-beam heavy
f ion collider to eliminate the waste of energy on the
. movement of the center of mass of the composite
I system. It is planned to overcome the small cross

o b ]

8
L I,

’
M

| I’ section of such collisions by organizing the meeting

of 2 gadolinium beams (for I7) in the interplanar
space of a cooled oriented tantalum or tungsten
single crystal and two uranium beams (for Ig).

Beyond Z = 184, Riemannian elliptical geodesic intranuclear trajectories open, which means a
fundamental result — the end of the periodic table: experimental data on the radii of heavy nuclei show
that already for the 2°Pb nucleus, the curvature of the Riemannian space  tends to zero and amounts
to @ =0.01.
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YETBIPE ®YHIAMEHTAJIBHBIX 'PAHUIIBI CYIHECTBOBAHUA
CBSI3BAHHBIX COCTOSIHUM SAIEP

B. B. Ipsukos?, M. I'. Utkuc?, 0. A. 3apunosa’ A. B. IOmkos",

'Kazaxckuii HalMOHANILHBIN YHUBEPCUTET UMEHH alb-Dapabu, r. Anmatel, Kazaxcran
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B pabote Ha ocHOBe reomerpuii Prumana u JIo0a4eBCKOro J0Ka3bIBACTCS, UTO MEHIEICEeBCKasI
Tabnuia u ZN-Matpulia sjep KoHeuHbl. PaccMoTpeHs! yHIaMeHTallbHbIe TPaHUIIbI CYIIIECTBOBAHUS B
uux [1-3].

PeanbHocts N-rpaHumbl mpoBo3riamiaercsl BIEpBble Ha 0a3e OTKPHITOW aBTOpaMH HOBOM
sanepHoil Qu3ukn — «PuMaHOBOW simepHON (pu3ukw». Mmes cocTOMT B TOM, YTO B Pa3OMKHYTHIX
Te0JIE3NIECKIX CHCTEMa HE MOXET MMETh CBSI3aHHBIX COCTOSHUH [1, 2]. A B HEUTPOHHO-N3OBITOYHBIX
sIIpax TeOJIe3MUECKUe PUMAHOBA THIA (DIUTUNITUYECKUE) MEPEXOAT B €BKIUIOBHI IIPH yBEIMUYCHUU
pamuyca, YTO IPOUCXOAUT ABTOMATHUECKM IIPU M3MEHEHMH Macchl sapa 1o 3akony AY® u cmsasu
KPUBHU3HBI PUMAHOBA IIPOCTPAHCTBA C PAAUYCOM KPUBU3HEI.

Z-rpaHuna GopMUpPYETCs MPOTOHAMHU, B IPECIie 3TO MPOCTO «IPOTOHHAs 3Be3na». OmaHaKo
Z-rpaHulla JOCTUTACTCS 3HAYMTEIILHO PaHbIIC 33 CUET YyAUBUTEIBHOIO (DEHOMEHa — pocTa pajuyca
HEUTPOHHO-NIE(DUITUTHBIX sIEp MPU KYJTOHOBCKOM DPACTAIKHUBAHHH MPOTOHOB. TaKoW «ITy3bIpYaThIit
MEXaHU3M» CYIIECTBOBAHUS SK30TUUYECKUX sifep BrepBbie ObuT moameueH 0. 1. OranecsHoM.

Ch-rpanuua dopmupyercst 3a CUeT JBYX MEXaHM3MOB — TPHBHAIBHBIM POCTOM PaanyCOB
CYMEPTSIKENBIX SiIep W Pa3MBIKAHUASA T€OJe3WYEeCKON; CYIIECTBOBAHHEM Yy JTHX sAep (Pa3oBOro
COCTOSIHHSI OTaHECSIHOBCKUX «CHEXUHOK» — TBEPIOTEIBHON MOJIENH SApa.

Er-rpannna dopMupyercst 3a cUeT SMIHUPHUICCKON 3aBUCUMOCTH MaKCHUMAJIBHBIX JHEPTHUH
BO3OY)KICHHS OT MaccOBOTO 4dmcia wu30TonmoB. CuHcTeMaThka TakWX 3HAYCHUN ITOKA3hIBaeT
ACHMIITOTUYECKYIO KOHCTAHTY, YTO MO3BOJIAET CACNATH BHIBOJ O CYIIECTBOBAHUM Er-rpaHuisl.

IlogBoas WUTOrM MOXHO yTBEpXKIaTh, YTO B Halled yacTh BceleHHON Bce XUMHUYECKHUE
2JIEMEHTHI 3aKITI0YEHBI B OTPaHHMYCHHBIN (ha30BbIi 00beM, KOTOPBIH MBI yCIIOBHO HazoBeM “VitroLife”.
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FOUR FUNDAMENTAL LIMITS FOR THE EXISTENCE OF BOUND STATES OF NUCLEI
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In this paper, based on the geometries of Riemann and Lobachevsky, it is proved that the
periodic table and the ZN-matrix of nuclei are finite. The fundamental boundaries of existence in them
are considered [1-3].

The reality of the N-boundary is proclaimed for the first time on the basis of a new nuclear
physics discovered by the authors - "Riemannian nuclear physics". The idea is that in open geodesics

51


mailto:yushkovalexv@mail.ru
mailto:yushkovalexv@mail.ru

the system cannot have bound states [1, 2]. And in neutron-rich nuclei, Riemannian-type (elliptic)
geodesics turn into Euclidean ones with an increase in radius, which occurs automatically with a
change in the mass of the nucleus according to the A law and the connection between the curvature
of the Riemannian space and the radius of curvature.

The Z-boundary is formed by protons, in the limit it is just a "proton star". However, the
Z-boundary is reached much earlier due to an amazing phenomenon - an increase in the radius of
neutron-deficient nuclei during the Coulomb repulsion of protons. Such a "bubble mechanism" of the
existence of exotic nuclei was first noticed by Yu.Ts. Oganesyan.

The Ch-boundary is formed due to two mechanisms: the trivial growth of the radii of
superheavy nuclei and the opening of the geodesic; the existence in these nuclei of the phase state of
Oganesyan's "snowflakes" - a solid-state model of the nucleus.

The Eg-boundary is formed due to the empirical dependence of the maximum excitation
energies on the mass number of isotopes. The systematics of such values shows an asymptotic
constant, which allows us to conclude that there is an Er-boundary.

Summing up the results, it can be argued that in our part of the Universe, all chemical
elements are enclosed in a limited phase volume, which we will conditionally call “VitroLife”.
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TPUHENTPOH B MOJAXOJE SS-HORSE-NCSM

M. K. E¢pumenko?, U. A. Ma3zyp?, A. M. lllupokos®, A. U. Masyp',
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W3ydeHne snepHBIX CHUCTEM, COCTOAIIMX TOJIBKO W3 HEUTPOHOB, SIBISAETCS aAKTyalbHOU
3ajaueil simepHoit pusuku. HTEpec K TaKUM cHCTeMaM BO3POC MOCIEe IKCIEPHUMEHTaIbHbBIX padoT [1,
2] U TEOpeTHYECKHMX pacueToB, OCHOBAaHHBIX Ha peanucTtudeckux NN-B3amMoAeHcTBUAX (CM.,
Hanpumep, [3—5]), B KOTOPBIX OBLIO MONTYYCHO YKa3aHHE Ha CYIIIECTBOBAHUE PE30HAHCHOTO COCTOSHUS
B CUCTEME YeThIpeX HEHTPOHOB (TETpaHEHTPOH).

Mari npearaem o6o6mienrne meroaa SS-HORSE [6] Ha ciyyaii 1eMOKpaTHUECKUX PaciiajioB
Ha HEYETHOE YHMCIIO YaCTHUIl M ero NMpUMEHEHHE I aHaju3a pe30HaHca B CHCTEME TPeX HEMTPOHOB
(tpuneiitpon) Ha ocHoBe pacuetoB B NCSM (No-Core Shell Model) [7] ¢ pasnmuasbiMu
peanmuctuaeckuMu NN-B3aMOIeICTBUSMU.

«Msrkue» B3aunmonericteus (Dagjeonl6, JISP16 u SRG-perynsapuszoBaHHOe B3aUMOJCHCTBHE
Idaho N®LO [8]) maror 61m3Kue MONOKEHHUs MOJIKOCOB S-MaTpHIbl C SHepruel pesonanca ot 0,4
10 0,7 MsB u mupusoii ot 0,9 1o 1,2 MaB, a ucxoanoe Bzaumojeiicteue ldaho N°LO MPUBOJIUT K
PE30HAHCHOMY COCTOSTHUIO ¢ 3Heprueit okomo 0,2 M»sB wu mupunoit oxomo 0,5 M»dB. Dueprus
pe30oHaHCca TPUHEHTPOHA, MOITYYEHHOTO C «MATKHMK» B3aMMOACHMCTBHSAMH, NMPUMEPHO B JBa pasza
MEHbIIIE, YeM NpHUBeIeHHas B paboTax [4, 5], a mMpuHa cCpaBHUMA C pe3yiabTaToM padoTsl [5].
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TRINEUTRON IN THE SS-HORSE-NCSM APPROACH
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The study of nuclear systems consisting of neutrons only is a timely problem in nuclear
physics. Interest to these systems is supported by experimental results [1, 2] and theoretical
calculations based on realistic NN interactions (see, e. g., Refs. [3-5]) advocating the existence of a
resonant state in a system of four neutrons (tetraneutron).

We present a generalization of the Single-State HORSE method [6] to the case of democratic
decays into an odd number of particles and suggest its application in combination with the ab initio
No-Core Shell Model [7] to the analysis with various realistic NN interactions of a resonance in a
system of three neutrons (trineutron).

“Soft” NN interactions (Daejeonl6, JISP16, and the SRG-evolved chiral ldaho N3LO [8])
yield close locations of the S-matrix poles corresponding to resonance energies ranging from 0.4 MeV
to 0.7 MeV and widths ranging from 0.9 MeV to 1.2 MeV. Meanwhile, the original ldaho N3LO
interaction leads to a resonant state with an energy of about 0.2 MeV and a width of about 0.5 MeV.
The trineutron resonance energy obtained with “soft” interactions is approximately two times smaller
than that proposed in Refs. [4,5], while the width is comparable to the result of Ref. [5].
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MUKPOCKOIINMYECKOE OIIMCAHUE UPACT-IIOJIOCHI B ?Cm
A. 1. E¢pumos'?, U. H. U3ocumos®
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agmupana C. O. Makaposa.
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JInst BBISIBJICHHUSI IPUYHMHBI OTCYTCTBHSI 0OpaTHOrO M3ruba B TSDKEIbIX sapax ¢ Z >92, 3a
VICKJTIOUEHHEM €IMHCTBEHHOro 2**Pu , GbIIM NMPOBEIEHbI CPABHUTEIIBHBIE PACUEThl B MPACT-TIOIOCAX
B 2Cm u ?*Pu. OGparHblii M3rn6 MOMEHTa MHEpPLMH OT KBaJpaTa 4acTOThl HE HAOJI0IAeTCs
B 28Cm, HO u3BecTHBI 3Hauenms B(E2) c cocrosmmii 1o I™ =28". B smpe **Pu, maoGopor,

OTYETIIUBO TIPOSBISICTCA SBICHHE oOpaTHOro 3armba. PacdeTsl MNPOBOAMINCH B paMKax
pacmupeHHoi Mukpockonudeckod Bepcurm MBB1 [1], rme, kpome d-0030HOB, HCIOJIB30BAIKCH,

b;-6030Hb1 ¢ JT <14". TaMWIBTOHHAH TEOPHHM B CXCMATHYHOM BHIE OIPEICIICTCS Kak
— O \p+ (b)

H=Hpgys +Z(o; +Ey’ )b b; +V(b,d) m Bce ero mnapamerpbl, Kpome £y’ , BBIYUCIAINCH

MHKPOCKOITUYECKH. E(()b) €CTh M30BITOK DHEPrHi BCEX KOJUICKTHBHBIX COCTOSHHH, OMPENeNIieMbIX

H\gp1 TIPY HATMYUHK XOTs ObI 0JjHOTO Dby-0030Ha. 3aBHCHMOCTD 3 (HEKTHBHOTO MOMEHTA HHEPILIUHN IS
JIBYX Siiep TIOKa3aHa Ha COOTBETCTBYIOIINX PUCYHKAX.
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MICROSCOPIC DESCRIPTION OF THE YRAST BAND 2Cm
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To identify the reason for the absence of backbending in heavy nuclei with Z >92 the
exception of the only 2**pu , comparative calculations were made in yrast bands in 2*¢Cm and 2*pu.
Backbending is not observed in ***Cm), but values B(E2) are known up to states up to /™ =28". In

the nucleus ***Pu, on the contrary, backbending is clearly manifested. The calculations were carried
out within the framework of the extended microscopic version of IBM1 [1], where, in addition to d-

bosons, by-bosons with J” <14". The Hamiltonian of the theory in a schematic form is defined as
H = Higyy +E(o; + EP)b b, +V(b,d) and all its parameters, except for E”, were calculated
microscopically. ES?) is the excess of the energies of all collective states determined Hg,,, in the

presence of at least one b; -boson. The dependence of the effective moment of inertia for two nuclei is
shown in the corresponding figures.
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The values of B(E2) along the yrast bands are given in the following figures. If for Cm the
parameter E(()b) =1.9 MeV, then for Pu it is —0.7. It can be seen that in the presence of band crossing

in Pu, which follows from the dependence J(w?), the B(£2) values give an anomaly, but not so
large that this anomaly could be identified at an accuracy level of 10 % of the experimental B(£2)

values. In this case, the only criterion for the fact of crossing the bands is the behavior of the J(w?).
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JBYXHEUTPOHHAS IIEPUDEPUS SAJIPA “C(g. s.)
JI. 1. Tananunua, H. C. 3enenckas
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Snpo ¥C umeer 1Ba N30BITOYHBIX HEUTPOHA B 1p12-06010uKe Hax KopoM 2C, 4TO JOIMyCKaeT
CYIIECTBOBAHUE TPOTSIKCHHOW HEUTPOHHOW Tepu(eprH 3TOro sijApa Kak B JTUHEHTPOHHOU, TaKk W B
cUrapooOpasHoi (¢ OJHUM HEWTPOHOM B KakKJIOM Iuiede) KoHpurypauuu. [IoCKOIbKY JAUHERTPOH U
Heitporsl B C 0CTaTOYHO CWILHO CBsI3aHBI ¢ KOpoM ?C, a CpeaHeKBaJpaTHYHBIE PaJryChl
u3otonos >C mpakTuueckyu coBmamaroT Mexay coboii u pasHbl 2.45 @M [1], cymecTBOBaHKE TaKOM
nepudepun B 1*C(g. S.) HeoueBnHo. HamMu BBINOIHEHO HCCIIEN0BAHUE HEUTPOHHOM Nepudepun sapa
YC(g. s.), mposBisiroeecst B peakuun 2C(t,p)*C(g. s.) ¢ E, ~ 20 MaB. Ha pucynke npeacraBieHo

pPacCUMTaHHOE C YYETOM MEXAHM3MOB CpbIBa AUHEUTpPOHA M HE3aBUCUMOM I€peladyd HEUTPOHOB
TG PepeHInaIbHOEe CEYCHUE pPEeaKIuu (CIUIONIHAS
KpHUBas), KOTOpOE  corjlacyerci C  OKCIEpH-
MEHTAaJbHBIM [2].

Kak BupHO W3 pUCYyHKa, NIpU yriax BbUIETa
npotoHa 6, < 50° OCHOBHOH BKJaJ B CEUCHHE BHOCHT
MEXaHW3M CpblBa JuHeWTpoHa (wmTpux). Ilpm
yBeNmMueHnH O, 3aMeTeH  BKIQJ  MeXaHW3Ma
HE3aBUCUMOW Tiepenayn HehHTpoHa (IITPUX-IIYHKTHD).
IlomyueHHOE corylacie MO3BOJMIIO ONPEAEINTh Mapa-
METpPBI BOJTHOBBIX (DYHKIIMHA OTHOCHTENBHOTO JIBHXKE-
Hus JuHelTpoHa (000MX HEHTpoHOB) M Kopa 2C

doldQ, mb-cp

U paccuuTarh <Li> — pa3Mepbl HEUTPOHHOM TIepudeprun
. B 00erx KOH(pUTYypaIusX: <Lnn> =2.754 Owm, < le> =

=3.26 ®m, Tak 4ro auHedTpoHHas nepudepus B “C(Q.S.) mposmuserca cnabo. IlpoTsokeHHas
OIHOHEUTPOHHAsT «KOXKa» B CHUrapooOpa3HOW KOH(pUTrypanuu ompenenseT ABYXHEHTPOHHYIO
nepudepuro B 1*C(g. s.).
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TWO-NEUTRON PERIPHERY OF THE **C(g. s.) NUCLEUS
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The *C nucleus has two excess neutrons in the 1pizshell above the *2C core, which allows the
existence of an extended neutron periphery of this nucleus in both dineutron and cigar-shaped (with
one neutron in each arm) configurations. Since the dineutron and neutrons in “C are quite strongly
bound with *2C core and the root-mean-square radii of >%C isotopes practically coincide with each
other and are equal to 2.45 fm [1], the existence of such a periphery in **C(g. s.) is not obvious. We
have studied the neutron periphery of the *C(g.s.) nucleus, which manifests itself in the
2C(t,p)**C(g. s.) reaction at E, ~ 20 MeV. The figure shows the reaction differential cross section

(solid curve) calculated with taking into account the mechanisms of dineutron strip and independent
neutron transfer, which agrees with the experimental one [2].
As can be seen from the figure, at proton emission angles 6, < 50°, the main contribution to
the cross section is made by the dineutron stripping mechanism (dashed line). With an increase in 6,,
the contribution of the independent neutron transfer mechanism is noticeable (dash-dotted line). The
obtained agreement made it possible to determine the parameters of the wave functions of the relative
e motion of the dineutron (both neutrons) and the ?C
core and calculate the sizes of the neutron periphery in

both configurations: (L, ) = 2.754 fm, <Ll,2> = 3.26 fm,

so that the dineutron periphery in **C(g. s.) manifests
itself weakly. An extended one-neutron "skin" in a
cigar-shaped configuration determines the two-neutron
periphery in **C(g. s.).
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OCOBEHHOCTHU BETA-PACITAJIA OK30THYECKUX AJEP U K-UBOMEPOB
HN. H. U3ocumoB
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BepositHocTh  PB-mepexoa Ha YpOBeHb JOYEpPHEro sApa ¢ JHeprueil Bo3OyxaeHus E
npomnopuroHanbha [1] npoussenenuto Gpynkunn epmu f(Qp — E), onuceiBaroiieil JeNTOHHYO 4acTh,
u cuoBoit pynkuun Sp(E) B-pacnana, onuceIBaroIel HyKIOHHYIO YacThb. [Ipu sHEprUun BO30YKICHUSI
E wmenbmie monuoii sHeprum f-pacmama Qp, Sp(E) ompemenser xapakrepuctuku P-pacmazga. s
sHepruii Bo30ykaenus E> Qp Sp(E) onpenenser ceuenue 3apsaoBo-00MeHHBIX peakimii [ 1-3].

Kak ObUtO mOKazaHo B paborax [2-5], MeTOIbl SACPHON CIEKTPOCKOMHH C BBICOKHUM
pa3pelieHHeM 10 SHEPruu Jalid OJHO3HAYHOE JIOKA3aTeNIbCTBO PE30HAHCHOU CTPYKTYphl Sp(E) must
B-mepexomoB Tuma I'amoBa-Temrepa (GT) u mns P-epexomoB mepBoro mopsiaka 3ampera (FF)
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B chepuueckux, neOPMUPOBAHHBIX M TMEPEXOAHBIX sapax. B padorax [3-6] mpoaeMOHCTPUPOBAHO
Hannuue paciieruieHns mukoB Sp(E) Ha aBa kommonenrta s GT B*/EC-pacnama B nedopmmupo-
BaHHBIX siipax. Pe3onancHas ctpykrypa Sp(E) mis B-pacnana rano siiep npoananu3uposana B [7-9].

Henenne u anbha pacnaa U30MepoB ¢ OONBIIMM CITHHOM JIOBOJBHO CHIIBHO 3aTOPMO>KEHBI,
B TO JK€ BpeMsl IIpH [-pacnazie TaKUX M30MEPOB B AOUEPHEM SAPE MOTYT 3aCEISATHCSI COOTBETCTBYIOLINE
YPOBHHU C BBICOKHM CIUHOM BOnmM3u upact-mojiockl [10]. lanee, mociie HECKONBKHUX Y-TIEPEXOJIOB,
3aCeISIIOTCSl YPOBHU HMPACT-TIOJIOCHI. DHEPrHsl YPOBHEH HPACT-MOJIOCHI MOXET OBITh paccuuTaHa
C UCIIOJIb30BAaHUEM psla MOJETHHBIX MOAXO0M0B W dKcTpamoisiuit [11, 12]. IlomoOGHBIE OICHKH
SHEPruil ypoBHEH UPACT-NOJIOCH KpaliHe MOJIC3HBI MIPY INIAHUPOBAHUH U POBEICHUHU 3KCIIEPUMEHTOB
10 MCCIIeI0BaHMIO B-pacmaia, 0COOCHHO B 00JIACTH TSKEIBIX M CBEPXTsDKEIbIX siuep [12].

B mpencraBieHHOM [OKJIaJie aHAIU3UPYETCs TOHKas CTPYKTypa pe3oHancoB Sg(E). O6cyx-
natotest pesoHancHas crpykrypa Sg(E) mis GT u FF B-pacnanos, crpykrypa Sp(E) mns rano simep,
TIEPEHOPMUPOBKA KOHCTAHTHI [9] aKCHAIbHO-BEKTOPHOIO c1aboro B3ammoseictaus ga®", pacmerne-
uue nukoB Sg(E) B medopmupoBaHHBIX sipax, CBA3aHHOE C aHWU30TPONHUEH KOJIEOaHHH MPOTOHHBIX
JBIPOK OTHOCHUTENBHO HEHUTpoHOB (pe3oHanchl B Sg(E) mms GT BY/EC-pacmama) wim OpOTOHOB
OTHOCHTEIIbHO HEHTPOHHBIX IbIpOK (pe3onanchl B Sg(E) mis GT B~ — pacmana), crpykrypa Sp(E) ms
B-pacnana BeICOKO-cITMHOBBIX M30MepoB (K-uzomepon) [10].
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FEATURES OF BETA DECAY OF EXOTIC NUCLEI AND K-ISOMERS
I. N. Izosimov

Joint Institute for Nuclear Research Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
e-mail: izosimov@jinr.ru

The probability of the B-transition to the nuclear level with excitation energy E is proportional
[1] to the product of the lepton part described by the Fermi function f(Qg — E) and the nucleon part
described by the B-decay strength function Sg(E). At excitation energies E smaller than Qg (total
B-decay energy), Sg(E) determines the characters of the B-decay. For higher excitation energies that
cannot be reached with the B-decay, Sg(E) determines the charge exchange nuclear reaction cross
sections, which depend on the nuclear matrix elements of the B-decay type [1-3].

It was shown [2-5] that the high-resolution nuclear spectroscopy methods give conclusive
evidence of the resonance structure of Sg(E) both for GT and first-forbidden (FF) B-transitions in
spherical, deformed, and transition nuclei. The splitting of the peaks in the Sg(E) for the GT B*/EC-
decay of the deformed nuclei into two components was demonstrated [3-6]. Resonance structure of
the Sg(E) for p-decay of halo nuclei was analyzed in [7-9].
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Fission and alpha-decay of the high-spin isomers are rather strongly forbidden, while the beta-
decay of the high-spin isomers can populate high-spin levels near the yrast-band [10]. Than after a few
gamma-decays the yrast-band levels may be populated. The prediction of the energies of the levels of
the corresponding yrast-band can be done by using the model proposed in [11]. Such prediction is
extremely useful in planning and carry out experiments, especially in the region of heavy and
superheavy nuclei [12].

In this report the fine structure of Sg(E) is analysed. Resonance structure of Sg(E) for GT and
FF B-decays, structure of Sg(E) for halo nuclei, quenching [9] of the weak axial-vector constant ga®",
splitting of the peaks in Sg(E) for deformed nuclei connected with the anisotropy of oscillations of
proton holes against neutrons (peaks in Sg(E) of GT B*/EC-decay) or of protons against neutron holes
(peaks in Sg(E) of GT B~ —decay), and Sg(E) for the high-spin isomers [10] B-decays in heavy and
superheavy nuclei are discussed.
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JOIIOJTHEHME K KBAHTOBOMY OIIMCAHUIO OB BbEMOB, 3AHUMAEMBbIX
SJIEKTPOHAMHU B ATOMAX U HYKJIIOHAMMU B SIJIPAX

M. A. Baryrtun, B. H. Kaypos, E. C. Kayposa, A. M. lllaiimapnanos, E. A. IlerpoBa

locynapcTBeHHBIN YHUBEPCHUTET adpoKocMIueckoro nprubdopocrpoenusi, CI16
190000, CII6, yn. bonsuras Mopckas, x. 67-A, 1. (812)710-65-10, dakc (812)494-70-57,
e-mail: info@guap.ru
Envuplii moaxon K MOJECIMPOBAHUIO JBIKEHHS SJIEKTPOHOB OOOJIOYKM aToMa W HYKJIOHOB
sJIpa MOJIy4aeTcsl, €CIU UCIONb30BaTh OMHMCAHUE 3JIEKTPOHOB U HYKJIOHOB B aTOME 4Yepe3 BOJIHBI Jie—
Bpoiins y = e/ *” / V' B chepuueckoii cucTeMe KOOPIUHAT C COOTBETCTBYIOIINM BOJTHOBBIM BEKTOPOM

k ¥ chepuueckoil koopauHaToi 7. B 3HamMeHarene m30aBisieMcs OT MPPANMOHAIBLHOCTH, 3aMEHSS
00beM V Ha TIpUOMDKEHHBIN U yIpaBisieMblid. [ 3Toro nomHeIi 00beM V 3aMEHMM Ha Pl U3 CYMMBI

3NIEMEHTapHBIX 00BHEMOB Lg OJIHOM YacTHIBI B BHjEe Habopa Kyoukos (VLo)®. DTOT Habop KyOHMKOB,

OTIMYANOIIUXCA APYT OT Apyra pasMepoM s1pa Ha €IWHUIYY AJI COCENEH clpaBa M CIEBa, MOXKET
3aKaHYMBAThC KyOOM pebpom (vLo), rae v — 3HAUCHHUsI HATYPAIbHOTO psia ducelsl. YKCio v 4ieHOB
psina U3 KyOMKOB BBIpaXkaeTcs yepe3 KBaapaT CyMMBI HATypaJIbHOTO psida u3 uucen ot 1 mo v [1]:
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V:(13+23+33+43+...+v3)(L0)3:(1+2+3+4+...+v)2(L0) :

3anumeM BBIpaXEHHE B CKOOKax Kak apuQpmeTu- ﬁ\
3 .

YECKYIO ITPOTPECCUI0
~ 73 3 2 2(,3

V=133 v =1, =v? (v+1)* (L} /2).

Tenepb KBaApaTHbIM KOpPEHb HU3BJIEKaeTcs. B pe- ¥

3yJbTaTe IMOJIy4yaem \/? =(v+1)L‘g/ 2 =,/V,. Onemen- { 20po

TapHble 00BbEMBI U3 psAAa KyOOB MOMKHO PAaCHOJIOKHThH - ' T
B IIPOCTPAHCTBE B BHJIE “Kpyaccana” (puc. 1), Hanpumep, Puc. 1 CtpykTypa 31eKTpOHHON 060JI0UKH
aToMa C UCIOJIb30BaHUEM “KpyaccaHa’

V., B2 B v 332818

OTKy/Ia aBTOMAaTHYECKH CIIEYET, 4To 00beM KybOa (vLo)? comepxut v¥ yactui. M3 cKa3aHHOTO BbIIIE
CJIETTYET, YTO DJIEKTPOHHAST 000JI0YKa aTOMa B MPOCTEHIIIEM CITydae MOXKET OBITh MPECTABIICHA B BHIIE
2-x HabOpOB KyOMKOB, PACIIONOXKEHHBIX BBIIIE M HIDKE AUAMETPA MO IJUHE OKPYKHOCTH PagrycoM,
paBHbIM boposckomy R (puc. 2). U3 pucyHka BUAHO, 4TO CyMMUPOBaHKE JUIMH pEGEp “KpyaccaHoB”,
JIeKAIIUX BJIOJb BOPOBCKOW OKPYKHOCTH, JaeT HaM (QOpMYIy Ul YHMCIa YacTHI], HAXOASIINXCS Ha
OKPY’KHOCTH, B TIPEANOI0KEHUH, YTO YaCTUIBI pa3MepoM Lo pacronokeHsl mOCiIe10BaTeIbHO BAOIb
pebep kybukos: N = 2(v+1)? = 2n2. B sroii popmyne N = (v+1) UMEET CMBICH TIIABHOTO KBAHTOBOTO
ymcna, a N — gucno yactun Ha N-i obonouke. [IpuMeHNM MOMYyYEHHYIO CTPYKTYpPY U3 “KpyaccaHOB”
JUTsL ONTUCAaHMS siipa aToMa. B paMkax mpemoxkeHHON MOJENIH XOPOLIO BOCIIPOU3BOAATCS MarndecKue
4yciIa, BHITEKAIONME M3 000JI0YEYHOM Moaenu 1o cooTHomenuo Nop =2n2, mpu n = (v+1) [2], u
HOBBIC, BRITCKAIONINE M3 MpeiaracMoil 00beMHON Moaenu U3 “KpyaccaHoB”, Hampumep, 2, 20, 90,
144 ... mnsa N = n?(1+n?).

Puc. 2 Crpykrypa Tspxesoro 1eopMHUPOBaHHOTO S/pa, NOIyYeHHAs U3 “KpyaccaHa”
st A = 220, BuucanHas B ceponiaibHOE SO

Bo3M0OXHOCTh 3aMeHBI peaslbHOW chepouIaTbHON MOBEPXHOCTH TSDKEJIOTO sipa Ipeisiarae-
MOM MOJeNnbl0 U3 “KpyaccaHOB” TOKa3aHa B NMPHUBEACHHON paboTe, B KOTOPOH MOJMy4YeHBI 3HAUEHUS
SHEPruy BO30YKIEHUS Apa B IIEPBOM NPUOIMKEHUN TeOpuH Bo3MylieHuil. B pabore A. b. Murnana,
MOMENIEHHOH B [2] B BUIE PEIICHHON 3a7jauy, paCCMOTPEHBI OTKJIIOHEHHsI (hOPMBI MIOBEPXHOCTH Spa
OT TOBEpXHOCTH cepbl. B Hamiem e ciydae, COOTBETCTBEHHO, PAacCMOTPEHBI OTKIOHEHHS OT
noBepxHocTH Mojenu. [lodydyeHa mompaBka mepBOro MopsiKa K SHEPrUM KONeOaHUsS MOBEPXHOCTH
cheponna. Bo3mymeHus oOpasyroTcs pa3HOCTbIO IOBEPXHOCTEH cdepouzna M MOAEIBIO U3
“kpyaccaHOB”. AHaJOTHMYHBIE pacCyXJeHHs MpuBeeHbl B padote [3]. Kak mpumep, B mpeanokeHHON
MOJICIIM MOJACIUPYETCS TskKeNIoe sapo U3 220 HyKJIOHOB ¢ MOMOIIBIO 4-X 3aMKHYTBIX 000JIOYEK, T/
Kakaas cocTouT w3 2-X “kpyaccaHoB”. Ilepas m derBepTas o0omouYKH coaepkar KyOwbr m3 1-8-1
HYKJIOHOB. CpellHue JBe 3aMKHYThIC 000JI0UKH cojepxar o 1-8-27-8-1 HykJIOHOB B “KpyaccaHe”,
a Bcero 1o 90 HyKJI0HOB B 000j0uke. CTPYKTypa ONMUCHIBAEMOTO sI/Ipa JEMOHCTPUPYETCSl Ha pHcC. 2.
Dra CTpyKTypa O1u3Ka K CTpyKType 222Rn.,
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IN ADDITION TO THE QUANTUM DESCRIPTION OF THE VOLUMES OCCUPIED BY
ELECTRONS IN ATOMS AND NUCLEONS IN NUCLEI

M. A. Vatutin, V. N. Kaurov, E. S. Kaurova, A. M. Shaimardanov, E. A. Petrova

State University of Aerospace Instrumentation, St. Petersburg
67-A Bolshaya Morskaya str., St. Petersburg, 190000, t. (812)710-65-10, fax (812)494-70-57,
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A unified approach to modeling the motion of atom shell electrons and nucleons is obtained
by using the description of electrons and nucleons in an atom through waves de-Broglie = e"”/\/V
in a spherical coordinate system with a corresponding wave vector k¥ and a spherical coordinate 7 . In
the denominator, we get rid of irrationality by replacing the volume V with an approximate and
manageable one. To do this, we replace the full volume V with a series of the sum of the elementary
volumes 3 of one particle in the form of a set of cubes (vLo)®. This set of cubes that differ from each

other in size by one for neighbors on the right and left can end with a cube edge (vLo), where v — runs
the values of the natural series of numbers. v of the terms of the series of cubes is expressed by the

square of the sum of the natural series of numbers from 1 to v [1]:

V=(13+23+33+43+...+\/3)(L0)3 =(1+2+3+4+...+v)2(L0)3.

Writing the expression in parentheses as an
arithmetic progression, we get: /—\ '\

V=3V =v, =vA (v+1)7 (13 )2),

Now the square root is extracted and we get 5

\/7=(v+1)L%/2 =,/V,. Elementary volumes from a series /

of cubes can be arranged in space as a "croissant” (fig.1), for S e
example: Fig. 1. Structure of the electron shell of
vV, =2+22+33+ . +v¥+..+33+23 413, an atom using a “croissant”

it automatically follows that the volume of the cube (vLo)? contains v2 particles. The relative accuracy
of reproducing volume V through cubes will be written as

It follows from the above that the electron shell of an atom in the simplest case can be
represented in the form of 2 sets of cubes located above and below the diameter along the
circumference with a radius equal to Borovsky R (fig. 2).

It can be seen from the figure that summing the lengths of the edges of the “croissants” lying
along the Bohr circle gives us a formula for the number of particles located on the circle, assuming
that particles of size Lo are arranged sequentially along the edges of the cubes: N = 2(v+1)2 = 2n2. In
this formula, n = (v+1) has the meaning of the main quantum number, and N — is the number of
particles on the nth shell. Let us apply the resulting structure from “croissants” to describe the nucleus
of an atom. Within the framework of the proposed model, the magic numbers arising from the chain
model are well reproduced by the ratio No, = 2n?, for n = (v+1) [2], and new ones arising from the
proposed volumetric model of “croissants”, for example, 2, 20, 90, 144 ... for N, = n?(1+n?).

Fig. 2. The structure of a heavy deformed core obtained from a “croissant” for A = 220,
inscribed in a spheroidal core
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The possibility of replacing the real spheroidal surface of a heavy nucleus with the proposed
model from “croissants” is shown in the above work, in which the values of the excitation energy of
the nucleus are obtained in the first approximation of the perturbation theory. In the work of
A.B.Migdal, placed in [2] in the form of a solved problem, deviations of the shape of the core surface
from the surface of the sphere are considered. In our case, accordingly, deviations from the surface of
the model are considered. A first-order correction to the oscillation energy of the spheroid surface is
obtained. Perturbations are formed by the difference between the surfaces of the spheroid and the
“croissant” model. Similar judgments are given in [3]. As an example, in the proposed model, a heavy
nucleus of 220 nucleons is modeled using 4 closed shells, where each consists of 2 “croissants”. The
first and fourth shells contain cubes of 1-8-1 nucleons. The middle two closed shells contain 1-8-27-8-
1 nucleons in the “croissant”, and a total of 90 nucleons in the shell. The structure of the described
kernel is shown in Fig.2. This structure is close to the 2?2Rn structure.
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PACHPEJEJEHUE HYKJIOHHOM IVIOTHOCTHA YETHO-YETHBIX M30TOIOB “78N|
B JMCHEPCUOHHOMN ONTUYECKOM MOJIEJIA

O. B. Becnanosal, A. A. Kinmumouxuna?, JI. T. Taau0a:xanos?
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B pamMkax aucrnepcHOHHOM ONTHYECKOW MOAenH [1] mpu omucaHUM 3KCIEpUMEHTAIbHBIX

JAHHBIX O OJHOYACTHUYHBIM SHEPTHsM Ey)j, 3apsmoBbIM CPEIHEKBAAPATUYHBIM pajnycam " n

pacrpesiesieHusIM  3apsIIOBOM TUIOTHOCTH Pop " (I) CKOHCTPYHMPOBAHbI TIPOTOHHBIE HCIEPCHOHHbIE

ontudeckue norenumansl (JOIT) mns crabunbHbix sgep “6%Ni m sagpa *°Ni. IMposenena onenka

o LPOUeH. . 48-54N\[;
IIPOTOHHBIX OJHOYACTUYHBIX 3HEPIHi Enlj HEHUTPOHHO-IEPUIIUTHBIX U30TOIOB Ni Ha OCHOBe

N,3KCI
nlj

Hcnonw3ys ¢pusndyecku 000cHOBaHHBIN MeTo ] dKcTpanossiiuu JJOIT Ha 001acTh HeCTaOWIBLHBIX SAEP,
BBITIOJIHEH pacyeT pacrpe/eeHui MPOTOHHBIX IOTHOCTEN Py () M CPeHEKBAPATHUHBIX PAJNYCOB
rF" samep “°*Ni, °8Ni. Pesynbrarsl 1OKa3bIBarOT HEOOXOJAMMOCTH BBEIEHUS 3aBUCHMOCTH
napaMeTpoB paamyca rygp H  Jud@dy3HOCTH aApp XapTPU-POKOBCKOW  COCTaBISIOIICH OT
oTHOCHTENBHOTO HelTponHoro n3beitka (N — Z)/A. B sape “®Ni pacuer pacnpeneneHuii mioTHOCTH
MPEJICKa3bIBACT 00Opa30BaHHE «IIPOTOHHOM» IMYObI, YTO COIJIACYETCS C APYTUMH TCOPETHUCCKUMHU

noaxomami [2].

SKCIIEPUMEHTAIIbHBIX HEHUTPOHHBIX 3Hepruil E COOTBETCTBYIOIIUX 3EPKAIBHBIX SIep-U300ap.
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566 ABpgi
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Pacnipejiesienust IIPOTOHHOM (CHHMIA IBET) M HeHTpoHHOM (kpacHsbIii) motHocTH anep *°Ni u *3Ni

Cnucok JMTepaTrypsl

1. Mahaux C., Sartor R., Adv. Nucl. Phys., 20, 1 (1991).
2. N. Paar, P. etal, Phys. Lett. B 624, 195-202 (2006).

NUCLEON DENSITY DISTRIBUTION OF EVEN-EVEN 8Nl ISOTOPES
IN THE DISPERSIVE OPTICAL MODEL
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Within the dispersive optical model [1], proton dispersive optical potentials (DOPs) were
constructed for stable %®®Ni and unstable *®Ni nuclei describing the experimental single particle
energies Eyy;. Using DOPs, root-mean-square charge radii rg,> and charge density pg”(r) were

calculated. The single-particle proton energies EPS"™ of proton-rich ¢%Ni isotopes were estimated

nlj
a; " of the corresponding «mirror» isobar nuclei. The proton

density pp,(r) and root-mean-square radii rey > of “%Ni, ®78Ni nuclei were calculated also using the
physically reasonable method of extrapolation of the DOP to the region of unstable nuclei. The results
show the need to introduce the dependence of the parameters of the radius ryr and diffuseness ayp of
the Hartree-Fock component on the relative excess of neutrons (N — Z)/A. The density distributions of
“8Ni nucleus corresponds to the forming of proton skin, which is consistent with the results of
theoretical approach [2].

from the experimental neutron energies E

3 p, fm™

P, fm' e
SeNi 2aNi

T T T T T T r T T T 7
0 1 H 3 4 5 [ r, fm [1} 1 2 3 4 5 6 r, fm

Density distributions of protons (blue) and neutrons (red) of %Ni and “Ni nuclei
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B TspKenbIX M CBEPXTSDKENbIX siipax ObLia MPOJEMOHCTPHPOBAaHA BhIpayKeHHast Koppersinws [1, 2]
mexty E(2{) smeprusmu 2, -cocTosHuit u SHeprusmu aedopmaimn Egee , NOTyYEeHHBIMH B MpH-

ommxennn Xaptpu—@Doka—boromoboBa ¢ peanuctuaeckumu cuiiamu [oupu [3]. Benmunba FEyof
ompezenseTcs Kak pasHUIAa MEXOy dHeprueil suep aedopmupoBaHHOM (opmbl u chepuueckoil.

+ E
[Ipe/okeHa W YCTEIIHO WCIOJb30BaHa Tapamerpusanus E(2)=b +b,e® % . B [2] rakke
paccMarpuBaiach CHCTEMAaTHKa OTHOIICHWI SHEPIruil BO BpalaTeJIbHOM MOJOce. DTO IMO3BOJIMIO

TOJYYUTh DHEPreTHYECKUe OleHKH 4 - u 6] -cocTosHuii, MCTONb3ys JaHHblE OO >HEprusx 2 -
coctosuuit. Jlns  otHomenus R, =E(4;)/ E(2{)/(0/3) wucnons3oBanach mapameTpusaiys
Ry=a exp(—(E (2)-Ey! b)2 ) +c¢. COOTBETCTBYIOIINE KOPPESIUU OBUTH MPOBEPEHBI TAKXKE IS

siiep TPYNIbI TAHTAHOUIOB ¢ N <82, U pe3yJIbTaThl IPEACTABIEHBI HA PUCYHKAX.

0.8
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07
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Koppensims mexny E(27) n Egg oueBujHa, U anmpokcumaius >pdektusna. Jlas suep

C UacaNbHBIM BpameHuneM R,y =1. Jlns mpocteix konebaumit 6e3 amrapmonmsma R,= 0.6. [lns
+

HoJyMarudeckux sigep R, ~ 0.4, 9TO CBUIETENBCTBYET O TOM, YTO CTPYKTypa 4{ B HAX BO MHOT'OM

ompenenseTcs HE ABYX(OHOHHON KOMITOHEHTOH, XOTS OHa 3aMeTHa H3-3a OONBIIMX 3HAYCHUH

B(E2;4] —2). VYcmex npencTaBneHHBIX NPUOMMKEHHI JUIA  sjep TPYNIBl  JaHTAHOWIOB

JIEMOHCTPHpPYET HeCIy4JaiHbIN yCIeX aHAJIOTHYHBIX MTPUOIIKEHUH IS CBEPXTSKEIBIX SIIEP.
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In heavy and superheavy nuclei, a pronounced correlation was demonstrated [1, 2] between
the energies E(2;) of the 2] states and the deformation energies E,, Obtained in the Hartree—Fock-
Bogolyubov approximation with realistic Gogny forces [3]. The £ value is defined as the difference
between the energy of the nuclei with deformed shape and a spherical one. The parametrization of
E(2{)=h +b2e"Edef was proposed and successfully used. In [2], the systematics of the energy ratios
in the rotational band was also considered. This made it possible to obtain energy estimates for the 4;
and 6, states using data on the energies of the 2, states. For the ratio R, = E(4,)/ E(2{)/ (10/3), the
parametrization R, =aexp(—(E(21+)—E0 /b)2)+c was used. Corresponding correlations were also
checked for the nuclei of the lanthanide group with N <82 and results are presented in figures.

* T E(21). MeV
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The correlation between E(2;) and Ey is obvious, and the approximation is effective. For
nuclei with ideal rotation R, = 1. For simple vibrations without anharmonicity R, = 0.6. For semimagic

nuclei the R, ~ 0.4, which indicates that the 4; structure is largely determined not by the two-phonon

component, although it is noticeable due to the large value of B(E2; 4, — 2{"). The success of the

presented approximations for the nuclei of the lanthanide group renders the success of similar
approximations for superheavy nuclei nonrandom.
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ITPEJICKABAHUE SHEPTUIM BO3BYKJIEHUM 2;" COCTOSITHUI
HEKOTOPBIX CBEPXTSIKEJIBIX SIJIEP

P. B. I:xxoJ10c, E. A. Koaranosa, JI. A. Manog, H. 10. lllupukosa

141980 OObenMHEHHBII HHCTUTYT SASPHBIX UCCIIEIOBAHMIA,
r. lyona MockoBckoii o0nacty, yi. XKomauo-Kropu, 1. 6
+7 (496) 216-50-59
E-mail: kea@jinr.ru

CunTte3 sgep ¢ OONBIIUM  YHCJIOM TPOTOHOB IPHBEN K OTKPHITUIO HOBOW OOJNAcTH Jist
WCCIIEIOBAHUS CTPYKTYPHI S1ep, @ IMEHHO CBepXTsuKenbIX siaep [1-3]. BaxkueiM nokasaresnem Gpopmbl
U JPYrHX CBOWCTB YETHBIX sJep SBISETCS JHEPrHs BO30YKICHHUS NEPBBIX BO30OYKIEHHBIX 21"
cocrosiuuit E(217). ®enomenonornyeckoe cootHomrenwe I'pomsuuca [4], m3BectHOe ¢ 1962 roxa,
TOBOPHT O TOM, 4TO NPOHM3BEICHUE SHEPTUH IEPBOTO 21" COCTOSIHUS Ha BeposTHOCTh E2 mepexona u3
OCHOBHOT'O COCTOSIHHUS siipa B IEPBOE BO30YKACHHOE 21" COCTOSIHHE SIBIISIETCS TUIABHOW (QyHKIMEH A
u Z siapa. B pabore [5] 5TO COOTHOIIEHHE BHIBEACHO HA OCHOBE MHUKPOCKOIHUYECKOW MOIENH A1pa.
DTO maeT BO3MOXKHOCTh HCIOJB30BaTh TaKOW TEOPETHYECKUH TMOAXON W XOPOIIO H3BECTHYIO
UHQOpMALIMIO O SICPHOW CTPYKType Ui BbhlYMCIeHMs SHepruit E(2:") ams HEeKOTOpBIX Lenovex
cBepXTsuKenbIX sizep ¢ Z ot 100 no 120 [6, 7].

B paboTe BBINOIHEHBI pacyeThl SHEPTHii 21" cocTosiHUH B siapax ¢ Z>100 u mokas3aHo, 4To MpH
Z ommkux kK Z =100 sueprus E(2:") ne npessimaer 100 xaB. 3arem E(2:") pe3ko Bo3pactaer
C yBesimueHueM A u gocturaet MmakcumanbHoro 3HaueHus B 400-500 k3B B sapax ¢ Z =114, 116, 118.
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PREDICTIONS OF THE EXCITATION ENERGIES OF THE 2," STATES
FOR SOME SUPERHEAVY NUCLEI

R. V. Jolos, E. A. Kolganova, L. A. Malov, N. Yu. Shirikova

Joint Institute for Nuclear Research Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
+7 (496) 216-50-59
E-mail: kea@jinr.ru

The synthesis of nuclei with large proton numbers has led to discovering of a new region for
investigation of the structure of nuclei, namely, of superheavy nuclei [1-3]. The important indicator of
the shape and other properties of even-even nuclei is the excitation energy of the first excited 2;* states
E(2:%). The phenomenological Grodzins relation [4] formulated in 1962 has established that the
product of the energy of the first 2,* state per probability of the E2 transition from the ground state of
the nucleus to the first excited 2;* state is a smooth function of A and Z of a nucleus. In [5] this
relation has been derived based on the microscopic nuclear model. It gives us a possibility to use this
theoretical approach and the well established nuclear structure information to calculate E(2:") for some
chains of superheavy nuclei with Z from 100 to 120 [6,7].

In our work the calculations of the excitation energies of the 2,* states in nuclei with Z > 100
has been performed and it is shown that at Z close to Z = 100 the energy E(2:*) does not exceed
100 keV. Then E(2:%) sharply increases with A and reaches maximum value of 400-500 keV in nuclei
with Z =114, 116, 118.
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KrnacTepsl HHEpTHBIX Ta30B MPEACTABISAIOT OO0 OONBINON KITacC MOJIEKYJ, B3aUMOJICHCTBHE
KOTOpPBIX OIHUCHIBACTCSl MOTEHIMAJaMHd BaH-Aep-BaanbcoBoro tuma. Hekoropwle crnabocBs3aHHBIE
KJIACTEPhI MPOSBISIOT YHUBEPCAIbHBIE XapAKTEPUCTUKY U MaclITaOHble MHBApUAHTHI, CBA3aHHBIE CO
3HaMeHuThIM 3 PexTom Edumona [1], KOTOpBIA OB AKCHEPUMEHTATFHO TOATBEPIKICH B YIBTpa-
XOJIOJTHOM Ta3e aroMoB Ie3ust [2]. Cucrtema Tpumepa Tenusl JOATO€ BpeMs CUMTANach HIEaTbHBIM
KaHIuIaToM Juisi HaOroneHust cocrosuuii Edumosa. HemaBHo, mocne IUTUTENBHBIX M HEMPEPBIBHBIX
uccienoBannii, OpuT0 0OHapyXeHo coctosiHne EdrMoBa kak BO30y)KIEHHOE COCTOSHHE TPUMEpa TelHs
“He; [3]. Taroke Obula M3MepeHa BonHOBas (QyHKIMS auMepa ‘He ¢ MCIONB30BaHMEM TEXHUKH KyJlO-
HOBCKOT'O B3phIBa, KOTOPAs MO3BOJIMIIA OMPEICITUT €r0 MATyI0 SHepruto csizn — 151.9 + 13.3 uaB [4].

CymiecTByeT MHOXKECTBO PEaJHCTHYHBIX MOTCHUHUAIBHBIX MOJENEH, KOTOphle Bce Oojee H
Oonee TOYHO BOCHPOM3BOIAT B3auMoJeHcTBHEe IBYyX aromoB He-He [S5]. [lnsg omeHku BiusHUS
MOTEHIMATBHOW MOJIETH Ha XapaKTEPUCTHKH TPEXaTOMHON CHCTEMbI HEOOXOAMMO BBIITOIHHUTH OYEHB
TouHbIH pacdeT. OauH U3 3(h(HEKTUBHBIX METOAOB MCCIEIOBAHUS TPEXaTOMHBIX KIIACTEPOB OCHOBAH
Ha “cnojb30BaHNM AuddepeHnranbHbIX ypaBHeHUsX Daaneesa.

B  nanHOW pabore  pa3paboTaH  aNTOPUTM  YHCJIICHHOTO  PEIICHUS  JIBYMEPHBIX
JuddepeHnnaNbHBIX ypaBHeHni @ajieeBa B MOJAENH TBEPJOrO KOpPa, KOTOPBIA MPUMEHSETCS st
WCCIIEIOBAHMS CBOWCTB TpEXaToMHBIX cucteM *Hes u *He*He, ¢ wcmonmb30BaHMEM COBPEMEHHBIX
peancTHuHbIX noTeHmanoB PRZ2010 [6] u PRZ2017 [7], a Takxke Ooyiee crapble MOTEHIHATBI —
HFD-B [8], LM2M2 [9] u TTY [10]. Pe3ynbraTsl pacyeToB CpaBHHUBAIOTCS C pe3yiIbTaTaMu APYTUX
aBTOPOB, a TAKXKE C HKCIIEPUMEHTOM.
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INVESTIGATION OF THE SYMMETRIC AND ASYMMETRIC
HELIUM THREE-ATOMIC SYSTEMS
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Clusters of gas atoms are a large class of molecules interacting via van der Waals type
potentials. Some weakly bound clusters show universal characteristics and scale invariants related to
the famous Efimov effect [1], which was experimentally confirmed in an ultracold gas of the Cs atoms
[2]. The helium trimer system has been long considered as an ideal candidate for observing Efimov
states. Only recently, after a long and continued research, the Efimov state as the excited state of the
“Hes, was detected [3]. Also, the wave function of the “He dimer has been measured via Coulomb
explosion technigue which enabled to determine its very small binding energy - 151.9 + 13.3 neV [4].

There are many realistic He-He potential models which are more and more accurate reproduce
two body data [5]. Very accurate calculation needed in order to evaluate the effect of potential models
on the characteristic of three-body system. One of the effective methods for studying triatomic clusters
is based on the differential Faddeev equations.

In this work we develop algorithm for numerical solution of the two-dimensional differential
Faddeev equations in the hard-core model is applied to study the properties of the *He; and *He*He;
helium three-atomic system using modern realistic potentials constructed by M. Przybytek et al. in
2010 [6] and 2017 [7] years, as well as older potentials — HFD-B [8], LM2M2 [9] and TTY [10]. The
calculated results we compare with the results obtained using different methods by other authors and
with the experiment.
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MNPOTOH-ITIMOHHAS MOJAEJb HEUTPOHA U SIJIPA
II. B. Kynan
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[Mokasano, uro 3akmoueHue [[x. UeaBuka o HEOOXOAMMOCTH OTHECCHHMS HEWTpPOHA K dJie-
MEHTapHBIM YacTHI[AM HE WMMEeT JIOTMYECKOW TMOJTHOTH, TaK KaKk TOJy4eHO Ha OCHOBaHUHU
PaccMOTPEHHUsI CBOMCTB TONBKO MPOTOHA M DIEKTPOHA KaK €IWHCTBEHHBIX 3JEMEHTapHBIX YaCTHII,
M3BECTHBIX B 1932 1.

Ha ocHOBaHMM pacCMOTpEHHUs CBOHCTB MOJHOTO HaOopa yacTHil, M3BeCTHBIX K 2023 r.,
MOKa3aHO, YTO TI0 COYETAaHWIO CIIMHA, 3apsiia W MacChl OTPUIATENHHBIA NMHOH TAaKK€ MOXET pac-
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CMaTpHUBATLCS KaK YacTHIA, COBMECTHO C MPOTOHOM 0Opa3ylolias HEWTPOH W sIAPO, YTO COOTBET-
CTBYET M3Ha4daNbHOM rumnorese J. Pesepdopma o ToM, UTO simpa cOCTOST U3 MPOTOHOB M OTPHUIIA-
TEJIBHBIX YaCTHUI] C YTOYHEHUEM THITa OTPULIATEIHHOM YaCTHIIBI HA OCHOBAHWH COBPEMEHHBIX JIaHHBIX.

To4yHOCTH JaHHOW HICHTHU(HKAIWU TOATBEPKIACTCS IOJIHBIM COOTBETCTBHEM MPOIYKTOB
Oera-pacraga HEHTpoHA W sijep HauOoiee PHEPreTHYECKU BBITOJHOMY JJIEKTPOHHOMY IyTH Oera-
pacnajga OTPUIATENHLHOrO MHOHA (TP HEBO3MOXKHOCTU B CHIJIy HENOCTaTKa SHEPTUH peaH3aluu
MEHEe JHEPreTHUYECKH BBITOJTHOTO MIOOHHOTO MYTH), a TakKKe HaJMYUEM MPSIMOW PEaKIUU MEXKTY
MPOTOHOM M OTPHIATETHLHBIM MHOHOM ¢ 00pa3oBaHWEM HEHTpPOHA W BhlJieIeHMEM 3Heprun (B popme
raMma-KBaHTtoB J00 B (opMe MPOMEXKYTOYHOrO OOpa30BaHUS HEUTPAIBHOTO IIMOHA C €ro
JALHEWIIAM pacraJioM Ha TaMMa-KBaHThI).

HezaBucuMbIM MoATBEpKIEHHEM TOYHOCTH JIAHHON MIEHTHU(OUKAIMH TAKXKe SBISETCS TO, YTO
¢ touku 3pernss SU(3) cuMMeTprH MMEHHO OTpHIATENbHBIH MHOH (dll) B TOYHOCTH COOTBETCTBYET
pasHuile Mexay npotoHom (uud) u Helitporom (udd).

Ha ocHoBaHuM TIpOBEJCHHOW WACHTH(QHUKALWU TPEAJIOKEHA NPOTOH-MHMOHHAS MOJENb
HEWTpOHA U spa, ONHMCHIBAIONIAs HEUTPOH KaK KOMIIO3HUT, COCTOSIIUHA M3 OJHOTO MPOTOHA M OJJHOTO
OTPUIATEIFHOTO THOHA, SIApa KaK KOMITO3UTHI, COCTOSIIIHE U3 MPOTOHOB M OTPHUIIATEIBHBIX ITHOHOB C
U30BITKOM NIPOTOHOB, c1a00€ B3aMMOJICHCTBHE KaK peakIHio OeTa-pacnaga OTPULATEIbHOIO THOHA U
CHJILHOE B3aMMO/ICHCTBHE KaK B3aMMO/ICHCTBHE MIPOTOHOB C OTPUIATEIBHBIMU THOHAMH.

[TokazaHno, 9To Mo cpaBHeHHIO co CTaHIAPTHOW MOAENBIO, IPEUIOKEHHAs TPOTOH-TIMOHHAS
MO/JIeNIb 00ecTieurBaeT CHIDKEHHE CIIOKHOCTH, TaK Kak MpH MojaHoM cootBetcTBuu SU(3) cummerpun
He TpeOyeT MOCTYyIUpPOBAaHUS HE HAOJIIOJAEMBIX HEMOCPEICTBEHHO B OKCIIEPHMEHTE KBapKOB M
TJIFOOHOB.

THE PROTON-PION MODEL OF NEUTRON AND NUCLEUS
P. V. Kudan

Research Center of «Aquachrom» Limited Liability Company
117198, Moscow, Leninskiy Prospekt, 113/1, tel./fax: +7 (495) 727-44-90
e-mail: pavel . kudan@aquachrom.ru

It is shown that J. Chadwick's conclusion about the need to attribute the neutron to elementary
particles is not logically complete, as it was obtained on the basis of considering the properties of only
the proton and electron as the only elementary particles known in 1932.

Based on the consideration of the properties of the complete set of particles known by 2023, it
is shown that, by the combination of spin, charge and mass, a negative pion can also be considered as
a particle that, together with proton, forms neutron and nucleus, which corresponds to the initial
hypothesis of E. Rutherford that nuclei consist of protons and negative particles, but refined on the
type of negative particle on the basis of modern data.

The accuracy of this identification is confirmed by the full correspondence of the products of
beta decay of the neutron and nuclei to the most energetically favorable electron path of the beta decay
of the negative pion (whereas the less energetically favorable muon path is impossible due to the lack
of energy), as well as the presence of a reaction between the proton and the negative pion with the
direct formation neutron and release of energy (in the form of photons or in the form of intermediate
formation of a neutral pion with its further decay into photons).

An independent confirmation of the accuracy of this identification is also the fact that, from
the point of view of SU(3) symmetry, it is the negative pion (dii) that exactly corresponds to the
difference between a proton (uud) and a neutron (udd).

Based on the identification, a proton-pion model of the neutron and the nucleus is proposed, which
describes the neutron as a composite consisting of one proton and one negative pion, nuclei as composites
consisting of protons and negative pions with an excess of protons, weak interaction as a negative pion beta
decay reaction and the strong interaction as the interaction of protons with negative pions.

It is shown that, in comparison with the Standard Model, the proposed proton-pion model
provides a reduction in complexity, since, being in full compliance with the SU(3) symmetry, it does
not require the postulation of quarks and gluons that cannot be directly observed in the experiment.
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UCCJEJOBAHUE COCTOSIHUM SIJIPA °Li METOJOM SS-HORSE-NCSM
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B sape °Li uM3MepeHbl DHEPrMM M ONPEAEIEHBI CIUH-YETHOCTH OCHOBHOTO M IEPBOTO
BO30Y)KICHHOTO COCTOSIHUI, OIICHEHB! BEJIMYMHBI HEKOTOPBHIX ACHUMITOTHYECKUX HOPMHPOBOYHBIX
koddunmentor (AHK), a Takke M3BECTHBI SHEPTUU TPEX PE30HAHCOB M CIHMH-YETHOCTH OJTHOTO U3
HHUX OIIpeENeHa SKCIIEPUMEHTAIIBHO. MBI IIPOBOIMM TEOPETUYECKOE MCCIIETOBAHME CIIEKTpa spa ‘Li
B nozixoze ab initio meromamu Moaenu obonouek 6esuneptroro kopa (No-core Shell Model, NSCM)
[1] ¢ ucnonp3oBanuem NN-B3aumopeiictBusi Daejeonl6. Msi ucnonszyem dopmamusm SS-HORSE
(Single-State Harmonic Oscillator Representation of Scattering Equations) [2], mo3Bonstomuii Ha
ocHoBe pe3ynbTaTtoB pacueToB B NCSM paccuntats S-mMaTpuily 1 HalTH €€ MOJIIOCHL. DTO MO3BOJISET
[IOJTyYUTh DHEPTHU U IIMPHHBI PE30HAHCOB, & B MIPUMEHEHUH K CBA3aHHBIM COCTOSHHUSM — YTOYHUTh
sHepruu cocrossHui u paccuntaTh AHK. B 3TOM moaxone Mbl MOMy4YWJIM 3HEPTHUI0 OCHOBHOTO
cocrostHust °Li, cormacyromyrocss ¢ JKCHEPMMEHTAIBHOM, M ONKCATH MEPBOE BO30YKIEHHOE
cocrossHie. HaMu nccrenoBaH psii pe30HAaHCHBIX COCTOSTHUM, HEKOTOPBIE U3 HUX MOYXHO COTNIOCTaBUTH
C U3BECTHBIMU M3 3KCTIepUMEHTa. Pe3yIbTaThl 3THX MCCIET0BaHUI YaCTUYHO MpPEACTaBIeHBI B paboTe
[3], ceifuac MBI TIpOmOKAEM JaHHBIC HCCIICIOBAHHS C HCIOJIb30BAaHUEM OOJBIIUX MOICIBHBIX
npoctpancTB NCSM, 4To O3BOUT YyTOUHUTH UMEIOLIHECS U MTOTYYUTh HOBBIC PE3yJIbTATHI.
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THEORETICAL STUDY OF °Li SPECTRUM USING THE SS-HORSE-NCSM APPROACH
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°Li ground and first excited state energies and spin-parities as well as some asymptotic
normalization coefficients (ANCs) are known experimentally; the energies of three resonances and the
spin-parity of one of them have been also determined. We perform a theoretical ab initio study of the
°Li spectrum by means of the No-core Shell Model (NSCM) [1] with Daejeon16 NN-interaction. We
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utilize the SS-HORSE formalism (Single-State Harmonic Oscillator Representation of Scattering
Equations) [2] to calculate the S matrix based on the NCSM results and to locate numerically the
S-matrix poles. This makes it possible to obtain resonance energies and widths; in the case of bound
states, the calculations of S-matrix poles provide improved results for binding energies and evaluation
of ANCs. Within this SS-HORSE-NCSM approach, we described the °Li ground state in a good
agreement with experimental data and the first excited bound state. We obtained also a number of
resonant states, some of them may be put into correspondence with experimentally observed
resonances. These results were partly published in Ref. [3]; we are continuing these investigations
using larger NCSM maodel spaces which will improve previous and provide new results.
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PE3OHAHCHBIE COCTOSIHUS SAIPA "He B IOAXOAE SS-HORSE-NCSM
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IIpencraBiaeHsl TeopeTHueckue wccieaoBanus ab initio pe3oHaHCHBIX COCTOSHMIT HECBSI3aH-
Horo sapa 'He [1]. Ha ocHOBe pe3yibTaToB, MOJYYEHHBIX B MOJEIM 000I0YeK 63 MHEPTHOIO Kopa
(no-core shell model, NCSM [2]) ¢ NN-B3aumopueiictusimu Daejeon16 [3] u JISP16 [4], B oaxone
SS-HORSE [5] paccunTanbl S-MaTpHIbl I JIBYXYacTHYHEIX KaHauos N + %He u n + ®He* ¢ agpom
®He cOOTBETCTBEHHO B OCHOBHOM U BO30YKIEHHOM 2* COCTOSHUSAX, a TAKKE JUIS YEThIPEXIACTUYHOIO
JIEMOKPaTHYECKOTo KaHana pacnana ‘He + n + n + n. Pe3oHaHCHbIE SHEPIUM U IUPUHBI OHNPEIEICHBI
YHCIICHHBIM PAcyeTOM IMOJIOKEHHS MOJOCOB S-MaTpuiibl. OnucaHbl BCE SKCICPUMEHTAIBHO HW3BECTHBIC
pe3oHaHchl 'He, TIpeuioskeHa MHTEpHpeTalys HabI0JaeMOro IMPOKOro PE30HAHCA HEM3BECTHOM CIIUH-
getHOCTH. [10Ka3aHO, YTO HpSAMBIE JEMOKPATHYECKHE YETHIPEXUaCTUYHbIE PACIIa/lbl PE30HAHCOB siapa 'He
TIOJTABJICHBI BCJIEACTBHE OOJIBIIOTO TUIepCPeprIuecKoro IeHTpoOSKHOTO Oaphepa.
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"He NUCLEUS RESONANT STATES IN THE SS-HORSE-NCSM APPROACH
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Ab initio studies of resonances in the unbound “He nucleus are presented [1]. We perform no-
core shell model (NCSM) [2] calculations with NN interactions Daejeon16 [3] and JISP16 [4] and
utilize the SS-HORSE-NCSM [5] approach to calculate the S matrix for two-body channels n + ®He
and n + ®He* with ®He respectively in the ground and excited 2* states as well as for the four-body
democratic decay channel “He + n + n + n. The resonant energies and widths are obtained by
numerical location of the S-matrix poles. We describe all experimentally known "He resonances and
suggest an interpretation of an observed wide resonance of unknown spin-parity. We conclude that the
direct democratic four-body decays of "He resonances are suppressed due to the large hyperspherical
centrifugal barrier.
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3ABUCUMOCTH DHEPT Ui CBSI3U TPEX YACTHUI] C KOHTAKTHBIM
B3ANMOJAEUCTBHUEM OT MACC
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PaccMOTpeHBI CHEKTpbl dHEPTMU TpPEX 4YacTUI] B YHUBEPCAIBHOM HHU3KOIHEPTETHUYECKOM
npezese AByX4acTUYHBIX B3aUMOACUCTBHI HYJIEBOTO paguyca. Llens cocTOUT B TOM, YTOOBI H3y4YHTh,
HNOMHMO THITHYHOTO CITy4ast TPeX MOJOKUTEIBHBIX Macc, TAakKe CIydail OHOM OTpUIIATEILHOM U IBYX
MOJIOKUTENBHBIX Macc. B mocneaHeM ciydae OMUCAHWE OTHOCUTEIBHOTO BIXKEHHS (B CHCTEME
[EHTpa Macc) SIBISIETCS XOPOIIO OIpeNeICHHON 3ajadell MpU yCIOBHH, YTO CyMMa BCEX Macc
oTpHIaTeNbHa. 3aMETHM, YTO TOSBICHUE OTPUIATENLHON (P(PEKTHBHOW MAacChl SBISIETCS OOBIYHBIM
SIBJICHUEM B 33J1a4ax O KOHJICHCHPOBAHHBIX Cpe/ax.

B cextope L = 0" momnoro ymosoro momenta L u wetHoctu P cymectByer s(dext
EdumoBa, a acummrotrka crekrpa mmeer Bum En = exp(2 m N / |g|). 3aBucumocts ¢ or Macc
ompeseNieHa, B TOM YHCIIE, [UI CIIy4dasi OMHON OTPULATENbHON U ABYX TIOJIOKHUTEIbHBIX MAcC.
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Jisi HEeHYJIeBOrO IOJHOTO YIVIOBOTO MOMEHTa, YTOOBl YMEHBIIUTH PsJi CyINIECTBEHHBIX
napaMeTpoB, pacCMaTpPUBAIOTCS JBE TOXKICCTBEHHbBIC YACTHLIBI MAcChl M U OTIMYHAA OT HUX YacTULA
Maccel Mi. Ecnu B3amMojelicTBUE MEXIy OJAMHAKOBBIMH YaCTUIIAMHU OTCYTCTBYET, TO CYIIECTBYET
COOTBETCTBHE MEXIy CICKTPaMH DHEPTHH sl TOJOKUTEILHOTO OTHOIICHHS Macc M/Mi u s
OTPHULATEIHHOTO OTHOLICHHST Macc M*/M*1 npu BbIMOMHEHHH paBeHCTBA M*/M*y = -m/my / (1 + 2
m/m;). B yacTHOCTH, IIPH BBITIOITHEHUH PABEHCTBA Uil HEYeTHBIX L, criektp dpepmuoHHO# (6030HHOIH)
3a/1audl MPU TOJIOKUTEIBHOM M/M1 COBMAgaeT co CHEeKTpoM 0030HHOW (PEepMHOHHOM) 3ama4uu MpH
oTpuLaTeaIbHOM M*/M*1; a mms deTHBIX L, CrekTpsl OO30HHON 3afa4d IS TIOMOXKHMTENBHBIX MU
OTpHLATENbHBIX Macc OnuHakoBbl. Ilpm 3ToM, kak uW B [l], MONMy4eHBI KPUTHYECKHE 3HAYCHUS
OTHOLIEHUS Macc B pasHbix LP cekropax. A MMEHHO, KpUTMYECKHE 3HAYeHHsS |l YKa3bIBAIOT Ha
BO3HHKHOBeHHUE dQdekra Edpnumosa, a |Ur ykasbIBaeT, Iie cieyeT BBECTH JIOTIOJHUTENBHBIN MapamMeTp
b s omHO3HAUHOM MOCTaHOBKY 3a1a4u. B wacTHOCTH, 11 LP=1" 1 oTpuiaTenbHOro OTHOIIEHUS Mace
W=-0,26664 u Uc~-0,35700, ecau OMUHAKOBBIMH YacTHUIIAMH SIBISIFOTCS 0030HBL [IpuBeneH mpumep
3aBUCHUMOCTH YHEPTUH OT CHJI B3aUMOJICHCTBUS JIJIsl HU3IINX TIOJTHBIX YIJIIOBBIX MOMEHTOB.
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Energy spectra of three particles in the universal low-energy limit of zero-range two-body
interactions are considered. The aim is to study, besides the typical case of three positive masses, the
case of one negative and two positive masses. In the latter configuration, the description of relative
motion (in the center of mass frame) is a well defined problem under the condition that a sum of the
masses is negative. Notice that the occurrence of negative effective mass is common in the condensed
matter problems.

In the sector LP = 0" of total angular momentum L and parity P, Efimov effect takes place, and
an asymptotic form of the spectrum is given by Ex = exp(2 « N / |g|). The dependence g on masses is
determined including the case of one negative and two positive masses.

In order to diminish a number of essential parameters for nonzero total angular momentum one
considers two identical particles of mass m and distinct one of mass m. If there is no interaction between
identical particles then it appears that there is a correspondence between energy spectra for the positive
mass ratio m/m; and negative mass ratio m*/m*; provided the relation m*/m*; = - m/my / (1 + 2 m/my) is
valid. Particularly, under this relation, for odd L, the spectrum of fermionic (bosonic) problem for
positive m/m; coincides with the spectrum of bosonic (fermionic) problem for negative m*/m*;, while
for even L the spectra of bosonic problem for positive and negative masses are the same.

Furthermore, similar to [1], the critical values of the mass ratio are obtained in different LP
sectors. More precisely, the critical values p. indicates an occurrence of the Efimov effect and
indicates where an additional parameter b should be introduced to unambiguously formulate the
problem. In particular, for LP=1"and negative mass ratios, u~-0.26664 and ps=-0.35700 if the identical
particles are bosons. The dependence of energy on the interaction strengths for the lowest total angular
momenta is exemplified.
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B cTpykType penako3eMenbHBIX SAep, aKTHHHIOB U CBEPXTSDKENBIX SIEP BAXXHYIO POJIb HTPAIOT
KOpPEISIHY, MPHUBOMANIME K 3EepKAIbHO-aCUMMETpHUYHON nedopmanuu [1]. DrcnepuMeHTalIbHO
3epKajJbHO-aCHMMETpUYHasH TehopMaIus IPOSBISIETCS OSBICHUEM HU3KOJIEKAIUX COCTOSHUN OTpH-
1IaTeJIbHOM YE€THOCTH, CBS3AaHHBIX CHIIBHBIMHM TE€peXoJaMH HEYETHOW MYJBTHIOJBHOCTH C YJIEHAMH
MTOJIOCKI OCHOBHOTO COCTOSIHHS. B paMkax reoMeTpudecKod KOJUIEKTHMBHOW MOJENIH W KIaCTEPHOTO
MOAXOAA TMOJYYEHBbl AHAIUTUYECKHE BBIPAXKEHUS ISl 3aBUCMMOCTH BEJIMYMH PACLICIUICHUS [0
YETHOCTH M MEPEXOAHBIX AUIMOJBbHBIX MOMEHTOB OT yIJIOBOI0 MOMeHTa [2, 3]. B kitactepHoii moaenu
JIBOWHOM SIEPHON CHCTEMBI IPOW3BEICH PacueT PACIISIUICHHSI TT0 YETHOCTH U KPUTHUECKHUX YTIIOBBIX
MOMEHTOB JJIs1 siziep ¢ Z > 96 [4].

STABILIZATION OF OCTUPOLE DEFORMATION IN HEAVY AND SUPERHEAVY
NUCLEI

E. V. Mardyban, E. A. Kolganova, T. M. Shneidman, R. V. Jolos

Laboratory of Theoretical Physics, Joint Institute for Nuclear Research Joliot-Curie 6,
141980 Dubna, Moscow Region, Russia
post@jinr.ru, +7 (496) 216-51-46

The correlations, which leading to reflection-asymmetric deformation, play an important role
in the structure of rare-earth nuclei, actinides and superheavy nuclei [1]. Experimentally, the
reflection-asymmetric deformation is manifested by the appearance of low-lying negative-parity states
associated with strong odd multipole transitions with members of the ground state band. In the
framework of the geometric collective model and the cluster approach, analytical expressions are
obtained for the dependence of the parity splitting and transition dipole moments on the angular
momentum [2,3]. Parity splitting and critical angular momenta for nuclei with Z > 96 were calculated
in the cluster model of a dinuclear system [4].
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HOBEAEHUE MOMEHTA MHEPLIUU B CUJIBHOJAE®OPMUPOBAHHBIX SIJIPAX
24Mg ¥ 2°Ne
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Mpl uccienoBan geopMalMOHHY0 3aBUCHMOCTh MOMEHTa WHEPIHW J IS JIETKHX sijiep
Mg 1 ®Ne ¥ HalLM PeXXUMBbI, IPH KOTOPBIX J yMEHBIIAETCS C POCTOM aKCHAIBHON KBAAPYIOJILHOM
nedopmanuu B, B OTIMYME OT OXKUAAeMOW TeHIeHUMH K pocty [1]. HMccnemoBanume ocHOBaHO Ha
KBaJAPYIMOJbHBIX pacuerax [2, 3] ¢ umcmomp3oBaHumeM Ttpex mnoaxoxoB mnst J (Murmuca-bensiesa,
Tayneca-Banaruna, annabatnaeckoro, 3aBUCSIIETo OT BpeMeHHn XapTpu-Poka) n Habopa cun Ckupma
(SVbas, SkM* u SLy6). PacdeTsl 0XBaThIBAIOT IMUPOKHU Auama3oH aedopmanmii 0 < f < 1,2.
AnomanbHbli pesxum ¢ dJ/dB < 0 Haunnaercs npuMepro 1pu B = 0.5 wia Mg u B = 0.7 ans 2Ne, rae
cnapuBaHue Yyxe Hapymaercs. HeoObruHblii TpeHn J oObsicHsercs 3¢ddexkrom obomoueuHOH
CTPYKTYpBL: CHEeUM(UUECKONH 3BOJIIOLUEH HECKOJIBKUX IOMUHMPYIOIIMX KOH(UIrypauuil yacTuma-
JbIpKa C 3. AHaMU3 SKCIEPUMEHTAJIbHBIX JaHHBIX AJIS BPAIIATEJbHBIX I10JIOC OCHOBHOT'O COCTOSIHUS B
Mg u ®Ne [4] nokasbIBaeT, 4TO TaKOil aHOMAIbHBIA SPPEKT JNEHCTBUTENEHO MOKET UMETH MECTO
NpY HU3KHUX CIIMHAX.
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We investigate the deformation dependence of the moment of inertia J for light nuclei Mg
and ?Ne and find regimes where J decreases with increasing the axial quadrupole deformation P, at
variance with the generally expected increasing trend [1]. The study is based on quadrupole
constrained calculations [2, 3] using three cranking approaches for J (Inglis-Belyaev, Thouless-
Valatin, adiabatic time-dependent Hartree-Fock) and set of Skyrme forces (SVbas, SKM* and SLy6).
The calculations cover a wide deformation range 0 < 3 < 1.2. The anomalous regime with dJ/df} < 0
starts at about B = 0.5 for Mg and B = 0.7 for ?’Ne, where the pairing already breaks down. The
unusual trend of J is explained by a shell structure effect: specific evolution of few dominant particle-
hole configurations with . The analysis of experimental data for the ground-state rotational bands in
24Mg and ?°Ne [4] shows that such anomalous effect indeed can take place at low spins.
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OIITUMAJIBHBIE OHEHKHA HA CKOPOCTbD 2BOJJIIOIUHA ITOAITPOCTPAHCTBA
COCTOSTHUI B CJIYUAE IOTEHIIUAJIA, 3ABUCSIIETO OT BPEMEHU

A. K. MoToBuj10B

JlaGoparopus Teopetnueckoi ¢puzuku, 141980 OO0benMHEHHBI HHCTUTYT SIIEPHBIX UCCIIEAOBAHUH,
r. lybna MockoBckoii o0mact, yi. XXommo-Kropu, a. 6
Ten.: +7 (496) 216-3355; daxc: +7 (496) 216-5084;
e-mail: motovilv@theor.jinr.ru

[lox KBaHTOBBIM OTpaHMYCHUEM CKOPOCTH OOBIYHO MOHMMAIOT HWXKHIOI OIEHKY Ha BpeMs,
HeoOXomuMoe ISl Iepexofa KBaHTOBOW CHCTEMBI M3 OHOTO €€ CocTosHus B apyroe. HamGonee
M3BECTHOM OLIEHKOH TaKoro poja sIBIsSETCs] HepaBeHCTBO MaHzenbimTaMa-TaMMa, CBSI3bIBAIOIIEE Hau-
MEHbIIIEe BO3MOXKHOE BpeMs, HE0OX0IUMOoe Ul Iepexoaa, C AUCIEPCUel SHEPIUU CUCTEMBI B HCXO/-
HOM COCTOSHMH. B NpPOTHBOIMOJIOKHOCTh KJIaCCHYECKOMY HEpaBeHCTBY MaHjenbpiTama-TaMma Mbl
ClIeUM 3a IWIPEAMHIEPOBCKOM 3BOJIOLMENH HE OTAEIBHOTO COCTOSHHUS, a 1IeJIOr0 IMOANPOCTPaHCTBA
COCTOSIHHH, BO3MOXHO, O€CKOHEUHOMEpPHOro. Mcronp3yss MOHATHE MAKCHMAIBHOTO yIIa MEXIY IOA-
MPOCTPAHCTBAMH, MBI YCTaHABIMBAaeM ONTHMAJIbHBIE OLEHKM Ha CKOPOCTh ABOJIOIMH TaKOro MOIIPO-
CTpaHCTBa. B HaieM HacTosIIeM HCCIENOBaHUM PEe3yibTaTbl, YCTaHOBIEHHbIE B [1] 1 BpeMsHe3a-
BUCUMBIX oneparopos Llpéaunrepa, o0OOLIalOTCS HA CiIydail SBOJIOIMHU IOAIPOCTPAHCTBA, MOPOXK-
JaeMoit (BO3MO)KHO, HEOIPaHUUEHHBIM) TaMIJIBTOHHAHOM C TTOTEHIIMAJIOM, 3aBHUCSIIUM OT BPEMEHH.
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By a quantum speed limit one usually calls a lower bound on the time that is needed for a
quantum system to evolve from a given state to a target state. The most known quantum speed limit is
given in the form of the celebrated Mandelstam-Tamm inequality that bounds the minimal passage
time of a state in terms of its energy dispersion. In contrast to the basic Mandelstam-Tamm inequality,
we are concerned not with a single state but with a (possibly infinite-dimensional) subspace which is
subject to the Schroedinger evolution. By using the concept of maximal angle between subspaces we
derive optimal bounds on the speed of such a subspace evolution. Our present study extends the results
obtained in [1] for time-independent Schroedinger operators to the case of subspace evolution
governed by a (possibly unbounded) Hamiltonian including a time-dependent potential.
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MPSAIMOE HABJIIOJJEHUE 3ABUCUMOCTH HEUTPOH - JIEKTPOHHOM SHEPTUA
CBA3U OT PACCTOSIHUSA MEXKITY HYKIOHAMH

B.TI'. Ilnexanos
Fonoriton Sci. Lab., Garon LtD., Tallinn, 11413, Estonia; vgplekhanov@gmail.com

XO0poIIo BceM M3BECTHBIN KOA((UIIMEHT — SHEPTHUS CBSA3U MPOTOHA C 3eKkTpoHoM (13,6 3B)
COJepKUTCS B 000 KHHUIre 1O aTOMHOH (u3uke. SBisromiasicss BTOPOH yacTUIel B siApe aTroma —
HEHTPOH, CBOHCTBa KOTOPOTO M3y4YeHBI HE TaK IOJHO KaK y MpOTOHA. J[eMOHCTpamued cka3aHHOTO
CIIY’)KUT OTCYTCTBHE 3HAHHUS O HEWTPOH — 3JIEKTPOHHOW dHeprum cBszu [1]. [lobaBuM, YTO OLIEHKY
paguyca IEWUCTBUA SIIEPHBIX CHUJ MONy4daroT U3 paccesHus 10 M>B HeHTpoHOB Ha MPOTOHAX.
Hacrosimuit  f1okian TOCBSIMIEH pe3ylbTaTaM HEYCKOPUTEIBHOTO H3YYEHHUS CHIBHOTO SICpHOTO
JAILHOJCHCTBUSI B MacCOBOM HW30TOMUYECKOM 3(PQPEKTe COBPEMEHHBIM METOIOM HH3KOTEMIIepa-
TYPHOH ONTHYECKOH CIEKTPOCKONUHU KOHIEHCHUPOBAHHOTO COCTOSIHUS. DTO CTAN0 BO3MOXHBIM IOCIHE
OTKPBITHSL, YTO 00aBJIEHHE OAHOTO HEUTPOHA BBI3BIBACT I100aJIbHOE U3MEHEHHE MAKPOCKOIIMYECKHX
XapakTepucTuk TBEpAoro Tena. Habmomenue wuszortomuueckoro casura (0,103 3B) GecdoHOHHOM
JMHUA CBOOOTHBIX OSKCHTOHOB B CIEKTpax JIIOMHHECHEHIUH KpuctawioB LiH (6e3 cuibHOTO
B3aUMOJICHCTBHS B sipe Bogopoa) u LiD (C cuibHBIM B3auMOIEHCTBHEM B siape JAeUTEpHs) SBHIOCH
MIEPBBIM U MPSIMBIM JIOKa3aTeJIbCTBOM JaibHOAeHCTBUS noTeHunana KOkasbl. [JlelicTBUTENBHO, B 000MX
KpHUCTaJIaX MOHBI JIUTHUS, IPOTOH M DJIEKTPOH OJHHU M T€ XK€ U, CIEI0BaTEeNIbHO, TPaBUTAMOHHOE,
3JIEKTPOMAarHUTHOE W cj1aboe B3aUMOACHCTBHE y HHMX OJHM M T€ Xe, a J00aBlIeHHe HEUTpoHa,
cornacHo HOkaBe MOSBIISIETCS] CHMIIBHOE B3aMMOJICHCTBHUE, BIMSHHE KOTOPOTO M MPOSBISECTCS B U30-
TOMUYECKOM CIBUTE. OTH OKCIEPUMEHTAIbHBIE PE3yNbTaThl MNPOJEMOHCTPUPOBAIN HEHTPOH —
anektpoHHyio sHepruto cBs3u (0,105 3B) koropas mpekpacHO coriacyercs € TEOPEeTHYECKUMHU
onenkamu bpeiita [2], paBHoit 0,1067 3B. briio HaiineHo, YTO MakCHMallbHOE 3HAYEHHE KOHCTAHTHI
CHJILHOT'O JalbHOACHUCTBUS B siape aertepus paBHo 2,4680. Emé onuH sipkuii ekt HOBOI GU3UKU
CBSI3aH C M30TOMUYECKUM CO3JaHHEM Macchl y 0e3MaccoBbIX (pepMHOHOB (JienToHOB) B Tpadene [3].
DTOT MEXaHW3M CO3MaHMs Macchl ObUT TpenckazaH Oomee 15 mer Hazaxm b. JI. Modde [4] mus
HU3KOIHEPTeTUUECKUX AIEMEHTAPHBIX BO30YXKAECHUH, He TPeOYyIOIMX OTPOMHBIX SHEPTHH BO30YXK-
JICHUSI COBPEMEHHBIX YCKOPHUTEIICH.
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DIRECT OBSERVATION OF THE DEPENDENCE OF THE NEUTRON - ELECTRON
BINDING ENERGY ON THE DISTANCE BETWEEN NUCLEONS
V. G. Plekhanov

Fonoriton Sci. Lab., Garon LtD, Tallinn 11413, Estonia; vgplekhanov@gmai.com

The well-known coefficient - the binding energy of a proton with an electron (13.6 eV) is
contained in any book on atomic physics. Being the second particle in the nucleus of an atom, the
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neutron, whose properties have not been studied as fully as that of the proton. The demonstration of
what has been said is the lack of knowledge about the neutron-electron binding energy [1]. We add
that the estimate of the radius of action of nuclear forces is obtained from the scattering of 10 MeV
neutrons by protons. This report is devoted to the results of non-accelerator study of strong nuclear
long-range interaction in the mass isotope effect by the modern method of low-temperature optical
spectrjscopy of condensed matter. This became possible after the discovery that the addition of one
neutron causes global changes in the macroscopic characteristics of a solid. The observation of an
isotopic shift (0.103 eV) of the zero-phonon line of free excitons in the luminescence spectra of LiH
(without strong interaction in the hydrogen nucleus) and LiD (with strong interaction in the deuterium
nucleus) crystals was the first and direct evidence of the long-range interaction of the Yukawa
potential. Indeed, in both crystals, the lithium ions, the proton and the electron are the same and,
therefore, the gravitational, electromagnetic and weak interactions are the same, and the addition of a
neutron, according to Yukawa, a strong interaction appears, the influence of which manifests itself in
the isotopic shift. These experimental results demonstrate the neutron-electron binding energy (0.105
eV) which is in excellent agreement with the theoretical Breit [2] estimate of 0.1067 eV. It was found
that the maximum value of the strong long-range coupling constant in the deuterium nucleus is 2.4680.
Another sright effect of the new physics is associated with the isotopic creation of mass by massless
fermions (leptons) in graphene [3]. This mass creation mechanism was predicted more than 15 years
ago by B.L. loffe [4] for low-energy elementary excitations that do not require huge excitation
energies of modern accelerators.
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INPUMEHEHHUE AB INITIO IOAXOJOB K PACHETY ITAPHHUAJIBHBIX INNUPUH
PACIIAZIA PE3BOHAHCHBIX COCTOSIHUU JIETKUX SITEP U CEYEHUU
PE3OHAHCHBIX SAJAEPHBIX PEAKLINUN

1. M. Poakun 2, FO. M. YyBuibckuii 12

! Hayuno-uccnenoBarensckuii MHCTUTYT saepHoi ¢pusuku umenn J1. B. Ckobenbipina
MoOCKOBCKOTr0 rocyJapcTBEHHOro yHuBepcurteta umenu M. B. JlomoHocoBa
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B coBpemeHHOW TeopeTHYecKoil snepHOW (u3MKe Bce OoInblllee MECTO 3aHUMAOT
BBICOKOTOYHBIE MHKPOCKOTIMYECKHE TOXO0JIbI, B YACTHOCTU ab initio (M3 TEPBOMPUHIMIIOB) METOBI
ONHMCAaHMUSA AaTOMHBIX saep. OTH MOAXOABl OCHOBaHbI Ha MPUMEHEHUH peaaucTHuecKux NN-
MOTEHIHANIOB. BaskHoe MecTo cpeau ab initio METOMOB 3aHMMAIOT Pa3IMYHBIC BEPCHH 000I0YEUHOM
Mozenn siapa OesunepTHoro kopa (NCSM). B aroii Momenud MOXKHO JIOBOJBHO TOYHO PaCCUUTATh
BOJIHOBBIE (DYHKIIMM OCHOBHBIX M PE30HAHCHBIX COCTOSHMM JIETKHUX sJiep, KaK CTaOWJIbHBIX, TaK U
HectabuinbHbIX. OgqHako NCSM He MOXET HEeNOCPEICTBEHHO NMPUMEHSTHCS Ui pacdeTa acHUMIITO-
TUYECKUX HOPMHUPOBOUHBIX KOA(PGuimeHToB (ANC) 3aKpBITHIX M ITMPHH OTKPHITHIX KAHAJIOB pacnajaa
aaep. ABTopamu ObUT pa3paboTaH METOA OPTOTOHATM3UPOBAHHBIX (YHKLHMI KIaCTEpHBIX KaHAJIOB
(CCOFM), npenHazHaueHHbIA [UIsI pacueTa aCUMITOTHYECKUX XapaKTEePUCTUK BHUPTYaJbHOTO U
peanbHOrO pacmana saep. JaHHBI MOIXOA € YCIEXOM NPUMEHSIJICS JJsl pacueTa pacraHBIX
XapaKTePUCTUK OOJBIIOTO KOJMYECTBA KaK CBS3aHHBIX, TAK M PE30HAHCHBIX COCTOSIHUH, B TOM YHCIIE
BBICOKOBO30YKIEHHBIX cocTosumii smep °He, 'Li, 'He, ®Be, ®Be u °Li. EcrecTBeHHBIM
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MPOAOJIKEHUEM ATOUW JIMHUU HCCIIEIOBAHUIN ABJISIETCS MPEJICTABICHHBIN B IOKJIa/le HOBBIM MOAXOJ K
aHaNMM3y TONHBIX W audQepeHImanbHbIX CeUCHUN SACPHBIX peaknuii. B pamkax maHHOTO mMoaxoja
OBLIT IPOBEJIEH TEOPETUUECKUH pacueT (pyHKIMU Bo30y)aenus peakimu p(’Li,*He)*He B pe3onancHoit
obmactu sHepruil. JlaHHas peakmusl XapakTEPU3yeTcs BKIAJIOM B CEUCHHE OONBIIOrO KOJIMYECTBA
MEPEKPHIBAIOIINXCS PE30HAHCOB, YTO JIETaeT e€ro HemOoCPeACTBeHHOe (PUTHPOBaHUE 03 IPUMEHEHUS
TEOPETUUYECKUX JAHHBIX JOCTATOYHO MPOU3BOJIBHOM Mpouenypod. Pe3ynabTaTsl TEOPETHUYECKOTO
pacueTra MOKa3bIBalOT BIIOJIHE YJIOBJIETBOPUTEIBHOE COOTBETCTBUE TEOPETUYECKOTO pacuera
9KCIIEPUMEHTAIbHBIM JIaHHBIM Jake 0€3 JOMOIHUTEIBHOTO (UTHPOBaHMA. B MTOre moATBEepKIcHA
MPUMEHUMOCTE Pa3pabOTaHHOTO TOAXOAa JUIS HWCIIONB30BAHUS B pacueTax CEYeHUH SACPHBIX
peakmuii. Kak crmeacTBue, TaHHBIM METOI MOYKHO pacCMaTpHBATh KaK OJUH M3 HEMHOTHX HAJEKHO
000CHOBAaHHBIX MHKPOCKOIMYECKUX MOJIX0A0B, OOBECIUHSIONIMX TCOPHIO aTOMHOTO Sipa M TCOPHIO
SIIEPHBIX PEAKIUI.

APPLICATION OF AB INITIO APPROACHES TO THE CALCULATION OF PARTIAL
DECAY WIDTHS OF RESONANT STATES OF LIGHT NUCLEI AND CROSS SECTIONS
OF RESONANT NUCLEAR REACTIONS

D. M. Rodkin?, Yu. M. Tchuvil’sky 12
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2 Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics,
1(2) Leninskie Gory, Moscow, 119991, Russia,
Tel.: +7 495 939-18-18, fax: +7 495 932-08-96

Nowadays, in theoretical nuclear physics, high-precision microscopic approaches, in
particular, ab initio methods for describing atomic nuclei, occupy a prominent place. Ab initio
approaches are based on the application of realistic NN-potentials. An important place among ab initio
methods is occupied by various versions of the no-core shell model (NCSM). Using this model one
can accurately calculate the A-nucleon wave functions of the ground and resonance states of light
nuclei, both stable and unstable. However, NCSM cannot be directly applied for calculation of the
asymptotic normalization coefficients (ANC) of closed and partial decay widths of open decay
channels. The authors have developed cluster channel orthogonalized functions method (CCOFM) —
designed to calculate the asymptotic characteristics of virtual and real nuclear decay channels. This
approach has been successfully used for obtaining the decay characteristics of a large number of both
bound and resonance states, including highly excited states of °He, ’Li, 'He, ®Be, 1°Be, and °Li nuclei.

A natural continuation of this research is the development of the new approach for the analysis
of nuclear reactions total and differential cross sections presented in this report. Within the framework
of this approach, a theoretical calculation of the excitation function of the p("Li,*He)*He reaction in the
resonant energy region was carried out. This reaction is characterized by the influence of a large
number of overlapping resonances, which makes its direct fitting without the use of theoretical data a
rather arbitrary procedure. The results of the theoretical calculation show quite satisfactory agreement
between the theoretical calculation and the experimental data even without additional fitting. As a
result, the applicability of the developed approach for use in calculations of cross sections for nuclear
reactions was confirmed. As a consequence, this method can be considered as one of the few well-
founded microscopic approaches that combine the theory of the atomic nucleus and the theory of
nuclear reactions.
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[pemaraercst HOBBIA (opMmanu3Mm it 3PQPEKTHBHOTO y4eTa HEHYKJIOHHBIX CTEleHeH
cBOOOJBI TIPH pacyeTax B OECKOHEYHOW SIEpHOW Marepud. ITOT (QopMainu3M OCHOBaH Ha
nubapuoHHOUM Monenu HykinoH-HykiaoHHOTo (NN) B3aummogeiictus [1], yunTeiBaromieli oOpa3oBaHue
MPOMEKYTOYHOTO IIECTUKBAPKOBOrO (AMOAPHOHHOTO) COCTOSIHUSI B KaXKIOH MaplHaibHO-YTIIOBOM
NN-konpurypamuu. Takod MexXaHW3M TPUBOJUT K 3aBHUCAIIEMY OT O3Hepruu 3(dexTuBHOMY
B3aUMOJICHCTBUIO HYKJIOHOB, OTPaKAalOIIEMY CBS3b C BHYTPEHHMM HEHYKJIOHHBIM KaHamoM. Jlms
pacyeToB B SIEpHOW Marepuu YIAOOHO paccMaTpuBaTh TaKOW BHYTPEHHHMH KaHal $BHO. 37ech
pa3palboTaH CHelMaIbHBIA JBYXKaHAJIBHBIA TMOIXO0J, MPEACTABIAIONINA cO00M 0000IICHHE TEXHUKU
BOJIHOBBIX IIaKETOB, Pa3BUTOI paHee aBTOpPaMHU JUIS OMHUCAHUS IMPOIECCOB B SIEPHOW MAaTepUU C
Y4EeTOM CTaHIapTHHIX Me30H-00MeHHbIX NN-B3anmopeicTsuii [2, 3].

Ha ocHoBe paszButoro mnoaxona OyJeT TONYYE€HO YpPaBHEHHE COCTOSHHS CUMMETPUYHOM
SAJEpPHON MaTepuU MPH HATWUYUHM JOMOJHHUTENHLHOTO JTUOAPHOHHOTO KaHAla, a TaKKe CBEPXTEKydHe
menu. Panee ObUT0 MOKa3aHO, YTO BHICOKOMMITYJbCHBIE KOMIOHEHTH! NN-B3anMoneicTBus B anba-
PHOHHOI MOJENH OTIMYAIOTCS OT NPEACKa3bIBAEMbIX CTAHAAPTHBIMU ME30H-OOMEHHBIMH MOJCISMH.
[TosTOMyY Takasi MOAENb JOJKHA MPUBOIUTh U K OTIMYHBIM KOPOTKOACHCTBYIOIIMM KOPPEISIUIM
HyKJIOHOB B siiepHoi cpene. Taxxke OyayT BeramciaeHsl ceepxtexyune meian B NN-kananax °D; u °PF,,
Jarolye BayKHbIE BKJIAAbl B 3QQEKT capuBaHUs MPH BBHICOKOH MIOTHOCTU CPEIbl B CUMMETPUYHON
SIIEPHON MAaTEpUU U HEUTPOHHON MaTEPUU COOTBETCTBEHHO.

HccnenoBanue BBITONHEHO 3a cueT TpanTa Poccuiickoro Haydnoro ¢onzaa (mpoekt Ne 23-22-
00072).
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ACCOUNT OF NON-NUCLEONIC DEGREES OF FREEDOM IN NUCLEAR MATTER
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We introduce a new formalism for nuclear matter calculations which allows to consider
effectively non-nucleonic degrees of freedom. Here the dibaryon model for the bare nucleon-nucleon
(NN) interaction is employed [1]. This model takes into account a formation of the intermediate six-
guark (dibaryon) state in each partial NN-configuration. The respective mechanism leads to an energy-
dependent term in the interaction which reflects the coupling with the internal non-nucleonic channel.
In nuclear matter calculations, it is convenient to consider the above dibaryon internal channel
explicitly. A special two-channel formalism is developed for such type interaction. For this purpose,
we generalize the wave-packet approach which has been shown to be efficient in practical nuclear
matter calculations with the conventional meson-exchange NN potentials [2, 3].
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Within the developed formalism we calculate the equation of state for symmetric nuclear
matter and also the pairing gaps with account of the coupling with the internal dibaryon channel. The
NN interaction of the dibaryon model is shown to have high-momentum components which differ
from those for the meson-exchange NN potentials. So that, one can expect different contributions of
short-range NN correlations in nuclear matter as well. A special attention will be paid to the pairing
gaps in the channels 3D, and 3PF, which give visible contributions to pairing at high density in
symmetric nuclear matter and neutron matter correspondingly.

This work was supported by the Russian Science Foundation grant no. 23-22-00072.
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HHAYIOUPOBAHUE MYJIbTUIIOJIBHBIX IEPEXO/10OB B AIPAX
3AKPYUYEHHBIMHU ®OTOHAMMU

A. A. CoxkoJos, IlI. O. Kazunckuid
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[locnenHee BpeMsi MIUPOKO PACIPOCTPAHSIOTCS METOJBI U3YUEHHS CTPYKTYPBI MHUKPOCHCTEM
C IIOMOMIBI0 YacTHUI] C HErayccoBbIM IpoduiieM BONHOBBIX (yHkumid [1]. Ilpumepom mnociegHux
SIBJISIIOTCS 3aKpy4eHHbIe (HOTOHBI [2, 3], 97I€KTPOHBI U HEHTPOHBI [4—6] — YacCTHIIBI ¢ ONMpeaeIEHHOM
MPOEKIHMEH MOJHOTO YIJIOBOTO MOMEHTa Ha BBIIENECHHYIO OCh. B mporecce paccesiHUs TaKHX YacTHI]
MIPOSIBIISIIOTCSl paHee HEM3BECTHBIC KBAHTOBBIE A(PQEKTHI, KOTOPHIE HCHOIB3YIOTCS AJS MOTYUYCHUS
HOBOM MH(OPMAIIUN O CHCTEME.

B pabote paccMmarpuBaeTcsi mpoiecc HEYIpyroro paccCesHHsl 3aKpydeHHBIX (POTOHOB Ha
CBOOOJHBIX aTOMHBIX siApax. HawanmpbHOoe coOCTOsiHME LIEHTpa Macc siupa 3aAaéTcs TayCCOBBIM
BOJIHOBBIM MakeToM. OCHOBHBIM METOJOM BBIYHMCICHUS HWHKIIO3MBHOW BEPOSTHOCTH (POTOMOIIIO-
IICHUS SIBIISIETCS CTAHIAPTHBIN S-MaTpHYHBIN (OpPMaNM3M U TEOpUs BO3MYIIECHHH O MOCTOSHHOMN
TOHKOH CTPYKTYpbl. B JJIMHHOBOJIHOBOM NPHUOIMKEHUH IOJyYEHO BBIPAXKEHUE ISl BEPOSITHOCTU
¢oromornomeHus B BUIAE psAAa MO MPUBEAEHHBIM MAaTPUYHBIM JJIEMEHTAM MYJIBTHIIONBHBIX OIepa-
TopoB. IlokazaHo, 9T0 OCHOBHOH BKJIaa B (hOTOMOTIIONMIEHHUE SIIPOM 3aKpydeHHOTO (POTOHA C MPOEK-
IIHEH TIOJTHOTO YIIIOBOIO MOMEHTA M Al0T IepeXo bl Thma E|m.

Pesynprarel umccnenoBaHuss MOTYT OBITh HCIONB30BAHBI MJISl TONYYEHHUS M HW3yUYCHHUs
TUTAHTCKUX PE30HAHCOB OOJBIION MYJIBTHIIOIBHOCTH.
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EXCITATION OF MULTIPOLAR TRANSITIONS IN NUCLEI BY TWISTED PHOTONS
A. A. Sokolov, P. O. Kazinski

Tomsk State University, Tomsk, Russia
E-mail: Alexei.Sokolov.A@gmail.com

Recently, methods for studying the structure of microsystems using particles with non-
Gaussian wave function profiles have become widespread [1]. Examples of such particles include
twisted photons [2,3], electrons, and neutrons [4-6] — particles with a definite projection of the total
angular momentum onto a distinguished axis. Previously unknown quantum effects are manifested in
the process of scattering of such particles and are used to obtain new information about the system.

This work considers the process of inelastic scattering of twisted photons on free atomic
nuclei. The initial state of the nucleus's center of mass is defined by a Gaussian wave packet. The main
method for calculating the inclusive probability of nucleus photoexcitation is the standard S-matrix
formalism and perturbation theory with respect to the fine structure constant. In the long wavelength
approximation, an expression for the probability of photoexcitation of a nucleus is obtained in the
form of a series of reduced matrix elements of multipole operators. It is shown that the main
contribution to nucleus photoexcitation by a twisted photon with projection of the total angular
momentum m comes from E|m| transitions.

The results of the study can be used to generate and to study giant resonances of high
multipolarity.
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FEHEPAIIUSI MACCOBBIX TABJIUI] HA OCHOBE PABHOCTHBIX COOTHOIIEHUI
SHEPI'MM CBA3U SAJAEP

K. A. Cronanu?, T. 0. Tperbaxosal?, A. I1. Usnesa, JI. ®. Baiipamos?®
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[IpocTthie apudMeTHUecKkre Pa3HOCTHBIE COOTHOIIEHHS SHEPTHU CBSA3M W Macc siep NaBHO
UCTIONIB3YIOTCA B SACPHON (u3MKe s TpEACKa3aHus HEU3BECTHBIX MacC SAep, HCCICAOBAHUS
Pa3IMYHBIX THIIOB HYKJIOHHBIX KOPPEISIMA, aHATU3a KCIIePUMEHTAIbHBIX JaHHBIX U T. 1. K Hanbo-
Jiee U3BECTHBIM COOTHOIICHUSIM 3TOTO THIIA OTHOCATCS MaccoBbie cooTHomenus ['apu-Kencona GKL
u GKT [1], a Taxke COOTHOLICHUs, MONydeHHBbIC mMyTeM HX Momudukammu [2]. Ha murockocTtu
NZ-nuarpaMMbl aTOMHBIX siIep Pa3HOCTHBIC COOTHOIICHHUS PaccMaTPUBAEMOrO THIA 3aJal0T
Pa3HOCTHBIC YPABHEHUS, KOTOPBIE B 3aBUCMMOCTH OT BHJIa PA3HOCTHBIX COOTHOIIICHUI MOTYT SIBJISITHCS
OJTHOPOTHBIMH WJIM HEOJTHOPOJHBIMHU. PENICHUsT 3TUX ypaBHEHUH OMPENENSIOT MAaCCOBBIC TAOHIIBI,
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COOTBETCTBYIOIIIUE JAHHOMY Pa3HOCTHOMY COOTHOIIeHHI0. [Ipn 3ToM ypaBHeHHe pemiaercs
aHAJIOTUYHO UG QepeHINAIbHBIM YPAaBHEHUSIM B YaCTHBIX MPOM3BOIHBIX, a B KAUECTBE I'PAHUYHBIX
YCIIOBUH HCTIONB3YIOTCS JIaHHBIE 00 OKCIIEPUMEHTAIbHO M3MEPEHHBIX 3HAYCHUSX MAacc sep.
PaccMmoTpeHbl ceMeicTBa Pa3HOCTHBIX COOTHOIICHUH pazMepHOCThiO 10 N 1 Z, COOTBETCTBEHHO, 2X2,
3x3 un 4x4 ¢ pa3nMYHBIMK 3HAaUYCHUSIMU KO3((GHUIMEHTOB. B KaxmoMm cemeiicTBe ompeneneHbl
ONTUMAJIbHBIE PA3HOCTHBIC COOTHOLICHUS JUIS SZIEP ¢ YETHBIM M HEYETHBIM KOJINYECTBOM MPOTOHOB U
HEHTpoHOB. HekoTopble W3 TMONYyYEHHBIX ONTHMAIBHBIX PAa3HOCTHBIX COOTHOIICHHH COBHANHU C YKe
W3BECTHBIMH, HO B OCTaJbHBIX CIy4asx ObUTM HalJieHbl paHee HE YIOMHHABIIHECS COOTHOIICHHS.
PaccMoTpeHHBIE Pa3HOCTHBIE COOTHOILIECHHMSI MUCIIOIB30BaHbI /ISl TEHEPalii MAacCOBBIX TAaONUI] U BbI-
YHUCJICHUS! CPEIHEKBAJPATUYHOTO OTKJIOHEHUS TpEACKa3aHHBIX MacC OT 3HAa4YeHWH O3KCIEpUMEH-
TajapHOU 0a3bl Janaelx AME2020.
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Ortkionenue B MaB 3HaueHuit macc sijiep, pacCUUTaHHbIX Ha OCHOBE
Pa3HOCTHOTO COOTHOLIEHUS Anp, OT JaHHbIX AME2020.

Cnucok JIuTepaTypbl

[1] G. T. Garvey et al., Rev. Mod. Phys. 41, S1 (1969).
[2] Z. He, M. Bao, Y. M. Zhao,A. Arima, Phys. Rev. C 90, 054320 (2014).
[3] E. V. Vladimirova et al. Int. J. Mod. Phys. E 30, 2150025 (2021).

CALCULATION OF MASS TABLES BASED ON DIFFERENCE RELATIONS OF NUCLEAR
BINDING ENERGIES
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Simple arithmetic difference relations of nuclear binding energies and masses are used for a
long time in nuclear physics for prediction of unknown nuclear masses, exploration of different kinds
of nucleon correlations, analysis of experimental data and so on. The most well-known relations of this
type include the Garvey-Kelson relations GKL and GKT [1], as well as the relations obtained by their
modification [2]. On the NZ plane the difference relations of the considered type define the
corresponding difference equations, which, depending on the form of the underlying difference
relations, can be homogeneous of inhomogeneous. The solutions of these equations determine the
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mass tables corresponding to a given difference relation. For this the equation is solved similarly to
partial differential equations, and the boundary conditions are provided from the experimentally
measured masses of nuclei. The families of difference relations with the dimensions along N and Z
axes, respectively, 2x2, 3x3, and 4x4 with different values of the coefficients are considered. In each
family the optimal difference relations for nuclei with even and odd number of nucleons are deduced.
Some of the obtained optimal difference relations were identical to the already known types, while the
remaining optimal relations have not been studied previously. The considered difference relations were
used for computation of the nuclear mass tables and calculation of the RMS deviation of the predicted
masses from the values contained in the AME2020 experimental database.
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Deviation (in MeV units) of the nuclear masses calculated using the Anp
difference relation from the AME2020 data.
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BBICOKOBO3BYKJIEHHBIE COCTOSHUSA HEUTPOHHO-U3BBITOYHBIX
MN30TOIIOB JIETKUX SAIEP

10. B. I'ypos*?, B. I'. Cannykoscknii’, M. B. Teabkymes, b. A. Uepubimes'

! denepanbHOE rOCyIapCTBEHHOE aBTOHOMHOE 00Pa30BaTENILHOE YIPEKIECHNE BBICIIETO 00pa30BaHUs
«HanmonaneHbIi HccnenoBaTenbekuil siaepublil yausepcutet « MUON», 115409 Poccusi,
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2141980 OObeMHEHHBIN MHCTUTYT SIAEPHBIX MCCIIEN0BaHMiA, T. JlyoHa MOCKOBCKOM 061acTH,
yi1. XKommo-Kropu, 1. 6
e-mail chernyshev@mephi.ru

O6pazoBanme BBICOKOBO30YxIeHHBIX cocTosiHuA (Ex > 8§ MbdB) HeHTpOHHO-M30BITOYHBIX
M30TOIOB TeINUs U JINTUS UCCIIEA0BAJIOCh B PEAKIMAX MOTJIOMICHUS OCTAHOBHUBIIUXCS MMOHOB SApaMHU
°Be, 10UB p 121C, Msmepenuss ObLIM BBIIOJHEHBI ¢ MOMOLIBK JBYXILIEYEBOIO MHOTOCIOMHOIO
MOJTYTIPOBOAHUKOBOTO CIieKTpoMeTpa. [Touck cocTosHuil MccienyeMbix u3otonoB "He (6 < n < 9)
u"Li (8 < n < 11) npoBomuicst B CHEKTpaX HEMIOCTAIONIMX MAcC, IMOJYyYEHHBIX B HMHKITFO3MBHBIX
Y KOPPETSIIMOHHBIX M3MepeHusx. McciemoBannas 06gacTs dSHEPruil Bo30OYKICHUN MPOCTHpaIach A0
40 MbB. [ns OOJBIIMHCTBA saep Pe3y/IbTaThl OBLIM IMOJIYYEHBI Cpa3y B HECKOJbKHX KaHajgax
peakiuu. OOHapyKEHBI KaHIUIATHI HA KJIACTEPHBIE PE30HAHCHI H N300ap-aHAIOTOBBIE COCTOSHHUSL.
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HIGH-EXCITED STATES OF NEUTRON-RICH ISOTOPES OF LIGHT NUCLEI
Yu. B. Gurov*?, V. G. Sandukovsky?, M. V. Tel’kushev?, B. A. Chernyshev!
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The formation of high-excited states (Ex > 8 MeV) of neutron-rich isotopes of helium and
lithium was studied in the absorption reactions of stopped pions by nuclei °Be, 1*1!'B and 2*C. The
measurements were performed using a two-arm multilayer semiconductor spectrometer. The search
for the states of the studied isotopes "He (6 <n < 9) u "Li (8 < n < 11) was carried out in the spectra of
the missing masses obtained in inclusive and correlation measurements. The studied range of
excitation energies extended up to 40 MeV. For most nuclei, the results were obtained in several
reaction channels at once. Candidates for cluster resonances and isobar-analog states have been
observed.

UCIOJIb30BAHUE MAIIIMHHOI'O OBYUEHUSI B PACUETAX AB INITIO
CBOMCTB SIJIEP

P. D. llapeinos?, A. M. lllupoxos’, A. K. Masyp?, A. O. Besosépos?, U. Jix. lluu®
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HccnenoBanbl BO3MOXXKHOCTH HCIIOJNB30BAaHUS METOJOB MAIIMHHOTO OOYYEHHs, a UMEHHO
UCKyccTBeHHBIX HelpoHHbIX ceteit (MHC), mist skcTpanoasnuu pe3yabTaToB pacyeToB, MOTyUYEeHHBIX
B paMKax Mmojeiau obonouek GesureprHoro xopa (no-core shell model [1]) Ha Geckoneunsiii Gaswuc.
ITpeacTaBieHsl pe3yabTaThl SKCTPAIOSIIMN SHEPTUH OCHOBHOTO COCTOSIHUSI U CPEHEKBAPATHYHOTO
pamMyca pacmpeieleHus 3apsaga ais pasiuusbix axep: 2H, *He, SLi, ®Be, momyuennbIX mpu
WCIIONIb30BaHUU pa3nuuHbiX peanuctrudecknx NN-moTeHmanoB. BeiomHeHa OleHKa MOTPEHIHOCTH
SKCTpanomauun myreM cosfganus ancam6ns MHC. Ilokasano, uro ucnonb3oBaHHe Oosee CIIOKHON
tonoioru UHC (mo cpaBHeHH0 ¢ paboroil [2]) mO3BOJSET IMONydaTh Oollee CTaOMIbHBIC
npejicka3aHusi TPH M3MEHEHWW THUIeprapaMeTpoB. B  YacTHOCTH, TPOBEJCHO HCCIIEIOBAHUE
3aBUCHMOCTH IIOJy4aeMbIX TPEICKa3aHuil TPU U3MEHEHUH MAaCHITA0UPOBAHHS M IMPEBAPUTEIHLHOTO
0TOOpa BXOIHBIX TAaHHBIX.
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MACHINE LEARNING FOR AB INITIO CALCULATIONS OF NUCLEAR STRUCTURE
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We explore possibilities of using machine learning and artificial neural networks (ANN) for
extrapolating the ab initio calculation results obtained by means of the no-core shell model [1] to the
case of infinite basis. We present extrapolations of the ?H, “He, °Li, and °Be ground state energies and
rms charge radii obtained using various realistic NN interactions. A set of ANNs is created to evaluate
the extrapolation uncertainty. We demonstrate that the stability of predictions is improved and less
affected by the changes of the machine learning hyperparameters if a more complicated ANN
topology as compared to those of Ref. [2] is used. In particular, we present a study of the dependence
of the extrapolated results on the input data selection and scaling.
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CAMOCOI'JIACOBAHHBIE PACYETHI E1 HEPEXO/J1I0B 13 OCHOBHOI'O
COCTOSAHMA B ABYX-®OHOHHOE B U30TOITAX OJIOBA
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B pamkax camocorimacoBanHoi Teopuu Koneunsix @epmu-CucreM [1] BmepBele paccMoT-
penbl E1-niepexo/ibl 13 OCHOBHOT'O COCTOSIHUS B IBYX-(DOHOHHOE B SApax co criapuBaHueM. B oTnuune
OT momoOHOM 3amaum, m3ydeHHOM B Ksasmuactuuno-DononHoit Momenu [2], HamM pacyeTsl
BBIMOJIHSUIMCh C OJHMMH W TEMH JK€ IapaMeTpamMH 3HEPreTHYecKoro (hyHKIMOHAJa IUIOTHOCTH
dasHCa Kak JUISl XapakTepUCTHK ob6oumX (oHOHOB, Tak M s Benmuun B(EL, 0 — [ 2§ ® 37];-).
Hcnonb3yemas ¢usndeckas cxema OMu3Ka K TOH, KoTopas peanu3oBaHa Hamu ans El-mepexomos
MEX]y YKa3aHHBIMH OJTHO(OHOHHBIMH COCTOSTHHSMHU |3, 4]. OHA CYIIECTBEHHO OTIMYAETCS OT JABYX-
(hOHOHHOU MOJICIIH, PACCMOTPEHHOH B [5].

[lonmy4yeHo ynoBIETBOPUTEIBHOE COTJIACHE CO BCEMH HMMEIOLIMMUCS IKCIEPHUMEHTAIbHBIMU
JMaHHBIME 11 sep 127124Sn, kak U1 XapaKTepPUCTUK OTAENbHBIX (DOHOHOB, TaK M JUIS YKa3aHHBIX
BenmunH B(E1). Tlokazano, uto wnabmomaemsie BeawuuHbl B(E1) ompenensioTcss dncieHHOR
PasHOCTBIO JIBYX KOJWYECTBEHHO OONBIIMX 3(PPEKTOB —MOIAPU3yEeMOCTBIO AApa U KOPPEISLHUIMHU B
OCHOBHOM COCTOSTHHH.

B xadecTBe BO3MOKHOM MPUYMUHBI HEOOIBIIOTO PACXOXKIEHHUS C IKCTIEPUMEHTOM JJIsl BEINYHH
B(E1) obcyxaaeTcst HETOUHBIH YYET «TyXOBOro» 1~ - COCTOSIHUSL.
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SELF-CONSISTENT CALCULATIONS OF THE PROBABILITIES OF E1 TRANSITIONS
FROM THE GROUND STATE TO THE TWO-PHONON STATE IN TIN ISOTOPES

M. I. Shitov?, S. P. Kamerdzhiev?, S. V. Tolokonnikov?, V. I. Tselyaev?

INational research center «Kurchatov institute», Moscow, Russia
2Saint Petersburg State University, Saint Petersburg, Russia
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Within the framework of the self-consistent Theory of Finite Fermi Systems [1], E1 transitions
from the ground state to the two-phonon state in nuclei with pairing are considered for the first time.
In contrast to a similar problem studied in the Quasiparticle-Phonon Model [2], our calculations were
performed with the same parameters of Fayans energy functional density for the characteristics of both
phonons and the values B(E1,0 — [ 27 ®37];-). The physical scheme used is close to that
implemented by us for E1 transitions between one-phonon states [3,4]. It differs significantly from the
two-phonon model discussed in [5].

A generally satisfactory agreement was obtained with all available experimental data for
nuclei 21243n, both for the characteristics of individual phonons and for the values B(E1). It is shown
that the observed values of B(E1) are determined by the numerical difference of two quantitatively
large effects - the nuclear polarizability and correlations in the ground state.

As a possible reason for a slight discrepancy with the experiment for the values of B(E1), an
inaccurate account of the "spirituel” 1~ - state is discussed.
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HA BOJOPOJIE
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Cankrt-IlerepOyprekuii rocynapcTBeHHbli yaHuBepcutet, Cankt-IlerepOypr, Poccust;
DnexTpoHHas mouta: V.gradusov@spbu.ru, s.yakovlev@spbu.ru

PaccMoTpeHo paccessHue 3apsSKEHHOM YacTUIBl Ha JABYXYACTMUHOW CHCTEME-MUIIECHHU,
CBSI3aHHOM MPUTATUBAIOIIKUM KYTOHOBCKUM B3auMOACHCTBHEM. XOTS OCHOBHOM BKJIaJl B ACUMIITOTUKY
BOJIHOBOH (DYHKIIMH M €€ KOMIIOHEHT BHOCUT aCHMIITOTHYECKOE KYJIOHOBCKOE B3aUMOJICHCTBHE MEXKITY
JIByX4YaCTUYHON MMIIEHBIO W HAaJETAIOIIE 4YacTUIIEH, CIEAYIOIIUE IajJbHOACHCTBYIOIIME YJICHBI
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MYJIBTHIIONBHOTO Pa3ioKEHUsI STOr0 B3aMMOACWCTBUS HWIPAalOT BAaXKHYIO pOJIb B 00JacTH SHEPTHUi,
B KOTOPOM OTKPBITHI KaHAIBI BO30YXIEHHOTO cOCTOsHUS MulneHd [1, 2]. B atoMm cooOmieHnn Mbl
MOJTy4aeM SIBHBIC aCUMIITOTHUYECKUE TPEJCTABICHUS IS KOMIIOHEHT BOJHOBOW (DYHKIIMH, KOTOpBIE
YYHTBHIBAIOT KaK KYIOHOBCKOE, TaK M HMHIYIHPOBAHHOE JUIOJHHOE B3aMMOIEHCTBHE MEXIY
JIByX4UaCTUYHOM MUIIECHbIO U HaJETAoIIed JyacTuuel. s moCTpoeHHUs aCUMOTOTUYECKUX PEIICHUM
ucnojb3yercss oOmmit meron w3 [3]. 3areM MoONydeHHas AacCHMIITOTHKA IMpeaHa3HadaeTcs s
UCIIOJIb30BAHUSI B pacdeTax pPacCesiHUsl IEKTPOHOB M MO3UTPOHOB Ha aroMax BOIOpOAa B 00JacTu
DHEPTruil BHINIE MOPOTOB BO30YXICHHBIX COCTOSHHN MHIICHU, TJe WHAYIUPOBAHHOE JIHIIOIHHOE
B3aMMOJICHCTBUE MPOU3BOAUT crierduueckre dp¢dekTsl B JaHHBIX paccesaus [4, 5]. Jns onucanus
MpoIIecca pacCestHIsI HCTIONB3yeTCs cucTeMa ypaBHennii DaieeBa-MepKypbesa [6].
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EFFECT OF INDUCED POLARIZATION IN SCATTERING OF ELECTRONS
ON HYDROGEN
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Scattering of a charged particle with a two-particle target system, which is bound by the
attractive Coulomb interaction, is considered. Although, the leading contribution to the asymptotic
form of the wave function and its components comes from the asymptotic Coulomb interaction
between the two-particle target and the spectator particle, the next long-range terms of the multipole
expansion of this interaction plays important role in energy regions where the excited state channels
are open [1,2]. In this contribution we derive the explicit asymptotic representations for the wave
function components which take into account as the Coulomb as well as the induced dipole
interactions between the two-body target and the spectator particle. The general method from [3] is
used for constructing asymptotic solutions. The derived asymptotics is then intended for the use in
electron and positron scattering off the hydrogen atom calculations in the energy region above the
thresholds of exited states of the target where the induced dipole interaction produces specific effects
in scattering data [4,5]. The Faddeev-Merkuriev set of equations is used for describing the scattering
process [6].
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