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OIMMCAHUE HEMTPOHHBIX ITEPEJIAY B PEAKIIUHU “Ca+'9"Au
ITPU DHEPTUHA 270 M>B B PAMKAX HECTAIHIMOHAPHOTI'O ITIOAXOJA

A. K. A’knoexoB
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r. /lyona Mockogrckoii 001actu, yi. Xomuo-Kropu, 1. 6
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Peakuuy HYKJIOHBIX II€pefad SBISIOTCS BaKHOHW 007acThI0 (DU3MKH TSKEIBIX MOHOB, IO-
CKOJIbKY OTKPBIBAIOT BO3MOKHOCTH JIJIsl CHHTE3a HOBBIX sijiep. Peakiuu nepeiadn HEWTPOHOB SBIISIOTCS
OJIHUM M3 METOOB MOJyYeHHsI HEHTPOHHO-M30BITOYHBIX U30TOTOB [1].

B nanHOM paboTe IpeacTaBIeH TEOPETHIECKUN aHAIN3 MEXaHU3Ma TIepeiadl HEWTPOHOB Is
peakuun “8Ca+'’Au npu smeprum 270 Mb>B. Jlns onmcaHmsl IIPOLECCOB IEpeNavyd HEHTPOHOB
HCIIOIb30BAIOCh YMCIIEHHOE pElIeHHe HecTalroHapHoro ypasHenus Illpemunrepa [2]. Borumciena
3BOJIIOIMA BOJHOBBIX (DYHKIMH HEWTPOHOB BEPXHMX 3AHATBHIX OJHOYACTUYHBIX ypoBHe# (1f72 (cMm.
pUCYHOK), 1dap+, 2s12+) smpa *®Ca u (3psn, lirsn+) yposHeit sapa *’Au. Onpenenenst BeposTHOCTH
3aCeIeHns M3HAYalbHO HE3aHATHIX OJHOYACTUYHBIX HEHTPOHHBIX ypoBHell sapa *’Au (¢ obpa-
30BanneM u30TonoB %25Au) u BeposTHOCTH TMOTEpHM HeWTpoHOB sapom AU (¢ obpasoBaHHEM

uzorornos P2 1%AY),
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DBOJIONHUS MIIOTHOCTH BEPOSTHOCTH HelTpoHa 1f72- snpa “®Ca 1mpu KacaTeIbHOM CTOJNIKHOBEHHH SIEP
48Ca + 9"Au. Dueprus 270 MaB, npunenbHbiil napamerp b = 6 ¢pm. X0 BpeMEHH COOTBETCTBYET HANPABJIECHHIO
CJIEBA HAMPABO
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TIME-DEPENDENT DESCRIPTION OF NEUTRON TRANSFERS IN THE “®Ca+¥Au
REACTION AT ENERGY OF 270 MeV
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The study of nucleon transfer reactions is an important area of heavy ion physics because these
reactions provide the possibilities for the synthesis of new nuclei. Multi-neutron transfer reactions are
one of the tools to access neutron-rich isotopes [1]. Its advantage is the low excitation energy of the
formed reaction products leading to their higher survival probability.

This work presents the theoretical analysis of neutron transfer mechanism for the “Ca+%’Au
reaction at energy of 270 MeV. Numerical solution of the time-dependent Schrédinger equation is used
for studying neutron transfer processes [2]. The evolution of the wave function for the neutrons from
the upper occupied (1172 (see Figure), 1dan-, 2s1+) single-particle levels of the “Ca and (3psr, litse+)
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levels of the ’Au is determined. The dynamics of neutron transfer process is described and the
probabilities of occupation of initially unoccupied single-particle neutron levels of the **’Au nucleus
(with formation of 1%-205Au) and the probabilities of the formation of °21%Au are determined.
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Evolution of the probability density of a neutron from the outer single-particle neutron level 17, of the *Ca
nucleus in the grazing collision “éCa + 197 Au at energy 270 MeV and impact parameter » = 6 fm. The course

of time corresponds to the direction from left to right
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[IpencraBieno omnucanue HHGOPMAIMOHHO-CIIPABOYHON CHUCTEMBI  SIICPHO-(DU3NUECKUX
nmaaHeix NDX2 B cocraBe mporpaMMHOro KoMmiuiekca KoHcTtaHTHoro obOecneuenuss GROUND?2.
[Tporpamma NDX2 npencrasnsier coooit obomouky-kimeHT b/l CPND, obecrieunBaronryio 0030p Bcex
COJZIepIKaIINXCs B HEH IAHHBIX KaK eIUHON IPEBOBHUIHON JIOTHYECKOU CTPYKTYPHI, O0ObETUHSIIONICH BCe
KJIACChI SICPHO-(PU3NICCKHUX JTAHHBIX.

B cocras B/ CPND BkitoueHbI:

CKaJISIpHBIC MHTETPATbHBIC XapaKTEPUCTHKH siiep (Macchl U sHeprun peaknuil) AME2016;
JaHHBIE TI0 YPOBHAM BO30YkaeHUs U nepexonaam sinep ENSDF;

OIICHEHHBIC JaHHbIC U3 OudanoTek B hopmate ENDF/B;

skcriepuMenTanbHbie Jarabie EXFOR.

[Iporpamma NDX2 obnagaet pa3BUTBIM anmapaTtoM TaOIMYHOTO U Tpa@UuEcKOro MpeacTaB-
JICHHS1 BCEX MMEIOIINXCS KIIAcCOB SACPHO-(QU3NUECKUX AAHHBIX, HHTEPIPETUPYIOIINM OITyOIHKOBaH-
Hbele (popmaTel X UCTOYHHUKOB. B mporpammy NDX2 Bkitouena takxe 0a3oBas (HyHKIIMOHATHHOCTD
BBEIYHCIIUTEILHON 00pabO0TKY OIEHEHHBIX SIIEPHBIX JTaHHBIX, HanOojee BOCTpeOOBaHHAS Ha MPAKTHKE
JUTSL OKCTIEPTHOTO aHANIM3a U BHIPAOOTKH PEKOMEHJAIMK 0 MX UCIOJIB30BAHUIO B pacueTax sIepHO-
(hU3BNYECKUX XapaKTePHUCTHK.
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The report describes the NDX2 information and reference (1&R) system of nuclear physics data
within the GROUND?2 software system of constants. The NDX2 program is the SSH client of the CPND
database (DB) providing the representation of the data contained in it as a single tree-like structure
uniting all classes of nuclear physics data.

CPND DB includes:
scalar integral characteristics of nuclei (masses and reaction energies), AME2016;

— data on the excitation levels and transitions of nuclei, ENSDF;
evaluated library data in ENDF/B format; and

— experimental data, EXFOR.

The NDX2 program has a well-developed mechanism of representing all available classes of
nuclear physics data in tabular and graphical forms, which interprets the published formats of the data
sources. The NDX2 program also includes the basic functionality for computationally processing the
evaluated nuclear data, which is commonly used in practice for the expert analysis of such data and
making recommendations on how to use this data to calculate the physical parameters of atomic nuclei.

OIIPEAEJIEHUE ACUMIITOTUYECKUX HOPMHUPOBOYHBIX KO®OPUIIMEHTOB
IIYTEM AHAJIMTUYECKOI'O ITPOAOJIZKEHU S R-MATPULIBI

JI. 1. baoxuHues, /1. A. CaBun

Hayuno-uccnenoBarenbckuil HHCTUTYT sigepHoil pusnku umenu /. B. CkobenbipiHa
MocCKOBCKOIo rocyJapcTBeHHOr0 yHHBepcuTeTa uMenn M. B. JlomoHOCOBa
119991, I'CII-1, Mocksa, Jlenunckue ropsl, . 1, ctp. 2
e-mail: blokh@srd.sinp.msu.ru

AcumnToTudeckne HopMupoBodHble Koadduimentsl (AHK) onpenensror acumnroTuyeckoe
MOBEJICHUE SJICPHBIX BOJTHOBBIX (YHKIIMI B OWHAPHBIX KaHAJIAX HA PACCTOSTHUSIX MEXTy (hparMeHTaMH,
MPEBBIIAOIINX panuyc saepHoro B3anmozeiicteus [1]. B repmuuax AHK napamerpusyrorcst ceueHus
nepudepuueckux saepueix peakunid. AHK ocobenHo Bakubl aist siaepHod actpodusuku. OHH
OTIPEIEIISIOT OOIIYI0 HOPMHUPOBKY CCUCHHH PajalldOHHOTO 3aXBaTa MPH acTPOPU3NIECKUX SHEPTHIAX
[2]. B ommmune ot suepruii cBssu AHK He MOryT OBbITh HEMOCPEACTBEHHO H3MEpeHbl. i ux
ONpeJieNIeHNsI Ha OCHOBE SKCIEPUMEHTAIBHBIX JAaHHBIX TpeOyeTcsi MPOBOIAWTH OMNPEAEICHHBIN
TeopeTnueckuil ananu3. B wactHocTH, 3HaueHnss AHK M0oXHO W3BJIeUs myTeM cpaBHEHHS a0COMOTHBIX
3HAYECHUN OKCIIEPUMEHTAIbHBIX CEYCHMHM SJEpHBIX pEeakUuil Iepejaud ¢ TEOPETUYECKHUMH,
paccunTaHHBIMU B PaMKaX METO/1a UICKa)KEHHBIX BOJIH. HekoTopelie apyrue meronsl onpeaencHust AHK
13 SKCMIEPUMEHTAIBHBIX JaHHBIX 110 PACCESHUIO M PeaKIMsIM OnHcaHsbl B [3].

B nacrosiieii pabote npeyiaractcs MeTo] HaxoxkaeHus 3HaueHnii AHK nyteM aHanuTHuecKoro
NPOAOJDKEHUsS] R-MaTpHIbl, ONMCHIBAIOIICH YIpyroe sIepHOE paccesiHue, B He(H3MYECKyro 001acTh
oTpunarenbHoi sHeprun coymapenus (E < 0). BoiBeneHa ¢opmyna, Bbpaxkaromuas MaplHaIbHy0
aMILTUTYy paccesiHus 4epe3 R-MaTpuIy ¥ MOIU(UIIMPOBAaHHEBIE KYJIOHOBCKUE GyHKIUU. DTa popMyna
MO3BOJIIET MPH MPOAODKEHUHM aMIUIUTYAbl B obsacte £ < 0 mpeononers TPYAHOCTH, CBSI3aHHBIC
C HEperylspHbIM IOBEICHWEM aMIUIUTYIbl paccesHus BOIM3M £ = 0 mpu Haluuuu KyJOHOBCKOTO
B3aumozeiicTBus. [IpemnoskeHnbIil Meto 1 mpumeneH s onpenenenns AHK B kanane 20 — a+12C.

92


mailto:staff@vniief.ru

Crnucok JuTepaTypsbl

1. A. M. Mukhamedzhanov and L. D. Blokhintsev, Eur. Phys. J. A 58, 29 (2022).
2. A. M. Mukhamedzhanov and N. K. Timofeyuk, Sov. J. Nucl. Phys. 51, 679 (1990).
3. L. D. Blokhintsev and D. A. Savin, Phys. At. Nucl., 85, 842 (2022).

DETERMINATION OF ASYMPTOTIC NORMALIZATION COEFFICIENTS
BY ANALYTIC CONTINUATION OF THE R-MATRIX

L. D. Blokhintsev, D. A. Savin
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Asymptotic normalization coefficients (ANC) determine the asymptotic behavior of nuclear
wave functions in binary channels at distances between fragments exceeding the radius of nuclear
interaction [1]. In terms of ANCs, the cross sections of peripheral nuclear transfer reactions are
parameterized. ANCs are of particular importance for nuclear astrophysics. They determine the overall
normalization of cross sections of radiative capture reactions at astrophysical energies [2]. Unlike
binding energies, ANCs cannot be directly measured. To determine them on the basis of experimental
data, a certain theoretical analysis is required. In particular, the values of ANCs can be extracted by
comparing the absolute values of experimental cross sections of nuclear transfer reactions with
theoretical ones, calculated within the framework of the distorted wave Born approximation. Some other
methods for determining ANCs from experimental data and reactions are described in [3].

In the present work, the method of finding the values of ANCs is proposed based on the analytic
continuation of the R-matrix that describes the elastic nuclear scattering into the unphysical region of
the negative energy of collision (E <0). The formula is derived, expressing the partial-wave scattering
amplitude through the R-matrix and modified Coulomb functions. This formula allows, when continuing
the amplitude to the region E <0, to overcome difficulties associated with irregular behavior of the
scattering amplitude near E = 0 if the Coulomb interaction is present. The proposed method is used to
determine the ANC for the channel 0 — a+'%C.
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U3MEPEHUE ITOJIHBIX CEYEHUM PEAKIIUH °Be(d,xt) METOAOM
BTOPUYHOM AKTUBAIIUU
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B unTepBane seprun neiTpoHoB 2.5—12 MaB ¢ norpemHocTso 12 % Ha 371eKTpOCTaTHYECKOM

tangeMHoM yckopurene DITI-10 (POAL-BHUMO®) [1] Ha OCHOBaHWM aKTUBAIIMOHHON peakIuu
‘Be+t—a+8Li+2.927 MaB [2] (TsLi= 0.84 C, Eg wax = 13 M3B) u3MepeHbI HOIHbIE CEUEHHS Gy PEAKLMH
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°Be(d,xt), rne TsLi, Ep wax — HEPHOBI MOMypacaga ¥ MaKCHMMaIbHbIE SHEPTHMH [3-4acTHII pacmaia sapa
8Li. HeobxomuMble maHHBIE IO HTOH AaKTHBAIIMOHHOM peaKkuuy SKCHEPUMEHTAIBHO ITOTYyYEHBI
B HAcTOsIIEH paboTe B BUIE BbIXoAa suep °Li mpu OOJNyYeHHM TOJICTOH OEpUIUIMEBOM MHUILIECHH
TPUTOHAMHU pa3lIN4YHON 3HEprun. Merton npemnoxeH I'y>xockum b. 4.

Jis u3MepeHus CeYeHWU Oy PEan30BaHO COBMeIleHUE (YHKIMN TEpBUYHONW MUIICHH
¥ KOHBEPTOPA TPUTOHOB B sijipa °Li B OJIHOM M TOM € CJI0€ OEPHMILIHS, YTO BO3MOYXKHO TIPU YCIOBHH
h > R(Es)+R(E) — TonuuHa ciost s Gomblie CyMMbl MpoOEroB HACTAOUIMX ACHTPOHOB M 00pa-
3YIOIINXCS TPUTOHOB.

Namepenust ceuenuit npu Eq = 2.5-12 M»B MeTo10M BTOPUYHON aKTHUBAIlMU POBEACHBI HA
OI'TI-10. [dns sToro cozgaBajicsi MMIYJIbCHBIH peXuUM 00mydeHus: mimrensHocThio 1 c. Ilocne
oOxydeHust B TedyeHHEe 6 C MPOBOAWIACH peructpauusi -yactul. MUIIEHBIO CIy)XKWIa IUIaCTHHA
TommuuHOH | MM U3 0cob0 yucTOro Merajuimdeckoro Oepwnus. B kauectBe aerexropa [3-d4acTwil
WCTIONB30BANICA TUTACTUKOBBIA CHMHTWLIATOP (muamerpoM 40 u BbicoTo 50 MM), COBMEUICHHBII
¢ ®DVY-93. [lnsa nomydeHus: aOCOMIOTHBIX 3HAYEHHH CEUYEHHH Oy HEOOXOOUMO MMETh 3aBHCHMOCTH
Cpe/Hel SHEPrUM 00pasyIoIUXCs B U3yuaeMol peakuuu *Be(d,xf) TPUTOHOB OT SHEPIUM JEHTPOHOB,
BBI3BIBAIONINX 3Ty peakiuio. OHa ObUla MOJydYeHa HaMH 10 SHEPTreTHUYECKUM CIEKTpaM TPUTOHOB M3
3TOM peakIuy, YTO ObUIM MU3MEPEHBI MPH PA3IMYHBIX yIiIaX PETHCTPAIH W MPUBEICHBI B JOKJIAIE Ha
KoH(pepeHuuu [3].
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MEASUREMENT OF °Be(d,xf) REACTION TOTAL CROSS SECTIONS
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In the range of deuteron energies 2.5-12 MeV with error 12 % on charge-exchange electrostatic
accelerator EGP-10 (RFNC-VNIIEF) [1] based on activation reaction °Be+t—a+8Li+2.927 MeV [2]
(TsLi= 0.84 s, Ep wax = 13 MeV) total cross sections oy, of reaction °Be(d,xz) were measured, where Tayi,
Ep vax — half-lives and maximum energies of nucleus Li decay B-particles. In the present paper the necessary
data on this activation reaction were obtained experimentally as nuclei 8Li yield when irradiating a thick
beryllium target by various energy tritons. The method was proposed by Guzhovskii B. Ya.

To measure cross-sections o4, combined were functions of primary target and triton converter into
nuclei 8Li in one and the same beryllium layer, what was possible provided ~>R(E.)+R(E;) — layer h
thickness is larger than path sums of incident deuterons and forming tritons.

Cross sections at Eq= 2.5-12 MeV were measured by the secondary activation method on EGP-10.
For this purpose a pulse irradiation mode was developed with 1s duration. After a 6s irradiation, -
particles were registered. A 1 mm thick plate made of superpurity beryllium metal served as a target. As
a B-particle detector a plastic scintillator was used (diameter 40 and height 50 mm), combined with
FEM-93. To obtain absolute values of cross-sections .. , one should have a relation between average
energy of tritons being formed in studied reaction °Be(d,x7) and energy of deuterons, causing this
reaction. We received it by energy triton spectra in this reaction, which were measured at different
acceptance angles and presented in the conference report [3].
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U3MEPEHUE YIVIOBBIX PACIIPEJIEJIEHUI HEUTPOHOB C DHEPTHMEH 14,1 M5B,
PACCESHHBIX HA AIPAX YITIEPOJA

J. H. Tposnanos”, H. A. ®enopos, 10. H. Konau, B. P. Ckoii, T. IO. Tperbakosa, K. Xpamko,
N. H. Pyckos, I'. Axmenos, /I. bepukos, A. B. Auapees, B. K. Honukun, I1. I'. ®ujionyuk
u koJiadopamus TANGRA
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UccnenoBannss HEWTPOH-MHIYLMPOBAHHBIX SAAEPHBIX pEakUWi Ha YIIepoAe NpeAcCTaBiser
MHTEpEC KaK C TOYKH 3PEHHs YTOUHEHHMS JaHHBIX 10 CBOMCTBAaM YPOBHEH BO30YKIECHUS yITIepoaa, TaKk
U Ul YTOYHEHHs IapaMeTpoB MOAENEH A1 ONMCAaHHWA MEXaHW3Ma B3aUMOACHCTBUS HEHTPOHOB
C sapaMy yniepoza. YIIEpOI UIPaeT BaKHYHO POJb B IIPOLIECCE HYKJIEOCHUHTE3a, B YACTHOCTH, IIO
yrBepxkacHuto @, Xolina, CylecTBOBAaHHUE )KU3HU 00513aHO YPOBHIO yIiiepoa ¢ sHeprucit 7,65 MaB [1].

B pamxax mpoexra TAHI'PA [2] Hamu ObUTH W3MepEHBI YIIOBBIE pacIipe/ieieHrs HeUTPOHOB,
paccesiHHBIX Ha fApax yIepojaa, ¢ MCIOJIb30BaHHUEM MEYEHBIX HEHTpOHOB. B kadecTBe MCTOYHHKA
HEUTPOHOB HCIIONB30BaJICd HEHUTpoHHBINH TeHeparop MHI-27 ¢ BcTpoeHHBIM 256-TUKCENBHBIM
neTekTopoM anb(a-uactuil. ['padurosas miactuna pasmepom 44x44x2 cm® HCTIONIB30BaIaCh B KAYECTBE
MUIIIEHH W pacrojarajiach Ha pacCTOSHUM 27 CM OT MCTOYHMKA HEUTpPOHOB. II0TOK HEHUTPOHOB Ha
MUILEHb OIpeAersuics o cuery BcrpoeHHoro B MHI-27 anbda-merexropa. HelTpoHBI perucrpu-
poBajuCh ¢ MoMoIIpi0 20 MIACTHKOBBIX JAETEKTOPOB, PACIIONOKEHHBIX BOKPYT MHIIEHHM Ha pac-
CTOSIHUU ~2M. DHEPIHsl pacCESTHHbIX HEUTPOHOB OIpEeNIach [0 BpEMEHH IposieTa. bl n3MepeHbl
YIJIOBBIE paclpeAeNieHHs A yIPYro PacCesTHHbIX HEHTPOHOB, a TAaKKe /I HEYNPYTO PacCEesTHHBIX Ha
ypoBHSX 4.44 M»3B, 7.65 MaB u 9.64 M»3B. llonyueHnHble JaHHBIE CpPaBHUBAIOTCS C pe3yibTaTaMy
TIPEIBITYIIMX SKCTIEPUMEHTOB IO PACCESHUIO HEUTPOHOB ¢ sHeprueit 14.1 MaB na °C.

Paboma svinonnena npu noooepocxke PH® (epanm Ne 23-12-00239).
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MEASURING THE ANGULAR DISTRIBUTIONS OF 14.1 MeV NEUTRONS SCATTERING
ON CARBON NUCLEI

D. N. Grozdanov", N. A. Fedorov, Yu. N. Kopatch, V. R. Skoy, T. Yu. Tretyakova, C. Hramco,
I. N. Ruskov, G. Akhmedov, D. Berikov, A. V. Andreev, V. K. lonkin, P. G. Filonchik,
and TANGRA collaboration
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The study of neutron-induced nuclear reactions on carbon is of interest both from the point of
view of improving data on the properties of carbon excitation levels and for refining model parameters
for describing the mechanism of interaction of neutrons with carbon nuclei. Carbon plays an important
role in the process of nucleosynthesis, in particular, according to F. Hoyle, the existence of life on Earth
is due to the level of carbon with an energy of 7.65 MeV [1].

In the framework of the TANGRA project [2], we measured the angular distributions of neutrons
scattered on carbon nuclei using the tagged neutron method. An ING-27 neutron generator with a built-
in 256-pixel alpha-particle detector was used as a neutron source. A graphite plate with dimensions
44x44x2 cm?® was used as a target and was located at a distance of 27 cm from the neutron source. The
neutron flux on the target was determined from the alpha detector built into the ING-27. Scattered
neutrons were measured using 20 plastic detectors located around the target at a distance of ~2 m. The
energy of scattered neutrons was determined from the time of flight. Angular distributions were
measured for elastically scattered neutrons, as well as for inelastically scattered neutrons at levels of
4.44 MeV, 7.65 MeV, and 9.64 MeV. The data obtained are compared with the results of previous
experiments on the scattering of neutrons with an energy of 14.1 MeV on *2C.

This work was supported by the RSCF grant 23-12-00239.
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OBPA30OBAHME CJOXHBIX YACTHIL ITPU NOT'JIOIEHUA OTPUIIATEJBHBIX
MUOHOB B “ XKUBON” KPEMHUEBOUW MUILIEHUA
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1141980 O6benMHCHHBIIH HUHCTUTYT SAEPHBIX UCCIICTOBAHUM,
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AHaIM3UPYIOTCS PE3yJIbTaThl H3MEPEHUSI FHEPIeTHUSCKHUX CIIEKTPOB 3apshKeHHbIX yacTuil (d, t,
*He, “He), 06pa30BaHHBIX B PEAKIMH MOMIOMIEHHS OCTAHOBHMBIINXCH T -ME3OHOB SIPAMHU KMBOW»
MUIIEHM — aHajora MuumeHd 22Si. Vicnosb3oBaHue B SKCIEPUMEHTE <GKMBON» MUIIEHH, MO3BOJISET
OJTHOBPEMEHHO C PETUCTpAlMEeH 4YacTUIBl U3MEPSTh YHEPTOBBIICICHUE B CaMOW MUIIEHH. DHEPro-
BBIJICJICHUE B TOJIIUHE <KUBOW» MHUIIEHH CKJIAaAbIBACTCS M3 MOTEPh SHEPIHMU HAJETAIOIIEro MHOHA
1 3apsDKEHHBIX YaCTHILI, 00pa3yIOLINXCcs B IPOLIECCE MOMVIOMICHUS, B TOM YHCJIE U SApa OTIAYH.

B criekTpax sHEeproBbIIEEHIH B MAIIICHH [TPOSIBIISIETCSI MAKCHMYM BOJIM3H HYJIEBBIX 3HAUCHHIH,
YTO yKa3bIBaeT Ha CYIICCTBOBAHUE IIPSIMBIX» MEXaHH3MOB 00pa30BaHU CIOKHBIX YaCTHII (OI[CHKA MX
Jonu B Beixone Ha ypoBHe 30 %). BmecTe ¢ TeM K «IpsMbIM» MEXaHH3MaM MOXHO OTHECTH Kak
MHOTOHYKJIOHHOE (A > 3) moriomenue ¢ 00pa3oBaHHEM IEPBUYHBIX CIIOKHBIX YaCTHII, TaK U IPSMbIC
sZIepHBIE PEaKIIUK THIIA ITOJIXBaTa IPH TAPHOM MEXaHH3Me ITOTJIOMICHUS.
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PRODUCTION OF COMPLICATED PARTICLES DURING THE ABSORPTION
OF NEGATIVE PIONS INA“LIVE” SILICON TARGET

Yu. B. Gurov 2, S. A. Evseev !, S. V. Rozov !, V. G. Sandukovsky ¢, B. A. Chernyshev 2
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ZNational Research Nuclear University “MEPhI”, Moscow, Russia

The results of measuring the energy spectra of charged particles (d, t, *He, 4He) formed in the
absorption reaction of stopped m—-mesons by the nuclei of a “live” target — analog of the ?Si target are
analyzed. The use of a “live” target in the experiment makes it possible to measure the energy release in
the target itself simultaneously with the registration of the particle. The energy release in the thickness
of the “live” target consists of energy losses of the incoming pion and charged particles formed during
absorption, including the recoil core.

In the spectra of energy releases in the target, a maximum appears near zero values, which
indicates the existence of “direct” mechanisms for the formation of complicated particles (their share in
the output is estimated at 30%). At the same time, the “direct” mechanisms include both multi-nucleon
(A = 3) absorption with the formation of primary complicated particles, and direct nuclear reactions of
the pick-up type with a paired absorption mechanism.

HOBBIE CEYEHUS ®OTOHENTPOHHBIX PEAKIIUIA,
OLEHEHHBLIE C UCIIOJIB30OBAHUEM ®OU3NYECKNX KPUTEPUEB
JOCTOBEPHOCTH

A. W. laBb110B, B. B. Bapiamos

HayuHno-uccrnenoBarenbCkuii HHCTUTYT siaepHoit ¢pusuku umenn J1. B. CkoOenbiipiHa
MOCKOBCKOI0 rocyapcTBEHHOro yHusepcureta uiMenu M. B. JIomoHoCOBa
119991 Mockga, Jlenunckue ropsl, HUUAD MI'Y, (495)9393483, (495)9390896,
alexdavydovmet@gmail.com

PaccmoTpuBaroTcsi mpoOJIeMbl JJOCTOBEPHOCTH CEYCHWH NapUUalbHBIX (DOTOHEHTPOHHBIX
peaxuwuit (y, 1n), (y, 2n) u (y, 3n), CyLIECTBO KOTOPBIX MPEACTABISAIOT 3HAYUTEIbHBIC CHCTEMATHYCCKHC
PaCXOXKIICHHS TAaHHBIX Pa3HbIX SKCIICPUMEHTOB. BBINOIHEHHBIC UCCIICIOBAHUS TOCBSIICHBI OTBETaM Ha
BOIIPOCHI O TOM, KaKHe€ MMEHHO pe3yJbTaThl SIBJSIFOTCS TOCTOBEPHBIMH, SIBIISFOTCS JIM PE3YJIbTAaTh
OKCIIEPUMEHTOB JIOCTOBEPHBIMH B IIEJIOM M Kakhe JaHHbIE MOTYT OBITH IOCTOBEPHBIMH, T. €.
COOTBETCTBYIOIIMMHU (pr3nuecKkuM Kputepusm. i pemieHust mpoOiieM pacxXxOKICHUH JaHHBIX IO
CCUCHUSIM MapIHATbHBIX PEAKIHH, TIOJYIEHBIX B PA3HBIX IKCIIEPUMEHTAX, HCIIOJIb3YIOTCS OO BCKTHBHBIC
(u3nUecKue KPUTEPUH JTIOCTOBEPHOCTH, HE 3aBHCSIIHE OT CIIOCOOOB MOTYyYCHUs TAKUX MaHHBIX [1] —
OTHOIIICHHSI CCYCHUI KOHKPETHBIX MaplUHUalbHBIX peakiuii 6(y,iN) K COOTBETCTBYIOLIEMY CEYCHHIO
BbIXO/1a HeUTpoHOB o(y,Xn) = o(y,In) + 20(y,2n) + 30(y,3n). C moMomubi0 IKCHEPUMEHTATBHO-
TEOPETUUECKOrO MEeTolIa OLEHKH [1], OCHOBaHHOrO Ha (HM3MYECKUX KPUTEPHUSX, MOJTYYCHBI HOBBIC
JIOCTOBEPHBIE CEUECHHUS TIAPIMATBHBIX M MOJHBIX (OTOHEHTPOHHBIX peakimii mis 22 sxep (1V, *Co,
S860Nj, 6365Cy, TSAs, 67880825 89y 909192947 103p 127| 1651yo 181, 206207ph) [2, 3]. Ha ocHoBammm
pE3yJbTaTOB JETAIBLHOTO HCCIICIOBAHHS PA3HOCTEH MEXIY OLICHEHHBIMH M IKCIICPUMEHTATbHBIMH
CCYCHUSIMH YCTAHOBIICHO, YTO PACXOXKICHUS MEKITY HUMHU OOYCIIOBIICHBI TIPOSBICHHEM B ITOCIICTHHUX
CYIIECTBEHHBIX CUCTEMAaTHYECKUX OTPEIIHOCTEH TPEX PasHBIX THIIOB.
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NEW PHOTONEUTRON REACTION CROSS SECTIONS EVALUATED USING PHYSICAL
RELIABILITY CRITERIA

A. |. Davydov, V. V. Varlamov

Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University
119991 Moscow, Leninskie gory, MSU SINP, (495)9393483, (495)9390896,
alexdavydovmet@gmail.com

The problems of partial photoneutron reactions (y, 1n), (v, 2n) u (y, 3n) cross sections reliability
of were considered. The essence is presence of significant disagreements between the results of various
experiments. The studies carried out were devoted to answers the questions i) what results are reliable
exactly, 2) are experimental data reliable in general and 3) what data could be reliable, that is satisfying
objective physical reliability criteria. The physical criteria do not dependent on the experimental
methods of data obtaining [1] — ratios of definite partial reaction cross-section o(y,in) to the
correspondent neutron yield cross-section o(y,xn) = o(y,1n) + 26(y,2n) + 30(y,3n) — were used to solve
the problems of disagreements between data obtained in various experiments. New reliable cross
sections of both partial and total photoneutron reactions for 22 nuclei (°*V, *Co, *Ni, 838Cu, ®As,
76,7880.82Gg 89y 909192947r 103R 127] 165Hq 181Ty, 206.207ph) were obtained [2,3] using the experimental-
theoretical evaluation method [1] basing on the physical criteria. Using the results of detail analysis of
differences between evaluated and experimental cross sections it was found out that the disagreements
between evaluated and experimental cross sections are because the presence in the last ones of essential
systematic uncertainties of three various types.
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K AKTUBAIITMOHHBIM UCCJIEJJOBAHUAM ®OTOSIJIEPHBIX PEAKIIUI
HA y- TYYKAX OT OBPATHOI'O KOMIITOHOBCKOI'O PACCEAHUA
IIPU Ey < 40 MaB
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B nacrosmiei pabote ans pa3pabaThiBaeMOro y-HCTOYHUKA OT OOPaTHOrO KOMIITOHOBCKOTO
paccesiust ¢ Ey < 40 M»B nipo1oykeHbl MccieJoBaHus B COTJIacH ¢ o01iel mporpammoit pador [1] u
MPEIOKCHHBIM MOHUTOPUpOBaHMEM Iydka [2]. B KadecTBe HAYaILHOTO JTama MPeITOKEHBI
CPaBHUTEJIBHO MPOCTHIE KCIIEPUMEHTHI C PETHUCTPALMel HABEJCHHOW aKTHUBHOCTH C MOMOIIBIO OHO-
WIN JBYX-KaHAJIBHBIX Y-CIIEKTPOMETPOB (CUMHTHIUISIIMOHHBIX WM MOJIYHNPOBOAHUKOBBIX). PaccMoT-
peHa oTpaboTKa METOJMK HACTPOWKH U MOHUTOPHPOBAHUSI Y-TTy4yKa, a TaKKe JETaTbHBIX U3MEepeHHN
(oHOBOI 0OCTAHOBKH C UCTIOJIb30BAHNEM PE3YIbTATOB TAKHX dKCIIEpUMEHTOB. Kpome Toro, mokasaso,
YTO aKTUBAILMOHHBIE HCCIEAOBAaHUS (OTOANEPHBIX pEaKIUid Ha TaKUX Y-TydKax HMMEIT (yHOa-
MEHTAIbHYIO LIEHHOCTb JAJISI BBISICHEHHS] MHOXXECTBEHHOCTH OOpa3oBaHUSI (POTOHEUTPOHOB, a TaKKe
HAJIMYHUS CPABHUTENBFHO Y3KUX CTPYKTYPHBIX OCOOCHHOCTEH B SHEPreTHIECKUX 3aBUCUMOCTSIX CEUCHU I
(boTOoSIIEpPHBIX PeaKIui, MpexkIe Bcero, POTOHESUTPOHHBIX PEaKIHi.
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TO ACTIVATION STUDIES OF PHOTONUCLEAR REACTIONS ON
v- BEAMS FROM BACKWARD COMPTON SCATTERING AT Ey < 40 MeV
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In the present work for the projected y-source from backward Compton scattering with Ey <
40 MeV, studies are continued in accordance with the general work program [1] and the proposed beam
monitoring [2]. As an initial stage, relatively simple experiments were proposed with the registration of
induced activity using one- or two-channel y-spectrometers (scintillation or semiconductor ones). In
these experiments, there were considered methods of tuning and monitoring of the y- beam, as well as
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studding the background situation in such experiments. In addition, it is shown that activation studies of
photonuclear reactions on these y- beams are of fundamental value for clarifying multiplicities of
photoneutron production, as well as the presence of relatively narrow structural features in the energy
dependences of cross sections of photonuclear reactions, first of all, photoneutron ones.
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O PACHIPEJIEJIEHUSIX HEUTPOHOB M3 (7, n)-PEAKIIUI 11O DQHEPTUU U YTJIAM
HA y- MYYKAX OT OBPATHOI'O KOMIITOHOBCKOI'O PACCESIHUSA ITPU E, < 40 MaB
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Jins nanpHeWnero pa3BUTHs aJeKBaTHOTO MOAEIBHOTO OMMCAHUS MPOLIECCOB BO30OYKICHHUS U
penakcanyy M30BEeKTOPHOTO AIEKTPUIECKOTO AUMOIBHOTO THraHTckoro pe3onanca (E1 I'P) B aToMHBIX
aapax OOJNBIIONW WHTEpeC MpPEICTaBIseT U3yYCHUE DPACTPEICICHUI 10 3HEPruH U yriiaM OBICTPBIX
HEWTPOHOB, 00Pa3yIOIIUXCs B MapIHATIbHBIX (Y, 1)-peakiusix. HekoTopsle McciieloBaHus TAKOTO THIIA
YKa3bIBalOT HA HaJIMuMe BECbMa MHTEPECHOM ToHKOH cTpykTyphl E1 I'P kak Ha cpennux [1], Tak u Ha
TsoKenbIX sapax [2]. Kak moka3aHo, B 4YacTHOCTH, B [3], IS TakuX MCCIEIOBAaHUN OCOOCHHO
NPUBJIEKATEIbHBl M3MEPEHUSI Ha Y-TlydKax OT OOpaTHOrO KOMIITOHOBCKOIO paccesiHus, Onaromaps
MaJIbIM pa3bpocam Mo SHEPTHH, MOTIEPEYHBIM pa3Mepam, yIriiaM ¥ JUITEILHOCTH, a TAKKe BO3ZMOXKHOMN
BBICOKOH TMOJIAPU3AIlMU B TAKUX Iy4ykax. B Hacrosimeii paboTe paccMaTpUBAIOTCS HEKOTOpPBIC ISTAIH
TAaKUX MCCIEAOBAaHUNA C HCIOJIb30BAHHEM CHUCTEMBI CIIEKTPOMETPOB OBICTPBIX HEHTPOHOB, HCIOJb-
3YIOIIMX KaK aMIUTUTYIHYIO, TaK U BpeMANponéTHy0 nH(opManmoo. OTMEUEHO TaKKe, YTO JOBOJIBHO
BBICOKAs! O’KMiaeMasi ”HTEHCUBHOCTB 3THX pa3padaThIBaeMbIX Y-IIyYKOB IPH HU3KOM (OHE IIEKTPOHOB
OTKPBIBAIOT HOBbIE BOZMOXKHOCTH JJIs1 MU3y4eHUS U (DOTONMPOTOHHBIX PEeaKIni.
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ON DISTRIBUTIONS OF NEUTRONS FROM (y, n)-REACTIONS IN ENERGY AND
ANGLES ON y- BEAMS FROM BACKWARD COMPTON SCATTERING AT Ey s 40 MeV
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For the further development of an adequate model description of excitation and relaxation
processes of the isovector electric dipole giant resonance (E1 GR) in atomic nuclei, it is essential to
study the energy and angle distributions of fast neutrons produced in partial (y, n)- reactions. Some
studies of the type indicate the presence of a interesting fine structure of E1 GR on both medium [1] and
heavy nuclei [2]. As shown, in particular, in [3], measurements on y- beams from backward Compton
scattering are especially attractive for such studies, due to small spreads in energy, transverse
dimensions, angles and duration, as well as the possible high polarization in these beams. In present
work, we consider some details of such studies with a system of fast neutron spectrometers that use both
amplitude and time-of-flight information. It was also noted that a rather high expected intensity of these
developed y-beams at a low electron background opens up new possibilities for studying photoproton
reactions as well.
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s nanpHEMIero pa3BUTHS COBPEMEHHBIX MOJECIIEH SIIEPHBIX PEAKLIMA HYXKHBI JJOCTOBEPHbIE
JaHHbIC 0 KaHAJaX peakuri, BEAYIIHUX K 00pa30BaHUIO s/IEp BHE MOJIOCH CTaOMIBHOCTH, B YaCTHOCTH,
12B(B~-pacnan, nepuox nonypacnana T2 = 20,2 mc) B peakuuu °C(y, p). BaxkHo U To, 9T0 5Ta peakius
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WMHTepecHa Il 0OHAPYKEHUS CKPBITHIX KOHIIEHTpaIuii yriepoaa. J{o mocieaHero BpeMeH! MOIETbHBIE
U SKCIIEPUMEHTANIbHBIE JAHHBIE O CEUEHHUSIX M BBIXOJAX 3TOM peaKkIMH pa3IUyaroTcs Ha IMOPSJIOK
BenmnuuH [1]. [IpeanpuHATE MEXAY UMITyJIbCAMU YCKOPHUTENS 3JIEKTpOHOB npu E. = 55 M»B HOBBIE
AKTUBALlMOHHBIE H3MEPEHHUs] C TpapHUTOBOM MHILCHBIO BBIXOAOB JTOH peakuuM B CaMOM 3aie
yckopurens. [Ipu 3ToM BBI3BIBAET onaceHre OONBIION (OH «TYISIOMHX» B 3a1e (GOTOHeHTpOoHOB. st
ocnalneHusi BIMSHUS Takoro ()OHAa HCIOJIb30BaHa perucTpaunus B-4acTHLl OT pacmaioB Hapaba-
THIBAEMBIX B MHUILIEHH sziep 2B IByMs TeleCKONaMy TOHKUX IUIACTHKOBBIX AE-€TEKTOPOB. PesybTarh!
COTIOCTABJIAIOTCA C TIPOBENEHHBIM MOJIETUPOBAHUEM dKCTIepuMeHTa [2].
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Further development of modern models of nuclear reactions requires reliable data on reaction
channels producing nuclei outside the stability band, in particular, **B(B- decay, half-life 71, = 20.2 ms)
in the reaction *C(y, p). It is also important that this reaction is interesting for detecting hidden carbon
concentrations. Until recently, model and experimental data on the cross sections and yields of this
reaction differ by an order of their magnitude [1]. Between pulses of the electron accelerator at
E. = 55 MeV, new activation measurements of this reaction yields with a graphite target in the
accelerator hall itself were undertaken. But in these cases, a large background of photoneutrons
“walking” in this hall causes concern. To weaken the influence of such a background, we used the
registration of B- particles produced in the target at 1?B- decay by means of two telescopes of thin plastic
AE- detectors. The results are compared with the simulation of the experiment [2].
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OIIEHKA MOMEHTOB MHEPIIUU ®PATMEHTOB JIBOMHOI'O JEJEHUSI SIJIEP
C.TI. Kagmencknuid, /1. E. JIro6ameBckuii, A. A. Iluckjokos

OI'bOY BO BopoHexcknii ToCynapCTBEHHBIN YHUBEPCUTET,
394018, r. Boponex, YHuBepcuterckas 1., 1, Poccus,
E-mail: kadmensky@phys.vsu.ru

B pabote [1] crmemano mpenmosoKeHHe O 3aBHCHMOCTH CPEJHEH BEIWMYWHBI CIHHA Sf OT
MaccoBoro uymcia (parmMeHToB Ay, KOTOpas AEMOHCTPUPYET MHI000pasHyio CTpykTypy St (As).
B nmanbmetimeMm, ucnonsiys moaenb aeneHus FREYA, B paborte [2] ObUIo mOKa3aHO, YTO TaKoe
MOBEACHUE CIUHOB ()ParMEHTOB BO3HMKAET E€CTECTBEHHHIM OOpa3oM H3-32 M3MEHEHHs MOMEHTOB
uHepuuK (parMeHTOB NpH paspbiBe. CpeaHue 3Ha4eHUs! ClMHA ()parMeHTa MacIuTaOupyroTcs, Kak
KBaJIpaTHBI KOPEHb OT MOMEHTA HHEPIIUH lf, a MOMEHT MHEpIMU PparMeHTa onpezensercs GopMyIoi
It (Af) = Crot - lrigia (Ar), Tie ko3HLIHEHT Crot pHHUMaeTCst paBHbIM (.5, K COXaNeHHUIO, €3 KaKoro-
60 PU3NIECKOT0 000CHOBAHUSI.

B nacrosmielt pabore mpencraBieHo (uzndeckoe 00OCHOBaHHME BBHIOOpA BEIHUYHHBI Crot HA
OCHOBE OIICHKH TIPEIENFHBIX CITy4acB TBEPAOTEIBHBIX U THAPOAHHAMUUYECKUX (Cepast KpUBas), a TaKkKe
0a3upyIOLIMXCS HAa CBEPXTEKy4YeH MOAEIM aTOMHOrO siipa (OpaH)keBasi U CHHSISI KPHUBbIC) MOMEHTOB
uHepiy. Kak BUIIHO W3 PUCYHKA, 3aBUCUMOCTh MOMEHTa WHEPIUH OT MacCOBOTO yHcia (parMeHTa
uMeeT MutooopasHyto hopmy, a cpeHee 3HaueHHe KodpPHUIUEHTA Crot JIGKHT B Juanazone ot 0.35 1o
0.5, yro xopo1o cornacyercs u JaeT pu3nIeckoe 000CHOBaHME BEIOOPY yKa3aHHOTO Ko duimenTta B
pabote [2]. OTKIIOHEHHE HAOMIONAEMBIX 3HAYSHU MOMEHTOB MHEPIIMH OT TBEPIOTEIbHBIX 3HAYCHUN
00yCIIOBIICHBI HATMYUEM KOPPEJSIHUH MEXAY HYKIOHAMH, IPUYMHON KOTOPBIX SIBISICTCS KYIIEPOBCKOE
CHapuBaHUWE HYKJIOHOB B paMKaxX CBEPXTEKyuell MOAENH arOMHOIO sapa C OCLWIISTOPHBIM
noteHmanoMm [3] (opamkeBas KpuBas).
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ESTIMATION OF THE MOMENTS OF INERTIA OF FRAGMENTS OF DOUBLE
NUCLEAR FISSION

S. G. Kadmensky, D. E. Lyubashevsky, A. A. Pisklyukov

Voronezh State University, 394018, Voronezh, University square, 1, Russia,
E-mail: kadmensky@phys.vsu.ru

In [1], an assumption was made about the dependence of the average spin St on the mass number
of fragments As, which demonstrates the sawtooth structure St (Af). Subsequently, using the FREYA
fission model, it was shown in [2] that this behavior of fragment spins arises naturally due to a change
in the moments of inertia of fragments upon scission. The average values of the fragment spin are scaled
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as the square root of the moment of inertia Ir, and the moment of inertia of the fragment is determined
by the formula It (Af) = Crot - liigia (Ar), Where the coefficient ¢ is taken equal to 0.5, unfortunately,
without any physical justification.

In this article, we present a physical justification for the choice of the c.: value based on an
estimate of moments of inertia of the limiting cases of solid-state and hydrodynamic (grey curves) as
well as superfluid model of the atomic nucleus (orange and blue curves). As can be seen from the figure,
the dependence of the moment of inertia on the mass number of the fragment has a sawtooth shape, and
the average value of the coefficient c. lies in the range from 0.35 to 0.5, which is in good agreement
and provides a physical justification for the choice of this coefficient in [2]. The deviation of the
observed values of the moments of inertia from the solid-state values is due to the presence of
correlations between nucleons, which are caused by the Cooper pairing of nucleons in the framework of
the superfluid model of an atomic nucleus with an oscillatory potential [3] (orange curve).
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CIIMHOBOE PACIIPEJEJIEHUE ®PATMEHTOB JIBOMHOI'O JEJEHUS ATOMHBIX
SIJIEP C YYETOM BENDING- M WRIGGLING-KOJEBAHUM

C.TI. Kagmenckuii, /1. E. JJo6ameBckuii, /I. C. CTenanon

Voronezh State University, Voronezh, Russia
E-mail: kadmensky@phys.vsu.ru

[Ipobnema omucanus cnuHOB ¢parmeHToB Aenenus (D) TpeOyer mis cBoero pemieHHs
UCIIOJIb30BAHUSl KBAHTOBBIX IPEACTABICHUH O AMHAMMKE Ipolecca JeNeHHs. YKa3aHHbII Ipouecc
BCeTna HauWHaeTcsi ¢ oOpasoBaHus [1] TepMain30BaHHBIX BO30Y)KICHHBIX COCTOSHUH COCTaBHOTO
JIeNSIerocs sapa B MEpBOM siMe ero moreHuaia Acopmanmuu. MHOrOKBa3UYaCTUYHBIE BOJTHOBBIC
GYHKIMM ~ yKa3aHHBIX COCTOSIHUH BKJIIOYAIOT KOMIIOHEHTBI, CBSI3aHHbIE C KOJJIGKTHBHBIMHU
nedhopMaImOHHBIMA KOJIEOaHHSIME JIENISIIETOCS siIpa U COOTBETCTByIOmUEe BBeAeHHKIM O. bopom [1]
MIEPEXOAHBIM JIETUTETBHBIM COCTOSIHUAM. B HacTosmiel paboTe moka3zaHo, 4To JUIs CITydasi CHOHTaHHOTO
Y HU3KOSHEPIeTHUECKOTO BBIHYKIEHHOTO JACJCHHUS Jelsiueecs sApo M BeuUieTatomme u3 Hero OJ[ B
OKPECTHOCTH TOYKH pa3pblBa YKa3aHHOTO sApa MJOJDKHBI HAXOAWUTHCS TOJNBKO B  XOJOAHBIX
HEPaBHOBECHBIX COCTOSHUSIX. [Ipn MOCTpOEHUH UX CIIMHOBBIX paciipeAeseHni i HeOOX0MMO YUUTHIBATh
TOJILKO HyJeBble morepeynbie bending- u wriggling-konebanus aensmerocs sapa [2]. Tlposeneno
0000mIeHme amnmapara, pa3BuToro B padore [3] Ha Ciiyqail aCHMMETPHUYIHOTO AeiieHus. JJIs OTeHKH
MoMmeHTOB uHepuun PJI Bxomsmux B Ko3(GGUIMEHTHl YKa3HBIX INONEPEUYHBbIX KOJIeOaHUM B paMKax
CBEPXTEKy4el MOJENN aTOMHOTO siIpa, OIydeHa 3aBUCUMOCTh MOMEeHTOB nHepiuu PJI oT MaccoBoro
YHrCiIa, UMEIoNIas MT000pa3HeIii XapakTep. MoMeHT HHepITHH Jierkoro OJ] mpeBoCXoauT aHaTOTHIHBIH
MOMEHT HHepIuu Tspkeiaoro DJI, 9TO COOTBETCTBYET NpeACKa3aHHsAM paboThl [4]. 3aBHCUMOCTH
paccuntaHHbIX cnvMHOB ®J[ OT MaccoBOro uucia MMEeT MUIOO0pa3HBIA XapakTep, aHAJIOTWYHBINA
3aBHCUMOCTH MOJTY4YE€HHOH B pabote [5], HO OTIIM4aeTCs O CPEIHUM 3HAYSHUSIM, KOTOPBIE JUIS JIETKOTO
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u Tsokenoro @I pasust 9.5h u 8.3h. Dtu nanHbIe pa3yMHO COMIACYIOTCSI C BEIMYMHAMHE, TIOJTyYCHHBIMU
B pabote [6], MOCKOJIBbKY, KaK TIOKa3aHo B paboTe 7], 3HaueHus cinHOB D] OTIMYAIOTCS OT MOTyIEHHBIX
B [5] Ha BenmuuuHy ot 3.5h 10 5h BenencTBre uCmycKaHus HCHAPUTEIbHBIX HEHTPOHOB U Y-KBAaHTOB.
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SPIN DISTRIBUTION OF FRAGMENTS OF DOUBLE FISSION OF ATOMIC NUCLEI
WITH BENDING AND WRIGGLING OSCILLATIONS TAKEN INTO ACCOUNT

S. G. Kadmensky, D. E. Lyubashevsky, D. S. Stepanov

\Voronezh State University, Voronezh, Russia
E-mail: kadmensky@phys.vsu.ru

The problem of describing the spins of fission fragments (FF) requires the use of quantum
concepts of the dynamics of the fission process for its solution. This process always begins with the
formation [1] of thermalized excited states of a compound fissile nucleus in the first well of its
deformation potential. The multiquasiparticle wave functions of these states include components
associated with the collective deformation vibrations of the fissile nucleus and corresponding to the
transition fission states introduced by O. Bohr [1]. In the present work, it is shown that for the case of
spontaneous and low-energy induced fission, the fissile nucleus and the FFs emitted from it in the
vicinity of the discontinuity point of the indicated nucleus should only be in cold nonequilibrium states.
When constructing their spin distributions, it is necessary to take into account only zero transverse
bending and wriggling vibrations of the fissile nucleus [2]. The apparatus developed in [3] is generalized
to the case of asymmetric fission. To estimate the moments of inertia of the FF included in the
coefficients of indicated transverse vibrations in the framework of the superfluid model of the atomic
nucleus, the dependence of the moments of inertia of the FF on the mass number, which has a sawtooth
character, is obtained. The moment of inertia of the light FF exceeds the similar moment of inertia of
the heavy FF, which is consistent with the predictions of [4]. The dependence of the calculated FF spins
on the mass number has a sawtooth character, similar to the dependence obtained in [5], but differs in
the average values, which are equal to 9.5h and 8.3h for light and heavy FF. These data are in reasonable
agreement with the values obtained in [6], since, as shown in [7], the values of the FF spins differ from
those obtained in [5] by 3.5h to 5h due to the emission of evaporation neutrons and y-quanta.
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YIJIOBBIE KOPPEJISIIUU CIIMHOB ®PATMEHTOB JIBOMHOI'O JAEJEHUS SITEP
C.TI. Kagmenckuii, /1. E. JIrooameBckuii, A. A. IInckiaokos, /[. C. Ctenanon

\oronezh State University, Voronezh, Russia
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[pupona cnimHoB ¢parmentoB aenenusi (DIl), a Takke UX OTHOCHUTENHHOTO OPOMTAIHHOTO
MOMeHTa 00cyxkIaercs Oonee meCTH aecATHiIeTui. MHTepnpeTanys HelaBHUX 3KCIIEPUMEHTAIbHBIX
pe3ynbraroB [1] Oblia MOCTaBJICHA I10J] COMHEHUE HECKOJIBKUMH T€OPETUYCCKHUMH HCCIICIOBAHUSIMU,
KOTOpBIE HE comiacylorcs npyr ¢ apyrom. CommacHo uHTeprnperanuu pabotel [1], cruabr Df
00pa3yroTcsl 3HaYMTENbHO MO3kKe MoMeHTa aeneHus aapa Ha @, Comamasch ¢ HEKOpPpeIUpOBaH-
HocThiO ctmHOB D/, aBTopHI [2] Ha ocHOBe (heHOMeHomorndeckoit monenn FRAYA 3akimo4aroT, 4To
cnrabl O] uMeroT c1abyro KOPPEISIUIO C HE3HAYUTEILHON OpUEHTAINEH CITUHOB B POTHBOTIOIOKHBIE
CTOpOHBI ¢ KouyecTBeHHO# ornerkoit P(180°)/P(0°) =~ 1.18 (duoneroBas aunws). ABTOpbl paboTs [1] B
MOJHOCTBI0 MMKPOCKONIMYECKOM HCCIIEOBAaHUH IIOKa3bIBAIOT, YTO HCXOIHBIC KOHEYHbIC 3HAYCHUS
cnaoB D] ompenenstoTest 10 UCIyCKaHUSI MTHOBEHHBIX HEUTPOHOB M KAaCKa/HBIX TaMMa-KBaHTOB U
CHIJILHO KOPPEIHPYIOT C OTHOCUTEIBHBIM YTJIOM MEX]Ty CITUHAMH, ONM3KUM K 271/3 (KpacHasi, OpaHKeBast
Y CUHSS JTUHUSA).

B Hacrosmieii paboTe B paMKax >KUAKO-KaNeIbHOH Mojenu siapa [3], moiyueHo 3aKiIoueHue,
yto cruHbl @/ UMET CHWIBHYIO KOPPEISILUI0 CO 3HAUUTEIBbHOM OPUEHTALMEdl CIMHOB B OJHOM
HaIpaBJIeHUH ¢ KonnuecTBeHHOM oneHkoi P(180°)/P(0°) = 0.25 (uepHas nunwus). [IpencTaBieHHbIH Ha
pHCYHKe rpaduK HaXOAUT MPOCTOe GHu3nIecKoe 000CHOBaHUE: TaK Kak oTHOIIeHHEe KOHCTAaHT Cu/Cp =
~ 2.3, 1o wriggling — xonebaHus, CIUHBI KOTOPOTO MapajIeJbHBl IPYT JAPYrY, 3HAYUTEIHHO
npeobnanaroT Haj bending — koneGaHUAMH, CIMHBI KOTOPOTO aHTUITAPAIUICIIBHBL IPYT APYTY.
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ANGULAR CORRELATIONS OF THE SPINS OF FRAGMENTS OF NUCLEAR DOUBLE
FISSION

S .G. Kadmensky, D. E. Lyubashevsky, A. A. Pisklyukov, D. S. Stepanov

\oronezh State University, Voronezh, Russia
E-mail: kadmensky@phys.vsu.ru

The nature of the spins of fission fragments (FFs), as well as their relative orbital angular
momentum, have been discussed for more than six decades. The interpretation of recent experimental
results [1] has been challenged by several theoretical studies that are inconsistent with each other.
According to the interpretation of [1], the FF spins are formed much later than the fission of the nucleus
into the FF. Agreeing with the uncorrelatedness of the FF spins, the authors of [2] based on the
phenomenological FRAYA model conclude that the FF spins have a weak correlation with an
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insignificant orientation of the spins in opposite directions with a quantitative estimate of
P(180°)/P(0°) = 1.18 (purple line). The authors of [1] in a fully microscopic study show that the initial
final values of the FF spins are determined before the emission of prompt neutrons and cascade gamma
guanta and strongly correlate with a relative angle between spins close to 2n/3 (red, orange and blue
lines).

In this work, in the framework of the liquid-drop model of the nucleus [3], it was concluded that
the FF spins have a strong correlation with a significant orientation of the spins in one direction with a
quantitative estimate of P(180°)/P(0°) ~ 0.25 (black line) . The graph presented in the figure finds a
simple physical justification: since the ratio of the constants Cw / Cb = 2.3, wriggling — oscillations, the
spins of which are parallel to each other, significantly prevail over bending — oscillations, the spins of
which are antiparallel to each other.
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MOJIEJIMPOBAHUE U BHIBOP OIITUMAJIBHBIX YCJIOBU SdKCIEPUMEHTA
IO ONNPEAEJEHUIO HU3KOHEPTETUYECKHUX TAPAMETPOB
np-B3AUMOJIEVICTBUSI B PEAKIIAHU nd-PA3BAJIA
MMPU SHEPTUM HEMTPOHOB 5 M>B

A. A. Kacniapos”, M. B. MopnoBckoii, A. A. Aponnn, /1. I'. [{BeTkoBuY
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Peakuus nd-pasBana sBJIsIeTCS OAHOM U3 OCHOBHBIX MAJIOHYKJIOHHBIX PEaKLMK AJIsl IOJTyYeHUs
JaHHBIX 0 NN-B3ammojeiictBun. [loydeHHbIe JaHHBIC O 711-B3aUMOACHCTBUU B PEaKINH nd-pa3Baiia
NpY  Pa3IM4YHBIX DJHEPrHsSX HEHTPOHOB HUMEIOT OOMNBIIONW pa3dpoc 3HAUEHWH, IPEBBIMAOIINI
9KCHEpUMEHTaNIbHbIe OMHMOKK. Tak, HeJaBHWN aHaJIU3 IMOJNYYCHHBIX B peakuuix nd-u dd-pa3Bana
3HAUCHUU JJIMH HEUTPOH-HEUTPOHHOTO paccesHus [1] B 3HAUUTETHLHON Mepe MOATBEPIUI THIOTE3Y
0 BIUSHUM 3N-CMJI Ha BEIMYMHBl W3BJIEKAEMBIX IApaMETPOB #A-B3aUMOJEHCTBHUS B peaKLUsIX
C MaJIOHYKJIOHHBIMH cHUCTEMaMH [2].

B HenmaBuell pabote [3] momy4yeHHbIE B KHHEMAaTHYECKH IIOJIHOM JIKCIIEPHUMEHTE IO HCClie-
JIOBAHHMIO PEaKlMU nd-pa3Baja Mmpu 3Heprusx HeutpoHoB 9 m 11 M»aB kanama PAJIDKC UAU PAH
3HAYEHUs 'S 7p-IJIMHBI PACCESHUS CYIIECTBEHHO OTIMYAKOTCS OT 3HAYEHHs, MOJYYEHHOTO B JKCIIE-
PUMEHTE IO CBOOOJHOMY #p-PacCesHHIO, YTO MOKET OBITh CBS3aHO CO 3HAYMTEIBHBIM BIIUSHHEM
TPEXHYKIOHHBIX cui. Jns mpoBepku maHHoro mpexnonoxenus B WAM PAH nmanupyercs
WCCIIEIOBAHNE PEAKIINU nd-pa3Baiia npu 0oiee HU3KUX SHEPTHsIX HEUTpoHOB. [IpernMyIecTBOM KaHana
PAIDKC sBnsieTcsi BO3MOXHOCTDh M3Yy4YEHHS PEAKLUUH nd-pa3Bajia B IIUPOKOM JAMANa30HE SHEPrui
HEHUTPOHOB 32 CYET BOCCTAHOBJIEHUS IHEPTUU IIEPBUYHOTO IIyUKa U3 KHHEMATHKU PEaKIMH.
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B mHacrosmieir paboTe paccMaTpHBAIOTCS KHHEMATHYECKOE MOJEIMPOBAHUE PEAKIHH
n+?H—p-+n+n npu sHeprum HelTpoHOB 5 M5B, Ha OCHOBE KOTOPOTO BBIOMPAKOTCS ONTHMAJbHBIE
yclIoBUsl OyIylIero 3KCIepUMEHTa IO OINpPENeIeHUI0 HU3KOIHEPreTHYeCKHX MapaMeTpoB 7p-B3au-
MOJENCTBYS (CUHTIIETHOM /1p-IJIMHBI PACCESHUS U SHEPIUM BUPTYAIBHOTO 1Sy cocTosinus E,yp).
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