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STUDY OF SCATTERING OFALPHA PARTICLES FROM !'B
NUCLEI AT 50 AND 65 MEV

Abstract. From the point of view of studying excited neutron halo states of light nuclei the states of ''B
nucleus is of particular interest, where both cluster configuration such as (2a + t) and the shell model structure can
co-exist. Indeed, several studies have suggested that low-lying states ''B, generally have a shell structure, while the
cluster structure can be observed in the states with negative parity above or near the clusters breakup threshold.

Study of nuclear reaction is of a special interest as it could provide us with useful information about the nuclear
structure, potential parameters, deformation, and transition probabilities. The o-nucleus interaction is an essential
tool for the understanding of nuclear structure and nuclear reactions. The concept of the a-particle mean field has
been widely used to unify the bound and scattering o-particle states in a similar way to use of the nuclear mean field
to calculate the properties of bound single particle states and also the scattering of unbound nucleons by nuclei.

Processes of clastic scattering of ‘He ions from "B nuclei at energies 50 and 65 MeV were studied in this
work. Analysis of elastic scattering was made within optical model. Imaginary part had the shape of
phenomenological surface Woods-Saxon potential. The calculated theoretical cross sections are in good agreement
with experimental data.

The theoretical significance of the studv lies in the fact that the issue of the prevalence of light isotopes in the
universe and the existence of the neutron halo remains open to this dav. The practical significance of the research is
to obtain new experimental data on nuclear reactions necessary for the evaluation of use of light nuclei. which will
complement the existing base of nuclear data with new data on the cross sections of nuclear reactions and structure
of light nuclei useful for the expansion of understanding of the nature of nuclear interactions at low and medium
energies.
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Introduction. From the point of view of studying excited neutron halo states of light nuclei the states
of ''B nucleus is of particular interest, where both cluster configuration such as (2o + t) and the shell
model structure can co-exist. Indeed, several studies have suggested that low-lying states ''B, generally
have a shell structure, while the cluster structure can be observed in the states with negative parity above
or near the clusters breakup threshold [1-4].

The nuclear scattering of alpha particles in a number of studies [5-16] has established itself as an
extremely important tool to obtain information about nuclear structure. However, the parameters of the
optical potential of interaction between the particles with light nuclei at low and medium energies, derived
from analysis of the angular distributions of the differential cross sections of elastic scattering in the
optical model (OM), are subject to ambiguities and require reliable estimates.

In order to obtain reliable information about the potential of nuclear interaction, obtained in the cyclotron
of the Institute of Nuclear Physics, the experimental data on the scattering of *He ions with an energy of 50.5
MeV [17] and in the cyclotron of the University of Jyviskyli at the energy of the incident particles of 65 MeV
[18] on the ''B nuclei were analyzed in the standard optical model with the potential in the parameterized form
and finding its parameters by comparing the theoretical and experimental cross sections.

In this study, we carried out a comparative analysis of the elastic scattering of *He ions with ''B
nuclei in the optical model frameworks.

Methods and experiment results. The experimental angular distributions of the elastic scattering of
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*He ions on ''B nuclei were measured on extracted beams isochronous cyclotron U-150M of the Institute
of Nuclear Physics (Almaty, Kazakhstan) at Ea = 50 MeV and cyclotron K130 of the University of
Jyvaskyla (Jyvaskyld, Finland) at Ea = 65 MeV.

The experiment used the self-supporting target of thin metal foil of 320 g/cm2 thick. For registration
and identification of reaction products it was used AE-E technique. We use the telescope of silicon
semiconductor detectors. Typical spectrum of scattered alpha particles on nuclei ''B at 50.5 MeV is shown
in Figure 1.
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Figure 1 - Typical spectrum of the scattered helium ions on carbon nuclei at E = 50.5 MeV
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The thicknesses of the targets was defined by a linear accelerator UKP-2-1 of the Institute of Nuclear
Physics. To determine the target thickness there were measured yield curves of the reaction >’ Al(p,y)**Si in
the vicinity of the resonance Ep = 992 keV [19] with the use of aluminum foil and spraying the target. The
shift of this resonance in the reaction *’Al(p,y)**Si, due to the loss of energy by protons during the passage
of the film "B, was 62.0 keV, which corresponds to the thickness of the target of 320 g/cm?2 (Figure 2).
This method allowed us to determine the thickness of the target to a precision of no more than 5%.
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Figure 2 - Determination of the target thickness from the shift of the resonance of reaction >’ Al(p,y)**Si
Analysis of experimental data on the optical model of the nucleus. The data on ¢lastic scattering
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were analyzed by the standard optical model of the nucleus, in which the influence of inelastic channels is
accounted with phenomenological introduction of the imaginary absorbing part in the interaction potential
between the colliding nuclei. Under this model, the elastic scattering is described by a complex interaction
potential with radial dependence in the form of a Woods-Saxon:

U(l’)=—Vf(xV)—i[Wf(xW)]+Vc(l’), (1.1)

where f(xi) - (1 v exp(xl.)) = (r—R.)/al. R =rA", R=r4"

Vc(R) - the potential of a uniformly charged sphere of radius R = 1,28 A'*fim. taking into account the
compact size of the incident particle, while analyzing the data at high energies we confined with volume
type of absorption capacity for the imaginary part.

The parameters of the phenomenological optical potentials (OP) were chosen so as to achieve the
best agreement between the theoretical and the experimental angular distributions. Theoretical
calculations were made on the FRESCO program [20]. Automatically find the optimal parameters of OP
was made by minimizing the value of */N. To limit discrete ambiguity in the OP parameters there were
used the recommendations given in the Nolte work [21] for a-partial dispersion. The indicators of radial
interaction potential parameters obtained in this work of global depending OP parameters: 1, = 1,205 fm
and r,, = 1,65fm were recorded, and the theory fit the experiment was carried out by varying the remaining
4 OP parameters (Vg, Wy , ar v aw) .

The OP values are reported in Table 1. Also it was calculated volume integrals for the real part (/)
and imaginary part (/,,) of optical potential at given encrgy.
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Table 1 - Optical potential parameters

Ep, Vr, MaB To, OM ag, M Wy, MoB | 1y, OM | aw, dM v, Jw.,
MsB MsB o | MoB-dum
3
eI 50.5 135 1,205 0,785 16,41 1,65 0,661 396,53 107.7
65.0 127 1,205 0,8 19,41 1,65 0,761 380,53 131,5
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Figure 3 - The angular distributions of the elastic scattering of alpha particles on the nuclei 11B at energy of 50.5 MeV.
Symbols - experimental data on elastic scattering; solid curve - calculation of the OM
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Figure 4 - The angular distributions of the elastic scattering of alpha particles in the nuclei 11B at 65 MeV.
Symbols - experimental data on elastic scattering; solid curve - calculation of the OM

Conclusion. Optimal physically reasonable values of the optical parameters of the potential were
defined. These capabilities will be useful in the study of differential cross sections for reactions involving

the nuclei.
This work was supported by a grant from the MES RK Ne1460 GF4.
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HCCJIEJOBAHHUE IMPOLIECCOB PACCESHUA AJTb®A-YACTHI]
HA SIIPAX ''B IIPH SJHEPTHAX 50 H65 MIB.

AnHoTtanmua, V3yucHHC SACPHBIX PCAKUHH NPCSACTABILICT OCOOBIH HMHTCPEC, TMOCKOJIBKY OHO MOXKCT
MPEAOCTABHTh IIOJIC3HYED HMH(MOPMALMIO O CTPYKTYpE spa, NapaMerpax IOTCHUMANOB, aehopMalmu W
BCPOATHOCTAX NEPEXOA0B. BSaI/IMOI[efICTBI/Ie O-JaCTHI C AAPAMH ABJLICTCA BA’KHBIM HHCTPYMCHTOM AJIA MOHUMAHHS
CTPYKTYPBI sAOpa W AACPHBIX peakiuii. KOHIECNIUSA CPeOHETO IMONA (-YaCTHIB MIHPOKO HCIONB3YCTCA I
OOBCAMHCHHA COCTOSHHH CBS3AHHBIX W PACCCHBACMBIX (-YACTHI AHAJOTHYHBIM O0PA30oM C HCIOJIb30BAHHCM
SIIEPHOTO CPEIHEr0 MOJ Uil PacueTa CBOWCTB CBS3AHHBIX COCTOSIHMH OJHOW YACTHIBI, a TAaKXKC PACCESIHUC
HCCBA3AHHLIX HYKJIOHOB HA AOapax.

B manHO# padoTe WCCIICAOBAHBI MPOLCCCH YIPYTOTO paccesHus anb(pa-dacTui mpu SHepruax 50 m 65 MaB.
AHamM3 yIpyroro pacceaHms ObLT MPOBCICH B PAMKAX ONTHYCCKOH MoACTH. B pacuerax qig ACHCTBUTCIBHON YaCTH
KOMITTICKCHOTO AACPHOTO MOTCHIUATIA OBLIIH HCIOJIB30BAHBI KAK MHUKPOCKOIMHYICCKUE MOTCHIIUATIBI I[BOfIHOfI CBCPTKH,
Tak ¥ (JEHOMECHOJIOTHYCCKUE MOTCHIHAIBL. MHnMaa dacTh umena GopMy (PEeHOMEHOIOTHIECKOTO MOBEPXHOCTHOTO
Bync-Cakconckoro  moTeHnmana. TeOpPEeTHUSCKH  PACCUMTAHHBIC  CCUCHHMS  XOPOMIO  COTJIACYIOTCA  C
QKCIICPUMCHTAJIBHBIMH JAHHBIMH.

Teopermieckas 3HAYMMOCTH HCCJICAOBAHMA COCTOHT B TOM, 4YTO BOIPOC PACIPOCTPAHCHHOCTH H30TOIIOB
JCTKHUX AACP BO DBCCICHHOW MW CYINCCTBOBAHHA HCHTPOHHOTO Tal0 OCTAFOTCA OTKPBITBIMH TIO CCH JCHB.
HDaKTI/I‘IeCKa}I SHAYUMOCTB HCCICAOBAHUA COCTOHUT B IIOJIYUCHHH HOBBIX DKCIICPHUMCHTAJIBHBIX JAHHBIX ITO AACPHBIM
peaKIUsIM HEOOXOIUMBIX A MPOBEACHUS OLCHKH HAPAOOTKH JICTKUX SZIEP, KOTOPBIE JOTOJNHAT CYIICCTBYIOMIYIO
0a3y AACPHBIX JAHHBIX HOBBIMH JAHHBIMH IO CCUCHHAM SACPHBIX PCAKIHH H CTPYKTYPE JICTKHX AACD, MOJIC3HBIX I
PACIIHPCHIS IOHAMAHIH TPHPOIBI ATCPHBIX B3AUMOACHCTBHI B 001aCTH HU3KUX M CPSTHHUX SHCPTHIA

Kimrouernie ¢j1oBa: ynpyroe paccesuaue, onrmacckas Moaeab, FRESCO, onTHiueckue MOTCHIHAEL.
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50 JKOHE 65 MDB DHEPTUAJAFEI AJTh®A-FOJIIIEKTEPAIH "BIIPOJIAPLIHIA
[IAIILIPAY KYEBIIBICTAPBIH 3EPTTEY

Annoramms. Ochl sxyMBICTaS0 xoHe 65 M3B smeprmamapaa ‘He HOHmApHIHBIH''B SIpOIAPEIHAH CEPIMTi
IMAImeIpay mporeccTepi 3eprrenreH. CepmiMal MAImbIpay ONTHKANBIK MOJCb ASCHIHAA TATAAHABL [I0TCHIHMAIIBIH
skopaman Oeriri ymin Bync-CakcOH MOTCHIMANBIHBIH OCTTIK ()eHOMEHOIOTHSIIBIK TYPL KOJIAHBLTABL. TEOPHSIBIK
CCCNTCATCH KMMAJIAP, TOKIPHOCTIK MOTIMCTTCPMCH YKAKCHI YHIICCCI.

Tipek co3aep: cepmiMai MAMBIPAY, ONTHKAJBIK MOJCTb, (POIAMHT MOTCHIMAI, HOPMAJay KOI(PIHEHTTEPI,
FRESCO.

Caeniennsi 06 aBToOpax:

Bypre6aeB Haccypama - mpodeccop, 1.g.M.H., 3aM. AUpeKTOpa UHCTATYTA siAepHOM (rsmku, Anmvatsl, Kasaxcran, e-mail:
nburtebayev(@yandex.ru

Myxamerxanos Ep:kan - e-mail: y. mukhamejanov@gmail.com




