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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 (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

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 a-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 a-particle states in a similar way to use of the nuclear mean field
to calculate the properties of bound smgle particle states and also the scattering of unbound nucleons by nuclei.

Processes of elastic 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 studyv 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 day. 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.

Keywords: elastic scattering, optical model, FRESCO, optical parameters.

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 (20 + 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 Jyvéskyld 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 Eo = 50 MeV and cyclotron K130 of the University of
Jyviskyld (Jyvidskyld, Finland) at Eo = 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.

] 1 1
700 B((I,Ot) B Og:}[cciit
Ea =50 MeV e o e
o O(o,a') O
600 0. = 20 6.049 MeV
i 6.792 MeV 5.02 MeV
o 1 7.286 MeV \
o
400 -
x
2 | e 4.445 VeV
300 ral
200 |
] 2.125 MeV
- H H ‘ l
0 T ) T L HH T ‘ ‘| T ! T ] . T o |l T
40 60 80 100 120 140 160 180

KaHansl
Figure 1 - Typical spectrum of the scattered helium ions on carbon nuclei at E = 50.5 MeV

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/cm2 (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 2’ Al(p,y)**Si
Analysis of experimental data on the optical model of the nucleus. The data on elastic 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(r) ==V (x, )= if(x, )]+ Ve (), (L1)

where f(xi) =(I+exp()) » x = (r—]{.)/al. R =rd", R=r4",

V(R) - the potential of a uniformly charged sphere of radius R = 1,28 A"’ fm. 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: r, = 1,205 fm
and ry, = 1,65fm were recorded, and the theory fit the experiment was carried out by varying the remaining
4 OP parameters (Vg, Wy, ag 1 ay) .

The OP values are reported in Table 1. Also it was calculated volume integrals for the real part (Jy,)
and imaginary part (J,,) of optical potential at given energy.

-1
s

Table 1 - Optical potential parameters

Ep, Vr, MaB 7o, M ag, pm Wy, MaB | 1y, oM | ay, dm v Jw>
MbsB MsB ¢y’ | MaB-¢pm
3
Het''B 50.5 135 1,205 0,785 16,41 1,65 0,661 396,5 107,7
65.0 127 1,205 0,8 19,41 1,65 0,761 380,5 131,5
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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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HCCJEJOBAHUE MPOLIECCOB PACCESIHUSI AJIb®A-YACTHILL
HA SIIPAX ''B IIPU DHEPTUSIX 50 K65 MIB.

AnHotaums. l3ydeHne sIEpHBIX peakIUi MNPEACTABISIET OCOOBI MHTEPEC, IOCKOJIBKY OHO MOKET
MIPENOCTABUTEL TIOJE3HYI0 HWHGMOPMAIMI0O O CTPYKType sapa, IapaMmerpax IOTEHIMAIoB, aehopMmanyvu u
BCPOATHOCTAX IICPEXOOA0B. B3aMMOﬂeﬁCTBHe o-4gacTul C aapaMu ABJISACTCA Ba)XHBIM MHCTPYMCHTOM J1JIA ITIOHWUMaHUs
CTPYKTYPBI S7pa W SIEPHBIX peaknuil. KoHmenmus cpeaHero IMoyisl O-4acTHIbI ITUPOKO HCIIONB3YETCSA IS
00BEMHEHHSI COCTOSIHMH CBSI3aHHBIX W PAacCEMBAEMBIX O-YaCTHI[ aHAJOTHYHBIM 00pa3oM C HCIOJIb30BaHHEM
SIIEPHOrO CPEOHEro MOJIL IJIsl pacuera CBOMCTB CBSI3aHHBIX COCTOSIHUM OJHOM YacTHLbl, & TaKXKE paccessHUue
HECBSI3aHHBIX HYKJIOHOB Ha si/Ipax.

B manHO#1 paboTe umccienoBaHbl MPOIECCHl YIPYToro paccesHus anbda-dacTui npu dHeprusx 50 u 65 MbaB.
AHanu3 ynpyroro paccesiHus ObUT IPOBEJICH B paMKaX ONTHYECKOW Mojiesid. B pacueTax st IeHCTBUTEILHON YacTH
KOMILIEKCHOT'O SIJICPHOTO MOTEHIHAIa ObLIH MCIIOIh30BaHbI KAK MUKPOCKOIIMYESCKHIE MOTCHITMAIIBI IBOMHON CBEPTKH,
TaKk U (PCHOMCHOJIOTHYECCKHE TOTEHIHANE. MHUMAs 9acTh uMena GopMy (EHOMEHOIOTHYECKOTO TOBEPXHOCTHOTO
Bync-Cakconckoro  moTeHnmpana. TeOpeTHYeCKH  pacCUMTaHHBIE  CEYCHHS  XOpPOIIO  COTJIACYHOTCA  C
JKCIIEpUMEHTAIBHBIMHU JaHHBIMH.

Teoperndeckass 3HAYMMOCTb HCCIEAOBAaHHMS COCTOUT B TOM, YTO BOIIPOC PACHPOCTPAHEHHOCTH M30TOIIOB
JIETKUX sAAep BO BceleHHOM M CyIIECTBOBAHUS HEHUTPOHHOI'O Taj0 OCTalOTCS OTKPBITHIMH IO CeM JEHb.
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0a3y AEPHBIX JaHHBIX HOBBIMH JAHHBIMU 110 CEUCHHSIM SACPHBIX PEAKLUN U CTPYKTYPE JIETKUX AP, MOJIC3HBIX IS
pacIIupeHus IOHUMaHUK PUPOIBI AACPHBIX B3ANMOACHCTBHN B 00JIACTH HU3KUX U CPEIHUX dHEPTHH.
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