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STUDY OF ELASTIC AND INELASTIC SCATTERING
OF DEUTREONS BY “C NUCLEI AT ENERGY E,=18 MeV

Abstract. The differential cross sections of elastic and inelastic (3/2” excited state of '°C, E, = 3.684 MeV)
scattering of deuterons by '°C nuclei at energy Eq = 18 MeV in the angular range 6,,, = 10°-75° have been measured
at the U-150M cyclotron (Almaty, Kazakhstan). The total error of the experimental data obtained does not exceed
10%. The standard dE-E method of registration and identification of interaction products was used in the
experiment. Thin carbon films with a thickness of about 150 pg/cm?2 of about 80% enrichment by '*C were used as
targets. A theoretical analysis was made within the framework of the optical model of the nucleus and the coupled
channels method. The values of the quadrupole deformation were determined, which are in good agreement with the
literature data. It is shown that in order to improve the theoretical description of experimental data, additional
mechanisms (reactions, other inelastic processes) that can influence the formation of scattering cross sections must
be taken into account in the calculations.
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Introduction. The success of the diffraction mechanism with strong absorption in explaining the
clastic and inelastic scattering of alpha particles has stimulated interest in new research on the scattering
of other particles, including deuterons, by light nuclei. Since the structure of the alpha particle is strongly
coupled, while the deuteron is weakly coupled, it remains an open question whether diffraction with
strong absorption in deuteron scattering plays an equally important role, especially in case of light nuclei.

In recent years, the scattering of deuterons by carbon isotopes nuclei has been investigated at energies
from 4 to 17 MeV. Analysis of '*C(d.d)"*C the reaction in the energy range 9-14 MeV [1,2] with a simple
interaction potential, established the applicability of the optical model for light nuclei. To date, there have
been few studies on the scattering of deuterons by C nuclei. There are only a few works where elastic
scattering was studied at energies of 13.7+17 MeV [3-7]. Data on inelastic scattering are completely
absent.

The study of ¢lastic and inelastic processes of interaction of deuterons with nuclei is one of the main
sources of information on the properties of the ground and low lying excited states of atomic nuclei [8].
These processes, occurring during collisions of nuclei with energies of several tens of MeV, provide
valuable information about the structure of specific nuclear states.
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Experimental methods and measurement results.

Measurements of the cross sections for deuteron scattering processes on 13C nuclei were carried out
on extracted beams of the U-150M isochronous cyclotron of the Institute of Nuclear Physics (Almaty,
Kazakhstan) with an energy of Ed = 18 MeV. The interval of measured angles is 10-75 degrees in the
laboratory coordinate system.

The deuteron beam was conducted through a collimation system (two collimators 2 mm in diameter,
placed 440 mm from ecach other) and formed a 2 mm spot on the target. Careful adjustment of the
collimator system, as well as the mobile device with a detector for measuring the angular distributions,
made it possible to reduce the error in determining the angle to £0.20°. The experiment used a standard
experimental AE-E method for detecting and identifying particles.

Thin films of °C (isotopic enrichment of about 80%) made using clectron-beam sputtering were used
as targets. During the experiments, several self-sustaining films with a thickness of about 150 pg/cm?
were used. An example of the spectrum of scattered deuterons on the target is shown in Figure 1.
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Figure 1 - Spectrum of deuterons scattered by *C nuclei at an angle of 40 degrees

The total error of the obtained experimental data did not exceed 10 percent. The angular distributions
of the measured differential cross sections are presented in Figures 2 and 3 (the symbols are triangles).

Theoretical analysis.

The theoretical elastic scattering cross sections were analyzed using the standard optical model (OM).
The calculations were extended using global optical potentials for deuterons obtained in the work of
Haixia An [9]. The parameters of the potentials are given in Table 1. Figure 2 presents a comparison of
the experimental data with the cross sections calculated within the OM. It can be seen that the calculated
cross sections (the solid line in Figure 2) reproduce the experiment quite well.

Table 1 - Optical potential parameters used in the calculations within the framework
of optical model and the coupled channels method

vV ry ay Wy rs das Wy p Aap Vso rso aso c

89,04 1,15 0,75 2,22 1,35 0,62 10,28 14 0,68 3,557 0,97 1011 1,303
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Figure 2. - Comparison of experimental data on elastic scattering with theoretical
cross sections calculated within OM using the potentials from Table 1

Inelastic scattering cross sections were calculated within the framework of the coupled channels
method (CC) using the FRESCO computer code [10,11]. The coupling between the ground (1/27) and
excited (Ex = 3.684 MeV, 3/2)) states of the ">C nucleus in deuteron scattering was taken into account
within the framework of the rotational model with the form factor

5, dU®
VAR =R

for quadrupole transitions (4 = 2), where d, is the length of the multipole deformation.
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Figure 3 - Comparison of experimental data with theoretical cross sections calculated within the framework
of the CC method (elastic scattering is above, inelastic scattering is below)
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In the calculations, the potentials from Table 1 were used. The length of the quadrupole deformation
was determined from the fit of the calculated cross sections to the experimental data and was J, = 0.54.
The found value agrees well with the literature data [12-16]. Figure 3 presents a comparison of the
calculated cross sections (solid line) with experimental data. It is seen that the coupling of channels
worsened the description of elastic scattering in the region of angles up to 60 degrees. Probably, to
eliminate this problem, it is necessary to include additional processes in the coupling: reactions and
inelastic channels with excitation of other levels of the °C nucleus [17-21].

Conclusion. With an error of no more than 10%, the angular distributions of the differential cross
sections of clastic and inelastic (excited states of °C: 3/27, E, = 3.684 MeV) scattering of deuterons on *C
nuclei at an energy Eq = 18 MeV in the forward angles region have been measured. The values of the
quadrupole defromation are determined, which are in good agreement with the literature data. It is shown
that in order to improve the theoretical description of experimental data, additional mechanisms
(reactions, other inelastic processes) that can influence the formation of cross sections must be taken into
account in the calculations.
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Eq =18 MeV DHEPTHAJA “C AJIPOJAPBIHAH JEMTPOHJIAPABIH CEPIIIM/I
JKOHE CEPIIIMCI3 IIAIIIBIPAYBIH 3EPTTEY

Annoramust. 0, = 10°-75° Oypermrap muama3oHsHAA Ey = 18 MeV sHepruamsl ACHTPOHIAPIBIH B
ATPOTAPHIHAH cepmiMai koHe ceprivcis (C AIPOCHIHBIN KOMIBIPBIFAH Kyhi: 3/2°, Ex = 3.684 MeV) mamsipay
ma(ppepeHIanIbK KuMacek Y-150M (Amvatsl, Ka3zakcTan) HUKITOTPOHBIHAA OMICHAI. AJBIHFAH SKCICPHMCHTTIK
MOJIIMETTEPAIH TONbIK Karemri 10% acmainpl. DKCIICPUMEHTTE dCEpPieCy OHIMICPIH TIPKEY >KOHE COMKECTEHIIpI
yuin craumaprrst dE-E onici xommamsiias. Heicana peTinae KaTbIHABIESI maMaMeH 150 mxr/cm® Gomarsm 80%
Gaiiprtamran | C  JKyKA KeMipTeri KaOBIKIIACHI MAMIATAHBLTIGL. TEOPHATBIK TAIIAYIADP ATPOHBIH ONTHKATBIK
MOJCIi oHEe OalIaHBICKAH apHAJIap OICI TOHIPETIHAC >KYPTri3iami. AHBIKTAIFaH KBAApPYHompai achopmanus
Y3BIHABIFBIHBIH MOHI 9JCOMETTIK MONIMETTEPMEH MKAKCHI YHIecemi. ODKCIEPHMEHTTIK MOTIMETTEPAl TCOPHSIIBIK
TYPFBIJAH JONENACYJl KAKCApTy VIIIH EcCenTeylepAc I[MAambIpay KUMAJApbIHBIH Maiira OOJyblHA dCep CTETIH
KOCBIMIIIA MCXaHU3MICP Il (PeakumsIap, 0acka CeprmiMCi3 mMpOIECCTEeP) SCKEPY KAXKET.

Tyiiin ce3aep: audhepeHIMATIBIK KAMA, ONTHKANBIK MOTCHIHAIIAP, AC(POPMALHs mapaMeTpicpi.
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HCCJEJOBAHME YIIPYT'OI'O M HEYIIPYT'OI'O PACCESAHUS AEHTPOHOB
HA AJIPAX “C IIPH DHEPTMH E, = 18 MeV

Annoramusa., Ha muxporpore V-150M (Ammarsi, Ka3zaxcran) m3mepeHsl au()(epeHIHATGHBIC CCUCHHS
YIIPYTOTO M HEyNpyTOTo (YpoBeHb BO3OysKkaeHus sapa °C: 3/27, By = 3.684 MeV) paccesHus QeHTPOHOB Ha AIpax
3C npu sueprun Eq = 18 MeV B quanasone yrios 0, = 10° — 75°. B skCIIepHMEHTE HCIOIb30BaIaCh CTAHAAPTHAS
dE-E merommka permcrpanuu ¥ HACHTH(UKAIMK TPOAYKTOB B3amMoAachcTBhsI. B  kauecTBe MHIICHEH
HICTIOJTh30BATHCH TOHKHE YTICPOIHbIC TLICHKH TOJIIMHOM mopsaaka 150 Mxr/cM” i oGorameruem mo °C okos1o 80%.
[NomHast MOTPENIHOCTh MOIYUCHHBIX 3KCICPUMEHTAIBHBIX JAHHBIX HE npesbrmact 10%. BemoaHeH TeopeTrniecKkuit
aHAaTM3 B PAMKax ONTHYCCKOH MOJENH SIIpa M METOAA CBI3AHHBIX KaHAMOB. ONpencicHbl 3HAYCHUSA UTHH
KBaZApYMOJIBHON Je(opManmu, KOTOPhIE HEIUIOXO COTJIACYIOTCSA C JIMTECPATYPHBIMH JaHHBIMH. [I0KazaHO, 4Tro Ayt
VAYYIICHUS TEOPETHUYCCKOTO OIMMCAHMS JKCICPUMCHTAIBHBIX [JAHHBIX B PAacuerax HEOOXOJMMO YUHTHIBATH
JOTIOTTHAUTEIbHBIC MEXAHU3MBI (PEAKIHH, JPYTHE HEYIPYTHE MPOLECCHI), KOTOPBIC MOTYT BIMATH HA (DOPMHUPOBAHHUC
CCUYCHUH PACCETHUSL.

Kmouennie ciioBa; nu)(hCpeHIMATBHBIC CCUCHUS, ONTHICCKHC TIOTCHIHAIEI, MAPAMETPHI Ac(opMartum.
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