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ON THE EFFECTS OF NUCLEAR STRUCTURE AND THE COULOMB
INTERACTION AT DIFFRACTION DEUTERON-NUCLEUS SCATTERING

V. L. Kovalchuk, V. K. Tartakovsky, O. I. Ivanova
Taras Shevchenko National University, Kyiv

Within diffraction model framework it has been proposed the method of cross section calculation of
deuteron-nucleus scattering at intermediate energies. The deuteron wave function was chosen as Hiilten one,
the Coulomb interaction and nuclear surface diffuseness of targets were taken into account. The calculating
cross sections of 700 MeV deuteron elastic scattering from ‘°Ca and **Ni satisfactorily fit the experimental
data.

1. Introduction

The modern diffraction theory of nuclear reactions is powerful instrument for investigating
of various nuclear processes that allows to research both elastic and non-elastic reactions, excitation
of nuclei, breakup ones etc. The diffraction phenomena arise when the De Broigle wave length of
projectile become less than characteristic dimension of interaction region that corresponds to 10 —
15 MeV per nucleon and more (for medium and heavy targets). At intermediate energies, as is
known [1], movement of scattering particle in nuclear field of a target nucleus can be considered as
quasi-classic. Earlier, by using of diffraction approach, we performed [2] the greliminary
calculations of differential cross sections of 700 MeV deuteron elastic scattering from *°Ca. In that
paper the deuteron wave function was chosen as Gaussian and the Coulomb interaction has not
taken into account but these approximations were not gave an opportunity to reach a good fitting
with the experiments. In the present paper as deuteron wave function we choose the Hiilten one
which has good asymptotic behavior both on small and large proton-neutron distances, besides the
influence of the Coulomb interaction also takes into account.

2. Formalism

Assuming that targets have spherical form, in non-spin approximation and without taking
into account of deuteron D-wave, let us start from general expression for amplitude of deuteron-
nucleus elastic scattering [3]

-~ ik . . o5 = L
F@) =~ jd‘”r jd% W2 (1) exp(iq-p) [ (P) + 0(P) — 01 (01)0,(02)] + B= (3, +5p) /2. (1)

where = k-k' is momentum transfer (all our further calculations are carried out for c.m. system
and Ai=c=1), k(k") is incident (scattered) momentum of deuteron, ,(r) is intrinsic wave

function of relative motion of deuteron clusters. Here ® j(p j) are the nucleon-nucleus profile

functions (j=1 is neutron number, j=2 corresponds to proton) which expressed in terms of

impact parameter 5 §= {p i (pj} from scattering phases 8(p;)

o;(p;) = 1-exp[2i(p;)] .

From common reasons it is clear that while deuterons have relativistic energy, the Coulomb
contribution to differential cross section of reaction will be insignificant excepting regions of small
scattering angles and diffraction minima. However, the further calculations will show that the
mentioned contribution may reaches essential values even for such energies of incident deuterons
that leads to an improvement of the experiment fitting. But for simplicity, let us consider the
deuteron-nucleus scattering without the Coulomb interaction.
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As is known [4], quasi-classic phase &y(p;) of scattered nucleon can be expressed from

nucleon-nucleus potential Vi (r)

loo
()= [as V), 1= o7 @
0

where v is the relative speed of incident nucleon and target nucleus on infinite distance between
them. At relativistic kinetic energies of nucleon E potential Vi (r) can be presented as [3]

2n
E+M
where M is the nucleon mass, py(r) is the density of nuclear substance of target which has A
nucleons (we supposed that A >> 1), £(0) is the amplitude of 0-angle scattering

Vo (1) = Vi (1, E) = ——Z— £(0) py (1), jd<3’?pN<r>=A , 3)

£(0) = XNt (5y)
47

where ky is the nucleon momentum, o, =0,,(E) is the total NN cross section,
y=7(E)=Ref(0)/Imf(0) is the real parameter. As radial distribution py(r) we use expression
(5, 6]

_n\¢&
pN(r)=pN0(l+exprAR) \ R=r0A1/3+A'1n§ A

where Py is normalization constant, A is the diffuseness of target surface. The potential of a

similar kind (3) was found as useful during the analysis of experimental data on *He elastic
scattering from nuclei both at low [7], and at intermediate energies [8] thus the geometry of usual
Woods-Saxon potential was modified in a surface layer of a target that corresponded to introduction
of asymmetric parameter £ # 1. The similar potential was used also in [9] for calculations of some
general nuclear characteristics within the framework of microscopic model. Earlier, within
diffraction model framework [10], we have shown also that introduction of additional parameter &
in Woods-Saxon potential allows us to improve agreement with experiments on elastic nucleon-
nucleus scattering.
After integration on polar angle @; (or @, ), it is possible to present (1) as

F(@) =ik @(=q/2) [dpy py 01 (51T (ap1)+ B(@/2) [dp py 03 ()T (apy) -
0 0

) o

where @, is the angle between 51 and 52 , D(g) is the structural form-factor of deuteron

® 0 2n o
= _[dZ J.dpl pro1(py) J.d(Pu _[dpz P2 ) (Pz)\U% (\/ 2’ +(py ‘Pz)z) Jo (% 'lpl +P;

-0 0 0 0

0@ = [dVF yr)explig T, O(O)=1.
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If yy(r) is choosed as Gaussian

3/4
NGEIT <r>=(—27—}) exp[-Ar’] , (5)

then quadruple integral in (4) can be reduced analytically to the triple one, corresponding form-
factor is

% (g) = exp(-g2 /81, .

Nevertheless, for choosing of (r) as Hiilten function

Wo(®) =y (r) = aB(x+P) exp(-ar)- XD - Me, B=Ta, £=223 MeV ()

2n(B-a)’ r
we have to carry out quadruple numerical integration, though the form-factor is calculated explicitly
a2
o)< BB+ _ G-ofroX ], &
B-o)€ BB+oa) +a(Ba’+20p+3p°)," +4a’C 20

3. Calculation results and discussion
The computed relations 6/cy for 700 MeV deuterons elastic scattering from *°Ca and **Ni
are shown in Figure. There are ¢ = |F(q)] is the differential cross section and Og =(2kn)2 / q”1 is

the Rutherford one (n = Ze? /v is the Coulomb parameter, Ze is the charge of target nucleus,
q=2ksin(6/2) is the module of momentum transfer, 0 is the scattering angle).

The dot curves were calculated by deuteron wave function (5) and the dash ones by (6). The
chi square method was used as criterion of the fitting, thus optimal values of parameters of potential
(3) were found as in the Table.
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Relations o/oy for deuteron-nucleus elastic scattering at 700 MeV energy of projectiles.
Experimental data (bold points) were taken from [11].
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Targets and types of deuteron wave functions
“Ch *Ni
Parameters - .
Gaussian Hiilten Gaussian Hiilten
(dot curve) (dash curve) | (dot curve) (dash curve)
Y 0,25 0,25 0,24 0,24
E 2,27 2,27 2,30 2,30
ro, Fm 1,11 1,04 1,11 1,07
A, Fm 0,42 0,69 0,40 0,65

The values of o, in (3) have been taken from [11 and references therein], value of structural

parameter A in (5) defined as A =(3/ l6)-(rd2 »! where (rj )”2 is root mean square radius of

deuteron [12, 13]. From comparison of behaviour of dot and dash curves on Figure it follows that
usage of Hiilten wave function allows us to reach the best fitting with experiments, especially for
region of third and fourth diffraction minima. Therefore all the further calculations (with taking into
account the Coulomb interaction) were carried out for Hiilten wave function of deuteron.

The Coulomb interaction can be included if we shall add the Coulomb phase

dc(pj) =ZEln(lkpj), kR >>1
¥ 2

to the 8 (p;) of proton (j=2) [14]. It is necessary to notice, that as is known in general [15], the

resulting phase for two potentials of interaction (the nuclear potential and the Coulomb one) does
not equal to the sum of phases for each of potentials separately. But for intermediate energies of
projectiles, when it is possible to use quasi-classic approximation, such a procedure of simple
algebraic addition of phases justifies itself because scattering phase linearly depends on potential of
interaction. The approach proposing here leads one to essential simplifications of calculations in
comparison with methods which were used in [16]. The solid curves on the Figure, which
correspond to the including of the Coulomb interaction, are computed for the same set of
parameters (Table) by using the Hiilten wave function of deuteron. Features of behaviour for these
curves consist in increasing of cross sections values, especially for regions of first diffraction

maxima (0 < 7°) and filling of diffraction minima.

Thus satisfactory description of experimental differential cross sections of deuteron-nucleus
elastic scattering at intermediate energies can be reached if it is taken into account the following:

1) the correct radial asymptotic behaviour of intrinsic wave function of deuteron;

2) the real part of nucleon-nucleus potential together with its imagine one (that correspond

toy=0);

3) the diffuseness of target surface;

4) the Coulomb interaction of deuteron with nucleus.

The relative simplicity of the method has been proposed above gives an opportunity to use it
for consideration of interaction with nuclei not only for deuterons but also another weakly-bounded
projectiles.
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PO BILIUB ;IILEPHQT CTPYKTYPH TA KYHOHOBOT B3AEMOII
HA JUOPAKIIMHE PO3CISSHHS JEATPOHIB SIAPAMHU

B. I. KoBaibuyk, B. K. Taprakosceknii, O. 1. IBanosa

V pamkax audpakuifHOT MOJEI 3apONOHOBAHO METOJ PO3PaxyHKy Tepepi3iB JEHTPOH-SIAEPHOro
PO3CiTHHS NPH MPOMIKHUX EHEPrisiX MaJarouMX 4acTHHOK. JIeHTpoHHa XBUIbOBA (yHKUis BUOMpanacs y
BUIJIAAI XIOJNBTEHIBCHKOI 3a1€KHOCTI, BPAXOBAHO TaKOX AM(Y3HICTh MOBEPXHI Aapa-MillleHi Ta KyJOHOBY
B3aemMoji0. PozpaxopaHi audepeHiianbHi nepepizu Npy»KHOro poscisHHs JeHTpoHis 3 eHepriamu 700 MeB
Ha spax “’Ca, **Ni 3a10BiTbHO Y3TOKYIOTBCS 3 EKCTIEPUMEHTAILHUMHU JJAHHMH.

O BJIVSTHAU SIAEPHON CTPYKTYPHI M KYJOHOBCKOI'O B3AUMOJENCTBUSI
HA JUO®PAKIITUOHHOE PACCESIHUE AEMTPOHOB SJIPAMHU

B. 1. KoBasibuyk, B. K. Taprakosckuii, O. . UBanosa

B pamkax AMQpakUHMOHHOW MOJENH MNPELIOKEH METOJ pacuyera CeYeHUH AeHTPOH-AIepHOro
paccesHHUs NP MPOMEXKYTOUHBIX SHEPrUsX NafarolliX YacTull. BonHosas GyHKUMs aeHTpoHa BbiOHpasnack
B BHJE XIOJbTEHOBCKOH 3aBHCHMOCTH, YYTeHbl Takke AUPQPY3HOCTh MOBEPXHOCTH sApa-MHUIIEHU U
KYJOHOBCKOE B3auMofeiicTBue. PaccuurtanHbie aup@epeHUManbHble CEUSHHS YNpYyroro paccesHus
neiitponoB ¢ sHepruamu 700 MsB  nHa sappax “Ca, Ni ymOBIETBOPHTENBLHO COMNIACYIOTCH C
9KCIIEPUMEHTAILHBIMU JJAHHBIMH.
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