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Investigation of interaction processes of 3He with 14N nuclei аt 50 and 60 mev
Abstract: Elastic scattering of 3He on 14N as example of 1p-shell nuclei at 50 and 60 MeV has been
investigated within the framework of Optical Model. In the Optical Model analysis, both microscopic
double-folding and phenomenological potentials for the real part of the complex nuclear potential have
been used. For both microscopic double-folding and phenomenological analysis, the imaginary potential
has taken to be Wood-Saxon volume shaped. It is noticed that while a normalization of the strength of the
double-folding real potential is needed to explain the structure observed in the experimental data, a good
agreement between experimental data is obtained for the phenomenological potential case.
Key words: optical model, double-folding potential, elastic and inelastic scattering, nucleon-nucleon
interaction, fresco.

Introduction
The study of the interaction of 3He with 14N
nuclei at low energies is of interest both from the
point of view of establishing reliable values of the
parameters of the internuclear interaction potential
of 3He and to study the mechanisms of cluster effect
in scattering processes [1].
The elastic and inelastic experimental data of
3
He+14N system has been measured in Institute of
Nuclear Physics (INP), Almaty as a part of larger
experimental research program of the scattering of
3
He on light-heavy nuclei with a mass range
between 4 and 28. Experiment on the elastic and
inelastic scattering of 3He ions with energies 50 and
60 MeV on 14N were carried out on the extracted
beam of the isochronous cyclotron U-150M in INP
Almaty, Kazakhstan. The spread of the beam energy
was less than 1%.
Experimental details
In order to carry out measurements on gas
targets a special device [2], a cylinder filled with the
studied isotope having input and output windows for
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the accelerated particles beam made of iron foil (7
mg/cm2) on indium seals, has been developed and
manufactured. Nitrogen isotope 14N (enrichment
equal to 99.63%) target thickness was equal to 1.377.66 mg/cm2. For the reaction products registration
there is a window with radial diameter equal to
cylinder quarter diameter made of Mylar (2.9
mg/cm2). The exit window is arranged so that the
geometrical axis of limiting collimator (having a
slope relative to the horizontal plane of the
scattering camera equal to 10о), installed before
turning spectrometer always intersects the center of
the target gas. The target was mounted in the
scattering chamber in two positions for measuring
the angular range between 10о to 96о and from 84о
to 170о; in last case it must be rotated around a
vertical axis 180 о. Calculations of the thickness of
the target was carried out using vacuum-gauge
according to the formula:

d   Pt ,

(1)

where  – density of the gas under normal
conditions, P – pressure, t – the visible part of the
beam seen by collimator, defined as:
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t   R  d1l /  d1  d 2   sin 1/ sin      1/ sin       2  ,
where d1 and d2 – collimator diaphragms, R – the
distance from the center of the gas target to the
current diaphragm d1, l – distance between the
diaphragms,  – angular uncertainty which, as
shown in Figure 1, is calculated from the
relationship:
tga = d1 + d2/2l

(3)

The geometry of the cross-section of the
target gas in the reaction plane

(2)

thickness may be smoothly changed in a broad
range. In both variants, telescopes as E-counter used
diffusion-drift silicon detectors with a sensitive
layer thickness of 2 mm. The angular distributions
of scattered particles in the investigated nuclei were
measured in the angular range of 10-170 in
laboratory coordinate system in steps 3 [3].
Experimental data 3He+14N measured at INP
Almaty has been analyzed within the standard
optical model and microscopic double-folding
potentials using the computer code FRESCO. In the
next section we present our optical model potentials
and then show our results in section 4. We also
present our conclusion and future plots in this
section.
The Model
In the present calculations, we have used both
phenomenological deep and double-folding real
potentials with a volume type imaginary potential
[4-8]. Our total real potential for these cases consists
of the nuclear potential, VNuclear and the Coulomb
and

Figure 1 – 00` – direction of the ion beam, d1 and
d2 – limiting collimator diaphragms, - angular uncertainty,
θ – scattering angle, R – the distance from the center
of the target to the operating diaphragm (d1) spectrometer,
l – distance between the diaphragms

The value of the calculated thickness of the gas
defined this way column is underestimated by up to
3% of the real at angle of 90 о and 1-2% at angle
170 о in the laboratory coordinate system (lcs). This
decrease is due to both the deviation of the gas from
the cylindrical cord due to the divergence of the
beam after forming input collimator and the limited
visibility of the cord conical solid angle of the
detector, instead of flat sections that were used in
the calculations.
The thickness of the gas target was determined
by weighing or by energy loss of α - particles from a
radioactive source with exactly 6-9%. Nuclear
reaction products were detected by using telescope
detectors consisting of surface-barrier silicon
counters with a thickness - 10, 18, 33, 50, 100
micrometers or ionization chamber, the effective

centrifugal

potentials,

VCoulomb , VCentrifugal

respectively.

Vtotal VNuclear  r   VCoulomb  r   VCentrifugal  r  . (4)
The phenomenological nuclear potential is
assumed to have the square of a Woods-Saxon
shape.

VNuclear  r  

V0

1  exp  r  R  / a 

where



1/3

R r0 A1/3
p  At

2



,

(5)

(6)

The Coulomb potential [5] due to a charge Z p e
interacting with a charge Z t e distributed uniformly
over a sphere of radius RC , is also added.

VCoulomb 

1

Z p Zt e2

4 0

r
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r2 
 3  2  , r  RC ,
RC 
4 0 2 RC 
1

(8)
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where RC = 4.62 fm is the Coulomb radius, and Zp
and Zt denote the charges of the projectile p and the
target nuclei t respectively.

Table 1 – Optical and Double-Folding potential parameters with normalization coefficient Nr
Eb(MeV)
50
DF
60
DF

V0(MeV)

r0(fm)

a0(fm)

60

1.2

0.823

55

1.2

0.823

WV (MeV)
8.8
8.8

rV (fm)
1.412
1.412

aV (fm)
0.747
0.747

0.9

9.8
9.8

1.318
1.318

0.747
0.747

0.9

Double-Folding potential [6] is calculated by
using the nuclear matter distributions of both
projectile and target nuclei together with an
effective nucleon-nucleon interaction potential
(νNN) are used. Thus, the double-folding
potential is

density of projectile and target nuclei, respectively.
Gaussian density distributions (GD) have been used
for both nuclei [4, 7] defined as:




  r  0 exp   r 2

VNN  r  7999



(10)

exp  4r 
4r

 2134

where

J 00
 E  276 1  0.005ELab / Ap  MeVfm . (13)
3

Results and Conclusion
The results obtained by using the microscopic
double-folding and phenomenological nuclear
potentials with the above-described models are
shown in Fig.1 in comparison with the experimental
data. As it can be seen from this figure that the real
part of the double folding potential requires a

RC (fm)
4.62
4.62

where  is adjusted to reproduce the experimental
value for the rms radius of the 14N=2.58 fm and
3
He=1.877 fm [8].  0 values can be obtained from
the normalization condition

A

   r  r dr  4 ,
2

VDF  r  
 dr1  dr2  p  r1  t  r2  vNN  r12  , (9)
where  p  r1  and t  r2  are the nuclear matter

Nr

(11)

where A is the mass number. We have chosen the
most common one, the M3Y nucleon-nucleon
realistic interaction. The M3Y has two form, one of
them to M3Y-Reid and another is based on the socalled M3Y-Paris interaction [7]. In this work, we
use the former form with the relevant exchange
correction term due to the Pauli principle,
given by

exp  2.5r 
2.5r

 J 00  E    r  MeV ,

(12)

normalization in order to obtain a reasonable result.
Without this normalization, Nr = 0.9, we could not
get an agreement with the experimental data. The
phenomenological Woods-Saxon typed potential has
provided a better agreement with the experimental
data as seen in the same figure with green line.
Double-Folding analysis could effectively tit the
experimental data at the first hemisphere (angles
lower than 70), while phenomenological analysis
could tit the experimental data at backward angles.
The resulting potentials can be used for model
calculations of yields of nuclear reactions necessary
for astrophysical applications.
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Figure 2 – The results of Double-Folding and phenomenological Wood-Saxon squared potentials
in comparison with experimental data for 3He+14N system at 50 and 60 MeV
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