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Abstract:
In the world there are so many work progress on Nucleon-Nucleon interaction. The researcher is

very much interested to review regarding Nucleon-Nucleon interaction. Nucleon-Nucleon interaction is
the most popular way of studying N-N interaction. The best way to do this is to observe two and three
body interactions. Therefore the researcher study the two and three body kinematics in details. Nuclear
reactions in which three particles are produced in the final state have recently become the subject of a
good deal of experimental interest. The Kinematic formula which is relevant to nuclear reaction is shown
here. Before going to discuss of three body kinematics, the researcher study the two body kinematics. The
theory on two body kinematics is essential for studying three body kinematics. The different theoretical
aspects regarding study on two body process of nuclear reaction is characterized. The researcher review
the major progress of the past decade concerning about Nucleon-Nucleon interaction. The focus is on the
low energy region. The researcher by using the c++ programme and also using three body kinematics
nuclear reaction ,the graphical analysis is shown here.
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Introduction:

In the twenty first century in the world maximum number of nuclear Experimentalist worked on
Nucleon-Nucleon interaction for determination of several properties of nuclear forces. The information
found about nucleon-Nucleon interaction from scattering experiment is not complete. Therefore the
researcher is very much interesting to study the different type of nuclear reaction by reviewing the past
decade of nuclear physics. Today it is most important to calculate the different types of nuclear reaction
by observing the output energies of the three outgoing particles from the there body kinematics. The
researcher found the best technique is to study the three body kinematics. At first two body kinematics
were studies and then the researcher study the three body kinematics. The theoretical aspects of two body
kinematics of nuclear reaction was taken into consideration. Hence the conversation laws of energy and
momentum for two body and three body kinematics are also taken into consideration. Nucleon-Nucleon
interaction is studied traditionally through N-N scattering experiments. In such experiments scattering
cross sections are experimentally measured and then compared to theoretical predictions to find the
scattering amplitudes. The scattering amplitudes obtained through elastic scattering of two particles
correspond to the on- the energy shell elements that is the diagonal elements of the transition matrix or in
other words the elements of the scattering matrix.

Two body Kinematics:

The motion of the colliding particles can be studied by taking the laws of conservation of energy
and momentum. At first one has to consider the motion for two particles in which they collide to each
other that is perform in different ways:

1+2 ->1+2

The particle 1 is projectile and particle 2 is target. As before and after collision the particles are
same so the process is known as scattering. Thus the scattering is said to be elastic if no energy is used in
raising either of the particle to an excited state.
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Three body kinematics:

The work continued on three body process. Nuclear reactions in which three particles are
produced in the final state have recently become the subject of a good deal of experimental interest.

In general for three body kinematics,
A+(B+C) ->A+(B+C)

Here particle A hits the bound state (B+C) which is at rest and three particles A, B, C are the
outgoing particles.

Nucleon-Nucleon scattering is the most popular way of studying N-N interaction. However off the
energy shell matrix elements of N-N interaction can only be ascertained from nucleon break up reaction
studies like N-D break up that is three particles are produced in the final state

The Kinematic equation which represent three body scattering is given by
p+d->p+p+n

Here p is proton which is projectile and d is the Deuteron which is target particles, outgoing
scattered particles are proton, proton and neutron.

Objectives:
1. To study Nucleon-Nucleon interaction of three body kinematics.
2. To study the literature review on Nucleon-Nucleon interaction.
3. To study the energy locus due to change of different incident energies of projectile.

Related Reviews:
The alpha- neutron final state interaction

Alpha+Deuteron-> Alpha+Proton+Neutron break up reaction can be use for observing off energy
shell behaviour. For this different chosen pair of correlation angles for outgoing alpha and proton
particles. Now these sets are allowed phase spaces are in favour of the alpha-neutron final state
interaction. The alpha induced break up experiment help us to understand the nature of nuclear force,
particularly to find whether there is any effect of three- body interaction in the nuclear force. Below the
alpha break up threshold, there are three particles I. e. alpha, proton neutron and both two body and three
body interactions in the final state are possible. A great deal of effort has given to study the FSI, in alpha -
Deuteron break up.

Koersner (1977) studied the alpha- deuteron break up reaction for eleven correlation angles. He
analysed the data in semi phenomenological impulac approximation. The discrepancies between
theoretical fit and the experimental data were explained by the prediction of triton transfer reaction.

Glantz (1977) observed interference between alpha - neutron and alpha -proton FSI in the same
configuration in a Kinematically complete experiment incident energies of alpha particles are 13 Mev, 15
Mev, 18 Mev.

Y. Koike (1978) explain the discrepencies as due to a large interference between alpha-neutron
and alpha-proton FSI

Rausch (1974) studied the reaction ?H (y, aP) reaction at incident energies Eq = 21.9MeV and 23.7
MeV also kinematically complete experiment suitable for observing aP QFS and nP FSI their observtion
however showed that aP FSI and QFS along with the nP

Dasgupta (1980) studied FSI in the alpha induced deuteron break up at a fixed corelation angle for
the outgoing proton and alpha particles 0,=15°, 8,=30°. however he observed overlapping of different FSI
(aP and aN) and oP quasifree scattering. the overlapping of different phase spaces was due to low
kinematic energies of the outgoing particls at E, = 15MeV energy.
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Bruno (1980) studied the deuteron breakup reaction at incident alpha particle energies between
9.847 and 13.991MeV for 21 correlation angles. the data were compared with the predictions based on
Faddeev equations. he observed interference between (aP and aN) FSI. the interference was due to low
kinetic energies which produced small kinematical loci.

Warner and Bercaw (1980) studied the above reaction at higher incident energies E, = 42MeV.
and at several corelation angles to observe the aN FSI. They observed prominent peak due to helium and
lithium FSI.

De (1995) using 45 MeV for the incident alpha particle, reported three body effect in the nuclear
force from their measured cross section at one pair of correlation angles 0,=20°, 0,=54°. Therefore off-the
energy shell matrix elements this FSI in allowed phase space are observed.

Methodology:

Nuclear reactions in which three particles are produced in the final state the observed output
energies plotted in the graphical distribution. here when two detectors are used in coincidence at
aparticular pair of angles the particle energy will be determined fully from momentum and energy
conservation equations.

Thus the allowed laboratoty energies Ei' , E;' satisfy the equation will be 1/Ms[E;'

(M1+M3)+E2'(Ma+Ms)-2(Ep'E1'M1Mp)2cos01-2(Ep'E2'M1Mp)Y2c0s02'+2(E1'E2'M1M2) Y2c0s012'1=Q+Eq'(1-
Mp/M3)

Where, My is the mass of projectile

My is the mass of first out going particle

Mo2is the mass of second out going particle

Mais the mass of third out going particle

E1is the energy of first out going particle

Eais the energy of second out going particle

Ep is the energy of projectile

Q=(M1+M2)/Mzx BE

BE is the binding energy of the target particle

01 is the polar angle of the first outgoing particle

02 is the polar angle of the second outgoing particle
@1 Is the azimuthal angle of the first outgoing particle
@2 is the azimuthal angle of the second outgoing particle
c0s012'=cos01'cos0,+sinb1'sind2'cos(p1-¢2)

For convenience, centre of two detectors and the direction of the incident are set to be coplanar
so that the azimuthal angles (1,¢2) of the two out going particle share automatically set at 0° and 180°

Results and Discussion:
Kinematic loci for p-d system
The proton induced deuteron break up is given by ,p+d — p+p+n

The kinematic energy gives the variation of proton energies with out going proton energies. This
energies locus,

i)  Changes due to different incident energies.
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i) Changes due to different angular correlations.

The following cases are investigated by the researcher, using the C++ programme for three body
Kinematics.

Data for Proton induced deuteron breakup by using C++ Programme.
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From the graphycal statement it has been seen that the kinematic loci under the condition 0:=10° =
02, E;=50 MeV, allowed curves corresponding to a pair of out going particals become larger as incident
energy increases.
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