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Abstract

On the based SU(5) subgroup cross sections of direct reactions and characteristics 0+ ex-
cited levels: probabilities multipole transitions were studied. This study demonstrated the
sensitivity of transition probabilities to nuclear structure. The nature of 0+ excited states is
very complex; on the one hand, they can be multiphonon, quasiparticle-phonon, and mixed
residual states. It has been shown that in direct reactions 0+ levels will be more strongly
excited in deformed nuclei. This leads to the conclusion about the important role of the
quadrupole-quadrupole interaction - this is the part of the interaction that is not reduced
to the mean field. It is proposed to describe the collective vibrational degree of freedom by
an algebra SU(5), which is formed by five components.
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1. Introduction

The direct scattering problem is the problem of nucleon-nucleus interaction or
the interaction of a particle with a complex structure, which has been studied for a
long time and several calculation schemes have been developed to solve it. Experi-
mental data were obtained [1-5] on various modern accelerators while studying
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direct reactions. The magnitude of the effective cross section decreases very
quickly with increasing momentum in the direction perpendicular to the incident
particle beam, and collisions with a large transferred perpendicular component of
momentum are rare.

In this paper, we obtained the expression for cross section (p, t) direct reactions
and matrix element for multipole transition. Considered energy region lies below the
threshold meson production and the impulse approximation is used. It is assumed
that the amplitude of the interaction of nucleons of the incident nucleus with the
nucleons of the target nucleus is the same as in the case of collision free nucleons.
We expect on a qualitative basis that the application of subgroup SU(5) will open up
new physical possibilities for the study of collective movements of the nucleus.

2. Transitions matrix elements for B(E2;2 — 0)

If the transferred momentum to the nuclei is small enough (q < kc/R), then the
fields of nucleus and incident particle couple coherently to all nucleons of the nucleus.
This enhances the transfer matrix elements and gives the events a unique signature,
which can be used for identification. The restrictions on the momentum transfer do not
prevent the production of heavy systems, however, in high-energy collisions.

The group SU(5) spanned by the 5 components of the d state alone. Only five
labels are needed to classify the states. Three of them are the total boson number
N, the total angular momentum L and its z— component M. The fourth is the sen-
iority v. Instead of v one can introduce another quantum number n,, which counts
boson pairs coupled to zero angular momentum. n,is related to v by

v= N — 2n, (1)
The representations of SU(5) contained in [N] are all symmetric representations
[ne = 0], [n, =1], [n, = 2], upto[n, = N]. (2)

Finally one can introduce a quantum number n,,, which counts boson triplets
coupled to zero angular momentum. The total number N is partitioned by ny, n,
and n, as

N = 2ny + 3n, + nz. (3)

The algebraic properties of collective variable lead to a quantum member N,
which implies in the boson representation the maximum number of phonons con-
tained in the collective states. The proposed approach is applied to the transitional
nuclei where the constants are determined by fitting the experimental spectra, the
relative E2 transition probabilities and the cross section for the (p,t) transitions to
the ground and excited 0* states (table 1).
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3. Effective cross section for (p, t) reaction

Consider the scatterings (p, t).

A number of positive-parity states can be generated in even-even nuclei as states
of a system of N bosons having no intrinsic spin but able to occupy two levels, a
ground-state level with angular momentum L = 0, and an excited state with angular
momentum L =2. In the case in which the two levels are degenerate and there is no
interaction between bosons, the five components of the excited L = 2 state, called
d for convenience, and the single component of the ground L = 0 state, called s. We
have suggested [6], that, only vibrational spectra in the framework of the subgroup
SU(5). Exploiting the related symmetry group SU(5) we have been able to obtain
simple analytic expressions for the eigenvalues of the boson Hamiltonian and for
the intereband transition matrix elements as well as for side feeding from one band
to the other.

Out of these many states, let us concentrate on the lowest one at each spin and
on all the 0* states. All these states have been obtained by a single diagonalization,
without any adjustment for individual states.

The interaction potential is chosen in the form of a Gaussian potential

V(r) = —Vye™ @ /7* (4)

The wave function of a proton can be represented as a product of a plane wave
and a slowly varying function

w,(r) = ek g (r). (5)

1
V(2m)?
Here k; is the momentum of the proton before collision before scattering; the z axis
is directed along the direction of this momentum. The wave function ¢ (r) can be
represented as a product of three wave functions of a linear oscillator:

() = @0, (O Pn, (M n, (0. (6)

here

& =42M/hx, n=+2M/hy, {=+2M/hz

dimensionless parameters; n,, n, and n, vibration quantum numbers,

on. = 2m) 2(ny) 2D, (©), 7)
1 11\,

9n, = @) 2(n, ) 2D, (), ®)

on, = 20) 2, 2, (), ()
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d™x 2
H, =e1/2¢ e~1/2(6-2)?
X danx
d™y 2
H, =e®/2n’ e~1/2(-a)* (10)
y da™
H, = e(1/2)7? ddnz e—1/2((-a)?
z anz ’

Hermite polynomials.

The scattering amplitude is divided into the product of the integrals of the type
Ny
n

e~1/2¢-a)? (11)

1 1 ; d
fnx(Q) = (27'[) Z(Tlx!) 2 f dfe“bcs; 3

ax
where ¢ = k — k' is the transferred momentum.
Integrating (11) by parts, we find

1
@) = (@)D 2e (=) (12

It is known that the differential scattering cross section in perturbation theory is
expressed in terms of the scattering amplitude as follows:

do M? 2 13
=5 = 722751 | (@O @ (@) - (13)
As a result, for the scattering cross section (p,t) with the excitation of the n'"
vibrational level of the nucleus with energy E;, = nhw,n = n, +n, + n,, we ob-
tain the expression

2n

En!

Note that the effective cross section (14) depends directly not on the scattering

angle, but on the transferred momentum gq. For large values E /Aw for any n, the

scattering cross section with excitation of the vibrational level coincides with the
elastic scattering cross section

do = e dg?. (14)

oohw
oy = E

Due to the laws of conservation of energy E = E’ + nhw, the maximum value

of nisnE /(hwpqay)- Then for large n the total cross section will be equal to ay. This

means that at high energies the proton scatters on a "free" nucleon. If the energy

of the proton is less than the vibrational energy of the nucleus, then it cannot excite
vibrations in the nucleus. In this case, only elastic scattering is possible.

Now we illustrate the use above constructed approach for evaluating matrix el-

ements of E2 transition. In the SU(5) limit there are no 4n,= 2 transitions and yet
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the quadrupole moment of the first excited 2* state can be different from zero be-
cause of the An,= 0 term. Thus, the observed large quadrupole moments may be
compatible with the observed retardation of the An, = 2 transitions:

B(EZ;1+2-1)= &(nx +ny+n)2(I+2)2N 1) =
_ (I+2)2N -1)
B 4N
The proposed approach is applied to the **Sm, 1*Sm and **Gd transition nuclei,
where the constants are determined by fitting the experimental spectra. Table 1
shows the relative transition probabilities E2 and cross sections for (p,t) transitions
to the 0* ground state.

B(E2;2 - 0). (16)

B(E2;1+2-2)
B(E2;2-0)
nuclei >*Sm, 1°®Sm and **Gd. The experimental dates give from [5].

Table 1. Theoretical and experimental ratios for the and o(p, t)/a, values for

B(E2;1+2 - 2)
Nucleus B(E2;2 - 0) a(p,t)/og
Theoretical Experimental Theoretical Experimental
iSm 1,2 1,10 0,18 }
1565 my 0,56 - 146 -
Gd 15,40 0,51 2,40 0.13

4. Conclusion

The calculated matrix element of the electric quadrupole transition is very sen-
sitive to the cutoff radius of the radius of the initial nucleus due to internal contri-
butions. We cannot get good results without just cutting off the nuclear radius.
Some of the parameters used have not yet been established due to the lack of ex-
perimental data. But it is known for sure that the reaction is insensitive to the
choice of the optical potential of the triton.

In our calculations, the same deformation parameters were used for all studied
nuclei, which does not correspond to the real situation. In two-nucleon transfer
reactions, unlike simpler one-nucleon transfer reactions, we cannot extract the
spectral amplitude from the experiment. For low-lying collective states, these spec-
tral amplitudes can, generally speaking, be predicted only in limiting cases when
the corresponding nuclei are either spherical or deformed.

When performing numerical calculations, we used collective bosons with single
and triple multiplicity. One can still suspect that the need to take into account other
sets remains strict within the collective branch itself. Comparison of our results with
experimental data showed that our approach is quite promising. The complexity in

7



S.G. Abdulvahabova, I.G. Afandiyeva, Rasim A. Ahmedov /
Journal of Physics & Space Sciences, 2024, v1 (4), p. 03-08

the structure of excited 0* states springs up a variety of approaches ranging from
microscopic studies of anharmonic effects. Some difference between the data and
the experimental ones may be due to the fact that the collective and intrinsic de-
grees of freedom can mix due to the residual rotational-vibrational interaction.
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