Journal of Radiation Researches, vol.10, No.1, 2023, Baku
Polarization effects in quadrupole radiation
pp. 45-49

PACS: 25.45.De

POLARIZATION EFFECTS IN QUADRUPOLE RADIATION

I.G. Afandiyeva, R.A. Ahmedov

Azerbaijan State Oil and Industry University, MSE AR
irada.e@mail.ru

Abstract: The polarization effects in quadrupole radiation processes have been studied. The unitarity
condition was used to determine the scattering amplitudes. The polarization effect essentially depends on
the relative value of the behavior of the amplitude. The polarization disappears if one of these terms is
zero.
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1. Introduction

Polarization phenomena take place during the interaction of a particle with a nucleus. The
interaction of nuclei with particles at a sufficiently high energy, moving in directions close to
parallel to some family of axes, is described by the potential averaged in the direction of these
axes. The polarization of an incident particle and the polarization of a recoil particle, as well as
the correlation between the polarization directions of these particles, can be determined
experimentally. Depending on the direction of polarization, there are many different
experimental possibilities.

Although studies with polarized particles and oriented nuclei have been carried out for
more than a quarter of a century, it cannot be said that the accumulated experimental material is
rich. This situation is due to the great technical difficulties that arise in obtaining polarized
particles and oriented nuclei. Here we have to use ultra-low temperatures, very strong magnetic
fields, and various other subtle methods. A number of major physical and technical
achievements, such as the development of a method for the polarization of slow neutrons by
passing through a polarized proton target, the creation of cryostats with the dissolution of *He
and *He with temperatures 7 ~102 K and superconducting magnets with fields H=10°E allow us
to hope for a significant intensification in the near future of research with polarized particles and
oriented nuclei.

In the nuclei the transitions between different states of the L,J, compatible the
conservation the total angular momentum. However, the orbital angular momentum and spin are
not good quantum numbers and the partial wave corresponding to a certain L and S , may cause
scattered wave with L" = L, S’ = S . If we take into account that the good quantum numbers are

the total angular momentum and parity, the amplitude of the scattered waves form a matrix, the
elements of which depend on the following indices:J,L and for quadrupole radiation

A\]:\]f _Ji=2-

A particle with non-zero rest mass and spin J has 2J+1 quantum state corresponding to
different spin orientations (different values of spin projection onto some direction). The particle
state is a superposition of these states. If the superposition coefficients are completely
determined, then the particle is said to be completely polarized. If the superposition coefficients
are not completely determined, but are given only by some statistical characteristics, then one
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speaks of partial polarization. In particular, the particle may be completely unpolarized; this
means that its properties are the same in all directions, like a spinless (with J = 0) particle. In the
general case, the polarization of particles determines the degree of their symmetry (or
asymmetry) in space. Due to the spin dependence of the interaction, the scattering cross section
can depend on the polarization of the incident particle and on the polarization of the target.

Semiclassical models are completely inadequate for explaining polarization data,
traditional methods such as the distorted wave method and the coupled channel method are
successful. The inclusion of higher order terms and links to statistical processes require more
work. In connection with pre-equilibrium effects and the emission of fast particles, the transition
to the consideration of three-particle channels is inevitable.

In this paper, we consider the polarization function of a scattered nucleon in quadrupole
radiation at high energies.

2. Polarization vector

Quadrupole transitions have always been an object of special interest in the study of the
structure of nuclei. These processes have been taken on great importance, because they are to be
very sensitive to nuclear spectroscopy. In this regard, the number of experimental and theoretical
research works [1-6].

Many theoretical and experimental studies have been carried out show that an almost
complete polarization of the scattered particles is observed. The polarization effect is a
consequence of the fact that the nuclear interaction can be represented as a complex spin-
dependent potential. As a result of the spin dependence, the scattering interaction cross section
can depend on the polarization of the interacting systems.

Let us consider the calculation of the matrix element for the quadruple transition

0" — 2" in the direct (a,b) reaction in the general case. These reactions can be one-nucleon or
two-nucleon direct reactions.

The electric quadrupole moment is a tensor whose components behave like polarizability
components, i.e., as a product of two translations. The matrix element of these processes has
following expression [7]:

A
<‘P20 3 rJ-ZYZO(H, ?) ‘POO>
M = m=1 ’ (1)

where N, and N,- are normalization integrals,

Woo = \Poo(f)f (Fa )Zl/Z,mS 1 (2)

Is the wave function of the initial system: w,, (&) wave function of the initial nucleus, f(r,)and
X2, are radial and spin functions, respectively, of the incident particle a,

and
oo =¥y (g)f (Fb )ﬂtllz,mS . (3)

is the wave function of the final system: w,,(&) wave function of the final nucleus, f(r,)and
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X2y, are radial and spin functions, respectively, of the scattered particle b.
In the momentum representation the scattering amplitude has the form

F(E,0) = (2;1r)6 feltamtirtOagikn 2 (kKN ki K)yoodr,dr, dKdK ', (4)
where
(k KV [KK )= (27)%5(k; + K’ —k; - K){e[i(K —ki)”zl/(r)%_K (r)dr. (5)

Here k;and K are initial impulses; k; and K’ are final impulses.
The potential V will be chosen in the following form:

V=Vy +Vpair +VQ . (6)
In (6) v,, - Saxon-Woods potential, describes the average field, Vpair- residual pair and -

VQ long-range residual quadrupole-quadrupole interaction. Long-range VQ potentials in

deformed nuclei lead to intense interaction between pairs of quasiparticles in states
K”=0%2",.. As a result, strongly itinerant low-lying states with corresponding quantum
numbers appear.

The scattering amplitude F(E,0) is elements of the 2 x 2 matrix, which can be
expressed in terms of the Pauli matrices 6 and the unit matrix n of a unit-amplitude plane wave
on the scattered is called the scattering amplitude. In scattering of scalar waves described, in
particular, by the Schrodinger equation, the amplitude F(E,#) is a scalar [8]:

F(E,0) = A(E,0)+B(E, 0)(no). (7)

This expression is valid in the entire range of scattering angles and energy and can be
seen as a generalization of the eikonal approximation for the scattering amplitude.

In (7), the first term corresponds to the interaction that does not depend on the spin, and
the second term corresponds to the interaction that causes spin reorientation. The explicit form of
the functions A(E, #) and B(E, 8) is determined by the specifics of the interaction.

Taking into account the spin-orbit interaction, in the Born approximation, in the
momentum representation of A(E, ) and B(E, ) has the following form:

A(E 6)—iﬁsin6 d ik —k)r]v 8
' _2;1202 | rexp[—l( - )"] (r),

ik?n? : , 1dv
B(E,H)z—mjdrexp[l(k—k)r]Y(r,H)FEdr. (9)

The differential scattering cross section is given by the formula

do * *
o =< Yoo ¢ [F (E, 0)[ W >I°=| A(E, 0)+ < Wao|(N6)[ oo > (10)
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In this case, to calculate the polarization vector P of scattered particles, it is necessary to
average the vector P taking into account the equal statistical weights of different projections of
the spin in the initial state:

PO _ 2Re(A"(E,0)B(E, 0)) .

. . (12)
|A(E,0)|" +|B(E.0)

So, as a result of the scattering of an initially unpolarized particle with spin s = 1/2 on
spinless nucleus, generally speaking, the particle are polarized. It depends on the particle energy
E and the scattering angle 6. In this case, the polarization vector P is always directed
perpendicular to the scattering plane, and its absolute value depends significantly on the value of

Re (A" (E,0)B(E,)). The polarization effect essentially depends on the relative phase of the

amplitudes A(E,0) and B(E,0) and vanishes if one of them is equal to zero.

The quantitative evaluation of the obtained expressions depends on many factors. The
selection of the potential involved in the spin-orbital interaction plays a major role in the
calculation of the effective cross section and also the polarization vector [9]. The angular
distribution of scattering of particles is equally well described by different sets of optical
potentials. But an unambiguous determination of the parameters of the potentials of an optical
model only from an analysis of the angular distributions of elastic scattering is in principle
impossible, since the elastic scattering of complex particles is determined not only by potential
scattering.

3. Conclusion

The study of nuclear- particle interactions is often used as a powerful tool for obtain
information about local symmetry. The symmetry structure of the nuclear system is in general
very complex. In addition, the process by which radiation occurs also complicates the problem.

In two-nucleon reactions, unlike simpler one-nucleon reactions, we cannot obtain the
spectral amplitude from an experiment. For the low-lying collective states, these spectral
amplitudes, generally speaking, can be predicted only in some limiting cases, when the
corresponding nuclei are either spherical or deformed, whereas in the transitive region, no
satisfactory formalism has been developed for the nuclei.

When unpolarized particles are scattered by nuclei, the elastically scattered particles are
polarized. Since the scattering amplitude contains a term that depends on the spin orientation and
a term that does not depend on the spin orientation, the polarization is due to the interference
between these two parts of the scattering. Large values of the degree of polarization (the absolute
value of the polarization vector is called the degree of polarization) are possible when the
magnitude of the interference is comparable to the magnitude of the scattering cross section.

Existing methods and approximations, such as the distorted wave method, the coupled
channel method, and the momentum approximation are insufficient to explain the polarization
data. The inclusion of higher order terms and the connection with statistical processes requires
more work. In connection with pre-equilibrium effects and the emission of fast light
associations, the transition to the consideration of three-particle channels is inevitable.

The possibility of describing the interaction between nucleons with the help of a potential
is limited from the side of high energies. Such a limitation in energy means that an unambiguous
determination of the potential at small distances is generally impossible, and this strongly affects
the values of the polarization. However, since the maximum allowable values of nucleon
momenta in nuclei correspond to energies below 450 MeV, one can hope that relativistic effects
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can be neglected when considering the structure of nuclei.
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HOJAPU3AINOHHBIE DO®PEKTHI B KBAAPYIIOJIBHOM U3JIYYEHUUN

N.K. Dpenauena, P.A. AxmenoB
Peziome: HCCHGHOB&HH NOJISIPU3allMOHHBIC 3(1)(1)€KTLI B IHponeccax KBaJAPYHOJbHOTO H3ITYUCHHA.
YcnoBre yHUTApHOCTH HCIONB30BANOCH JUISL  ONPEACTCHHS AaMIUIMTYIbl paccesHus. ekt
nmoJjiapru3au CYIECTBEHHO 3aBUCUT OT OTHOCHUTEIHLHON BEIMUYMHEI YICHOB AMILUIUTYABI. HOHHpI/I3aHI/IH

nc4ye3acT, €CJIN OAUH U3 3TUX YJIICHOB PABCH HYIIIO.

Knwouesvie cnosa: xBanpynonbHoe u3NydeHue, 3(PQeKkTuBHOE ceueHue, MOoJsApU3aus, CIHUH-
OpOUTaTHFHOE B3aUMOICUCTBUS

KVADRUPOL SUALANMASINDA POLYARLASMA EFFEKTLORI
I.Q. Ofandiyeva, R.A. 9hmadov
Xiilasa: Kvadrupol siialanmast proseslorinds sopilon zarrociklorin  polyarlagsma effektlori tadqiq
edilmisdir. Sopilma amplitudunu toyin etmak {i¢iin unitarliq sortindon istifado edilmisdir. Polyarlasma
effekti mahiyystco amplitudun hadlorinin nishi giymotindon asilidir. Bu hodlordon biri sifir olarsa

polyarlagma itir.

Acgar sozlar: kvadrupol siialanmasi, effektiv kasik, polyarlasma, spin-orbital qarsiligli tasir
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