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A better understanding of the nuclear structure and reactions will
help to improve the model calculation of nuclear reactions.

The knowledge of the internal
degrees of freedom is crucial to
understand nuclear structure
features like:

by means of:

@ Pick up reactions

Collectivity states @ Stripping reactions

Single particle states @ Single and Two nucleon
transfer reactions

(]
("]
@ Pairing properties
@ Clustering

(]
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Possible way to study: Transfer reactions

transfer can be used as a test of pairing correlations in nuclei.

In previous works has been noticed
that direct two neutron transfer are

Therefore one has to identify: important like in 12C(120,160)1C
@ If the two-neutron transfer F. Cappuzzello et al, Nature
occurs in one step (direct), Communications 6, 6743 (2015)

under strong influence of
pairing correlations or in two
steps (sequentially).

@ If the ground state of the
residual nucleus is feed from

the ground state of the target Therefore we want study the
collectivity properties of the nuclei
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@ The experimentalists performed the two-neutron transfer of *¥0+54Ni at 84 MeV
incident energy, to the ground and first excited state of the residual ®®Ni nucleus.

@ Therefore to study this reaction we require compute the and
for two neutron transfer.
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4§ Optical characteristis

‘ Maximum magneticrigidity (Tm) 1.8

Solid angle (msr) 50
Momentum acceptance (cm/%) 4%, +10%
Momentum dispersion 368

First order momentum resolution

T ———

F. Cappuzzello ot al, M&x.— aninnovative large acceptance spect reaciion studlgs, in Magnets: Types,
Uses and Safety (Nova Publi op. 1-63. S

@ All the experimental data were measured by the large acceptance MAGNEX
spectrometer at the INFN- Laboratori Nazionali del Sud (Italy)
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Reaction model

@ The coupled channel Born approximation (CCBA) has been used for the the
sequential two neutron transfer..

@ The Coupled reaction channel (CRC)has been used for direct two neutron transfer.

@ The FRESCO code (program for direct reactions) has been selected to perform the
cross sections calculations.

@ The Sao Paolo double folding potential has been used.

@ The Wood Saxon potential has been used to generate the single particle energies.
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What about the nuclear wave functions?

It has been chosen the Interacting Boson Model 2 (IBM). In this model pairs of valence
nucleons are described in terms of bosons. The model is constructed in terms of the
Casimirs operators with three dynamical symmetries.

@ U(5) for vibrational symmetry
@ SU(3) for rotational symmetry
@ O(6) ~ -unstable nuclei

R. F. Casten. Nature Physics 2, 811 - 820 (2006)
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Interacting Boson Model (IBM)

The even-even nuclei can be described by IBM. The building blocks are bosons with
angular momentum L =0 and L =2 (bosons s and d)

Generators of U(6
Creation and anihilation operators for (6)
bosons Gl =bb i,j=1,..6

there are 36 bilineal products

bl,bi i=Im (1=0,2 —/<]I) , ,
[G], Gl = G/éjk — GIiy
[bfv bj] = 0jj, [ij bj] = [bfv bj] =0

where i,j,j, I =1,..,6
A. Arima y F. lachello Phys. Rev. Lett. 35 1069 (1975)
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Dynamical Symmetries

In IBM the Hamiltonian is written in terms of the elements of the algebra A
H = f-(Gk)7 Gk e A

1
Hs = Eo+ Y capG®+ S > GEsGh + ..
af afBvydé

if we build the Hamiltonian in terms of invariant Casimir operators
k
[Ck7 Gk] = 0

from a chain of the 'algebra AC A" C A" C ...

H = f(C)

(called Dynamical Symmetries) F. lachello and A. Arima, The interacting boson model,
Cambridge University Press (1987).
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The even-even nuclei *Ni and %°Ni

For the ®*Ni and ®°Ni it is required consider the basic features of the effective

nucleon-nucleon interaction, that emerge from pairing, quadrupole and symmetry
energy. (IBM2)

HB - EO +57rﬁd,r + Euﬁdu + Hoz\? : o} + A/MTFV + VTrTr + Vuu

We have calculated the theoretical spectrum of the ®4°Ni nuclei coming from IBM2
and it is in accordance with the experimental data.
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We will use the eigenstates to calculate the matrix elements of the two nucleon transfer
operator.
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The odd-even %°Ni nucleus
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th exp

We have calculated the theoretical spectrum of the fthe ®*Ni nucleus using the
interacting boson fermion model (IBFM) Hg + Hgr + Hr

He = Eo+ Y .+ 6,h,

Jm Jv
Ve = > Ai(Ba i) + > Ajn(fa, B,)
Jm Jv
+r7r1/Qz< . é‘rr + +ru7rQ7>\§ . au + ruqu)/c : au + r7'r7'r(?7>\§ ) aﬂ'
FAorFrw + Aev Fun

F. lachello and P. V. Isacker, The interacting Boson-Fermion Model Cambridge
University Press (1991).
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Coupling scheme

In order to proceed with the calculation, we propose a coupling scheme:

For the direct two-neutron transfer

reaction(or one step mechanism)

we use microscopic IBM-2

1342 —
142 (29

25 (0" _} gs (0)

64N 66N

Target
overlaps
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For sequential transfer (or two-step
mechanism) we use IBFM
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Transfer operator - Direct Operator

The calculation of the spectroscopic amplitudes for the two nucleon transfer reactions in

the scheme of IBM2 requires the two body matrix elements in the scheme the
Generalized Seniority Scheme

P. O. Lipas, M. Koskinen, H. Harter, R. Nojarov, and A. Faessler, Nucl. Phys. A508,
509 (1990).

D: =7 ByD:())

i<y’
with
S:U) = /Ul <P
D) = /sl x P

where «; and jj; are structure constants that depends on the shell selected , S; and D,
create the energetically the lowest 0+ and 2+ paired fermion states.
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Transfer operator - Direct operator

Taking into account the Otsuka- Arima -lachello (OAI) expansion to the next to leading
order (NLO)

(¢f x O = A()s)
(¢ x ) = Bolid)dDu + G )sh(s )57
+Dp(j7j/)5;(d;ap)5\j)
Therefore we introduce the two nucleon transfer in microscopic IBM-2 considering the
structure of the shells given by the mapping coefficients.

™ S IO
(2 1 f
T+p — HTJJ,[ B d;
+ s;(spo)(z)
+ sy (did,)@]

The advantage of this operator is that the effects of the pairing interaction are in terms
of the occupation of different single-particle orbitals and the two body matrix elements
take into account the non-degenerate orbits of the GS states.
P. D. Duval and B. R. Barrett, Phys. Rev. C 24, 1272(1981)
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Structure Constants

The mapping coefficients A,, B,, D,,, C, with (p = v, 7) depends on the
structure coefficients avj, B, and can be estimated by diagonalizing a
surface delta paring interaction, which is given by

Hjj = €oj + €0y — Vispr,

_ 1 na+n nc+n (2Ja+1)(2./ +1)(2JC+1)(2J +1)
Vspr = gA(—1)mminet d_\/(2J+1)2(6(337jb)+1)(5UC7j:)+1)
(1 — (- 1)J+la+/b+T) (- 1)Jb+1d+/b+/d

<./ba 27./3727-/ 0> <Jd7 25JC727J O> ( 1)T+1)
<.jb727./a727j 1> <./d727JC727J 1>

Pittel Duval and Barret, Ann. Phys,144, 168-199 (1982) F. lachello, J.
Barea, and J. Kotila AIP Conf. Proc. 1572, 69 (2013)
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Transfer operator - Sequential

The calculation of the spectroscopic amplitudes for single nucleon transfer reactions has
been performed in the IBFM scheme.

The creation operators IDjp for a neutron and a proton are in the orbitals j, and jr,
respectively.

Pr = &al + > &plls" x d,]1® x ]
I

where the a}; is the fermion creation operator, s is the s-boson operator, and d is

related to the d-boson annihilation operator by d, = (—1)4.where u; and v; are the
Bardeen-Cooper-Schrieff (BCS) unoccupation and occupation amplitudes.

O. Scholten, PhD thesis, University of Groningen, The Netherlands, (1980).
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Preliminary Results for 64Ni(180,160)66Ni

@ For the transfer reaction to the ground state ®®Ni, both two reaction mechanisms
are important.

@ For the transfer to the ground state of ®®Ni, the pairing correlation seems to be
relevant, specially at the bell shape maximum region.

@ For the two-neutron transfer to the first excited state of the ®®Ni, there is a
dominance of the two step processes.
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Summary and Conclusions

@ It is interesting to observe that for the same nucleus different states

prefer different transfer mechanism.
@ Therefore we conclude that for the two neutron transfer to the ground
to the ground state of °°Ni the direct transfer is the dominant whereas

for the transfer to the first excited state of %Ni , the sequential
process.

Thank you for your attention

Erice, Sep 16, 2017

INFN, Sezione di Genova

Ruslan Magana



	Motivation
	 Two nucleon transfer
	One and two steps neutron transfer
	Summary and Conclusions

