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Effect of projectile deformation in the breakup of 3"Mg
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Introduction

In the past few decades the studies of the
exotic few body systems have been focused on
the neutron rich isotopes of light nuclei like Li,
Be and C. With increasing experimental so-
phistication, it is now possible to extend this
study to the medium mass region where the
Coulomb breakup has been one of the most
successful probes to unravel their structure.
Recently, studies have been performed of the
medium mass exotic systems, 220 [1] and *!Ne
[2]. In fact, in the region around the neutron
number (N) = 20, strongly deformed nuclei
have been found. This region, called the “is-
land of inversion”, consists of unstable nuclei
from 3'Ne to 3*Mg with N = 20. This is a
very new and exciting development which has
expanded the field of light exotic nuclei to the
deformed medium mass region.

In this contribution we apply the recently
developed extended theory of the Coulomb
breakup within the post-form finite range dis-
torted wave Born approximation that includes
deformation of the projectile [2], to study the
breakup of 3"Mg on Pb. The electromag-
netic interaction between the fragments and
the target nucleus is included to all orders
and the breakup contributions from the entire
non-resonant continuum corresponding to all
the multipoles and the relative orbital angu-
lar momenta between the fragments are taken
into account. Only the full ground state wave
function of the deformed projectile, of any or-
bital angular momentum configuration, enters
in this theory as input. Thus this theory is
free from the uncertainties associated with the
multipole strength distributions that may ex-
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ist in many of the other models.

In particular, we study the Coulomb
breakup of 3"Mg on Pb target at 240 MeV /u
using this novel approach. Comparing our
calculated cross section with the available
Coulomb breakup data [4], we determine the
possible ground state configuration of 3"Mg.
Furthermore, by using this theory, we inves-
tigate the effect of projectile ground state de-
formation on various reaction observables, like
the relative energy spectra, parallel momen-
tum distributions and energy-angular distri-
butions.

Formalism

We consider the elastic breakup of a two
body composite ‘deformed’ projectile a in the
Coulomb field of a target t, a+t — b+ c+1t,
where projectile a breaks up into fragments
b (charged) and ¢ (uncharged). The reduced
transition amplitude, (¢,,, for this reaction is
given by

Bim = (09RO V()| 67 (v1) )

(X5 (o, mi)e ™™ ) (qa,11) (1)

The ground state wave function of the pro-
jectile ¢l (r1) appears in the first term (ver-
tex function), while the second term that de-
scribes the dynamics of the reaction, contains
the Coulomb distorted waves x(*). This can
be expressed in terms of the bremsstrahlung
integral. «, v and ¢ are the mass factors per-
taining to the three-body Jacobi coordinate
system (see Fig. 1 of Ref. [2]). In Eq. 1,
K is an effective local momentum appropri-
ate to the core-target relative system and q;’s
(i = a,b,c) are the Jacobi wave vectors of the
respective particles.

Vie(r1) [in Eq. (1)] is the interaction be-
tween b and ¢, in the initial channel. We
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introduce an axially symmetric quadrupole-
deformed potential, as

V’LUS
1+ exp(ﬂ)

d}(rl) .
i YP(81), (2)

‘/bc(rl) =

_/82RV'LUS

where Vs is the depth of spherical Woods-
Saxon potential, [y is the quadrupole de-
formation parameter. The first part of the
Eq. (2) is the spherical Woods-Saxon po-
tential Vi(r1) with radius R = roAY3. 7
and a being the radius and diffuseness pa-
rameters, respectively. To preserve the ana-
lyticity of our method, we calculate the radial
part of the ground state wave function of the
projectile using the undeformed Woods-Saxon
potential (radius and diffuseness parameters
taken as 1.2 fm and 0.6 fm respectively, which
reproduce the ground state binding energy).
We emphasize that the deformation parame-
ter (B2) has already entered into the theory
via Vpe in Eq. (1). For more details on the
formalism we refer to Ref. [2].

Results and discussions

The nucleus 3"Mg has a large uncertainty
in its one-neutron separation energy (0.162 +
0.686 MeV [3]) and has controversies regard-
ing its ground state spin-parity. Recently
measured large breakup cross section [4] and
reaction cross section [5] seems to suggest a
halo structure in 3"Mg.

In Fig.1, we present the one-neutron re-
moval cross section as a function of the sep-
aration energy (.S,,), in the Coulomb breakup
of 3"Mg on Pb at 240 MeV/u beam energy
for different possible ground state configura-
tions (J™ =5/27,7/27,3/27 and 1/2%). The
shaded region corresponds to the experimen-
tal data taken from Ref. [4]. With the present
data our calculations suggest that possible J™
in this case is either 3/27 or 1/27.

To get further confirmation of the J™ and
the ground state separation energy we will
present results on the variation of the total
cross section as a function of the quadrupole
deformation, with the separation energy as a
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parameter. This will put constraints on the
quadrupole deformation itself. Further calcu-
lations of the relative energy spectra, momen-
tum and angular distributions, in the breakup
of 3"Mg on Pb, will be presented and compar-
ison with newly available data (eg. [6]) will be
made. This will help us to reduce the uncer-
tainties in the ground state spin-parity of this
nucleus, as was done in the case of > Ne [2].
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FIG. 1: Total cross section in the Coulomb

breakup of *"Mg (for J™ = 5/27,7/27,3/2 and
1/27) on Pb target at 240 MeV/u beam energy
calculated for different values of S,,. The exper-
imental data (preliminary) shown by the shaded
region are from Ref. [4].
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