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deformed nuclei

(Isoscalar and isovector probes
to hvestigate the
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J. Endres ek al,, PRL 108 (2010) 2125803
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Splitting of the Llow-lying dipole strength
J. Enders ek al., PRL 1085 (Ro10) 212803

E«=136 MeV X)ngu, POMOmarev catcuto\hov\s £, L;Evmcwa tai@mtakmm%mo
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The lower lying group of states is excited by both isoscalar and isovector
probes while the states at higher energy are excited bv photons only,

For the isoscalar case they are comparing cross section
Mi&h Bis(al>




Calculations done using the bransition densities of the RQATBA
(E. Likvinova) and bv putting bv hand the energies of all the
stabtes ko zero i order bo eliminate the conbributions due ko
the dynamic of the reaction, such as the @-value effect.

The relation between bthe
tsoscalar response and kthe
thelastic excitation cross
seckion due ko an isoscalar
[arcrabe ik s not so evidemnt,

For pure Coulomb excibation
the relation bebween the
inelaskic cross section and
the Bo(E1) s clear: they are
prafoorﬁcw\ah

Nuclear

Coulomb




Experiment

4 5 6 7 8 9
E (MeV)

This calculation prov&cies the
missing Link to directly
compare the results from the
microscoplc RQTBA calculations
to experimental data measured
via the (o, o’ y) reaction,
confirming the structural
splitting of the low-lying £1
strength.

£.G Lanza, AVikkuri,
£ .Likvinova, D.Savran
PRC¥9 (2014) 041601(R)

| Comparison between semiclassical
cross seckion calculations (wikh
the Eransition densities of RQTBA)
. and the experimental data.

10

— Experiment (peaks+continuum, E > 5 MeV)
— RQTBA (E > 5 MeV)

7 8
Energy (MeV)

Comparison in terms of the
cross section cumulative sum,



Experimental data: isovector prab@.

exotiec nucletl

Relakivistic Coulomb Excibakion
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using the FRS-LAND se.Eu,Fa at &SI using the RISING se&up abk &SI (for e¥NL)

P, Adrich etk al. PRL 95 (Ro08) 132801 0. Wieland et al. PRL 102 (2009) 092502



Measurement of PDR in unstable nucleus (6¥NL)
via isoscalar | e ok LNS La&ama

A primary 7°Zin baam o-nf 40 Ma\f/A on a %Be &arge& WS
employed to produce a secondary ¢*Ni beam ab 2% A-MeV which
was sent ol a RC tarqet. The residues of the reaction are
measured with FARCOS and the y with the CsI of CHIMERA

FRIBS@LNS

SEPARATOR 7°Zn FARCOS
| Bl CHIMERA TRIPLE
e

TARGET

SPHERE TELESCOPES CHIMERA
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Measurement of PDR in unstable nucleus (¢¥NL)
via isoscalar erobe abt LNS Catania

Semiclassical calculations: RPA transition densities, form

factors build up with the double folding procedure

Ni+ C
Nuclear Coulomb

—
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The y-decay of the pygmy resonance, in coincidence with the ¢¥Ni
isotope, has been measured using the CsI of the CHIMERA detector.
s | y-ray anhgular
dns&o&\ | r £l
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Apparemﬁiv there is no
,§ splitting for the PDR
6¥NL + Au @ £§00 A MeV - above the neutrown

Ehreshold emission. Due

—h

0. Wieland ek al. to the small statistic

PRL 102 (2009) 092502 | and relative scarce

vdo/d E[m 'b/‘M"eV.]

enerqgy resolution, this

o
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conclusion,




The use of an isoscalar probe for studying the
Pygmy Dipole Resonaince has brought to Light
novel aspects of this mode,

The different response to isoscalar and
isovector probes is important also in the
study of the pyagny U the deformed nuclet.
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Splitting of the GDR

Bi — B, i L =10.95 3
Eq Ry B.L. Berman and S.C. Fulkz,

Rev. Mod. Phys. 47 (1978) 713

Bohr and Mottelson boolk

- M. Danos, Nucl. Phys, A § (195%) 23
| K. Okamoto, Phys. Rev. 111 (195%) 143

]




Furthermore one may wonder whether we can see a
separation of the pygmy peak as it occurs in the case of
the GDR one.

10 15
~ Excitation Energy (MeV)

A. Krugmann, Thesis (2014), TU-Darmstadt,



Microscopic description of deformed nuclei

Self-consistent HFB-QRPA to describe simultaneously the
effects of nuclear deformation and pairing correlations:

* S, Péru and H. Goutte, ‘thjs‘ Rev. C 77, 044313 (Roo¥x)
with the D1S Goghy effective force

* K. Yoshida and N. Van Giai, Phys, Rev. C 7%, 064316 (200%)

wikh Sw‘vrme tnkeraction



« D. PeRa Arteaga, E. Khan and P. Ring, , * K. Yoskida and T. Nakatsukasa,
| PRC ¥3, 021304(R) (011).

PRC 79, 034311 (2009).
Systematic study of the PDR for several § On the contrary, calculations
t per{:orme.ci within an HFR [aiu,s QRTA

tin isotopes within a relativistic

Hartree-Bogolivbov (RHB) mean field with Skyrme interactions for Nd and

plus a relativistic QRPA microscopic Sm isotopes, show an enhancement of

calculations. the summed Low Llying dipole strength
of about five times larger than those

Th ' lude Ehab Ehe & ki
©) cONCHEE > e{arma g i‘:OY‘T’ESFJOMdEV\S to spheréz:at nuclet.

quenches the isovector dapoi.e response {

i bthe Lc}m-tvie»\g enerqgy reglon, The two caleulakions use:

- different treatments for the
pairing.

— Different use of the breatment of
conbkinuum and weal&tv bound
orbibtals.

- The calculations of Pela et al.
are fully self-consistent, and they
do not have the contamination of
the spurious center—-of-mass

j 132 136 140 144 148 152 156 160 164
:
, A

Neutron rich deformed nuclel may
not be qood candidates for the
s?:udmj of PDR states motion,




exparimem&at WOT K ﬂfor
PYyg™My dipoi.@. resonances in deformed nuclei

+ P. M. Goddard et al,, PRC ¥, 06430% (2013).

Polarised (Y, v') on %Se (rai.a&ivebj small neuktron excess)

Ik is knowin bEhalt the GDR s s!ﬁii% ko kwo p@.&ws

Observed nmany 1- skates
bebween 4 and 9 MeV.

A pronounced splitting,
as seen it the &DR |is
not evident



A. Krugnann, Thesis (2014), TU-Darmstadt

(p,p’) this work ———
Lorentz fit at 5.9 MeV
Lorentz fit at 7.8 MeV

Sum of Lorentz Peaks

Experiment downe ok RNCP,
Osaka, with p@iarized
proton on a deformed
nucleus 154Sm at very

forward angles

6 7 8
Excitation Energy (MeV)




‘Pjgmv for deformed nucletl

Fermi distribution with axcattj svmme&mc
deformed surface with different qeometries

O T (= Rapl1 + Yoo @]} |

| . pn
) = T caopllr — Rou(L+ BuYaoO)]/an) |

Assume N=Nc+Nv

p(r,0) = pp(r,0) + pi(r,0) + py, (7, 0)

Assume Ne=Z  then /0;:7, (Ty 6)) D (7", 9)



Pygmy for deformed nuclei
Kr=0 T

The “inkrinsic” tsovector
Eransition densities to
the tnbkrinsic K'=0— and

K*=1— stakes will be

given within the
Goldhaber-Teller model




Z=Ne=50, N=100, Ro;=4.89 fm, Ron=5.52 fm, a0p=0,=0.6 fm,

neutron

In the interior of the
nucleus, protons and

x (fm)

isoscalar

neuktrons are in Fkase
(same color)

At the surfoce only the
neutrons give a
cownkribution




The radial transition densities are obtained by expanding the
intrinsic transition densities in spherical harmonics

Like in the spherical case, for the
PDR there is a strong contribution |
of the isoscalar transition density [ C isovectr

at the nuclear surface |

Isoscalar and isovector reduced

isoscalar




‘ Z=N=30, N=100, R0P=4'89 fm, Ron=5.52 fm, aOP=aOn=O.6 fm,

neutron

—0.004 —0.002 0 0.002 0.004

Calculation done
within the
relativistic QRPA
based on a
relativistic HFR
basis.

15087
e ()

D.Pera Arteaga, £.Khan,
P.Ring, PRC 79 (R009)
034311
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As far as the deformation increases the sharing between the two
component is more favourable to the oscillation along the
Llonger axis

The variation of the ratio for the
tsoscalar case is stronger



0.2

For the isoscalar response and for prolate nuclei the
isoscalar strength distribution rem{imes the K = © response
with respect to the K = 1. This dominance is further enhanced
as the core approaches sphericity,



An experiment to measure the PDR i
deformed nucleus with isoscalar prob@.s has
been performed here at the iThemba LABS

Project PRR51, Research Proposal to the PAC of
| iThenba LABS, South Africa. |

Spmk‘@p@&rsaw Luna Pellegri

Study of the low-lying 1~ states in the |
 deformed 194Sm nucleus via inelastic scattering
* ___of o particles ab 120 MeV.



St mary
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It is well established Ehat the Low-Llying
dipole states (the Pygmy Dipole Resonance)
have a strong isoscalar aampanemh

The use of an isoscalar probe is important
for both spherical and deformed nuclet.

"t It seems that the low-lying dipole states can ;"
~ be a good Llaboratory to study the interplay }
between isoscalar and isovector modes

Y ot or s ol 2 el SR T S DM b o S0 Lo o 2a
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Keview papers

*N. Paar, D. Vretenar, £. Khan and &. Colo’,
Rep. Prog. Phys. 70, £91 (2007).

*T. Aumainin and T, Nakamura,
Phys, Ser. T162, 014012 (o013)

+D. Savran, T. Aumanin and A, Zilges,
Prog. Part. Nucl. Phys, 70, 210 (2013),

xA. Bracco, F.C.L. Crespi and £.¢Gr. Lanza,
Eur. Phys, 9 A 51, 99 (2015).



