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Called “pygnay” because ks strength is much smaller than GDK.
It exhausts only few per cent of the EWSK.

Many experimental data are now available both for stable and
unstable nuclel.
There have been several theoretical studies which relate this strength
with the presence of a neutron skin,
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a) B-stable nuclei b) neutron-rich nuclei c) neutron-drip-line
nuclei
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Additional strength below the
normal glant resonance region

. Catara, £.G. Lanza, M.A.
Nagara jan, A, Vittur,

>
)
=
o
E
N
L
i
O
=
=
m
©

Neubron excess

RPA calculations with Sk‘jrme
interaction were e.mpi.oveci ko
s&u,dj the mut&&pmi.e response
th heubtron rich nuclet. The
spectral distributions of such
nuclel are much more
fragmented than those for
well bound s-jsEe_ms.‘
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ALl the theoretical calculations agree on the structure of
the trawmsition dewnsities for the PDR.
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At Ehe nuclear sur{a@e IVG DR

the contribution comes
only from the neutrons,
therefore the isoscalar

dB(E1YVdE (e” fm” MeV™)
o o o

o

and tsovector Eransikion
densikies have Fhe same
maghitude.,
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As a conseguence this mode can be exited bobh wikh
tsoscalar and isovector probas
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There exist a relationship between the | (%
PDR strength the energy symmetry B | e selcrDRi oS,

this work: PDR in ""Ni
PQ“”&MQ&QT’ L‘ ‘ Klimkicwica =i al 2007

Cr e S : Loy O Y S R AR R (h) ) . Im
. : this work: different PTRs
C&Tb(}&\@ Q.E: QL«; ‘Pr{(:; ?1 (2010> 04'1301(“2> Tranyp el al. 2000

Shetty et af, 2007
o
Chen ef al, 2005

Hartree-Fock + RPA (RHB) and relativistic D ——
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calculations using several Swjrma tnkerackions Klimkiewicz et al. 2007
and effective Lagrangians

PDR analysis
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Experimm\%at daka
Lsovector Prc}be

ABOVE NEUTRON SEPARATION THRESHOLD
exotic nuclel
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- The use of isoscalar probas has brought
ko Light a new feature of this new mode
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Measurement of PDR i unstable nucleus (¢¥NL)
via isoscalar probe ak LNS Cakania

At INFN-LNS a primary 7°Zn beam of 40 MeV/A on a Be
tarqget produce a secondary ¢¥NL beam i the CHIMERA hall
at 2% A-mMeV which is sent on a 12C target.

FRIBS@LNS

SEPARATOR 7%Zn FARCOS
' Bl CHIMERA TRIPLE
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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 ymdeaaj of the pyamy resohance, in cotncidence wikth the ¢¥NL isotope,
has been measured using the CsI of the CHIMERA detector.
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N + Au @ 600 A MeV Apparemﬂv there is
no splitting for the
PDR above the
neubtron khreshold
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For the study of the Pygmy Dipole Resonance the
use of an isoscalar probe has brought to Light
novel aspects of this mode.

These Lowmi.jiv\g dipai.e skakes can be
considered as a good laboratory for the
study of various aspects of the interplay
bebween isoscalar and isovector modes.

(I.Hamamo&a and HSagawa PRC 96, 064312 (Ro17))



The mixing of the isoscalar and isovector
modes s relevant i Ehe wmeasurement done
wikh isoscalar erobes

In the experimental analysis for these cases
it is of paramount importance the radial
form factors used.
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Macroscopic transition density for the ISGDR
which is also used for the PDR

R is the hod.af-ciehsi;&:g} radius
of the mass distribution.

. For both states, the macroscopic
transition density has been
scaled according to the
following condition

| phpatryr®dr =
0
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£.Gr. Lanza, A, Vitturt and MV
Andrés, PRC 91, 054607 (2015)

The form factors have been
obtained with the double
folding procedure with the M3Y
nucleon-hucleon potential and
with the micro (RPA) and macro
Eransition densities

%Ni + “C @ 10 MeV/u

IIIIIIIIIII
PDRj

Double folding proae_c&ure

';b)

7o . B '7Elllllllllllllllll -1051111111111111111_ i
PUVCY. Y] I - CTPCRCI TP 100 1020304050 60708090 0 0 1020 30 40 50 60 70 80 90 |

DPWUCK4 code e"'m' (de) I °" (d |




The different response to isoscalar and isovector probes
is important also in the sﬁu.dv of Hﬁ.e Fjgmv L %ke

c&@formec& nuclel,
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R.L. Berman and S.C. Fulkz,
Rev. Mod., Phys. 47 (1975) 713



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

10 15
_Excitation Energy (MeV)

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



Microscopic description of deformed nuclet
wikh Par&icutar abttention bto the
pygny dipote resonances

* D. Pea Arteaga, £. Khan and P. Ring, PRC 79, 034311 (2009).

They s&udj the electric ciipoi.e
respoise tn the GDR and PDR
energy regions for several kin |
isotopes p&r{arm&vxg a relativistic |
Har%raewBogoiiubov (RHB) mean |
fleld plus a relativistic QRPA
microscopic calculations.
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They conclude that the | N

de{ormo\&ov\ qu@.m‘:k@.s Ehe BT —
tsovector c&ipoi.e response in the Vl@-‘"’j neutron rich deformed

iowwiva enerqy reqgion, nuclel may not be as 3006&

candidabes as sphmif;at nuclel
for the s%uc&v of PDR states



x K. Yoshida and T. Nakatsukasa, PRC ¥3, 021304(R) (Ro11).

On the contrary, calculations Perﬂformeci within an HFB plus QRPA
with Skyrme interactions for Nd and Sm isotopes, show an
enhancement of the summed Low lying dipole strength of about
five times larger than those corresponding to spherical huclei,

The two calculations use different treabments for the pairing.
Yoshida et al. adopts the Bogoliubov method and the other the
BCS approximation. The treatment of continuum and weakly
bound orbitals is also different: The wave functions are
expanded in the harmonic oscillator basis ih Peira ek al. while
the other express them in the coordinate space. The calculations
of Pela et al. are fully self-consistent, and they do not have the
contamination of the spurious center-of-mass motion.



exparimem&at WOTk ﬂfor
PYyg™My dipot& resonances in deformed nuclei

+ P. M. Goddard et al,, PRC ¥¥%, ot430% (2013),

Polarised (Y, ¥') on %Se (rai.o&ivei.j small neubtron excess)

Ik Ls knowin Ehalb the GDR s s!ﬁii% ko kwo pa&l«fs

Observed many 1- skates
bebween 4 and 9 MeV.

A prmv\aw\tec& 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

6 7
Excitation Energy (MeV)

Experiment done ok RNCP,
Osaka, with Potarized
proton on a deformed
nucleus 154Sm at very

forward angles



Pygmy for deformed nuclei

Assume N=Nc+Nv

p(r,8) = pp(r,0) + p,(r,0) + py (1, 0)

Assume Ne=7Z  thewn ,0% (’I“, (9) = Pp (7", (9)

Fermi distribution with axially symmetric
deformed surface with different qeometries

— _ = L pop |
| ,0p(7“, ‘9) — m

| o Pon :
| pn(r0) = 1 + exp{|r — Ron(1+ B,Y20(0)]/ay,} |




Pygmy for deformed nuclei
Km=()- | K==

The “Unkrinsic” Lsovector
Eransikion densikies to
the tnkrinsiec K5=0— and

K*=1— states will be
given within the
Goldhjaber-Teller
model




| Z=Ne=50, N=100, Rop=4.89 fm, Ron=5.52 fm, 20,=20:=0.6 fm,

proton =0 neutron
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The radial transition densities are obtained by expanding the
ntrinsic transition densities in spherical harmonics

isovector

isoscalar




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

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

at the nuclear surface |

Isoscalar and isoveckor reduced
ciipc;-i,e Eransikion prababitiﬁies
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neutron

—0.004 —0.002 0 0.002 0.004

Calculation done K7=()-
within the
relativistic QRPA
based on a
relativistic HFB

basts.

D.Peira Arteaga, £.Khan,
P.Ring, PRC 79 (2009)
034311



D.Peira Arteaga, EKhan, P.Ring,
PRC 79 (R009) 034311
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As for as the deformation
increases the sharing between
the two &mmpanem& L8 more
fovourable to the oscillation
along the Llonger axis
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The variation of the ratic for
the isoscalar case is strownger



An experiment to measure the PDR in deformed
nucleus with isoscalar probes has been performed
at the iThemba LABS, Soubth Africa

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

Spmk‘@p@&rsaw Luna Pellegri

Study of the low-lying 1~ states in the |
cie{arme.d 154Sm nucleus via inelastic scattering |
| _of o particles ot 120 MeV. |
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Ik is well established Ehak the Lomwtvms
dipole states (the Pygmy Dipole Resohance)
have a strong isoscalar camyonemh

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

Cf It seems that the low-lying dipole states can ;1
- be a good Llaboratory to study the interplay |
between isoscalar and isovector modes
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