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The Pygmy ‘DE,F»QL@. Resonances (PDR) are dipci& stakes locaked
ot much lower energy than the GDR pealk.

Called “pygmy” because their strength are much smaller than
G DR,
They exhaust only few per cent of the EWSR.

‘T"heav are pr&sem& i all Ehe nuclel with neukron excess,

Therefore, more evident i nuclet far from the stability Line

12§14 + 205Ph @ §00 MeV/u
P.Adrich ek al., PRL 95 (Roos) 132801
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There exist a reta&iansh&p between The presence of the PDR has
the PDR strength and the energy consequences o T'&F'ici
svmmeﬁrfj parame&er £ cwf the EoS. neutron CQF‘EMW process

Carbone et al., PRC ¥1 (Ro10) 041301(R)
Hartree—Fock + RPA (RHB) and
relativistic mean field plus
relativistic RQRPA calculations using
several Skyrme interactions and
effective Lagrangians
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(a) PDR analysis
this work: PDR in "*’Sn
|

this work: PDR in *Ni
Klimkiewicz et al. 2007
I

(b) . ‘ All methods
this work: different PDRs
I

Tsang et al. 2009
Shetty :t al. 2007
Chen et al. 2005

Danielewicz 2003
| —
Danielewicz, Lee 2009
—
Centelles et. al. 2009

Klimkiewicz et al. 2007
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From the theoretical point of view they are studied
wikh

Macrascagia model

@

Incompressible three fluid model: Steinwedel-Jensen
Inert core oscillating against a neutron skin: Croldhaber-
Teller

Q

Microsztopéc: model

HF + RPA with Skyrme tnteraction

Relativistic RPA and relakivistic QRPA

HEB + QRPA with Skyrme or Gogny interactions

Second RPA (SRPA) and Subbracted SRPA (SSRPA)

Quast particle phonon model (QPM)

Relativistic Quasi-particle Time Blocking Approximation
(RQTBA)
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c:oupi.i,vxg ko more compi.ex

confiqurations
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Neubtron and prc;&c:rh Eransikion
densities are in phase nside
the nucleus; ot the surface only
the neubtron Fmr& survive,

“Theoretical definition”
of the PDR

The skrong mixing of isoscalar
and isovector character ab the
nuclear surface allows the
experimental study with both
isoscalar and isovector Frobes.




Experimev\&auv Eh@j are sktudied wikth

Isovector probes

Relativistic Coulomb excitakion abk &SI

Nuclear resonance fluorescence (NRF) technique: (v, Y') at
Darmstadt

o Coulomb excitation bj proton scattering: (f” p’ Y in Osaka and
{Themba LABS

Q O

Isoscalar probes

(a, a’ y) Ak KVI

(170, 170’ v) on various tarqeb 20¥Pb, 2°Zr, 14°Ce ot Legnaro lab
(LNL-INFN)

@ (6¥Ni, ¢¥*NL’ y) on 12C ak INFN-LNS, Cakania

Q Q




Experimen&&i. daka
Lsovector Probe

ABOVE NEUTRON SEPARATION THRESHOLD
exobic nuclet

® using the FRS-LAND setup ot &SI
® using the RISING setup at GSI (for esNi) —>

do/dE [mb/MeV]

P.AArich et al. PRL 95 (Ro0s) 132801 R S BT TRy
OWieland et al. PRL 102 (2009) 092502 E [MeV]

BELOW NEUTKON SEPARATION THRESHOLD
stable nuclel

® with (v,y") studies (Darmstadt University) ——
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DSavran et al. PRL 100 (Roo¥) 232501
JEndres ek al, PRC go (2009) 034302




Exgerimev\&al daka

isoscalar probe
B (below neubron emission threshold)

E=136 MeV |

do/ dQQ[mb/sr]

: . The use of isoscalar probe&.s has brought
ko Light a new feature of this new mode
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Some Open Problems:

1. Are the clipc:»t@. resonances due ko
collective or single-particle excitations?

2. Spherical and Deformed nuclei




Are the Pygmy Dipole Resonances due
to collective or single-particle
excitations?

In a macroscopic models bhe {ioite{:ﬁvi&v LS
meuamﬁ assumed i Fhe models.




8N Cou.eﬁﬁviij means also

isovector dipole states
E=10.36 MeV E=15.63 MeV ﬁOhQT’QV\CQ.
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P~ Relnhard and W. Nazarewicz, PRC ¥7 (R013) 014324
Correlation analysis based on data analysis methods

pINE, 1) =4r Z J dqq? j (gr) F£T)(q) X Energj*ave.rage_d radial
y 0 transition densities
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‘DE,FQL@. Eransiktion
form factor

203ppy, SV/-bas, E1 ' F;"(q)
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A complex multinodal
behaviour in both E,sospim
channels and a strong state
dependemce suqqgest a

wealk co LL&C&L\/L&:}




Collectivity: is ik only a theoretical probtem?
What about the experimental data?

Is there a way to look at it i a clear way?
What has to be measured to determine the deqgree of collectivity of a
state?

One way could be to debermine whether Ehev are single Parf:icte level.,

Frop I e W)

| M. Weinark ek al. PRL 127 (2021) 242501f |

Pellegri
1195 (4, P’ Y) 12°Sh ok ¥.5 MeV

Transfer reactions to populate

! the PDR in 26Mo
{ SONICCHORUS at Cologne Uhiversﬂ:j

| 95Mo(d,p)?9Mo* at E«~10 MeV’
| Resulks &M&Ltjsed within an EDF

| 97 9671, at E,=26 MeV
Fiu,s Gmo\sipo\r?:wi.a Phonon Model Mo(p,d)”OMo™ at Lp e

t Two dominant cahf&guraﬁc}ms were
E,de.v&iva to contribute mainly to the

| states bebween & and 7 MeV while for
 the high-energy part is predicted to
have more ﬁomFLLt&%ed 2ph+3ph Ik will be Compared ikl
i taﬂ{igur&&iohs. 96Mo(a, a'y)96Mo* at iThemba.




" firm 1°
° tentative 1°

M. Spieker et al. PRL 126 (RoR0) 1028503
(d,p) reaction on 27Pb ot 22 MeV
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The different response to isoscalar and

isovector probes is important also in the

study of the pygmy dipole states in the
deformed nuclei.




One may wonder whether we can see a separation of the
pygmy peak as ik occurs i the case of the GDR omne.

A, ' hesis ), ‘

10
Excitation Energy (N

SpLLEEng o{ the &GDR
Bohr and Mottelson boolk EL - El Rl gl
El & RO




Microscopic description of deformed nucletl

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

* S, Péru and H, Goutte, Phys. Rev. C 77, 044313 (Roo%)
with the D15 Goghy effective force

* K. Yoshida and N. Van Grial, Phys, Rev. C 7%, 064316 (Roo¥)

wikh Sk‘jrme inkeraction




K Yashnda omd h Naka&sukasa,
PRC ¥3, 021304(@ (2011).
On the tom&mrfj, calculations
anr%ormeci within an HFB plus QRPA
with Skyrme interactions for Nd and
Sm isotopes, show an enhancement of
the summed Llow lying &apci@. skrength
of about five times larger than those
corresponding to spherical nuclei.

D. Peila Ar&eaga, & Kligi avd 7 IZ:MS,

PRC 79, 034311 (2009),
Systematic study of the PDR for several |
tin isotopes within a relativistic |
Hartree-Bogoliubov (RHB) mean field
plus a relativistic QRPA microscopic
calculations,

They conclude that the deformation
qu.enehes the isovector di,lmi.e response |

in the Lom“bji,a»\g energy region., The two calculations use:

- different treatments for the
pairing.
- Different use of the kreatment of

conkinuum and MQO\R“L:‘} bound
orbikals.

132 136 140 144 148 152 156 160 164
A

- The calculations of Pefla et al.
are fully self-consistent, and they
do not have the contamination of

Neutron rich deformed nuclei may
not be qood candidates for the :
s%u,d?} c:ﬂf PDOR skakes motion,

the spuricus cenber—-ot-mass
P




expeﬁ.mmem&at work for
pygmj cis,[aoie resonances in deformed nuclei

P. M. Goddard et al,,

| PRC ¥%, 06430% (2013),

i Polarised (V, V') on *Se (reziaﬁvetv
L small neutron excess)
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Observed many 1- skakes between 4
and 9 MeV.
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A pronounced splitting, as seen in
B the GDR, is not evidenk

] (p,p’) -—-—- .
Lorentz fit at 5.9 MeV |
Lorentz fit ai 7.8 MoV A. Krugmay\p\; Thesis (2014%

Sum of Lorentz Peaks
TU-Darmstadt

Experiment done at RNC?P, Osala,

with polarized proton on a
deformed nucleus 154Sm ak very
forward angles




An experiment to measure the ¥DR
deformed nucleus with isoscalar probes has
been performed at the iThemba LABS

ﬁpow@p@rscw Lula ‘F’«au@gra

Study of the low-lying 1~ states in the |
 deformed 194Sm nucleus via inelastic scabtering
oy @ e (e




Pygmy for deformed nuclei
Kr=()- | ) Kr=]-

The “Unkrinsic” tsovector
Eransibion densikies ko

the nkrinsic K*=0— and

K*=1— skabkes will be
given within the
Goldhaber-Teller model

2N d

5/0{9(7T (T707¢> = 01 [ % A d?‘pp(r76)7¢)] Yl,K(‘97¢)
o7 (r.0,0) = 1~ 20 L per,0,9) + 2L DL prir g 6)]Y: k(6,0)

A dr A d




B(E1)s

tsovector B<E1)Z[?(]:1— + B(El)l;():—r

As far as the deformation increases the sharing between the two
component is more favourable to the oscillation along the
longer axis

The variation of the ratio for the
tsoscalar case is stronger




Surm marv

[ It is well established that the Low-lying
i dipole states (the Pygmy Dipole Resonance)
; have a skrong isoscalar Cc:-mponehh

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

i Open problems - Like collectivity, isoscalar
t and isovector mixing, role of deformation - |

are a challenge for theoretical and
experimental nvestigations.
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