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Experimental evidences for the PDR
Small peals, in the dipole strength distribution, ot energies lower

than the GDR (few % of EWSR). For nuclel with neutron excess,
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From the theoretical point of view they are studied
wikh

Macros«t@pic model

® Incompressible three fluid model: Steinwedel-Jensen
8 Inert core oscillating against a neubron skin: Goldhaber-
Teller
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Trawnsition clehsi&v for a state » with an anqgular momentum A in the RPA

approaah
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Necessary to take into account the coupling to more complex configurations.
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In second RPA (SRPA)
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approath
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Net:e.ssarv to take into account the cou[puv\g to more COMFL&X configurations.

| In sccdiiiiie (srz?A)

v = X T
p<p’h<h’

lp - 1h configuration 2p — 2h configuration

, Subtracted second RPA (SSRPA) model to avoid double counting correlations ‘,

F QPM and RQTBA explicitly couple the 1p - 1h confiquration with two- or \’,
three-phonon states.

e’ a a a
D = Z Clli- Z Gy U Z Cy v, | V1V >

Uy % V1Usl3



ATamii et al., PRL 107 (2011) o502
pro&om beam of 295 MeV at RCNP, Osaka, Japan

Q
2
m
—
=
~~
Q
m
©
N
=
N
S~~~
o
N
<
®
=

10 15
Excitation Energy (MeV)




ATamii ek al., PRL 107 (2o011) o&28502
!ﬂro%c::-m beam of 295 MeV at RCNP, Osaka, Japan

Qu&siparﬁd@r?homam Model
(QPM) calculations contain
wp ko :Ewphc:fm}m
configurations at low energy

(by V/u. Ponomarev)
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(QPM) calculations contain
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It is well established that the Low-lying
dipole states (PDR) have a sktrong isoscalar
component. (A property of the transition

dems&?:v) ‘
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It is well established that the Low-lying
dipole states (PDR) have a strong isoscalar
component. (A property of the transition
ciems&j)
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Therefore they can be studied by both
isoscalar and isovecktor Frobes
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It is well established that the Low-lying
dipole states (PDR) have a sktrong isoscalar
component. (A property of the transition

ciemsi;&j) ‘

Therefore they can be studied by both
isoscalar and isovector probes

The Lowwi.visr\g c:li;pote skakes can be a goad
Labara%orjj to s%u,d.v the interplay bebween
tsoscalar and tsoveckor modes
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Isoscalar probes
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Relakivistic Coulomb excitakion ot &SI |

Nuclear resonance fluorescence (NRF) technigue: (y, Y) at
Darmstadt |

Coulomb excitation by proton scattering: (p, p’) in Osalka and
iThemba LABS

Isoscalar probes

(a, a’ y) At KVI

(170, 170’ y) on various tarqgeb 20¥Pb, 9°Zy, 14°Ce at Legnaro Lab
(LNL-INFN)

(e¥NL, €¥NL’ v) ol 12C ot INFN-LNS, Catania

For the Isoscalar probes, inelastic cross sections are also

measured
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The isoscalar cli,pot@. channel receive contributions from the
toroidal and compressional modes.

The operators generating the toroidal and compressional modes are
obtained as a second-order bterms in a long wavelength Limit of the
electric multipole operator. They are of isoscalar nature.
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The isoscalar dipole channel receive contributions from the
toroidal and compressional modes.

The operators generating the toroidal and éom[pressicmat modes are
obtained as a second-order terms in a long wavelength Limit of the
electric multipole operator. They are of isoscalar nature.
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For the Isoscalar probes, inelastic cross sections

are also measured



The description of inelastic cross section with
isoscalar probes can be done with

~ DWRA, first order theory

- Coupted Channel, high order effect
meorhmﬁ

- Semiclassical approx&ma&wns
(semiclassical Coupled Channel Equations)



For the Isoscalar probes, inelastic cross sections

are also mweasured

The desarip&a-m of inelastic cross section with
Lsoscalar probes can be done with

~ DWRA, first order theory

- Coupteci Channel, high order effect
meor%anﬁ

- Semiclassical approxima&ioms
(semiclassical Coupled Channel Equations)

In semiclassical models itk is assumed that the motion of the two
nuclel can be described according to the classical mechanics. This
is true when the De Broglie wave length is small with respect to the

distanc closest ch. h <
istance of closest approa S d:ZAZB@
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Semwiiclassical Model
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.'The two nuclei move according to a classical trajectory while quantum
mechanics is used to deseribe the inkernal degrees of freedom

(A
o)
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Semiclassical Model

The two nuclet move a«mardiv\g ko a classical &rajec&ar:j while quan&um
mechanics is used to describe the internal deqgrees of freedom

W, (t)=) <ilUy (R j>al a,+hc.
1]

t-dependence through R(E)

W=w2+» W°Qf +hne

The term W represents the interaction of the two colliding nuclet in
their ground state; in the present case it has also an imaginary part
that describes the absorg&an due to the nownelastic channels,
The term 0 connect states differing by one phonon
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The wave function of the system W(t) >= |, () > |, (t) >
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The wave function of the system W(t) >= |, () > |, (t) >

“f To solve the Schrodinger equation

Lo, (t) >
REUEN
Calling | D, > the eiqgenstates of the internal Hamiltonian

The Eime ciepevxden& skake is
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The wave function of the system W(t) >= |, () > |, (t) >

“f To solve the Schrodinger equation

SOy, () >
ih——p —— = H,[¥,(t) >

Calling | D, > the eiqgenstates of the internal Hamiltonian

The Eime depehdeh& skake is
H°|®, >= E,|®, >

The Schrodinger equation can be cast into a set of Linear
differential equations

SEMICLASSICAL COUPLED CHANNEL EQUATIONS
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The semiclassical coupled channel equations have to be
solved for each impact parameter, then C (b, 1)



R S S S I D P S e S W B T SO . T e P P S D P P e P PTG SO e

The semiclassical cc:upi.eci channel equ’o&aons have to be
solved for each impact parameter, then C,(b,1)

‘Probabiti&v ko excite bthe stakte Pg

s, impm:& parame&er
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The semiclassical Coupteci channel equations have to be
solved for each impact parameter, then C,(b,1)

‘Prcbabiii&v ko excite bthe stakte Pg

s, E.mpm:& parame&e\'

tks cross seckion is
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The semiclassical Coupteci channel equations have to be
solved for each impact parameter, then C,(b,1)

‘Prababiti&v ko excite bthe stakte Pg

s, E.mpouz:& parame&er

—+ o0
tks cross section is 27‘(‘/ Pa(b)T(b)b ab.
O

T(b): transmission coefficient taking into account process not
exptic:i&tv included in the space model.
It falls to zero as the overlap between the two nuclei increases.
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Splitting c;:-nf the g dipole strength
J. Enders ek al., PRL 1085 (Ro10) 212803

E.=136 MeV %ngu. Ponomarev calculations
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The lower lying group of states is excited by both isoscalar and isovector
probes while the states ot higher energy are excited by photons only,
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For Fhe isoscalar case bhe comparison is between eross
seckion and B (E1)




Experimental data are usually taken at a finite angle range.
From the deflection function one can deduce the corresponding
impact parameter range
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Comparison with experimental data.
Cumulative Sum from § ko 9 MeV. The theoretical calculations (,bv
£. Litvinova with RQTBA) give a range which is higher in the
excitation energy of about one Mev.
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Comparison with experimental data.
Cumulative Sum from § ko 9 MeV. The theoretical calculations (,bv
£. Litvinova with RQTBA) give a range which is higher in the
excitation energy of about one Mev.

o + 2'Sn @ 34 MeV/u

Cumulative Sum

— gl b range

— data
- Selected b range




The model have been successfully employed in
several pkvswat Prabi.em tvolving .heav:j Lo
collistons,

Calculation of polarisation potential

Mu&ipkoma»ms excibtakbion hecwv Lo
collistons

Isoscalar excitation of Low-lying dipoi.@.
(PDR) states in exobic and stable nuclei



S mary

Semiclassical model have been usefully used for calculations
and interpretations of various nuclear phenomena.

The use of the semi-classical toupi.edma:‘kahmet equations is
more convenient than the quantum CC because the
calculations can be quided by a physical insight and the
number of channels included in the caleulations can be
orders of magnitude larger.

Combined reactions processes involving the Coulomb and
nuclear interactions can provide a clue to reveal
characteristic features of some particular states.
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From the theoretical point of view the e«f{or% :
should be adciressed to '

C a better nowledge of the® c:om[zmschou oﬂf
the i.om“i.jw\g dnpoi.e stakes,
'®  a better description of the response of
deformed nuclel to isoscalar and isovector
, probes.
L improve the calculations of inelastic cross
section (when isoscalar probes are used).
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