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Overview

APrelude: Lowenergy nuclear collective excitations .
AVibrations (shape oscillations), rotations
A Deformation, shell structure, clustering, reactions

AOn theisoscalarlow-energy dipole (RED) vibration
AThe misfit

AGapsto fill in nucleardata- N=Z nuclei
ASummary




Prelude

Lowenergy nuclear collective excitations
x Collective model: Vibrations and rotations
X Clustering: Moleculdike vibration+rotation
X What else?



Collective model: Vibrations and rotations

ANuclei are characterized by collective behavior

ACollectivity is inferredrom the electromagnetic transition strength tc
the ground state

Acfa & AYJHNB A Of SWeiskdpiizi & W.a. 2 o of total EWSR
ACollective model Nuclei as incompressible dropleisnuclear matter
with only shapedegrees ofreedom

ADeformed equilibrium shape: The nucleus cetate

A Shape oscillationsibrational modes Esp. douhlyd singly
closed shell spherica

Esp. middle of do
open shells

NJC Spooner

)TOIIINIUSIPG PHUSI‘AL U dW € P U N 4 QPOORIMOEIa ‘89S



Collective transitions examples

AElectric quadrupole, B(E2), from the ' to the ground state
T T

Atomic Data and Nuclear Data Tables 78, 1-128 (2001)
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Clearlycollective in most cases:
Transition strength >> 1W.u.

EWSR: >5%
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(ollectivetransitions- examples

AElectricoctupole B(E3), from thest3 to the ground state

Atomic Data and Nuclear Data Tables 80, 35-82 (2002)
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FIG. 1. (a) Excitation energy, E,(37), of the frst 3™ state in even—
even nuclides as a function of mass number A (Table I). The open circles
correspond to doubtful assignments. The lines connect isotopes. (b) Single
particle strength, [M(E3)|%, as a function of mass number A for 0'1" - 37
transitions (column 6 of Table VII).

Clearlycollective in most cases:
Transition strength >> 1\W.u.

(M (E3)]> = 2.404 x 10°B(E3)1/A> W
where B(E3)t is in units of eb? (Ref. [17]). This expression
is based on the assumption that rp = 1.20 fm.



Rotational bands .

AExamples:
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Clustering: Vibrations and rotations

Light A=4n nuclel demonstrate alpha clustering

Example
AFirst O of 180 can be described bylbdy correlations (4p4h)
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Recent approaches
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Lowenergydipolevibration?
The misfit




The misfit: Lovenergy dipole vibration

ADipole vibrations cannot be described by the collective model:

PAN

Quadrupole Octupole Hexadecapole
i ® 1H i@ iH i iR

Theisoscaladipole operator
Induces a displacement of the
whole nucleus, not an excitation
Next in orderi & iH

‘[?“po"eHJ can produce intrinsic dipole
o excitations




The misfit: Lovenergy dipole vibration

ADipole vibrations cannot be described by the collective model:

The electric dipole operator
induces a displacement of the
whole nucleus, not an excitatio

ABut not shape oscillations:

X Eg, some degree of compressic . ‘ ‘




The misfit: Lovenergy dipole vibration

ADipole vibrations cannot be described by the collective model:

The electric dipole operator>

induces a displacement of t Q

whole nucleus, not an excitatio

ABut not shape oscillations:

X Eg, some degree of compressic ‘ «*—-
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|Isoscalgnsovectoy electric &) transitions

Alsoscalar transition operator:
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Electric vssoscalastrength: L>1

AElectric multipole transition (long/avelength limit):

ars 1 (i )sw@
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ATherefore (esp. fob Aj,strong B(EL} strong B(IS;Lisimilarinformation)



Electric vssoscalastrength: L=1

A Electric dipole operator (longravelength limit):
s 1 03) S

A The matrix element ofrsB i @ (@ ) S@® (md |'Qvanishes! (Translational invariarce
A 1soscalaoperator: Next order needed for intrinséxcitations

as 1 1 S
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Example: Electric response’Pb
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Example: Electric response’Pb

similar
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Hidden In | plain sight ohotons
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Hidden in plain sight photons
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Hidden in plain sight

sheet under UV light?
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Lowenergy dipole response #Ca,*3Ca

... but 4-5% of the IS EWSR
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The misfit: Lovenergy dipole vibration

AAliases:
AbT ¥ ydzOf SAY GLa2aLAyYy F2I
A Isospin mixing make itsdecay possible

A Early attempts within the shell model failed to account fol
its decay ratenrf t not sufficient

AbBHY ydzastad SIHSY (i 27
A Described by RPA (linear response theory)
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A universal nuclear phenomenon?

Transition density, form factor e
ADescribed well by RPA —
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A universal nuclear phenomenon?

ABut studies are spotty Gaps to be filled!

AMapping along isotopic chains o
AMapping along N=Z | S mesarod e |
E,=41MeV AP ——
40 - Empirical E, of IVGDR

Data for IS dipole transitions from:
A Savraret al.,Deryaet al.,Crespiet al.,
Poelhekkeret al. Harakehet al

AVCE [N 2v]
o

Theoretical investigations:
A [PP et al.; EPJA47,PLB709,PRC89,PRC92] 157
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Mapping along isotopic chains

AExample: Ca isotopes
A Smooth evolution from N=20 to 28; then
dissolution to neutron modesp et al.,PLB7|
AExample: Ni isotopes
ABimodal structure mighell due to couplin
with surface neutronsPPp et 8RC92,034311
AExample Snisotopes

A Smooth evolution from N=50 to 82; then
dominance of neutron configurationgret
al PRC89,034306

Sn: Energy and strength evolutign
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A universal nuclear phenomenon?

ABut studies are spotty Gaps to be filled!

AMappinganngisotopicchains o
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A Savraret al.,Deryaet al.,Crespiet al.,
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o

Theoretical investigations:
A [PP et al.; EPJA47,PLB709,PRC89,PRC92] 157
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Discussion
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