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The ultimate goal of the physics of 
nuclei is to develop a unified, 
predictive theory of nucleonic matter

How does physics of nuclei impact the physical universe?How does physics of nuclei impact the physical universe?



Nuclear AstrophysicsNuclear Astrophysics
rprp--processprocess
rr--processprocess
stellar evolutionstellar evolution

Nuclear StructureNuclear Structure
vibrational dynamics (nature of K=0+ bands)vibrational dynamics (nature of K=0+ bands)
s.ps.p. structure near closed shells . structure near closed shells 
structure of light exotic nucleistructure of light exotic nuclei
nuclear structure aspects of mass modelsnuclear structure aspects of mass models

ExperimentsExperiments-- ND, ORNL, NSCLND, ORNL, NSCL
HalfHalf--liveslives
MassesMasses
IsomersIsomers
StructureStructure

TheoryTheory
Nucleosynthesis simulationsNucleosynthesis simulations
Mass ModelsMass Models
IsomersIsomers

Research AreasResearch Areas

ExperimentsExperiments-- mostly NDmostly ND
SomeSome…….GSI, ANU, NSCL.GSI, ANU, NSCL

TheoryTheory
Projected Shell Model
Pseudo SU(3)
IBM
F-spin concepts



One example: Nuclear Astrophysics
r-process

Semi-empirical Mass model (n-rich, p-rich)
Predictions for the n-drip line

Origin of the heavy elements……..
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How Were the Elements from 

Iron to Uranium made ?

No. No. 

33
How Were the Elements from How Were the Elements from 

Iron to Uranium made ?Iron to Uranium made ?
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Far off stability:Far off stability:
•• Nuclear masses?Nuclear masses?
•• Evolution of Nuclear shapes?Evolution of Nuclear shapes?
Onset of deformationOnset of deformation



Masses
Measurements:Measurements:

Energy                            

Endpoint (Q)



Mass Predictions as Mass Predictions as 
Signature for QuenchingSignature for Quenching

β-endpoint measurement 
for 130Cd at CERN Isolde!

Resulting mass and 
mass extrapolation by Audi 
⇒ quenching signature?

Dillmann et al., PRL 91 (2003)



Pt

Xe

79Cu and 78Ni first bottle necks in n-capture flow (80Zn later)
(half-lives 79Cu: 188 ms (Kratz et al, 1991)

78Ni : ? (predicted to be comparable)

8585--8787Ge, Ge, 8585--9090As,As,
8888--9393Se, Se, 9393--9595BrBr



Mass ModelsMass Models
• Most mass models involve macroscopic parameters, microscopic 

parameters, or some combination of the two.

• Macroscopic: Liquid Drop Model based on   Z, A, rZ, A, r00 with coeff’s to 
fit.
– Surface term, Symmetry term, Volume term

• Microscopic: Shell Model, interactions between individual nucleons. 
– Choose wave functions and solve Schrodinger Eqn.
– Skyrme forces, Wigner terms, BCS pairing

FRDM – great globally
Locally not so great….



Z=28-49, N=50-81

-0.1680.6400.6630.664FRLDM

-0.2530.6500.6990.700FRDM

-0.0010.3460.3470.352F0

μ∗th(MeV)σ∗
th(MeV)σth(MeV)σrms(MeV)Model

283* experimental masses taken from Audi & Wapstra 2003 compilation: 

* experimental values for 118Cd and 120Cd were not included in fits 



F0 (9 parameter case)
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