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Schematic Nuclear Potentials
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Where to start?
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Ab-initio Greens Functional Monte Carlo Calculations
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Three body forces in nuclei

From Fujita and Miyazawa (1956).
But now the potentials are being refined….. A real “work in progress”

Urbana Potentials:
..2 CR

ijkijkijk VVV += π

Illinois Potentials:   

Steven C. Pieper et al., Phys. Rev. C 64, 014001 (2001).
Coupling constants are currently 
fit to binding energies of a few 
light nuclei… ~4 parameters
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What can experimentalists do to “help” with the 
theoretical developments?

• Discuss what measurements will make a difference.

• Make really good precise measurements.

• Ask lots of dumb questions.

• Be persistent.
For refinement of  the ab-initio calculations “alpha clustered” nuclei… like He, Be and 

C  isotopes are especially important.
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The Special Case of A=10
By mass 10, the nuclei have several bound states (10C has 1, 10Be has 6) and so 
probing the wavefunctions through investigating electromagnetic transitions 
becomes relevant.

What is the role of the neutrons?

Why did Kurath (1957) need to use an anomalously large spin-orbit splitting?

Is the role of protons in 10C the same as the neutrons in 10Be?
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10C and 10Be: What do we know?
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0+0
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2+3368



The situation in 1968



And the Doppler Shift is …
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Current situation in A=10

Separate GFMC minimization of wavefunctions for 10C

10Be wavefunctions, exchange n for p in B(E2) calculation
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Light Nuclei

We are in a new domain of theory….more microscopic and parameter free.
We need a new generation of experiments to match.

For the A=10 puzzle …. We need a high quality measurement of  10B

Electromagnetic transitions are very sensitive probes of nuclear
wavefunctions.

PRECISION is good….. Always. (<5%)

Experimental challenges:
Leading systematic error lies in targetry ….. Need to nano-fabricate
Apply new technique to other problems across mass surface. 

Theory challenges: 
Better convergence issues, better 3-body interactions.
“Export” of Ab-Initio wisdom to Shell Model and beyond.
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The Heaviest Elements
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What are the Very Heavy Elements?
Transuranium 
Elemens

Superheavy
Elemens

Stable
Elemens

Spherical
Shell

Spherical
Shell

208Pb

298114

Sea of Instability

Oganessian



Spectroscopy of the Heaviest Nuclei
Key Questions: Where are the single particle gaps? 

What are the Nilsson-like states near the Fermi 
surface?

Do the answers lie at 
Z=118 or Z=104?

Is spectroscopy more 
informative than 

existence?

σ ~ < 300nb
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A Self-Consistency Effect 
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GRETINA@ATLAS
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Coming in 2013

Ideal for very heavy element 
spectroscopy

Ideal for 100Sn

Efficient and 
fast‐counting
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3rd FRIB JOG Meeting B.M Sherrill, 3/5/2010, Slide 21

FRIB Conceptual Overview

Rare isotope production 
with primary beams up to 
400 kW, 200 MeV/u
uranium
Fast, stopped and 
reaccelerated beam 
capability
Experimental areas and 
scientific instrumentation 
for fast, stopped and 
reaccelerated beams
Beam power ramps from 10 
kW in year 1 to 400 kW in 
year 4 



CARIBU
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Gives ATLAS real 
“reach” into the 

neutron-rich world 
of nuclei

New Physics
New Techniques
New Generation 
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X_Array

The X-Array

X-Array MCNP Simulation
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For spectroscopy when 
cross-sections are low 

and every count counts.
TWICE the efficiency of Gammasphere



Gammasphere

δ = -3.5(2)δ = -3.6(3)
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Deep Inelastic Transfer as a tool for structure studies
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Conclusions
An upgraded ATLAS will be relevant for nuclear structure studies:

Intense stable beams for the proton dripline and heavy nuclei 

Intense stable beams for Multi-Nucleon transfer reactions 

Intense stable beams for “in-flight” production of exotic nuclei. 

Accelerated fission-fragment beams 

A new generation of experimental techniques.

A new generation of experimenters.
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Unfinished business:
Nuclear Structure at Argonne
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