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After a long history (more than 30 years) ,
a way for wide applications of large-amplitude theory 
is now open.

SCC  and 
quasiparticle SCC

ATDHF and
ATDHFB

ASCC

Villars, Baranger-Veneroni, Brink,
Rowe-Bassermann, Kerman-Koonin,
Goeke-Reinhard, Bulgac-Klein-
Walet, 
Giannoni-Quentin, Dobaczewski-
Skalski
and many colleagues,  reviewed in 
G. Do Dang, A. Klein and N.R. 
Walet, 
Phys. Rep. 335 (2000), 93.

Marumori-Maskawa-Sakata-
Kuriyama, Yamamura, 
Matsuo, Shimizu-Takada,
and many colleagues,
reviewed in 
Prog. Theor. Phys. Supplement
141 (2001).



Excitation spectra and E2 transitions are evaluated by 
means of the ASCC method for the first time.

The result indicates some interesting properties of 
the oblate-prolate shape mixing dynamics, like
weakenig of mixing with increasing angular momentum. 

Major conclusions

Calculated spectra

Wide applications can be envisaged







The mission of the project is three-fold: 

•First, to find an optimal functional using all our knowledge of the nucleonic Hamiltonian and basic nuclear 
properties.
•Second, to apply the EDF theory and its extensions to validate the functional using all the available relevant 
nuclear structure data.
•Third, to apply the validated theory to properties of interest that cannot be measured, in particular the 
transition properties needed for reaction theory.

The activities to be supported fall into different areas of nuclear theory and computer science, but the goal 
can only be achieved by working at the interfaces among these areas. They are: ab initio theory of nuclear 
wave functions, Effective Field Theory (EFT) and its extensions, self-consistent mean-field description of 
ground and excited states, large amplitude collective motion, low-energy reaction theory and computer 
science. 

Science Application: Nuclear Physics 
Project Title: Building a Universal Nuclear Energy Density Functional 
Principal Investigator: George F. Bertsch
Affiliation: University of Washington 
Funding Partners: Office of Science, Advanced Scientific Computing Research, and National Nuclear Security Agency
Budget and Duration: Approximately $3 Million per year for five years 

Building a Universal Nuclear Energy Density Functional
A Low-Energy Nuclear Physics National HPC Initiative
George F. Bertsch , University of Washington
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G. Bertsch















Kyoto-Oak Ridge交流の経緯　　

1998　Nov.　Nazarewicz 来訪
2001  Nov.   YKIS01 京都
2002  Aug.   ORNL meeting
2002  Nov. 会津シンポ
2002  Dec. 京都 meeting
2003  Aug.   ORNL meeting
2003  Nov. 新潟シンポ
2003 Nov.  京都 meeting
2004  Sep.    ORNL meeting
2005 May   MF05 京都
2006 July    NS06  ORNL
2007  Mar.  1st JUSTIPEN, ORNL
2007  June   NS07 京都

学振・日米科学協力
事業（共同研究）
Japan-US Cooperative 
Science Program on
Mean-field approach to
collective excitations in
unstable medium-mass 
and heavy nuclei

　　日本側　2003-2004
　　米国側　2002-2005

何故　Oak Ridge か 前史がある

実のある国際交流をするには長期に亘る地道な積み上げが必要



November 1998,  Kyoto, 
Witek Nazarewicz



1st Kyoto-Oak Ridge collaboration meeting,  August 2002



J. Engel 来訪, December 2002



Oak Ridge, August 2003



Kyoto, November 2003



Oak Ridge , September  2004



Oak Ridge,  September 2004  (つづき）



会津シンポ, Nov. 2002 新潟シンポ, Nov. 2003



MF05, Kyoto



Nuclear Structure 2006 Nuclear Structure 2007



Oak Ridge, March 2007,    1st JUSTIPEN Workshop
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不採択

翌年から
いろいろな形で試みるも
３度つづけて不採択











Niels Bohr 生誕100年記念事業

丸森壽夫Aage Bohr

1985





1985-1992  INS-NBI国際共同研究プロジェクト

Jerry Garrett
1993-1995 Japan-ball project (実現せず)

Nord-ball project

清水: 高スピンでの対相転移
松尾: 温かい核の減衰回転



　仁科芳雄生誕100年記念シンポジウム, 東京, Dec. 1990



Nuclear Structure 1990
Oak Ridge

1990　西宮湯川シンポ



1992 高等研シンポ
Mottelsonから高等研への手紙　1990
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Future major 
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o How do protons and neutrons make stable nuclei and rare isotopes?
o What is the origin of simple patterns in complex nuclei? 
o What is the equation of state of matter made of nucleons? 
o What are the heaviest nuclei that can exist?

o When and how did the elements from iron to uranium originate? 
o How do stars explode? 
o What is the nature of neutron star matter?

o How can our knowledge of nuclei and our ability to produce them 
benefit the humankind?
– Life Sciences, Material Sciences, Nuclear Energy, Security

Physics
of nuclei

Nuclear
astrophysics

Applications
of nuclei

Questions that Drive the FieldQuestions that Drive the Field



• Young talent
• Focused effort
• Large collaborations

• Data from terra incognita

• High-performance computing
• Interaction with computer scientists

What is needed/essential?

unedf.org



number of nuclei ~ number of processors!



Prog. Part. Nucl. Phys. 59, 432 (2007)



Ab initio: GFMC, NCSM, CCM
(nuclei, neutron droplets, nuclear matter)

GFMC: S. Pieper, ANL

1-2% calculations of A = 6 – 12 nuclear energies are possible
excited states with the same quantum numbers computed

Quantum Monte Carlo (GFMC) 12C
No-Core Shell Model 13C
Coupled-Cluster Techniques     40Ca
Faddeev-Yakubovsky
Bloch-Horowitz
…

Quantum Monte Carlo (GFMC) 12C
No-Core Shell Model 13C
Coupled-Cluster Techniques     40Ca
Faddeev-Yakubovsky
Bloch-Horowitz
…

Input:
• Excellent forces 
based on the phase 
shift analysis 

• EFT based nonlocal 
chiral NN and NNN 
potentials

The nucleon-based 
description works to <0.5 fm

deuteron’s shape





Example:Example: Large Scale Mass Table CalculationsLarge Scale Mass Table Calculations
Science scales with processors

The The SkMSkM* mass table contains 2525 even* mass table contains 2525 even--even nucleieven nuclei
A single processor calculates each nucleus 3 times (A single processor calculates each nucleus 3 times (prolateprolate, oblate, spherical) and , oblate, spherical) and 
records all nuclear characteristics and candidates for blocked crecords all nuclear characteristics and candidates for blocked calculations in the alculations in the 
neighborsneighbors
Using 2,525 processors Using 2,525 processors -- about 4 CPU hours (1 CPU hour/configuration)about 4 CPU hours (1 CPU hour/configuration)

The evenThe even--even calculations define 250,754 configurations in oddeven calculations define 250,754 configurations in odd--A and oddA and odd--odd nuclei odd nuclei 
assuming 0.5 assuming 0.5 MeV MeV threshold for the blocking candidatesthreshold for the blocking candidates
Using 10,000 processors Using 10,000 processors -- about 24 CPU hoursabout 24 CPU hours

EvenEven--Even NucleiEven Nuclei

Jaguar@Jaguar@

Odd and oddOdd and odd--odd  Nucleiodd  Nuclei

M. Stoitsov, HFB+LN mass table, HFBTHO 



A. Staszczak, J. Dobaczewski, W. Nazarewicz, in preparation

Bimodal fission in nuclear DFT

nucl-th/0612017

S. Umar and V. Oberacker
Phys. Rev. C 76, 014614 (2007)

TDHF description
of heavy ion fusion



Jaguar Cray XT4 at ORNL
No. 2 on Top500

• 11,706 processor nodes
• Each compute/service node 

contains 2.6 GHz dual-core  AMD 
Opteron processor and 4 GB/8 
GB of memory

• Peak performance of over 119
Teraflops

• 250 Teraflops after Dec.'07 
upgrade

• 600 TB of scratch disk space

1Teraflop=1012 flops
1peta=1015 flops (next 2-3 years)
1exa=1018 flops (next 10 years)

Connections to computational science



femto…femtofemto……

Physics
of Nuclei

subfemto…subfemtosubfemto…… •Origin of NN interaction
•Many-nucleon forces
•Effective fields

nano…nanonano……

Quantum
 many-

body p
hysics

•In-medium interactions
•Symmetry breaking
•Collective dynamics
•Phases and phase transitions
•Chaos and order
•Dynamical symmetries
•Structural evolution

Giga…GigaGiga……

NuclearAstrophysics

•Origin of the elements
•Energy generation in stars
•Stellar evolution
•Cataclysmic stellar events
•Neutron-rich nucleonic matter
•Electroweak processes
•Nuclear matter equation of state

• How does complexity emerge from 
simple constituents?

• How can complex systems display 
astonishing simplicities?

How do nuclei shape the physical 
universe?
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• What is the origin of elements heavier than iron?
• How do stars burn and explode?
• What is the nucleonic structure of neutron stars?
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How does the physics of nuclei impact the physical universe?

4U1728-34

T Pyxidis

KS 1731-260



• Understanding the transition from microscopic to mesoscopic to macroscopic 
• Quantum Chaos and the Random Matrix Theory 
• Superconductivity
• Loosely bound and open systems 
• Dynamical symmetries and Quantum Phase Transitions 
• Coulomb frustration
• Fermionic sign problem 

Connections to complex many-body systems

!



Each frame is a snapshot of the absorption of the polarized gas in the lung tissue during a normal
respiration cycle. The 129Xe concentration is color coded with red indicating the highest 
concentration.

Atom Trap Trace Analysis: 81Kr dating

MRI of inhaled polarized
129Xe by a human


