
SURA Headquarters
Washington D.C.
July 14-15, 2014

Computational Nuclear Physics
2007-2014

Martin J Savage

2014

Monday, July 14, 2014



1. Community Organization
2. Resources
3. Training
4. Scientific Highlights

2014

Monday, July 14, 2014



Community Organization

LRP/Workshops/Reports

2014
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2007 Long Range Plan 
Recommendations

JLab FRIB

RHIC
DUSEL

2014
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Glenn Young (Chair) , David Dean (co-Chair) , Martin Savage (co-Chair)

Fred Bertrand (Facilitator)

Tom Luu (LLNL)
David Richards (TJNAF)

Steven Pieper (ANL) 
James Vary (Iowa)

George Fuller (UCSD) 
Tony Mezzacappa (ORNL)

Steffen Bass (Duke U.)
Frithjof Karsch (BNL)

Robert Ryne (LBNL)

• 109 Attendees
•  Physics, Computer Science, Mathematics and Applied Mathematics
•  27 Universities (US and foreign), 7 Labs, 6 Corporations (US and foreign), 2 Federal Agencies
•  PNNL administered/document production  (Moe Khaleel, Hope Mathews (technical writer) )

Meeting in Washington DC 
Jan 26 , 27, 28   (2009)

2009 NP HPC 
Status and Projected Needs 2014
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Paraphrase of 

Concluding Remarks

2009Trivelpiece Comm.

Capability Resources

Capacity Resources

Collaborating Scientists
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2012 National Academy 
Report Recommendations

FRIB
JLabRHIC

DUSEL

2014

Monday, July 14, 2014



Strengthen SciDAC
and related

Computing integrated 
with new expt initiatives

Education, training,
intra, AM, CS

2012

Strongly endorsed NAS Report HPC 
statements and Recommendation
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The Tribble Committee Report

2013
2014
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Resources

Compute Cycles/Software/Humans

2014
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2009
GPU’s Arrive

ARRA @ JLab2014

Life will never be the same !

Next NERSC Procurement - Xeon Phis
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Nuclei Collaboration2014

ALCF

OLCF

2008 2010 2011 2012 2013 2014
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Cold and Hot QCD
USQCD

Nuclear 
Forces

Configs Structure

Spectrum

Cold QCD

2014

Capacity hardware project significantly underfunded > 2014
     will deliver ~1/3 integrated cycles c/w requested  = problem
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Nuclear Astrophysics
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2014
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NERSC2014
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ALL
NERSC

2011 2012
2013

Projected Need 
from 2011

2014
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Capacity Computing
e.g. Nuclear Forces

x3

i.e. a 1 year project now takes 3 years!

2014
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NSF

• 2013 : Bluewaters
• not available for XSEDE allocation
• LQCD, Astro have projects

• XSEDE -> notXSEDE ?
• should not be considered a stable source of computing for NP

• MRIs
• Have provided important compute resources to universities for NP
• valuable for code development for larger facilities 
• none recently (that I am aware of)

2014
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US Human Resources

• SciDAC has been transforming the field since inception
• Very successful

• Crucial for new and emerging machine architectures
• System is already highly stressed with CPUs and GPUs, now Xeon Phis

2014
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US Human Resources

3 Projects Currently Supported : 

Computing Properties of Hadrons, Nuclei and Nuclear Matter from Quantum Chromodynamics

Nuclear Computational Low-Energy Initiative (NUCLEI)

A Multi-Scale Approach to Nuclear Structure and Reactions: Forming the Computational Bridge between Lattice 
QCD and Nonrelativistic Many-Body Theory (CalLAT)

2014

 SciDAC support significantly reduced in 2012
• Some projects/areas defunded, e.g. astrophysics, and all are under funded

Leadership-class (and external) resources depend upon it (leveraged)
• dictates code sophistication, readiness and competitiveness

Monday, July 14, 2014
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http://www.bnl.gov/physics/scidac
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SciDAC - Algorithms
Nuclei examples2014
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SciDAC - Algorithms
USQCD examples2014

Multigrid
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Non-SciDAC Algorithms
Large GPU Partitions2014

Bulgac, Roche, 
Stetcu, Wlazowski 
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SciDAC - Support - Nuclei2014

GPU x25

• Murat Bakirci, Ames and ODU!
• Bridget Bertoni, UW / INT!
• Noah Birge, UT (20%)!
• Sushant More, OSU!
• Titus Morris, MSU (50%)!
• Erik Olsen, UT (30%)!
• Kemper Talley, UT (50%)!
• Dossay Oryspayev, Ames and ODU 
(100%)!
• Nathan Parzuchowski, MSU (40%)!
• Hugh Potter, ISU (50%)!
• Ermal Rrapaj, UW / INT (100%)!
• Shiplu Sarker, CMU!
• Andre Schneider, IU!
• Thomas Shafer, UNC!
• Fei Yuan, MSU (15%)!
• Chunli Zhang, UT (100%)!

• Andreas Ekstrom, MSU!
• Heiko Hergert, OSU (FRIB Fellow at MSU from 8/2014)!
• Sebastian Koenig, OSU (50%)!
• Nobuo Hinohara, UNC (80%), UT (20%)!
• Jeremy Holt, UW!
• Guillaume Hupin, LLNL!
• Gustav Jansen, UT/ORNL (10%)!
• Michael Kruse, LLNL!
• Diego Lonardoni, ANL (100%)!
• Joel Lynn, LANL (100%)!
• Allesandro Lovato, ANL!
• Justin Lietz, MSU (15%)!
• Jordan McDonnell, LLNL (100%)!
• Mika Mustonen, UNC (100%)!
• George Papadimitriou, ISU (100%)!
• Sergey Postnikov, IU (50%)!
• Jhilam Sadhukhan, UT!
• Irinia Sagert, IU (50%)!
• Andre Schneider, IU (50% through 8/14)!
• Roman Senkov, CMU (100%)!
• Yue Shi, UT (50%)!
• Angelo Signoracci, UT/ORNL (100%)!
• Andrew Steiner, UW / INT!
• Vaibhav Sundriyal, Ames (100%)!
• Kyle Wendt, UT/ORNL (100%)!

Graduate Students! Postdocs!
NUCLEI  Year 2!

Impacting 
25 postdocs 
16 postdocs
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2014 SciDAC - Support - USQCD-NP

BNL
0.62 FTE

UNC
0.5 FTE

LLNL
0.17 FTE 

MIT
0.67 FTE

UW
0.67 FTE

WM
0.5 FTE

JLab
1.5 FTE

Nuclear USQCD

~2/3 request

Labs

Universities
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Training

Young Scientists/Workshops/Computing/Schools

2014
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Training Young Physicists

https://www.facebook.com/INTLatticeSchool2012

2014
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Training Young Physicists
Lattice QCD 

Laboratory Top-5 University, OJI DOE OJI or Career, NSF Career

2014

Person Institution
Silas Beane 

Kostas Orginos
Jozef Dudek
Jimmy Juge

Peter Petreczky
Balint Joo

Nilmani Mathur
William Detmold
Harvey Meyer
Brian Tiburzi

Andrei Alexandru
Swagato Mukherjee

Saumen Datta
Shinji Ejiri

Takashi Umeda
Christopher Thomas 
Andre Walker-Loud

University of Washington
C. of William and Mary/JLab

Old Dominion U./JLab
University of the Pacific

BNL [former RIKEN Fellow]
JLab

Tata Institute
MIT

Mainz
City College, NY/BNL [RIKEN]

George Washington Univ.
BNL

Tata Institute
Niagata Univ.

Hiroshima Univ.
Cambridge

C. of William and Mary/JLab

Silas Beane
NSF Career Award

2007

Jozef Dudek
DOE Career Award

2011

William Detmold
DOE Career Award

2010, 2013

Andrei Alexandru 
NSF Career Award

2012

Kostas Orginos
DOE Career Award

2008
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Training Young Physicists
Nuclei2014

Person Institution
Joaquin Drut

Michael Forbes
Jason Holt

Heiko Hergert
Stefano Gandolfi

Alexandro Gezerlis
Gaute Hagen 

Nobuo Hinohara
Eric Jurgenson

Markus Kortelainen
Plamen Krastev

Alexandro Lovato
Pieter Maris

Eric McDonald
Gustavi Nobre
Junchen Pei
Lucas Platter

Sofia Quaglioni
Nicolas Schunck
Andrew Steiner

Ionel Stetcu
Jun Terasaki
Stefan Wild

UNC, Chapel Hill
Washington State

TRIUMF
FRIB
LANL

U. Guelph
ORNL

U. Tsukuba
LLNL

U. Jyvaskyla
Harvard

ANL
Iowa State

Michigan State
BNL (NNDC)

Pekin U.
U. Tennesses/ORNL

LLNL
LLNL

U. Tennessee/ORNL
LANL

U. Tsukuba
ANL

Laboratory

DOE OJI or Career, NSF Career

Sofia Quaglioni
DOE Career Award 2011

Gaute Hagen
DOE Career Award 2013

IUPAP Prize, 2013 
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Training Young Physicists
Nuclear Astro2014

Person Institution
Dan Kasen 

Carla Frohlich
James Kneeler
Huaiyu Duan

Andrew Steiner
Aimee Hunderford
Candace Joggerst
Vincenzo Cirigliano
Rebecca Surman

Falk Herwig
C. Ott

T. Thompson
J. Murphy

Kev Abazajian
Ken Nollett

Richard Cyburt

LBL
North Carolina State
North Carolina State
New Mexico State

U. Tennessee/ORNL
LANL
LANL
LANL

Union College
U. Victoria

Caltech
Ohio State

Florida State
UC Irvine

U South Carolina
MSU

Laboratory
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Scientific Highlights
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Hot QCD (I)

 Tc = 154 +- 9  MeV
(Bazavov et al, 2012)

(Cheng et al, Bazavov et al.)

2014
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Hot QCD (II)

Fluctuations diagnostic of HI collisions - c/w LQCD

Melting of charmed hadrons
(Bazavov et al, 2014)

2014

Monday, July 14, 2014



Hot QCD (III)

HotQCD

2014
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Precision Calculations of Bulk Thermodynamics

Transport Coefficients of QCD and Spectral 
Functions of Hadrons in Medium

Equilibration Challenge: 
From the Color-Glass Condensate 
to the Quark-Gluon Plasma

QCD Phase Structure at 
Nonzero Baryon Number Density

20
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Nuclei (I)
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Nuclei (II)

Large scale MD simulations of nuclear pasta formation: 
Nuclear reactions that make a neutron star !

Objectives: !
•  Determine how core of massive star, during 

supernova, transforms from 1055 separate nuclei 
into a single large nucleus --- a newly formed 
neutron star.!

•  Study large-scale shape oscillations associated with 
formation of exotic nuclear pasta phases.!

Impact: !
•  Determine time scales for large-scale 

nuclear shape changes.!
•  Guidance for multifragmentation and 

other heavy-ion reactions. !
•  Determine many transport properties 

important in astrophysics.!

 Accomplishments: !
•  Performed MD simulations 

with  300,000 nucleons.!
•  Directly determined time 

scales for different nuclear 
pasta shape changes.!

 !
Reference:  A. Schneider 
et al., to be published.!
Contact: C. Horowitz 
horowit@indiana.edu!

!

2014
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Reactions that made us Nuclei as Neutrino Physics Labs

Microscopic Descriptions of 
Nuclear Fission

Physics of Extreme Neutron-
Rich Nuclei and Matter
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40

• gA and other q2=0 matrix elements
• <xn> 
• charge and magnetic radii, etc
• associated form factors Precision is needed

(complete uncertainty quantification)

First LQCD calculations at 
physical pion mass during 2012

LHPC LHPC

isovector magnetic moment

isovector charge radius

Green et al, arXiv:1404.4029

StructureCold QCD (I)2014

Monday, July 14, 2014
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41

• Spectrum of mesons and baryons 
• exotics, molecules
• coupled channels, etc
• provided motivation for 12 GeV upgrade

Lattice QCD will predict the exotic spectrum before 
or during the GlueX experiment 

(with sufficient compute resources)

ρ- resonance successfully determined

Dudek et al, Phys.Rev. D88 (2013) 094505 

Dudek et al, Phys.Rev. D87 (2013) 3, 034505 

SpectraCold QCD (II)2014
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Cold QCD (III)
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Extensive study of s-shell nuclei and hypernuclei, and 
baryon-baryon interactions at SU(3) symmetric point

Beane et al, Phys.Rev. D87 (2013) 3, 034506, Phys.Rev. C88 (2013) 2, 024003  

Barnea et al, arXiv:1311.4966

Nuclear Forces2014
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Fundamental Interactions 

LANL experiment

• LQCD calcs at pion mass of 220 MeV
• Looking toward 140 MeV

43

PNDME collab
Bhattacharya et al, Phys.Rev. D89 (2014) 9, Phys.Rev. D85 (2012) 054512  

2014
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Flat+COLA

Spectrum of QCD How QCD makes a Proton

From QCD to Nuclei Fundamental Symmetries
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Nuclear Astrophysics (I)2014
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Nuclear Astrophysics (II)2014

Burrows
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Nuclear Astrophysics (III)2014

• Development of 3D codes for the study of core-collapse supernovae
• superceding the previous 2D capability

• The emergence of realistic whole-star 3D models for thermonuclear supernova explosions 
(Type Ias) with the deflagation to detonation transition

• Publication of the first detailed 2D snd 3D stellar evolution calculations, going beyond the 
traditional 1D models with ad hoc mixing-length convection theory

• The first neutron-star/neutron-star merger simulations in full general relativity with magnetic 
fields.

Convection in 
X-ray Bursts (Zingale)
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( * Significantly slowed due to 
SciDAC de-funding )

The Sun and Other Stars

Stellar Explosions 
and their Remnants: 
Thermonuclear Supernovae

Stellar Explosions 
and their Remnants: 
Core-Collapse Supernovae
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Summary (I)2014

• We have witnessed truly remarkable progress between 
2007 and 2014
• Nuclear Physics community is organized
• scientific goals are well-defined 
• resource requirements identified and clearly articulated
• junior scientists are being hired into Labs and Universities
• visible in larger community

• HPC is essential  to the success of NP experimental 
program and overall mission of Nuclear Physics
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Summary (II)2014

• Our needed compute resources are significantly larger than 
those currently available
• expected compute resources from traditional sources are less than 
Moore’s Law

• Clear need for more support for people with HPC 
orientation, either within NP or collaborative
• particularly true with expected machines architectures

Monday, July 14, 2014



END

2014
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