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A Broad and Balanced

Physics Nuclear Physics Agenda

Phase transition(s) at early times,  Production of most Matter under
light sources at later times  elements in the cosmos ~ extreme conditions

Nuclel and their reactions: The structure of, and
Energy, Medical Isotopes, National Security,..

Search for
New Physics

- forces between, nucleons

Atome: Shuckln

—normous range of length scales involved
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Physics Computing is Essential
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Physics Computing is Essential

High Performance Computing provides answers to questions that neither
experiment nor analytic theory can address;
hence, it becomes the third leg supporting the field of nuclear physics

National Academy Report
(2012)
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Computational Nuclear Cold QCD

Physics

Nature is finely tuned
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Physics

The Quantum Vacuum

Early Universe The Phases of QCD

| Future LHC Experments

'\\,%’
©
6\

S~  amrw

04 06 o8 1 1.2

Temperature

pd
asqtad <

p4
asqlad

Topological Charge Density
s T [MeV] (Massimo DiPierro)
100 150 200 250 300 350 400 450 500 550

N

Critica!l Point

/“

Superconductor

Color

Hadron Gas

A) = (4]
Yp—
SO0 MoV
Baryon Chemical Potential

Initial State: Quark Gluon Plasma & Hadronic Rescattering
Colliding Nuclei Hydrodynamic Expansion & Freeze-out
™ e
@ \.." j e s A0 i ®, > B
Equilbration: Hadronization
TurbulentColor Fields

Tuesday, July 24, 2012



Physics

proton number
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Nuclear Astrophysics

Dark Energy
Accelerated Expansion

lopment of
Galaxies, Planets, etc.

About 400 milion yra.

Big Bang Expansion
1.7 Billion years
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Partial ) Unification of Nuclear Physics
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Collaboration with CS/AM

SCIDAC (Collaboration) has been crucial in progress

10000 £ s—x 2 x 20 PF & Moore's law E
CS & AM LCF S | — 5% allocation, 10% of peak efficiency ]
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Physics Present Day Resources

2011-2012 : capability and capacity

Cold QCD ~ 50 Tﬂops 14
otQCD ~ 50 Tflops

Nuclear Structure and Reactions ~ 20 Tflops

Nuclear Astrophysics ~ 10 Tflops

Tota ~ 130 Tflops (sustained)

Tuesday, July 24, 2012
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" Physics

Resources
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g5 Comou US Competitiveness

Today : US Nuclear Physics is under-resourced

K-Machine ~ 2 Petaflops (sustained)
Nuclear Physics allocation ~ 20% for >= 1 year
400 Tflops (sustained) = 8 x US cold-QCD NP resource

For entertainment purposes : cold-QCD :
Japan : 3.2 Mflops/citizen
USA : 160 kflops/citizen !l
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Physics

Machine Design and
Optimization

Sclentific Grand Challenges

SORPPRONT GUITIONE N NUCULA SCIACT AND
Tl ROLE OF COMPTING A7 Toll EXTHEME SCALE

e &

Connector Highbay and i
South Highbay Extension

Y from fragmentation of '?*Xe
“; JL"illlL‘l\l{l Area S .
ddition / Separator design:
’ / 8N from fission

Facities Separator design:
13251 from fission
of 238U

/O'IS;\.IIWS . . 100
umse [Separator design: *Sn J

of 238U

Separator design: “Be
from fragmentation of *0

ECR ion source
optimization

High statistics linac
error studies and
linac beam dynamics
optimization

5 >
| ! | ! | ! |

0.01 0.1

1 10 100 1000
Sustained Petaflop-Years

Assume facllities will present their needs separately

Tuesday, July 24, 2012



Computational Nuclear

Physics Collaboration is Essential

e Different areas in Nuclear Physics

e coherent community effort - partial unification of NP
e with Particle Physics, Plasma, Fluids, ....

e Computer Scientists

e hardware development

e optimizations

®* new coding paradigms

e data management, visualization....
e Applied Mathematicians

e algorithm development
e Statisticians

e Monte Carlo

e Many collaborations currently exist
e embraced and strengthened
® requires support mechanism
¢ |[nternational and multi-Institutional

Tuesday, July 24, 2012



Computational Nuclear

Physics Human Resources

e For viable program we need to grow HPC expertise in the NP community
e faster than Moore’s Law
* not business as usual

e The standard interdisciplinary hiring problems exist
e challenge at Universities (at Labs?)
e new training models, start today for 20207

e Broad collaborations
e Graduate students and postdocs hired into collaboration

¢ naive scaling from UNEDF programs (2009 estimate) =
enhancement in person-power (+10+10 per project ?)

e Organization in the Nuclear Physics community

Tuesday, July 24, 2012



Computational Nuclear

Physics The Timeline
o o Organizers/\Writers
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Presentation
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%  Computational Nuclear NSAC
- Tribble Committee Questions

Physics

Most Important :

Present a compelling case for significant enhancements

INn resources dedicated to NP research program
(seems easy to me )

- clearly articulate what we want to do
- my view : this is the right time to go for it .
- Will lose leadership if we don't Y*ﬂ

- Will lose scientists if we don'’t
- Not necessarily a scaling of present

(e.g. tighter coupling between allocations and base support?)
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Computational Nuclear

Physics The Agenda

Monday, July 23 , 2012

18:30 8:35 || Welcome |[Jerry Draayer ]
8:35-8:45 || Introduction |[Martin Savage |
|8:45-9:45 ||Cold QCD || Tom Luu, Balint Joo |
9:45-10:45 ||Hot QCD Peter Petreczky, Swagato
Mukerjee

10:45- Coffee Break

11:15

11:15- Nuclear Structure and Reactions Joe Carison, Ewing Lusk

12:15

12:15- Lunch Break

13:15

13:15- Astrophysics Adam Burrows, Bronson Messer
14:15

14:15- Additional Opportunities for Computational Nuclear
14:45 Physics-5 Minutes and Maximum of Two
Transparencies From Floor

14:45- Coffee Break

15:15

15:15- Whitepaper: Aims and Plans Martin Savage
15:35

15:35- General Discussion, With Attendance by Agency

Representatives

Tuesday, July 24, 2012

18:258:30 ||Introduction to the 2nd Day |[Martin Savage |

8:35-10:00 || Computational Requirements Working Session |[Robert Edwards (Chair) ] D AQ - p h aS e
10:00- Coffee Break
10:30
10:30- Evolution of Computational Physics and Cross- David Dean (Chair)

12:00 Cutting
12:00- Lunch Break

13:.00

13:00- Summary, Resolutions, and Closeout Witold Nazarewicz, David Richards
14:00

14:00- Writing Group Session

15:30
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Computational Nuclear NSAC
Tribble Committee Questions

Physics

(1) What major scientific accomplishments and discoveries have occurred in your area of high-performance
computing since the 2007 LRP was drafted?

(2a) What compelling and unique science can be carried out in the program in the next five years assuming support
similar to FY13 that includes cost of living increases?
(2b) What additional impact would flat-flat funding to FY18 have on (2a)?

(3) What is the minimum level of support (cycles, new hardware, etc.) needed to maintain a viable program in
computational nuclear physics?

(4) What workforce (physicists, CS, AM, students) is needed to maintain a viable program?
What will it require to take the community to the exascale era (e.g., training of students and postdocs)?

(5) What science would you expect to pursue in the program in 2020 and beyond?
What is needed to support this?
What science would you expect to pursue without access to major supercomputer centers?

(6) What is role of the science in your research area in the international context?

If the US effort in high-performance computing were seriously curtailed, to what degree would efforts in other
countries fill the gap?

And, to what degree would US scientists be able to advance research in this area by working outside of the
country?

(7) How does high performance computing contribute to the educational mission of training the future workforce in
nuclear physics and associated applied areas?
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