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The interactions between quarks and

gluons leads to diverse phenomena
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Nuclear Physics: Strongly interacting limit
of QCD
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1ne QUL vacuum IS a very
complicated entity

Action Density |
~ Quantum Fluctuations of

the Gluon Fields

' 25%x 10" m

At ~ 10727 s

(Derek Leinweber, U. of Adelaide) AFE ~ 1% of hadron mass

QCD is a dynamical, multi-scale problem
that requires large HPC resources
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HPC is Enabling Growth and Strengthening Ties

within Nuclear Physics
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We are now understanding the nature of

the nucleon spin

Figure courtesy of A. Bacchetta and M. Radici
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~50% of a nucleon’s spin
comes from the gluons

HP9 (2014) “Perform lattice calculations in full QCD of nucleon form
factors, low moments of nucleon structure functions and low moments of
generalized parton distributions including flavor and spin dependence”
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Calculations of exotic mesons are guiding

experimental efforts

J. Dudek et al., arXiv:1102.4299
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(HP15) “First results on the search for
exotic mesons using photon beams will

be completed”
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HPC Is the third pillar of scientific

research in this program




Hadron interactions can impact our
understanding of neutron star evolution
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The ‘weakest’ link in the standard model Is
now being tackled

e (x1077)

Al=0,2 channels will
; SNS be possible with

Al=1 nuclear parity-violating
coupling from LQCD

increased HPC
resources J.Wasem, Phys.Rev. C85 (2012) 022501
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Other notable highlights

The spectrum of light nuclei @ SU(3) point -1t |I=2 D-wave scattering
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ColdQCD has made great strides within

the past few years

Scientific Grand Challenges ° 30 U n d States frO m

FOREFRONT QUESTIONS IN NUCLEAR SCIENCE AND
THE ROLE OF COMPUTING AT THE EXTREME SCALE Q‘ ’

* Moving beyond s-wave

* Probing A>4 systems

* First parity-violating
calculations

Thomas Luu LLINL ([
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| ooking Into the tuture

Hadron spectroscopy

Hadron interactions

o 0 -

(Spectrum and properties of mesons )

)

* Nucleon transition form factors
+ Spectrum and photo-couplings
of isovector mesons

* NNN interaction from LQCD
* Alpha particle

Precision meson-meson
interactions

)

+ Baryon-baryon interactions
+ Baryon-meson interactions

)
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| ooking Into the tuture

Hadron Structure

Fundamental Symmetries

Absolute Polarimeter (HT jet)
RHIC pC Polarimeters
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* Parity-violating nuclear force
+ Neutron electric dipole moment

First calculations of the
parity-violating weak force

Full inclusion of “disconnected-
diagrams” for the calculation of
time-reversal violating observables

DOE'’s Spallation Neutron
Source at ORNL
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We’'re behind target, but the ship’s not

sinking (yet!)

® Increase access to resources (i.e. bigger
allocations)

® NP’s own dedicated HPC facility???

® Continued investment in algorithm development

* GPU multigrid/domain
decomposition

e Distillation

* Recursive contraction
routines

® We are a nascent field with lots of room for

growth




Conclusion

ColdQCD’s theoretical program intimately tied to
DOE experimental programs

Directly addressing LRP/NSAC milestones, questions,
and recommendations

No surprise that ColdQCD’s growth is correlated to
HPC growth

Experiencing growing pains (which is good!)

® Lots of potential for growth, given adequate
resources and support
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SO what’s on the horizon?

Weak Scaling for BAGEL DWF CG Inverter
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LQCD’s computational orientation is not

restricted to homogeneous systems
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We know the underlying theory of the nuclear
force: QCD
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In principle, the 3-neutron force should be accessible from
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