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Nuclear matrix elements for tests of
fundamental symmetries of nature...
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...and beyond the SM searches, neutrino experiments, etc.
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LIGHT NUCLEI AND HYPERNUCLEI
AT A FLAVOR-SYMMETRIC POINT

m,. = 806 MeV




Ny =3, mr =0.806 GeV, a =0.145(2) fm
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Beane et al (NPLQOCD), Phys. Rev. D87, 034506 (2013).



A COMPILATION OF BINDING ENERGIES
IN THE TWO-NUCLEON SECTOR
(2014)
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Yamazaki, PoS(LATTICE2014)009.

See also: Orginos et al (NPLQCD), Phys. Rev. D 92, 114512 (2015).
And: Berkowitz et al (CallLat), Phys. Lett. B, Volume 765, 10 (2017), 285.



ARE THESE BOUND STATES ROBUST?
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Beane et al (NPLQCD), arXiv:1705.09239, Wagman et al (NPLQCD), arXiv:1706.06550.
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Volume dependence unambiguously signals a bound ground state!

Beane et al (NPLQCD), arXiv:1705.09239, Wagman et al (NPLQCD), arXiv:1706.06550.
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BARYON-BARYON SCATTERING
AND LOW-ENERGY INTERACTIONS
AT A FLAVOR-SYMMETRIC POINT

m, = 806 MeV




Ny =3, mr =0.806 GeV, a =0.145(2) fm

Wagman et al (NPLQOCD),
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NPLQCD’s conclusion: clear evidence for a bound state

Luescher (1986, 1990).
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Ny =3, mr =0.806 GeV, a =0.145(2) fm =0
Wagman et al (NPLQCD), arXiv:1706.06550.
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Ny =3, mr =0.806 GeV, a =0.145(2) fm

NeEGIEL

Wagman et al (NPLQCD), arXiv:1706.06550.
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Ny =3, my = 0.806 GeV, a = 0.145(2) fm Sl
Wagman et al (NPLQCD), arXiv:1706.06550.
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Ny =3, mr =0.806 GeV, a = 0.145(2) fm]

Wagman et al (NPLQCD), arXiv:1706.06550.
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Evidence for SU(6) spin-flavor symmetry predicted at large N,

Kaplan and Savage, Phys.Lett.B365:244-251,1996.



Ny =3, mr =0.806 GeV, a =0.145(2) fm
Wagman et al (NPLQCD), arXiv:1706.06550.
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NUCLEON-NUCLEON SCATTERING
IN HIGHER PARTIAL WAVES AT A
FLAVOR-SYMMETRIC POINT

m, = 806 MeV
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THE IMPACT ON AB INITIO NUCLEAR
MANY-BODY CALCULATIONS




Effective Field Theory for Lattice Nuclei,
Barnea et al, Phys.Rev.Lett. 114 (2015) no.5, 052501
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ONGOING WORK IN BARYON-BARYON
SCATTERING AT THE PHYSICAL POINT
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Lattice 2017: Talk by T. Doi

Potential method of HALQCD 1s used. Systematic uncertainties?

Detmold, Orginos and Savage, Phys. Rev. D76, 114503 (2007).
Beane, Detmold, Orginos and Savage, Prog.Part.Nucl.Phys.66,1 (2011).




Hadrons to Atomic nuclei
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Lattice 2017: Talk by T. Doi

Potential method of HALQCD 1s used. Systematic uncertainties?

Detmold, Orginos and Savage, Phys. Rev. D76, 114503 (2007).
Beane, Detmold, Orginos and Savage, Prog.Part.Nucl.Phys.66,1 (2011).
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ELECTROMAGNETIC PROBES OF
STRUCTURE




Ny =3, mr, =0.806 GeV, a =0.145(2) fm
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Chang et al (NPLQOCD),
(2015).

Phys. Rev. Lett. 113, 252001 (2014), and Phys. Rev. D 92, 114502
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Ny =3, mr, =0.806 GeV, a =0.145(2) fm
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Shell Model 1s a good description of light nuclei even at heavy values of quark masses.

See also Krischer et al, arXiv:1702.07268 [nucl-th].




GLUONIC PROBES OF STRUCTURE
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A RADIATIVE CAPTURE PROCESS
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SINGLE-WEAK PROCESSES
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Ny =3, mr =0.806 GeV, a = 0.145(2) fm]

Savage et al (NPLQCD), arXiv:1610.04545.
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Ny =3, mr, =0.806 GeV, a =0.145(2) fm

Savage et al (NPLQCD), arXiv:1610.04545.
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DOUBLE-WEAK PROCESSES




START WITH YOUR FAVORITE HIGH-SCALE MODEL, E.G.:
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RUN IT DOWN TO BELOW THE EW SYMMETRY BREAKING SCALE:
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RUN IT DOWN TO THE HADRONIC SCALE:

A < GeV

A < MeV PERFORM A NUCLEAR MANY-BODY CALCULATION
TO MATCH IT TO NUCLEAR MATRIX ELEMENTS:

Bottom-Up approach: Matching the high scale to low scale
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Berkowitz et al (CalLat), arXiv:1608.04793. Qf

HISQ ensembles, m, =~ 310, 220, 135 MeV, 0.09 fim < a < 0.15 fm ]
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START WITH YOUR FAVORITE HIGH-SCALE MODEL, E.G.:
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Bottom-Up approach: Matching the high scale to low scale
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Shanahan et al (NPLQCD), arXiv:1701.03456.

Tiburzi et al (NPLQCD), arXiv:1702.02929.
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Isotensor axial polarizability could be comparable to quenching of axial charge, and
can only be constrained with lattice QCD.
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Extending the “Golden Window”




Lattice 2017: Talk by E. Berkowitz
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Going beyond the “Golden Window™




Wagman and Savage, arXiv:1611.07643, arXiv:1704.07356.
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Wagman and Savage, arXiv:1611.07643, arXiv:1704.07356.
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A phase reweighting method }

Similar physics of decorrelation between spacetime

Giusti and Schaefer, Phys.Rev. D93 (2016).

subvolumes exploited in: Ce,



Wagman and Savage, arXiv:1611.07643, arXiv:1704.07356.
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Wagman and Savage, arXiv:1611.07643, arXiv:1704.07356.
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BACKUP SLIDES
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