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Precision nuclear physics from LQCD

* Sub-percent precision LQCD now possible

Axial charge of the nucleon:
ga = 1.271(13)
(CalLat 2018)

Neutron-proton mass

difference: accurate to 300 KeV
(BMWV 2015)
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Precision nuclear physics from LQCD

° Sub-percent Precision LQCD now Possible Look for discrepancies between the SM and
experiment: neutron lifetime, proton radius,
e Look for new physics muon g-2

* isospin-breaking effects will
become important
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Precision nuclear physics from LQCD
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Precision nuclear physics from LQCD

* Sub-percent precision LQCD now possible
* ook for new physics

* isospin-breaking effects will
become important

* Build quantitative connection between QCD &
nuclear physics

* requires interplay between LQCD & many-
body approaches

®* some processes exquisitely sensitive to
isospin-breaking (BBN)

Big Bang

Nucleosynthesis
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QED on the lattice |

e |attice calculations necessarily performed in a finite (generally,
periodic) volume

* Gauss’s law prohibits charged objects within a periodic volume
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QED on the lattice |

* |attice calculations necessarily performed in a finite (generally,
periodic) volume

* Gauss’s law prohibits charged objects within a periodic volume

* Massless photon induces unphysical power-law IR effects




QED on the lattice

Gauss’s Law:
invariance under
large gauge
transformations:

e Some solutions:

e QED.: AH(O) =0

* QEDse: e4,(0)/L3

£ A. Duncan, E. Eichten and H. Thacker, Phys. Rev. §
;' Lett. 76 (1996) 3894-3897, [hep-1at/9602005]. $
¥ M. Gockeler, R. Horsley, E. Laermann, P. E. L. Rakow, -,‘
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(1990) 527-558.

M. Hayakawa and S. Uno, Prog. Theor. Phys. 120
§ (2008) 413-441, [0804.2044].

* QED.: Au(po,0) =0

e QEDc: C-parity BC Au(x+Lik) = —Ay(x) ,
y(x+ Lik) = C' " (x)

j'f L. Polley and U. Wiese, Nucl.Phys. B356 (1991) 629—
¥ 654. '

B. Lucini, A. Patella, A. Ramos and N. Tantalo, JHEP
£02 (2016) 076, [1509.01636].
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QEDwMm on the lattice

e QEDum:Ph _\ def _ m%/ 4 .9
M:Photon mass term S, (A, y,y) = S(A, v, W) + 7/d x Ay,

e FV effects are exponential

e must perform careful extrapolations in two IR scales, L, m,
2

* zero-mode contribution to masses can be subtracted by hand: 57
Y

* Preliminary checks performed in Endres. et al (2016)

* Our program

e determine regions of validity for performing extrapolations

e calculate physical point quantities for a variety of relevant observables

e Lattice details: Nf = 2+1+1 DWFHISQ

e for this talk:a=0.12 fm, mr ~310 MeV, two volumes:L = 2.9, 3.8 fm, 6
values of m,



{Janowski, Walker-Loud PoS

* |sospin breaking in nature from two source: up-down quark mass difference and charges

Isospin breaking scheme

* Separating the two can be beneficial
* strong isospin breaking contributions to M»-M; related to CP violation
e disentangling radiative corrections to the neutron lifetime/beta decay

* QED effects renormalize quark masses: can’t unambiguously separate contributions

e Would like to fix my*+md, my-mg independently of a

e fix values of physical quantities that are largely insensitive to a:

®* Mmo: MyTMd MZ+-M3-; My-Md
* setting msz+ = ms. defines an isospin symmetric line for studying QED only effects

* setting mm+ = mmo defines an isospin symmetric line for studying strong isospin breaking only effects



Extrapolations to the physical point

e Must take FV/m, limits carefully (do not commute!) r

p;’%\)p

 ChiPT expectations: —C >

m,—0
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* Must remove zero mode (leads to linear t-dependence in effective mass with a
known, analytic coefficient



Finite volume corrections
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m, extrapolations
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2.*- 2- mass splitting
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Results

Omega mass used for scale
setting in many collaborations

Mqa- — Moo ~1.783(53) MeV

Important for BBN

Mp+ — Mo ~ 0.947(62) MeV
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Summary

e QED formulations on the lattice must deal with IR issues related to Gauss’s
law and the lack of a mass gap

* Adding a massive photon alleviates these
e exponential scaling with the volume
* must extrapolate in two IR scales

* We have investigated this formulation in the calculation of various quantities,
with results at the per-mille precision level

e Can provide a check against results produced using other QED formulations

* Scattering/resonances: our formulation has a clear separation between
exponential (unphysical) and power-law (physical) effects

e Future:add strong isospin breaking and sea quark effects (reweighting)
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Interlude: are we in the correct regime?]
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