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Introduction

O Quantitative predictions for electroweak interactions of hadronic system
described by Standard Model (SM)
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Introduction

O Quantitative predictions for electroweak interactions of hadronic system
described by Standard Model (SM)

O Low-energy quantitative predictions LQCD
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Introduction

O Quantitative predictions for electroweak interactions of hadronic system

described by Standard Model (SM)

O Low-energy quantitative predictions LQCD

O Precision Experiments Reveal New Physics
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Precision Frontier

B Standard Model successful  Not Complete

O Low-Energy Precision Experiments Reveal New Physics
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Nuclear Physics

O Quest: state-of-the-art predictions with quantified uncertainties

O Methods: Effective Field Theory, Lattice QCD

O Focus: Electroweak Currents of Two Hadron Systems

Calculations of NN systems Form Factors from Finite Volume

Finite Volume
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formalism

finite-volume : E
Spe Ctrum § ...l ------ :' u '.:.'

finite-volume
two-to-two :
matrix elements :

finite-volume
one-body : :
matrix elements P [up ‘o 0(6—mﬂL)]

corrections

[Baroni, Bricenio, Hansen, Ortega-Gama (2018)]

. ‘\ ®
partial wave
amplitudes / <

®

2 +J — 2 Amplitudes

2+7 — 2 ‘\ ® > i
amplitudes /

1+7 =1 @—_,
amplitudes and
®

form factors

two-hadron
form factors

HU<SS

£

Joseph Moscoso



O Numerical Low-Energy Observables
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O Numerical Low-Energy Observables

O [V Energies

Evaluate using Monte Carlo techniques:
1
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" [Lischer (1986)]
[Rummukainen and Gottlieb (1995)]

@ Numerical Low-Energy Observables Kim, Sachrajda, and. Sharpe (2005)]

Bricenio and Davoudi (2012), (2013)]

O FV Energies Bricefio (2014)]
g* coto
o Physical Observables Liischer Formalism
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—1 _
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+0(e "Ly 2
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tm il Fem eom (P, L)
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A
ound state : lim a co no bound state : lim gcotd > 0
Encodes FV effects bound state : i geotd <0 e 0"
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NN System

B8 Benchmark System in Nuclear Physics

o Challenge in LQCD S i A v {_ A (mN - gmw> t}

Noise

O NN at SU(3) Symmetric Point O Precise NN spectrum

Horz (2021)]
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2 +J — 2 Amplitudes

[ o o ' 1
B8 Formalism to map FV to Physical Amplitudes  (27]2z| = = VTr[R Wrae R Wl
................. Lischer J
’ formali
finite-volume : E ——— partial wave \ ®
spectrum ;| @ amplitudes / o
ﬁtr;l;;(g::,o(iltsvlge . 2+7J — 2 ‘\ .L_) two-hadron M
matrix elements : amplitudes / o form factors
finite-volume 1+7 -1 @
one-body : amplitudes and <'
matrix elements ] up to O(e~™L) form factors ®
Y —— 3 Corrections
[Baroni, Bricenio, Hansen, Ortega-Gama (2018)]
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2 Hadron Form Factors

B Formalism developed (2|T|2)L| = \/%\/ Tr [R Wr,atr R WL 4t
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O Test on a Low energy EFT |E,P)_ = R|E,P),

w (P1|T#(0)|P)o = (P; + P)“F(Q?)
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Nuclear EFT

o Low energy Nuclear EFT Energies << m_ (same condition as Liischer)
2 point-like non-relativistic nucleons L

. . . . . Nicholson (2011)
interacting with contact interaction

. V* —_—
Lo =9 (80, + 5o ) ¥+ g0 (W18) 4. + o

O Tunable g
Test interactions with deep or shallow bound states
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two-to-two i one-body i g :

matrix elements : . matrix elements

............. Deuteron

Joseph Moscoso ~ 16



FV Spectrum

o Low energy Nuclear EFT
2 point-like non-relativistic nucleons

interacting with contact interaction Ey = —In \(go)
O Discretize LEFT
Transfer matrix S s A
. 1 T S
C(T) = <\Ijsnk,2 € H[—I‘ \I’]j_src,2> <pq‘7—|p q > E“o” an"
= (Vo [€77] [Wore,2) e S
[Nicholson (2016)]

Tunable L,g, M, P
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FV Spectrum

o Low energy Nuclear EFT =12, d?=[0, 0, 1], d?=1, c = 0.74

2 point-like non-relativistic nucleons 0.00
interacting with contact interaction e
O Discretize LEFT ~0.10-
% —0.15 1
O Non-Relativistic Liischer (s-wave) ~0.20-
= -4.744
—0.25 -/ ta) = 4744
—1 o
E;\I;R —lel,f,ef [%(S) + F (P, L) ] =0 . c=0.74
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Matrix Elements

O 2+ J# - 2 Matrix Elements (2|7|2)c] = ﬁ\/ Tr[R Wr,at R Wr ]

B Pi - [09090]
= )
c = bound

FV Spectrum Pi P [

(27]2)z]

finite-volume
two-to-two

matrix elements : .

. . :’.'..-..(.. .-...f'. é
finite-volume : : P
one-body :
matrix elements : .

........................

2 _(p _Pp\2
O Non-relativistic version of Formalism 0" =@, —P)
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Conclusnon

O Quantitative predictions for electroweak interactions of hadronic system require
advancements in LQCD calculations and FV Formalisms

O NN systems must resolve energy spectrum before reliable form factors

O Testing of FV Formalism with Low-energy LEFT
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...............
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2+ 7 —> 2 .\ > ! two-hadron
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