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SU(3) decomposition
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TWO-BARYON STATES AT THE SU(3) FLAVOR-SYMMETRIC POINT



SU(3) decomposition
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TWO-BARYON STATES AT THE SU(3) FLAVOR-SYMMETRIC POINT



LQCD — FEW-BODY CALCS — NUCLEAR MANY-BODY CALCS

many body: EFT + EIHH/AFDMC | pes NPLQCD, PRD 2013

B EFT (7)atLO
Barnea et al. PRL 2015
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Ground-state properties of $N{4}$He and $"{16}$0 extrapolated from lattice QCD with pionless EFT



LQCD - QMC symbiosis

many body: EFT + EIHH/AFDMC U NPLQCD, PRD 2013
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For numerical calculations in QCD, the theory is formulated on a (Euclidean) space-time lattice

((anti) periodic (time) spatial boundary conditions) N x Ngx Ngx N,

continuum




LQCD is a non-perturbative
implementation of Field Theory,
which uses the Feynman
to evaluate
transition matrix elements

Wilson, 1970

Monte-Carlo (probabilistic)
evaluation of the Euclidean
space path integral

source
(Ng x Ngx Ny ) x N,

(anti) periodic (time) spatial boundary conditions

1 1
L >> relevant scales >>b (Z<< m_<<A 2 << Zj

- i.e. finite number of d.o.f. ( finite volume)



Liischer, 1990

L
R<—
L 2

nucleon-nucleon scattering

= m_L>>1 (infrared cutoft)

1
b << —— (ultraviolet cutoff)
MN

1
L >> relevant scales >>b (Z<< m, <<A << %)

- i.e. finite number of d.o.f. ( finite volume)
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J

(larger wave vector)

Computational cost increases as light quark masses decrease:
work with unphysical values of the quark masses and perform the correspondig
extrapolation



Direct Lattice QCD extraction «——» Compute correlation functions
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Determination of the energy levels:

» Use a linear combination of SS/SP correlation functions to remove the excited-state

contamination of the lowest lying state at earlier times
(Matrix-Prony method / GPoF method)

* Perform a correlated y? fit to single or two-exponential forms

» Work with an effective mass(energy) function:

. - . 1 Caal('l'} C_l)) .
Coo' (T d 7)) = . log [cm,(rwj;&) — E,  atlarge times
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Determination of the energy levels:

» Use a linear combination of SS/SP correlation functions to remove the excited-state
contamination of the lowest lying state at earlier times

(Matrix-Prony method / GPoF method)
* Perform a correlated y? fit to single or two-exponential forms

» Work with an effective mass(energy) function:

Caal('l’} C_i)
Cb\,al(T+T]; C_i )

Coo (T d, 7)) = T—ljlog[ E, atlarge times

Using the single and two-body correlation functions, one can compute the shift in the
energy of the system resulting from two-body interactions:
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Energy shifts 27 irrep| NN (1S;) 10 irrep | NIN (3S;)
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Energy shifts - Location of bound states
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Energy shifts - Location of bound states - Effective Range Expansion
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Energy shifts - Location of bound states - Effective Range Expansion

M.L. Wagman et al
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Energy shifts - Location of bound states - Effective Range Expansion

M.L. Wagman et al K. Orginos et al (NPLQCD)
(NPLQCD) PRD, PRD92,114512 (2015) Nature
ARXTV:1706.06550
m,, ~ 806 MeV my; ~ 450 MeV m, physical
B +4)(+8 B 1/ 1 B (+0.06)(+0.08)  _1 -1( 1 ~ _ -1
a! = 0443y fm a1('Sy) = 0.05 ¢ o) Co.1q) fm a™('Sp) = —0.05 fm
B +10)(+18 1c ) _ (+43)(+87) 1¢ ) ~ 2.
r =104 g 1g fin r(%50) = 2.96 134 Zoss) r(%50) = 275 fm
—1( 3 - (+0.15)(+0.19) -1 -1( 3 . Sl
a1 = 06301 fin-1 a (38;) = —0.09 059022 fm a”'(*S;) ~ 0.18 fm
3 - (+1.0)(+1.5) 3 -
r = 07029410 iy r(38;) = 345000 fm r(°S1) = 175 fm



LQCD calculations of magnetic moments

NPLQCD, Phys. Rev .Lett. 113 (2014) 25, 252001x
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LQCD calculations of magnetic moments NPLQCD, PRD95, 114513 (2017)
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LQCD calculations of magnetic moments NPLQCD, PRD95, 114513 (2017)
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LQCD calculations of magnetic moments NPLQCD, PRD95, 114513 (2017)
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LQCD calculations of magnetic moments

NPLQCD, PRD95, 114513 (2017)
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LQCD calculations of magnetic moments

NPLQCD, PRD95, 114513 (2017)
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LQCD calculations of magnetic moments

NPLQCD, PRD95, 114513 (2017)
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LQCD calculations of magnetic moments
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not included in the fit
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Quark mass extrapolation of the anomalous part of the isovector and isoscalar magnetic

moments assuming I/ 9 I )
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NPLRCD, ongoing
1. Computation of heavier nuclei. In collaboration with A. Lovato (INFN-TIFPA)

Extend the domain of LQCD predictions to heavier nuclei in a model-independent way

& EFT =2 fit of LECs to LQCD calculations for few-baryon systems
+ QMC techniques

2. Analysis of YN and YY results from the 450 MeV pion mass calculation

3. Continue production at lighter pion mass (~300 MeV)



