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© Isaac Vidañanuclei,	electrons

nuclei,	electrons,	neutrons

hadronic	matter	(neutrons,	
protons,	electrons,	hyperons)

quark	matter?											

ρ =	2.5	x	1014 g/cm3 ~	density	of	atomic	nuclei
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Neutron Stars - Equation of State The composition of a neutron star depends on the hyperon properties in 
the medium (i.e. on the YN and YY interactions)

Hypernuclear Decay
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Strange sector Nonstrange sector
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How well are hyperon-hyperon and hyperon nucleon interactions constrained? 
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Lattice QCD

strong coupling constant vs energy

Perturbation 
theory 

applicableNuclear physics, the non-perturbative regime
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S. Bethke, G.Dissertori, G.P. Salam 
EPJ Web of Conferences 120 07005 (2016)

 

LQCD = qij iγ
u ∂u−mj( )qij + g(qijγ

uλaqij )Fu
a − 1

4
F uv

a F a
uv

con i = r,g,b j = u,d,c, s,t,b q :quark spinor

(Ns x Ns x Ns ) x Nt𝐿%×𝐿'×𝐿(× 𝑇 →

b

𝑥 = 𝑏 𝑛1, 𝑛2, 𝑛3, 𝑛4 𝑛𝑗 ∈ ℤ



Lattice QCD and nuclear physics
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Condition number ≈ 1/m

source of systematic errors
in lattice QCD calculations
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Extrapolate to physical results:
Use of Effective Field Theory
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D+(U)[m]D(U)[m] χ = φSolve a linear system of equations:

Condition number ≈ 1/m

Extrapolations to connect with real life
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mq → mq
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source of systematic errors
in lattice QCD calculations
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Extrapolate to physical results:
Use of Effective Field Theory

World NPLQCD
L ~ 2 - 8 fm L ~ 3 - 7 fm

b  ~ 0.066 - 0.145 fm b  ~ 0.117 – 0.145 fm
mπ ~ 140 – 1100 MeV mπ ~ 230 – 806 MeV

Published Works                                                         

Finite L, b and unphysical mq

Lattice QCD and nuclear physics 

combined chiral, continuum and finite-size extrapolation



Extrapolations to connect with real life
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mq → mq
physical

Lattice QCD.  Connection with Nature

LO finite-volume corrections in HBcPT

m(V )
B (m⇡L) = m(1)

B + cB
e�m⇡L

(m⇡L)
<latexit sha1_base64="1zcZhNS/VXgYtFhz1vby5CUSCj4="></latexit>

NPLQCD, Phys. Rev. D 84, 014507 (2011)
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Extrapolations to connect with real life
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mq → mq
physical

LO continuum behaviour depends on the observable

discretization errors

Lattice QCD.  Connection with Nature

O(b) ⇠ C b n(O)
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Extrapolations to connect with real life
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L→∞
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b→ 0
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mq → mq
physical

quark mass dependence of the observables ?

HALQCD nf=3
NPLQCD nf=2+1
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Blinear
H

= �0.2± 3.3± 7.3MeV
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Bquadratic
H

= 7.4± 2.1± 5.8MeV
<latexit sha1_base64="UDVTu5oiGwT2eIya08zB0zyjsJQ="></latexit> Mod. Phys. Lett. A 26, 2587 (2011)

Lattice QCD.  Connection with Nature



Direct Lattice QCD extraction              Compute correlation functions  ← →⎯

t1 t0t 
C(Γν , p,t) = e− i

px1
x1
∑ Γν J(x1,t)J (

x0,0)

= φ e−Ht n
n
∑ n φ = φ n 2∑ e−EntC(t) = 0 φ(t)φ†(0) 0 φ e−Ht φ

φ(t) =eHtφ e−Ht

projected into total momentum       
789
:
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𝑒 DEFGH⃗%⃗
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dominates at large t

construction of correlation functions 
with different interpolators 

X
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dominates at large t
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example: 
interpolating operator for the proton

Effective mass plot à extract the g.s. energy 
(mass) from plateau
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statistical noiseexcited states
contamination

Lattice QCD and nuclear physics

fermions suffer from a serious degradation of the signal with time

time window?

 pions:    

 σ
C

→ 1
N

 nucleons:    

 σ
C

~ 1
N

× exp MN −
3mπ

2
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⎠⎟ t

Expectation is that for A nucleons:   
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Lepage, 1989

factorial growth in the 
number of contractions 
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gives us the scattering amplitude at ΔΕ

:  location of the E eigenstates in
the finite volume
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To extract more than one kinematical point for given {mπ, L, b}
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SU(3)f content of the BB interaction channels
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L=24 l.u. (3.4 fm)
L=32 l.u. (4.5 fm)
L=48 l.u. (6.7 fm)
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Calculations on baryons and light nuclei

Interaction of nucleons/nuclei with external currents

Magnetic Moments and polarizabilities
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PRD 95, 114513 (2017)
PRL 116, 112301 (2016) 
PRD 92, 114502 (2015) 
PRL 113, 252001 (2014)

LQCD calculations with uniform, 
time-independent, background magnetic fields
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Calculations on baryons and light nuclei

Interaction of nucleons/nuclei with external currents

Magnetic Moments and polarizabilities

© Detmold

PRD 95, 114513 (2017)
PRL 116, 112301 (2016) 
PRD 92, 114502 (2015) 
PRL 113, 252001 (2014)

LQCD calculations with uniform, 
time-independent, background magnetic fields

Octet baryon 
magnetic moments

@ ~800 MeV 
@ ~450 MeV
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Calculations on baryons and light nuclei
Interaction of nucleons/nuclei with external currents

np→ dγ    cross section

Tritium β Decay

Magnetic Moments

© Detmold

PRD 95, 114513 (2017)
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Proton-Proton Fusion
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