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• What lattice QCD can do to nuclear physics (and what it cannot)

•Problems in two-baryon systems: large volumes, fine tunings, 
chiral extrapolations

• Some solutions

• Some simpler systems



Some basic facts on nuclear forcesSome basic facts on nuclear forces

expected :
isospin symmetric, pion dominated at large distances, non-central

unexplained :
S-waves fine tuned: shallow (virtual) bound states
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QCD          NN potential          nuclear physics ?  No !QCD          NN potential          nuclear physics ?  No !

model dependent,
off-shell "ambiguities",

NRQM breaks down here
model-independent

pion exchange

EFT:

Potential is not well defined:
can't measured it on the lattice or 

anywhere else



Interesting things to compute in the lattice:

0, 1 baryon 2 or more baryons

• hadron masses

• decay constants

• weak matrix elements

• pion scattering

• …

• NN phase shifts

• decay constants

• pion-nucleon couplings

•hyperon interactions

• electroweak “exchange    
currents”

• three-body forces

• …



QCD reduced to QCD reduced to quadraturesquadratures
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always the same

depends on the operator considered

Path integral can be computed numerically
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Quenched “approximation”Quenched “approximation”
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no internal quark loops
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Minimize lattice points, maximize quark masses, minimize volume

pQCD LQCD EFT’s, potential models
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Extracting physics from euclidean space : masses are "easy"
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some operator with quantum numbers of the 
pion, made of quarks and gluons, for instance:

lowest energy state with the 
quantum numbers of the pion5(0, ) (0, )ap pψ γ τ ψ−

MILC configurations
(2+1 staggered quarks) + 

JLab Domain Wall 
propagators



Extracting physics from euclidean space : scattering
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uninteresting off-shell 
amplitude

No scattering from infinite volume euclidean amplitudes

(Maiani-Testa “theorem”)



Scattering through finite volumes: the “Scattering through finite volumes: the “LuscherLuscher method”method”
((MarinariMarinari, , HamberHamber, , ParisiParisi, , RebbiRebbi))

one particle

Periodic boundary conditions: box is a torus

Energy levels at 
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I=2 I=2 ππππ scatteringscattering

CP-PACS collaboration 
(hep-lat/0402025 )

2 flavors improved Wilson quarks
mπ > 0.55 mρ



Do we need to fit the deuteron (1S0) in the box ? No, but …
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Solution 1: change mq, match to the ‘pionfull” theory and 
determine low energy constants

†
2 ( ) qD NN Nm N∼Very hard to determine either 

experimentally or numerically

Beane & Savage
Epelbaum, Meissner, Gloeckle

Hinges on the convergence of the chiral expansion



ΛΛ, ΛΝΛΛ, ΛΝ is less sensitive to quark massesis less sensitive to quark masses

• Λ is an isoscalar, no one-pion exchange

• no reason to expect fine tuning

• less is known, anything learned is useful



Solution 2: Aharonov-Bohm

add a background magnetic 
potential coupled to baryon 

number with zero curl

• smaller boxes
• access to any phase shift from a given lattice size
• only valence quarks need to be twisted

P.B., PLB (2004)P.B., PLB (2004)



Fukugita et al. (1994 !)

Quenched, Wilson quarks, 
Wilson glue action

Very heavy quarks, b=0.14 fm



Conclusion & ProspectsConclusion & Prospects

• LQCD won’t compute the NN potentialLQCD won’t compute the NN potential

•• QCDQCD--nuclear physics connection made through nuclear physics connection made through 
observables and/or EFT low energy constantsobservables and/or EFT low energy constants

•• NN is particularly sensitive to quark massesNN is particularly sensitive to quark masses

•• Some difficulties of principle were addressed, the Some difficulties of principle were addressed, the 
hard, numerical work barely touchedhard, numerical work barely touched

•• simple systems  (simple systems  (QlQl--QlQl) are useful stepping stones) are useful stepping stones

•• hypernuclearhypernuclear physics on the lattice firstphysics on the lattice first


