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Nuclear Forces and Multi-Hadron Systems
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Numerical Calculations with Quantifiable Uncertainties 2

(Derek Leinweber, U. of Adelaide)



Light and Medium Nuclei, Fusion
e.g. GFMC and NCSM
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 Nuclear Physics is Fine-Tuned
 Why ??
 How much ??
 Can other quark masses produce sufficient carbon ?

 Lattice QCD Calculations will provide answers

Fundamental Question(s) about 
our Universe

Cold QCD and
Nuclear Forces

Nuclear Structure 
and Reactions
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Maiani-Testa Theorem 
Implications for Nuclear Physics !

Away from Kinematic Thresholds



Maiani-Testa Theorem 
Implications for Nuclear Physics !

δ (s)  ? 
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Away from Kinematic Thresholds



Energy Eigenvalues and the Luscher Relation

E < 0 E > 0

δE = 2
√

p2 + m2 − 2m
Below Inelastic Thresholds : 
Measure on lattice
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Meson-Meson Scattering
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mπ ∼ 390 MeV

Baryon-Baryon Scattering 
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3-Baryons and the Triton Channel
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Optimize ``Golden Window’’ 
for Nuclear Physics

Three Baryon Systems
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Kaon Condensates Pion 3-Body Interaction

Bose-Einstein Condensates and 
Many-Body Systems 

• Systems with kaons and pions : Detmold + Smigielski (to appear)

• Algorithm developed to include arbitrary numbers : Detmold+mjs14



Fabricated Data for Optimization of Future Calcs.



Computational Requirements

From QCD to Nuclei
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Lattice QCD is on the verge of making significant 
contributions to Nuclear Physics.

 The next few years will see remarkable things 

 Lattice QCD calculations
 at the physical pion mass, 
 in large volumes 
 at small lattice spacings 

	 	 	 are close at hand




