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Proposal

Scattering 
on the
Lattice

Isospin
Chemical
Potential

Explore two separate topics:

• Tie these two concepts together to extract scattering 
information previously inaccessible from lattice 
calculations
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- Annihilation diagrams often 
prohibitively expensive for lattice
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- Improve algorithms for all-to-all propagators

- Progress has been made...but still 
expensive for large lattices

Our Solution: Measure something else!
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2) Can form pion condensate

- Occurs when chemical potential exceeds critical value

mq =
(

m 0
0 m

)

M† = τ1γ5Mγ5τ1 det M = detM†
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Chiral Perturbation Theory 
(greatly condensed)

• Include chemical potential as static gauge field

Vµ = µI
τ3

2
δµ,0

• Unitary Fields: U = eiαπ̂·τ = cos α + i(π̂ · τ) sinα

Minimizing 
Potential cos α =

m2
π

µ2

In the condensed phase: 〈ψψ〉 = f2λ cos α

i〈ψτ2γ5ψ〉 = f2λ sinα

Son, 
Stephanov (2000)
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Scattering Parameters

- Chemical Potential acts as an additional “knob” 
for extracting low-energy constants

- Cannot disentangle     fromc2 c3



Can we extract more parameters?

Twisted boundary conditions with condensate: 

- Can disentangle pair of low-energy constants 

Two-flavor example: (c2, c3)

- Can extract single axial couplings
gATwo-flavor example:
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- S = 2 coupling to pions
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Follow up calculations
• Include strange quark (no strange chem. pot.)

- S = 2 coupling to pions
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- Give insight to kaon-nucleon

• EFT shift of meson masses in pion condensate
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(2009)

?



Final Word: Future Applications
• Spectroscopy with condensate (new “knob” to vary)

Mass shift

Condensate

Chemical Potential

Scattering Parameters

• Other quantities in presence of 
pion condensate

- Heavy Quark Potential
- Two meson phase shifts
- ...

• Virial coefficients from thermodynamic lattices

- Information on three or four meson interactions


