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Multi-meson systems
in lattice QCD
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® n<l|4 pion and kaon systems in QCD
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® Two and three body interactions



® Poor man’s nuclear physics AP

® Many body physics




Scattering states

® Maiani- Testa: extracting multi-hadron S-matrix
elements from Euclidean lattice calculations of
corresponding Green functions is impossible

® | uscher: volume dependence of two-
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Multi-boson energies

[Beane,WD & Savage; WD & Savage ]

® |arge volume expansion of GS energy of n
meson system to |/L’

® 2 & 3 body interactions (N body: L-3(N-1))
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Multi-boson energies

[WD+Savage arXiv:0801.0763]

® |/L’: Relativistic effects




Many mesons correlators

® Eg:nnt* correlator (my=mg)
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n(t) = (0[] D dysu(x, t)uysd(0,0




Lattice details

® Calculations use MILC gauge configurations

® | =25 fm,a=0.12 fm, rooted staggered
® also L=3.5 fm and a=0.09 fm
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n-meson energies
Effective energy plots: log[Cn(t)/Cn(t+1)]

my; = 352 MeV




n-meson energies
® Effective energy plots: log[Cn(t)/Cn(t+1)]

my; = 352 MeV



n-meson energies

® (Clean signals for n=1,...,12

» =291 MeV
= 352 MeV
- =491 MeV
- =591 MeV




n correlations

® Fit effective energies to extract two
parameters: a, 13 from |/L expansion

Use |2 eff. energies in n-t-correlated analysis
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n correlations
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27t and 2K- interaction

curves: Weinberg

[See talk of M Savage]



3t and 3K- interaction
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Naive dimension analysis: 1



3t and 3K- interaction

Naive dimension analysis: 1



Chemical Potentials

® Chemical potential




sospln Chemical Potentla

291 MeV ] O - 352 MeV
~ 580 MeV 1 | ~ 597 MeV

L~2.5 fm
L~35fm

(2.5 fm)? On- (2.5 fm)? On-

my ~ 491 MeV : L mg ~591 MeV
« ~ 640 MeV f " mg ~ 678 MeV




Kaon Chemical Potentia

m,; ~ 291 MeV 4 - my; ~ 352 MeV

- mg ~ 580 MeV Or - mg ~ 597 MeV
: i L~25fm

L~35fm

(2.5 fm)* py- (2.5 fm)* py-

m, ~ 491 MeV E - m, ~ 591 MeV
- mg ~ 640 MeV ] - mg ~ 678 MeV

——— 2+3 body fit




Summary

® Explored n<l|4 meson systems

® Clean signals for all n

P A

® Two and three-body interactions
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Numerical precision

® Double precision is hot enough: not gauge
Invariant

¢ 64-digit precision

¢ Double precision

® Need arbitrary precision contraction code

® Propagator precision??



Numerical precision
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Invariant

® Need arbitrary precision contraction code
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Numerical precision

® Double precision is hot enough: not gauge
Invariant

® Need arbitrary precision contraction code

® Propagator precision??



n=13 & matrix identites

® Pauli principle: C;3(t) correlator vanishes
® Matrix ldentity: vanishes V 12x12 matrices

® Numerically
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Pion scattering
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Expansion shows no sign of breakdown




Pion scattering

® Extractions of m.a from four orders in L

Luscher
exact
two-body




Pion scattering

® Extractions of m.a from four orders in L

Luscher
exact
two-body




Pion scattering

® Extractions of m.a from four orders in L

Luscher
exact
two-body




N3LO

® [wo energies to cancel 3-body: 45 combinations

Luscher
exact
two-body




Three meson interactions

® At |/LS, point-like three-boson interaction
MUST OCCUr [Braaten, Nieto ‘95]

e RGI 3BI: 735" physically meaningful
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Tttt Interaction

my; = 352 MeV



