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Current Resources

Hybrid of staggered sea quarks (MILC) and domain-wall valence quarks (LHPC+NPLQCD)

(24+1) dynamical flavors

Lattices “chopped’ from 64 to 32 with

displaced in time and space

Coarse Config Set Dimensions bmy bms bMm gy Mo # configs
2064f21b676m007m050 203 x 64 0.007 | 0.05 0.0081 294 MeV 468 16
2064f21b676m010m050 203 x 64 0.010 | 0.05 0.0138 348 MeV 658 20
2064f21b679m020m050 203 x 64 0.020 | 0.05 0.0313 484 MeV 486 24
2064f21b681m030m050 203 x 64 0.030 | 0.05 0.0474 565 MeV 564 8

b5oir&¢ = 0.1243 £0.0015 fm  (Sommer) L ~ 25 fm
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Motivation

Why all the unphysical parameters??
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Motivation for an update:

e Twenty-fold increase in statistics

e Mixed-action xPT now exists
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1=2

Presently can only compute a.“ = a,+,+ using lattice QC
C7r+7r+ (p7 t) — <O‘ Z Z ez’p-(x—y)ow_ (t7 X) 071'_ (ta Y) O7r+ (Oa O) O7r+ (Oa O) ‘O>
lpl=p XY

C'7r‘i‘71"|' (p7 t) EOO: —AFE, t
— .An (4 n
C_+ (t)Cw+ (t) s

JLab 6/07 — p.10/27



Presently can only compute

1=2
A

= a,+,+ Uusing lattice QC

C7r+7r+ (p7t) — <O‘ Z Zeip.(x_y)ow_ (t,X) 071'_ (taY) O7r+ (OaO) O7r+ (an)‘())
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Quantity m; = 0.007 m; = 0.010 m; = 0.020 m; = 0.030
Fit Range 8—12 8—13 7—13 9—-12
my (l.u.) 0.18454(58)(51) 0.22294(31)(09) 0.31132(28)(21) 0.37407(49)(12)
ma | fr 1.990(11)(14) 2.3230(57)(30) 3.0585(49)(95) 3.4758(98)(60)
Fit Range 11 - 15 9-15 10 — 15 12 — 17
AFExx (l.u.) 0.00779(47)(14) 0.00745(20)(07) 0.00678(18)(20) 0.00627(23)(10)
mral=2 (b #0) —0.1458(78)(25)(14) —0.2061(49)(17)(20) —0.3540(68)(89)(35) —0.465(14)(06)(05)
Ip|/mx 0.2032(60)(18) 0.1836(25)(09) 0.1480(17)(23) 0.1298(24)(10)
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CHIRAL AND CONTINUUM EXTRAPOLATION: Mixed-action x-PT at one loop

2 2 2
=2 mw ’)”)”L7r ’)”)”L7r
al=2(b£0) = — 1 31o — 1 -
e (0 7 0) a2 | TeneS2 < ® 16m2f2 H
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CHIRAL AND CONTINUUM EXTRAPOLATION: Mixed-action x-PT at one loop

2 2 2
mral=2(b£0) = — 7 {1+ Mm (310g Mr 4

8 f2 1672 f2

m?2 1 A?u
_|_ s
|

1672 f2

A%, =m2 —m2, =2Bo(m; —my) +b*Ar ... = 0.0769(22)

e Contains all O(m2b?) and O(b*) lattice artifacts.

e m, and f, are the lattice-physical parameters.

)|
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m /f
T T
FIT =2 = fr) my al=2 (extrapolated) x? /dof
A 6.43 +0.23 +0.26 —0.043068 £ 0.000076 £ 0.000085 1.17
B 5.97 £0.29 4 0.42 —0.043218 £ 0.00009 + 0.00014 0.965
C 4.89 +£0.64 + 0.68 —0.04357 £ 0.00021 % 0.00022 0.054
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Systematic Errors

Higher-order effects in MAYPT:

27rm4 bQAI

O(mib?) ~ = < 1%
" (47Tf7r)4 (47 fr )2
Finite-volume effects: ~ 4% at lightest mass.
Residual chiral symmetry breaking:
8rm
7r4 ~ 3%
(A fr)* my
Range corrections:
(el g
2m%
Isospin violation: Only issue if compare to experiment!
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Status of 77
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TUTITT Interaction
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TUTITT Interaction

TITITT Interaction
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All scattering lengths are “natural” size for m, > 350 MeV!

Experiment:

050 = _23714fm 7,50 = 2.73 fm
aisl = 5425 fm risl = 1.749 fm
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AN Scattering

Ap — Ap from experiment?

00 > a0 > _15fm 0.0 < r("50) < 15 fm
06 > a5 > _32fm 2.5 < r(51) < 15 fm

LO : >< NLO : " "

sACo , anCo — al , r0

Lattice QCD may soon compete with experiment
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® |f observed state is ground state in the lattice volume, interactions are all repulsive.

® There may exist states of lower negative energies = bound states in the continuum.

® Poor statistics = nothing definitive can be said about the existence of such states.
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Conclusion

Meson-meson scattering from lattice QCD is a precision science.

Meson-meson-meson interactions are under investigation.

Three-body finite-volume analysis is in place.
First contact between QCD and nuclear physics has been achieved.

Resources are being gathered to run lattice simulations at another volume and at
another lattice spacing. Critical for identification of bound states; e.g. deuterium,

Need to be smarter about increasing
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