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Roadma for Lattice Spacing Coections
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ACLION NS Theory

¥ Analysis for Mesonsat O(a) and O(a?) done
by O.Bar, G.Rupak, and N.Shoresh(2002)

Lattice
Action

¥ Analysis for Baryons at O(a) done
by S.R. Beaneand M.J. Savage (2003

e Analysis for Baryons at O(a?) done
by B.C. Tiburzi (2005)




Why the Anisotropic Lattice?

¥ Greater time esolution without incuring the
cost of geater spaceeasolution and vicearsa

¥ Allows us to pobe highying excited states (#ierse
time spacing of 6 GeV)

¥ Can gie more intermediate states thaesult in better
data interpetation




AnisotropicWilson LatticeAction

l o is the bare anisotropy

Pl aquetteAction P;; is the space-spacelaquette
P;; is the space-timeplaquette
- A U represens the gaugelinks
S5, = | iPZ-j(U)+! "oPy(U)
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QuarkAction Clover Improvement
me is bare mass At tree level:"
Wi (U) is the time Wilson Lattice derivatives C = % ,l + |
Ws(U) is the spaceWilson Lattice derivatives c = | '
v is a parameter tuned to correct the speedof light "r

¥ Mg, g, and " are non-perturbativ ely determined.




Anisotropic Symanziiction
Sgym = /d“x Lgym
L{/v _ L{,\(,4) + asL{/\SS) + agL{A(/6)

The unimproved O(a) Lagrangian (with ! tuned to remove O(4) breaking
in continuum limit) is:

LW = qm'l' mq]q+ asCSWq! " Fu"q'l' asC!SWq! tz’Ftiq

¥ In isotropic limit (when as = a = a), c5, = O.
which removesthe anisotropic term.

e With perfect clover improvemert, csw = Cgy = O,
which leads to brst lattice spacingeffects at O(a?).

¥ As another notational convenience,we deDneuL = (1,0).
Therefore, a term with ! ,;F,; canbe written asuj,ui! ;- F




SpurionAnalysis br Anisotropic
Terms

|sotropic

O(a) : (asqCsw ! u Fui )

Symm: Breaks SU, (2) ! SUgr(2) chiral symmetry
and obeys O(4) symmetry.

Promote asCsy to spurion
asCsw ! L(ascsw)R

(ascsw) ! R(asCsw) L

Set spurion to agCsyy |
to explicitly break the chiral symmetry

Anisotropic

O(a) © (as@egy UL UM yuFry0)

Symm: Breaks SU, (2) ® SUr(2) chiral symmetry
and breaksO(4) — O(3).

Promote ascCg,,, U, ut to spurion
L(ascgw UL ui )R
(8;CgyyULUL) T R(asCgpulub) L

|
asCgyy u'Ll uh !

Additionally:
! Iyl !
8sCqyy Uy Ui | 8sCqyy UpUg! ps! » g
where! - represerts
an O(4) transformation.

Set spurion to ascgyy ul, ut |
to explicitly break the chiral
and O(4) symmetry




SpurionAnalysis br AnisotropicTerms

(cont.)
¥ O(a?) terms follow the sameprocess

Example: (g ,0)° e (g Q)% + U,y (@ ue0)(@ 140
|sotropic Anisotropic

¥ New at O(a?):
q.Du,D,Dyug @i Di Di Diq

|sotropic Anisotropic
Breaks O(4) Breaks O(3)




Chiral FerturbationTheory

From the spurion analysis, the resulting meson! PT is; | <2i-->
' = exp| —
f
| £2 1 "of2 . Ccontinuum
L. = gt WuZyX b tr mBoX + (mgBo) ' PT
fz | f2o! | N
! Ztr asWoX + X(asWp) | Ztr asWyX + X(asWy)
Isotropic O(a) Anisotropic O(a)
BO — W!Lrlno ‘Iqu" WO — ﬂleOCSwllq M; |2:,LL! q"| WIO — mILrlnoc'SW U;J_u-l- |<m U?Izz"#q”

¥ Anisotropic terms that do not break any additional isotropic symmetries
(lik e the one above) are di! cult to di" erertiate from their isotropic partner.

¥ Anisotropic terms that do break additional symmetries brst appear at
O(ap?) for meson! PT. Termslike this will leadto correctionsin the dispersior

relation.

Example: Wz!tr(! S LU AWl ! (asWp) D




Altered Aokl Regime

¥ At Pnite lattice spacing, Aoki noticed regionsin g° vs mg spacethat
spontaneously breaks Bavor and parity. When in this region, it results in two
maslessand one massiwe pion.

¥ This el ect was extendedto ! PT by Sharpe and Singleton (1998) by in-
vestigating the vacuum state of the potential:

Vi =1 A+ 62A2 [

ml)

¥ Result: If minimum Ag satisbes! 1 < AQ < i, then we are in the Aoki
regime. This can possibly occur whenc; " ¢, and ¢, > 0.

e Since the anisotropic ! PT introduces several new undetermined terms to
both ¢; and ¢, (at higher order for improved action), the Aoki regime will be
altered. This could result in the anisotropic theory in the Aoki regime when the
isotropic limit is not, and vice versa.




Conclusion

What is nawv in the anisotopic Lattice?

¥ Newtermsin ! PT that break O(4) symmetry brst appearing at O(a).

| Lead to correctionsin the dispersion relations.

¥ New boundaries of the Aoki regime in phasespace

I May require additional tuning to remove €! ects




For more inbormation and
detail,check out our paer
on arXiv [hep-lat]:
arXiv:0708.2254




