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e NLO SU(3) ChPT fits for decay constants and masses
e Adding another observable to the fits, (7" [5d|K ™)
e First efforts at full NNLO fits
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Zero Temperature Ensembles

-1
Volume ¢ ngGeV) m; m MD time units |# wall sources
res
1.8(1) | (0.02,0.04) 1797.5
3
167 % 32x8 | 3 1071y | (0.04.0.04) 1797.5
16> x32x 16| 1.62(4) (0.01,0.04) 4015
(1.82 fm)> [0.00308(4) (0.0, 0.04) 4045
' ' (0.03.0.04) 7600
(0.005,0.04) 8200 2 % 90
243 x 64 x 16| 1.733) | (0.01,0.04) 8200 2 x 90
(2.74 fm)® 10.00315(2)| (0.02,0.04) 2850
(0.03.0.04) 2813
303 x 64 x 16| = 2.42(4) (0.004, 0.03) 4948 170
(=2.60 fm3 | = 0.0006 (0.006, 0.03) 4960 105
' ' (0.008. 0.03) 2470 110
483 x 64 x 16 | =2.42(4)
(=3.91 fm)> | =0.0006 (0.002,0.03) 250




Analysis Overview

Data from 243 x 64 x 16 volumes, (2.74 fm)3 , 1/a = 1.73(3) GeV
RBC and UKQCD paper, arXiv:0804.0473

Coulomb gauge fixed wall sources at t=5 and 59.

Periodic and anti-periodic boundary conditions used to generate P+A
propagators to remove “around the world” effects.

Masses of €2, it, and K fix lattice scale, m, = m,4 and m_ using SU(2)
ChPT for chiral extrapolation (Enno Scholz talk).

Partially quenched pseudoscalar masses and decay constants calculated

m_L for various valence masses given below

Light dynamical Valence Mass
mass m,= 0.001 m, = 0.005 m, =0.01
0.005 3.36 4.60 5.76
0.01 3.44 4.65 5.81




Chiral Perturbation Theory

Expansion in powers of
2 2

Mpg p

(4nf)?  (4mf)?

SU(2) ChPT: m, is light and only pion masses enter in logs
SU(3) ChPT: m; and mg are considered light, and both enter logs
Example (Sharpe and Shoresh, 2000) with six free parameters

48 16
mp = Xv {1 + F(2L6 — La)x + F(2L8 — Ls)xv
1 2XV — XI — Xs (xv —x1)(xv — xs)
+ { Xv log xv — xv log xv
24f2772 XV — Xn (XV - Xn)2
(xv —x1)(xv — xs) (xn — x1)(xn — Xs)
+ (1+logxv) + > Xn log xn
XV — Xn (xXv — xn)
8
fr = f{l—FF(?)LZLX—l—LSXV)
1 Xv +Xi . Xv + Xs XV + Xs
_ ] ]
1672 2 {(Xv + x1) log 5 + 5 og 5 } }

Xi = 2B (mz + mres)



SU(3) ChPT for mpg < 420 MeV

0.11

0.09

0.08

f

Xy
ml =
fit: m

0.005, m. = 0.04

avg =

0.01

0.11

0.1

0.08

Xy

m, = 0.01,

fit: m

avg =

mg = 0.04

0.81

009 ,_‘:,,_,,;-—-’-:"‘-‘”",,,

4.8

4.4 t

4.2 +

4.8

4.6

4.4

42 +

!
\
\
\
\
) \
\
\
AN
E \

T 2'/

[ Mxy

ml =
fit: m

(mavgfmres) ;

0.005, m. = 0.04

avg =

0

001 0.2

0.03

2
mxy /

ml =
fit: m

I ’ T

(m

m

an:!f ’ res)

0.01, m. = 0.04
= 0.81

aV9 =

0

001 0.2

My

0.03




0.11

0.1 i

0.08 i

0.11

0.1

SU(3) ChPT for mpg < 670 MeV

f

Xy
- m, =0.005, m_ = 0.04
<00§

avg =

f|t -

Xy

flt man =

0.09 -__

0.08 i

- m, =0.01, m, = 0.04
<083

0.01

0.02

0.03

2o Mres)

/(m

- m, = 0.005, =004
0 0.01 0.02 0.03 0.04
my

el

42 |

.
\
\
\
\
5 \
: \
) \

2 . |
mxy / (mavg+mre3)

46 | N

m, = 0.01, m, = 0.04
- ma"95083

.........

777777

0 0.01 o 02

My




LO and NLO for SU(3) ChPT
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Comparison of SU(3) ChPT LECs

* Convergence of SU(3) for mpg < 420 MeV poor

e Because of poor convergence, do not attempt a systematic error.

* Naively quote results for LECs from our fits

e Generally in good agreement with others

Ly Ly L) L e -1d)) erd L)
this work 1.4(0.8)(-) 8.71.0)(-)  0.7(0.6)(-) 5.6(0.4)(-) 2.4(0.4)(-) 0.000.4)(-)
Bijnens, NLO =0 14.6 =0 10.0 5.4 =0
Bijnens, NNLO =0 9.7(1.1) =0 6.0(1.8) 2.3° =0

MILC, 2007

1.3(3.0)(139) 13.9(2.0)(F30) 2.4(2.0)(F39) 7.8(1.0)(1.0) 2.6(1.0)(1.0) 3.4(1.0)(*3D)




fpg comparison SU(2) and SU(3) ChPT
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About Correlated Fits

e Partially quenched data 1s very correlated

e  With 90 measurements, we can look at correlations of pseudoscalar
masses for 3 lightest, degenerate pseudoscalars

Writing C; = 01, pri 015, we have C;; equal to

0.7673 0.0 0.0 1.0000 0.9075 0.7882
0.0 0.7018 0.0 x 1072 x | 0.9075 1.0000 0.9568 | x o
0.0 0.0  0.6466 0.7882 0.9568 1.0000

e Eigenvalues of correlation matrix show very small eigenvalues occur-
ring
2.77
0.2156
0.0143



[ 1.0000

0.9705
0.9157
0.9075
0.8496

\ 0.7882

0.9705
1.0000
0.9818
0.9791
0.9437
0.8927

0.9157
0.9818
1.0000
0.9873
0.9767
0.9392

0.9075
0.9791
0.9873
1.0000
0.9884
0.9568

0.8496
0.9437
0.9767
0.9884
1.0000
0.9831

* FEigenvalues now span 5 orders of magnitude

Strong correlations mean much more data re-
quired to resolve correlation matrix accurately

Correlations for 6 Partially Quenched Masses

0.7882 )
0.8927
0.9392
0.9568
0.9881
1.0000 |

[ 5692 )

0.2713

0.0254

0.0107
0.000592
\ 0.0000312




Fit Strategy

A correlated 2 is useful for a quantitative statement about how well
our fit anzatz agrees with the data

Strong correlations in our data make such a statement problematic

As our dataset gets arbitrarily large, the covariance matrix will resolve
and the v will become very bad, since NLO ChPT is only accurate to a
certain level for given quark masses.

Can ask whether NLO ChPT is accurate at, for example, the 10% level
for 400 MeV pseudoscalars.

Even if NLO fits agree well with the data, how large are the NLO cor-
rections?

Important to include estimate of NNLO errors

For our data, NLO fits agree well for 400 MeV pseudoscalars, but NLO
terms are large, and convergence of series appears poor.



Adding Another Quantity to Fits

Can ask about ChPT behavior of a new quantity (7' |5d[K ")

To lowest order, we have

2
(rT|5d|KT) = —= = B,
QTTLf

Aubin, Laiho, L1 and Lin have calculated this to NLO
It depends on fO, By, Ls, Lg, Lg

= 2 = 168
3,3 +\ _ 3,3 0
<7T+|@( )‘ K > _ _Fa( ) 7

oLy (2md + mg)} +(w 0o9] k)

{L5mexz - 2L8 (m?X + miz)

logs
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Results of fits

simu (all) 2.13(16) 5.95(46) x 1072 —1.10(90) x 10~% 2

6(1.

51) x 1074

1.09(70) x 10°

mbg and f (M&E)

) 8)
) 5)
) x 1074 —5.3(4.4) x 1077 3.52(41) x 107* 6
) x 1074 —3.4(6.7) x 107° 3.32(51)
1.6)

2.35(16) 5.41(40) x 1072 —6.7(8.0) x 1075 2.51(99) x 10~* —5.7(8.5) x 1075 3.9(1.6) x 10~4

fo Ly Ly Lg Lg x*/dof

m2¢ (fix L4, Ls, Lg) 6.3(1.0) x 1072 —6.7 x 107 2.51 x 1074 —5.7x107°  3.23(67) x 107* 1.6(2.4) x 107!
5d (fix Ly, Ls, Lg) 9.5(1.5) x 1072 —6.7 x 107 2.51 x 1074 —5.7x 1075  1.46(74) x 10~* 1.3(1.7) x 10°
fps (fix Ly, Ly, Lg)  2.44(36) 5.26(43) x 1072 —6.7 x 107° 2.51 x 1074 5.5(9.8) x 1071
5d and m? 7.56(88) x 1072 —0.6(3.0) x 107" 1.6(3.5) x 1073 —0.3(1.5) x 10~! 0.9(1.8) x 1073 5.0(5.7) x 10~
5d and m%¢ (fix Ly, Lg) 2.394(27) 7.24(78) x 1072  —6.7 x 107° 5(2.9) x 1073 —5.7x107°  1.4(1.5) x 1073 9.3(9.2) x 101
m%¢ and fpg 2.33(15) 5.44(44) x 1072 —6.4(6.2) x 1075 2.0(1.2 6.4(5.6) x 1071

(46) (1.2

(40)

f, larger for fits not involving f_

f, ranges from 0.053 to 0.095



Preliminary NNLO Fits

Bijnen’s NNLO formula for m2 and f, involve the following constants

Order Constants Number at order Total number
LO fo, Bo 2 2
NLO L;, for i1 =4,5,6,8 4 6
NNLO L;, for i =0,9 10
K;, for ¢ =17 — 23,25 — 27,39, 40 12
Two linear comb. of K; not determined
Set Kgg = K40 =0 10 22

From Bijnens [1], the NNLO analytic terms correcting m?2 (for 2 valence quarks and 3 dynamical quarks) is

5£S)23 ~ = 2xi3 (K{; + Ky — 3K35 — Ki)
+ x1x3 (K79 — K33 — 3K35)
— 6X x13 (K75 + K30/2 — K3 — Kjp)
— 9% (K3, + K5y — K5 — 3K3,)
+ 6 Xr Xy (K3 — K) ,

Also from Bijnens [1], the NNLO analytic terms correcting f (for 2 valence quarks and 3 dynamical quarks) is

6)23 . - -
ét) ~ 2X%3 Kiy — xixs (Kig — K33)
+ 3x x13 K39 + 9x* (K3, + K3,)
- 6X7TX77 K;h



NNLO Preliminaries

Using calculations of Bijnens, Danielsson and Lahde, PRD 73 (2006)
074509

Fortran code provided by Bijnens
Basic tests of NLO Fortran code versus other fit codes successtul
First simple attempts to assess numerical stability and graph results

Used constrained minimizer, since there may be undamped directions
in parameter space with current data set

Add m; = 0.02 ensemble and increase valence quark masses to 0.02
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NNLO fit to m_?
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NLO NNLO

constant | initial Ib ub final | initial Ib ub final
fo 0.07 0.03 0.1 0.0378 | 0.0378 0.02 0.07 0.0619
fo 0.099 0.042 0.14 0.0534 | 0.0534 0.028 0.099 0.0875
By 2.2 1.0 3.0 2.352 2.352 2.0 3.0 2.32

L; in units of 1073

Lo 0.0 -1.0 1.0  0.38
L 043 031 054 0.31
Lo 0.73 0.61 0.85  0.61
Ly 253 29 216 -2.65
L, 1.0 -100 100 0.1 | 011 -04 04  0.18
Ls 1.0 -10.0 100 0.62 | 062 04 08 0.8
Lg 1.0 -10.0 100 0.049 | 0.049 -0.1 0.1  -0.058
Lr 031  -045 -0.17 -0.19
Ls 1.0 -10.0 10.0 047 | 047 042 048  0.42
Ly 0.0 -0.1 0.1 0.0

K; in units of 1076

Very Preliminary Results - do not quote

K7 0.0 -100 100 -6.8
Kis 0.0 -100 100 -11
Kig 0.0 -100 100 4.0
Koo 0.0 -100 100 -0.38
Koy 0.0 -100 100 -15
Koo 0.0 -100 100 3.8
Kos 0.0 -100 100 1.7
Kos 0.0 -100 100 1.1
Ko 0.0 -100 100 -1.7
Koy 0.0 -100 100 2.2
Ksg 0.0 0.0 0.0 0.0
Ko 0.0 0.0 0.0 0.0

Table 3: Values for NLO and NNLO constants. For NLO, all masses less than 0.01 were used in fit. For NNLO, all masses
less than 0.02 were used. These results are very preliminary.



Using NNLO values in NLO fit to f

f7t — data and fit
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Using NNLO values in NLO fit to m_

mi — data and fit
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Summary

SU(3) ChPT fits our data well for pseudoscalar masses below 400 MeV

Accuracy near the kaon mass scale 1s not good, and 1s even worse for
AS = 1 matrix elements needed for non-leptonic kaon decays

Adding (7 "[5d|K) into the simultaneous fits indicates higher order
terms are important

Preliminary NNLO fits show LO parameters varying in range expected
from NLO fits tom_f_and (7" |54/ K )

New data on 323 will provide more data for NNLO fits and continued
investigation into convergence of SU(3).



