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FLAG activities

What/Who is FLAG?

FLAG = FLAVIAnet Lattice Averaging Group
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FLAG activities

What/Who is FLAG?

FLAG = FLAVIAnet Lattice Averaging Group

Members:
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FLAG activities

What/Who is FLAG?

FLAG = FLAVIAnet Lattice Averaging Group

History and status:
» FLAG start: Orsay, November 2007
» Meetings: Bern, March 2008 and April 2009
» draft and webpage are being finalized
» will be made public in summer 2009*

*Statements and numbers in the present talk are preliminary



Aims/Criteria

What exactly will FLAG offer?

An answer to the questions
» what is the best lattice value for quantity X ?
» what is a reliable estimate of the uncertainty?
in a way easily accessible to non-experts

Quantities considered in the first edition:
» light quark masses
» LEC’s
» decay constants
» form factors
» By



Aims/Criteria

What exactly will FLAG offer?

For each quantity we provide:

>

| 4
>

complete list of references

summary of relevant formulae and notation
summary of the essential aspects of each calculation:

lattice action

number of dynamical quarks (N¢)

minimal value and range of quark masses
minimal value and range of lattice spacing
maximal value and range of lattice volumes
renormalization method (where applicable)

in a unified and easy to read (color coding) manner

vV vV vV vV VY Y

averages (if sensible)

and a “lattice dictionary” for non-experts
(details of lattice actions, etc.)



Aims/Criteria

Color coding — our present definition

» chiral extrapolation
* Mgz min < 250 MeV
250 MeV < M, min < 400 MeV
B M min > 400 MeV



Aims/Criteria

Color coding — our present definition

» chiral extrapolation
250 MeV < My min < 400 MeV
B M min > 400 MeV
» continuum extrapolation

% 3 or more lattice spacings, at least 2 points below 0.1 fm
2 or more lattice spacings, at least 1 point below 0.1 fm

B otherwise



Aims/Criteria

Color coding — our present definition

» chiral extrapolation
* Mgz min < 250 MeV
250 MeV < M, min < 400 MeV
B M min > 400 MeV

» continuum extrapolation
% 3 or more lattice spacings, at least 2 points below 0.1 fm
2 or more lattice spacings, at least 1 point below 0.1 fm

B otherwise

» finite volume effects
*  (M;L)min > 4 or at least 3 volumes
(M;L)min > 3 and at least 2 volumes

B otherwise



Aims/Criteria

Color coding — our present definition

» chiral extrapolation
* Mgz min < 250 MeV
250 MeV < M, min < 400 MeV
B M min > 400 MeV

» continuum extrapolation
% 3 or more lattice spacings, at least 2 points below 0.1 fm
2 or more lattice spacings, at least 1 point below 0.1 fm

B otherwise

» finite volume effects
*  (M;L)min > 4 or at least 3 volumes
(M;L)min > 3 and at least 2 volumes

B otherwise

» renormalization (where applicable)
% non-perturbative
2-loop perturbation theory (converging series)
B otherwise



Aims/Criteria

Averages

Different lattice results will be averaged if

» published
[lattice proceedings not enough]

» no red tags

» same N
[no average of Ny = 2 and Ny = 3 calculations]

Final FLAG number:
» average or single no-red-tag Ny = 3 number (if available)
» average or single no-red-tag Ny = 2 number (if available)

If both Ny = 3 and Ny = 2 numbers available:

agreement = more confidence in the final number



Examples f4(0) and fg /fr LECs

Experiment + unitarity

Unitarity + experiment: PDG (08)
Vua >+ [Vus [ + [V [* = 1 [Vao! = 3.39(36) - 102 ]
Experiment: FLAVIAnet Kaon WG (08)
|Vusf+(0)] = 0.21661(47)
Vust

= 0.27599(59)

Vudfﬂ'
3 relations and 4 unknowns
determine anyone of Vg, Vus, f+(0) or fx /T~

= get the other three



Examples

f4(0) and fx /fr

LECs

Lattice calculations of f, (0) and fx /f,

-
Q
S &
L5 5
2 Q 2 Q
S £§ ¢
G
({P' N S \Q
S F ¢ g
S & & O -
f.(0) | Nt ¥ ¢ « T action
0.9644(33)(34)(14)[2+1 RBC/UKQCD 08| A * W DWF
0.956(3)(5) 2 ETMO8 C max. tmQCD
0.9647(15)stat 2 QCDSF 07 C ®m % W clover(NP)
0.968(9)(6) 2 RBCO6 A ®m % ® DWF
0.967(6) 2 JLQCD 05 C ®m % W clover (NP)

Legenda publication status:
A = published article

preprint
C

conference proceedi ngs



Examples

f4(0) and fx /fr

LECs

Lattice calculations of f, (0) and fx /f,

«
(@)
TS £
(2] Q Q [2)
S & § ¢
Ny A N S
(r;z? ¢ € 3

N > \Q

g & & &

N PN < o .
fi /fx | Ni I ¢ KX < action
1.210(6)(15)(9) | 2 ETM 09 %  max. tmQCD
1.197(3)(*8) [2+#1 MILC 09 A x *  KSiE
1.191(16)(16) [2+1 AUBIN 08 C % =n KSwiLc/DWF
1.189(20) 2+1 PACS-CS 08 x W W clover (NP)
1.227(9)(24) 2 ETMO08A A B max. tmQCD
1.18(1)(1) 2+1 BMW 08 C % % % impr. Wilson
1.189(2)(7) 2+1 HPQCD/UKQCDO08 | A % * KSR
1.205(18)(62) [2+1 RBC/UKQCD 07 A * MW DWF
1.21(3) 2 QCDSF/UKQCDO07 | C * clover (NP)
1.218(2)(*3;)  [2+1 NPLQCD 07 A B HE KSuic/DWF
1.210(4)(13)  |2+1 MILC 04 A % KSMILS




Lattice

Examples f4(0) and fg /fr LECs
f,(0)
0.95 0.96 0.97 0.98 0.99
I I I I I
e SPQcdR 05
e M| JLQCD 05
e I RBC 06
HH QCDSF 07
" ETM 08
—— RBC/UKQCD 08
—— our estimate
—@— nuclear B decay
semi-inclusive T decay + @ ]
KN 08
CEEKPP 05
JOP 04
BT 03
LR 84
0.95 0.96 0.97 0.98 0.99




Lattice

Examples

I

114 116 118 120 122 124 126

f4(0) and fg /fr LECs

T QCDSF/UKQCD 07
1T ETM 08A
e B m— ETM 09
—— MILC 04
—— NPLQCD 07
I L RBC/UKQCD 07
- HPQCD/UKQCD 08
—— BMW 08
—— PACS-CS 08
A ALVdW 08
—— MILC 09
HilH our estimate
@ nuclear B decay
—@— semi-inclusive t decay

114 116 118 120 122 124 126




Examples f4(0) and fg /fr LECs

Lattice calculations of f, (0) and fx /f,

According to our policy only three results are relevant

f,(0) = 0.964(3)(4) RBC/UKQCD 08
fo /fr = 1.197(3)(13) MILC 09
fo /f. = 1.189(2)(7) HPQCD/UKQCD 08

all three can be translated into a value for Vs:

Vus| = 0.2246(9)(9) RBC/UKQCD 08
Vus| = 0.2247(7)(*85) MILC 09
Vus| = 0.2261(6)(13) HPQCD/UKQCD 08

— and averaged —
[Vus| = 0.2253(4)(9) our average



Examples f4(0) and fg /fr LECs

Lattice calculations of f, (0) and fx /f,

According to our policy only three results are relevant

f,(0) = 0.964(3)(4) RBC/UKQCD 08
fo /fr = 1.197(3)(13) MILC 09
fo /f. = 1.189(2)(7) HPQCD/UKQCD 08

or of any other of the four unknowns

[Vual = 0.97427(9)(20) our average
f.(0) = 0.9620(20)(37) our average
fx /Tx 1.1919(16)(48) our average



Intro  FLAG activities Aims/Criteria Examples Outlook f4(0) and fg /fr LECs

Other sources of information on V4 and Vs

Super-allowed nuclear 3 decays
|Vug| = 0.97425(22) Hardy & Towner 08

= |Vys| = 0.22544(95) f,(0) = 0.9608(46) fy /f, = 1.1927(59)

7 — [hadrons(S = 1)] + v decays
[Vus| = 0.2165(26)exp(5)th Gamiz et al. 07

= |Vua| = 0.9763(6) f,(0) = 1.001(12) fi /f, = 1.245(16)

Problematic data: ) exclusive channels # inclusive



Examples f4(0) and fg /fr LECs

Comparison between lattice and other determinations

0.21 0.22 0.23 0.972 0974 0976 0978
! }‘—D—{ ! ETM 09 ! ! }—D—‘{ !
H— MILC 09 —a
—— AUBIN 08 ——
—— PACS-CS 08 —a—
HH RBC/UKQCD 08 HH
HH ETM 08 HH
0 ETM 08A 00—
- BMW 08 -
HH HPQCD/UKQCD 08 HH
} L { RBC/UKQCD 07 } L {
A QCDSF/UKQCD 07 00—
—— NPLQCD 07 —
m] QCDSF 07 O
0 RBC 06 =0
HH JLQCD 05 HH
] SPQ.,R 05 X
- MILC 04 -
Y our estimate H
@ nuclear B decay H
| | | semi-inclusive T decay | | | ‘

0.21 0.22 0.23 0972 0974 0976 00978

Vsl A



Examples f1(0) and fx /fr LECs

SU(3) low-energy constants

Determination based on masses and decay constants

S
4 Q
r'z? N L S
5 & e & &
S F § § 3
¥ @ S 5 <
@ N \Q Q
$ & g &8
N & § & & & action
(@) RBC/UKQCD 08 2+1 A * B % DwW
(b) PACS-CS 08 2+1 * | H B clover
(c) MILC 09 2+1 LA S ¢ KS

*Based on value of lowest pion mass. Average of tastes would be more ap-
propriate, but cannot be reconstructed from the paper.

Fo[Mev] =¢°[Mev]  F/Fo B/Bp X¥/% Fr/F
(2)66.1(5.2) 1.229(59) 1.03(05) 1.55(21)
(b) 83.8(6.4) 290(15) 1.078(44) 1.089(15) 1.245(10) 1.062(8)

() 242(9)("7)(4) 1.15(5)(75) 1.52(17)(*38)  1.052(2)(*3)




Examples f1(0) and fx /fr LECs

SU(3) low-energy constants

Determination based on masses and decay constants

S
4 Q
r'z? N L S
5 & e & &
S F § § 3
¥ @ S 5 <
@ N \Q Q
$ & g &8
N & § & & & action
(@) RBC/UKQCD 08 2+1 A * B % DwW
(b) PACS-CS 08 2+1 * | H B clover
(c) MILC 09 2+1 LA S ¢ KS

*Based on value of lowest pion mass. Average of tastes would be more ap-
propriate, but cannot be reconstructed from the paper.

10%L,4 10°Ls 10%Le 10%Lg 10%(2Ls—L4) 10%(2Lg—Ls)

(@ 0.14(8)() 0.87(10)(-) 0.07(6)() 0.56(4)() 0.004)()  0.24(4)(-)
(b) -0.06(10)(-) 1.45(7)(-) 0.02(5)(-) 0.62(4)(-) 0.10(2)(-)  -0.21(3)(-)
© 0.1(3)(*3) 1.4(2)(*%) 0.2(2)(*%) 0.8(1)(1) 0.3(1)(*3)  0.3(1)(1)




Examples

f,.(0) and fc /fx LECs

SU(3) low-energy constants

Determination based on masses and decay constants

10°L

M

= MILC 09

= PACS-CS 08
RBC/UKQCD 08
NPLQCD 07

e Bijnens 09

® GL85

- |




Examples f1(0) and fx /fr LECs

SU(2) low-energy constants

< S
Q
S S
99 JY ,"5'
SEFLSY
SLEST I
IS
&> S §
SELEIE L
N 5 &S L ops. F[MeV]
JLQCD/TWQCD 08 2 A® BN % M. F. 79.0(2.5)(0.7) (742)
RBC/UKQCD 08 241 A® Bk k M., F, 81.2(2.9)(5.7)
PACS-CS 08 241 A% EE E M, F, 89.4(3.3)
ETM 08A 2 A "(rZ)v. cy  86.6(7)(7)
JLQCD/TWQCD 08 2 A Crpan (€)  87.3(5.6)
A. Hasenfratz et al 08 2 A Crp.an (€)  90(4)
DeGrand-Schaefer 07 2 A RTM (e) 84(5)




Examples f1(0) and fx /fr LECs

SU(2) low-energy constants

(2] S
I
S
TR BL &
STLSY
S Iy o
IS
\Q N \Q Q
SEIEE _
N S &S & ops. 73
CERN-TOV 07 2 A B x M.,F. 3.0(5)(1)
ETM 08 2 A * M, Fr 3.42(8)(10)(27)
JLQCD/TWQCD 082 A® EE x M, F, 3.38(40)(24) ("%
RBC/UKQCDO08 2+1 A ® H% % M., F, 3.13(33)(24)
PACS-CS 08 241 A4 EEE M,F, 3.14(23)
ETM 08A 2 A "(rZ)v.cy  3.2(8)(2)




Examples f1(0) and fx /fr LECs

SU(2) low-energy constants

2 S
I
,g'g& N N
oL 6% &
ST IS Y
LS I
IS
\Q N \Q Q
SEIE S _
N S &S & ops. ly
ETM 08 2 A * My, Fr 4.59(4)(2)(13)
JLQCD/TWQCD 082 A ® HE % M,,F, 4.12(35)(30)(*%))
RBC/UKQCDO08 2+1 A ©® Hk % My, Fr 4.43(14)(77)
PACS-CS 08 241 AxEEE M, F, 4.04(19)
ETM 08A 2 A "(rZ)v, cy 4.4(2)(2)

JLQCD/TWQCD 09 2 [ ] | (rZv, (rf)s.cy  4.09(50)(52)




Examples f1(0) and fx /fr LECs

SU(2) low-energy constants

5
"
L §F T
(2) Q Q Q
S e S
S S N
¥y & S S
< 5 §
§ .{@' Oé' é'Z) _
Ny R S & & obs. ls
ETM 08 2 A My Fr,(r2)y, c¥ 14.9(1.2)(0.7)
JLQCD/TWQCD 092 B B (r2)y, s, cf 11.9(0.7)(1.0)
RBC/UKQCD 08 2+1 A B x FJ(gd) 12.2(9)

Bijnens et al 98 16.0(5)(7)
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SU(2) low-energy constants

65 70 75 80 85 90 95 100
T \ T T \ T

—— JLQCD/TWQCD 08

HH ETM 08
——— JLQCD/TWQCD 08

—— HHS 08

——d DGS 07

—a—— RBC/UKQCD 08
. PACS-CS 08

our estimate

] CD 04

65 70 75 80 85 90 95 100
MeV



Intro  FLAG activities Aims/Criteria Examples Outlook f1(0) and fx /fr LECs

SU(2) low-energy constants

3
0 1 2 3 4 5 6
T T T T T T
0 CERN-TOV 07
0 ETM 08
—a0—A JLQCD/TWQCD 08
—— ETM 08A
—— RBC/UKQCD 08
HH PACS-CS 08
our estimate
f L { GL 84

| | | | | |
0 1 2 3 4 5 6



Intro  FLAG activities Aims/Criteria Examples Outlook f1(0) and fx /fr LECs

SU(2) low-energy constants

4
25 3 35 4 45 5
T T T T T
o ETM 08
— JLQCD/TWQCD 08
—o— ETM 08A

t { JLQCD/TWQCD 09

f L { RBC/UKQCD 08
—-— PACS-CS 08

our estimate

—o— CGH 01




Intro  FLAG activities Aims/Criteria Examples Outlook f1(0) and fx /fr LECs

SU(2) low-energy constants

6
8 10 12 14 16 18
T T T T T
A ETM 08
e B e JLQCD/TWQCD 08
—— RBC/UKQCD 08

our estimate

—A— BCT 98




Outlook

Outlook

v

FLAG aims to provide a summary of lattice results relevant
for the phenomenology accessible to non-experts

» paper and webpage will become public this summer

v

we plan to have yearly updates

v

for the future we are open to and encourage contributions
from outside Europe

v

if you are interested and/or have suggestions or criticisms
you are most welcome
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