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Introduction
Pion decay constants

¢ Definition
(0]Aulm(p)) = —ifrpu

o Experimental values

fr=130.414+0.3 £0.20 MeV
frk =156.1+0.24+0.8=+0.2 MeV

¢ Implications
xPT = Gasser-Leutwyler low energy constants

Tx/fr = Vsl
f7r —
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Introduction

Pion decay constants in SyPT

¢ Pions are well described by yPT
o Extrapolation to physical quark mass requires fitting function

e SxPT provides us a systematic way to obtain the fitting function
including lattice artifacts (taste-violation) of staggered fermions

¢ Aubin and Bernard have calculated the decay constants for
taste Goldstone pions at NLO [Aubin and Bernard, 2003]

¢ We extend the calculation to taste non-Goldstone pions
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Introduction

Staggered chiral perturbation theory

o Exponential parameterization of PGB fields
% = exp(ig/f)

o Chiral transformation for 3 flavor case
SU(12)p x SU(12)g: ¥ — LYR!
where L € SU(12)r,, R € SU(12)g

e PGB fields, ¢

p=> ¢" T
U, =f K
ot = | 7, D, KS ,
K, K? S,

T € {&, s, € <v), Eu, &1}
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Introduction

Staggered chiral perturbation theory

e Power counting
O(a?A3) = O(p*/A3) = O(m /AY) = O(mg/Ay)

¢ Lee and Sharpe Lagrangian for multiple flavors
[Aubin and Bernard, 2003]

2
1
Lio :%Tr(auZauET) — TR 4+ M3

2
2mg

3 (U]+D[+S[)2+G2V

_l’_

- M = diag(my, mg,ms) @ &1
- V : taste-violating potential [Lee and Sharpe, 1999]

SO(4) x SUM)r 2% SWi diag

C  SO(4) x SO(4)r
P<LAy
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Decay Constants of Flavor-Charged PGBs

Axial currents and decay constants

o Decay constant : (0|A] | (p)) = —ifp:py

e Axial current

f? a
Ay = =i 7@ 2P (9,35t + £19,%)

- P=qgt K+ KO
-1 =T

- 2% : chooses a flavor from &

+ gt
(eg) (@7\' — 215]2 u Ug 7Ta K(IO

2K =640 =\ Do K
(e9.) Zij =dudjs K, K? S,

Generally, 2/ = 6,,;,
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Decay Constants of Flavor-Charged PGBs

Axial currents and decay constants

¢ Axial current
2

AP = —H;Ty [Ta<3>9>P(auzzT - z*auz)}

21 )

9,22 + 319,58 = féw—ﬁ

f (8%1)(;52 - 2(;58%%)(;5 + ¢28u¢) + -

-Leading order term, f
-NLO wave function renormalization correction, & f%

O(¢) term — {

O(¢”) terms — {-NLO loop correction, § feurrent

¢ Decay constant
f L= f 14 1 (5fZ + 5fcurrent) +5fanly
P 1672 2

7117
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Decay Constants of Flavor-Charged PGBs

Wave function renormalization correction

¢ Axial current up to O(¢)
Ai’f =f (‘@il;aﬂ ?Z)
e Decay constant from the axial current up to O(¢)
(OJALEIP () = f(=ipu) (0l | Pa(p))

1
<0|§/5 \/ZP,, \/1+5ZP(,,31+§5ZP(,

¢ Wave function renormalization correction
1672 2 d%(p?
5f1§a — _om / (r°)
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Decay Constants of Flavor-Charged PGBs
Current loop correction
e Axial current at O(¢%)
1
ALY = = g (T TTTY | 200005100
— 22,8510, 0500 + Pij 1B 0udt;
ijPikOuPriPli ij Pk PriOuPuli

¢ Loop contribution of Aff;ffg’

— ) d*
ﬁijau¢?k¢2l¢fi — _Zpufstafsbcéixéjyékm/(27_‘_§4<¢Zl¢?i>
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Decay Constants of Flavor-Charged PGBs

Current loop correction

e Quark flow diagram
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Decay Constants of Flavor-Charged PGBs
Current loop correction
e Current loop correction (NLO)

5 <]:DL(11rrent — _éz [Zl(Qb)
b Q

+ 1672 / (;i:i‘i (D + D}, — 20 DL, ) ]
- @ : runs over six flavor combinations, xi and yi for i € {u,d, s}
- @y : squared tree-level meson mass with flavor @@ and taste b
- 0% = 1 Tv(T, T, T, 1)
- Dﬁ;y : disconnected propagator
¢ NLO correction to the pion decay constant
5fcurrent _ —4(5fZ

5f — 5fcurrent +5fZ
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Decay Constants of Flavor-Charged PGBs

Correction to the pion decay constant

o Correction to the pion decay constant
5fpp = OfE™ + o fpse
con 1
Ofr =—5D_951(Qn)
Q,B

. d4q
di
5 fise — _27r2/ )i (Diw + D], —2D},

+4DY, + 4Dy, — 20V D},

+4D7, + 4D, - 2047 D)

- B and F represent the SO(4)r irreps, B,F e {I,V,T, A, P}

-a€kF, @BFEZH‘”’, g3521

beB beB
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Decay Constants of Flavor-Charged PGBs

Analytic contributions

e NLO terms in the SyPT Lagrangian
ny2 © Number of derivative pairs
n,, : Powers in quark mass
: Powers in a2
(e 9.) Tr(9, 570, 2)Tr(x = + xZT) & (np2, nm,n42) = (1,1,0)
* AtNLO, npe +npy +ng2 =2

(N2, nim,ng2)  Form Comment
(2,0,0) O(p*) Do not contribute to f, at NLO ((9,4)%)
(0,2,0) O(m?) Do not contribute to f, (Constant)
(0,1,1) O(a*m) Do not contribute to f, (No derivatives)
(0,0,2) O(a*) Do not contribute to f, (Constant)
(1,1,0) O(mp?) Gasser-Leutwyler terms
(1,0,1) O(a®p?) Sharpe and Van de Water terms [PRD, 2005]
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Decay Constants of Flavor-Charged PGBs

Analytic contributions

e O(mp?) Gasser-Leutwyler terms
Lar, =L4Tr(0,279,5) Tr(x 'S + xXT)
+ LsTr(9,%19,5(x Tz +3M), x =2uM

64
f2 L4,Ul(mu + mq + ms) + f2

e O(a’p?) Sharpe and Van de Water terms
2Tr(9,%1650,585), a®Tr(9,%76,5)Tr(9,5Es5,),
5f3) = d> 7,

5fGL Lg,u(mz +my)

where %, are constants, degenerate within the lattice symmetry

¢ Analytic contributions to the pion decay constant

617" = 0fFr + 815

Boram Yoon (SNU) Taste non-Goldstone Pion Decay Constant LATTICE 2012



Decay Constants of Flavor-Charged PGBs

Results in 4+4+4 theory — Results in 1+1+1 theory

e We use replica method to formulate the results in rSPT:
[Bernard, Golterman and Shamir]
1 Replicate each sea-quark flavor n,. times (total n,. Ng flavors)
2 Calculate with n,. Ny flavors
3 Setn, =1 = Cancels the taste d.o.f

¢ Results in 1+1+1 theory

con 1 ]'
0fpp = 173 ZQB (@)
Q.B

. d4q ~ ~ ~
di
0fpr = —27r2/ (2r) (Dalcz + Dy, — 2Dy,

+4DY, +4DY —20VFDY 4 (V A))

6f1%2a1 = — X — Lap(my +mg + ms) + — Lsp(my +my) + a’Fa
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Decay Constants of Flavor-Charged PGBs
Pion decay constant

¢ Performing integrals gives the decay constant

o Example:
- Pion decay constant for fully dynamical case (zy = ud)
- SU(2) chiral perturbation theory (m.,, mq < ms)
- 2+1 flavors (m, = mq # my)

fﬂ'F :f{l 327_[_2f2 [ ZgBl 7TB

+ (4= 0" i)~ 1)} + (v - 4)

+L4 3 (le + ms) —I—L5

f

f2 ml + CLQ.FF}
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Summary and Future Work
Summary and Future Work

Summary

o We calculated the pion decay constants of taste non-Goldstone
pions in staggered chiral perturbation theory at NLO

Future work
e Decay constants in Mixed SxPT (AsqTad sea + HYP valence)

¢ Data analysis
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