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Motivation

» Errors in decay constants with light quarks dominated by chiral extrapolation
(or ambiguities in chiral fit choice)

> Linear, NLO, NNLO, partially quenched, staggered, SU(2) vs SU(3)
» Pion mass cut?
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Contents
» First decay constant results from HPQCD Ny = 2 4+ 1 4 1 program
> fg, fg, and fg, /fg with NRQCD-HISQ anv:1s022684)
> fic/f, with HISQ {axwa0s1670)



HISQ Nf — 2 + 1 —|_ 1 ensemb|eS [ MILC collaboration ]
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Set B a(fm) M;(MeV) L(fm) L/axT/a ng

1 5.8 0.15 300 25 16x48 1020
2 58 0.15 215 3.7 24x48 1000
3 5.8 0.15 130 4.8 32x48 1000
4 6.0 0.12 300 3.0 24x64 1052
5 6.0 0.12 215 3.9 32x64 1000
6 6.0 0.12 130 5.8 48x64 1000
7 6.3 0.09 300 2.9 32x96 1008
8 6.3 0.09 130 5.6 64x96 621

3 physical point ensembles

Large volumes

Well tuned quark masses

Bottomonium/B spectra have good agreement with expmt see backups



Scale setting

» Compared scale from 1(2S - 1S), wo, /> and ry

» Determined wy/a with Wilson flow (blnned 12 adjacent cfgs) (vuscner, Buw 12
» Obtain wp=0.1715(9) fm (later slides), BMW have wy = 0.1755(18) fm
» Good agreement between f, T(2S — 18) for setting overall scale
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We use T(2S - 18) for fg and wy (with f;) for fx



B-meson decay constants
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Analysis

» Improved NRQCD and HISQ actions { anv:1110sss7)

» ~32k wall source correlators per ensemble, 3 smearing functions

» 1/my correction and 1-loop renormalisation for vector current (cmonanan pienary tak]
Two independent analyses: chiral (8 ensembles), phys pt only (3 ensembles)

» Simultaneous 1-loop SU(2) HMyPT chiral fit to Mg, — M, fg, fs, and ratio

®s = fg, /Mg, = dso(1.0 + bsM2/A%) 1)
M2 1+3¢%( 3,
® = fzgMg = 1o+1:>,/\2 o (—EI(M,,))) 2)

v

Finite vol. included via chiral logs

Discretisation term (1 + di(Aa)? + da(Aa)*)
- d; allowed mild am,, dependence

Prior of 0.5(5) on gg-sx

Stable under changes to priors, adding more terms etc

Consistent results with SHMyPT fit

Evaluate fit at fictional tu pion mass using m, = 0.65(9)m; (2 MeV effect)
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fg results

Consistent results from chiral and phys.
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Error budget

Allowed 2-loop error of 10x 1-loop renormalisation

Error % q)BS/(DB MBS - Mg q)Bs bp
EM: 0.0 1.2 0.0 0.0
a dependence: 0.01 0.9 09 09
chiral: 0.01 0.2 0.04 0.04
g 0.01 0.1 0.0 0.01
stat/scale: 0.30 1.2 0.7 0.7
operator: 0.0 0.0 1.3 1.3
relativistic: 0.5 0.5 1.0 1.0
total: 0.6 2.0 20 20

» Error generally dominated by stats or missing higher order corrections
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Analysis

2-point functions:
» 16000 wall source correlators
Include fictitious ss meson ng
Additional strange masses on coarsest ensembles
Bin over 2-4 adjacent cfgs (additional binning has almost no effect)
Simultaneous multiexponential fit to &, K, ns 2pt correlators - keep correlations
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> No renormalisation required for HISQ
Chiral/continuum fits:

» Remove lattice spacing with wy/a, i.e. wof;, wyfk, ...

> Wy is a parameter in the fit (prior 0.1755(175))

» M., Mk used to fix quark masses, f,~ sets the scale
Complementary to MILC analysis with physical point data only



Chiral fit

Physical light quarks = xPT only used for small quark tunings
4 BayeSIan f|t W|th SU(S) NLO POXPT [ Sharpe & Shoresh ]

o (Xas Xp, X34, x5, L) + 6f, + Ofiar.

» Express yPT in terms of meson masses

v

Subtract 1-loop chiral correction to remove f.vol

2 2
Mg,n - 2MO,K B Mo,n

2 8T 2
N N

X¢ =

v

Also compared with Staggered yPT, consistent results
Plus higher orders...

v



Higher order corrections

» Generic higher order correction terms:

f, = Coa(Xa + Xb)? + Cob(Xa — Xb)? + Cac(Xa + Xp)(2X5 + X5
4 ng(ZX;ea 4 X;ea)Z + Cze(zxgeaZ + XgeaZ) 4 CSa(Xa + Xb)s
+ Cap(Xa + Xo)(Xa = Xb)? + Cac(Xa + Xo)?(2X°* + X&)
+ Ca(Xa + Xp)* + C5(Xa + Xp)® + Co(Xa + Xp)®

Priors of 0(1)
» Discretisation corrections

4 alh 2n
S = Zm(;)
n=

r
dy = dn,O + dn,1a(Xa + Xb) + dr1,1b(2xé§ea + Xgea) + dn,1c(Xa + Xb)z, (5)

Allowed to depend on quark masses (cf. SyPT)
> Priors 0(1). Scale setto A = 1.8 GeV, fit implies much lower scale.



Finite volume

a ms/ml L MnL Avol fn Avol fK Avolf
0.15fm 5.3 25fm 3.8 1.24(23)% 0.50(9)% 0.10(0)%
0.15fm  10.6 3.7fm 4.0 038(7)% 0.12(2)% 0.00(0)%
0.15fm 267 4.8fm 3.3 043(8)% 0.13(2)% 0.00(0)%
0.12fm 50 3.0fm 46 037(7)% 0.14(3)% 0.01(0)%
0.12fm 100 3.9fm 4.3 0.24(5)% 0.08(1)% 0.00(0)%
0.12fm  27.6 58fm 3.9 0.153)% 0.05(1)% 0.00(0)%
0.091fm 49 29fm 45 041(8)% 0.16(3)% 0.02(0)%
0.088fm 30.0 5.6fm 3.7 021(4)% 0.07(1)% 0.00(0)%

» Calculated numerically in NLO chiral perturbation theory
» Higher orders allowed with multiplicative prior of 1 + 0.33
> Ayoify £ 0.5% on all but one ensemble

» Negligible in final error budget



Results
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Evaluate fit at 77, K™ (see backups)

ficr /fre = 1.1916(21)
fx+ = 155.37(34) MeV
Mz /(2Mg — MZ) = 1.0063(64)
f./(2fk — f) = 0.9997(17)
wo = 0.1715(9) fm

1 [Vus| = 0.22564(28)g(k+)(20)Em(40)1tt(5) v,

1 Test of first row unitarity, V,q4 now needs
1 to be improved:

| 1= Vil = |Visl2 = Vi 2 = —0.00009(51)



Results

Consistent results from three scale setting methods
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» +/Ip has noticably larger disretisation errors
» Wilson flow easier to calculate than ry



Errors

i+ f+ [t my, Wo
statistics + svdcut 0.13% 0.13% 0.28% 0.26%
chiral extrapolation 0.03 0.03 0.04 0.15
a? — 0 extrapolation 0.10 0.10 0.15 0.27
finite volume correction  0.01 0.01 0.01 0.02
wp/a uncertainty  0.02 0.02 0.02 0.28
f.+ experiment 0.13 0.03 0.07 0.19
my/mg uncertainty  0.07 0.07 0.00 0.00
Total 0.22% 0.18% 0.33% 0.54%

» “Statistical” error comes largely from SVD cut needed with correlations

» Fit without correlations has much smaller error

» Artificially inflating the errors (x8) with no SVD cut gives same result



Summary
Heavy and light decay constants at the physical point

fg- = 0.184(4) GeV,  fg, = 0.224(4) GeV,  fg /fg- = 1.217(8),
fic: [fee = 1.1916(21),  fx+ = 155.37(34)MeV,  wp = 0.1715(9) fm

» Chiral fit error negligible
» Scale dependence small for both
» NRQCD limited by higher order operators and radiative corrections
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fg- = 0.184(4) GeV,  fg, = 0.224(4) GeV,  fg /fg- = 1.217(8),
fic: [fee = 1.1916(21),  fx+ = 155.37(34)MeV,  wp = 0.1715(9) fm

» Chiral fit error negligible

» Scale dependence small for both

» NRQCD limited by higher order operators and radiative corrections
Other HPQCD results on the HISQ ensembles:

» Quark condensates | cwensie aik]

v

Radiatively improved hyperfine splittings (c.pavies poster]

v

B — r at zero recoil at the physical point cpaves poster]

v

Pion form factor and charge radius {..xoponen tak]

v

Entirely non-perturbative mMNPR (e chakaborty tai 1
In progress:
» Radiative decays in bottomonium crugnes poster]
» B-meson bag parameters with NRQCD-HISQ
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FLAG 2013 comparison
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Improved NRQCD action

» v* NRQCD action, radiative corrections to Wilson coefficients

aH = aH,+ adH,;
AQ)
H = -
ato 2amy’
(A(2))2 L
oH = - o, E-E-V
@ ¢ 8(amp)® * 8(am,)? ( )

Lo (¥xE - Ex¥)

_C —_—
3 8(amb)2
B A
G 2amp, Bt 24amy
(A®)?

—Cor——5-
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fg current matching

Lattice currents

SO = TgysyoVa 7)
1 -1 =

B = g Varsrer - Va ®)
42— L. Tyepev 9)
0 = 2m qY " VYsYo¥ Q-

Related to the full QCD current through O (as, asAgep/mMp) by

Aoy = (1 + as20) () + (1 + sz )5 + s z(?)) (10)

» Coupling ay(2/a), z; calculated to 1-loop in pert theory
» Overall renormalisation is small



fg results
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fg results
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fg results
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Isospin violation

» Evaluate fit at appropriate point for 7+, K+
Noticable shift with small stat errors (fx/fx+ = 1.0024(6)) (nTanao ak)
For Kaons,

\{

v

1

(M = 2 [(Ms + Mga) =(1 + D) (M2, — M)

N

using Ag = 0.65(50)

These give m; = (my + my)/2

For K, we need m, = 0.65(9)m,

Evaluate fit at m, = /0.65(9)M2™" with 2M2 — m? fixed

v

\{

v

(11)
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FLAG 2013 comparison
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FLAG 2013 comparison
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FLAG 2013 comparison
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Meson mass (GeV/cz)
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