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Motivation

Couplings of flavor-changing weak interactions:

Vud Vus Vub
V=1[Vy Vs Vy
Vi Vis Vg

processes with b — u transitions

Inclusive B — X, v

heavy quark and ag expansion
Exclusive Semileptonic B — 7tfv
hadronic formfactor f (4°)
Exclusive Leptonic B — tv
hadronic decay constant fg

Lattice input
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Our aim

Compute B-physics in Nf = 2 QCD, keeping others systematic errors under control:

fp this talk, preliminary (but nearly finished)
fB, this talk, preliminary

f+(4°) next year, show progress in this talk
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Treatment of light quarks

Volume effects exponentially
suppressed:

Light quark mass chiral extrapolation:

[(250 < ity < 400 — 450)MeV]

Discretization effects:

3 lattice spacings a

((0.048,0.065,0.075 < 0.1)fm |
NP renormalization

NPly O(a) improved Wilson
fermions

7 simulations fulfill our current criteria
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Treatment of light quarks

Volume effects exponentially
suppressed:

Light quark mass chiral extrapolation:

[(250 <ty

< 400 — 450)MeV]

Discretization effects:

3 lattice spacings a

((0.048,0.065,0.075 < 0.1)fm |
NP renormalization

NPly O(a) improved Wilson
fermions

7 simulations fulfill our current criteria
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Treatment of b quark

my > Agcp:
expansion in 1/my,

b treated in HQET

Lier (%) = Pp,(x) Do P (x) — Wi P () D2 () — Wepiny, (¥) 0By (%)
renormalizable at every order in 1/m;,

restrict to processes such that p < my,

power divergences in a~1 = need NP renormalization [Maiani, Martinelli, Sachrajda 92]

In(a®2 fg\/mp/2) = In(Z,)%") + In(a®2p*2) + b52tam

+ wkmpkm + Wepin pspin + C<Al)pA(l)
HQET HQET 1) ,(1 —
Ao,lg = ZAQ [A(s)tat + CEA>A(() )] ’ A?)tat =P17075 Yn,

1 —
AL =Gy s (V-8
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ALPHA strategy for NP renormalization & matching %

Qcp HQET

Lo

a
€

S1 Sa Ss Sa

match QCD and HQET ata~! >> My, (small volume, however z = LM > 1)

determine NP: mbare,ZHQET c&),wkm, Wspin
step scale to large volumes

= determine M, dependence of large volume observables
[Heitger, Sommer 01]
F. Bernardoni
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Example: the b-quark’s mass

(left) extrapolate to physical point (mpg — M)

3’\2
mpg (z, mps,a, HYPn) = B(z) + Cm%,s — ﬁmﬁs + Drypna®

¢ =0.51(2) [Bulava et al. 10]
(right) Interpolate mp(z) to get My:
mg(z,Mr,a)|z=z, = mpy " = 5279.5MeV
we get z, = 13.34(33)(13); or equivalently 7y, (71,) = 4.22(10)(4); GeV.

[Della Morte et al. 07]
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fB computation on the lattice

Typically on the lattice one computes:

c(t) = (P () Pu(y)) ————— fimpe M (14 0(e= ")
Xy

T—o00,t—00

At finite t excited states contamination:

(t = x0 —yo)
Z to reduce noise: stochastically (full time dilution)
¥

apply GEVP to n interpolating fields P,’f,, k=1,...,n

_ Ry
Py = I/’1(k)70’r5¢h lPl(k>(x) = (1 + kg a* A) i(x)

= O(eiA“)t) — O(eiA”fU")
include in plateau average points such:

O(e 80y < 1/3 X dcspar
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(%
The B-meson decay constant fg @

chiral and continuum extrapolation using HMxPT: fg = lim fB (mps, a)
(mpg,a)—(m=,0)

/B (m%s, a2> = b+ cmBg + da® (linear)

f8(2b, mps, a) /GeV
0.25 : :

Lim2
my

024 1 no mixed term (amg)? < 0.02

023} ] 1

0.22
021}
02} | —
01917 §
0.18]
0.17

[ fB = 196(9)stat ] linear
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The B-meson decay constant fg @

chiral and continuum extrapolation using HMxPT: fg = lim fB (mps, a)
(mpg,a)—(m=,0)

/B (m%s, a2> = b+ cmBg + da® (linear)

fi (s, a?) =¥ [1= 3 =B mds In(nds)| +'mig +d'a® (NLO)

fB(Zb,mPs, a)/GeV

0.25 - .
024 " 1 no mixed term (amg)? < 0.02
0.23
0.22 [ 18 = 196(9)stat ] linear
0.21
02 ( fs=1920) |  NO
0.19 ex

L7 — 2P g
o187 fr=f2P 5=051(2)

r [Bulava et al. 10]
0.17 PN P S N NN SN SO S TR SN S S SN N S ST SO S NN SO S S
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Our estimate of V;;,

Bsm(B — tv) =
using PDG values and

(5 = 194(9) s (4)MeV

G mBTB
fB‘Vub‘z Z

2
2

2 {1_’”;}
mg

Bow(B — T)ppg = (165(34)) x 10 ]
[Vibliept. = (4.98(58)) x 1073 our determination
|Vitb l1ept. = (5:07(54)) x 1073 fB = 190.6(4.6)MeV|Lattice Avgs]
our current value slightly reduces the tension

= experiment and theory have to improve further
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The Bs-meson decay constant fg, PRELIMINARY @

chiral and continuum extrapolation using HMKxPT: fp = lim f8, (mpg,a)
(mps,a)—(111,0)

1B, (mlz)s, az) =b+cmdg+da®>  (NLO)

[, (zb, mps,a) / GeV
0.25 T .
0241 1 SU(3) HMXPT not expected to work
023+ e [Becirevic et al. 07]
00 [ ]
3 = Ni=0:216(5)MeV treat K as heavy: use SU(2) KxPT

0.217 i [Roessl 99]

021 3
019" 1 fB. = 219(12)stat (our det.)
e ] fB, = 227.6(5.0)stat  [Latlice Avgs ]
0.17 ! : !
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F. Bernardoni ICHEP, 2012 =



f+ so far

IN

. O7c, P, 338, P, 100 @
M > _2{ ! T b v tp B
o3
%,
a s smearing 7T (R = 100) and B
= '1 (R = 338)
o

0.5™ fit finite T effects (2 parameters)
TR T obtain f to 5% level
- My ~ 270 MeV, @ = 0.048 fm
So far:

static limit truncation errors ~ E /mpg ~ 10 — 20%
NP renormalization of HQET, but 3-loop matching

light quarks O(a) improved, but V¥ not improved possibly large O(aAx)
NO continuum limit, NO ) extrapolation
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Expected error, next year

—Fit: O7 + EXP
O07¢

0 5 ;Q(GeV]ZE) 20 25

Using one point to ~ 6% (q2 ~ 22
GeV?):

z-expansion (analiticity, unitarity,
QCD properties, kinematics)
[Bourrely, Caprini, Lellouch 09]

experimental data

= V10 15%
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& 12 C Ao Belle untagged (13 bins)
% r v BaBar untagged (12 bins)
0] F . BaBar untagged (6 bins)
< 101 BCL fit (3+1 par.)
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Next year:

include all 1/my, terms

full NP renormalization and
matching

O(a/\) improvement; but not
O(A%a/my)

continuum limit, x extrapolation
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