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@ The Standard Model (SM) is quite successful. The Higgs boson was
discovered at LHC in 2012.

@ However physics beyond the SM is needed: neutrino oscillations,
matter-antimatter asymmetry, dark matter and dark energy, etc.
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@ The Standard Model (SM) is quite successful. The Higgs boson was
discovered at LHC in 2012.

However physics beyond the SM is needed: neutrino oscillations,
matter-antimatter asymmetry, dark matter and dark energy, etc.

The direct way to look for new physics is searching for new particles
at even higher energies.

The indirect way is searching for deviations from the SM by precise
measurements.

@ Processes suppressed in the SM are sensitive to new physics.
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e B — K*ITI~ and Bs — ¢/T/~ are flavor changing neutral current
(FCNC) processes.

@ FCNC transition b — s is suppressed in the Standard Model.
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e B — K*ITI~ and Bs — ¢/T/~ are flavor changing neutral current
(FCNC) processes.

@ FCNC transition b — s is suppressed in the Standard Model.

@ Dominant contributions are from penguin and box diagrams
(b— s I):

@ Sensitive to supersymmetry, extra dimensions, ... (see e.g.,
NPB830(2010)17 and arXiv:0907.5386 [hep-ph])
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Rare B decays

@ B meson decays are studied by effective field theory.
mg, mz, my > my > Nqep > my, my

@ b — s effective weak Hamiltonian in the Standard Model
(Vup Vi < Vi Vi and CKM unitarity)

4G
Her = —— Z Vin Vs Qi)

@ Quarks are confined in hadrons. Non-perturbative effects of QCD.

@ The hadronic matrix elements (F|Q;|B(s)) have to be computed
non-perturbatively. We work on F = K*, ¢ by using lattice QCD.
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Local operators in our calculation

o 7 = mbEU‘“’(l + 75)bF;w

b t s b W= b s

— 3
W 5

v v

Relevant for B — K*v, B — K® T~ Bs — ¢y, Bs — ¢ItI~.
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Local operators in our calculation

o 7 = mbEU‘“’(l + 75)bF;w

wE s s

—
w* 7

Relevant for B — K*v, B — K® T~ Bs — ¢y, Bs — ¢ItI~.
0 Qo =5v"(L —5)blyul, Qio=37v"(1 — 75)bly,vsl.

o - X

Relevant for B — K(*)l+/* Bs — ¢l
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Other contributions

e Weak annihilation is doubly suppressed (V;V,, < Vi Vi5) for
B — K*.

v

o Contributions from @; and Q3_g are loop-suppressed.

b Q12 S b Q3 S

\\®/

q q
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Other contributions

@ Charmonium resonances from @, = (5¢)y—a(Cbh)v—a.

q? ~ m2; regions are avoided.

wath
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Figure: Contributions from

charmonium resonances Figure: Differential branching fractions for
B — K*II (upper plot) and B — KiI (lower
plot) versus g®. J/v and 1(2S) events are
rejected. PRL103,171801(2009) ,BELLE

@ Theoretical uncertainties are mainly from hadronic matrix elements.
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Parametrization of matrix elements

B— K, Bs—¢y, B— KT
q“(K*(p', \)|30,,b|B(p)) = 2T1(¢%)epwpo €l PP,  (€X : polarization),

" (K*(P', \)[30,u75bB(p)) = iT2(0%) [€},, (MG — Mg-)—
2
(ex - )P+ P)u] +iTs(d*)(e - ) [qu - Méi/wf(*(p + Pl)u} :

e The physical range of t = > = (p — p')? is [O, (I\/IB(S) — I\/I,:)Z]
@ The statistical error of T3 in our calculation is large. We compute

AT3
(M3 +3ME — ¢*) T2 — 5],
M2 — M2

Mg + Mg

Tos =21 F
27 8MpM2

where A = (t; — t)(t_ — t), tx = (Mg £ Mg)2.
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Parametrization of matrix elements

B — K*ITI~

i 2
(K* (5, \)[37b| B(p)) = —2 /)

pvpo x
= —F—F—€ €
MB _|_ MK* Ayppp07

(K*(P', \)[57#75| B(p)) = 2Mic- Ao(q%) 57 g

+(Mg + My )Ai(¢?) [} — S "]
* M27M2*
Ao @) s |+ P = kg

@ A has large statistical uncertainty. We compute

(MB + MF)2(M‘23 — M,z_— — q2)A1 — Mo
16Mg M3 (Mg + M)

A =
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@ We determine the 7 linearly independent form factors
VaAO;Al7A127 Tla T27 T23
for B— K*, Bs — ¢ and Bs — K* (b — u/d).
o We also give
V(@) = 3[(1+ 5) Al F i V()]
To(@®) = 5k |(m3 - m3)Ta(e®) F VATU(S?)] .

2myg

o Ap, A1z, Tr3, V4, T1 form the helicity basis.

@ We give the first unquenched lattice QCD results of these form
factors.
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Lattice calculations of form factors in rare B decays

Dynamical simulations (241)

e B — KI*I~ form factors, HPQCD, PRD2013

@ B — K vector form factors, Fermilab and MILC, Lattice2011
Quenched simulations

e D. Becirevic, V. Lubicz and F. Mescia, Nucl. Phys. B 769, 31 (2007)

@ L. Del Debbio, J. M. Flynn, L. Lellouch and J. Nieves [UKQCD
Collaboration], Phys. Lett. B 416, 392 (1998)

@ A. Abada et al. [APE Collaboration], Phys. Lett. B 365, 275 (1996)

o T. Bhattacharya and R. Gupta, Nucl. Phys. Proc. Suppl. 42, 935
(1995)

e K. C. Bowler et al. [UKQCD Collaboration], Phys. Rev. Lett. 72,
1398 (1994)

o C. W. Bernard, P. Hsieh and A. Soni, Phys. Rev. Lett. 72, 1402
(1994)
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Lattice setup and data

@ 2+ 1 flavor simulation (u, d, s sea quarks) with Staggered fermions
(MILC configurations).
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Lattice setup and data

@ 2+ 1 flavor simulation (u, d, s sea quarks) with Staggered fermions
(MILC configurations).

@ Using non-relativistic QCD(NRQCD) for the b quark and Staggered
fermions for light quarks.

@ The bare b quark mass is determined from the T masses (amp, = 2.8
on coarse lattices, 1.95 on the fine lattice).
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Lattice setup and data

@ 2+ 1 flavor simulation (u, d, s sea quarks) with Staggered fermions
(MILC configurations).

@ Using non-relativistic QCD(NRQCD) for the b quark and Staggered
fermions for light quarks.

@ The bare b quark mass is determined from the T masses (amp, = 2.8
on coarse lattices, 1.95 on the fine lattice).

@ The pion masses are 313.4(1), 519.2(1), 344.3(1) MeV respectively.

label  1/a(GeV) aMsea Volume  Neons X Ngpe amya
007 1.660(12)  0.007/0.05  20° x 64 2109 x8 _ 0.007/0.04
02 1.665(12)  0.02/0.05  20° x 64 2052 x 8 0.02/0.04

f0062 2.330(17) 0.0062/0.031 28% x 96 1910 x 8 0.0062,/0.031
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Lattice setup and data

@ 2+ 1 flavor simulation (u, d, s sea quarks) with Staggered fermions
(MILC configurations).

@ Using non-relativistic QCD(NRQCD) for the b quark and Staggered
fermions for light quarks.

@ The bare b quark mass is determined from the T masses (amp, = 2.8
on coarse lattices, 1.95 on the fine lattice).

@ The pion masses are 313.4(1), 519.2(1), 344.3(1) MeV respectively.

label  1/a(GeV) aMsea Volume  Neons X Ngpe amya
007 1.660(12)  0.007/0.05  20° x 64 2109 x8 _ 0.007/0.04
02 1.665(12)  0.02/0.05  20° x 64 2052 x 8 0.02/0.04

f0062 2.330(17) 0.0062/0.031 28% x 96 1910 x 8 0.0062,/0.031

e Matchings to QCD for the vector and tensor (at the scale y = mj)
currents were calculated in Miiller, Hart and Horgan, PRD83(2011)
034501 [arXiv:1011.1215 [hep-lat]].
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2-point functions

@ Meson 2-point correlators:

Crr(xe, ') = Y _(QAPE(x)PLO0)|Q)e P ¥, F = K,K*, or ¢.

X

Using 3, 7 zebv; 1. Ky(n k| =1, (V3 = L3), we find

(Q|dF|p')|?e 57 + (excited state contributions).

CFF(Xta ﬁ,) = 2FE- V3
B

@ Similarly,
Cos(xe:B) = 3_(QPa(x)05(0)[Q)e P

=

X

can give us (Q[®5|B(Bs)) and Ep, when X is big (x: > 0).
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3-point correlators

@ 3-point correlators

J(y)

Crip(B.B, T.t) = Y > _(Q0s(%. T)(F. )OL(0)| Qe PFe™,
Xy

g=p—p, q%..= (Mg — Mg)? when both B and F are at rest.

@ By using the completeness relation twice, one sees that Cg g can give
us (B(p)|J(q)|F(p')) at 0 < t < T once we know (Q|®g()|B(F))
and Ep(f) from the 2-point correlators.
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Some details

e For Bs — ¢, disconnected diagrams are ignored (time consuming, OZI

s 5
0@ @o
s s

suppressed).

@ As the 3-momentum of mesons increases, the 2/3-point functions
become noisier in LQCD calculations.

@ Thus we work at high-g® region: ¢ ~ ¢2,,, = (Mg — Mg)?.
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q®> dependence of form factors

@ To get form factors at low g2, we need extrapolations.

@ Dispersion relations relate form factors to resonances R and
multiparticle states above the threshold at t, = (Mg + Mg)>?:

RespenzF(G°) 1 [ ImF(t
F(qz)_z""”f?+/ g
t+

= M2 — g2 s t—q%—ie

@ The poles between t_ = (Mg — Mf)? and t; can be fixed by
experiment measurements, e.g., M3. for T; of B — K*.

@ The poles above t; from higher resonances and multiparticle states
can be modeled by an effective pole.
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Extrapolation to low g?

Or they can be described by a Series Expansion of a variable z
(z-expansion or SE).

Remember: our calculation is at unphysical pion masses.

Also, there are discretization errors.

We use the simplified series expansion, modified to account for lattice

spacing and quark mass dependence. [Bourrely et al.(2008), Na

et al.(2010)]

Define z(g2, to) = VAT VETR 4 — (Mg + Mg)2.
V=2t —to

o z(q? = tg, ty) = 0. tg is chosen such that the physical region

2 <t )isaround z = 0.

—
o
IN

Q0
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Extrapolations

@ The form factors V, Ag, A1, A12, T1, T2, To3 are fitted to:

F(t) = P(t,1)[1+bl (aEf)? ]Zandz

@ The pole factor is given as

t

P(t;Am) = 1—
( ' m) (mB(s) +Am)2

@ Quark mass dependence is taken into account by the d, terms

d, = [1 + cmAx + C,,Q(AX)2 —+ .. ]

with Ax = (mZ —mZ ;. )/(4nfr)? acting as a proxy for the

difference away from physical u/d quark mass.
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Extrapolations

@ Varying the Am values by 20% has no effect on the final results for
the form factor curves.

@ We find the lattice spacing dependence to be negligible and the quark
mass dependence to be very mild, often negligible.

@ Therefore we use a 4 parameter fit

1
F(t) = %[30(1 + c01Ax + g1 Axs) + a12] .

e T1(q?> =0) = T2(g? = 0) is used as a constraint.
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Systematic uncertainties

@ Unphysical b quark mass: our B and Bs masses are 5% too heavy.

@ In the mg — oo limit the form factors scale like [Isgur & Wise 1990]

Va A07 T17 T3 m13/2
Al, A12, T2 X m;1/2 .

Scaling the central values by 0.976 (V et al.) and 1.025 (A; et al.).

@ The remaining error is suppressed by a factor of Aqcp/mp: well
below 1% and is treated as negligible.
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Systematic uncertainties

@ Matching factors of currents are calculated by 1-loop lattice
perturbation theory.

@ The truncation of O(a?2) terms in the perturbative matching of
operators from lattice NRQCD to the continuum gives the largest
uncertainty: 4%.

e O(asNgcp/mp) terms in the heavy quark expansion: 2%.
° O(AéCD/mi) terms in the heavy quark expansion: 1%.

@ Adding all systematic uncertainties in quadrature: 5%.
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B — K* form factors P(t)V/(t) and P(t)A;(t) against z

B — K* B — K*

— i, physical limit - — i, physical limit
— Ball-Zwicky — Ball-Zwicky
021§ & mo62 011§ & o6z
I 1 co07 I 1 co07
§ 3 02 §3 02
04%.10 =0.05 0.00 0.05 0.10 OLQLUD —0.05 0.00 0.05 0.10
2(t,12 GeV?) 2(t,12 GeV?)

@ For comparison, the LCSR results are shown with a 15% uncertainty
(hatched band) [Ball & Zwicky 2004].
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Bs — ¢ form factors P(t)V/(t) and P(t) Ty ,(t) against z

10 0.9
B ¢ , — Ball-Zwicky
i 4 0.8 By — ¢ ¥ § T10062
0s 11 Tic007
. 07 § % T2
1] E { 1 1 T210062
0.6
i ~ ¥ ¥ 120007
06 4 é ii ) ¥ %
= 0. -
S 205 —
= =1
= Eo4
g £
0.4 ]
0.3
~— fit, physical limit
ol = Ballzwicky 02
¥ ¥ 10062
11007 0.1
¢ ¢ c02
1o 005 000 005 010 sy 005 000 005 010
2(t,12 GeV?) 2(t,12 GeV?)
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B; — K* form factors P(t)V/(t) and P(t)A;(t) against z

10 0.40
B, — K* *
0.35 By — K
08
030
Y i}iﬂ{ " _0%
= h{ = 020
£ <
T T
04 015
fit, physical limit fit, physical limit
0al| — BellZwicky 0107 —  Banzwicky
21 & o2 ||# & moee
I 1 c007 0.05(|3 T c007
$ 9 02 38 02
Ry 005 000 505 010 0015 005 000 005 010
2(t,12 GeV?) 2(t,12 GeV?)

@ The correlation matrices of the fit parameters are given in
arXiv:1310.3722.
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B® — K*%up~ and BY — ¢ "~ observables

4G

Heg = —thbv;; > [Goi+¢or,

where OI-(') are local operators and C,-(/) are the corresponding Wilson

coefficients, encoding the physics at the electroweak energy scale and
beyond. The operators (Pr; = (1% 75)/2)

i

AR
=
I

emb/(167r2) §O'/WPR(L)b F“V,
of) = €/(167%) Sy.Pyr)b T,
off = e/(167%) $9uPLryb Ty st

give the leading contributions to the decays B® — K*%; ;= and
BY — putyu.
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Observables

In the narrow-width approximation [Kriiger et al. 1999, Kim et al. 2000],
B% — K*O(— K—7%)¢+4~ is described by four variables: the invariant
mass of the lepton pair, g2, three angles 6, Ox«, ¢, defined as in
[Altmannshofer et al. 2008].

E_A‘% /
.
/

s
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Observables

@ The decay distribution is
d*r 9
dg? d cos 8y d cos O+ do ~ 327
+ (I3 sin? Oy + I5 cos? Ok+)cos20p + I3 sin? Oy~ sin® 0y cos 2¢
+ Iy sin 20+ sin 20y cos ¢ + I5 sin 20k« sin O, cos ¢
+ (I sin? O + I cos? Ok+) cos By + |7 sin 20 sin Oy sin ¢

+ lg sin 20« sin 20y sin ¢ + g sin? O« sin® Oy sin 26|, (1)

[ 15 sin? O+ + I cos? O

(

i

@ Integrating over the angles, one obtains

where the coefficients /(%) depend only on g2

dar 3 1
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Observables

@ The angular distribution of the CP-conjugated mode
B® — K*O(— K*7~)¢+¢~ is obtained from Eq. (1) by

(a) 7(a) (a) 7(a)
/1,2,3,4,7 - /1,2,3,4,77 /5,6,8,9 — ~I56,8,9
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Observables

@ The angular distribution of the CP-conjugated mode
B® — K*O(— K*7~)¢+¢~ is obtained from Eq. (1) by
/1(2,3,4,7 - 71(2,3,4,77 /5(,28,9 - _75(;3),8,9'

@ Normalized CP averages and CP asymmetries of the angular
coefficients are defined as

@ 14T o 1T |
A +n)/de T AT +D)/dg?
FL=—S5 Ars=(—3/8)(258 + S).
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Observables

@ The angular distribution of the CP-conjugated mode
B® — K*O(— K*7~)¢+¢~ is obtained from Eq. (1) by

(a) 7(a) (a) 7(a)
/1,2,3,4,7 - /1,2,3,4,77 /5,6,8,9 - _I5,6,8,9'

@ Normalized CP averages and CP asymmetries of the angular
coefficients are defined as
(a) | (@3 (a) _ 7(a)
@ _ AT @ T
! d(r +T)/dg?’ ! d(r +T)/dg?
FL=-55, Ars=(-3/8)(25 + 5§).
e Experiments give results for binned observables (S,-(a)> and <A,-a)),
g’-integrals of numerator and denominator.
© (S45738) and (Pyggg) = % have been measured for the
—\2 2
first time by the LHCb Collaboration (B — K*, 1308.1707).

Zhaofeng Liu (IHEP) Form factors and observables for B — K*IT Peking Univ., March 27, 2014 29 / 34



Theory versus experiment (g* > 14.18 GeV?)

3 . Experiment Experiment
————SM  ——— SM(bimned) - - - =11, Gh=11 (LG o) —— e voeage)

1.2 T T T 0.6 T T T 0.4 T T T T 0.3 LIPS ——
I BY — K*u*tp~ B — K*¥utpu~ 2L BY— K*utpu~ BY — K*u* p~
1 1of o 0.5 "o 03 ! 021 ¢ e
0.2F B L o
3 o4k | ol i 0.1 '
N . o = 00
s SR 5 £ 00T C ol L
= 02k i —0.1F~< _ e T N
E —0.2F ~ —02F B
01f g s _0.3 ———s
% —0.3F - 03—
X 1 1 1 1 1 X 1 1 1 1 1 704 1 1 1 1 1 704 1 1 1 1 1
00 15 16 17 18 19 0.0 15 16 17 18 19 15 16 17 18 19 15 16 17 18 19
1.0 T 0 + T 0.0 T 0 T I(] +| 0.0 T 0 + T
B‘)I\ A 70.1_B~>A i 70_2_B~>K o
05F b — -
oal 04r
- ; Mo 06| ; ;
& 00 S-03 —— =
| r =F— —0.8 | L E
—04F ok | i
—05F 1 B 192k o
—0.6 1 1 1 1 1 —1.4 1 1 1 1 1 1 1 1
15 16 17 18 19 15 16 17 18 19 ’ 15 16 17 18 19
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Theory versus experiment (g* > 14.18 GeV?)

SM SM(bimned) - = - =GP =-11, Gh=11  —— g"Hng“f;ﬁ) —— 5))\(1[;9::::5:29)
— 2 IB“ I—» (b;frul’ o IB” I—» (D‘;frul’ s IB” I—» @;4+}L1 o IB“ I—» ¢>;frul’
o s 0.6F ¢ e o6k * i 02F s
05 T 1 oub A E
Lx:’(m_ — 1 02k T "FU'U

0.3F g —0.1F e
0.2 E 00p= - [ —0.2} E
o1l I e ) S i
1I5 1‘6 1I7 1‘8 19 0.0 1I5 1‘6 1I7 1‘8 19 —04 1I5 1I6 1I7 1I8 19 —04 1I5 1I6 1I7 1I8 19

¢ (GeV?) ¢ (GeV?) ¢ (GeV?) ¢ (GeV?)

e Our SM results for dB/dq? of both B® — K*Ou* = and
BY — ¢ T u~ are about 30% higher than the experimental data.
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Theory versus experiment (g* > 14.18 GeV?)

SM SM(bimned) - = - =GP =-11, Gh=11  —— g"HPE‘g";C‘:ﬁ) —— Ej“ff:‘“;‘f:g‘e)
12 R 0.7 R 0.8 R 0.3 R —
& s 06 7t 4 ok ¢ 1 o2p 7
05 T 1 oub A E
ijo'fl_ ST JEIP B O‘;u.o
03F g —0.1F -
02 1 "= [ 02} p
o1l I e ) S i
1I5 1‘6 1I7 1‘8 19 00 1I5 1‘6 1I7 1‘8 19 —04 1I5 1I6 1I7 1I8 19 —04 1I5 1I6 1I7 1I8 19
¢ (GeV?) ¢ (GeV?) ¢ (GeV?) ¢ (GeV?)

e Our SM results for dB/dq? of both B® — K*Ou* = and
BY — ¢ T u~ are about 30% higher than the experimental data.

@ Our results for F;, S5, PL, and Afrg are in agreement with experiment.
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Theory versus experiment (g* > 14.18 GeV?)

SM SM(bimned) - = - =GP =-11, Gh=11  —— g"HPE‘g";C‘:ﬁ) —— Z"‘l‘f:‘“;‘f:g‘e)
_ 1.2 T d);ﬁul’ 0.7 T @‘;ﬁul 0.8 T @}ﬁul 0.3 T d);ﬁul’
& s 06F ¢ E o6k ° i 02F s
05 T 1 oub A E
= = i —1— d o2 T o "F 00

0.3 E —0.1f E
02 E 00p= - I —0.2+ e
o1l I e ) S i
1I5 1‘6 1I7 1‘8 0 00 1I5 1‘6 1I7 1‘8 19 04 1I5 1I6 1I7 1I8 19 04 1I5 1I6 1I7 1I8 19

¢ (GeV?) ¢ (GeV?) ¢ (GeV?) ¢ (GeV?)

e Our SM results for dB/dq? of both B® — K*Ou* = and
BY — ¢ T u~ are about 30% higher than the experimental data.

@ Our results for F;, S5, PL, and Afrg are in agreement with experiment.

e For the B — K*OMJFM_ observables S3, S4, and P, we see
deviations between the LHCb data and our results in the lower bin.
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Theory versus experiment (g* > 14.18 GeV?)

@ To study the possibility of new physics in Cg and Cg, we fit these two
parameters to the experimental data (dBB/dq?, F, S3, S, Ss, Arg for
B® — K*0. dB/dq?, F, S; for BY — ¢).

@ The best-fit values are C'Y = —1.1+0.5, C} = 1.1 £0.9.

1 1 1 1 1 ! 1
-3 -2 -1 0 1 2 3

NP
Cﬂ

o QP =-11+407, C,=04+0.7 (higherbinonly).
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From Mitesh Patel@Moriond EW 2014, LHCb results

High-g2 diff. branching fractions

SM Kutu SM K (gt CyF=15E0S*
D arXiv:1306.0434 aXiv:1310.3887 == arXiv:1307.5683

116" BEB®— guw)
1fb? BEB®— K %uw+u)
3! BE(B*— K™ uu)

3fb BB K uw)

hesssmsnssmecannnsfinn

O e e

=
k2]
E 3fb! BR(B*— K*pru)
—
. L
0 05 15 2 sarXivi11112558,
JHEP 1007 (2010) 098
Measurement/SM 10

+ High g2 branching fraction measurements are below the latest SM
(lattice) predictions

- Better consistency with C,""=-1.5 suggested by (low q2) anomalous
angular data =
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e We calculate all 7 form factors relevant to rare B/B; decays using
2+1 flavor lattice configurations.

With NRQCD, we work directly at the (almost) physical b quark
mass.

Our calculations are most precise in the low recoil region q° ~ g;,.,-
The statistical error is the largest source of uncertainties.
Form factors for B — K™ are also obtained.

Observables for B® — K*0u*u~ and BY — ¢utp~ are calculated
with the above form factors and are compared with experiments.
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e We calculate all 7 form factors relevant to rare B/B; decays using
2+1 flavor lattice configurations.

e With NRQCD, we work directly at the (almost) physical b quark
mass.

@ Our calculations are most precise in the low recoil region g ~ g2,

@ The statistical error is the largest source of uncertainties.

@ Form factors for Bs — K* are also obtained.

@ Observables for B® — K*%u* = and B — ¢u* i~ are calculated

with the above form factors and are compared with experiments.

Thanks for your attention!
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BACKUP

Zhaofeng Liu (IHEP) Form factors and observables for B — K* |1 Peki iv., March 27, 2014



Lattice setup

@ Tadpole improved O(1/m3, v,) moving NRQCD action.
Discretisation error starts at O(asa?) (tree-level errors begin at
0(a°)).

@ The bare b quark mass is determined from the physical T masses
using NRQCD.

[A. Gray et al., Phys. Rev. D 72, 094507 (2005)]

o Liischer-Weisz gluon action. AsqTad fermion action (sea and light
valence quarks).

@ The local operators (currents) are expanded to O(1/mj) (included).

@ Operator matching factors are calculated by tadpole-improved 1-loop
lattice perturbation theory.

1
Jort = (1t asep) S tase SO+ — g,
b

O(as/mp, a2,1/m3) ignored.
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Correlators

Interpolating fields:
o Light mesons: & =qls, g=u,s, [ =ns5,7.
e B/Bs mesons: ®g = gV, q=u,s.

3-point correlators

@ T = x; — z; is varied between 11 and 26 on the coarse lattice, 15 and
36 on the fine lattice. (About 1.3 to 3.2 fm.)

et=y;—2z=0,1,---,T. Fit both t and T.
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Systematic uncertainties

@ ¢3; is estimated from a simultaneous fit which treats the B — K* and
Bs — K* form factors as the B; — ¢ data, but with a mistuned
spectator or offspring quark mass.

F(t) = Pt )[30(1 + fo1Ay + go1Aw) + a1 Z]

where

1 2 2
Ay = (47Tf7r)2(moffspr - mns,phys)’
AW = o (M — 2, )
W= (4rf,)2 Mspect — My, phys)-

@ 75 is a fictional, Ss pseudoscalar meson. Its “physical’ mass is
obtained from chiral perturbation theory and lattice data.
HPQCD 2010, Sharpe and Shoresh 2000
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