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✤ Why calculate exclusive b → s form factors using LQCD?

✤ Interest in FCNC obvious here

✤ Ratios of form factors required for some observables (e.g.     
Vtd from radiative decays)

✤ Consistency check of other quantities

✤ Lesson from saga of Vub:                        vs.

✦ Complementary measurements required!

✤ Difficult, not yet “gold-plated,” but worth pursuing

Motivation

B → Xu!ν B → π"ν



The ultimate goal

Reduce theoretical uncertainties in exclusive b → s decays

SM operatorsDecays

B → K∗γ

B → K(∗)!+!−

Bs → φ"+"−

Bs → φγ

Λb → Λγ

Λb → Λ !+!−

B → (ρ/ω)γ
Q7γ =

e

8π2
mb s̄iσ

µν(1 + γ5)biFµν

Q9V =
e

8π2
(s̄ b)V −A ("̄ ")V

Q2 = (s̄ c)V −A (c̄ b)V −A

Some f.f. also have an impact on hadronic decays through QCDF/SCET



Full set of form factors
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〈V |q̄σµνqνb|B〉
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Matrix element

B → K!+!−
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Form factor Relevant decay(s)
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... also make the spectator an s quark for Bs decays



✤ Long distance effects -- small 
only away from      resonances

✤ Breakdown of HQET at large 
recoil. Need

✤ Discretization errors at large 
recoil. Need

✤ Statistical noise

Difficulties

pB · pM ! m2
B

, 1/pΛ QCD1/

a

1/M

cartoon

apj ! 1

σ2(t) =
1
N

(
〈|M QB†|2〉(t) − |〈M QB†〉|2(t)

)

c̄c
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Breakdown of HQET at large recoil
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✤ Long distance effects -- small 
only away from cc resonances

✤ Breakdown of HQET at large 
recoil. Need

✤ Discretization errors at large 
recoil. Need

✤ Statistical noise

Difficulties

pB · pM ! m2
B

, 1/pΛ QCD1/

a

1/M

apj ! 1

σ2(t) =
1
N

(〈
(M QB†)2

〉
(t) −

〈
M QB†

〉2
(t)

)



Early LQCD efforts for B→K*γ

✤ Bowler, et al. (UKQCD) (1994)

✤ Bernard, Hsieh, Soni (1994)

✤ Abada, et al. (APE) (1996)

✤ Bhattacharya and Gupta (1995)

✤ Del Debbio, et al. (UKQCD) (1998)



✤ Most recent study of  form factor for 

✤ Calculate with heavy quarks such that

✦ Allows calculation with 

✦ Extrapolate using

✤ Quenched result:

Bećirević-Lubicz-Mescia
Nucl. Phys. B769, 31 (2007), hep-ph/0611295

B → K∗γ

mH ≈ mD

T H→V (0) × m3/2
Hs

= c0 + c1m−1
Hs

+ c2m−2
Hs

q2 = 0

T B→K∗
(q2 = 0;µ = mb) = 0.24 ± 0.03+0.04

−0.01

T B→K∗
(0)/T B→ρ(0) = 1.2 ± 0.1



Our plan

✤ Use unquenched MILC lattices (impr staggered light quarks)

✤ Compute directly with b quark using NRQCD

✤ Large q2.  Extend toward smaller q2  using

✦ Moving-NRQCD 

✦ Random wall sources (all-to-all propagators)

✤ All values of q2 are relevant for semileptonic decays

✦ (Must neglect long distance effects)



Lattice dynamics and kinematics

moving framerest frame

K*γ
B

K*γ
B

v = 0 v > 0

We can also give B small residual momentum k in either frame

!p = !k + ZpγmB!v

, 1/pΛ QCD1/

a

1/M

Discretize EFT which treats HQ physics 
as short distance physics: lattice 
NRQCD with HQET power counting

Generalize to discretizing in frame moving relative to B (mNRQCD)
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B → P form factors (V)
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Very preliminary!

High q2 range

✤ Lowest q2 points use 
boost v = 0.2

✤ Test: comparison to 
existing B → π form 
factors

✤ Try to resolve 
difference between    
B → π and B → K

Thanks: S Meinel



B → K form factor (T)
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✤ Lowest q2 points use 
boost v = 0.4

✤ Note q2 is lower than 
in previous and 
following plot

✤ Tensor operator 
intrinsically noisier 
than vector current

Thanks: S Meinel



B → V form factor (T)

15 17.5 20

q2 / GeV2

0

0.1

0.2

fo
rm

 fa
ct

or

T2Very preliminary!

High q2 range

✤ Lowest q2 points use 
boost v = 0.2

✤ Still work to do to 
improve statistics, 
lower q2

Thanks: S Meinel



Perturbative matching

〈s|Qµν
7 |b〉 = (1 + αs δZ7)〈s|Qµν

7 |b〉tree

δZ7 =
1
3π

(
−11

4
− 3

2
logλ̂2

)

In the continuum, at leading order in 1/mb

with

On the lattice with boost

Qµν
7,1 =

e

16π2
mb

√
1 + γ

2γ
q̄σµνΨ̃(+)

v

Qµν
7,2 = − e

16π2
mb v

√
γ

2(1 + γ)
q̄σµν$̂v · $γγ0Ψ̃(+)

v

Qµν
7,± = Qµν

7,1 ± Qµν
7,2

Qµν
7 = (1 + αsc

µν
+ )Qµν

7,+ + αsc
µν
− Qµν

7,−

are renormalized separately



Perturbative matching
Perturbative matching of tensor current (preliminary)

Q(lat)0!
7 = (1 + αsc

0!
+ )Q0!

7,+ + αsc
0!
−Q0!

7,−
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Improved O(ΛQCD/m) mNRQCD action with Symanzik improved gluon

action, m = 2.8, n = 2 [Eike Müller 2008]

Qµν
7 = (1 + αsc

µν
+ )Qµν

7,+ + αsc
µν
− Qµν

7,−

Thanks: E H Müller

‖ or ⊥ wrt !v

c+ ≈ 1

c− ≈ 0

Preliminary

ΛQCD/m action, amb = 2.8, n = 2



Outlook

✤ mNRQCD implemented and tested (paper in preparation)

✤ Perturbative matching essentially done (E H Müller, et al. (T), 
L Khomskii (V, A))

✤ Necessary 3-point correlation functions calculated on single 
lattice

✤ Further improve statistics

✤ Explore systematics

✤ Too soon for forecasts -- still checks to make, tricks to try

✤ Forecasts for the book, perhaps



Beyond here, 
there be dragons



K* mass on MILC lattices
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✤ Unquenched data

✤ Communicated by             
D. Toussaint, MILC

✤ Interpolated to (m1,ms) 
using (m1,m1) & (m1, m2)

✤ Discretization errors small 
(for our purposes)

✤ Negligible taste splitting 
between local and 1-link 
tastes (not shown)



ρ mass on MILC lattices

✤ Unquenched data

✤ Communicated by             
D. Toussaint, MILC

✤ Effected by π-π threshold

✤ Discretization errors small 
(for our purposes)

✤ Negligible taste splitting 
between local and 1-link 
tastes (not shown)
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