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Introduction

� As presented by Mitesh, LHCb measurements of b → s`` have
revealed a host of interesting results.

� This talk focuses on the prospects for the full angular on the 3 fb−1

update of B0 → K ∗0µ+µ−.
� Thoughts on how to perform a “full” angular fit to B0 → K ∗0µ+µ−

decays.
� Results shown based on “realistic” 3 fb−1-equivalent toy data.

K.A. Petridis (ICL) B0 → K∗0µ+µ− UK flavour workshop 2013 2 / 21



B̄0 → K̄ ∗0µ+µ−

� Differential decay rate of B̄0 → K̄ ∗0µ+µ−:

[2] has provided a measurement of the total branching ratio and AFB, while CDF [3] has

provided also measurements of FL as well as the observables A
(2)
T and Aim (see [4, 5]), with

a measurement of the q2 dependence in the form of 3 bins in the low-q2 region (below the

J/ψ resonance), a bin between the J/ψ and ψ′ resonances, and two bins in the high-q2

region (above the ψ′). The LHCb collaboration has also provided measurements of the

branching ratio, AFB and FL based on ∼ 300 pb−1 of data [6], while a larger data set

of 1 fb−1 is on tape. In order to cope with limited statistics, near future plans focus on

fully integrated observables, where the q2 dependence is lost, at least within the low- and

high-q2 regions.

On the theoretical side, the interest is focused on the tayloring of observables with

desired properties. These properties are: 1) a reduced hadronic uncertainty, and 2) an

enhanced sensitivity to short distance contributions from New Physics (e.g. right handed

currents, etc). Concerning hadronic uncertainties, the objective is to minimize the de-

pendence on the soft form factors, which are difficult to compute and are the source of

large theoretical uncertainties. This is achieved with the construction of ratios of angular

observables where a complete LO cancellation of the form factors occurs. The search for

observables with such desired properties has led to the formulation of a set of observables

called A
(2)
T [4], A

(3,4,5)
T [5, 7] and A

(re,im)
T [8] at low-q2, and an analogous set H

(1,2,3,4,5)
T [9]

at high-q2. These observables have been studied in detail and they indeed exhibit a low

theoretical uncertainty and a clean sensitivity to characteristic New Physics features.1

The source of experimental input is the differential decay distribution of the 4-body

final state K̄∗0(→ Kπ)#+#− . It is described by four independent kinematic variables,

which are traditionally chosen to be: the invariant squared mass q2 of the lepton pair; the

angle θK between the directions of flight of the kaon and the B̄ meson in the rest frame

of the K̄∗0; the angle θl between the directions of flight of the #− and the B̄ meson in

the dilepton rest frame; and the azimutal angle φ between the two planes defined by the

lepton pair and the Kπ system2. In terms of these kinematic variables, the differential

decay distribution can be written as

d4Γ

dq2 dcos θK dcos θl dφ
=

9

32π

[
J1s sin2 θK + J1c cos2 θK + (J2s sin2 θK + J2c cos2 θK) cos 2θl

+J3 sin2 θK sin2 θl cos 2φ+ J4 sin 2θK sin 2θl cosφ+ J5 sin 2θK sin θl cosφ

+(J6s sin2 θK + J6c cos2 θK) cos θl + J7 sin 2θK sin θl sinφ+ J8 sin 2θK sin 2θl sinφ

+J9 sin2 θK sin2 θl sin 2φ

]
, (1)

The explicit dependence of the coefficients Ji(q
2) in terms of transversity amplitudes (Ai)

is given in Section 2. The point to emphasize here is that only observables that respect

1For a representative set of references discussing the phenomenology of this decay mode see [10, 11,

12, 13, 14, 15, 16, 17, 18, 19, 20].
2This definition of the kinematic variables coincides exactly with that of Refs. [9, 21]

2

� Ji terms depend on the spin amplitudes AL,R
0 ,AL,R

‖ ,AL,R
⊥ (ignoring

scalar contributions and in m` ∼ 0 limit)
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Exclusive B ! K⇤(! K⇡)l+ l� New Physics
Extracting Maximal/Clean Information from Angular Distributions

Isospin Asymmetry
Geometrical Interpretation of Angular Distribution

Di↵erential decay distributions

The decay B̄d ! K̄⇤0(! K�⇡+)l+l� with the K⇤0 on the mass shell is
described by s and three angles ✓l, ✓K and �

d4�

dq2 d cos ✓l d cos ✓K d�
=

9

32⇡
J(q2, ✓l , ✓K ,�)

q2 = s square of the lepton-pair
invariant mass.

✓l angle between ~pl� in l+l� rest
frame and dilepton’s direction in rest
frame of B̄d

✓K angle between ~pK� in the K̄⇤0 rest
frame and direction of the K̄⇤0 in rest
frame of B̄d

� angle between the planes defined by
the two leptons and the K � ⇡ planes.

 −
φ

lθ θKB0

π

K

+

 −

µ+

µ

J(q2, ✓l , ✓K ,�) =

J1s sin2 ✓K + J1c cos2 ✓K + (J2s sin2 ✓K + J2c cos2 ✓K ) cos 2✓l + J3 sin2 ✓K sin2 ✓l cos 2�

+J4 sin 2✓K sin 2✓l cos� + J5 sin 2✓K sin ✓l cos� + (J6s sin2 ✓K + J6c cos2 ✓K ) cos ✓l

+J7 sin 2✓K sin ✓l sin� + J8 sin 2✓K sin 2✓l sin� + J9 sin2 ✓K sin2 ✓l sin 2� .

Joaquim Matias Universitat Autònoma de Barcelona PRD71 (2005) 094009, JHEP 0811:032, (2008), JHEP 1010:056 (2010),JHEP 0301 (2003) 074, J.M., F.Mescia, M.Ramon, J.Virto, arXiv 2011 CERNDiscussion on the exclusive B ! K⇤(! K⇡)l+ l�: complete basis of angular observables and isospin breaking



Angular terms

In Section 7 we study the New Physics sensitivity of the proposed observables. For that

purpose we study the SM contribution including NLO effects using QCD Factorization,

hadronic uncertainties and an estimate of Λ/mb corrections. We also consider how the

SM expectations are modified in several NP scenarios. We analyze the position of the

zeroes of the observables as well as those NP scenarios that affect most strongly each of

the observables.

In Section 8 we summarize the relevant results of the paper. Finally, the core of the

mathematical machinery related to the symmetry formalism, including constructive proofs

of existence of the continuous symmetries has been collected in Appendix A. This appendix

contains the explicit form of the symmetry transformations among the amplitudes in the

massless (appendix A.1), the massive (appendix A.2) and scalar case (appendix A.3). In

appendix B we present the building blocks of the observables in the large recoil limit.

2 Symmetries of the angular distribution

The coefficients of the distribution given in Eq. (1) can be written in terms of transversity

amplitudes. In the massless case there are six such complex amplitudes: AR,L
0 , AR,L

‖ and

AR,L
⊥ . An additional complex amplitude At is required in the massive case, and in the

presence of scalar contributions a new amplitude AS must be included. The expressions

for these coefficients read,

J1s =
(2 + β2

! )

4

[
|AL

⊥|2 + |AL
‖ |2 + |AR

⊥|2 + |AR
‖ |2
]
+

4m2
!

q2
Re
(
AL

⊥AR
⊥

∗
+ AL

‖ AR
‖

∗)
,

J1c = |AL
0 |2 + |AR

0 |2 +
4m2

!

q2

[
|At|2 + 2Re(AL

0 AR
0

∗
)
]
+ β2

! |AS|2 ,

J2s =
β2

!

4

[
|AL

⊥|2 + |AL
‖ |2 + |AR

⊥|2 + |AR
‖ |2
]
, J2c = −β2

!

[
|AL

0 |2 + |AR
0 |2
]

,

J3 =
1

2
β2

!

[
|AL

⊥|2 − |AL
‖ |2 + |AR

⊥|2 − |AR
‖ |2
]
, J4 =

1√
2
β2

!

[
Re(AL

0 AL
‖

∗
+ AR

0 AR
‖

∗
)
]
,

J5 =
√

2β!

[
Re(AL

0 AL
⊥

∗ − AR
0 AR

⊥
∗
) − m!√

q2
Re(AL

‖ A∗
S + AR

‖
∗
AS)

]
,

J6s = 2β!

[
Re(AL

‖ AL
⊥

∗ − AR
‖ AR

⊥
∗
)
]

, J6c = 4β!
m!√
q2

Re(AL
0 A∗

S + AR
0

∗
AS) ,

J7 =
√

2β!

[
Im(AL

0 AL
‖

∗ − AR
0 AR

‖
∗
) +

m!√
q2

Im(AL
⊥A∗

S − AR
⊥

∗
AS))

]
,

J8 =
1√
2
β2

!

[
Im(AL

0 AL
⊥

∗
+ AR

0 AR
⊥

∗
)
]

, J9 = β2
!

[
Im(AL

‖
∗
AL

⊥ + AR
‖

∗
AR

⊥)
]

, (3)

5
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Amplitudes I
B0! K ⇤0µ+µ� decay amplitudes

At “leading order”

A
L(R)
? = N

p
2�

⇢⇥
(Ce↵

9 + C0e↵
9 ) ⌥ (Ce↵

10 + C0e↵
10 )
⇤ V(q2)

mB + mK⇤
+

2mb

q2
(Ce↵

7 + C0e↵
7 )T1(q

2)

�

A
L(R)
k = �N

p
2(m2

B � m2
K⇤)

⇢⇥
(Ce↵

9 � C0e↵
9 ) ⌥ (Ce↵

10 � C0e↵
10 )
⇤ A1(q

2)

mB � mK⇤
+

2mb

q2
(Ce↵

7 � C0e↵
7 )T2(q

2)

�

A
L(R)
0 = � N

2mK⇤
p

q2

⇢⇥
(Ce↵

9 � C0e↵
9 ) ⌥ (Ce↵

10 � C0e↵
10 )
⇤⇥

(m2
B � m2

K⇤ � q2)(mB + mK⇤)A1(q
2) � �

A2(q
2)

mB + mK⇤

⇤

+ 2mb(C
e↵
7 � C0e↵

7 )
⇥
(m2

B + 3mK⇤ � q2)T2(q
2) � �

m2
B � m2

K⇤
T3(q

2)
⇤�

At =
Np
q2

p
�

⇢
2(Ce↵

10 � C0e↵
10 ) +

q2

mµ
(Ce↵

P � C0e↵
P )

�
A0(q

2)

AS = �2N
p
�(CS � CS)A0(q

2)

Ci are Wilson coe�cients that we want to measure (they depend on
the heavy degrees of freedom).

A0, A1, A2, T1, T2 and V are form-factors
(these are e↵ectively nuisance parameters).

T. Blake B0 ! K⇤0µ+µ� 16 / 30

� Ceff
i are the Wilson coefficients (including 4-quark operator

contributions)
� Ai, Ti and Vi, are form factors typically treated as nuisance

parameters
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Amplitudes II
� At leading order in 1/mb, αs and for large EK∗ > ΛQCD (large recoil),

form factors reduce to ξ⊥,ξ‖:

With these vectors we can construct the products |ni|2 = n†
ini and n†

i nj ,

|n‖|2 = |AL
‖ |2 + |AR

‖ |2 =
2J2s − J3

β2
!

, n†
⊥ n‖ = AL∗

⊥ AL
‖ − AR

⊥AR∗
‖ =

β!J6s − 2iJ9

2β2
!

,

|n⊥|2 = |AL
⊥|2 + |AR

⊥|2 =
2J2s + J3

β2
!

, n†
0 n‖ = AL∗

0 AL
‖ + AR

0 AR∗
‖ =

2J4 − iβ!J7√
2β2

!

,

|n0|2 = |AL
0 |2 + |AR

0 |2 = −J2c

β2
!

, n†
0 n⊥ = AL∗

0 AL
⊥ − AR

0 AR∗
⊥ =

β!J5 − 2iJ8√
2β2

!

.

(7)

These quantities automatically respect the symmetries of the angular distribution, since

they can be expressed in terms of the Ji. Considering real and imaginary parts, there

are 9 real quantities that encode all the information of the angular distribution, and by

combining them one can construct systematically all possible allowed observables consis-

tent with the symmetry requirements. However they are not all independent: any set of

complex 2-vectors {n0, n‖, n⊥} satisfies

∣∣(n†
‖ n⊥)|n0|2 − (n†

‖ n0)(n
†
0 n⊥)

∣∣2 = (|n0|2|n‖|2 − |n†
0 n‖|2)(|n0|2|n⊥|2 − |n†

0 n⊥|2) . (8)

Using Eqs. (7), this relation translates precisely into the relation for the Ji given in Eq. (5).

Now that the formalism assures the systematic construction of observables that respect

the symmetries of the angular distribution, we must focus on the cancellation of hadronic

form factors. At leading order in 1/mb and αs, and at large recoil (EK∗ → ∞), the

transversity amplitudes AL,R
0 , AL,R

‖ and AL,R
⊥ can be written as:

AL,R
⊥ =

√
2NmB(1 − ŝ)

[
(Ceff

9 + Ceff′
9 ) ∓ (C10 + C′

10) +
2m̂b

ŝ
(Ceff

7 + Ceff′
7 )

]
ξ⊥(EK∗)

AL,R
‖ = −

√
2NmB(1 − ŝ)

[
(Ceff

9 − Ceff′
9 ) ∓ (C10 − C′

10) +
2m̂b

ŝ
(Ceff

7 − Ceff′
7 )

]
ξ⊥(EK∗)

AL,R
0 = −NmB(1 − ŝ)2

2m̂K∗
√

ŝ

[
(Ceff

9 − Ceff′
9 ) ∓ (C10 − C′

10) + 2m̂b(Ceff
7 − Ceff′

7 )

]
ξ‖(EK∗) (9)

where ŝ = q2/m2
B, m̂i = mi/mB, and terms of O(m̂2

K∗) have been neglected. The normal-

ization is given by

N = VtbV
∗
ts

√
β!G2

Fα
2q2λ1/2

3 · 210π5m3
B

, (10)

with λ = [q2 −(mB +mK∗)2][q2 −(mB −mK∗)2]. Therefore, at first order, we have n0 ∝ ξ‖
and n‖, n⊥ ∝ ξ⊥. This establishes a clear guideline in the construction of clean observables,

as ratios of quantities in Eq. (7) where the ξ‖,⊥ cancel [Form Factor Independent (FFI)

observables].

Before providing a complete list of observables constructed according to this procedure,

we should note the following. There are 8 independent quantities in Eq. (7) that constitute

8

� Can build form factor independent observables using ratios of bilinear
amplitude combinations [JHEP 1301(2013)048] Descotes-Genon et al. e.g:

P ′5 ∼
Re(AL

0A
L∗
⊥ −AR

0A
R∗
⊥ )√

(|AL
0|2+|AR

0 |2)(|AL
⊥|2+|AR

⊥|2+|AL
‖|2+|AR

‖ |2)
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An experimentalist’s view

� Experimentalists fit the angular distribution of B0 → K ∗0µ+µ− decays
in a particular basis, to extract observables

� Theorists use these observables to extract Wilson coefficients
� The observable basis is not set in stone

� Goal: Build any observable basis and the correlations, from a
single fit to the angular distribution

� Fitting for the amplitudes will offer a complete description of the decay
� Fitting for amplitudes improves stability of fit relative to fitting for

observables (complex relations between observables)
� Some important considerations

1 Need to account for symmetries as they will exhibit themselves as
degenerate regions in the fit

2 Account for the q2 dependence of the amplitudes
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Symmetries of the angular distribution...

� Symmetry: Transformations of the Aj ’s that leave the Ji ’s and hence
the differential decay distribution invariant.

� Number of degrees of freedom of Ji ’s (“experimental”) and of Aj ’s
(“theoretical”) must match.

� Account for dependencies between Ji ’s (nd) and symmetries of Aj ’s
(ns) with nJ − nd = 2nA − ns .

� 6× 2 = 12 real Aj parameters, 8 independent Ji ’s (in the limit of
m` = 0 and no scalar operators).

� Thus 4 symmetry transformations.

K.A. Petridis (ICL) B0 → K∗0µ+µ− UK flavour workshop 2013 8 / 21

[JHEP10(2010)056] Egede et al.



A bit more on symmetries...

� Define the basis:

A Symmetry Formalism

In this appendix we complete the symmetry approach to the angular distribution that was

originally presented for the massless case in Ref. [7]. We present two different formalisms

to describe the distribution. The first formalism, constructed using unitary matrices

and two-component complex vectors, will be appropriate to describe both the massless

and massive cases. However, in order to introduce the scalar contributions a more general

formalism is required. This second more powerful formalism introduces, instead, ortogonal

matrices and four-component vectors and is valid for all cases.

We follow here a bottom-up approach, from the simplest (massless) case to the gen-

eral case (massive with scalars). We also recall the solution of the system, expressing

transversity amplitudes in terms of J ’s, in the massless case (see Ref. [7]), while the full

solution to the system in the general case will be presented elsewhere [36].

The importance of determining these symmetries is mainly twofold. On the one hand,

from the experimental point of view, the symmetries allow to identify all correlations be-

tween the coefficients of the distribution that may affect the stability of the fit; but they

are also helpful to determine which amplitudes can be consistently put to zero, in order to

simplify the system and consequently the fit. On the other hand, they provide you with an

alternative procedure to construct observables directly in terms of the transversity ampli-

tudes: verifying that they are invariant in the first place, and afterwards, translating their

expression in terms of transversity amplitudes to an expression in terms of the measured

coefficients Ji of the distribution (an example of this procedure was the observable A
(5)
T

designed in [7]).

A.1 Symmetries of the massless distribution

In this section we review the symmetry formalism for the massless angular distribution,

as presented originally in Ref. [7].

The six complex amplitudes present in this case can be arranged into three complex

vectors:

n‖ =

(
AL

‖
AR∗

‖

)
, n⊥ =

(
AL

⊥
−AR∗

⊥

)
, n0 =

(
AL

0

AR∗
0

)
. (58)

All the coefficients Ji can be expressed in terms of the products n†
i nj :

J1s =
3

4

(
|n⊥|2 + |n‖|2

)
, J1c = |n0|2 , J2s =

1

4

(
|n⊥|2 + |n‖|2

)
,

J2c = −|n0|2 , J3 =
1

2

(
|n⊥|2 − |n‖|2

)
, J4 =

1√
2
Re(n†

0 n‖) ,

J5 =
√

2 Re(n†
0 n⊥) , J6s = 2 Re(n†

⊥ n‖) , J7 = −
√

2 Im(n†
0 n‖) ,

J8 = − 1√
2
Im(n†

0 n⊥) , J9 = −Im(n†
⊥ n‖) , J6c = 0 . (59)

24

� Continuous transformations:

A symmetry of the angular distribution will therefore be a unitary transformation U

acting in the same way on n0, n‖ and n⊥, that is: ni → Uni. Such a symmetry has four

independent parameters, and can be written as:

n
′
i = Uni =

[
eiφL 0

0 e−iφR

][
cos θ − sin θ

sin θ cos θ

][
cosh iθ̃ − sinh iθ̃

− sinh iθ̃ cosh iθ̃

]
ni . (60)

Of course, other parametrizations are possible, but we prefer to keep this one to make an

easy contact with the generalization to the massive case and the notation introduced in

Ref. [7]. The matrix U defines the four symmetries of the massless angular distribution:

two global phase transformations (φL and φR), a rotation θ among the real and imaginary

components of the amplitudes independently and another rotation θ̃ that mixes real and

imaginary components of the transversity amplitudes.

A.1.1 Solution to the massless distribution

We can now use these symmetries to reduce the number of theoretical parameters and

solve for the transversity amplitudes in terms of the coefficients J ’s. It is instructive to

use only three out of the four symmetries and see how the extra freedom related to the

fourth symmetry arises from the equations. This extra freedom gives rise to the non-linear

relation between the J ’s given in Eq. (5).

Using the symmetries we choose to fix the following amplitudes to zero: AL
‖ = 0 and

ImAR
‖ = 0. We achieve this configuration easily using the rotation phases φL and φR to

set the phases of AL
‖ and AR

‖ to zero. Then a rotation by an angle θ given by

tan θ =
ReAL

‖
ReAR

‖
(61)

will also set the modulus of AL
‖ to zero.

With these simplifications, rewriting the products n†
i nj in this configuration, and

taking into account Eqs. (59), one gets immediately:

AL
‖ = 0 , AR

‖ =
√

2J2s − J3 ,

AR
⊥ = − J6s − 2iJ9

2
√

2J2s − J3

, AR
0 =

2J4 − iJ7√
4J2s − 2J3

. (62)

The remaining equations involving the last two amplitudes (AL
⊥ and AL

0 ) lead to [7]

ei(φL
0 −φL

⊥) =
2(2J2s − J3)(J5 + 2iJ8) − (2J4 + iJ7)(J6s − 2iJ9)√

16J2
2s − 4J2

3 − J2
6s − 4J2

9

√
2J1c(2J2s − J3) − 4J2

4 − J2
7

, (63)

where φL
0 and φL

⊥ are the phases associated to the amplitudes AL
0 and AL

⊥. The relation

between the Ji coefficients (Eq. (5)) arises naturally from imposing in Eq. (63) that the

modulus of this phase difference should be one. Notice also that the freedom to choose

25

� φL,R are global phase changes of left and right handed amplitudes, θ
and θ̃ are helicity+handedness transformations.
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...and a bit more...

� Implement symmetry as a constraint on a set of amplitudes in order to
have a well defined minimum in the angular fit

� Can choose to fix any 4 components as long as:
1 Solutions for φL,R ,θ,θ̃ exist,
2 Transformed amplitudes can be parametrised by smooth function in q2

NB: The form and symmetries of the amplitudes in the large recoil
region, give rise to 8 observables, 6 of which are form factor
independent and 2 which contain information on form factors.[JHEP
1204(2012)104] Descotes-Genon et al.
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Parametrising amplitudes in q2

� Focus on 1 < q2 < 6GeV2 region mainly due to:
1 Potential resonant di-muon structures below 1 and above 6GeV2

complicate situation
2 Set of symmetries only apply only in mµ ∼ 0 limit

� Squinting at L.O. amplitude expression can see a general
parametrisation:

Ai ∼ αi + βiq
2 + γi/q

2

� 3 parameters per real amplitude component gives 24 amplitude
parameters (accounting for constraints) per B0 flavour
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Fitting for the amplitudes

� Original attempt in [JHEP10(2010)056] Egede et al.

� Amplitudes parametrised as 2nd order polynomials in q2

� Choice of A′L‖ = 0,Im(A
′R
‖ ) = 0,Im(A

′L
⊥) = 0 leads to:

 (GeV)2q
1 2 3 4 5 6

a
z
l_

im

1

0.5

0

0.5

1
transformed

original

� Solution was to fit for 2.5 < q2 < 6GeV.
� Propose a (better/physics) choice: A

′R
0 = 0,Im(A

′L
0 ) = 0,Im(A

′R
⊥ ) = 0
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 (GeV)2q
1 2 3 4 5 6

a
p

l_
im

0.02

0

0.02

0.04

0.06

0.08

0.1
transformed from system

original

 (GeV)2q
1 2 3 4 5 6

a
p

l_
re

0.3

0.2

0.1

0

0.1

0.2

0.3 transformed from system

original

 (GeV)2q
1 2 3 4 5 6

a
tl

_
im

0.1

0.08

0.06

0.04

0.02

0

0.02
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� Smooth behaviour of transformed amplitudes
� Also holds for wide range of new physics scenarios
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Fit procedure

� Generate and fit toy datasets using rough
estimates of signal and background yields
in the 3 fb−1 LHCb dataset.

� Signal generated using EOS central value
amplitude predictions in the SM.
[JHEP1007(2010)098] Bobeth, van Dyk et
al.

� Use “α, β, γ” parametrisation to fit it
back.

� Effects not yet accounted for:
1 S-wave in Kπ system.
2 Detector bias of angular

distribution.

� Results should be treated as a proof of
principle.
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Results of amplitudes

� Results from ensembles of
toy-experiments

� Stable fit behaviour, well defined
error matrix

� Discrete degeneracies of
amplitudes in full angular fit due
to form of angular coefficients

� Degeneracies not present in Ji ’s
(bilinear combinations of
amplitudes) 0
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From amplitudes build the Js
3 fb−1 toy data
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From Js build observables

3 fb�1 toy data
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EOS [JHEP1007(2010)098] Bobeth et. al.

⌘ Choice of Amplitude q2 parametrisation faithfully reproduces q2 dependence
of observables
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From Js build observables
3 fb−1 toy data
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EOS [JHEP1007(2010)098] Bobeth, van Dyk et al.

� Can build any observable, e.g form factor independent P2
and P ′5 [JHEP 1301(2013)048] Descotes-Genon et al.

� Choice of Amplitude q2 parametrisation faithfully reproduces q2 dependence
of observables
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From Js build observables
3 fb−1 toy data
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(*) EOS prediction with 15% uncertainty on sub-leading corrections [JHEP08(2012)030] Beaujean et al.

� Full q2 shape information increases significance
� Combine observables to maximise sensitivity

� p-value to SM can be calculated using various observable bases.
� Correlations need to be taken into account.
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Other q2 regions

� This study focused on 1 < q2 < 6GeV2 region

� A lot of interest for low recoil and q2 < 1GeV

� Separate treatment required. Ongoing effort in LHCb
� Potential light and cc̄ resonances
� Different binning required, single bin preferable for theory predictions?
� Could use resonances to extract additional information
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Information transfer

� Accurate interpretation of measurements require correlations of
observables, precise confidence intervals

� This information is available to experimentalists through the
likelihood/dataset

� Ongoing discussion within LHCb how best to provide results to theory
community

� Input required from interested theory groups
� Is parametrisation of amplitudes satisfactory?
� Are observables preferable
� ...etc...

� Tools like EOS allow experimentalists to extract Wilson coefficients
� Care needs to be taken on treatment of theory uncertainties
� A general consensus on form of prior, size, correlations etc, would be

useful
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Conclusions

� Recent LHCb measurements have revealed interesting phenomena in
the sector of electroweak penguin transitions

� A lot of work within LHCb to provide a comprehensive set of
measurements in B0 → K (∗0)µ+µ− and related decays

� Full angular analysis including a q2 parametrisation seems possible
with the current dataset (1 < q2 < 6GeV2)

� A lot of work required. Ongoing effort on measurements in rest of q2

region.
� Input from theory community is vital
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