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Recent LHCb results

Recent LHCb measurements

Observable SM prediction Measurement
Rlow

K∗ 0.92 ± 0.02 [Capdevila et. al.] [0.58, 0.77] [Aaij et. al.]
Rcen

K∗ 1.00 ± 0.01 [Bordone et. al.] [0.60, 0.81] [Aaij et. al.]
[D-Genon et. al.]

Definition of the observable

RK∗ ≡
B(B̄d −→ K̄∗µ+µ−)

B(B̄d −→ K̄∗e+e−)

q2(≡ (p`+ + p`−)2) bins: (a) Low bin [0.045, 1.1], and
(b) Central bin [1.1, 6] GeV2

Rcen
K 1.00 ± 0.01 [Bordone et. al.] [0.66, 0.84] [Aaij et. al.]
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Some previous results: inclusive modes

Blow(high)
Xs``

≡ B(B̄d −→ Xs`
+`−), q2 ∈ [1, 6] ([14.2, 25])

Observable SM prediction Measurement

Blow
Xsµµ
× 106 1.59± 0.11 [Huber] [0, 1.53] [Lees]

Bhigh
Xsµµ
× 106 0.24± 0.07 [0.31, 0.91]

Blow
Xsee × 106 1.64± 0.11 [1.42, 2.47]

Bhigh
Xsee × 106 0.21± 0.07 [0.38, 0.75]
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Effective Lagrangian

At quark level, all the decays we are concerned about, proceed
via b −→ s flavor changing transitions. [Chetyrkin et. al.,
Bobeth et. al.]

Leff = −
4GF√

2

αem

4π
VtbV∗ts

C1O
c
1 + C2O

c
2 +

6∑
i=3

CiOi +
10∑

i=7

CiOi +
∑

i=7,9,10

Ci′Oi′ +
∑

i=S,P,S′,P′,T,T5

CiOi



Dimension 6 local operators
O7(7′) =

1

e
mb[sσµνPR(L)b]Fµν

O9(9′) = [sγµPL(R)b][`γµ`], O10(10′) = [sγµPL(R)b][`γµγ5`]

OS(S′) = [sPR(L)b] [``], OP(P′) = [sPR(L)b][`γ5`]

OT = [sσµνb][`σµν`], OT5 = [sσµνb][`σµνγ5`]

Photonic dipole operators O7(7′) have universal contributions
modulo lepton mass effects and hence, can not provide an
explanation of the R∗

K anomalies once bound from B −→ Xsγ is
taken into account [Descotes-Genon, Ghosh, Matias, Ramon].

For form-factors, we use [Bouchard] for B −→ K matrix
elements and [Straub] for the B −→ K∗ matrix elements.
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Only Tensor operators
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Left panel: ∆Ce
T5 ∼ ±1 explains Rcen

K∗ and Rlow
K∗ simultaneously.

Right panel: ∆Ce
T5 ∼ ±1 can not reduce Rcen

K . It is far way from
the allowed band. Hence a simultaneous explanation of Rcen

K ,
Rcen

K∗ and Rlow
K∗ is not possible.

All statements made here for ∆Ce
T5 applies equally for ∆Ce

T .
∆CµT : any non-zero value for them lead to RK > RSM

K and
RK∗ > RSM

K∗ and thus, tensor operators in the muon sector are
ruled out.
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Combination of vectors and Tensors: ∆Ce
9 - ∆Ce

T5 plane

-2 -1 0 1 2
-2

-1

0

1

2

ΔC9
e

Δ
C
T
5
e

RK*
low

RK*
cen

RK

-2 -1 0 1 2
-2

-1

0

1

2

ΔC9
e

Δ
C
T
5
e

ℬXsll
low ℬXsll

high
RK*
low⋂RK*

cen⋂RK

The black shaded region is outside the ∆Ce
T5 = 0 line, and hence

no simultaneous solutions are possible with only ∆Ce
9.

The black shaded region in the right panel has a small overlap
with blue and red regions.
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Combination of vectors and Tensors: ∆Cµ
9 - ∆Cµ

T5e plane
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Simultaneous explanation is in tension.
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∆C9 = −∆C10 - ∆Cµ
T5 planes
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SU(2)× U(1)Y gauge invariance

Tensor operators do not get generated at the dimension-6 level.
Some dimension-8 operators

1.
CYd Y`

Λ4
[̄sRσ

µνQ3H̃][̄e`RσµνL`H̃] −→
1

2
CYd Y`

v2

Λ4
[̄sRσ

µνbL][̄e`Rσµν e`L] =
1

4
CYd Y`

v2

Λ4
(OT −OT5)

2.
CsLeQ

Λ4
[̄sRL`H̃][̄e`RQ3H̃] −→

CsLeQ

Λ4

( 1

2
[̄sRQ3H̃][̄e`RL`H̃] +

1

8
[̄sRσ

µνQ3H̃][̄e`RσµνL`H̃]

)

=
1

8
CsLeQ

v2

Λ4

(
OS′ −OP′ +

1

4
OT −

1

4
OT5

)

The second operator is much easier to generate and common.
However it satisfies

∆Ce
S′ = −∆Ce

P′ = 4∆Ce
T5 = −4∆Ce

T .
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SU(2)× U(1)Y gauge invariance
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∆Ce
S′ = −∆Ce

P′ ≈ 3⇒ Λ ∼ (CsLeQ)1/4 1.5 TeV.

Unfortunately, for such large values of ∆Ce
S′ , Bee exceeds the

experimental upper bound.
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THANK YOU
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