
P
o
S
(
E
P
S
-
H
E
P
2
0
1
1
)
1
7
0

Exploring New Physics in the C7-C7′ plane

Sébastien Descotes-Genon ∗

Lab. de Physique Théorique, CNRS/Univ. Paris-Sud 11 (UMR 8627), 91405 Orsay, France

Diptimoy Ghosh

Tata Institute of Fundamental Research, Homi Bhabha Road, Mumbai 400005, India

Joaquim Matias and Marc Ramon

Universitat Autonoma de Barcelona, 08193 Bellaterra, Barcelona, Spain

We discuss the model dependence in the determination of the Wilson coefficientC7 that governs
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sured observables like the branching ratios ofB → Xsµ+µ− andB → Xsγ, the isospin and CP

asymmetries inB→K∗γ, as well asAFB andFL in B→K∗ℓ+ℓ−, adding the LHCb measurements

presented at this conference. We explore the constraints onC7,C9,C10 as well as their chirality-

flipped counterparts. We also discuss the transverse asymmetry A(2)
T which, once measured, may

help to disentangle some of the scenarios considered.
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Figure 1: On the left: class-I observables at 1σ , AI (solid blue region with a white disk),Br(B → Xsγ)
(orange ring) andSK∗γ (red cross). The three regions allowed by the intersection of the three constraints are
depicted in black. The Wilson coefficients are taken atµb = 4.8 GeV, andδCi is the deviation with respect to
the SM value [corresponding to(δC7,δC7′) = (0,0)]. On the right: envelopes of theq2-dependence forA(2)

T

under Scenario A for the two regions allowed by class-I and class-III observables. The yellow (respectively
pink) envelope corresponds to(δC7,δC7′) in the magenta area close to the SM region (resp. in the circlein
the lower “inverted” region) on the right (resp. left) panelof fig. 2.

The very good agreement between the Standard Model (SM) expectations and experimen-
tal data in flavour physics sets particularly stringent constraints on any model of New Physics
(NP). A promising field to identify patterns of NP from experiment is provided by radiative (and
dileptonic) b → s decays, as these loop processes, to be measured extensivelyat LHCb, have a
potential sensitivity to phenomena beyond the Standard Model. In ref. [1], we proposed to focus
on the electromagnetic operatorO7 and its chirally-flipped counterpartO7′ , defined in the effective
Hamiltonian approach, as tools to search for New Physics in asystematic way. These coefficients
play here a similar role to thēρ andη̄ parameters in the studies of the unitarity triangle.C7 andC7′

do not exhaust all the information that can be obtained concerning NP, exactly as̄ρ andη̄ are not
sufficient to describe the full structure of the CKM matrix, but they provide an interesting summary
of the situation and a good starting point to investigate NP contributions. Ourframeworkis defined
by considering that NP enters inOi with i = 7,9,10 (electromagnetic and semileptonic operators),
together with the chirally-flipped operatorsOi′ with i = 7,9,10. Within this framework, threesce-
narios A,B,Ccorrespond to switching on NP step by step:A) NP affects the electromagnetic dipole
operatorsO7, O7′ , B) NP enters not onlyO7, O7′ , but also the semileptonic operatorsO9 andO10,
C) all operatorsO7,9,10 and (chirally-flipped)O7′,9′,10′ can receive NP contributions.

We assume that NP enters only these operators, and that theirWilson coefficients are real. If
no solution compatible with all constraints is found at the end of our analysis, within our defined
framework, the next step consists in generalizing the framework to other operators. Accordingly,
we classify our observables, chosen for their limited sensitivity to hadronic uncertainties and/or
their important impact on the Wilson coefficients, in threeclasses:
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Figure 2: Constraint from class-III observablesBr(B→ Xsµ+µ−) (left), ÃFB (middle) andF̃L (right) at 1σ
in the(δC7,δC7′) plane in Scenario A together with the three (black) regions allowed by class-I observables.
The magenta circle (left) and area (right) indicate the two regions where the three constraints are all satisfied.

1) Class-I observablesmainly sensitive toO7 andO7′ , but not toOi=9,10,9′ ,10′ : the branching
ratio of the inclusive radiative decayB→ Xsγ , as well as the isospin asymmetry (AI ) and the CP-
asymmetry (SK∗γ ) of the exclusive decayB→ K∗γ .

2) Class-II observablesexclusively sensitive toO7 andO7′ , to semileptonic operatorsO9 and
O10 and their chiral counterpartsO9′ , O10′ . Even within more general frameworks, only these
operators occur inA(2)

T , an asymmetry defined from an uniangular distribution ofB→ K∗ℓ+ℓ− [4].

3) Class-III observablesthat are sensitive to all the previous operators, and in addition they
may exhibit a sensitivity to NP contributions from other operators (scalars, tensors, chromomag-
netic. . . ): this occurs forBr(B→ Xsℓ

+ℓ−) and observables from the angular distribution ofB→

K∗(→ Kπ)ℓ+ℓ− (forward-backward asymmetryAFB, longitudinal polarisationFL).

For exclusive quantities, we work within QCD factorisation[2] to simplify the analysis of the
form factors, and we consider only averaged data over the low-q2 region (invariant leptonic mass
from 1 to 6 GeV2). In ref. [1], we provided semi-numerical formulae for our observables (see
also this reference for the inputs and methods used), allowing us to exploit the experimental results
available for these observables easily. In the present proceedings and in an upcoming addendum [1],
we provide updated results including the LHCb results presented in this conference, shifting the
inputs accordingly:ÃFB = 0.33+0.22

−0.24 → 0.04±0.12 andF̃L = 0.60+0.18
−0.19 → 0.60±0.09. The reader

may compare with ref. [1] to identify the differences induced by these changes.

We start our analysis by considering the constraints on(C7,C7′) from the three class-I observ-
ables (left panel of fig. 1). They overlap on three (black) regions: one lies around the SM value,
whereas two “inverted” ones are located whereC7 vanishes and|C7′ | is of the same magnitude as
|CSM

7 |. Despite the lesser theoretical control on the isospin asymmetryAI in B→ K∗γ , this observ-
able proves interesting in discarding the so-called “flipped-sign” solution(C7,C7′) = (−CSM

7 ,0)

discussed some time ago in connection with the apparent lackof zero in theB→ K∗ℓ+ℓ− forward-
backward asymmetryAFB [3]. From our classification of observables, we know that these con-
straints on(C7,C7′) will hold for all the three scenarios discussed to be discussed now.

In Scenario A(NP only in electromagnetic dipole operators), the class-III observables con-
strainC7 andC7′ further, as shown in fig. 2. Their overlap selects a region around the SM-like
solution [(C7,C7′) ≃ (CSM

7 ,0), magenta region on the right panel] and another at the edge ofthe
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Figure 3: On the left: overlap of the constraints from class-III observablesBr(B→ Xsµ+µ−) (green ring
with an excluded central red region),AFB (brown cross) andFL (dark gray area with a central inlet) at 1σ
in the(δC9,δC10) plane in Scenario B. The constraints imposed by their intersection are shown as a black
crescent. In the middle and on the right: constraints from class-III observableBr(B → Xsµ+µ−) at 1σ in
the(δC9,δC10) and(δC9′ ,δC10′) planes in Scenario C. In both scenarios, the regions shown are compatible
with the constraints onδC7 andδC7′ imposed by class-I observables on the left panel in fig. 1.

“inverted” lower region [(C7,C7′) ≃ (0,CSM
7 ), circle on the left panel]. The two regions can be

distinguished by theq2-variation of theB → K∗ℓ+ℓ− transverse asymmetryA(2)
T (right panel of

fig. 1) which almost vanishes at moderateq2 for the SM-like solution and becomes negative for the
“inverted” one.In Scenario B(NP affecting also semileptonic operators), the class-IIIobservables
turn out to constrain onlyC9,C10, as shown in the left panel of fig. 3.C10 is also bound by the
updated upper limit onBr(Bs → µ+µ−), indicated by the light horizontal bands on the same plot.
The overlap of all constraints yield a (black) region in the(C9,C10) plane, whereas(C7,C7′) must
remain in the three (black) regions on the left-hand side of fig. 1. In Scenario C(presence of right-
handed semileptonic operators in addition to the previous contributions), onlyBr(B → Xsµ+µ−)

turns out to be relevant in the(C9,C10,C9′ ,C10′) space due to its quadratic structure that translates
into elliptic constraints in each plane, as indicated in themiddle and right panels of fig. 3. Unfor-
tunately, in both scenarios B and C, the large uncertainty onsemileptonic WCs leads to values of
A(2)

T spanning all its potential range, so that no firm prediction can be achieved.
An extension of the present analysis is planned, relying on amore careful statistical analysis,

considering theq2-variation of theB→K∗ℓ+ℓ− observables rather than their integrated values, and
including a larger set of observables and NP operators (scalar, tensors. . . ).
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