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Anomalies in flavor physics

Flavor changing neutral currents
(FCNCs), potential probe of
physics at higher energy scales →
loop-suppressed amplitudes
within the Standard Model (SM).

Deviations in few angular
observables (P ′5 ∼ 3σ) and
theoretically clean ratios (RK
and RK∗) from their respective
SM predictions.
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Theory

Matching between the Standard Model and the effective theory
amplitudes → Wilson coefficients at the scale µ0 ∼ MW .
Renormalization group evolution of the Wilson coefficients down to the
scale µ0 ∼ mb.

Heff = −4GF√
2

(
λtH(t)

eff + λuH(u)
eff

)
(1)

H(t)
eff = C1Oc1 + C2Oc2 +

6∑
i=3

CiOi +
∑

i=7,8,9,10,P,S
(CiOi + C ′iO′i)

H(u)
eff = C1(Oc1 −Ou1 ) + C2(Oc2 −Ou2 ) .

W.C’s → encode short-distance physics and possible NP effects.
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Operator basis

O1 = (s̄αqβ)V−A(q̄βbα)V−A,
O2 = (s̄q)V−A(q̄b)V−A,
O3 = (s̄b)V−A

∑
q

(q̄q)V−A,

O4 = (s̄αbβ)V−A
∑
q

(q̄βqα)V−A,

O5 = (s̄b)V−A
∑
q

(q̄q)V+A,

O6 = (s̄αbβ)V−A
∑
q

(q̄βqα)V+A,
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Operator basis

O7 = e

g2mb(s̄σµνPRb)Fµν , O
′

7 = e

g2mb(s̄σµνPLb)Fµν ,

O8 = 1
g
mb(s̄σµνT aPRb)Gµν , O

′

8 = 1
g
mb(s̄σµνT aPLb)Gµν ,

O9 = e2

g2 (s̄γµPLb)(l̄γµl), O
′

9 = e2

g2 (s̄γµPRb)(l̄γµl),

O10 = e2

g2 (s̄γµPLb)(l̄γµγ5l), O
′

10 = e2

g2 (s̄γµPRb)(l̄γµγ5l),

OS = e2

16π2mb(s̄PRb)(l̄l), O
′

S = e2

16π2mb(s̄PLb)(l̄l),

OP = e2

16π2mb(s̄PRb)(l̄γ5l), O
′

P = e2

16π2mb(s̄PLb)(l̄γ5l) (2)
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Experimental Inputs

B(0,+) → K(0,+)µ+µ− : Differential branching fractions and isospin
asymmetries (LHCb and Belle), binned data on the angular
observables(AFB and FH) for B+ → K+µ+µ− (CMS) and inputs on RK
(LHCb and Belle).

B → K∗µ+µ− : Differential branching fractions and isospin asymmetries
(LHCb), angular observables in B0 → K∗0µ+µ− decays (LHCb and
ATLAS), P ′4 and P ′5 for B0 → K∗0µ+µ−(Belle) and RK∗ (LHCb and
Belle).

Bs → φµ+µ− : Differential branching fractions and angular observables
(LHCb).

Bs → µµ : Branching fraction (HFLAV 2019).
Radiative modes.
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Decay distribution

For a vector meson in final state :

1
d(Γ + Γ̄)/dq2

d4(Γ + Γ̄)
dq2dΩ

=
9

32π

[
3
4

(1− FL)sin2
θK

+ FLcos
2
θK

+
1
4

(1− FL)sin2
θKcos2θl − FLcos

2
θKcos2θl

+ S3sin
2
θKsin

2
θlcos2φ+ S4sin2θKsin2θlcosφ

+ S5sin2θKsinθlcosφ

+
4
3
AF Bsin

2
θKcosθl + S7sin2θKsinθlsinφ

+ S8sin2θKsin2θlsinφ+ S9sin
2
θKsin

2
θlsin2φ

]
(3)

P1 = 2S3
1−FL

, P2 = 2
3

AF B
(1−FL) , P3 = −S9

1−FL
, P

′
i=4,5,6,8 =

Sj=4,5,7,8√
FL(1−FL)

Normalized angular distribution for pseudoscalar meson :

1
Γl

dΓl

dcosθ
=

3
4

(1− F l
H)(1− cos2θ) +

1
2
F

l
H + A

l
F Bcosθ (4)
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Analysis

Complex new physics WCs : C ′7, ∆C9, C ′9, ∆C10, C ′10, CS , C ′S , CP and
C
′

P .

3 datasets: Moment(LHCb 2016), Likelihood(LHCb 2016),
Likelihood(LHCb 2020) - No asymmetric observables.

Statistical analysis optimizing a χ2 statistic.

χ2(CNP ) = [Oexp −Oth(CNP )]T [Cexp + Cth]−1[Oexp −Oth(CNP )]

In the post-process for each fit, obtain fit-quality using p-value and find
outliers.

Model selection out of all possible combinations of the WCs(1022
combinations - Real + Real and Imaginary) - Akaike’s Information
Criterion (AICc) and cross - validation.

Ipsita Ray New physics effects in b → s transitions



One operator scenarios
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Results (Likelihood 2020 dataset)
With CP-asymmetric observables only in Bs → φµµ -

χ2
Min/DOF p-value (%) Scenario

206.517/211 57.4 Re(∆C9)→ −1.05± 0.11
202.889/210 62.5 Re(∆C9)→ −1.10± 0.11

Im(∆C9)→ 1.27+0.33
−0.43

Without any CP-asymmetric observables -
χ2

Min/DOF p-value (%) Scenario

198.226/199 50.2 Re(∆C9)→ −1.05± 0.11
194.926/198 54.8 Re(∆C9)→ −1.11± 0.12

Im(∆C9)→ −1.36+0.44
−0.34 ∪ [0.84, 1.59]

With CP-asymmetric observables in both Bs → φµµ and B → K∗µµ
(From Likelihood 2016 dataset) -

χ2
Min/DOF p-value (%) Scenario

239.768/246 60 Re(∆C9)→ −1.06± 0.11
238.105/245 61.2 Re(∆C9)→ −1.09± 0.11

Im(∆C9)→ −1.11+0.62
−0.4
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Parameter spaces
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Observables sensitive to Im(∆C9)
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Observables responsible for sign change in Im(∆C9)
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Observables responsible for sign change in Im(∆C9)
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Model Selection
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Model Selection
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Model Selection

Akaike’s Information Criteria -

AICc = χ2
min + 2K + 2K(K+1)

n−K−1 ,

n = sample size and K = no. of parameters

Selected models : ∆AICic = AICic - AICminc

Cross-Validation (LOOCV) -
One of the data points left out and the rest of the sample (“training set”)
optimized for a particular model.
Result used to find the predicted squared error (SE) for the left out data
point.
Repeated for all data points and calculate MSE for the model.
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Selected models (∆AICc ≤ 6, MSEX-val < 1.5)
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Predictions of RK∗ and P
′

5
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Conclusions

O9 is the only one operator scenario with both real and complex W.Cs
that is capable of explaining the present data.

In all other one operator scenarios, the quality of fits are very poor, with
the respective p-values ∼ 0.

O9 with complex WC, though not the best model, is the only
one-operator scenario passing all the selection criteria. Some two, three
and four-operator scenarios are selected as well, and all of these contain
O9(with real or complex WC) as one of the operators.
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