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Introduction

Flavour Changing Neutral Currents (FCNC) are forbidden in Standard
Model (SM) at tree level:

Supressed (Rare processes)

Potential interences from NP diagrams

NP contributions could significantly change the value of observables

This talk focus on FCNC in b-decays: b → s(d)
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Introduction

Model independent description by EFT: Operator product expansion.

W− bosons only couple to left-handed quarks =⇒ right-handed
currents suppressed

Wilson Coefficients (Ci ) parametrize coupling strength and describe
loop part of the diagrams

Looking for deviation w.r.t SM prediction:{
Ci = CSMi + CNPi

C′i = C′NPi
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Experimental status

Tensions w.r.t SM in several decay channels with a b → sll transition
from:

Branching ratios

Angular observables

Lepton Flavour Universality tests (see Marco Santimaria’s talk)

JHEP06(14)133 JHEP02(16)104 PRL113(14)151601
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Experimental status

Global fits show possible NP contributions in C9 or both C9 and C10

[M.Alguero et al, arXiv:1903.09578]:

Several models including Leptoquarks and Z ′ have arisen to explain
these deviations
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Radiative decays

Rare decays with a b → sγ transition

Mostly sensitive to C7 and C ′7 through photon polarization:

αγ =
P(γL)− P(γR)

P(γL) + P(γR)
αγ

LO =
|C7|2 − |C ′7|2
|C7|2 + |C ′7|2
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Time-dependent analysis of Bs → φγ decay

Time-dependent decay rates of Bs → φγ and Bs → φγ grant access to
photon polarization:

ΓBs→φγ(t) ∝ e−Γs t
[

cosh
(

∆Γs t
2

)
−A∆

φγ sinh
(

∆Γs t
2

)
+ Cφγ cos (∆ms t)− Sφγ sin (∆ms t)

]
ΓBs→φγ(t) ∝ e−Γs t

[
cosh

(
∆Γs t

2

)
−A∆

φγ sinh
(

∆Γs t
2

)
− Cφγ cos (∆ms t) + Sφγ sin (∆ms t)

]

A∆
φγ and Sφγ are sensitive to photon polarization

Cφγ is related to direct CP violation

SM prediction close to zero for A∆
φγ , Cφγ and Sφγ

Previous: A∆
φγ measured in untagged analysis with Run I data at

LHCb [LHCb: PRL118(2017)021801]

New: Sφγ and Cφγ measurement using flavour tagging
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Time-dependent analysis of Bs → φγ: Mass fit

Mass fit of Bs → φγ (signal) and B → K ∗γ (control) decays
Using Run 1 data at LHCb [LHCb: arXiv:1905.06284]

Background subtracted with sPlot technique, fitting the B mass
Signal: Double-side Crystal Ball
Combinatorial: First order polynomial
Partially reconstructed: ARGUS convoluted with a Gaussian

Signal: Bs → φγ Control: B → K ∗γ
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Time-dependent analysis of Bs → φγ: Proper time fit

Analysis strategy:

Simultaneous unbinned ML fit to Bs → φγ (signal) and Bs → K ∗γ
(control) channels
Mis-tag probability and resolution evaluated per event

Tag: Bs Tag: Bs Untag
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Sφγ = 0.43± 0.30± 0.11,

Cφγ = 0.11± 0.29± 0.11,

A∆
φγ = −0.67 +0.37

−0.41 ± 0.17

Compatible with SM at 1.3, 0.3, 1.7 σ

First measurement of S and C in the
Bs → φγ decay [LHCb: arXiv:1905.06284]
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SCP and CCP in b → sγ transitions

SCP CCP

3− 2− 1− 0 1 2

γφ
LHCb Unofficial 

0.32 ±0.43 

γφsK Average HFLAV 
0.90±0.74 

γ0ρsK Average HFLAV 
0.23 ±-0.06 

γηsK Average HFLAV 
0.42 ±-0.49 

γ0πsK Average HFLAV
0.20±-0.15 

γK* Average HFLAV 
0.22±-0.16 

3− 2− 1− 0 1 2

γφ
LHCb Unofficial 

0.31 ±0.11 

γφsK Average HFLAV 
0.60±-0.35 

γ0ρsK Average HFLAV 
0.14 ±-0.22 

γηsK Average HFLAV 
0.29 ±0.06 

γ0πsK Average HFLAV
0.12±-0.07 

γK* Average HFLAV 
0.14±-0.04 

Measurement competitive with other results from b-factories
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Search for Λ0
b → Λ0γ decay

Recontruction is very challenging: no Λ0
b vertex

No direction from γ cluster
Λ is a long-lived particle (LLP) =⇒ Λ0

b vertex 6= Λ vertex

SM prediction: B(Λ0
b → Λ0γ) = 10−7 − 10−5
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Search for Λ0
b → Λ0γ decay

First observation of Λ0
b → Λ0γ using 2016 data (1.7 fb−1)

[LHCb: arXiv:1904.06697]

Signal excess of 5.6σ significance

Signal: Λ0
b → Λ0γ Control: B → K ∗γ
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Photon polarization in Λ0
b → Λ0γ

The Λ0
b → Λ0γ observation opens the possibility for direct measurement of

photon polarization (αγ) in b-baryon decays [arXiv:1902.04870]:

ΓΛb
(θγ , θp) = 1− αΛPΛb

cos θpcos θγ −αγ

(
αΛcos θp − PΛb

cos θγ
)

Integrating in helicity angles:

ΓΛb
(θγ) =

1

4

(
1−αγPΛb

cos θγ
)

ΓΛb
(θp) =

1

4

(
1−αγαΛcos θp

)
The decay parameters are:

PΛb
= 0.00± 0.06(stat)± 0.06(sys) [CMS: PRD97(2018)072010]

αΛ = 0.642± 0.013 [PDG 2018]
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Other remarkable channels: Ξ−b → Ξ−γ

The Ξ−b → Ξ−γ decay is also sensitive to photon polarization through
angular distribution [arXiv:1902.04870]:

Two long-lived particle
involved

Extra decay

Additional helicity angle

ΓΞ−b
(θΞ, θΛ, θp) ∝ 1 + αΛαΞ cos θp − αγαΞ cos θΛ − αγαΛ cos θΛ cos θp

− PΞb
αΞ cos θΞ cos θΛ + PΞb

αγαΞαΛ cos θΞ cos θp

− PΞb
αΛ cos θΞ cos θΛ cos θp + PΞb

αγ cos θΞ

The values of the decay parameters are:

αΞ = −0.458± 0.012 [PDG 2018]

αΛ = 0.642± 0.013 [PDG 2018]
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Sensitivity to photon polarization

Sensitivity to the photon polarization in b-baryon decays using angular
distribution [arXiv:1902.04870]:

Statistical Resolution + Acceptance Background
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NP Constraints
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flavio v1.5.0
A∆Γ
φγ [arXiv:1905.06284]

Sφγ [arXiv:1905.06284]

αγ (estimated) [arXiv:1902.04870]

BR(B → Xsγ) [EPJC77(17’)201]

Radiative combined except αγ

Observables in the b → sγ
transition:

Branching ratios

A∆
φγ and Sφγ

Angular observables

give complementary
constraints in the C′7 complex
plane

[arXiv:1810.08132]
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Conclusions

Experimental status:

Rare decays are excellent probes of NP
They are extensively studied at LHCb
Multiple tension w.r.t. SM in b → sll transitions
Rare c-decays are also heavily studied (see Dominik Mitzel’s talk)

Latest results from LHCb:

First measurements of Cφγ and Sφγ in
Bs decays

First observation of Λ0
b → Λ0γ

First step toward the direct
measurement of the photon
polarization

Many more results with Run 2 data ongoing
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Thanks for your attention
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LHCb detector

One of the four detector at LHC

LHCb is a single-arm (2 < η < 5) spectrometer

Optimised for beauty and charm decays

η = − ln
[

tan
(
θ
2

)]

θ: Angle between p and positive beam axis.
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LHCb Detector

Expected integrated Luminosity:

Run II (2018): 6fb−1 1 fb−1 ≈ 1012 pp collisions
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Time-dependent analysis of Bs → φγ

Main systematics:
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Search for Λ0
b → Λ0γ decay

Analysis statistically limited. Main systematics:

from external measurements
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Helicity angles for Λ0
b → Λ0γ decay
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Helicity angles for Ξ−b → Ξ−γ decay
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Very Rare Decays

Very suppressed or forbidden in the SM

Branching ratios O(10−8) or lower

Sensitive to CS , CP , C10 or completely new contributions

b s

µ+

µ−

t

γ, Z0

W−

For B → µτ analysis see Marco Santamaria’s talk
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Search for the very rare decay B+ → µ+µ−µ+νµ

Very supressed decay with BR ∝ |Vub|2
Using Run 1 + 2016 data (4.7 fb−1)

νµ not detected, using corrected mass:

Mcorr =
√
M2
µµµ + p′2T + p′T

p′T : missing momentum transverse to B+ flight direction

Veto charmonium resonances and selects the region Mmin
µµ < 980

MeV/c2

Normalization channel: B+ → J/ψK+

Only theoretical estimation: BR ∼ 1.3× 10−7 [PAN (2018) 81:347]

No signal is found, a limit is set

B(B+ → µ+µ−µ+νµ) < 1.6× 10−8 (95% CL) [LHCb: arXiv:1812.06004]
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Experimental status

Deviations in several decay channels with a b → s(d)ll transition (see
???’s talk):

Data consistently below SM predictions

Large theory uncertainty due to form factors
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