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Semileptonic 
Sensitive to hadronic and leptonic effects:


 Probe for |Vub | and |Vcb |


 LFU tests
 Possible 3rd generation enhanced coupling

 Large data samples


 E.g. b  cl→ ν

Rare 
Highly suppressed or forbidden in the SM:


 Higher orders diagrams: FCNC, box, penguin

 LFU tests

 Lepton flavour and baryon number violation

 Limited data samples


 E.g. b  sll→

More about rare decays in presentation by M.Reboud. More about semileptonic in presentation by M.Bordone.

https://agenda.infn.it/event/38205/timetable/?view=standard#22-theory-of-rare-b-decays
https://agenda.infn.it/event/38205/timetable/?view=standard#21-progress-and-open-problem-o


LHCb detector for b-hadron decays
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Int.J.Mod.Phys.A30,1530022(2015) 
CERN-LHCC-2003-030 
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The LHC has a large cross section of b and c hadrons: 

LHCb designed as forward spectrometer to focus on 
 production: 

σ(bb̄)7 TeV = 295 μb
σ(bb̄)13 TeV = 590 μb

bb̄

LHCb: 

25% of bb̄

CMS

ATLAS

Phys.Rev.Lett.118(2017)052002

https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.052002
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Amplitude analysis of the  
decay

B0 → K*0μ+μ−

LHCb-PAPER-2023-033 
arXiv 2312.09115 

https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09115


Motivation: to determine the hadronic contributions in  decays. 

Crucial for a final understanding of the  anomalies.


Goal: perform a model dependent amplitude analysis. 


Strategy: fit the full 5D differential decay rate unbinned in q2.

B0 → K*0μ+μ−

b → sμ+μ−
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Irene Bachiller   -   Rare and Semileptonic decays at LHCb   

LHCb-PAPER-2023-033 
arXiv 2312.09115 

Local form factors (FFs) constrained to:
Gubernari,Reboud,vanDyk,Virto 

[arXiv:2305.06301]

Bobeth,Chrzaszcz,vanDyk,Virto[EPJC78(2018)451] 
Gubernari,vanDyk,Virto[JHEP02(2021)088] 

Gubernari,Reboud,vanDyk,Virto[JHEP09(2022)133]

Non-local hadronic terms based on the param. from:Decay amplitudes: choice of parametrisation 

introduces a model dependence.

CERN Seminar

https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2305.06301
https://indico.cern.ch/event/1312648/
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B0 → K*0μ+μ−
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LHCb-PAPER-2023-033 
arXiv 2312.09115 

Greljo,Salko,Smolkovic,Stangl 
[JHEP05(2023)087]

Normalised to  control channel to reduce systematics.B0 → J/ψK+π−

Differential decay rate can only access the relative size of the Wilson coefficients.


Scale of Wilson coefficients set by branching ratio.


Extended fit allows to link the observed yield to the signal branching fraction.

[Phys.Rev.D90(2014)1122009]

https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09115
https://link.springer.com/article/10.1007/JHEP05(2023)087
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112009
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LHCb-PAPER-2023-033 
arXiv 2312.09115 

Wilson coefficients: consistent with global 

analyses of  decays.
b → sμ+μ−

P5’ angular observable: from the fit result, the classic 

binned observables can be reproduced. Impact of  

on P’ found to be consistent with predictions.

cc̄

New analysis method to determine hadronic contributions in   decays.  B0 → K*0μ+μ−

https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09115


8Irene Bachiller   -   Rare and Semileptonic decays at LHCb   

 
with charm meson decays

ℬ(ϕ → μ+μ−)/ℬ(ϕ → e+e−)

LHCb-PAPER-2023-038 
arXiv 2402.01336

https://arxiv.org/abs/2402.01336
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ℬ(ϕ → μ+μ−)/ℬ(ϕ → e+e−)
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LHCb-PAPER-2023-038 
arXiv 2402.01336

First control mode at low q2 (  mass).ϕ ϕ ≡ ϕ(1020)D. Lancierini  
Joint SPS-APS Annual Meeting 

The resonant  are ideal control channels in the low q2 region. 

The q2  region lower than where most precise LFU measurements are done. 


Clear detector signature and a high BF  allow to verify with precision the 

 data driven estimation strategy.

D+
(s) → ϕ(l+l−)π+

⇒
h → e

Electrons and muons exploit different subdetectors. 


Bremmstrahlung energy loss is greater for electrons.  


Worse resolution and lower reconstruction efficiency.


Hard to control their relative efficiency in LFU observables.


Double ratios to cancel out common syst. uncertainties between rare and control modes.

The  observables, theoretically clean:RH

https://arxiv.org/abs/2402.01336
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ℬ(ϕ → μ+μ−)/ℬ(ϕ → e+e−)

Irene Bachiller   -   Rare and Semileptonic decays at LHCb   

Measurement of  and  done integrated.


Additionally, differential measurement provided:


 Angle between the leptons: 


 The maximum pT   of the leptons: max

Rd
ϕπ Rs

ϕπ

α(l+l−)
(pT(l+), pT(l−))

LHCb-PAPER-2023-038 
arXiv 2402.01336

As  and  decays are dominated by photon exchange, LFU is expected to hold in this process.ϕ J/ψ

Efficiency calculation: simulation and data samples.Signal yield extraction: maximum likelihood fits

Strategy

https://arxiv.org/abs/2402.01336
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Normalisation:  mass from 
 decay. 

Assuming that LFU holds in  decays.


B+

B+ → K+J/ψ( → l+l−)
J/ψ

Normalisation channel mass fits:

LHCb-PAPER-2023-038 
arXiv 2402.01336

Reconstructed  mass:D+
(s)Final fits

Signal:  and   mass from 
 decays with  

constraint.

D+ D+
s

D+
(s) → ϕ(l+l−)π+ ϕ

Both masses constrain the intermediate 
resonance to the  /  mass in the 
track fit.

J/ψ ϕ

https://arxiv.org/abs/2402.01336
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Dilepton mass fits in a narrow  mϕ(π+l−l+)
Agreement on the shapes from data-simulation


  validation of the resolution description at low q2. 


Still biggest source of syst. uncertainty due to tight 

reconstructed D and  mass requirements.

⇒

ϕ

D+
sD+

LHCb-PAPER-2023-038 
arXiv 2402.01336

https://arxiv.org/abs/2402.01336
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ℬ(ϕ → μ+μ−)/ℬ(ϕ → e+e−)
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Most precise measurement of this branching fraction to date.

LHCb-PAPER-2023-038 
arXiv 2402.01336

Weighted average:
Combined with the existing  :


 PDG [Exp.Phys.2022(2022)083C01]

ϕ → e+e−

Final results:

Compatible with previous  measurements, 
 and with LFU.

ℬ(ϕ → l+l−)

Differential measurement of :R(d,s)
ϕπ

It shows understanding of the portability of the 

corrections derived at  to lower values.q2 ∼ m2(J/ψ)

https://arxiv.org/abs/2402.01336
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LHCb-PAPER-2023-036 
In preparation

Irene Bachiller   -   Rare and Semileptonic decays at LHCb   

Amplitud analysis of the  decayΛ0
b → pK−γ



15

Λ0
b → pK−γ

Irene Bachiller   -   Rare and Semileptonic decays at LHCb   

The analysis of  decays provides 

information about the composition of the   

spectrum with unique access to the heavier  states. 

Λ0
b → pK−γ

pK−

Λ

Fit to the three-body invariant mass:

Removal of peaking backgrounds:


 m(pK) < 2.5 GeV/c2 to reduce 


 Veto 1010 < m(KK) < 1040 MeV/c2 to remove 


 Particle ID on p and K to reduce  and 


 BDT


Remaining:


 Partially reconstructed  


 Combinatorial background

Λ0
b → pK−π0

B0
s → ϕ( → K+K−) γ

B0
s → K+K− γ B0 → K+π− γ

Λ0
b → pK−π0γ

LHCb-PAPER-2023-036 
In preparation
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JHEP 06 (2020) 116 
arXiv:2002.02692Amplitude model for helicity formalism:


   amplitude for a defined set of helicities  Λb → Λ*( → pK−)γ λi

Strategy: unbinned maximum likelihood 

fit to Dalitz plane (m2
p,k, m2

p,γ)

Λ0
b → pK−γ LHCb-PAPER-2023-036 

In preparation

https://arxiv.org/abs/2002.02692
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Λ0
b → pK−γ

1-dimensional projections of the best fit model:

Same done for Run 1.

LHCb-PAPER-2023-036 
In preparation

proton helicity angleθp ≡

The default fit model comprises all known Λ resonances 

as well as a nonresonant contribution with quantum 

numbers JP = 3/2−.

1 
  2 
3
4
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The results are given in terms of fit and interference fractions 
between the different components contributing to the final state. 


Only  resonances decaying to  are found to be relevant, 

where the largest contributions stem from 


The largest interference term involves the

Λ pK−

First  amplitude analysis, based on the helicity formalism.Λ0
b → pK−γ

(1520), (1600), (1800), and (1890) statesΛ Λ Λ Λ

(1405) and (1800) baryonsΛ Λ

Final results for the (interference) fit fractions:

Λ0
b → pK−γ LHCb-PAPER-2023-036 

In preparation
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Search for the  decayB0
s → μ+μ−γ

LHCb-PAPER-2023-045 
In preparation
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B0
s → μ+μ−γ
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𝒪(′ )
9,10

𝒪(′ )
7

𝒪(′ )
9,10

𝒪1,2

Sensitive to a larger set of Wilson coefficients (C7, C9, C10) than  (C10).


The photon lifts the helicity suppression making  .


Larger theoretical uncertainties due to the form factors of the  transition.


Worse mass resolution due to the photon reconstruction.

B0
s → μ+μ−

ℬ(B0
s → μ+μ−) ∼ ℬ(B0

s → μ+μ−γ)

B0
s → γ

   vs.  B0
s → μ+μ−γ B0

s → μ+μ−
Phys.Rev.D97,053007(2018)

JHEP 11 (2017) 184

Physics Letters B 521 (2001)

JHEP 12 (2021) 008

LHCb-PAPER-2023-045 
In preparation

  Theory prediction:


 for   

 for   

ℬ(B0
s → μ+μ−γ) = (8.3 ± 1.3) × 10−9 q2 < 8.64 GeV2/c4

ℬ(B0
s → μ+μ−γ) = (8.9 ± 1.0) × 10−10 q2 > 15.84 GeV2/c4

q2 ≡ m2(μ+μ−)Electromagnetic-dipole operators

Four-fermion operators

Any four-quark operator

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.053007
https://doi.org/10.1007/JHEP11(2017)184
https://link.springer.com/article/10.1007/JHEP11(2017)184
https://doi.org/10.1016/S0370-2693(01)01203-5
https://link.springer.com/article/10.1007/JHEP12(2021)008
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B0
s → μ+μ−γ
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CERN-THESIS-2020-303

 Phys.Rev.D70(2004)114028

FSR = final state radiation

Bin I Bin II Bin IIIThree q2 regions:


Bin I:   low-q2 


Bin II:  middle-q2


Bin III: high-q2

I II III

Preliminary

Preliminary

LHCb-PAPER-2023-045 
In preparation

Strategy:

Additionally, Bin I is also studied with a 

veto on the ɸ-resonance mass:


[989.6, 1073.4]MeV/c2


Bin I ɸ-veto: low-q2 without ɸ region

m(μ+μ−) =

https://cds.cern.ch/record/2754052
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.70.114028


Control channel:


 To check the agreement between data and simulation.


 Similar kinematics: three body decay and low-pT photons


 Chosen channel: B0
s → ϕ( → K+K−) γ

22

B0
s → μ+μ−γ
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Preliminary

Preliminary

LHCb-PAPER-2023-045 
In preparation

Normalisation channel:

 A well know decay channel


 High statistics.


 Similar final state to the signal: allows uncertainties cancelations.


 Chosen channel: B0
s → J/ψ( → μ+μ−) η( → γγ)
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B0
s → μ+μ−γ
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The measured  is not 

statistically significant in any of the q2 regions.


They are consistent with the background-only 

hypothesis at < 1σ level. 


ℬ(B0
s → μ+μ−γ)

stat. syst.±

Candidates mass distribution fit, for each q2 region:

Dominated by statistical uncertainty.

Preliminary
Preliminary

Preliminary Preliminary
Preliminary

LHCb-PAPER-2023-045 
In preparation

Final fits
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B0
s → μ+μ−γ
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As no significant excess is observed, upper limits 

are set on  using the CLs method.ℬ(B0
s → μ+μ−γ)

at 90% (95%) CL.

First direct search of , and first search at low q2.B0
s → μ+μ−γ

Upper limits on the branching fraction:

Preliminary Preliminary

Preliminary Preliminary

Preliminary

Preliminary

LHCb-PAPER-2023-045 
In preparation

Limits
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Direct search , these results,  at 95% CL. [LHCb-PAPER-2023-045 in preparation]
Indirect search from  decay at LHCb, limit at 95% CL [Phys.Rev.D105(2022)1]
Single-pole parametrisation [JHEP11(2017)184]
Multipole parametrisation [Phys.Rev.D97(2018)053007]
Soft-collinear effective theory [JHEP148(2020)12]
Light-cone sum rules [JHEP8(2021)12]
Lattice QCD with heavy quark effective theory, assuming vector meson dominance [JHEP10(2023)102, JHEP7(2023)112]
Lattice QCD with heavy quark effective theory extrapolation [arXiv:2402.03262]

B0
s → μ+μ−γ

B0
s → μ+μ−

Experimental upper limits in the theoretical context:

 Different approaches to  FF’s calculation:


 Different estimates of the .

 Experimental results are dominated by stat. uncertainties:


Run 3 data might be sensitive to different models.

 Indirect method reaches lower ULs. 


 Direct method is sensitive to the full q2 spectrum.

B0
s → γ

ℬ

Preliminary

LHCb-PAPER-2023-045 
In preparation

https://cds.cern.ch/record/2886785
https://doi.org/10.1103/physrevd.105.012010
https://doi.org/10.1007/JHEP11(2017)184
https://doi.org/10.1103/PhysRevD.97.053007
https://doi.org/10.1007/JHEP12(2020)148
https://doi.org/10.1007/JHEP12(2021)008
http://www.apple.com/uk
https://doi.org/10.1007/JHEP10(2023)102
https://doi.org/10.1007/jhep07(2023)112
http://arxiv.org/abs/2402.03262
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Measurement of the  longitudinal polarisation 
in   decays

D*
B0 → D*−τ+ντ

LHCb-PAPER-2023-020 
arXiv 2311.05224

http://arxiv.org/abs/2311.05224
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FD*
L = 0.60 ± 0.08 ± 0.04

The only measurement, by Belle:

SM predictions:

FD*
L = 0.441 ± 0.006

FD*
L = 0.457 ± 0.010

FD*
L = 0.467 ± 0.009

[Phys.Rev.D98(2018)095018]
[Eur.Phys.J.C79(2019)]
[Eur.Phys.J.C80(2020)]

LHCb-PAPER-2023-020 
arXiv 2311.05224

The studies of the kinematic and angular distributions, such as the longitudinal  

polarisation fraction (  ), are sensitive to possible NP scenarios


 [Phys.Rev.D85(2012)094025, Phys.Rev.D94(2016)094028]: 


 Enhanced by new scalar operators 

 Suppressed by new tensor operators


D*

FD*
L

Signal simulation: weights are assigned to the 
events such that the decay kinematics follow 
the CLN parametrisation of the form factors. 

 Nuc.Phys.B530(1998)153–181[arXiv.2310.03680]FD*
L = 0.422 ± 0.010

[arXiv.1903.03102]

https://doi.org/10.1103/PhysRevD.98.095018
http://arxiv.org/abs/1903.03102
https://doi.org/10.1140/epjc/s10052-019-6767-7
http://arxiv.org/abs/1903.03102
https://doi.org/10.1140/epjc/s10052-020-7850-9
http://arxiv.org/abs/1903.03102
http://arxiv.org/abs/2311.05224
https://doi.org/10.1103/PhysRevD.85.094025
https://doi.org/10.1103/PhysRevD.94.094028
https://doi.org/10.1016/s0550-3213(98)00350-2
http://arxiv.org/abs/2310.03680
http://arxiv.org/abs/1903.03102
http://arxiv.org/abs/1903.03102
http://arxiv.org/abs/1903.03102
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B0 → D*−τ+ντ
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LHCb-PAPER-2023-020 
arXiv 2311.05224

The  is calculated from the  and  parameters extracted 

from a binned maximum-likelihood fit to data. The fit uses four-dimensional 

templates in terms of:

FD*
L aθD

(q2) cθD
(q2)

The  and  coefficients encapsulate the hadronic effects and the couplings.aθD
(q2) cθD

(q2)

 arXiv:1907.02257

Angular distribution

Simulation distributions in two q2 regions:

 and .


: decay-time of the  lepton, taking into account the 

corrections due to the missing neutrino.


Anti-  BDT output: BDT response, trained to suppress the 


background due to the  decay.

cos θD q2

tτ τ

D+
s

B → D*−D0
s (X)

http://arxiv.org/abs/2311.05224
http://arxiv.org/abs/1907.02257
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FD*
L = 0.43 ± 0.06 ± 0.03

The average value over the whole  q2 range is:

Fit variables in Run 1 and Run 2:

First measurement of the longitudinal  
polarisation fraction by  LHCb. 

D*

Final results

FD*
L = 0.51 ± 0.07 ± 0.03

FD*
L = 0.35 ± 0.08 ± 0.02

at q2 < 7 GeV2/c4

at q2 > 7 GeV2/c4

LHCb-PAPER-2023-020 
arXiv 2311.05224

Compatible with Belle measurement and with each the 
SM prediction (slide 27). As well as with the SM 

prediction per  region: q2

at q2 < 7 GeV2/c4

at q2 > 7 GeV2/c4

G.Martinelli,S.Simula,L.Vittorio 
[arXiv.2310.03680]

FD*
L = 0.495 ± 0.017

FD*
L = 0.383 ± 0.006

http://arxiv.org/abs/2311.05224
http://arxiv.org/abs/2310.03680
http://arxiv.org/abs/1903.03102
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 Rare and semileptonic b-hadron decays are excellent opportunities to check the SM and look for NP.


 LHCb is the optimal detector to study b-hadron decays. Latest results:


  new analysis method to determine hadronic contributions.


  first LFU control mode at low q2.


  first amplitude analysis, based on the helicity formalism. 


   first direct search, and first low q2 search.


  first measurement of D* polarisation by LHCb.

B0 → K*0μ+μ−

ℬ(ϕ → μ+μ−)/ℬ(ϕ → e+e−)

Λ0
b → pK−γ

B0
s → μ+μ−γ

B0 → D*−τ+ντ

Irene Bachiller   -   Rare and Semileptonic decays at LHCb   

Conclusions

LHCb-PAPER-2023-020 
arXiv 2311.05224

LHCb-PAPER-2023-045 
In preparation

LHCb-PAPER-2023-036 
In preparation

LHCb-PAPER-2023-038 
arXiv 2402.01336

LHCb-PAPER-2023-033 
arXiv 2312.09115 

http://arxiv.org/abs/2311.05224
https://arxiv.org/abs/2402.01336
https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09115
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Backup



32

B0 → K*0μ+μ−
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LHCb-PAPER-2023-033 
arXiv 2312.09115 

Theory predictions at q2 < 0, reliable for q2  << 3mc2

[GRvDV 2022]

[PRD76(2007)031102 ] 
[PRD88(2013)074026 ]  
[PRD90(2014)112009 ] 
[PRD88(2013)052002 ] 
[EPJC72(2012)2118 ]

Experimental measurements on B0 → ψnK*0

[BCvDV 2018]

Long-distance hadronic contribution “charm-loop” : difficult to calculate 

reliably from first principles. It can mimic NP.


Add information to constrain charm-loop parameters:

https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09115
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B0 → K*0μ+μ−
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LHCb-PAPER-2023-033 
arXiv 2312.09115 

https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09115
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B0 → K*0μ+μ−
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LHCb-PAPER-2023-033 
arXiv 2312.09115 

Fit projections: 2568  60 signal decays
±

https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09115
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B0 → K*0μ+μ−
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LHCb-PAPER-2023-033 
arXiv 2312.09115 

Decay rate:


https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09115
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ℬ(ϕ → μ+μ−)/ℬ(ϕ → e+e−)
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Combinatorial background modelled with a third 

order Chebychev polynomial. Control channel:


 of candidates with leptons of same charge


 where BDT classifier requirement is inverted

Reconstructed -constrained D-mass:ϕ

Reconstructed  mass bkg.:D+
(s)

LHCb-PAPER-2023-038 
arXiv 2402.01336

Tight cuts around the  

mass at trigger level 


 


Variations of effs. as a 

function of the 

-constrained  mass 





Backgrounds shapes 


get warped in el. channel





Validations of the shapes 

in control samples

D+

⇓

ϕ
D+

⇓

⇓

Dominant peaking background is 

 with two misID pions. Size 

and shape are obtained by reversing the 

electron identification requirements in data.

D+
(s) → π+π−π+

https://arxiv.org/abs/2402.01336
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ℬ(ϕ → μ+μ−)/ℬ(ϕ → e+e−) LHCb-PAPER-2023-038 
arXiv 2402.01336

Alternative procedure to the estimation of the doubly misID bkg. :


The expected  contamination is obtained from a fit to 

the  invariant-mass distribution for signal candidates selected 

in the signal PID region, such that no translation across PID regions is 

needed. 


The difference between this and the nominal result is taken as a 

systematic uncertainty.

D+
(s) → π+π−π+

π+π−π+

https://arxiv.org/abs/2402.01336
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ℬ(ϕ → μ+μ−)/ℬ(ϕ → e+e−) LHCb-PAPER-2023-038 
arXiv 2402.01336

Ratio of efficiency-corrected  and 

 yields as a function of 

the (left) transverse momentum recovered with 

the bremmstrahlung recovery algorithm and 

(right) its fraction with respect to the total 

transverse momentum of the electron. 


D+
(s) → π+ϕ

B+ → K+J/ψ( → e+e−)

The flatness of these distributions indicates that the bremsstrahlung recovery algorithm is well reproduced in simulation 
at low q2. The normalisation of these distributions is arbitrary and the uncertainties displayed are statistical only.


https://arxiv.org/abs/2402.01336
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Λ0
b → pK−γ LHCb-PAPER-2023-036 

In preparation
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Λ0
b → pK−γ LHCb-PAPER-2023-036 

In preparation
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Λ0
b → pK−γ LHCb-PAPER-2023-036 

In preparation

Five alternative models:
1

2

3

4

5

1

2

3

4

Alternatives to quantify systematics:



Indirect no photon reconstruction, probing this decay as a background 

of the  process:


 at 95% C.L. for  

B0
s → μ+μ−

ℬ(B0
s → μ+μ−γ) < 2.0 × 10−9 m(μμ) > 4.9 GeV/c2

42

B0
s → μ+μ−γ
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Phys.Rev.D105(2022)012010 Two complementary methods

Direct with photon reconstruction, presented today. Search by BABAR: 


 ℬ(B0 → μ+μ−γ) < 1.6 × 10−7

Phys.Rev.D77(2008)011104Sensitive to low-q2 region, therefore, to larger set of Wilson coefficients (C7, C9, C10).

Photon reconstruction worsen the resolution.

Only sensitive to high q2

LHCb-PAPER-2023-045 
In preparation

Signal simulation: as theory input the differential branching ratio computed in  D.Melikhov N.Nikitin 

[Phys.Rev.D70(2004)114028]. The implementation of this result is detailed in N.Nikitin,A. Popov,D.V.Savrina 
[LHCb-INT-2011-011]. + PHOTOS ON for final state radiation.

http://dx.doi.org/10.1103/PhysRevD.105.012010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.011104
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Aim: reduce the combinatorial background 
using geometrical and kinematic variables.


Trained in data mass side-bands and 
background, and signal simulation.

Aim: reduce other backgrounds, exploiting the 
fact that the signal objects are isolated.


Trained with samples after passing the first MLP. 


Optimised cut for each q2 bin.

First MLP

Second MLP

Selection: after basic preselection and trigger, candidates must pass a requirement in two MLP classifiers:

LHCb-PAPER-2023-045 
In preparation

γ

B0
s

μ+
μ−

PV

SV

’s isolationμ

 isolationγ

 pTγ
 pTB0

s

 IP, IPμ σ

's disμ

dira

And some other variables…

χ2
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B0
s → μ+μ−γ
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B0
s → μ+μ−γ

Double misidentification of kaons or 
pions as muons. Such as:








Probability of ~10-4 of double misID

B0
s → ϕ( → KK)γ

B0 → K *0 ( → πK)γ

Double misID

B0
(s) → μμηPartially reconstructed

When one particle of the final state 
is not reconstructed (neutrinos, or by 
an inefficiency).


A broad peak outside the mass 
region is expected.

Other backgrounds were studied and estimated negligible:  , , , , etc.B0 → μμγ B0 → π+π−π0 B*0 → B0γ Λb → pKγ

By same reasons than 
. 


Main peaking background in the 
signal region, but broader than  

.

B0 → μμπ0

B0 → μμπ0

If one  is not reconstructed or both ’s 
are merge and reconstructed in one.


Low contribution but peaking very close 
to the signal.

γ γ

Background: studied with simulation
B0 → μμπ0

LHCb-PAPER-2023-045 
In preparation

B0
s

γϕ

K+K−

B0

D−

B0
(s)

γ
η

γ

μ+μ−

B0
s

γ
π0

γ

μ+μ−

ECAL cluster

lost

μ−

μ+

νμ

π0

γ
γ

ν̄μ
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B0 → D*−τ+ντ
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Control variables fits:


Control sample  and  used 

to extract weights and correct the imperfect simulation.

B → D*−D+(X) B → D*−D0(X)

LHCb-PAPER-2023-020 
arXiv 2311.05224

Data-simulation distributions:

http://arxiv.org/abs/2311.05224
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B0 → D*−τ+ντ
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LHCb-PAPER-2023-020 
arXiv 2311.05224

The fit is performed within 
the SM framework with 
these free parameters

The fitted parameters 
values are 

Fractions of polarized 
signal events:

low- q2: 0.361±0.074 (stat)

high-q2: 0.013±0.081 (stat) 

The extracted ,  

and  values are

FD*
L aθD

(q2)

cθD
(q2)

http://arxiv.org/abs/2311.05224
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B0 → D*−τ+ντ
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LHCb-PAPER-2023-020 
arXiv 2311.05224

G.Martinelli,S.Simula,L.Vittorio 

[arXiv.2310.03680]

q2 < 7 GeV2/c4 q2 > 7 GeV2/c4

http://arxiv.org/abs/2311.05224
http://arxiv.org/abs/2310.03680
http://arxiv.org/abs/1903.03102

