
LHCb Highlights
Laís Soares Lavra (University of Edinburgh) 

on behalf of the LHCb Collaboration

ICNFP 2024, Kolymbari
26 August – 4 September 2024



LHCb detector in a nutshell
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Forward arm spectrometer with unique coverage in pseudorapidity (2 < 𝜂 < 5)

Designed for CPV and rare decays measurements 
in beauty and charm 

→now Forward General-Purpose Detector

Int. J. Mod. Phys. A30 1530022 (2015) 
Schematic of the Run 1&2 LHCb detector

25% of 𝑏 ത𝑏

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
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LHCb Physics Program
Main focus on heavy flavour but plenty of other physics in the forward region

CKM and CP 
violation
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at high pT

Rare b and c
decays
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exotic hadrons

Heavy Ions and
Fixed target 

physics
Semileptonic

decays
Lepton Flavour

Universality

1766 members from 103 institutes
~ 700 publications

Charm
physics
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arXiv:2206.15233

https://cds.cern.ch/record/2905625/files/LHCb-CONF-2024-004.pdf
https://arxiv.org/pdf/2109.01113
https://arxiv.org/pdf/2108.09284
https://cds.cern.ch/record/2826530
https://arxiv.org/abs/2206.15233
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LHCb: Past - Present - Future

LHCb Original (Run 1&2)
2009-2018

LHCb Upgrade I
2022-2032

LHCb Upgrade II
2035+

ICNFP 2024, Lais Lavra
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1.  Very Selected LHCb Highligths from Run 1 & Run 2 

2. LHCb Upgrade(s)

For more at LHCb see also :
• CP violation and mixing in charm (M. Kmiec)
• LFU tests in semileptonic decays (B. Kutsenko)
• Multi-quark states (S. Joshi)

Outline

focus on rare b decays

Upgrade II in few words

Upgrade I: current status
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LHCb Highlights from Run 1 & 2

(with focus on rare decays)
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Rare decays as a probe of New Physics

ℋ𝑒𝑓𝑓 ∝ 𝑉𝑡𝑏𝑉𝑡𝑠
∗ ෍

𝑖

(𝐶𝑖𝒪𝑖 + 𝐶i
′𝒪𝑖

′)

Local operators describe non-perturbative QCD
large theory uncertainties

Wilson Coefficients: NP enters here
𝐶𝑖 = 𝐶𝑖

𝑆𝑀 + 𝐶𝑖
𝑁𝑃

Observables can be altered by
new (virtual) particles

𝑏 → 𝑠𝑙+𝑙−

Decays forbidden at the tree level in SM (BR of 10−6 − 10−10)

Flavour-Changing Neutral Currents(FCNC): 𝑞 → 𝑞′𝛾 and 𝑞 → 𝑞′𝑙+ 𝑙−

• Proceed at the loop level → very supressed in the SM
• Sensitive to virtual NP particles in the loop
• Benefit from precise SM predictions

What can we measure?

Measurements as
a function of

𝑞2 = 𝑚2(𝑙+𝑙−)

• New decay modes

• Branching fractions

• Angular observables

• Tests of LFU in 𝜇/𝑒

Indirect search for NP
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Anomalies in 𝑏 → 𝑠𝑙+𝑙− decays

LFU tests in 𝝁/𝒆
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Most precise LFU test
 compatible with SM

After
Dec. 2022

PRL 127
(2021) 
151801
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4)133

3 fb−1
3 fb−1

9 fb−1
9 fb−1

𝐵𝑠
0 →  𝜙𝜇+  𝜇−

Differential branching fraction 

lower than SM predictions 

Tensions have
remained for 

~ 10 years

Before 
Dec. 2022

• Explore new final states of 𝑏 → 𝑠𝑙+𝑙− with electrons and taus, new radiative modes ...

• Search for decays forbidden in the SM or beyond experimental reach

Complementary searches:
P

R
L 111
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PRL 
125 
(2020) 
011802
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L 125
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0) 01
1802

LHCb 4.7 fb−1
LHCb 

4.7 fb−1

𝐵0 →  𝐾∗0𝜇+  𝜇−

𝐵0 →  𝐾∗0𝜇+  𝜇−

1 fb−1

Angular observables

Local tension in the 𝑃5
′

Increasing theoretical uncertainty

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151801
https://link.springer.com/article/10.1007/JHEP06(2014)133
https://link.springer.com/article/10.1007/JHEP06(2014)133
https://link.springer.com/article/10.1007/JHEP06(2014)133
http://dx.doi.org/10.1103/PhysRevLett.111.191801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://link.springer.com/article/10.1007/JHEP06(2014)133
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Angular analysis

Radiative decays

Very rare and
forbidden decays

JHEP 07(2024) 101

Search for the 𝐵𝑠
0 → 𝜇+𝜇−𝛾 decay [JHEP 07(2024) 101]

JHEP08(2024)093
Amplitude analysis of the radiative decay  𝐵𝑠

0 → 𝐾+𝐾−𝛾 [JHEP08(2024)093]

Angular analysis of 𝐵0 → 𝐾∗0𝑒+ 𝑒− decays  [LHCb-PAPER-2024-022 in preparation]

Very selected results presented today

arXiv:2405.13103

Search for lepton-flavour-violating decay 𝐵𝑠
0 → 𝜙𝜇±𝜏∓ [Submitted to PRD, arXiv:2405.13103]

LHCb-CONF-2024-003

Search for 𝐵(𝑠)
∗0 → 𝜇+𝜇− in 𝐵𝑐

+ → 𝜋+𝜇+𝜇− decays [Submitted to EPJC, LHCb-CONF-2024-003]

(from rare b decays)

Other recent results 
not covered in this talk

arXiv:2405.17347
- Analysis of local and nonlocal amplitudes in the 𝐵0 → 𝐾∗0𝜇+𝜇− [Submitted to JHEP, arXiv:2405.17347]

LHCb-CONF-2024-002
- Observation of the  Σ+ → 𝑝𝜇+𝜇− rare decay at LHCb [LHCb-CONF-2024-002, paper in preparation]

JHEP 06 (2024) 098
- Amplitude analysis of the decay 𝛬𝑏

0 → 𝑝𝐾−𝛾 [JHEP 06 (2024) 098]

- Analysis of 𝛬𝑏
0 → 𝑝𝐾−𝜇−𝜇+[Submitted to JHEP, paper in preparation]

Still to come:

https://link.springer.com/article/10.1007/JHEP07(2024)101
https://link.springer.com/article/10.1007/JHEP08(2024)093
https://arxiv.org/abs/2405.13103
https://cds.cern.ch/record/2899962
https://cds.cern.ch/record/2900179/files/2405.17347.pdf
https://cds.cern.ch/record/2899907/files/LHCb-CONF-2024-002.pdf
https://arxiv.org/pdf/2403.03710


• Decay rate fully described by 𝛺 = (𝜃𝑙 , 𝜃𝐾, 𝜙), 𝑞2 = 𝑚2(𝑒𝑒)
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[LHCb-PAPER-2024-022 in preparation]

𝑑4𝛤[ 𝐵0→𝐾∗0𝑒+𝑒−]

𝑑𝑞2𝑑𝛺
= 9

32𝜋
σ𝑖 𝐼𝑖(𝑞2)𝑓𝑖 (𝛺)

Ii(q2) :combination of different 𝐾∗0 amplitudes (sensitive to WC 𝐶9,10
(′) and form factors)

angular 
observables

LFU tests in 
angular 

distribution

𝑭𝑳 

𝑺𝒊 

𝑨𝑭𝑩 

Fraction of longitudinal 
𝐾∗0 polarization 

CP-averaged
𝑃𝑖

(′) basis
observables

forward-backward  asymmetry 
of dieletron system  𝑃5

′ = 𝑆5 

𝐹𝐿 (1 −𝐹𝐿 ) 𝑄𝑖 = 𝑃𝑖
(𝜇)- 𝑃𝑖

(𝑒)

• First angular analysis at LHCb: central 𝑞2 region [1.1,6.0] GeV2/c4

• Dataset: 9 fb−1 from LHCb (Run1 + Run2)

Angular Analysis of 𝐵0→ 𝐾∗0𝑒+ 𝑒− decays

angular functions

angular coefficients
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Observables extracted from 4D unbinned weighted fit to
the mass and angular distributions

Overall good agreement with SM 
predictions

Angular observables measured
in the 𝑞2 region [1.1,6.0] GeV2/c4

𝑞2 = 𝑚2(𝑒𝑒)

[LHCb-PAPER-2024-022 in preparation]

Angular Analysis of 𝐵0→ 𝐾∗0𝑒+ 𝑒− decays
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Most precise determination of 
angular observables

𝑃𝑖
(′) based on 𝐹𝐿 , 𝐴𝐹𝐵 , 𝑆𝑖 

→ reduced form factor uncertainties

[LHCb-PAPER-2024-022 in preparation]

Angular Analysis of 𝐵0→ 𝐾∗0𝑒+ 𝑒− decays

𝑄𝑖 = 𝑃𝑖
(𝜇)- 𝑃𝑖

(𝑒)
LFU in angular observables

[PRL 132 (2024) 131801] 

Obtained by comparing 
with 𝐵0→ 𝐾∗0𝜇+ 𝜇− 

results [PRL 132 (2024) 131801] 

No sign of lepton flavour universality 
violating effects are observed 

This measurement paves the way for high-precision LFU/angular 
analyses at LHCb for Run 3 and beyond

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.131801
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𝐵𝑠
0 → 𝜇+𝜇−𝛾 vs  𝐵𝑠

0 → 𝜇+𝜇−

• Sensitive to a larger set of WCs ( 𝐶7,9,10
(′) ) than 𝐵𝑠

0 → 𝜇+𝜇− ( 𝐶10
(′))

• ℬ(𝐵𝑠
0 → 𝜇+𝜇− 𝛾) ~ ℬ(𝐵𝑠

0 → 𝜇+𝜇−) 

• Large theoretical uncertainties

• Worse mass resolution due to the photon reconstruction

Theory Prediction [JHEP 11 (2017) 184]

high-𝑞2 →  𝑞2 > 15.84 GeV2/c4

low-𝑞2 →  𝑞2< 8.64 GeV2/c4

𝑞2 = 𝑚2(𝜇𝜇)

PRD 105(2022) 012010 at 90% (95%) CL

Indirect search from 𝐵𝑠
0 → 𝜇+𝜇−

Search for the 𝐵𝑠
0 → 𝜇+𝜇−𝛾 decay

JHEP 07(2024) 101

https://link.springer.com/article/10.1007/JHEP11(2017)184
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.012010
https://link.springer.com/article/10.1007/JHEP07(2024)101
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Bin I Bin II Bin III

Bin I Bin II

Bin III Bin I without ɸ region

ɸ-veto

Mass fit of 𝐵𝑠
0 → 𝜇+𝜇−𝛾 in all 𝑞2regions• Dataset: 5.4 fb−1 from Run2 (2016-2018) 

• Direct search in three 𝑞2 regions

Bin I → low-𝑞2 (+ with 𝜙-vetoed)
Bin II  → middle-𝑞2 
Bin III → high-𝑞2

Search for the 𝐵𝑠
0 → 𝜇+𝜇−𝛾 decay

JHEP 07(2024) 101

https://link.springer.com/article/10.1007/JHEP07(2024)101
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Upper limits on the branching fraction

• First direct search for 𝐵𝑠
0 → 𝜇+𝜇−𝛾 at low 𝑞2

• No significant excess is observed in all 𝑞2 region
Run 3 data is expected to improve the

sensitivity on the search

Differential branching fraction 𝐵𝑠
0 → 𝜇+𝜇−𝛾

Search for the 𝐵𝑠
0 → 𝜇+𝜇−𝛾 decay

JHEP 07(2024) 101

at 90% (95%) CL

https://link.springer.com/article/10.1007/JHEP07(2024)101
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• 𝐵𝑠
0 → 𝜙(→ 𝐾+𝐾−)𝛾 giving access to photon polarization

Other contributions to 𝐵𝑠
0 → 𝐾+𝐾−𝛾 ?

• Both tagged and untagged analyses perfomed by LHCb

• Full LHCb Run1 + Run2 (2011-2018) dataset

• Performed in the 𝑚(𝐾𝐾) range:
2𝑚𝐾, 2400 𝑀𝑒𝑉 𝑅𝑢𝑛2 , 2𝑚𝐾, 1950 𝑀𝑒𝑉 𝑅𝑢𝑛1

• Isobar model in folded helicity plane (𝑚𝐾𝐾, |cos𝜃𝐾𝐾|)

𝐵𝑠
0 → 𝐾+𝐾−𝛾 mass fit 

Background subtracted projection of 𝐵𝑠
0 → 𝐾+𝐾−𝛾

Exploring with an amplitude analysis

[PRL 123 (2019) 8, 081802]

Amplitude Analysis of the 𝐵𝑠
0 → 𝐾+𝐾−𝛾 decay

[JHEP08(2024)09]

• 𝐵𝑠
0 → 𝜙𝛾:  only radiative transition observed in the 𝐵𝑠

0 sector

𝜙(1020) 𝑓2
′(1525)

https://inspirehep.net/literature/1735188
https://link.springer.com/article/10.1007/JHEP08(2024)093
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Amplitude Analysis of the 𝐵𝑠
0 → 𝐾+𝐾−𝛾 decay

[JHEP08(2024)09]

Best fit projection

N 𝐵𝑠
0 = 44.4 ± 0.5 × 103 , about 2% have 𝑚𝐾𝐾 > 1.8 GeV

• Mass and width for the 𝑓2
′(1525) are in 

good agreement with the current world 
average and LHCb measurements

• The decay 𝐵𝑠
0 → 𝑓2

′ 1525 𝛾 is observed
for the first time

• Overall tensor states (𝑓2) fit-fraction is

https://link.springer.com/article/10.1007/JHEP08(2024)093
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Search for 𝐵(𝑠)
∗0 → 𝜇+𝜇− in 𝐵𝑐

+ → 𝜋+𝜇+𝜇− decays
Submitted to Eur. Phys. J. C, LHCb-CONF-2024-003

• 𝐵(𝑠)
∗0 → 𝜇+𝜇− can provide constraints on WCs 

complementary to 𝐵(𝑠)
0 → 𝜇+𝜇− decays 

• SM prediction ℬ(𝐵𝑠
∗0 → 𝜇+𝜇−) ~ 10−11 [PRL 116 (2016) 141801]

First search for  𝑩∗𝟎 → 𝝁+𝝁−and 𝑩𝒔
∗𝟎 → 𝝁+𝝁− decays

• 9 fb−1 from Run1 +Run2 dataset (2011-2018)

• Search within 𝐵𝑐
+ → 𝐵(𝑠)

∗0 𝜋+ → 𝜇+𝜇−𝜋+ decay chain

• Exploit displaced 𝐵𝑐
+ vertex to suppress background 

No signal observed for both decay modes

Simultaneous 2D ML fit 
to 𝑚 𝜋+𝜇+𝜇− and 𝑚 𝜇+𝜇−

[EPJ C83 (2023) 666Similar approach as 𝐷∗0 → 𝜇+𝜇−search [EPJ C83 (2023) 666]

https://cds.cern.ch/record/2899962
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.141801
https://link.springer.com/article/10.1140/epjc/s10052-023-11759-6
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Search for cLFV decay 𝐵𝑠
0 → 𝜙(→ 𝐾+𝐾−)𝜇±𝜏∓

Submitted to Phys. Rev. D, arXiv:2405.13103

linear

linear x exponentialquadratic

exponential

Mass fit: 4 different background shapes considered

• Possible in SM with neutrino oscillation
 (ℬ < 10−50) , NP scenarios ℬ < 10−11

• NP models predict deviations especially 
involving the 3rd family

First search for the 𝑩𝒔
𝟎 → 𝝓𝝁±𝝉∓ decay

• Data from full Run1 + Run2 (9 fb−1 )

o Signal reconstruction with 𝜙 → 𝐾+𝐾− and
𝜏 → 3𝜋 including 𝜏 → 3𝜋𝜋0

o Neutrino missing : reconstruct 𝐵𝑠
0 mass using 

vertex and kinematic constraints 

Fit and distributions 
of the constrained 

mass

https://arxiv.org/abs/2405.13103
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Search for cLFV decay 𝐵𝑠
0 → 𝜙(→ 𝐾+𝐾−)𝜇±𝜏∓

Submitted to Phys. Rev. D, arXiv:2405.13103

Best fit results for linear 
model at 4.1 × 10−6 with a 

local significance below 1.5𝜎

• No excess observed over background-only hypothesis

• First upper limit on this decay mode → comparable sensitivity with other 𝑏 → 𝑠𝜏𝜇 searches
[JHEP 06 (2020) 129, JHEP 06 (2023) 143] 

https://arxiv.org/abs/2405.13103
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LHCb Upgrade(s)
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LHCb Upgrade I (2022+)

New RICH1 optics + 
new photodetectors

new Upstream 
Tracker (UT) silicon 

strip 

New scintillating fibres 
downstream detector (SciFi)

New VELO pixel 
detector

Removed M1 and new 
readout for muon system

LHCb in Run 3 (& Run4): 
a new detector! 

Removed PS and SPD and 
new readout for 

calorimeters

JINST 19 (2024) 05, P05065
JINST 19 (2024) 05, P05065

•  5x higher instantaneous luminosity

• Expected to collect ∼ 23 fb−1 end of 
Run 3, and 50 fb−1 end of Run 4 

• Software only trigger: full detector 
readout at 30 MHz

WE ARE HERE NOW

https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05065
https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05065
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LHCb Run 3 performance

Current status: detectors stably operating  and collecting  𝑝𝑝 data!

LH
C

b-FIG
U

RE-2024-011

LH
C

b-FIG
U

RE-2024-016

SciFiPrimary Vertex resolution

Better performance than Run 2 at higher 
luminosity 

 early data → further improvements expected
Hit Efficiency approaching design 

specification (better than 99%)

Calibration
Hit Efficiency per layer

edge of SiPM die

ECAL calibration with 𝜋0

Neutral ID performance 
maintained at higher pileup

https://cds.cern.ch/record/2898820/files/LHCb-FIGURE-2024-011.pdf
https://cds.cern.ch/record/2904659/files/Figure-2024-016.pdf
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LHCb Run 3 performance

Current status: detectors stably operating  and collecting  𝑝𝑝 data!

Trigger efficiency
𝑩± → 𝑲±𝒆+𝒆−

PID as good as Run2 but operating at 
5x instantaneous luminosity

LH
C

b-FIG
U

RE-2023-019

Particle Identification
 Hadrons

Significant trigger improvement in selecting hadronic B decays 
with electrons in the final state

LH
C

b-FIG
U

RE-2024-007

Data mass peak
𝑩± → 𝑲±𝑱/𝝍(→ 𝒆+𝒆−)

LH
C

b-FIG
U

RE-2024-007

Very promising performance anticipates exciting results from LHCb Physics programme in Run3

https://cds.cern.ch/record/2868904/files/LHCb-FIGURE-2023-019.pdf
https://cds.cern.ch/record/2898806/files/LHCb-FIGURE-2024-007.pdf
https://cds.cern.ch/record/2898806/files/LHCb-FIGURE-2024-007.pdf
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LHCb Upgrade II

LHCb in Run5 & 6:
Another fully new detector to exploit the  
flavour physics potential of the HL-LHC 

Target: 300 fb−1 by the end of Run6 (~2040)

Goal: same performance as in Run 3, but with 
~7 times the pileup of Run 3

• Addition of precise timing information

• Replace almost all subdectors + new 
detectors to improve performance

LHCB-TDR-023

20ps time window25ns bunch crossing
Tracks in an Upgrade II collision

Intense and attractive R&D program is ongoing 

https://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf
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LHCb Upgrade I & II projections
LHCb Upgrade II Global input 2023 CKM precision

CPV and mixing in charm

Photon polarisation 

LH
C

B-
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0.013
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2.9 × 10−4
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Run3Run1&Run2

https://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf
https://arxiv.org/pdf/1808.08865
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Summary

LHCb Highlights on rare decays
• LHCb collected 9 fb−1 of high-quality data from 2011 to 2018
• Provides an excellent laboratory for studying rare decays
• Extensive physics program for testing SM, searching for NP, and 

exploring new decay modes
• Many analyses are currently ongoing at LHCb

LHCb Upgrade I
• Calibration and operations are progressing
• Early Run3 data show excellent performance

Plans underway for LHCb Upgrade II 
• R&D in new detectors is ongoing

Thank you
for your attention!!
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BACKUP SLIDES
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LHCb Upgrade(s)

Upgrade IIUpgrade IOriginal 

NOW
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