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Outline
• Brief introduction
• Concept of LHCb detecor at LHC
• LHCb recent results

• HF spectroscopy 
• CPV at heavy flavor (HF) sector of the Standard Model (SM)
• Rare decays as a tool to search for the New Physics (NP)
• Lepton flavor universality
• Electroweak studies

• LHCb after Upgrade I
• What’s new?
• How LHCb is performing now?

• Few words about Upgrade II
• Summary
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LHCb Physics Program
• GOAL: Search for evidence of NP in CP violation and rare decays 

of beauty and charm hadrons.
• Probing large mass scales via study of virtual quantum loops of new 

particles
• Main directions of searches:

• Rare decays (RD with di-muons)
• Properties of the B systems (CPV, Δms; Γs, ΔΓ, фs ; CKM β, γ, |Vub| 

determination) 
• Mixing and CPV in charm sector (Mixing observ., ΔA(CP) )
• Spectroscopy and production of heavy quarks + Exotics
• Electroweak physics (top quark in fd.region, W+c-/b-jet)
• Soft QCD physics, pA and Ap collisions
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Charm and beauty production into forward region
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• Gluon fusion is main production mechanism for 
pairs of heavy (c & b) quark-antiquark pairs

• Produced heavy hadrons go together in forward 
direction (LHCb acceptance 2<η<5)

• Lorentz boost provides signature for c- & b-hadrons 
selection

• Tagging for prompt-c and c-from-b

2025-08-23



Three editions of LHCb
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LHCb at Runs 1-2

LHCb at Upgrade I

LHCb at Upgrade II

Luminosity

Consecutive efforts to attack 
challenges that higher 
luminosity measurements at 
forward region are bringing

2025-08-23



LHCb: Find \ Identify \ Measure
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Excellent vertexing allows efficient 
heavy quark hadrons selection / gives 
access to decay time distribution / 
prompt-secondary separation for 
charm

Protons collision point

Excellent PID allows to suppress 
background dramatically and 
explore many decay modes 

Excellent tracking 

Muon system – nice tagging & 
great potential to search for 
rare decays with di-muons

JINST 3, (2008) S08005;
Int. J. Mod. Phys. A 30,
 (2015) 153022
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Recent physics results (selected for today)
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• New Ξc(2923)+ baryon
• New Bc(1P)+ states
• New Ξcc

++ decay channel
• Lifetimes of charmed baryons
• Observation of CPV for baryons 
• Rare decays with electrons
• Lepton Flavor Universality (LFU): RK for high-q2

• Search for Lepton Flavor Violation (LFV)
• Z mass measurement
• D production asymmetries (Run-3)
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New hadrons: observation of Ξc(2923)+
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Ξc
+

arXiv:2502.18987

Is consistent with 
being the isospin 
partner of the 
previously 
observed neutral 
state A. Dzyuba @ Lomonosov 2025

https://arxiv.org/abs/2502.18987


New hadrons: Bc(1P)+ states

• A wide peaking structure is observed in Bc
+γ mass 

spectrum using LHCb Run1+2 data
• Consistent with originating from Bc(1P)+

• Minimal effective two-peak model is used to 
describe the structure

• The production cross-section at 13 TeV is 
measured relative to in the fiducial region

• More data is needed to investigate for possible 
complicated composition of the observed 
structure (up to 6 resonances).
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Two-peak effective model

DSCB with tails 
fixed to simulation

3rd order 
polynomial



Spectroscopy: new decay channel for Ξcc
++ 
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• Doubly charmed baryon has been discovered 
by LHCb (PRL 119 (2017) 112001)

• Many decay channels observed
• Cross section, mass and lifetime 

measurement were done
• A search for the doubly-charmed-baryon 

decay Ξcc
++→Ξc

0 (→pK−K−π+)π+π+ is performed 
using pp collision data collected by the LHCb 
experiment at √s=13 TeV ( Lint=5.4 fb−1).

=

=
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Spectroscopy: lifetimes of charmed baryons
• Muons from semileptonic decays of Ωb baryons 

and decay vertex of Ωс baryon provide 
opportunity for lifetime measurement (Phys. 
Rev. Lett. 121 (2018) 092003)
• Lifetimes hierarchy was incompatible with reported in 

PDG

• Measurements done with prompt baryons 
Science Bulletin 2022, v.67, p.479 confirmed 
results of the semi-muonic method

• New measurements are performed with the 
hadronic decay modes of Ξb and Ωb
• Confirms hierarchy
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Recent physics results (selected for today)
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• New Ξc(2923)+ baryon
• New Bc(1P)+ states
• New Ξcc

++ decay channel
• Lifetimes of charmed baryons
• Observation of CPV for baryons
• Rare decays with electrons
• Lepton Flavor Universality (LFU): RK for high-q2

• Search for Lepton Flavor Violation (LFV)
• Z mass measurement
• D production asymmetries (Run-3)
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History of experimental CPV discoveries
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Observation of baryonic CPV
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CP Weak phases change 
sign under CP, but 
strong ones not

Two observe direct CPV one needs at least two 
amplitudes (smallness of |Vub| helps here)

• Direct CPV manifests itself in the 
asymmetry of rates

• Difficult to calculate theoretically due to 
the presence of the strong phases

Nature 643 (2025) 1223-1228

Huge recent LHCb progress on the topicΛb
0→ 𝑝𝐾−𝜋+𝜋+

Nature 643 (2025) 1223

http://dx.doi.org/10.1038/s41586-025-09119-3
http://dx.doi.org/10.1038/s41586-025-09119-3
http://dx.doi.org/10.1038/s41586-025-09119-3
http://dx.doi.org/10.1038/s41586-025-09119-3
http://dx.doi.org/10.1038/s41586-025-09119-3
http://dx.doi.org/10.1038/s41586-025-09119-3
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Nature 643 (2025) 1223
The CP asymmetry in Λb

0→ 𝑝𝐾−𝜋+𝜋+ is found to be: 𝐴𝐶𝑃 = 2.45 ± 0.46 ± 0.10 % 

Study the CP asymmetry in different regions of the Dalitz plot (resonance substructure) 
is also performed Phys.Rev.Lett. 134 (2025) 101802

http://dx.doi.org/10.1038/s41586-025-09119-3
http://dx.doi.org/10.1038/s41586-025-09119-3


NP and flavor symmetry / Wilson coefficients → Rare decays
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Rare decays: RK at high q2
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High-q2

Compatible with 
SM expectations

In SM RH = 1, if one neglects 
lepton mass difference!

• Challenges from electron bremsstrahlung corrections 
and distorted phase-space distribution at high-q2 

• Saga with ratios 
measurements

• New analysis targets 
q2>14.3 GeV2 (9 fb-1 )

JHEP 07 (2025) 198



Rare decays: studies Bs
0 → ϕe+e–
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JHEP 03 (2025) 047 

PRL 134 (2025) 
121803 

• Constraints on the photon polarization in 
b→sγ transitions using Bs

0 → ϕe+e–

• Sensitive to form factors and right-handed 
currents C7

(’)
• ~100 signal events candidates for Run-1&2 

data (Lint = 9 fb –1) 
• 0.0009 < q2 < 0.2615 GeV2

• First LFU tests with Bs
0 using Bs

0 → ϕl+l–
• Limited sample size, but efficient selection 

and clean data sample
• All possible q2 regions



Rare decays: studies Bs
0 → ϕe+e–
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• Angular analysis of the Bs
0 → ϕe+e–

• All possible q2 regions
• Fit results compatible with the muon 

mode and the SM predictions

• Limited signal sample size (Runs 1+2): 
• No flavor tagging feasible: 

• CP averaged and decay-time-
integrated fit 

• Folding of different projections
• q2  and one of {cos ϑK, cos ϑe, ϕ}

• Expect >3x in sample size with Run-3 !



Rare decays: search for LFV decays
• Lepton Flavour Violating decays would be 

enabled/enhanced by leptoquarks or 
models Z’

• Some New Physics models predict 
branching ratio up to 10–6 for

• New LHCb measurement set the best 
experimental limits 
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arXiv:2506.15347

Accounting for the missing neutrino 
using  kinematics constraints and 
accounting for bremsstrahlung

Result firs to SM expectations

https://arxiv.org/abs/2506.15347


Recent physics results (selected for today)
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• New Ξc(2923)+ baryon
• New Bc(1P)+ states
• New Ξcc

++ decay channel
• Lifetimes of charmed baryons
• Observation of CPV for baryons
• Rare decays with electrons
• Lepton Flavor Universality (LFU): RK for high-q2

• Search for Lepton Flavor Violation (LFV)
• Z mass measurement
• D production asymmetries (Run-3)
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EW: Z mass at LHCb
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Scan of the dimuon mass distribution with simulation at 

varying masses to determine the boson mass Z 

arXiv:2505.15582

• The first dedicated  Z-boson mass measurement at the LHC 
• The dataset uses pp collisions at √s=13 TeV (2016,  1.7 fb –1)
• A combination of excellent detector calibration and innovative 

bias correction technique

• Result is consistent with previous measurements and predictions 
from global electroweak fits. 

https://arxiv.org/abs/2505.15582


LHCb Upgrade I (Runs 3 & 4)
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LHCb at Runs 1-2

LHCb at Upgrade I

LHCb at Upgrade II

Luminosity

Higher luminosity (roughly factor 5) 
+ higher sensitivity
40 MHz redout
Software trigger



What’s new?

• Pixel-based VELO closer to 
the beam pipe:
• 8.2mm→ 5.1mm

• Upstream tracker with 
higher granularity

• New SciFi tracker
• RICH with new mechanics, 

optics and PMT readout
• PLUME new detector to 

measure luminosity
• New SMOG2 system for 

fixed target physics
2025-08-23 A. Dzyuba @ Lomonosov 2025 25arXiv:2305.10515



Software trigger

• We can’t run into a higher luminosity 
regime with the old hardware level of 
the trigger (HCAL objects and muon 
thresholds) → Software trigger!
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arXiv:1903.01360



First paper after Upgrade I
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• The asymmetries of D+, D0 and Ds
+  mesons 

are measured for two-dimensional intervals 
in transverse momentum and pseudorapidity. 

• No significant production asymmetries are 
observed.

arXiv:2505.14494 
A. Dzyuba @ Lomonosov 2025

https://arxiv.org/abs/2505.14494


Upgrade II
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• Use O(10 ps) timing in vertex 
reconstruction and particle 
identification to mitigate pile-up

• Increase granularity of trackers (UT ans MAPs sectors in SciFi)
• Add tracking stations in the magnet to increase efficiency for low-

momentum tracks



Sensitivity projections
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LHCb goal is to fully exploit the HL-
LHC discovery potential using flavor 
as a probe of quantum imprints of 
new phenomena and, more broadly, 
LHCb as a general-purpose detector 
in the forward direction exploiting a 
trigger strategy that can adapt the 
experiment strategy to the lesson 
learned during the data taking

arXiv:1808.08865



Summary
• LHCb – the forward spectrometer for precision studies in flavor physics domain

• Excellent performance of the LHC and LHCb has led to a lot of physics results:
• Test of SM
• Search for NP
• Make CP violation measurements in b- and c-sectors
• Spectroscopy measurements

• World best quality of the results in charm and beauty physics!
• Most measurements agree with SM predictions
   → Further studies certainly needed and are in progress!

• Upgrade I is finished and upgraded detector takes data
• Upgrade II – ambitious plan to have up to 300 fb–1 of integrated luminosity
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