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Run 1,2 and 3 Upgrade II

The past and present The future

A rich physics program:

• -hadron properties
• CKM measurements
• Hadron spectroscopy
• Semileptonic decays
• Rare beauty, charm, strange decays
• Direct New Physics searches 
• Electroweak measurements
•…

B
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The LHCb experiment at the LHC

3

 collisions at 
7,8,13 and 13.6 

TeV

pp
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LHCb in Run 1&2

4

σIP ≈ 20μm

Δp/p ≈ 0.5 %

97%  ID
@ 1-3% pion misID

μ

@ high pT

@ low momentum
Collected  in 2011-2018
@ 7,8,13 TeV

9 fb−1

Designed for CPV and rare decay
measurements in beauty and charm

 Now multipurpose flavour factory
(and much more)
→

[IJMP A 30 (2015) 1530022]

http://dx.doi.org/10.1142/S0217751X15300227
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LHCb detector in Run 3
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New VELO:
Nominal sensor position
@ 5.1 mm (before: 7mm) 
from collision region

 improved vertexing!→

New Tracking

New RICH PMT’s and electronics

New front-end electronics,
Removal of SPS and PS

Upgrade Muon front-end
electronics

[LHCb Upgrade TDR]

Similar or better performance  
@  instantaneous Luminosity!5 ×

Move to a software-
only
trigger: 
• Exploit topology 

features
•  efficiencies 

for hadronic, 
electronic final states 
and soft tracks

> × 2

[UT Performance]
[PLUME Performance]

[Muon Performance]

https://arxiv.org/abs/2305.10515
https://arxiv.org/abs/2611.08150
https://arxiv.org/abs/2609.10288
https://arxiv.org/abs/2604.21075
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‣ Experimentally well known, theory prediction  less precise
• Stringent tests of non-perturbative QCD effects
• Calibrate other decay-time-dependent measurements

‣ Measure lifetimes with LHCb Upgrade I (2024 data)
‣ Most precise measurements of  and  lifetimes and their ratios! 
 

   better than PDG 
             better than PDG 
      
     

> × 10

B0 B±

τB0→J/ψK∗0 = 1.5145 ± 0.0020 ± 0.0010 ps → 20 %
τB+ = 1.6370 ± 0.0014 ± 0.0014 ps → 2 ×

τB+/τB0 = 1.0809 ± 0.0017 ± 0.0007
τB+/τB− = 1.0017 ± 0.0017 ± 0.0008

6

LHCb ready for decay-time-dependent 
precision measurements with Upgrade I!

Extremely high 
yields

 high precision→

Flat decay-time acceptance  
 excellent systematics control→

[LHCb-PAPER-2026-039]
[LHCb-PAPER-2026-040]

Preliminary

NEW!

Precision measurements of the  and  lifetimesB0 B+
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‣ NP search by testing the unitarity of the CKM 
matrix  see talk by Luiz 

 

‣ Need combination of many  and 
 channels for good sensitivity on 

‣  and charm observables depend on the 
same hadronic observables
‣ LHCb measures plethora of channels: 

NEW  combination!

→
γdir = (65+2.7

−2.8)∘

γind = (66.16+0.78
−3.20)∘

B → DX
D → Y γ
γ

γ

7

[CKMFitter ’25]
Measurements of the CKM angle γ

[LHCb-PAPER-2026-058]

https://conference.uniba.sk/event/2/contributions/235/
http://ckmfitter.in2p3.fr/www/results/plots_summer25/ckm_res_summer25.html
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NEW!

New developments in the  determinationγ

‣ Measure  in  decays with 
2024 
• Similar sensitivity from 1 year Run 3 like full Run 1&2 together! 
• Upgrade I provides improved hadron trigger efficiencies and PID
• Binned phase space: local strong-phases from BESIII and CLEO-c
‣ New ideas for improvement: joint BESIII-LHCb analysis 

encoding strong-phase variation in per-event weights!

γ B± → D( → K0
Sh+h−)h′￼±

8

NEW combination 
Many updated measurements
Reduced model dependence in charm hadronic inputs

 with full Run 3 in reach! (target: )

γ = (63.2+2.3
−2.2)∘

< 1∘ 1.5∘

[LHCb-PAPER-2026-058] [JHEP 08 (2026) 037]

[arXiv:2604.05712]
[arXiv:2604.05701]

Talk by Michael

https://link.springer.com/article/10.1007/JHEP08(2026)037
https://arxiv.org/pdf/2604.05712
https://arxiv.org/abs/2604.05701v1
https://conference.uniba.sk/event/2/contributions/170/
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NEW!

‣ Huge charm production at LHC  LHCb design ideal to exploit!
‣ Observation of the   and   with 2024 data
‣ Turbo enabled: efficiency  and  higher 

than Run 2
‣  

• Refuting SELEX claim of  not confirmed by 
earlier FOCUS, BaBar, Belle and LHCb searches 

‣
• Discriminate from combinatorics thanks to established large lifetime of 
‣ Studies of lifetimes and further decay modes will follow

→
Ξ+

cc (dcc) Ω+
cc (scc)

2.5 × (Ξ+
cc) 8 × (Ω+

cc)

Ξ+
cc → (Λ+

c → pK+π−)K−π+

ℬ(Ξ+
cc → Λ+

c X) ≈ 20 %

Ω+
cc → (Ω0

c → pK−K−π+)π+

Ω0
c

9

SELEX
LHCb

Complete experimental observation of ALL SU(4) ground state baryons predicted by quark model! 

[arXiv:2609.21921][PRL 137 (2026) 021902]

Charm baryon spectroscopy

https://arxiv.org/abs/2609.21921
https://journals.aps.org/prl/abstract/10.1103/dmv6-7gdv
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‣ Study -violation in  with 
 in 2024 data

• Golden channel: negligible -violation in the SM
• Time-integrated method: measure triple-product 

asymmetries  

• Statistics dominated  strong improvement with 
full Run 3 data expected

CP b → dss̄
B0

s → ϕϕ
CP

AU = (5.6 ± 5.4 ± 2.4) × 10−3

AV = (3.8 ± 5.4 ± 2.4) × 10−3

→

10

 better sensitivities in  of 2024 
data wrt full Run 1+2  due to 

software-only trigger!

× 2 4.5 fb−1

(9 fb−1)

NEW!

 studies in suppressed charmless decaysCP

[LHCb-PAPER-2026-055]

Preliminary Preliminary

[LHCb-FIGURE-2025-015]
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‣ Long-standing tension between SM and experiment in 
• Theoretically clean: ~1%
• Experimentally very challenging: large  backgrounds and 

‣ First simultaneous R(D) and R(D*) with  
• Full Run 2 data set
• Measure relative to 

• 3D fit in  decay time,  and BDT rejecting  decays
‣ Systematic uncertainties at similar level as statistical 

uncertainties:
• Background simulation statistics
• External branching fractions
‣ Tension moves from  to  (or : Marcello’s news)

b → cℓν

B → DX D ∼ τ
τ− → π+π−π−(π0)ν̄

B+ → (D0 → K+π−)(D+
s → π+π−π+)

τ q2 B → D0DsX

3.7σ 3.4σ 1.8σ

11
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doi:10.5281/zenodo.23924846

Improvements on fast simulations and external measurements on the way!
Significant improvements with Run 3 measurements expected!

NEW!

New measurement of R(D(∗)0) ≡ ℬ(B → D(∗)0τ−ν̄)/ℬ(B → D(∗)0μ−ν̄)

[LHCb-PAPER-2026-059]

Preliminary

Preliminary

https://conference.uniba.sk/event/2/contributions/169/attachments/174/256/BaBar_RDRDs_at_Discrete26.pdf
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‣ Large community interest:  Bernat’s and Tobias’ talks on theory side

• Tensions wrt SM in  and angular observables
• Lepton-flavour universality measurements consistent with SM

‣ NEW studies of the  angular structure with full Run 1&2:
• binned in  [PRL 137 (2026) 021802]
• Unbinned fit to Wilson Coefficients of WET using dispersion relation [PRL 137 (2026) 

061801]
• Unbinned “model-independent”: model  distribution with Legendre polynomials 

[arXiv:2608.12215]
• …
• Many additional ideas using sPlot, method of moments, allow to extract unbinned 

quantities in function of  also for low-stats modes! [JINST 20 (2026) P07042, 
arXiv:2609.39998], [PRD 112 (2025) 016007]

→
B → K(∗)(π)ℓℓ, Λ0

b → Λ/Λ(1520)ℓℓ, . . .
∂ℬ/∂q2

B0 → K∗0μ+μ−

q2

q2

q2

12

Studies of  decaysb → s(d)ℓ+ℓ−

Moving towards LFU measurements: Lorenzo’s talk

[PRL 137 (2026) 021802]

https://conference.uniba.sk/event/2/contributions/227/
https://conference.uniba.sk/event/2/contributions/231/
https://journals.aps.org/prl/abstract/10.1103/24g9-yn9d
https://journals.aps.org/prl/abstract/10.1103/gg5v-mp26
https://journals.aps.org/prl/abstract/10.1103/gg5v-mp26
https://journals.aps.org/prl/abstract/10.1103/gg5v-mp26
https://journals.aps.org/prl/abstract/10.1103/gg5v-mp26
https://arxiv.org/abs/2608.12215
https://iopscience.iop.org/article/10.1088/1748-0221/20/07/P07042
http://www.apple.com/uk
https://arxiv.org/abs/2609.39998
https://journals.aps.org/prd/abstract/10.1103/vwjb-ddsq
https://conference.uniba.sk/event/2/contributions/183/
https://journals.aps.org/prl/abstract/10.1103/24g9-yn9d
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‣ Angular analysis of 
• Baryonic counterpart to  but 

much more rare
• Good agreement with the SM
‣ First differential measurement of 

• Use cascade 
• Exploit different track types: decays 

have at least one track not registered in VELO

Λ0
b → Λ(1520)μ+μ−

B0 → K∗0μ+μ−

Ξ−
b → Ξ−μ+μ−

Ξ− → (Λ → pπ−)π−

∼ 90 %

13

Large Run 3 data set offers much better precision and plethora of new channels, 
e.g.  [arXiv:2609.15251]Ξ0

b → Ξ0ℓ+ℓ− Same pattern as 
Λ0

b → Λμ+μ−

NEW!

New studies of baryonic  decays with Run 1/2b → sℓℓ

[arXiv:2608.21082]
[arXiv:2610.22452]

https://arxiv.org/abs/2609.15251
https://arxiv.org/abs/2608.21082
https://arxiv.org/pdf/2610.22452
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‣ Golden channels search for New Physics:
• Theoretically very clean in the SM

- Only allowed at loop level and helicity suppressed
- Known to <10% precision

• Experimentally very clean: 2 energetic muons from 
displaced vertex

• Many NP models imply rate enhancements
‣ New measurement based on data from Run 1&2 

( ) and part of Run 3 ( )
• Similar combinatorial rejection despite 5x higher pile-up
• Better suppression of  wrt Run 1/2

9 fb−1 18 fb−1

B → hh(′￼)

15

NEW!

New measurements of the  propertiesB0
(s) → μ+μ−

Precise calibration of BDT slices thanks 
to simplified trigger

[arXiv:2611.00230]

https://arxiv.org/abs/2611.00230
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−µ+µ→s

0B
−µ+µ→0B

−'h+h→B

µνµh→bX
−µ+µ)+0(π→

0(+)B

Combinatorial

LHCb
1−18 fb

BDT > 0.6

16

2 3 4 5 6
9−10×0

0.1

0.2

0.3

0.4

9−10×

68.27% CL
95.45% CL
99.73% CL
99.99% CL
Best fit
SM
 

LHCb
1−27 fb

Data
Effective lifetime fit
68% band
World average 2026 τH

3 4 5 6 7
⇥10�9

B(B0
s ! µ+µ�)

�1

�0.5

0

0.5

1

A
µ
µ

�
�
s LHCb Run 1-2 (9 fb�1)

LHCb Run 3 (18 fb�1)

LHCb Run 1-3 (27 fb�1)

contours hold 68.27%, 95.45% CL

ℬ(B0
s → μ+μ−) = (3.25 + 0.26 + 0.13

− 0.25 − 0.12) × 10−9

ℬ(B0 → μ+μ−) = (1.14 + 0.42 + 0.06
− 0.39 − 0.05) × 10−10

Rμμ = 0.035 + 0.014 + 0.002
− 0.012 − 0.001 τμμ = 1.60 ± 0.16 ± 0.01 ps

𝒜μμ
ΔΓs

= 0.91 ± 1.92 ± 0.18 ± 0.10

Next step: full Run 3 analysis and time dependent  analysis of !CP B0
s → μ+μ−

NEW!

Evidence for  decays!B0 → μ+μ−

[arXiv:2611.00230]

https://arxiv.org/abs/2611.00230
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‣ Flavour-changing neutral current, not observed to date
•
• NP: large enhancements, e.g. SUSY or LQ scenarios

‣ Huge  production at LHC: sensitivity jumps at LHCb 
and recently CMS
• NEW LHCb search with 2024 data: upgrade trigger leads to  

better efficiency
• Additional improvements with dedicated muonID network 
• First evidence for  at the LHC,  at 

ℬ(K0
S → μ+μ−)SM = (5.18 ± 1.50LD ± 0.02SD) × 10−12

K0
S

5 ×

K0 → μ+μ− K0
S → μ+μ− 1.1σ

17

Evidence for  with full Run 3 in reach 
 next step: study  interference!

K0
S → μ+μ−

→ K0
S − K0

L

NEW!

Zeroing in on K0
S → μ+μ−

[LHCb-PAPER-2026-052]
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Axion-like particles with 2018-only LHCb data

18
Pathfinder analyses: significant improvements with full Run 3 expected

ℒ ⊃
a

4πfa
[α3c3GG̃ + α2c2WW̃ + α1c1BB̃] +

1
2

maa2 ℒ ⊃
a

4πfa
[α3c3GG̃ + α2c2WW̃ + α1c1BB̃] +

1
2

maa2

pp → ALP → γγ
Highly challenging: 

2D calorimeter clusters in busy pp environment

UPC : PbPb → ALP → γγ
Extremely clean: 

zero background vetoing any tracks

[a
rX

iv
: 2

50
7.

14
39

0]
[arXiv:2611.00135]

N
ew

 Belle II search 
slightly m

ore stringent 
[arXiv:2607.07800]

NEW!

Compare  
talk by André 

on ATLAS/CMS 
searches

https://arxiv.org/pdf/2507.14390
https://arxiv.org/pdf/2611.00135
https://arxiv.org/pdf/2607.07800
https://conference.uniba.sk/event/2/contributions/172/
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‣ Rapidity-dependent helicity fractions test interplay between parton-distribution-
functions (PDFs), higher-order QCD effects and weak interaction
• Forward acceptance provides access to unexplored high rapidity region
• Important for future precision electroweak measurements @LHC
‣ New measurement with Run 2 data: 

• Strong rapidity dependence
• Confirming NLL predictions from the SM

19

[arXiv:2609.22555]NEW!

Forward rapidity dependence of  boson transverse 
helicity fractions

W

https://arxiv.org/pdf/2609.22555
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Quo vadis, LHCb?

20

Upgrade Ib

Upgrade I: 5-6 PV’s

Upgrade II: 42 PV’s

Upgrade II

~25 fb-1 in Run 3
~50 fb-1 by end of Run 4
~300 fb-1 by end of Run 5/6

[LHC schedule]

LHCb Upgrade II prospects

Increase inst. luminosity
@ similar or better performance!

http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm
https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbUpgradeII
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Enhancements for Run 4 (>2030) 
‣ Improved Charged PID (RICH): new electronics that allows photon time-of-

arrival measurement  better photon-track matching
• Relevant for suppressing backgrounds with misidentified particles
• Also important for flavour tagging

‣ Improved neutral PID (ECAL): replace inner section (radiation damage) with 
higher granularity and different basic geometry that better matches occupancy
‣ Enable FPGA-based SciFi tracks to accelerate reconstruction

→

21

[LHCb-TDR-024]
[LHCb-TDR-025]

https://cds.cern.ch/record/2866493/files/LHCB-TDR-024.pdf
https://cds.cern.ch/record/2886764/files/LHCB-TDR-025.pdf
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LHCb in Run 5&6 - another fully new detector

22

‣Expect to cope with Pile-Up of ~42 PV’s
High timing resolution to resolve PV’s

‣Replace almost all sub detectors
• Biggest challenge: occupancy
• Main tracker out of silicon and fibres
• More fine-grained calorimeter

• Lateral segmentation
• Neutron shield to enhance 

performance
• New Muon system
‣Reoptimisation ongoing to match budget

→

[LHCb Upgrade II prospects]
TDR writing in full swing

https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbUpgradeII
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Conclusions and outlook

‣ LHCb shaped the field of flavour physics 
 and broad program beyond!

‣ Upgrade I overwhelming success
• Evidence for , 
• Sensitivity jumps in  measurements
• Discoveries of exotic baryons
• -violation studies in suppressed decays
• … and much much more to come!
‣ Upgrade Ib and II preparing in full swing

→

B0 → μ+μ− K0 → μ+μ−

γ

CP

23

c
s

Many new flavourful results to come!



Backup
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‣ Not only , study rich set of collision systems at LHCb
• In Upgrade I explore HeavyIon collisions down to 30% centrality
‣ SMOG: Fixed target program in parallel to collider!

• SMOG2 in Upgrade I: more localised gas  luminosity increase by orders of 
magnitude

pp

→

25

Heavy Ions and Fixed Target @LHCb

[SMOG2]

R
un

 1
/2

Run 3

[LHCb Operations plots]

https://cds.cern.ch/record/2673690
https://lbgroups.cern.ch/online/operations_plots/
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Extremely clean samples Clear difference between  and OO NeNe

[arXiv:2605.27273]

Shape indicates effects like Quark-Gluon-Plasma
 study onset of QGP production with increasing nucleus sizes! →

Stay tuned for rich program studying initial state, medium properties 
and hadronisation through many collision systems! 

NEW!

 production in  and  collisionsD0 OO NeNe

https://arxiv.org/pdf/2605.27273
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LHCb trigger in Run 3

27

40 MHz bunch crossing rate

450 kHz
h±

400 kHz
µ/µµ

150 kHz
e/γ

L0 Hardware Trigger : 1 MHz 
readout, high ET/PT signatures

Software High Level Trigger

12.5 kHz (0.6 GB/s) to storage

Partial event reconstruction, select 
displaced tracks/vertices and dimuons

Buffer events to disk, perform online 
detector calibration and alignment

Full offline-like event selection, mixture 
of inclusive and exclusive triggers

LHCb 2015 Trigger Diagram
30 MHz inelastic event rate 

(full rate event building)

Software High Level Trigger

2-5 GB/s to storage

Full event reconstruction, inclusive and 
exclusive kinematic/geometric selections

Add offline precision particle identification 
and track quality information to selections

Output full event information for inclusive 
triggers, trigger candidates and related 
primary vertices for exclusive triggers

LHCb Upgrade Trigger Diagram

Buffer events to disk, perform online 
detector calibration and alignment

Removal of L0 hardware trigger

Two-staged high-level trigger: HLT 1 (GPU) and 
HLT2 (CPU)

Full software trigger allows
‣ Topology-based selection with softer  

requirements
 benefit to soft daughters from charm, tau, 

strange
 benefit with electrons in final state

‣ Offline quality HLT2 trigger allows sophisticated 
selections  gain of up to  in fully hadronic 
final states

pT

→

→

→ × 2

[Trigger schemes]

https://lhcb.web.cern.ch/speakersbureau/html/TriggerScheme.html

