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LHCb: where color meets flavor 
Flavored particles as lab to understand fundamental interactions



Why to do flavor physics 
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Searches for New Physics in Flavour
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Reach of FLAVOUR PHYSICS
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Flavor: Sensitive to new particles with masses of 100 – 107 TeV
(but dependent on assumed couplings) 

[ESPPU:1910.11775 ]

Particles produced at LHC

Flavour physics: Search for new heavy particles 
in precision measurements of quantum effects
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Flavor from proton collisions – forward physics 

Facility #B per year Total #B
LHC (Run 1-3) 5 x 1013 2 x 1014

LHCb-U1 1 x 1012 5 x 1012

Belle 2 6 x 109 6 x 1011

LHCb-U2 2,5 x 1013 > 1014

25% 
bb in 

accept
ance

Relevant: total #B times efficeincy (trigger!)
à e+e- make up here 
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LHCb: a story in three generations
LHCb (original): Run 1 

Forward beauty experiment 
concept established

Inspiration for slide from Vava Gligorov

LHCb (original): Run 2
Align and calibrate detector in quasi-real time, full 
detector reconstruction and pileup suppression in 

trigger

LHCb-U1: Run 3
Greatly improved tracker 
& PID granularity, 30 MHz 
detector readout & GPU 

trigger performing a near-
full detector 

reconstruction

LHCb-U1b: Run 4
Enhance PID, explore 

enhanced readout 
boards

LHCb-U2: Run 5
Deploy 4D tracking, PID, and 

calorimetry + a highly granular pixel 
tracker to be processed by a 

heterogenous trigger
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Re-built detector in Run 3
JINST19(2024)P05065
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Run 3 status: lets only talk about 2024+ 
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Trigger: LHCb-original 

L0-Trigger: Bottleneck for hadronic decays 
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LHCb-U1: full software trigger 
JINST19(2024)P05065

HEP novelty:

Triggerless readout 
and event 

reconstrution @ 
40MHz 

Real Time Analysis 
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Data processing path 

Real Time Analysis paradigm:
Almost ¾ of all events are saved with “only 
signal info”, not possible to re-reconstruct
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.. and it does work .. 

Trigger in Run 3:

Yield increase /fb
factor 2-3 hadronic b
facctor 2-4 hadronic c

2025 is again much better

Reconstruct all tracks and 
Kalman fit at 30 MHz

Also improved Calo & 
muon PID
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Run 3: Charm production asymmetries
Important to understand possible asymmetries of detector for CPV

JHEP 10 (2025) 050

Compatible with TH à asymmetries of new detector are under control
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Run 3 finally became a success for LHCb 

Lumionosity recorded (#B)
increased by factor 4

Trigger: additonal factor  
1 (muon) – 4 (hadron multibody)  

on top 
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LHCb – also a fixed target experiment
• SMOG2:

Insert different gases into the vertex 
tank (beam vacuum) at ~400 mm up-
stream of the pp interaction point.
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LHCb physics program 

U. Uwer, Bormio 25

>800 papers

• I will not (try to) go 
through all these 
beautiful physics areas 
& results

• Instead, I will give my 
subjective view on two 
questions:

– What are we at LHCb 
up to these days? 

– Are there any signs for 
New Physics at LHCb?

• Focus on areas with 
special timeliness

Astro-QCD

Astro-QCD
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Some selected highlights 

CPV discovered  
2019, still not 

clear if 
SM or not ? 

Precision studies of unexplored territory

Flavor anomalies

5s

Charm physics

TH issues or 
BSM?

Spectroscopy program

24 new 
exotic 

hadrons 
measured

2025: 
CPV in 
baryons 

discovered
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Precision studies of unexplored territory
• 2025: discovery of CPV in baryons   à SM or not ? 
• bàd ll system becomes accessible  à new or like bàs ?
• Rare charm: new Null-Tests for BSM searches 
• …
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First observation of CP violation in baryons

Nature 643 (2025) 1223

𝚲𝒃 → 𝒑	𝑲"𝝅#𝝅"
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CP Violation in Baryons observed

• First observation of CPV in baryonic decays (5.2s)
	 𝐴$%= 	2.45 ± 0.46 ± 0.01	 % 
   

Nature 643 (2025) 1223
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Fingerprint: Complex analysis of resonances 
• Interference between resonance 

states induces CPV depending 
detailed decay topology

• Local ACP reaching 6s
– Most significant CPV in N+ resonances 

region

Nature 643 (2025) 1223
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New territory: Baryon CPV

5.2s 3.9s3.1s 3.9s
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Uncharted territory
• LHCb: unique environment to study CP violation in baryon decays

– Numerous new results from Run 1 & 2 data:
• First observation of CPV in baryonic decays!
• Many first observations of decays modes, evidences of CPV in some 

– Run 3: improved hadronic trigger can be game changer 

• A major step forward in understanding CP violation
– While generally smaller than in mesons, baryonic CPV can be significant 

under specific conditions
– Complex dynamics of baryon decays call for innovative analysis techniques
– New and wide area to make precision tests opens up 
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History of CP violation
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CP violation in charm
• CPV discovered 2019, 

still not clear if SM or not ? 
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CP violation in charm

First observation of CP violation in Charm !  
The question is if this can be accommodated within the SM or is a sign of NP?

Charm CPV discovered “at” 
Moriond EW 2019
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Direct CPV state of the art 

• 2019: First observation of direct CPV in D0→h+h

• Comparison with theory
– Before 2019: ”everything above 10-4 is a smoking gun for NP” 
– Now: predictions range from below 10-4 to the measured values 

à A lot to measure and discover in this field! 
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Precise fingerprint 

• 2022: CPV mainly coming from D0→π-π+ decays

• Significant program to clarify picture
– Precision measurement of CPV and mixing in various charm decays
– Also hadronic parameters, e.g. from BESIII give important inputs 
 

PRL131(2023) 091802
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Example: CPV in 𝐷! → 𝐾"𝐾"
• Predictions:

– ACP could be as large as 1%
– Other models predict ACP(KSKS) = 0.35 * ACP(π-π+) ~ 10-4

• Measurement with Run 3 data
– Better than Run 2 precision with 

just few months of Run 3 data

• Result: ACP = (1.86 ± 1.04 ± 0.41)%
– Compatible with no CPV 
– Marginal agreement with previous LHCb results

Comparison of results

arXiv:2510.14732
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Spectroscopy program
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A look at the strong interaction
• Strong Interaction (QCD) describes interaction of quarks and gluons

– QCD predicts a hadron spectrum, but non-perturbative regime

• Quark Model classifies hadrons according to their valence quarks 
– 1. Conventional: meson or baryon 

– 2. Exotic states: tetraquark , pentaquark , glueball, …

• Exotic states offer a beautiful lab to study QCD 
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A fantastic lab to understand QCD
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A fantastic lab to understand QCD
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Only one recent highlight: New B+c states 
• Bc

+ system: Heavy quarkonium: ideal to probe QCD both TH & EXP
– Unique features to extract information on both QCD dynamics and weak interactions
– Challenge: 

• Recent highlight: Observation of orbitally excited B+
c states 

• Larger datasets and angular analyses needed to understand system

PRL135(2025)231902

Structure confirmed 
with > 7𝜎

 
Expected origin: 
superposition of 
multiple decays: 
𝐵! 1𝑃 " → 𝐵!∗"𝛾	
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Flavor anomalies



Measurements

SM Predictions

Incl.

Excl.

𝑊!

𝑏

ℓ!

𝜈ℓ
𝑞|𝑉"#|

𝑞 = 𝑐, 𝑢
ℓ = 𝑒, 𝜇

|𝑉$%|

|𝑉&%|

Excl.

Incl.

Excl.

Incl.

Excl.

Incl.

35

Flavor anomalies: Inclusive vs. exclusive
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Measurements

SM Predictions

Incl.

Excl.

⁄𝑊! 𝐻!

𝑏

𝜏!

𝜈#
𝑞

𝑞 = 𝑐, 𝑢

Flavor anomalies: Charged currents 

Preliminary update from Babar

H
itlin, D

ec25, Ferm
ilab w

orkshop
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Measurements

SM Predictions

Incl.

Excl.

37

Flavor anomalies: 𝑏 → 𝑠	ℓ*ℓ+
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Flavor anomalies: 𝑏 → 𝑠	ℓ*ℓ+
• Hints for deviations wrt SM in b → sμ+μ- BR and angular observables
• A lot of interest due to coherence and combined significance

Λ! → Λ 1520 𝜇"𝜇#
arXiv:2302.08262
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b → s l+l- branching fraction measurements
• Recent developments on non-local corrections [JHEP 09 (2022) 133] 

and new results from Lattice QCD [HPQCD, arXiv:2207.13371]

TH 
developments
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New analysis: B0 → K*0 µ+µ- 
• Comprehensive analysis 

of full Run 1+2 data

• 5-dimensional fit to full 
set of angular 
observables and BR

• Results: local tension 
increased

– P’5 (2.1-2.7σ)
– AFB (1.7-2.5σ)
– BR (1.5-2.1σ)

• Consistent tension remains 
with increased significance

2512.18053 
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Branching fractions of b → s μ+μ-

• Analysis of large class of b → s μ+μ- decays
– Several tensions seen, but individual significance is moderate
– Tendency to undershoot prediction of differential x-sections

à intriguing hint or theoretical issue in prediction?  
à TH developments needed as well as more measurements 
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What does this mean? Global fits 
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Quo vadis ?
Outlook 
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LHCb lifespan

LHCb-U2 currently under scientific review by the LHC committee.
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Summary & Conclusion

• Run 1 and 2 data still provide a continuous stream of results

• Exceptional two years for LHCb: Upgrade-1 fulfils expectation
– Increased dataset by factor 4 
– Additional factor 2-4 due to new trigger for some modes 

• Data analysis has just started!

• Several interesting patterns emerge, all need 
– More data to clarify patterns
– Theory effort and close collaboration between color and flavor
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One symbol summary
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Run 3 angular analysis

21.01.2026 Johannes Albrecht 47/45



Some glimpses to Run 3 performance

• Efficient reconstruction of PbAr signals at √s=70.9 GeV  
• Cross-section measurements with this and other 

configurations are on their way

LHCb-FIGURE-2025-014
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NP scale tested

Assuming unit couplings for effective coefficients

ESPPU:1910.11775
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Flavor machines (Marina Artuso et al) 
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LHCb – Collider and fixed target experiment  

Zoom in to proton collisions

• Very successful Run 3 data taking, 
recorded #B increased by factor 4 

• SMOG2 system allows 
parallel data taking in 
collider and fixed target 
mode

#B
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LHCb, PRL 128(2022)041801                     CMS, PLB842(2023)137955                 ATLAS, JHEP04(2019)098

Golden channel: Bs,d→ μ+μ- seen around the ring 

Bs→ μ+μ- measured compatible with SM, B0 might come in reach in Run 3
à stringent constraint on SUSY and other scalar SM extensions
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Angular analysis of B0 → K*0 µ+µ-

Observables depend on BàK* form factors and on short distance physics 

d
b

d
s

In 2013, the observation by LHCb of a tension with the SM in B →K*µµ angular 
observables has received considerable attention from theorists and it was shown 
that the tension could be softened by assuming the presence of new physics.  

Could be explained by a  negative NP 
contribution to the Wilson coefficient C9, 
namely C9=C9(SM)-1.5 

LHCb, Phys.Rev.Lett. 111 (2013) 191801 

Puzzling deviations: P’
5 in B0 �K*0 µ+ µ-  
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T. Blake

B0→K*0!+!− angular distribution
• Complex angular distribution:
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fraction of longitudinal 
polarisation of the K*

forward-backward 
asymmetry of the 
dilepton system 

The observables depend on form-factors for the 
B → K* transition plus the underlying short 
distance physics (Wilson coefficients). 
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Results

• Situation unclear. Clean up by smarter observables 

T. Blake
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Results

• New results for FL and AFB last year from LHCb [JHEP 02 (2016) 104] ,  
CMS [PLB 753 (2016) 424]  and BaBar [arXiv:1508.07960] + older measurements 
from CDF [PRL 108 (2012) 081807] and Belle [PRL 103 (2009) 171801]. 

• SM predictions based on  
[Altmannshofer & Straub, arXiv:1411.3161] 
[LCSR form-factors from Bharucha, Straub & Zwicky, arXiv:1503.05534] 
[Lattice form-factors from Horgan, Liu, Meinel & Wingate arXiv:1501.00367]
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