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LHCb overview

ÇLHCb detector and physics program

ÇExamples of recent measurements 

ÇCPV: angle ɔ

ÇCPV in b-baryons

ÇCPV in charm sector 

ÇRare decays  

ÇProduction studies: Central Exclusive Production

ÇHeavy ion results

ÇOutlook

Flavour physics reports from ALICE, ATLAS, BaBar, Belle & Belle II, CMS and Theory

Second International Conference on the Physics of the Two Infinities

Tokyo, November 17-21
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Flavour physics: Cabibbo-Kobayashi-Maskawa matrix

Ç Standard Model (SM) describes the quarks mixing via 3X3 

unitary (complex) CKM matrix

Photo credit: KEK

Photo credit: Monica Pepe-Altarelli, 

Cabibboôsfamily

Ç Powerful consistency checks, e.g. via unitarity triangles

Ç CP-parity violation (CPV) is successfully (so far) 

accommodated in all flavor species via a single complex 

phase, intimately linked to the number of generations

Ç Experimentally discovered in strange, charm and beauty 

sectors. Suppressed for charm as codified via CKM matrix 

elements and GIM mechanism 
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Ç Search for physics beyond SM indirectly, via decays mediated by loops, rare decays
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Flavour physics: Cabibbo-Kobayashi-Maskawa matrix

Ç Powerful consistency checks, e.g. via unitarity triangles

J/2

Ç Over-constrain UT, check that UT 

closes

Ç Compare measurements involving 

CPV (angles) to decay-probability 

measurements (sides)

Ç Compare CPV in tree-mediated 

processes to CPV in processes 

involving loops
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250 mrad

10 mrad

Vertex reconstruction:

VELO

Trigger: Muon, 

Calorimeters, Tracker

PID: RICHs, 

Calorimeters, Muon
Kinematics: Magnet, 

Tracker, Calorimeters

Calorimeters

Muon

SystemTracking

stations

RICH counters

p/K/ˊIdentification

VErtex

LOcator

p p

LHCb ïsingle-arm forward spectrometer, 10-250 mrad (V), 10-300 mrad (H)

INT.J.MOD.PHYS.A30 (2015) 1530022JINST 8 (2013) P08002,PARTICLE IDTRACKING

ÇHeavy flavour production at LHC: prolific, forward peaked & correlated

ÇLHCb ~4% of solid angle, but ~40% of HF production x-section
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LHCb data

Run 1 Run 2

Run 3

Ç Excellent performance of LHC and LHCb

LHCb luminosity levelling
constant 

luminosity

beams head-on

Çὴὴcollisions: ãί= 7, 8, 13, 13.6 TeV

ÇAt ãί= 13 TeV:„(ὦὦ) å 0.5 mb, „(ὧὧ) å 20Ĭ„(ὦὦ)

Ç LHCb integrated luminosity : ώLdt~ 32 fb-1

Ç Luminosity leveling for LHCb

Ç Heavy ion collisions
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Ç 88 semi-circular microstrip Si sensors

Ç Double-sided, R and űlayout

Ç 300 µm thick n-on-n sensors, strip pitches 

from 40 to 120 µm

Ç First active strip at 8 mm from beam axis

JINST 8 (2013) P08002, JINST 9 (2014) P09007

Vertex reconstruction in LHCb: VErtex LOcator

Ç Vertex resolution allows to resolve fast (x~27) 

BsBs oscillations 

Ç Excellent proper time resolution 

Ç Excellent spatial resolution, down to 4 µm      

for single tracks

Ç Precise impact parameter measurement, 

ůIP = 11.6 + 23.4/pT  [µm]

Ç Precise primary vertex reconstruction,           

ůx,y = 13 µm, ůz = 69 µm for vertex of 25 tracks

Nat. Phys. 18 (2022) 1
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Charged hadron ID in LHCb: Cherenkov light detectors 

JHEP 10 (2012) 037

Ç Charged hadron ID, charmless 2-body b-hadron decays

ώLdt ~ 0.37 fb-1

Ç 2 Ring Imaging Cherenkov Detectors
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LHCb Upgrade I

Ç LHCb upgrade I for runs 3 and 4 

Ç VELO new design with pixels

Ç Upstream tracker with silicon strips, main tracker with scintillating fibers 

Ç RICH photodetectors MAPMTs 

Ç New dedicated luminometer

Ç SMOG2 gas target integrated in VELO 

Ç All subdetectors readout at 40 MHz for a fully software trigger using GPUs

Ç Can run at 5 x higher luminosity 

Ç 30 MHz of inelastic collisions will be reduced to ~1 MHz by the HLT1 (tracking/vertexing and 

muon ID) running on GPUs

Ç Highest throughput of any HEP experiment

Ç Many measurements directly profit from higher statistical precision (about x3 with run 3 only) 
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LHCb physics program

© Copyright 2024 Japan Rail Pass Now
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CP-violation: angle ɔ
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Angle ɔmeasurements

Ç Final states accessible to both D and D to examine interference between b Ÿ c 

and b Ÿ u transitions

Ç At LHCb, benefit from large statistics using tree-dominated processes

Ç Complementary methods, dependent on combinations of favored and suppressed 

B and D decays

Ç Multi-body D decays are used in combination with input on strong phases from 

independent measurements (BESIII, CLEO3)

Ç Tree-level decays, theoretically clean (‏‎Ḑ10-7)
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Angle ɔ

ɔ = (62.8 Ñ2.6)ᶼ

http://ckmfitter.in2p3.fr/

Combination of LHCb measurements 

of the CKM angle ɔand charm mixing 

parameters 
https://hflav.web.cern.ch/

CKM fitter:

LHCb-CONF-2025-003
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Ç Simultaneous measurement of ɔusing 2-, 3- and 4-body D0 (D0) decays

Angle ɔ with BÑŸ D K*Ñ

JHEP 02 (2025) 113

Ç First observation of DCSD

and

Ç CP fit to 2- and 4- body decays, and for the first time 

at LHCb to 3-body decays with Dalitz input from 

CLEO3 and BESIII

Ç CKM angle ɔ:
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Angle ɔ with BÑŸ D(Ÿh+ h- +́ ī́) hÑ

Ç Combined with the phase-space integrated 

measurement

arXiv:2509.15139

PRD 112 (2025) 012015

Ç Model-independent measurement of CKM angle ɔin                                           

and                                             where D = D0 or D0

Ç Strong phase in phase-space bins of the D0 and D0 decays from 

BESIII measurement

EPJC 84 (2023) 547
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Outstanding consistency of the SM picture

Ç Overall outstanding improvement of the precision

Before LHC (CKM fitter, 2009) Now (PDG, 2024)

Ç The UT apex position ɖ known to 1.4% precision

Ç All available measurements of different observables, 

including amplitude and phase measurements, give so far 

consistent picture and point to the same UT triangle apex

LHCb-CONF-2024-004
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CP-violation in baryons
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First observation of CPV in baryons

Nature 643 (2025) 1223ÇȿbŸ ὴὑ
-“+“- decay: CPV may arise from tree 

and penguin interference, could be enhanced   

by intermediate resonances

Ç Clean sample of 80K ȿb and ȿb

Ç Phase-space integrated CP asymmetry after accounting for biases from production 

and detection (~1%) measured in the ȿbŸ ȿc(ὴὑ
-“+)“- control channel

ὃCP = 2.45 Ñ0.46 Ñ0.10 %,  5.2„from zero
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First observation of CPV in baryons

Nature 643 (2025) 1223Ç Asymmetry in regions of phase space, dominated by 

various resonances 

and decay topologies

Ç 6„from zero Ą

Ç Suggests that intermediate resonances are important to initiate the CP asymmetry
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CP-violation in charm sector
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CP violation in charm sector

Ç Mixing and CPV studies at LHCb

Ç Precision measurements require an excellent control of the systematic uncertainties

PRL 131 (2023) 091802

Ç Evidence of direct CPV in D0Ÿ ́+ -́

individual charm meson decay

PRL 122 (2019) 211803

Ç First observation of CPV in charm sector
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CPV in D0Ÿ KSKS with run 3 data

arXiv:2510.14732Ç CPV in the up-type quark sector

Most precise single measurement

of this quantity to date

F.Blanc, IMFP 2025

Ç D0 and D0 tagged by accompanying 

pion D*+Ÿ D0 +́

Ç D0Ÿ KS
+́ -́ used as control mode, 

tagged with the same method as the 

signal

Ç Two categories with different purities according to a MVA classifier

D0 D0
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PRD 111 (2025) 012001

Ç Mixing and CPV parameters with right sign (RS) and wrong sign (WS) D0Ÿ K+ -́

decays tagged with prompt D* decays 

Ç Most precise results for mixing and CPV parameters

Ç No evidence for CPV neither in decays, mixing nor interference

WS

RS

Mixing and CPV in D0Ÿ Kˊ

Mixing and CPV in D0Ÿ K+ -́ decays from prompt D* ŸD0 +́ 
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Mixing and CPV in D0Ÿ K+ -́ +́ -́ decays from prompt D* ŸD0 +́ 

arXiv:2510.04963Ç Mixing and CPV with right (RS) and wrong sign (WS) 

D0Ÿ K+ -́ +́ -́ decays, PS binned measurement

Ç Same binning as for angle ɔwith B Ÿ D0(Ÿ K+ -́ +́ -́)h

Ç Results in agreement with other LHCb

measurements

Ç Consistent with CP symmetry

WS

WS/RS
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Rare b-hadron decays
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Studies of b Ÿ sǎ+ǎīdecays

PRL 127 (2021) 151801

Ç Many observables to test SM

Ç Affected by SM corrections: Form Factors and/or cc loops

PRL 125 (2020) 011802 PRL 127 (2021) 151801

Branching fractions Angular analyses

Lepton Flavour Universality 

LFU tests
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LFU in B0
sŸ ◖ǎ

+ǎīdecays

PRL 134 (2025) 121803

Ç Observation 

of B0
sŸ ◖e

+eī

Ç Ratios consistent 

with LFU

Ç Test of LFU in B0
sŸ ◖ǎ

+ǎī, theoretically clean

Ç Measure R◖in three q2 bins (first time: 15 < q2 < 19 GeV2/c4)

Ç Double ratio to cancel systematic effects
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LFU in B+Ÿ K+ +́ -́ǎ+ǎīdecays

Ç Test of LFU in B+Ÿ K+ +́ -́ǎ+ǎī, theoretically clean

Ç Measure RKˊˊ in one q2 bin 1.1 < q2 < 7 GeV2/c4

Ç Double ratio to cancel                                  

systematic effects

PRL 134 (2025) 181803

Ç Observation of B+Ÿ K+ +́ -́e+eī

Ç Ratios consistent with LFU
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Angular analysis of BsŸ ◖e
+eī

Ç Angular analysis of the decay BsŸ ◖e
+eīin three q2 regions JHEP 07 (2025) 069

Ç Consistent global picture

Ç Anomalies in the muon modes to be understood

Ç Compatible with the muon channel 

analysis and with SM

Ç Limited signal sample size (Runs 

1+2)

Ç No flavour tagging: CP averaged 

and decay-time-integrated fit

Ç Folding of different projections, fit in 

q2 and either of (cos ɗK, cos ɗe) or ◖
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Angular analysis of B0Ÿ K*0e+eī

Ç Angular analysis of the decay 

B0Ÿ K*0e+eī

Ç Analysis performed in central 

q2 region 1.1 < q2 < 6.0 GeV2/c4

JHEP 06 (2025) 140

Ç No significant disagreement with SM

Ç No evidence for LFU violations when analyzing electron and muon modes together
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Angular analysis of B0Ÿ K*0ɛ+ɛī

Ç Binned angular analysis of B0Ÿ K*0ɛ+ɛī

Ç Improved selection, more observables 

(CPV, BF)

Ç Include finer q2 binning

Ç Take into account effects of lepton masses

Ç Excellent agreement with previous results

Ç Confirms previous tension with SM predictions

LHCb-PAPER-2025-041

(in preparation)
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Heavy flavour production studies
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Ç Differential cross sections 

in rapidity bins 

Ç Feeddown from higher 

charmonium states 

(ɣ(2S), ɢʩi, ɢʩ1(3872)) to 

the J/ɣsample taken into

account

SciPost Phys. 18, 071 (2025)

Central Exclusive Production of J/ɣ and ɣ(2S) at 13 TeV

Ç Dedicated CEP trigger 

Ç Exclusivity: precisely two forward muons; 

no backward tracks; no activity in SPD      

(< 10 hits). Quantify with pT spectrum. 

ī8.0 < ɖ < ī1.5 , 5.0 < ɖ < 8.0

Ç CEP: colourless object exchange, clean QCD tests

Ç LHCb pp collisions: probe at very low                

Bjorken values, down to x~10-6

Ç Large rapidity gap
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Ç Integrated cross-sections times branching fractions

ÇGood agreement with J/ɣ NLO pre-(post-)diction

Çɣ(2S) calculations to be revisited 

ÇConfirms a hint of NLO importance from the analysis at 7 TeV

ÇDifferential cross-sections compared to theory predictions
SciPost Phys. 18, 071 (2025)

Central Exclusive Production of J/ɣ and ɣ(2S) at 13 TeV
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Photo-production cross-section

ÇGood agreement between LHCb results               

at 7 and 13 TeV

Ç J/ɣ photo-production cross-section: agreement 

to theory prediction ; no deviation from a pure 

power-law extrapolation of HERA data

Ç The cross-section for the CEP of vector mesons in pp collisions 

is related to the photo-production cross-section: 

CEP 

LHCb

Photoproduction 

HERA, fixed target

Gap

survival

Photon 

flux

Ç Compilation of photo-production cross-section 

measurements

Ç H1 measured power-law:                          

ůɔpĄJ/ɣp(W) = 81(W/90 GeV)0.67 nb

Jones,Martin,Ryskin,Teubner, JHEP 1311 (2013) 085, 

J.Phys.G 41 (2014) 055009, and update

SciPost Phys. 18, 071 (2025)
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Heavy ions
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Heavy flavour production in heavy-ion collisions

LHCB-FIGURE-2025-004
Ç PbPb collisions

at 6.8 TeV (2024),      

0.43 nb-1

Ç Upgraded tracker:     

reach 30% centrality, 

probe QGP regime

Ç Open charm, J/ɣand    

B-meson signals

Ç Similar signals in 2025 

OO and NeNe runs


