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 LHCb detector
General purpose detector specialised in beauty and charm hadrons

LHCb performance:  
JINST 14 (2019) P04013

2 < η < 5
proton beam
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013
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 LHCb detector

Excellent decay time 
resolution ~ 43 fs for B0

s
Precise vertex 
measurements, 

~ 35 µm σ(IPx)

Excellent momentum 
resolution ~ 0.5-1% 
for p ∈ (0, 20) GeV

Excellent particle 
identification

misID 
ϵ(K) ≈ 95 %

p(π → K) ≈ 5 %
ϵ(μ) ≈ 97 %

General purpose detector specialised in beauty and charm hadrons

LHCb performance:  
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Run 3

Run 2

Run 1

 Luminosity
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•Run 1: 2011+2012, 7, 8 TeV

•Run 2: 2015-2018, 13 TeV

•Run 3: 2022-2026, 13.6 TeV

๏ Run 1 + Run 2: 9 fb-1   
๏ Run 3 : 23 fb-1 (expected)

     at 13 TeVσ(pp → cc̄X) = 2369 ± 192 μb 1 < pT < 8 GeV/c & 2 < y < 4.5



 P. Li · LHCb-Belle-BESIII workshop· 2025-06-28

 Data sets
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credit: Tara Nanut
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 Charm physics at LHCb

5

Mesons 
, charmoniumD(s)

Baryons 
singly, doubly 

charmed

exotic states 
c(c̄) + X

Spectroscopy

CP violation

Rare decays

Lifetimes

Production



Production

SMOG2 can take data simultaneously to LHCb pp collision! 

• Hadronisation: perturbative QCD with 
factorisation approach: many sub-models  

• QGP properties  
• Experiment constantly challenges theoretical 
predictions
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 Enhanced production in high-multiplicity  collisions pPb
•  Enhanced  to  production in high-multiplicity at 

•  Qualitatively consistent with expectations arising from quark coalescence as an adjunct 
charm hadronization mechanism 

D+
s D+ sNN = 8.16 TeV PRD110, L031105 (2024)

https://arxiv.org/pdf/2311.08490
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 Production cross section of charmonium-(like) states PRL132(2024)242301

•   may experience different dynamics in the nuclear medium than the conventional charmonia
• First measurement of the nuclear modification factor of an exotic hadron

χc1(3872)

Nuclear modification factor

https://doi.org/10.1103/PhysRevLett.132.242301
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 Charmed baryon lifetimes

• Computed through Heavy Quark Expansion (HQE)

•  Differences arise from higher-order effects involving spectator quarks 

•  Studied since the 1990s with first measurement by E687, WA89, FOCUS: 

•  Early results supported the expected hierarchy:

τΩ0
c

= 69 ± 12 fs

PRD100(2019)032001

PRL121(2018)0992003

SciB67.5.479(2021)

PRD107(2023)L031103

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.032001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.092003
https://www.sciencedirect.com/science/article/pii/S2095927321007301?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.L031103
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 Lifetimes in hadronic decay
•Fits to decay time ratio w.r.t control mode 

arXiv: 2506.13334

350 events

8.2k events

https://arxiv.org/abs/2506.13334


Spectroscopy

https://www.nikhef.nl/~pkoppenb/particles.html

More in Chenjia’s talk
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 Study of  B → D(*)D̄h(h)

plot from Yanxi’s talk

PRL133(2024)131902

Sci.Bull. 70(2025)1432–1444

PRL131 (2023) 071901

PRL 125 (2020) 242001 
PRD 102 (2020) 112003

PRL 134 (2025) 101901
PRD 108 (2023) 012020

EPJC 84 (2024) 575

PRD 110 (2024) L031104

JHEP 07 (2024) 140

PRL126(2021)122002 

PRL 131 (2023) 041902

https://arxiv.org/abs/2406.03156
https://www.sciencedirect.com/science/article/pii/S2095927325001872?via=ihub
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 Study of  Ds1(2460)+ → D+
s π+π− Sci.Bull. 70(2025)1432–1444

•Unexpected properties for  and 

•Masses ~100 MeV below predictions
• Isospin-violating decay 

•Double-bump line shape  if  is a  
molecule

D*s0(2317)+ Ds1(2460)+

D(*)+
s π0

m(ππ) Ds1(2460)+ D*K

[Commun. Theor. Phys. 
75 055203]

•  as tetraquark: isospin partners proposed 
inspired by 
Ds0(2317)+

Tcs̄(2900)++/0 → D+
s π+/0 [PRD 110, 034014]

~800 
 Ds1(2460)+ → D+

s π+π−

https://www.sciencedirect.com/science/article/pii/S2095927325001872?via=ihub
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 Study of  Ds1(2460)+ → D+
s π+π− Sci.Bull. 70(2025)1432–1444

Two model describe data equally well!

https://www.sciencedirect.com/science/article/pii/S2095927325001872?via=ihub
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 Observation of  in Ξ**+
c Ξ−

c π+π−

•Rich spectrum in charmed baryons: ideal 
for non-perturbative QCD

•Angular excitation in  mode and  mode 
(not observed yet)

λ ρ

arXiv:2502.18987

Ξ**+
c → Ξc(2645)0( → Ξ+

c π−)π+

 isospin partnerΞc(2932)0

First time (5.4 )σ

2x broader than Ξc(2965)0

https://arxiv.org/pdf/2502.18987
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 Spin parity of Ξc(3055)+(0) PRL134(2025)081901

Ξ0(−)
b → Ξ**+(0)

c ( → DΛ)π−

•  determined to be  (6.5 ),   favoured as  but not significant

•Favor  as a 1D 𝜆-mode excitation of flavor antitriplet
JP(Ξb(3055)) 3/2+ σ Ξc(3080) 5/2+

Ξc(3055)+(0)

[CPC 47 (2023) 073105]

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081901
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 CP violation in Charm
•GIM mechanism very effective for charm decays, SM loops highly suppressed
•Tiny weak phases in first two generations of CKM matrix (< 𝜆b∼ 0.1%)

•Oscillation and CPV ( ) 
•Long distance contribution comparable/larger than short distance

≤ 10−3

Direct CPV in mesons 

Mixing-induced CPV

CPV in Baryonic decays

More details in the afternoon session
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 Time-dependent CP violation in D0 → Kπ
• Interference between mixing and decay for favoured RS and suppressed WS decays

Phys. Rev. D 111 (2025) 012001

https://arxiv.org/pdf/2407.18001
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 Time-dependent CP violation in D0 → Kπ Phys. Rev. D 111 (2025) 012001

Yields: RS ~400 M, WS ~1.6 M

https://arxiv.org/pdf/2407.18001
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 Time-dependent CP violation in D0 → Kπ

JHEP03(2025)149

https://link.springer.com/article/10.1007/JHEP03(2025)149
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 Time-dependent CP violation in D0 → Kπ

JHEP03(2025)149

Combining with LHCb measurements: 
4  U-spin symmetry breakingσ

LHCb-CONF-2024-004

https://link.springer.com/article/10.1007/JHEP03(2025)149


Rare decays

Search for rare or 
forbidden decays

Angular analyses
& CPV searches

Lepton University 

•Sensitive to tiny contributions of heavy 
BSM (>multi TeV) particles

•Testing different couplings than b and s 
quark systems

More in Liang Sun’s talk
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 Search for Λ+
c → pμ+μ−

arXiv:2407.11474

https://arxiv.org/pdf/2407.11474
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•First study of angular & CP asymmetry in rare baryonic 
charm decay

23

  Angular and CP asymmetries arXiv:2502.04013

Search for resonance-enhanced effects 

https://arxiv.org/pdf/2502.04013
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  Angular and CP asymmetries arXiv:2502.04013

Search for resonance-enhanced effects 

https://arxiv.org/pdf/2502.04013
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 Run 3 in data taking 

More in Yiming’s talk
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 Production asymmetry of Charm in Run 3

• In pp collisions,  and  produced in pairs BUT the symmetry 
disrupted in the hadronisation.

•Test hadronisation models to tune event generators (Lund 
string model, cluster hadronisation model…)

c c̄

arXiv:2505.14494

• No significant asymmetry 
observed 

• Comparable statistical 
uncertainty as Run 1 with 
~1/15 integrated luminosity

First result using Run 3 data!

https://arxiv.org/abs/2505.14494
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~  
~1 visible interaction/bunch-crossing

ℒmax ∼ 4 × 1032 cm−2s−1 ~  
~5 visible interaction/Xing

ℒmax ∼ 2 × 1033 cm−2s−1 ~  
~40 visible interaction/bunch-crossing

ℒmax ∼ 1.5 × 1034 cm−2s−1

Now

 Summary & prospects

✓ Largest statistics at LHCb for all kinds of charm hadrons

✓ Rich physics and measurements in charm sector 

✓ More data coming in Run 3 with 2~4x higher trigger 
efficiency 

A lot of new results to come soon!

https://lhcb-outreach.web.cern.ch/2024/10/18/end-of-successful-proton-proton-collision-data-taking-period/
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Thank you
27





Back up slides
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 Study of  B+ → D*±D∓K+

plot from Yanxi’s talk

Phys. Rev. Lett. 133 (2024) 131902

https://arxiv.org/abs/2406.03156
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 Resonant structures in  B+ → D*±D∓K+

•  A simultaneous analysis of  with 9   collision data 
•  C-parity conservation considered, requiring equal contribution of 
•  and  confirmed in 

B+ → D*±D∓K+ fb−1 pp
B+ → R(D*±D∓)K+

T*̄cs̄0(2870)0 T*̄cs̄0(2900)0 B+ → D*+T*0
c̄s̄0,1

without hc(4000), χc1(4010), hc(4300)

Phys. Rev. Lett. 133 (2024) 131902

https://arxiv.org/abs/2406.03156
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 Doubly charmed baryon arXiv:2504.05063

Ξ++
cc → Ξ0

c( → Λ+
c K−)π+π+

https://arxiv.org/pdf/2504.05063
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PRL127(2021)082001

32

 Observation of exotic  resonance in diffractive processJ/ψϕ
•First observation of  production in diffractive processes with 5 resonances
•Helps determine the underlying nature of exotic states

X → J/ψϕ
arXiv:2404.14301 

2.4 σ
4.3 σ
5.5 σ

1.6 σ

https://arxiv.org/pdf/2407.14301
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 Observation of χc1(3872) → γψ(2S)
•  observed in  with 9   collision data 
• In tension with the upper limit set by BESIII
• Inconsistent with pure  molecular hypothesis for  but agree with many others

χc1(3872) → γψ(2S) B+ → χc1(3872)K+ fb−1 pp

DD̄* χc1(3872)

arXiv:2406.17006 

https://arxiv.org/pdf/2406.17006
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 Amplitude analysis of B+ → ψ(2S)K+π+π− arXiv:2407.12475

Tcc̄s̄1(4600)0 Tcc̄1(4200)±χc0(4475)

•  First full 7D amplitude analysis of  with 9   collision data
•   resonance confirmed,  with a significance > 5
•  Hidden-charm exotic states to  final sates observed for the first time
•Four  states identified and shows similarities to 

B+ → ψ(2S)K+π+π− fb−1 pp
Tcc̄1(4430)± JP(Tcc̄1(4200)±) = 1+ σ

ψ(2S)K+π−

X0 → ψ(2S)π+π− X(J/ψϕ)

https://arxiv.org/pdf/2407.12475
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 Amplitude analysis of B+ → ψ(2S)K+π+π−
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Tcc̄s̄1(4600)0 Tcc̄1(4200)±χc0(4475)

https://arxiv.org/pdf/2407.12475
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 Time-dependent CP violation in D0 → π+π−π0
arXiv:2405.06556

•First measurement of time-dependent CP violation in SCS mode

ΔY ≡ ηCPΔYfCP
= (−1.3 ± 6.3 ± 2.4) × 10−4

•No evidence for time-dependent CP violation, 
constant with world average

https://arxiv.org/pdf/2405.06556

