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LHCb

� Forward spectrometer

� Designed to measure

heavy-flavour decays

� Run 1 and 2 - great success: an

unprecedented sample of b and c

decays

� The ”old” data is still being

analysed

� Undergone the upgrade I in

2019-2021

� First results from Run 3 coming

soon
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CKM parameters

2010 2023
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sin 2β from B0 → Ψ(→ ℓ+ℓ−)K 0
S (→ π+π−)

PRL132 (2024) 021801

Run 2: SΨK 0
S
= 0.717± 0.013(stat)± 0.008(syst)

CΨK 0
S
= 0.008± 0.012(stat)± 0.003(syst)
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Combination

sin(2β) ≡sin(2φ1)
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BaBar J/ψ KS
PRD 79 (2009) 072009

0.657 ± 0.036 ± 0.012

BaBar J/ψ KL
PRD 79 (2009) 072009

0.694 ± 0.061 ± 0.031

BaBar ψ(2S) KS
PRD 79 (2009) 072009

0.897 ± 0.100 ± 0.036

Belle J/ψ KS
PRL 108 (2012) 171802

0.670 ± 0.029 ± 0.013

Belle J/ψ KL
PRL 108 (2012) 171802

0.642 ± 0.047 ± 0.021

Belle ψ(2S) KS
PRD 77 (2008) 091103(R)

0.718 ± 0.090 ± 0.031

LHCb J/ψ KS
PRL 132 (2024) 021801

0.724 ± 0.014

LHCb Run 1 ψ(2S) KS
JHEP 11 (2017) 170

0.840 ± 0.100 ± 0.010

LHCb Run 2 ψ(2S) KS
PRL 132 (2024) 021801

0.649 ± 0.053 ± 0.018

World Average
HFLAV

0.709 ± 0.011

HFLAVHFLAV
Moriond 2024
PRELIMINARY
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https://arxiv.org/abs/2309.09728


γ from B → D∗K
JHEP12(2023)013

γ = (69+13
−14)

◦
Run1 + Run2 = 9fb−1

D∗ is reconstructed through the decay chains

D∗→Dπ0/γ; D→K0
Sπ

+π−/K0
SK

+K−

Signal yields variation analysis across the D

decay phase-space

Final states need to be accessible to both D0

and D
0
to have an interference
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B± → D∗h±, D∗ → Dπ0/γ, D → h±h′∓

B± → D∗h±, D∗ → Dπ0/γ, D → K0
Sh

+h−

All B± → D∗h± modes

Beauty and Charm
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https://arxiv.org/pdf/2310.04277


γ from B → DK ∗
arXiv:2410.21115

γ = (63± 13)◦

B± → D0K∗±

Using self-conjugate decays D0 → K0
Sh

+h−

and K∗± → K0
Sπ

±

Interference
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contours hold 68%, 95% CL
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https://arxiv.org/pdf/2410.21115


CP in B0 → D0K 0∗
JHEP 05(2024) 025

Interference between B0 → D0K 0∗ and B0 → D0K 0∗ enables to measure

γ =
(
63.2+6.9

−8.1

)◦
D0 → K∓π±(π+π−), D0 → π+π−(π+π−) and D0 → K+K− final states

Parameter Value
AK π 0.031± 0.017± 0.015
R+

πK 0.069± 0.013± 0.005
R−

πK 0.093± 0.013± 0.005
AK πππ −0.012± 0.018± 0.016
R+

πK ππ 0.060± 0.014± 0.006
R−

πK ππ 0.038± 0.014± 0.006
RK K

CP 0.811± 0.057± 0.017
AK K
CP −0.047± 0.063± 0.015

R ππ
CP 1.104± 0.111± 0.026

Aππ
CP −0.034± 0.094± 0.016

R 4π
CP 0.882± 0.086± 0.033

A 4π
CP 0.021± 0.087± 0.016
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https://arxiv.org/pdf/2401.17934


Search for CP violation in D+ → K−K+π+

arXiv:2409.01414

D+ 135M Ds 181M

Significance S∆CP
= ∆ACP

σ∆ACP

test statistics χ2 =
∑Nbins

i (S i
∆CP

)2

In the phase-space region dominated by

D+ → ϕπ+ and ϕ → K
0∗
K+:

Aϕπ+

CP|S =(0.95± 0.43stat± 0.26syst)×10−3

AK
0∗

K+

CP|S =(−0.26±0.56stat±0.18syst)×10−3

The most sensitive search performed through the phase-space of a

multi-body decay

No evidence of CP violation

For more CPV in charm =⇒ Luca Balzani’s talk tomorrow
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https://arxiv.org/pdf/2409.01414


Evidence for direct CP-violation in baryons

arXiv:2411.15441

Λb/Ξb → Λhh(′)

6 final states (π,K )

Run 1 and 2

BF search/measurement

Measurement of CP asymmetries, evidence of direct CP-violation in

Λ0
b → ΛK+K− (3.1σ):

∆ACP(Λ
0
b → ΛK+K−)= 0.083± 0.023± 0.016

∆ACP(Λ
0
b → Λπ+π−) = −0.013± 0.053± 0.018

∆ACP(Λ
0
b → ΛK+π−) = −0.118± 0.045± 0.021

∆ACP(Ξ
0
b → ΛK−π+) = 0.27± 0.12± 0.05
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https://arxiv.org/pdf/2411.15441


Beauty to charmonium

arXiv:2411.12178

Evidence for direct CPV

∆ACP =ACP(B
+→J/Ψπ+)− ACP(B

+→J/ΨK+)

Run 1 + Run 2

∆ACP = 1.42± 0.43± 0.08)× 10−2

Rπ/K = B(B+→J/Ψπ+)
B(B+→J/ΨK+)

= (3.846± 0.018± 0.018)× 10−2
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0 2 4
]2− [10CPA∆

Run 1  0.14± 0.86 ±1.82 

2016  0.09± 0.87 ±1.43 

2017  0.11± 0.87 ±0.81 

2018  0.11± 0.80 ±1.58 

Average  0.08± 0.43 ±1.42 

3.7 3.8 3.9 4 4.1
]2−Branching fraction ratio [10

Run 1  0.030± 0.030 ±3.830 

2016  0.025± 0.040 ±3.900 

2017  0.022± 0.039 ±3.858 

2018  0.023± 0.037 ±3.805 

Average  0.018± 0.018 ±3.846 
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https://arxiv.org/pdf/2411.12178


Summary

LHCb remains an important player in the game in

� CKM parameters

� CP violation in beauty and charm

Didn’t fit in this talk

� Lepton Flavour universality

� Hadron spectroscopy

� SMOG program

� Heavy Ion program

� Search for CPT violation

A. Szabelski (NCBJ) LHCb highlights 3rd December 2024 11 / 12



THANK YOU & STAY TUNED
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BACKUP



CPT violation search in D0 → K−π+

Phys.Rev.D 104 (2021) 7, 072010

In the search for time-dependent CP asymmetry in

D0 → π+π− and D0 → K+K− D0 → K−π+ was

used as a control channel.

Sample of 519×106 D0 candidates from D∗+ → D0π+
s
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from the slope new limits on CPTV have been extracted

(outside of LHCb)

Phys.Rev.D 110 (2024) 5
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https://arxiv.org/abs/2105.09889
https://arxiv.org/pdf/2407.07215


Flavour universality test with Bs → ϕℓℓ arXiv:2410.13748

Rϕ =

( B(Bs → ϕµµ)

B(Bs → ϕJ/Ψ(→ µµ))

)/( B(Bs → ϕee)

B(Bs → ϕJ/Ψ(→ ee))

)

results consistent with the SM

https://arxiv.org/pdf/2410.13748
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