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• CKM angle 𝛾

• 𝐵+ → 𝐷𝐾+ and 𝐵+ → 𝐷𝜋+, with D → 𝐾S
0ℎ+ℎ−

• Search for new physics: 

• 𝐷+ → 𝜙 1020 0𝜋+ 𝐵0 → 𝐾S
0𝜇+𝜇−

• Controlling penguin contribution in 𝛽𝑠 measurement:

• 𝐵0 → 𝐽/𝜓𝜌0 𝐵(𝑠)
0 → 𝐷𝑠

±𝐷∓

• More: 𝐵𝑠0 → 𝐷𝑠
−𝜋+; measurement of 𝛾 in 𝐵± → ℎ+ℎ−𝜋+𝜋− 𝐷ℎ

± [see backups]
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CKM Matrix
• The transformation between mass & weak-interaction 

eigenstates:

• Unitary triangle angles:

𝛼 ≡ arg −
𝑉𝑡𝑑𝑉𝑡𝑏

∗

𝑉𝑢𝑑𝑉𝑢𝑏
∗ , 𝜷 ≡ 𝒂𝒓𝒈(−

𝑽𝒄𝒅𝑽𝒄𝒃
∗

𝑽𝒕𝒅𝑽𝒕𝒃
∗ )

𝜸 ≡ 𝒂𝒓𝒈(−
𝑽𝒖𝒅𝑽𝒖𝒃

∗

𝑽𝒄𝒅𝑽𝒄𝒃
∗ )
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The LHCb Detector
• The LHCb detector is a single-arm forward spectrometer covering the pseudorapidity

range 2 < 𝜂 < 5, designed for the study of particles containing 𝑏 or 𝑐 quarks.
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LHCb Detector in Run 2. [JINST 3 (2008) S08005, Int. J. Mod. Phys. A30, 1530022 (2015)]

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://doi.org/10.1142/S0217751X15300227


CKM angle measurement
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Measurement of CKM angle 𝜸: 𝑩+ → 𝑫𝒉+

decays
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• 𝐵+ → 𝐷0𝐾+ and 𝐵+ → ഥ𝐷0𝐾+ interfere, when 𝐷0 (ഥ𝐷0) decay into 𝐾S
0ℎ+ℎ−

• Interference between 𝑏 → ҧ𝑐𝑢𝑠 and 𝑐ത𝑢𝑠 (two tree-level, no penguin)

• 𝐴𝐵 ∝ 𝐴𝐷 + 𝑟𝐵 exp 𝑖 𝛿𝐵 + 𝜸 𝐴ഥ𝐷

• D meson decay amplitudes: 𝐴𝐷 𝑚−
2 , 𝑚+

2 and 𝐴ഥ𝐷 𝑚−
2 , 𝑚+

2 dependent on final-state 

• Phase difference 𝛿𝐷 𝑚−
2 , 𝑚+

2 ;  

• 𝐴𝐷 𝑚−
2 , 𝑚+

2 = 𝐴ഥ𝐷 𝑚+
2 , 𝑚−

2

CPV and mixing in D decays
neglected

favoured suppressed
𝑚± ≡ 𝑚(𝐾S

0ℎ±)

LHCb-PAPER-2026-010

[in preparation]



𝑩+ → 𝑫𝒉+ decays: fitting procedure
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• Binned fits: fits to yields of 𝐵+ decays (𝑁𝑖
+)  and 𝐵− decays (𝑁𝑖

−) , in 2 × 8 + 2 × 2 bins

𝑁𝑖
± ∝ 𝐹∓𝑖 + 𝐹±𝑖 𝑟𝐵 exp 𝑖 𝛿𝐵 ± 𝜸 exp(− 𝑖𝛿𝐷,∓𝑖 ቚ

2

• Dataset: LHCb 2024 pp collision data (5.8 fb−1). Background subtracted with sPlot method

• 𝐹𝑖 as floating parameters. To control 𝐹𝑖 :

𝒊 > 𝟎

𝒊 < 𝟎

𝒊 > 𝟎

𝒊 < 𝟎

𝐷 → 𝐾S
0𝜋+𝜋− 𝐷 → 𝐾S

0𝐾+𝐾−

Each bin with 
similar 𝜹𝑫

• Control mode: 𝐵+ → 𝐷𝜋+

• With much larger yields

• With tiny interference

• D mesons decaying to the 
same final states

• sharing 𝐹𝑖 and 𝛿𝐷

• Simultaneous fit on 𝐵± → 𝐷𝜋±

and 𝐵± → 𝐷𝐾± datasets 

LHCb-PAPER-2026-010

[in preparation]

𝑭𝒊 : fraction in the i-th bin assuming no interference



𝑩+ → 𝑫𝒉+ decays: fit results
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• The fit results are: (central value ± stat. ± sys. ± external)

• With the CKM angle 𝛾 determined as:

𝛾 = 68.1 ± 6.7 ∘

preliminary

preliminary

LHCb-PAPER-2026-010

[in preparation]

BESIII

CLEO  BESIII

External inputs:
𝛿𝐷 in 𝐷 → 𝐾S

0𝜋+𝜋−

(BESIII)
𝛿𝐷 in 𝐷 → 𝐾S

0𝐾+𝐾−

(CLEO & BESIII)

http://arxiv.org/abs/2503.22126
http://arxiv.org/abs/2007.07959


CKM angle 𝜸: comparison with averaged 
results
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• Consistent with the averaged results (62.8±2.6)∘ reported in LHCb-CONF-2025-003

preliminary preliminary

LHCb-PAPER-2026-010

[in preparation]

https://cds.cern.ch/record/2948394
https://cds.cern.ch/record/2948394
https://cds.cern.ch/record/2948394
https://cds.cern.ch/record/2948394
https://cds.cern.ch/record/2948394
https://cds.cern.ch/record/2948394
https://cds.cern.ch/record/2948394


New physics tests
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NP null test: 𝑫+ → 𝝓 𝟏𝟎𝟐𝟎 𝟎𝝅+

• Enormous data sample (~ 31M) signal decays at disposal.

• Data sample used contains all K+ K- meson combinations 
within 10 MeV of the 𝜙 mass. (little s-wave & interference)

• Corrections for production & det. asymmetry needed. 
Use 𝐷+ → 𝐾𝑆

0𝜋+(“favoured”). Limiting uncertainty so far. 
Measure the difference in CP asymmetries.
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New approach: Optimise for the inclusion 
of 𝐾𝑆

0 with longer decay times 
(downstream): 50% more yields

2019: short-lived 𝐾𝑆
0 only PRL 122 (2019) 19, 

191803

Control

LHCb-PAPER-2026-011

[in preparation]



For NP: 𝑫+ → 𝝓 𝟏𝟎𝟐𝟎 𝟎𝝅+

• Control mode: 𝐷+ → 𝐾𝑆
0𝜋+ (chi-square fit in proper-time bins)

• Preliminary result (supersedes partial Run 2 result, on par precision)

• Previous result (partial Run 2): 𝑎𝐶𝑃 𝐷+ → 𝜙𝜋+ = 0.5 ± 4.2 ± 2.9 × 𝟏𝟎−𝟐
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LHCb-PAPER-2026-011

[in preparation]

Compatible with CP symmetry

𝑎𝐶𝑃 𝐷+ → 𝜙𝜋+ = 0.1 ± 4.9 ± 1.9 × 10−4
preliminary

PRL 122 (2019) 19, 191803

preliminary preliminary



Time-dependent CPV: 𝑩𝟎 → 𝑲𝐒
𝟎𝝁+𝝁−

• CPV from mixing: 

𝒜𝐶𝑃 𝑡 ≡
𝐴 ത𝐵𝑑

0 𝑡 → 𝑓
2
− 𝐴 𝐵𝑑

0 𝑡 → 𝑓
2

𝐴 ത𝐵𝑑
0 𝑡 → 𝑓

2
+ 𝐴 𝐵𝑑

0 𝑡 → 𝑓
2

≈ −𝑪cos Δ𝑚𝑡 + 𝑺 sin(Δ𝑚𝑡)

• Time-dep. CPV: measure the weak (CP-violating) phases, 
free of uncertainties related to strong phases: mixing 
asymmetry should be ~sin(2β)

• Complete consideration requires angular analysis, but 
limited statistics.

• Angle-integrated & 𝑞2 “integrated” (2 large bins, veto 
𝐽/𝜓 and 𝜓(2𝑆)), as first proof of principle
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arXiv: 2603.13223

(suggested by theory)

𝒒𝟐 = 𝒎𝟐(𝝁+𝝁−)

Total yields: 941±55



Time-dependent CPV: 𝑩𝟎 → 𝑲𝐒
𝟎𝝁+𝝁−

• Can fully rely on the “golden mode”  𝐽/𝜓𝐾𝑆
0 as control 

channel: “only” 𝑞2 is different

• Left with just enough statistics to perform the analysis 
after tagging

2026/3/29 Xiaofan Hu 14

arXiv: 2603.13223

Fully compatible with SM expectation

First demonstrator
valuable input to further disentangle possible 
NP contributions in 𝑏 → 𝑠ℓ+ℓ−



Controlling subleading
amplitudes

in 𝛽𝑠 measurement
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Controlling subleading amplitudes

• Measure 𝛽𝑠 using 𝐵𝑠0 decays to CP eigenstates with 𝑏 → 𝑐 ҧ𝑐𝑠 quark transition

• Benchmark channel: 𝐵𝑠0 → 𝐽/𝜓𝜙 dominated by tree

• When measuring the time-dependent CP asymmetry:

𝒜𝐶𝑃 𝑡 =
𝒜𝐶𝑃

𝑑𝑖𝑟 cos Δ𝑚𝑡 +𝓐𝑪𝑷
𝒎𝒊𝒙 sin(Δ𝑚𝑡)

cosh ΔΓ𝑡/2 +𝒜ΔΓ sinh ΔΓ𝑡/2

• Amplitude: 𝐴 𝐵𝑠
0 → 𝑓 = 𝐴𝑡𝑟𝑒𝑒 +𝐴𝑝𝑒𝑛𝑔𝑢𝑖𝑛 ≡ 𝐴𝑡𝑟𝑒𝑒 × (1 − 𝑏𝑓𝑒

𝑖𝜌𝑓𝑒𝑖𝛾)

• Assuming no penguin contribution: 𝑏𝑓 = 0 ⇒ 𝒜𝐶𝑃
𝑚𝑖𝑥 = 𝜂𝑓 sin(2𝛽𝑠 +𝜙𝑁𝑃)

• Penguin pollution: 𝑏𝑓 ≠ 0 ⇒𝒜𝐶𝑃
𝑚𝑖𝑥 = 𝜂𝑓 sin(2𝛽𝑠 +𝜙𝑁𝑃 + Δ𝜙𝑓)

• Constrain penguin using 𝑩(𝒔) decays with 𝒃 → 𝒄ത𝒄𝒅 transition!
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(𝜼𝒇 = ±𝟏), CP eigenvalue

𝑩𝟎 → 𝑱/𝝍𝝆𝟎, ഥ𝑩𝒔
𝟎 → 𝑫𝒔

+𝑫−

𝜷𝒔 ≡ 𝒂𝒓𝒈(−
𝑽𝒕𝒔𝑽𝒕𝒃

∗

𝑽𝒄𝒔𝑽𝒄𝒃
∗ )



Observation of CPV in 𝑩𝟎 → 𝑱/𝝍𝝆𝟎 decays

• Fitted m(ππ), along with 3 decay angles, capturing the different 
polarization components of the p-wave amplitude

• 2βeff = 0.710 ± 0.08 ± 0.028 rad

• First observation of time-dep. CPV in 𝒃 → 𝒄ത𝒄𝒅

2026/3/29 Xiaofan Hu 17

arXiv: 2601.15646

• Effect due to penguins on the determination of 𝜙𝑠 in 
𝐵𝑠
0 → 𝐽/𝜓𝜙 :

• Δ𝜙𝑠 = (5.0 ± 4.2) mrad

• Most stringent estimate of Δ𝜙𝑠 in 𝐵𝑠0 → 𝐽/𝜓𝜙 decays, 
hard to beat

• Subleading amplitudes cannot be ignored in the 
LHC Run-3 era



CP asymmetries: 𝑩(𝒔)
𝟎 → 𝑫𝒔

±𝑫∓

• ത𝐵0 → 𝐷𝑠
−𝐷+ (𝑏 → 𝑐 ҧ𝑐𝑠) and ത𝐵𝑠0 → 𝐷𝑠

+𝐷− (𝑏 → 𝑐 ҧ𝑐𝑑) 

• Can be used to constrain penguin in ത𝐵𝑠
0 → 𝐷𝑠

+𝐷𝑠
−

when determining 𝜙𝑠

• 𝒜𝐶𝑃 = 𝒜raw +𝒜𝑑𝑒𝑡 +𝒜𝑝𝑟𝑜𝑑

• Results:

2026/3/29 Xiaofan Hu 18

LHCb-PAPER- 2025-037

[in preparation]

preliminary



Summary
• Conclusion

• Shown new world-best, sometimes first demonstrators, results for CP-violating 
observables (i) in environments that act as clean probes for NP, (ii) new 
measurements on 𝛾 and B mixing

• First results using < 1 year of data of our LHCb Run 3 detector.
• Immediately on par or better yields than analyses of previous detector with many years 

of running

• Prospects

• Total Run 3 lumi. could reach ~ 30 fb−1 by end

2026/3/29 Xiaofan Hu 19

Thanks for your attention!

Read more: [Moriond QCD] [La Thuile] [LHC Seminar] 
[All that Antimatters]

https://cds.cern.ch/record/2957627?ln=zh_CN
https://cds.cern.ch/record/2955994?ln=zh_CN
https://cds.cern.ch/record/2954259?ln=zh_CN
https://cds.cern.ch/record/2952883?ln=zh_CN


BACKUPS
Read
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gamma
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For NP: 𝑫+ → 𝝓 𝟏𝟎𝟐𝟎 𝟎𝝅+

• Preliminary result (supersedes partial Run 2 result, on par precision)

• Previous result (partial Run 2): 𝑎𝐶𝑃 𝐷+ → 𝜙𝜋+ = 0.5 ± 4.2 ± 2.9 × 𝟏𝟎−𝟐

• uses more data compared to the previous, but now includes additional hadronic 
parameters of the control-mode decay (previously ignored)

2026/3/29 Xiaofan Hu 25

LHCb-PAPER-2026-011

[in preparation]

Compatible with CP symmetry

First measurements of these hadronic 
parameters at the LHC

Sets standard for next analyses

𝑎𝐶𝑃 𝐷+ → 𝜙𝜋+ = 0.1 ± 4.9 ± 1.9 × 10−4
preliminary

PRL 122 (2019) 19, 191803
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