
袁煦昊

中国科学院高能物理研究所

2026-03-28



LHCb: a forward spectrometer @ LHC 

JINST 3 (2008) S08005
Int. J. Mod. Phys. A 30 (2015) 1530022

ℒ!"#$ = 2~4 ×10%& 𝑐𝑚'(𝑠'( before 2019 

Xuhao Yuan, IHEP 22026/03/28



Upgrade I: a brand new detector

No hardware trigger
Ø 1st GPU trigger in a HEP experiment

New tracking system 
Ø VErtexLOcator (VELO), Upstream Tracker (UT)

and Scintillating Fiber Tracker (SciFi)

RICHs: New optics + photon detectors
Calos: Reduce PMT gain + new electronics
MUON: new electronics

Higher luminosity (5xℒRun1&2) results in
Ø Higher rate, pile up, occupancy, fluence

Xuhao Yuan, IHEP 32026/03/28



LHCb physics performance

A decade of important discoveries and precision measurements

Xuhao Yuan, IHEP 42026/03/28



Outline
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Selected topics
Ø Spectroscopy

q 𝚵𝒄𝒄"
Ø Rare decay (FCNC)

qBranching fractions
qAngular analyses
qCP asymmetries
q LFU tests

Ø CP violation
qγ
qCPV measurement

参考俞杰晟、杜大佑的报告



Double charmed baryon Ξ!!"
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Introduction: Doubly charmed baryons

• Isospin doublet 𝜩𝒄𝒄
+ (𝒄𝒄𝒅), 𝜩𝒄𝒄

++(𝒄𝒄𝒖) and isospin singlet 𝜴𝒄𝒄
+ (𝒄𝒄𝒔).

• Lifetime prediction: Τ𝜏(𝛯𝑐𝑐
++) 𝜏(𝛯𝑐𝑐

+ ) ~6.7, 𝝉 𝜩𝒄𝒄
+ = 𝟒𝟓 𝐟𝐬 used in this analysis.

• ∆𝑀 prediction: 𝑴 𝜩𝒄𝒄
+ − 𝑴 𝜩𝒄𝒄

++  ∈ −0.4, −2.3  MeV/𝑐2.
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Introduction: 𝜩𝒄𝒄
+

• Its isospin partner 𝛯𝑐𝑐
++:

◦ Observed with 𝛯𝑐𝑐
++ → 𝛬𝑐

+𝐾−𝜋+𝜋+ in 2017.
◦ 𝑀 𝛯𝑐𝑐

++ = 3621.55 ± 0.23 stat ± 0.30 syst  MeV/𝑐2

◦ 𝜏 𝛯𝑐𝑐
++ = 256−22

+24 stat ± 14 syst  fs
 

• Previous search for 𝛯𝑐𝑐
+ :

 
◦ SELEX: 3518.7 ± 1.7 MeV/𝑐2

       Not confirmed by other experiments.

◦ LHCb: 𝛯𝑐𝑐
+ → 𝛬𝑐

+𝐾−𝜋+ full Run 1 + Run 2 data ( ℒ = 9.0 fb−1 ). 
       3.0σ local significance near observed 𝛯𝑐𝑐

++ mass peak.

[JHEP 02 (2020) 049]

[PhysRevLett.121.052002]

[SCPMA 63(2020) 221062]
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[PhysRevLett.119.112001]

SELEX

[PhysRevLett.89.112001]

SELEX 𝛯𝑐𝑐
++

Isospin doublet Ξ))* (𝑐𝑐𝑑) , Ξ))**(𝑐𝑐𝑢) and isospin singlet Ω))* (𝑐𝑐𝑠)
Ø Ξ))** observed with Ξ))** → Λ)*𝐾'𝜋*𝜋* in 2017
Ø 𝑀 Ξ))** = 3621.55 ± 0.23 ± 0.30 MeV
Ø 𝜏 Ξ))** = 256'&&*&+ ± 14 fs

JHEP02(2020)049
PRL121,052002

Previous search for Ξ))* :
Ø SELEX:  3518.7 ± 1.7 MeV ⇒ not confirmed by other experiments
Ø LHCb: Ξ))* → Λ)*𝐾'𝜋* full Run1 + Run2 data (ℒ = 9.0 fb'()

q 3𝜎 local significance near observed Ξ))** mass peak SCPMA63(2020)221062

PRL89,112001

SELEX

PRL89,112001

SCPMA63(2020)221062

PRL119,112001

PRL119,112001



Searching for Ξ!!"
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LHCb-PAPER-2026-009

Ξ))* → Λ)*𝐾'𝜋* (Λ)* → 𝑝𝐾'𝜋*) with 6.9 Ib'( data taken in 2024
Ξ))** → Λ)*𝐾'𝜋*𝜋* as control channel to study about uncertainties and cross-
check the performance of the detectors
Ø Event selection of Ξ))* is very similar to Ξ))**, expect one less pion and 

shorter lifetime 
Ø 𝜏 Ξ))* assumed in the range (15 ~ 160) ps based on 𝜏 Ξ))** /𝜏 Ξ))*

predictions and 𝜏 Ξ))** measured by LHCb

Validation with control channel
Ø Signal yield per Ib'(:

1262 (2024) vs 285 (Run2)
Ø Efficiency x4, compared with Run2

Run2 data (2016-2018) as cross check

Ø Ξ))** = 3621.74 ± 0.10 MeV, 
consistent with Run2 result

PRD98,113005, 
RBI-ThPhys-2023-9

PRL121,052002



Result for Ξ!!"
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LHCb-PAPER-2026-009

No fake peak in the WS sample, or at 𝑚(Ξ))* ) reported by SELEX

The local significance around 3622 MeV exceeds 7𝜎, evaluated 
with a likelihood ratio test
Precise measurement
Ø Correct the mass bias caused by event selection and final-state

photon radiation

𝑚 Ξ))* = 3619.97 ± 0.83 ± 0.26'(.%-*(..- MeV
Δ𝑚 = 𝑚 Ξ))* −𝑚 Ξ))** = −1.77 ± 0.84 ± 0.15'(.%-*(..- MeV



Outline
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Selected topics
Ø Spectroscopy

q Ξ##"
Ø Rare decay (FCNC)

qBranching fractions
qAngular analyses
qCP asymmetries
q LFU tests

Ø CP violation
qγ
qCPV measurement

参考孙亮的报告



FCNC decays as sensitive probe for NP

2026/03/28 Xuhao Yuan, IHEP 10

FCNC decays heavily (loop-) suppressed in SM

New heavy particles can significantly contribute 
and effect decay rates, angular distributions …

Description in effective field theory

Rare 𝐵 decays allow to probe 𝒪/
(12)

Λ12 up to 𝒪(100 TeV) reachable JHEP 11 (2014) 121



Consistently low ℬ for 𝑏 → 𝑠𝜇"𝜇# decays

2026/03/28 Xuhao Yuan, IHEP 11

Data consistently below SM predictions, tensions at 1 − 3 𝜎 level
Significant hadronic uncertainties from form-factor and charm-loop 



Evidence for 𝐵" → (Λ𝑝𝜇"𝜇#

2026/03/28 Xuhao Yuan, IHEP 12

arXiv:2601.06878

Ø 𝑏 → 𝑠𝜇*𝜇' meson decay with baryonic final state, norm. to 𝐵* → RΛ𝑝𝐽/𝜓
Ø Studied in two region 𝑚 RΛ𝑝 < 2.8 GeV and 𝑚 RΛ𝑝 > 2.8 GeV

q ℬ = 1.70'-.45*-.54 ± 0.17 ± 0.14 ×10'6 (for 𝑚 RΛ𝑝 < 2.8 GeV )
q ℬ < 2.8×10'. at 90% CL (for 𝑚 RΛ𝑝 > 2.8 GeV )

Ø In agreement with, but 2𝜎 below SM prediction 1.08'-.4(*-.6&×10'7

JPG 41 (2014) 065002

3.5 𝜎



A comprehensive analysis of 𝐵$ → 𝐾∗$𝜇"𝜇#

2026/03/28 Xuhao Yuan, IHEP 13

More data
Ø Full Run 1+2 data, 4.7 Ib'( ⇒ 8.4 Ib'( (signal yield: 4.6 K ⇒ 12.4 K)
Ø Large 𝑚89 mass window and more optimized selection
More observables from 5D fit
Ø P-wave, S-wave + interference observables, as well as CP asymmetries
Ø Provide branching fraction measurement and full set of correlations

Few assumptions
Ø No longer assume massless leptons throughout
Ø Branching fraction extracted without model assumptions

arXiv: 2512.18053



Results
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arXiv: 2512.18053

EPJC83(2023)648, 
EPJC82(2022)569, 
JHEP09(2022)133

𝟐. 𝟕 (𝟐. 𝟔) 𝝈 in 𝟒, 𝟔 𝐆𝐞𝐕𝟐
𝟑. 𝟏 (𝟐. 𝟕) 𝝈 in 𝟔, 𝟖 𝐆𝐞𝐕𝟐

arXiv:1810.08132, 
JHEP08(2016)098, 
EPJC82(2022)569, 
JHEP09(2022)133

Lower than SM, consistent 
with other 𝒃 → 𝒔𝝁𝝁

𝟐. 𝟓 (𝟐. 𝟐) 𝝈 in 𝟐. 𝟓, 𝟒 𝐆𝐞𝐕𝟐
𝟏. 𝟗 (𝟏. 𝟕) 𝝈 in 𝟒, 𝟔 𝐆𝐞𝐕𝟐

No prediction available for 
𝑭𝑺 and other S-
wave/interference obs.



Outline

2026/03/28 Xuhao Yuan, IHEP 15

Selected topics
Ø Spectroscopy

q Ξ##"
Ø Rare decay (FCNC)

qBranching fractions
qAngular analyses
qCP asymmetries
q LFU tests

Ø CP violation
q𝜸
qCPV measurement

参考孙亮的报告

参考俞杰晟、杜大佑的报告

参考胡晓凡的报告



CKM angle 𝛾

Ø At LHCb, benefit from large statistics using tree-dominated processes
Ø Tree-level decays, theoretically clean (𝛿𝛾~10'7)
Ø Complementary methods, dependent on combinations of favored and 

suppressed 𝐵 and 𝐷
Ø Multi-body 𝐷 decays are used in combination with input on strong 

phases from independent measurements (BESIII, CLEO3)
Ø Final states accessible to both 𝐷 and R𝐷 to examine interference 

between 𝑏 → 𝑐 and 𝑏 → 𝑢 transitions

Xuhao Yuan, IHEP 162026/03/28

Combination of LHCb
measurements of the CKM angle
𝛾 and charm mixing parameters

CKM fitter 𝛾 = 66.3'(..*-.7 °



CKM angle 𝛾 measurements
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Ø Measurement of 𝛾 using 𝐵 → 𝐷𝐾 and 𝐵 → 𝐷𝜋 decays with 𝐷 → 𝐾;-𝜋𝜋 and 𝐷 → 𝐾;-𝐾𝐾
with Run3 LHCb-PAPER-2026-010

Ø Unbinned measurement of the CKM angle 𝛾 in 𝐵 → 𝐷 → 𝐾;-ℎℎ ℎ decays  
LHCb-PAPER-2025-063, LHCb-PAPER-2025-064

Ø A model-independent measurement of the CKM angle 𝛾 in the decay 𝐵 → 𝐾𝐾𝜋𝜋 <ℎ
and 𝐵 → 𝜋𝜋𝜋𝜋 <ℎ JHEP02(2026)253

Ø Simultaneous determination of the CKM angle 𝛾 and parameters related to the mixing 
and CP violation in the charm sector  LHCb-CONF-2025-003



𝐵 → 𝐷ℎ with 𝐷 → 𝐾&ℎℎ (Run3)

The first 𝛾 measurement with Run3
Ø Self normalized
Ø Reduced impact of detector asymmetries and simulation
Ø Run3 advantages: higher luminosity, high trigger efficiency

LHCb-PAPER-2026-010

Xuhao Yuan, IHEP 182026/03/28

Signal yields of 𝐵 in the 𝑖$= bin dependent on the CP-violating observables

𝑥± + 𝑖𝑦± = 𝑟*𝑒+ ,!±-

𝑁+ 𝐵± = 𝐻*±[𝐹∓+ + 𝑥±/ + 𝑦±/ 𝐹+ + 2 𝐹+𝐹0+(𝑥±𝑐+ ∓ 𝑦±𝑠+)]

Fractional yield of 𝐷! → 𝐾"!ℎℎ, common 
for 𝐷𝐾 and 𝐷𝜋 (same relative efficiency)

Strong-phase parameters of 𝐷! → 𝐾"!ℎℎ
𝑐# and 𝑠# inputs taken from combined 
measurement of BESIII and CLEO

JHEP06(2025)086
PRD102.052008

Run1+2 analysis currently the most precise single 𝛾 measurement (BPGGSZ)  
JHEP02(2021)169



Signal yields of 𝐵 → 𝐷ℎ

Xuhao Yuan, IHEP 192026/03/28

Global mass fit used to determine signal and BKG components

𝐷𝐾,𝐷𝜋 × 𝐾;-𝜋𝜋, 𝐾;-𝐾𝐾 ×[LL, DD]

Signal yields from global mass fit ~ 200 K (total)
Relative to Run 1+2 measurement
Ø ~17 % higher signal yield despite low luminosity
Ø LL yields per lumi is 2.7x of Run2

LHCb-PAPER-2026-010

Simultaneous fit performed across categories (8) defined

Based on 2024 5.8	Ib'( data



𝐵 → 𝐷ℎ with 𝐷 → 𝐾&ℎℎ (Run3)

Xuhao Yuan, IHEP 202026/03/28

CP asymmetry show good agreement 
across different fit methods

LHCb-PAPER-2026-010

The vector pointing to (𝑥<8* , 𝑦<8* ) and (𝑥<8' , 𝑦<8' ) form an angle of 2𝛾

First 𝛾 measurement with Run 3
Higher signal yields observed with less integrated luminosity
These results show good agreement with previous measurements

Comparison with Run1+Run2 measurements
Ø Consistent 𝛾, 𝛿><8, 𝛿><9 values, smaller 𝑟><8 larger 𝑟><9
Ø Higher 𝛾 uncertainty from strong-phase inputs and a smaller 𝑟><8

Comparison with LHCb 𝛾 combination
Ø Good agreement with a p-value of 12% in 5D parameter space



LHCb Upgrades

Upgrade I Upgrade II
Upgrade I (U1), started in LS2
ℒmax~ 2x1033 cm-2s-1
ℒint~ 50 fb-1

Upgrade II (U2), starts in LS4
ℒmax~ 1.0-1.5x1034 cm-2s-1
ℒint~ 250 - 300 fb-1

Some smaller detector 
consolidation and enhancements 
in LS3 (2026) ⇦ U1b

x5
 ℒ
Ru
n3
&
4

Major upgrade of ATLAS/CMS
LHCb also plan enhancements (U1b)

x5 ℒRun1&2

Xuhao Yuan, IHEP 212026/03/28



Very large samples of b hadrons

LHCb has access to large samples of b hadrons other than b mesons
Xuhao Yuan, IHEP 222026/03/28



Summary
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Ø Rich flavor physics program of LHCb
q Spectroscopy
q Rare decay
q CP violation
Indirect searching for new physics     

Ø Successful operation, good quality data
Ø Bigger/better dataset, precision, sensitivities
Ø Many interesting analyses ongoing
Ø New opportunities with LHCb Upgrade II


