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Introduction
• Indirect search for New physics 
– Rare decays

– CP violation

• QCD
– Spectroscopy 
– Production

• Electroweak
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钱文斌，Exotic states in B decays,  14h00, 7 April

谢跃红，Opportunities to probe CP in rare B decays, 14h30, 8 April

俞洁晟，Study of Bc physics at LHCb,  16h00, 7 April



Large Hadron Collider

Proton energy: up to 7 TeV (1012 eV)
             speed:  0.999999991 c
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Beauty/charm production
• Large production cross-section @ 7 TeV
– Minibias ~60  mb
– Charm    ~6  mb 
– Beauty      ~0.3 mb c.f. 1nb @𝜰(𝟒𝑺)  

• Predominantly in forward/backward cones

Flavour factory!
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Initial energy of 𝑏'𝑏 not known



Beauty/charm signature

• Compared to minimum bias (background)
– Relatively high mass    à high transverse momentum 

– Relatively long lifetime à large impact parameter (IP)

• Requires excellent vertexing, tracking, particle-
identification
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The LHCb experiment 
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The LHCb trigger (2018)
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• L0, Hardware
– 𝑝! 𝜇" ×𝑝! 𝜇# >(1.5 GeV)2

– 𝑝! 𝜇 > 1.8 GeV
– 𝐸! 𝑒 > 2.4 GeV
– 𝐸! 𝛾 > 3.0 GeV
– 𝐸! ℎ > 3.7 GeV

• High Level Trigger
– Stage1, 𝑝!, IP
– Stage2, full selection



The LHCb trigger (Run3)
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The turbo stream

Turbo stream, μDST, event size 10 times 
smaller, maximize physics output! 
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LHCb luminosity prospects
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9	fb!"

• Run-3
– Luminosity: 7	fb$" (2024) + 7	fb$" (2025) 
– Yields, compared to Run 1+2

• Muon modes ~2
• Hadronic modes ~4 (2 x 2 due to higher trigger eff.)  



The upgraded VELO
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• Hybrid silicon pixel (55 x 55 µm,)
– Thinner RF foil, 185 µm
– Inner aperture reduced from 5.5→3.5 mm

• Incident in 2023, RF foil replaced now
Simulation
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The upgraded RICH
• RICH-1, Aerogel removed; RoC of Spherical mirror increased 

– Cherenkov angle resolution improved 
– Radiator length increased => increased photon yields

• Performance in data
– Note 2022 required to have higher pile-up
– Alignment/calibration not-yet the best
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Rare strange decays
• 𝛴( → 𝑝𝜇(𝜇$, 𝐾)* → 𝜇(𝜇$, 

muon soft, L0 was a bottleneck
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Particle with long lifetime, 𝒪(ns)
• Reconstruction improved w/ VELO matching
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Δ𝐴!" in charm
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𝐴-. 𝑓 =
Γ 𝑀 → 𝑓 − Γ *𝑀 → ̅𝑓
Γ 𝑀 → 𝑓 + Γ *𝑀 → ̅𝑓

Δ𝐴-. ≡ 𝐴-. 𝐾/𝐾0 − 𝐴-.(𝜋/𝜋0)

Combined one:
Δ𝐴-. = −15.4 ± 2.9 ×10/1

𝜋-tagged 

𝜇-tagged 

[PRL 122 (2019) 211803]



Charm mixing
• Mass eigen., superpositions of flavour eigen.

| $𝐷!,# = 𝑝 | ⟩𝐷$ ± 𝑞 | ⟩+𝐷$
• Oscillations dynamics defined by

𝑥 = ,!$,"
-

, 𝑦 = -!$-"
#-

, where Γ = -!(-"
#
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𝐷, → 𝜇-𝜇.
• Very rare decay: FCNC+helicity 

suppression, contributions in SM
– SD, ℬ 𝐷* → 𝜇(𝜇$ ∼ 10$".

– LD, ℬ 𝐷* → 𝜇(𝜇$ ∼ 10$""
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ℬ 𝐷# → 𝜇$𝜇! < 3.1×10!% @ 90% CL
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CKM-𝛾 combination
• Simultaneous determination of 

CKM-𝛾 & charm mixing parameters
– CKM 𝛾 = 63.8$/.1(/.2 °
– Charm mixing 𝑥 = 0.398$*.*34(*.*2* %,
                             𝑦 = 0.636$*.*"4(*.*#* %
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𝑉01 , 𝑉21
• Some tension between 

exclusive/inclusive
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[PRL 126 (2021) 081804]

𝑉01 , 𝑉21 [Belle, PRL 131 (2023) 211801]

+ w/ exp constraint for 
'𝐵# → 𝜋$ℓ!𝜈̅ℓ FF



CPV in mixing
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• 𝜙F = 𝜙G − 2𝜙H, 
small in SM

• 𝐵FI → 𝐽/𝜓ℎ0ℎ/ '𝐵'#

𝐵'# 𝑓()

𝜙*

𝜙+ −𝜙*

Mixing and decay 
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Flavour tagging?



CPV in 𝐵4, → 𝜙𝜙
• Probe NP in mixing & penguin
• Tiny CPV expected in SM:   
𝜙55 ̅55 = 0.00 ± 0.02 rad

• New LHCb results:
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𝜙55 ̅55 = −0.074 ± 0.069 rad,
No sign of CPV & results consistent with SM 
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• Suppressed in SM, could be 
enhanced by New Physics 
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• 𝐵%$ mixing ⇒ effective 𝜏

• Measured by LHCb, CMS, 
ALTAS, not-yet sensitive to AΔΓ

𝐵4, → 𝜇-𝜇.	eff. 𝜏

AΔΓ=1 in SM
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1.83!".$"%".$& ± 0.04 ps [CMS, PLB 842 (2023) 137955]

𝜏'' = 2.07 ± 0.29 ± 0.03 ps
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[De Bruyn et al., PRL 109 (2012)  041801]

0.99!"."(%".)$ ± 0.17 ps [ATLAS, JHEP 09 (2023) 199]



]4c/2 [GeV2q
0 5 10 15 20

]2
/G

eV
4 c × 

-8
 [1

0
2 q

/dBd 0

5

10

15

20
LCSR Lattice Data

LHCb
−µ+µ*+ K→+B

]4c/2 [GeV2q
0 5 10 15

]2
/G

eV
4 c [2 q

/dB
 d

0

0.05

0.1

0.15
6−10×

LHCb
𝐵! → 𝐾∗!𝜇#𝜇$

0 5 10 15
]4c/2 [GeV2q

0

2

4

6

8

10

12

14

)4 c2−
 (G

eV
2 q

)/d− µ+ µφ 
→ 0 sB(

Βd

φ ψJ/ (2S)ψ

LHCb
1−fbLHCb 9
1−fbLHCb 3

SM (LCSR+Lattice)
SM (LCSR)
SM (Lattice)

8− 10×

]4c/2 [GeV2q
0 5 10 15 20

]2
/G

eV
4 c × 

-8
 [1

0
2 q

/dBd 0

1

2

3

4

5

LCSR Lattice Data

−µ+µ0 K→0B
LHCb

]4c/2 [GeV2q
0 5 10 15 20

]2
/G

eV
4 c × 

-8
 [1

0
2 q

/dBd 0

1

2

3

4

5

LCSR Lattice Data

LHCb
−µ+µ+ K→+B

Branching fraction of 𝑏 → 𝑠𝜇-𝜇.
• Pattern of tensions seen, 

theoretical uncertainty?
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𝐵%! → 𝜙𝜇#𝜇$
JHEP 06 (2014) 133

JHEP 06 (2014) 133

JHEP 06 (2014) 133

JHEP 04 (2017) 142

PRL 127 (2021) 151801

PRL 131 (2023) 151801

𝛬!" → 𝛬(1520)𝜇#𝜇$



𝑃:;  with 𝐵, → 𝐾∗,𝜇-𝜇.

26

• 𝑃&' =
(!

)" !*)"
, less form-factor dependent 

• Also measured by Belle, ATLAS, CMS
[Belle, PRL 118 (2017) 111801]
[ATLAS, JHEP 10 (2018) 047]
[CMS, PLB 781 (2018) 517]

[S. Descotes-Genon, et al., JHEP 01 (2013) 048] 
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LFU in 𝑏 → 𝑠ℓ-ℓ. decays
• Deviations from SM seen by LHCb
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[PRL 131 (2023) 051803]

Precision at 5-10%
𝒪(1%) LFUV still possible 

路漫漫其修远兮，吾将上下而求索
The road ahead will be long and our 
climb will be steep

𝑅& = 0.78'(.*+	'(.(-.(./0	.(.(1  [CMS, BPH-22-005-PAS]



LFU in 𝑏 → 𝑐ℓ𝜈 decays
• Deviations from SM seen by Babar/Belle/LHCb

29

𝑅(𝐻.) =
ℬ 𝐻- → 𝐻.𝜏!𝜈̅/
ℬ(𝐻- → 𝐻.𝜇!𝜈̅0)

0.1 0.2 0.3 0.4
R(D*)

BaBar, had. tag
 0.018± 0.024 ±0.332 

, had. tagaBelle
 0.015± 0.038 ±0.293 

, (hadronic tau)bBelle
 0.027± 0.035 ±0.270 

, sl.tagcBelle
 0.014± 0.018 ±0.283 

aLHCb
 0.024± 0.018 ±0.281 

, (hadronic tau)bLHCb
 0.018± 0.012 ±0.257 

Belle II, had.tag
 0.031± 0.040 ±0.267 

cLHCb
 0.085± 0.081 ±0.402 

Average 
 0.012±0.285 

SM average 
 0.005±0.254 

PRD 95 (2017) 115008 
 0.003±0.257 

JHEP 1712 (2017) 060 
 0.005±0.257 

PLB 795 (2019) 386 
 0.007±0.254 

PRL 123 (2019) 9,091801 
 0.005±0.253 

EPJC 80 (2020) 2, 74 
 0.006±0.247 

EPJC 82(2022) 12,1141 
 0.013±0.265 

EPJC 82(2022) 12,1083 
 0.008±0.275 

arXiv:2304.03137[hep-lat] 
 0.013±0.279 

arXiv:2304.03137[hep-lat] 
 0.022±0.252 HFLAV

Moriond 2024

SM

Exp

0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4

R
(D

*)

HFLAV SM Prediction
 0.004±R(D) = 0.298 

 0.005±R(D*) = 0.254 

68% CL contours

World Average
total 0.026±R(D) = 0.344 

total 0.012±R(D*) = 0.285 
 = -0.39ρ

) = 29%2χP(

aLHCb
bLHCb

cLHCb

bBelle

cBelle

aBelle BaBar

BelleII

Average

HFLAV
Moriond 2024

[PRL 128 (2022) 191803] 

2𝜎
[CMS, BPH-22-012-PAS]



Spectroscopy at LHCb
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Experimental status of DHB
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Intrinsic charm?
• Bound to valence quarks, 

longer time scales
• Z associted with charm
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SMOG (System for Measuring Overlap with Gas)
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The LHCb upgrade II

34

[C
ER

N
-L

HC
C-

20
18

-0
27

, 2
02

1-
01

2]

Upgrade	II,	4D	detector	
Timing,	𝒪(10	ps),	is	essential



Prospects
• LHCb upgrades  

(2025: 23 fb-1, Upgrade-II: 300 fb-1)
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Summary

• LHCb is almost ready for Run-3 data-taking, 
and will continue delivering world-leading 
measurements on
– Rare decays 
– CP violation 
– Spectroscopy … 

• Your continued and strong support always 
appreciated
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