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Introduction
• Heavy flavour production 

– Test QCD: PDF, hard scattering, fragmentation

– New physics search: Background; 𝑓!
– pp collisions, reference for pPb, PbPb

• Spectroscopy
– Quark model
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Open charm/beauty production
• Well described by pQCD calculations (FONLL) 

with fragmentation function from 𝑒"𝑒&
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𝑓!/(𝑓" + 𝑓#) in 𝐵/𝐷 system
• Similar for charm and beauty
• No significant dependence on energy and collision 

system with the current precision
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𝑓!/𝑓# in beauty system
• Combined analysis 

of different decay 
modes. BR of 𝐵!"
updated 
– ℬ(𝐵!" → 𝐽/𝜓𝜙) and 
ℬ 𝐵!" → 𝐷!#𝜋$ improved by 
a factor of 2
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Baryon-to-meson ratio

• Clear trend as function of pT, well decribed by, e.g.,  
– Pythia8 + New Colour-Reconnection (CR) mode
– Statistical Hadronisation (SH) including additional excited 

charm baryons predicted by Relativistic Quark Model (RQM)
– Catania, hadronisation via coalescence + fragmentation
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ALI-PREL-486637
ALI-PREL-486632

ALI-PUB-487396ALI-PUB-487391

Ξ%
&/(, Ω%& production
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Charm FF & cross-section
• Fragmentation fraction not universal
• Cross-section at the upper edge of FONLL/NNLO 
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Λ)& production asymmetry
• Using Λ#" → Λ$%𝜇&�̅�'𝑋, 7/8 TeV pp data
• First observation of b-hadron prod. asym.
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𝐵%
(∗) 2𝑆 ( production

• Measured relative to 𝐵$%
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New excited 𝐷!( state
• 𝐷!" 2590 %, observed in 𝐵" → 𝐷&𝐷%𝐾%𝜋&

– Candidate for 𝐷% 22𝑆$ ", radial excitation
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Ω%∗∗& in Ω); decay 
• Ω#& → Ξ!"𝐾&𝜋&

– Same four peaks observed, 
except Ω- 3119 .

– Structure at threshold (4.3𝜎)
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• Spin of Ω!∗∗# probed, not conclusive yet
– Assignment of (1/2, 1/2, 3/2, 3/2) rejected by 3.5𝜎
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New excited 𝐵!& states

• Observed in 𝑚(𝐵%𝐾&)
– directly to 𝐵"𝐾&

– through 𝐵∗"𝐾&
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Search for Ξ%%(
• Ξ$$% → Ξ$%𝜋%𝜋&, no significant 

signal, combined with    
Ξ$$% → Λ$%𝐾&𝜋%
– Local (global) significance 
4𝜎 (2.9𝜎)

– 𝑚 = 3623.0 ± 1.4stat MeV
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First search for Ω%%(
• Ω$$% → Ξ$%𝐾&𝜋%, bump at 3876 MeV, with 

local (global) significance 3.2𝜎 (1.8𝜎)
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First search for Ξ)%&

• Ξ#$" → 𝐷"𝑝𝐾&

• No obvious signal, UL 
as function of 𝑚/𝜏 on
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Observation of 𝑋 2900 → 𝐷!𝐾"
• Using 𝐵$ → 𝐷$𝐷%𝐾$, both 

model-independent study 
& amplitude analysis
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Observation of 𝑍%!( → 𝐽/𝜓𝐾(

• Amplitude analysis with 𝐵% → 𝐽/𝜓𝜙𝐾%
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Unlikely to be the same 
one as seen by BESIII:
𝑚 = 3982.5&*.,$).- ± 2.1 MeV
Γ = 12.8&...$/.0 ± 3.0 MeV
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𝑋(6900) in Di-𝐽/𝜓 system
• Structure observed in Di-𝐽/𝜓 mass

– Two models, both with significance > 5𝜎
• First candidate for 𝑇$ ̅$$ ̅$
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Evidence of 𝑃%!& → 𝐽/𝜓Λ
• Amplitude analysis with 
Ξ#& → 𝐽/𝜓Λ𝐾&

– 1750 signals
• 𝑃$!" evidence  
Ξ 1690 &, Ξ 1820 &
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• 𝑃$!%
– 4.3𝜎 → 3.1𝜎 including 

systematics
– Statistics not enough 

to determine 𝐽!

– 19 MeV below Ξ"#3𝐷∗#
threshold
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New structure in 𝐽/𝜓𝑝
• Amplitude analysis 

of 𝐵!" → 𝐽/𝜓𝑝�̅�
– 800 signals
– 𝑃!" state, 3.1 −
3.7𝜎 depending	on	
𝐽C , 1/2" used in 
nominal fit
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𝑚 = 4337#*$+ stat #,$,(syst) MeV
Γ = 29#-,$,. stat #-*$-*(syst) MeV
10 MeV below 𝜒%( 1𝑃 𝑝 threshold
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More in E. Spadaro Norella’s talk  
in Flavour Physics: Session 3
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Ξ%&, Ω%& lifetimes
• Measured with prompt Ξ!#, Ω!#

relative to 𝐷#, confirming 
those using b-decay
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𝜏 Ξ=. = (148.0 ± 2.3 ± 2.2 ± 0.2) fs
𝜏 Ω=. = (276.5 ± 13.4 ± 4.3 ± 0.7) fs
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Summary

• Many results on heavy flavour production 
and spectroscopy since last LHCP
– Production, 𝐷, Λ!", Ξ! , Λ#$ , 𝐵! 2𝑆 ", …
– Spectroscopy, 𝐷%$ 2590 ", excited ΞO states,  
𝑋(2900), 𝑍!%" , 𝑋 6900 , 𝑃!%", …

– Lifetime, Ξ!$, Ω!$

• Upgrade of LHC experiments ongoing, 
many results on their way, stay tuned
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