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The	LHCb	experiment	
• Excellent	vertexing,	tracking	&	PID
⟹Ideal	experiment	to	study	spectroscopy	
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LHCb luminosity	prospects
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See	Z.	Yang’s	talk



Lots	of	singly charmed	baryons

• Λ#$ → 𝑝𝐾(𝜋$: ∼ 1×10/	per	fb(6	@	7	TeV
• Ξ#$ → 𝑝𝐾(𝜋$: ∼ 3×10= per	fb(6	@	7	TeV

5%	shown

[JHEP	12	(2013)	090] [PRL	118	(2017)	182001]

	
3.3	fb(6
Ξ#$:10/
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Charmed	baryon	spectroscopy
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Measurement	of	Ω#@ lifetime
• With	ΩA( → Ω#@𝜇(𝜈̅E𝑋, Ω#@ → 𝑝𝐾(𝐾(𝜋$，
related	to	𝐷$

• 𝜏 Ω#@ = 268 ± 24 ± 10 ± 2	fs
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See	H.-Y.	Cheng’s	talk
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Doubly	charmed	baryon
• Mass
– 𝑀 Ξ##$ ≈ 𝑀 Ξ##$$

= 3621.24 ± 0.72	MeV
– 𝑀 Ω##$ ≈ 𝑀 Ξ##$$ + 100	MeV

• Lifetime
– 3𝜏 Ξ##$ ≈ 3𝜏 Ω##$ ≈ 𝜏 Ξ##$$ = 0.256 ± 0.027	ps

• Production
– 𝜎 𝑐𝑐 = 90	nb	@	13	TeV	in	LHCb
– 𝑓_`ab	𝑢: 𝑑: 𝑠 ∼ 1: 1: 0.3
𝜎 Ξ##$$ = 𝜎 Ξ##$ ∼ 40	nb
𝜎 Ω##$ ∼ 13	nb

[PRD 83 (2011) 034026]
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Spectroscopy	studies	at	LHCb

Ξ## @ SELEX
[PRL	89	(2002)	112001]

[hep-ex:	0209075]

[PLB	628	(2005) 18]	

Ξ##$
Ξ##$$

Ξ##$
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Ξ## @ LHCb	&	others
• SELEX	results	not	confirmed	by	FOCUS,	Babar,	
Belle	&	LHCb

• Ξ##$ → Λ#$𝐾(𝜋$ searched	by	LHCb	w/	2011	data

Ξ##$ Ξ##$
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• First	observation,	in	2016	(>12σ)	&	Run-I	(>7σ)	

• Λ#$𝐾(𝜋$𝜋$ identified	as	the	
most	promising	channel

Observation	of	Ξ##$$ → Λ#$𝐾(𝜋$𝜋$
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Ξ##$$ properties
• Ξ##$$ mass	measured:

SELEX:	m(Ξ##$ )=3519±1	MeV
Isospin partner?

• Decay	weakly,	mass	
peak	remains	after	
lifetime	cut

⟹Measurement	of	
𝜏(Ξ##$$) needed
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Measurement	of	Ξ##$$ lifetime

• Take	decay	time	ratio	relative	to	ΛA@ → Λ#$3𝜋,	
w/ well	known	𝜏 ΛA@ = 1.470 ± 0.010	ps

• Decay	time	acceptance	from	simulation	
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Ξ##$$ lifetime
• Fitted	ΛA@ lifetime	1.474± 0.077	ps,	validating	
that	simulation	well-describes	t	acceptance

• Unbinned 𝑡(Ξ##$$) described	by	

• 𝜏 Ξ##$$

= 0.256(@.@ii$@.@ij ± 0.014	ps
Weakly	decay	nature	established!
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Re-discovery	of	Ξ##$$
• Ξ##$$ → Ξ#$𝜋$ expected	
to	have	large	BR

• Searched	with	2016	
data,	following	similar		
selection	strategy	to	
Ξ##$$ → Λ#$𝐾(𝜋$𝜋$

• 91 ± 20 signals	seen,	
5.9𝜎,	re-discovery!			

[F.-S.	Yu et	al.,	CPC	42	(2018)	051001]
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• Ξ##$$ mass

consistent	with	predictions,	e.g.,	by	lattice	QCD

• Ratio	of	total	branching	fractions

at	the	lower	end	of	prediction

Ξ##$$ mass	and	ℬ(Ξ##$$ → Ξ#$𝜋$)

[F.-S.	Yu et	al.,	CPC	42	(2018)	051001]
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3620.6 ± 0.65 ± 0.31	MeV/𝑐i

3610 ± 23± 22	MeV/𝑐i [Z.	S.	Brown et	al.,	PRD	90	(2014)	094507]

[P
RL
	1
21
	(2

01
8)
	1
62
00
2]

Spectroscopy	studies	at	LHCb



• 𝐵#,	doubly	heavy	meson,	rich	spectrum

𝐵# spectrum	
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ππ
ππ

𝛾
[S.	Godfrey,	 PRD	70	(2004)	054017]
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Search	for	𝐵#(2𝑆) by	LHCb	
• LHCb	has	the	largest	(low	pT)	𝐵#$ sample,	not-yet	
confirming	ATLAS	observation

• Setting	upper	limits
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MLP>0.6

“ΔM”=0
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Observation	of	ΞA 6227 ( → ΛA@𝐾(, ΞA@𝜋$
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Mass/width	measured	w/	hadronic channel:
𝑚 = 6226.9 ± 2.0± 0.3 ± 0.2(ΛA@ )MeV
Γ = 18.1± 5.4 ± 1.8MeV

Relative	production	 wrt ΛA@ (ΞA@)
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Observation	of	ΣA 6097 ± → ΛA@𝜋±
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1P excitation	or	molecular	states?		



Evidence	of	𝜂#𝜋( resonance
• 𝜂#𝜋( access	𝐽v other	than	1$
– 0$,1(, 2$

• 𝐵@ → 𝜂#𝐾$𝜋( signal
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Evidence	of	𝜂#𝜋( resonance	(cont.)
• 𝑍# needed	to	describe	data	(significance>3𝜎)
– 𝑚 = 4096± 20(ii$6x MeV
– Γ = 152± 58(y=$/@MeV
– 𝐽v = 0$, 1(
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w/o	Zc w/	Zc
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Search	for	𝑋AAzAAz → Υ(1𝑆)𝜇$𝜇(	
• Searched	w/	6.3 fb-1
data	taken	2011-17

• No	obvious	signal,	
upper	limit
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Search	for	b-flavored	pentaquarks
• Skyrme model:	the	heavier	the	constituent	
quarks,	the	more	tightly	bound	the	state
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[T.H.R.	Skyrme,	Proc.	Roy.	Soc.	Lond.	A	260	(1961)	127]	&	other	refs.	in	paper
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Search	for	b-flavored	pentaquarks
• No	clear	signal,	upper	limits	on	production	
ratio	𝜎 ⋅ ℬ wrt	ΛA@ → 𝐽/𝜓𝑝𝐾(,	~10-3
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Search	for	dibaryon state
• Dibaryon	state	 𝑐𝑑 𝑢𝑑 𝑢𝑑 could	be	present	
in	ΛA@ → Λ#$𝜋(𝑝𝑝̅，𝒟#$ → 𝑝𝒫# 𝑢z 𝑐𝑑 𝑢𝑑 , 𝑝Σ#@

• First	observation	of	ΛA@ → Λ#$𝜋(𝑝𝑝̅
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[L.	Maiani et	al.,	PLB	750	(2015)	37]
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Search	for	dibaryon state	(cont.)
• Resonance	contribution

• No	sign	of	dibaryon yet
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Summary
• Lots	of	studies	on	spectroscopy	at	LHCb
– Conventional	spectroscopy
• Ω#∗, Λ#∗ ;	Ω#@ lifetime
• Ξ##$$ observation,	lifetime;	new	decay
• 𝐵#(2𝑆) search
• ΞA 6227 (,ΣA 6097 ± observation

– Exotic	states
• 𝑍# 4100 ( evidence
• 𝑋AAzAAz ,	b-flavored	pentaquark,	dibaryon search	

• More	results	to	come,	stay	tuned!
• Your	suggestions	are	always	welcome!	
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