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Any new fundamental particles?
Any new format matter with building blocks?

Historic discoveries with leptonic decays

What else after the discovery of Higgs?



Milestones with leptonic decays
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J/y (cc) ¡ (bb)                  Z                           Higgs 

BNL-1968 FNAL-1977SLAC-1974BNL-1974

It	is	very	beneficial	for	leptonic decays	due	to	their	clean	signatures,	however,	
anything	can	happen	even	so.

CERN-1983 CERN-2012



Oops-Leon
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BNL-1968 FNAL-1977

BNL-1974

FNAL-1976CERN ISR-1975



A	range	lacking of	experimental	data

55
BES	made	significant	contributions	to	this	range	

e+e- cross	section	as	a	function	of	energy

GeVs to	Z	

GeVs to	Z	

A)	Lack	of	e+e- experimental	data	
from	GeVs to	Z	mass

B)	Constraint	of	various	physics	
models	in	this	range	is	loose

A	new	window	for	unknown	by	LHC
(Leptonic searches)

mZ=90	GeV



never	fully	explored	(GeVs-Z	mass)
Multiple-lepton	final	states

A)	Not	enough	energy	(associated	production)

B)	Not	enough	data

C)	Opportunity	comes	with	LHC
Enough	energy	and	luminosity

D)	Rich	physics	motivation	+	curiosity,		
BSM—new	scalar,	Higgs-like,…
QCD—new	dynamics,	4b	states,…
anything	else	unexpected?	

mZ=90	GeV

http://arxiv.org/abs/hep-ph/0312114

66



Motivation—Beyond	Standard	Model	
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Higgs-like

Dark-photon

Many	models	exist	in	this	region

Leptonic decays	can	be	significant	
signatures	experimentally	to	identify



Dimuon result	from	CMS

An	exploration	in	the	low	mass	region	at	LHC 8

arXiv:1808.01890 [hep-ex]
accepted by JHEP

ATLAS	does	not	see
Same	sensitivity?

How	about	2017	?

How	about	2018?

If	true	→	BSM

2012 2012

2016 2016



Motivation--Quark model
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c     c b    u   d 

Hadron building block Meson Baryon

Two possible extensions of meson to tetra-quark states
Focus of today’s object, revitalized by X(3872) (2003)

Possible penta-quark state

“exotic” hadron



Motivation—heavy	tetra-quark	states
l Heavy-quark tetra-quark states--PRD 86, 034004(2012)

positronium molecule analog:  
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open to 4-lepton final states through upsilon pair

Will be a breakthrough for exotic 
mesons if established, and reveal 
potential new dynamics

bbar

bbar

b

b

cccc--Kuang-Ta Chao



Molecule	structures	from	electrons
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Positronium (1951)

positronium molecule	(2007)

Analog structures at quark level?  i.e. (b bbar)+(b bbar)? 
A potential place to study new multi-body dynamics at quark level 

Nature letter
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Taken	from:			http://meetings.aps.org/Meeting/APR18/Session/U09.6
How	about	the	full	run	II	data	and	future	data?
If	true,	can	be	a	breakthrough	in	QCD	,	or	even	something	more	exciting

20122011+2012
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• The	LHCb experiment	has	excellent	hadron	PIDs,	excellent	lepton	IDs,	
excellent	mass	resolutions.	Comparing	to	ATLAS/CMS,	limited	by	
integrated	luminosity	and	acceptance.	

• ATLAS	and	CMS	have	excellent	lepton	IDs	but	do	not	have	hadron	PIDs,		
comparing	to	LHCb,	ATLAS	and	CMS	have	edges	on	integrated	
luminosity	and	acceptance.	

• What	ATLAS	and	CMS	can	explore	in	this	new	window	for	unknown?

The LHC experiments
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• Xè J/ψJ/ψè l⁺l⁻l⁺l⁻
• Xè J/ψl⁺l⁻è l⁺l⁻l⁺l⁻
• Xè ψ(2S)ψ(2S), J/ψψ(2S) è l⁺l⁻l⁺l⁻
• Xè ψ(2S)l⁺l⁻è l⁺l⁻l⁺l⁻
• Xè Y(nS)Y(nS), Y(nS)ψ(nS)è l⁺l⁻l⁺l⁻
• Xè Y(nS)l⁺l⁻è l⁺l⁻l⁺l⁻

• Xè J/ψ𝛟è l⁺l⁻l⁺l⁻
• Xè Y(nS)𝛟è l⁺l⁻l⁺l⁻

• Xè l⁺l⁻, 𝛄𝛄 (inclusive and associate production)
• Even	more	bizarre:		Xè J/ψJ/ψJ/ψè l⁺l⁻l⁺l⁻l⁺l⁻,……

Potential channels to explore

Act	actively	and	discover	nature’s	secret	as	early	as	possible



Hints before the discovery of X(3872)®J/yp+p-
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CDF internal, 1994

BaBar internal, 2003

From BaBar B-Factory Symposium (C. Hearty)
http://www-conf.slac.stanford.edu/b-factory-symposium/talks.asp

CDF	saw	a	hint	in	1994,	unpublished
BaBar saw	a	hint	in	2003,	unpublished

Both	CDF	and	Babar	spotted	hints	of	
X(3872)	before	its	discovery!

E705, PRD 50, 4258 (1994)
E705	saw	y(3836)	(2--)in	1994,	3.836±0.013	GeV
PRL	115	011803, PRL	111	032001



X(3872) (Belle)--2003
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PRL 91, 262001 

2017 Korean Ho-Am Science Prize

“…The X(3872) was discovered by Dr. Sookyung Choi and 
Dr. Stephen Olsen with their colleagues in the Belle 
experiment among the final states of the decay of B mesons. 
The X(3872) was confirmed by seven other experimental 
groups thereafter and is the first example of a new type of 
XYZ meson and the most well-established state among them. 
…”



Summary
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� Rich	BSM	and	QCD	physics	motivation	for	low	mass	multiple	lepton	
final	state

� This	region	has	never	been	fully	explored	before

� Great	opportunities	at	LHC

� A	new	window	for	unknown

Thank	you!		J



A	XYZ	project	at	Belle	II
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The history of Y(4140)—CDF (2009)—LHCb (2016)
CDF—PRL102:242002	 (2009)

Y(4140)
Y(4140)

peak2?

Mod.Phys.Lett.	A32	(2017)	no.26,	1750139

significance		mass	(MeV)					width	(MeV)

𝜒c1(4140)	(renamed),	mass-4.146	GeV,	width—15	MeV
𝜒c1(4274)	(renamed),	mass-4.274	GeV,	width—32	MeV

Four	resonances	were	claimed	by	LHCb,	three	of	them	needs	5𝞂 confirmation
X(4500)	and	X(4700)	have	no	confirmation	at	all!
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The history of Y(4140)—CDF (2009)—LHCb (2016)

Impact due to its JPC and large width on the 
interpretation—The below-J/ψφ-threshold D±

sD∗∓s cusp 
may have an impact on the X(4140) structure” (PRL 118 
(2017) no.2, 022003)

Other opinions on its large width 
(PRD 97 (2018) no.1, 014017) 

The CDF one-dimensional fit to mass spectrum was 
criticized, and we can improve it using amplitude 
analysis this time 

Can Belle II clarify it?

X(4140)
M=4.135	GeV
𝚪=22	MeV

X(4160)
M=4.169	GeV
𝚪=89	MeV

Ds*-anti-Ds*	CUSP
at	its	threshold	4.22	GeV	
𝚪=89	MeV


