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Charmonium and
 charmonium-like 

states

The first charmonium-like 
exotic hadron discovered 

by the Belle collab. in 2003
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e+e−→γX(3872) BES-III
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mX-mDD*=

 pure cc state (χc1(2P))
tetraquark

DD*- molecule
ccg state

threshold effects
…

_
_

_
X(3872)

?

Strong isospin violation:

ATLAS



Guskov Alexey, Joint Institute for Nuclear Research, Dubna

The COMPASS experiment
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COMPASS (COmmon Muon Proton 
Apparatus for Structure and 

Spectroscopy)
is a fixed target experiment on a secondary 
beam of Super Proton Synchrotron at CERN

13 countries,  
24 institutions, 
~220 physicists

1996 - Proposal
2002-2016 - Physical data taking
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COMPASS: physics with muon and hadron beam
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DISStudy of spin structure of 
nucleon with muon beam and 

polarized target:
• (un)polarized and TMD PDFs 

and FFs
• Generalized PDFs

Study of hadron structure and  
hadron spectroscopy with hadron 

beam:
• Primakoff reactions
• diffractive and central production
• kT-dependent PDFs via Drell-Yan 

process

qq̄g gg

qqq̄q̄qqqqq̄

COMPASS ≈ SPIN PHYSICS + SPECTROSCOPY

Muon beam: μ+, P=160-200 GeV/c
Hadron beam: π−,K−, p P=190 GeV/c
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The COMPASS setup

Beam  
part

Target  zone

Spectrometer 
 magnet SM1

RICH detector

Electromagnetic and hadron  
calorimeters ECAL1, HCAL1

Muon  
Wall 1 

Spectrometer 
 magnet SM2

Muon  
Wall 2 

Electromagnetic and 
hadron calorimeters 

ECAL2, HCAL2

>350 planes of  
tracking 

 detectors
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COMPASS and XYZ hadrons
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COMPASS has addressed charmonia production
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X0

ψ(2S) and X(3872) at COMPASS

µ+N ! µ+N 0⇡±X0 ! µ+N 0⇡±⇡+⇡�J/ 

N ~ ГJ/ψππ×BJ/ψππ
=Г2J/ψππ/Г 

Possible production 
mechanism

Now study J/ψπ+π− subsystem of exclusive final state J/ψπ+π−π±

X0: 1−− for J/ψ family 
and 1++ for X family

(no G-parity eigenstate)



Guskov Alexey, Joint Institute for Nuclear Research, Dubna

Event selection
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Primary vertex in the target region
μ+μ−μ+ in the primary vertex with P>8 GeV/c
Just 1 J/ψ candidate in mass range 3.02-3.18 GeV
Additional π+π−π± in the primary vertex
No background tracks
pT cut: pT <1 GeV/c
Exclusivity cut |ΔE|<4 GeV

87 events after selection: 
52 J/ψ π+π−π+  and 35 J/ψ π+π−π−
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Kinematic distributions
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J/ψπ+π− mass spectrum
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35 J/ψ π+π−π−

52 J/ψ π+π−π+ 
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J/ψπ+π− mass spectrum
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Exclusive production of X(3872)
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Details of the production
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Pions from X(3872) decay
Bachelor pions

COMPASS ongoing analysis
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Pion spectra

Yield of ψ(2S) and 
X(3872)

Total mass of ψ(2S)π and
 X(3872)π systems
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Absolute production rate
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µ

'µ

*γ *ψJ/

ψJ/

N N

P

known 
 cross  

section

Use exclusive J/ψ
production

 as a reference:
μ+N→μ+J/ψN

Same data set - 
same γ* luminosity

aπ=0.6±0.1 
acceptance for 

soft pion

σγN→J/ψN=(14.0±1.6stat±2.5syst) nb (NA14)
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=0.9±0.4

Flux of 
virtual 

photons

Flux of 
virtual 
pions

Production 
phase 
space ГJ/ψππAcceptance BRJ/ψππ

N ~
Equal for X(3872) and ψ(2S)

ГX(3872)→J/ψππ <210 keV, CL=90%

For ψ(2S): Гψ(2S)=298 keV, Гψ(2S)→J/ψππ=103 keV

ГX(3872)<1.2 MeV CL=90%

ГX(3872) > 80 keV 

Assumption: X(3872) produced
 via CEX reaction

Width of X(3872)
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Summary
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COMPASS observed lepto(photo-)production of  exotic 
charmonium X(3872) in exclusive reaction μN→μN’(J/ψπ+π−)π± 

together with the well-known charmonium ψ(2S)

We measured σγN→XπN’×BJ/ψππ=130±50(stat)±80(syst) pb (input 
for Glue-X and CLAS-12)

Assuming the same production mechanism for X(3872) and 
ψ(2S) we extract upper limit of the partial width  ГJ/ψππ<210 
keV and lower limit of the full width ГX > 80 keV

Further input for modeling of X(3872)


