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The X(3872) particle - The DZero Experiment - Fermilab
www-d0.fnal.gov/Run2Physics/WWW/results/final/B/.../B04A.htm
Apr 15, 2004 – The X(3872) particle -- What is it? April 15 ... Some theories have
predicted that the X(3872) is a new type of particle called a meson-molecule.

[PDF] D (2700), D (2860) and the open-charm system X(3872): molecu…
web.na.infn.it/fileadmin/b-physics-workshop-2/.../colangelo.pdf
File Format: PDF/Adobe Acrobat - Quick View
sJ. (2860) and the open-charm system. X(3872): molecule vs charmonium with Fulvia
De Fazio, Rossella Ferrandes, Floriana Giannuzzi and Stefano Nicotri ...

X (3872) as a DD* molecule bound by quark exchange forces
arxiv.org › hep-ph
by C Pena - 2011 - Related articles
Dec 31, 2011 – Abstract: The Bethe-Salpeter equation for the T-Matrix of D-D* scattering
is solved with a meson-meson potential that results from 2nd order ...

The X (3872) boson: Molecule or charmonium
arxiv.org › hep-ph
by M Suzuki - 2005 - Cited by 103 - Related articles
Aug 24, 2005 – Abstract: It has been argued that the mystery boson X(3872) is a
molecule state consisting of primarily D0-D0*bar + D0bar-D*0. In contrast ...

Spin-parity analysis of the X(3872) « A Quantum Diaries Survivor
dorigo.wordpress.com/2006/06/.../spin-parity-analysis-of-the-x3872/
Jun 9, 2006 – Two possible spin-parity assignments of the X(3872) are equally probable:
in particular, the X may be indeed a molecular bound state of two ...

Phys. Rev. D 72, 114013 (2005): X(3872) boson: Molecule or ...
link.aps.org › Journals › Phys. Rev. D › Volume 72 › Issue 11
by M Suzuki - 2005 - Cited by 103 - Related articles
Dec 19, 2005 – It has been argued that the mystery boson X(3872) is a molecule state
consisting of primarily D0D̅ *0+D̅ 0D*0. In contrast, apparent puzzles ...

Charm meson molecules and the X(3872)
drc.ohiolink.edu/.../7166?...X(3872)...1...
Title: Charm meson molecules and the X(3872). Author: Kusunoki, Masaoki.
Description: The recently discovered resonance X(3872) is interpreted as a ...

PROPERTIES OF X(3872) AS A HADRONIC MOLECULE WITH A ...
www.worldscinet.com/ijmpcs/02/0201/.../S2010194511000857.pdf
by M HARADA - Related articles
We discuss the possible interpretation of X(3872) as a DD∗ hadronic molecule with. JP
C = 2−+. Using the phenomenological Lagrangian approach, we studied ...

[PDF] Effective Field Theory For Heavy Hadron Molecules (but mostly …
www.int.washington.edu/talks/WorkShops/int_11_3/.../Mehen.pdf
File Format: PDF/Adobe Acrobat - View as HTML
Nov 17, 2011 – Brief Review of XYZ Spectroscopy. X(3872). Case for Molecular State
D. 0 ¯. D0 ∗ + D∗0 ¯. D. 0. Recent Controversies: Babar measurement of ...

X (3872): Hadronic molecules in effective field theory (Alexey Petrov ...
wayne.academia.edu/.../X_3872_Hadronic_molecules_in_effective_f...
WSU-HEP-0502 hep-ph/0506141 X(3872): Hadronic Molecules in Effective Field
Theory arXiv:hep-ph/0506141v2 24 Jun 2005 Mohammad T. AlFiky1 , Fabrizio ...

Search About 298,000 results (0.22 seconds) 

x(3872) molecule Sign in

+You Search Images Maps YouTube News Gmail Documents Calendar More

⇐ About 298000 results (0.22 seconds)
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BESIII data quality

ψ´→ γX

BESIII preliminary

χc1χc2

χc0

ηc

χc1,2 → γ J/ψ
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The X(3872)
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X(3872)

X(3872)

threshold effect ??
Ulrich Wiedner

JPC = ? (1++)

M = 3871.68 ± 0.17 MeV
Γ < 1.2 MeV
> 10 σ

2003
2004

PRL 93, 072001 (2004)

?



CMS: PoS EPS-HEP2011 (2011) 177

EPJC 72, 1972 (2012) 
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Observed decay X(3872) ➞ γJ/ψ: ⇒ C=+

PRL 110 (2013) 222001

2013: LHCb

JPC = 1++ compatible
JPC = 2−+ rejected >8σ

Ulrich Wiedner



What is the nature of the X(3872)?

arXiv:1404.0275 (2014)

This agrees more with models favoring a charmonium state or a mixture of a 
charmonium/molecular state solutions than with a pure molecular interpretation.

 
Rγψ = B (X(3872)→ψ (2S)γ )

B (X(3872)→ J /ψγ )
= 2.46 ± 0.64 ± 0.29

Ulrich Wiedner



PRL 96, 102002 (2006)

... but still likely to be exotic:

Di-pion mass is dominated by the ρ(770) ⇒ I=1

BELLE and BaBar see decay X(3872 → J/ψω
Ratio ~ 1 ☛ huge isospin violation⎬

Ulrich Wiedner



It is important to determine the resonance curve precisely ...

Phys.Rev. D81 (2010) 014019

How to progress further in the understanding of the new states?

J/ψπ+π−

D0D0π0

D0D0π 0

D*0D0

The line shapes for virtual state and bound state are the same above 
threshold but differ dramatically below threshold.
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The PANDA Detector
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Ri = L0•σ(pi)•K (Δp/p, |pi – pR|)

Measure rate of final state under study:

(K takes overlap between beam and resonance into account)

Resonance scan with varying p momentum at PANDA
(possible for states with all quantum numbers)

Ulrich Wiedner



PANDA reconstruction of X(3872) mass and width

MC studies

Ulrich Wiedner



BELLE II:

An advanced width determination using measured masses, the beam energy and 
momentum of the B allowed BELLE to reduce the width determination from originally 
<2.4 GeV to <1.2 GeV in a 3-dimensional fit (Phys. Rev. D84(2011)052004).

With the higher statistics (350 events expected for the X(3872) in 2020) in BELLE II 
Γ<110 keV might be achievable (S. Lange - FAIR conference Worms 2014).

A precise determination of the resonance curve form is not possible in BELLE.
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The Y story
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Using ISR (Initial State Radiation) to find states:

BaBar (initial results) BELLE (initial results)
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The respective cross sections:

BELLE: PRL110, 252002 (2013). BaBar: PRD86, 051102 (2013).

Y(4260):   M ≈ 4260 MeV, Γ ≈ 100 MeV 

Conventional wisdom and potential models: charmonia above threshold decay to open charm
ψ(4040), ψ(4160), ψ(4415)

The Y(4260) has a large decay width to π+π− J/ψ

Ulrich Wiedner



Are there connections between X and Y particles?

e+e− → γπ+π−J/ψ

Ulrich Wiedner



Observation of the X(3872) in the radiative decay of the Y(4260)

M = 3871.9 ± 0.7 MeV
Γ < 2.4 MeV @ 90% C.L.
Significance: 6.3 σ

BESIII: PRL112, 092001 (2014).

Fit incl. the resonance, 
an E1-transition phase space 
and a linear background

What does nature want to tell us?

Ulrich Wiedner



Additional members of the ISR Y family seen by BELLE and BaBar:

PRD 89, 111103 (2014). PRL 99, 142002 (2007).

Y(4360)
Y(4360)

Y(4660)

Y(4660)

M(Λc+ Λc−)

N
/2

0 
M

eV
/c

2

All states have JPC= 1−−
Nature ???

Y(4630) ?
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Γ = (0.044+0.017 (stat)+0.030 (syst)) GeV     −0.011         −0.011

M = (4.433 ± 0.004 (stat) ± 0.001 (syst)) GeV

B (B → KZ(4430) × B (Z → π+ψ’) = (4.1 ± 1.0 (stat) ± 1.3 (syst)) × 10−5

Z+ (4430) - a new state of matter (tetraquark) decaying into π+ψ’ 

7σ

PRL 100, 142001 (2008) 
arXiv:0708.1790 [hep-ex]

BELLE

Ulrich Wiedner

The first obvious exotic: Z(4430)



Confirmation by LHCb

PRL112, 222002(2014)

M = 4475 ± 7-25
+15  MeV

Γ  = 172 ± 13-34
+37  MeV

Significance:  >13.9σ

Ulrich Wiedner
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Y(4260) → π+π−J/ψ →  π+π−e+e−  (π+π−µ+µ−): 
Straightforward analysis with 4 tracks

π+π−e+e− π+π−µ+µ−
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Observation of the Zc(3900) in BESIII
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Observation of Zc(3900) at BESIII

M = 3899.0±3.6±4.9 MeV

Γ = 46±10±20 MeV

307 ± 48 events

BESIII: PRL110, 252001 (2013)

... quickly confirmed

Ulrich Wiedner



Observation of Zc(3885) in e+e− → π− (D*D)+

M = 3883.9±1.5±4.2 MeV; Γ = 24.8±3.3±11.0 MeV

525 pb-1 @ 4.260 GeV

Ulrich Wiedner

Phys. Rev. Lett 112, 022001 (2014) / 1310.1163

Zc(3885) = Zc(3900) but large yield of ~6 for Γ(DD*)
Γ(π ±J /ψ )



e+e− → πZc(4020) → π+π−hc

BESIII: 1309.1896

Simultaneous fit to 4.23/4.26/4.36 GeV data, 16 ηc decay modes:

M  = 4022.9±0.8±2.7 MeV/c2      Γ = 7.9±2.7±2.6 MeV

8.7±1.9±2.8±1.4 pb @ 4.230 
7.4±1.7±2.1±1.2 pb @ 4.260 
10.3±2.3±3.1±1.6 pb @ 4.360

Ulrich Wiedner



Fit to π± recoil mass yields 
401±47 Zc(4025) events   ⇒    >10σ
M(Zc(4025)) = 4026.3±2.6±3.7 MeV
Γ(Zc(4025)) = 24.8±5.6±7.7 MeV

BESIII: 1308.2760

e+e−→ πZc(4025) → π− (D*D*)+

Ulrich Wiedner



BESIII: 1308.2760

Fit to π± recoil mass yields 401±47 Zc(4025) events   ⇒    >10σ
M(Zc(4025)) = 4026.3±2.6±3.7 MeV;  Γ(Zc(4025)) = 24.8±5.6±7.7 MeV

 
R = σ (e+e− →π ±Zc

∓ (4025)→π ± (D*D*)∓ )
e+e− →π ± (D*D*)∓

= (65 ± 9 ± 6)%

e+e−→ πZc(4025) → π− (D*D*)+

Ulrich Wiedner
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Search for neutral partner of the Zc(3900):  e+e− → π0π0J/ψ

• Fits to 10 data sets at different scan energies
• BW signal convolved with resolution
• Background 1st order polynomial

Pr
eli
mi
na
ry
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Search for neutral partner of the Zc(3900):  e+e− → π0π0J/ψ

M: 3894.8 ± 2.3 MeV
Γ: 29.6 ± 8.2 MeV
Significance: 10.4σ
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A new class of particles have been observed:

• At least 4-quarks   

• Charged

• Close to DD thresholds

• They couple to DD final states larger than to charmonia

Ulrich Wiedner



Transition from color forces to colorless nuclear forces ?

Ulrich Wiedner

cu

cu

D-D-“molecule”

c
u

c
u

π

4-quark state



Bannikov, Gornuschkin, Kopeliovich, Krumshtein 
and Sapozhnikov, JINR E1-92-344 (1992)

Proton-Antiproton contains already a 
4-Quark-System

Idea: Dilepton-Tag from 
Drell-Yan-Production

Advantages
• Trigger
• less JPC-Ambiguities
• 1200 E./day @ 12 GeV
• 300 E./day @ 5-8 GeV 

 antiproton-Beam
 (for L=1032cm-2s-1)

Ulrich Wiedner

The future: PANDA



A possible glueball spectrum

Ulrich Wiedner

Other QCD states: Glueballs



A few % of a hadron (proton) mass is generated due to the Higgs mechanism.

Most of the proton mass is created by the strong interaction.

Glueballs gain their mass solely by the strong interaction and are
therefore an unique approach to the mass creation by the strong
interaction.

Glueballs →  Creation of Mass

Ulrich Wiedner



Are glueballs configurations of twisted or knotted colored flux?

GLUEBALLS, FLUXTUBES AND η(1440).
L. Fadeev, A. Niemi and U. Wiedner Phys.Rev.D70:114033, 

2004 

The structure of glueballs
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Open Strings Closed Strings

representing gauge theories representing gravitation

String World

Hadron World

meson glueball ?
Ulrich Wiedner 



Glueballs on  Regge trajectories like mesons?

Marco Bochicchio;  arXiv:1308.2925

Harvey B. Meyer, Michael J. Teper;  Phys.Lett. B605 (2005) 344-354

 G. S. Bali et al.; arXiv:1302.1502
Ulrich Wiedner

http://inspirehep.net/author/profile/Bochicchio%2C%20Marco?recid=1247680&ln=en
http://inspirehep.net/author/profile/Bochicchio%2C%20Marco?recid=1247680&ln=en
http://arxiv.org/abs/arXiv:1308.2925
http://arxiv.org/abs/arXiv:1308.2925
http://inspirehep.net/author/profile/Meyer%2C%20Harvey%20B.?recid=659437&ln=en
http://inspirehep.net/author/profile/Meyer%2C%20Harvey%20B.?recid=659437&ln=en
http://inspirehep.net/author/profile/Teper%2C%20Michael%20J.?recid=659437&ln=en
http://inspirehep.net/author/profile/Teper%2C%20Michael%20J.?recid=659437&ln=en


Hadron physics is the place on earth to study non-Abelian massless 
gauge boson - gauge boson interaction in a controlled manner.

Ulrich Wiedner

Feynman lectures on gravitation:



The difference between e+e− colliders and PANDA

Ulrich Wiedner



M1 = 10607.2 ± 2.0 MeV
Γ1 = 18.4 ± 2.4 MeV
MZb − (MB+MB*) = +2.6 ± 2.1 MeV

M2 = 10652.2 ± 1.5 MeV
Γ2 = 11.5 ± 2.2 MeV
MZb − (MB+MB*) = +1.8 ± 1.7 MeV

There exist also very narrow charged Zb states

Ulrich Wiedner
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Thank you very much for your attention.
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