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Exotic charged charmonium-like state!

BESIII, arXiv:1303.5949

M = 3899.0 £ 3.6 + 4.9 MeV
=46 + 10 + 20 MeV

G=GCj/y =
= ~1(-1) = +1
P =41 (S — wave)

= e

Belle, arXiv:1304.0121

M = 3894.5 *+ 6.6 + 4.5 MeV
[ =63+ 24+ 26 MeV

—4- Data 70 }

NO 100 BESIII — Total fit (\JO 50 - - data
~—— S~ Belle § - Fit
% 80 s:(;k::ind " % C — Background
O T O 50: .-+ PHSP MC
- \ [:]S'det)awd (qV| -
o 60 k o 40-
o o T | 5 o
> 20l acas + > = o
W " W 105/

O : rmsl EEPEEPEE P Bl - ) O: - EPEPEPEPE B el e

3.7 3.8 3.9 4.0 3.7 3.8 3.9 4 4.1 4.2

M, (TEJ/y) (GeV/c?)

cent AR o e e R Ll et e

T I 17 . TN JnSTOeN WX CNEy MR rme e o



X(3572)
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Figure 1: The J/¢n" nr~ invariant-mass spectrum for 10 < pr < 50GeV and |y| < 1.2. The
lines represent the signal-plus-background fits (solid), the background-only (dashed), and the
signal-only (dotted) components. The inset shows an enlargement of the X(3872) mass region.
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|s there any relation between Z:(3.9) and X(3.872)7

* Xis neutral — no charged partner ever found
 /cappears in all three states of charge

« Xand Zc almost degenerate

e opposite G-parity

Both compact tetraquarks?... Where is X+7?
Both molecules?... One of the two has *positive* binding energy?!
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CHARKED EX0TIc RESONINLES

Agw,wamg A the VIRIAL THEORENM

am all Pu'm couliguretiony pUX MY e Jprn sf e Yuany
?,oum/l Ppory.

Bound Halo may md be formed (ortirum ,)/z/dwm_)
yct we may exfect

E< Epar < JE|




‘HADRONVIZ4ATION STATE

Wwpa/m‘w W/ ,am[/rww/n w%'&'ﬂd J

Ve TedIlcul+ Yn=+ ¢'n=+7,e+ Do¥+ D¥ B¥

EFFECTIVE INT.
IN THE PSPHCE

(Po@Q=>FP)




OPEN % CLOSED CHAWWELS

Feshbach Resonance
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SCATTERING IV THE OPEN CHAVAEL
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CHARGED EX0TIc RESONINVLES
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A NEw B 7 STATE CLAIMED BY DO
[DO: arXiv:1602.0758

Claimed observation with 5.1 0 significance of an exotic state
v X(6568)—B. ', B'—=J/Y ¢, J/Yv—-utu-, ¢ >KK~
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JUST FOR CURIOSITY...

LHCb-CONF-2016-004

LHCb

If P 0 = pR° = 8.6%, how would the X(5568) signal look like?

(Both modes combined: p(B,) > 10 GeV/c)
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DATA FROM ALICE

For those who think that we are observing real hadron molecules
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A Esposito et al. PRD 92 (2015) 034028




Diguarks and Exotic Hadrons

Jaffe and Wilczek hep-ph/0307341 (PRL)
Maiani, Piccinini, ADP, Riquer, hep-ph/0412098 (PRD)
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Pentaguarks

based on 1507.04980 with L. Maiani and V. Riquer (Sapienza U.)
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Large N and tetraquarks

based on 1605.04839 with L. Maiani and V. Riguer

see 5. Rossi and G. Veneziano 1605.04285 for an alternative approach
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Non-planar diagrams

Non-planar gluons produce the interaction needed to make (a) 1

2
the color singlet bilinear to merge into a tetraquark. f4q—charged ~ N
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Binding energy and decay rates

G4 m5
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Z(4430) at LHCb | April 2014
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Signal: 13.90
Other assignments ruled out at 9.70

First observed by BELLE in 2007 and not confirmed by BaBar at that time
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RESCATTERINGS 7

KESCATTERINGS WITH HADRINS ((72) Mian7
HELP TO DECREASE ]ﬁ‘m/ IV THE DOF AP R

A Esposito et al. J.Mod.Phys. 4 (2013) 1569
A Guerrieri et al. PRD 90 (2014) 034003
C Bignamini et al PRL 103 (2009) 162001
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