EXOTIC SPECTROSCOPY: FROM PENTAQUARKS TO TETRAQUARKS

VI-th Collaboration Meeting of the MPD Experiment at the
NICA Facility, 28-30 October 2020,VBLHEP,JINR,Dubna,Russia
30 October 2020

Elena Santopinto
INFN Genoa



a precise
ccessary




M. Gell-Mann, A Schematic Model of Baryons and Mesons, PL 8, 214,1964 Baryons can now be

constructed from quarks by using the combinations
(qaq), (agqaaqg), etc., while mesons are made out
of (qd), (qgqq), etc. It is assuming that the lowest

There are indeed new valence quark configurations !!
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Expected and Unexpected Charmonia
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Explicit Tetraquarks

Z.:(4430)*—J/¥+n discovered by Belle,
valence quark composition: ¢ ud

"Observation of the resonant character of the Z(4430)-
state". Physical Review Letters. 112 (22): 222002.



More new valence quark
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Part 1: Pentaqguark states
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Why pentaquark
states?




The pentaquark as a compact five quark
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Hidden-charm pentaquarks as a meson-baryon
molecule with coupled channels for DXA. and
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Coupled channel between the
meson-baryon states

Good agreement for the mass and quantum

numbers of the lightest pentaquark P} (4380)



Upgrade of the model:
Coupled channel between the

meson-baryon states and the
five quark states
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The Model in brief

The meson-baryon channels scribe the dynamics at long
.I.

distances, while the five-qu art describes the
dynamics at short distances he order of 1 fm or less).
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There are two sources for the spin-dependent force in our model. One is the short range

interaction by the coupling to the 5-quark-core states (the speciroscopic factor). The other
is the long range interaction by the OPEP, especially the

Tensor operator:

- Dipole form factor
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The tensor term is necessary to form
resonant states
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Notation &+
e.g. 2S means

‘ >.andD inS

e wave so that
For the - state there are three combinations of such J=S=1/2

channel couplings, while for %_ state there is only one.
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Tefraquark constituent picture of 2 J/W¥

lccls=p)lc ¢ |is=1) $
c C
S-wave, fully charm tetraquarks Jacobi coordinates in the
tetraquark
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2 J/W mass spectrum
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Decays and branching fractions
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ching Ratio Res

ccze]  |ne+ any|DyDy (mg < me)|D;D}|J/¥+ any|J/¥ + ptp~|  4p bbb b]
JPC =0+t o.77 0.019 0.057|7.5-10~4| 45-1075 |2.7-10°6
JPC =ot+| ¢ 0 0.333/4.4-1073| 2.6-107% |1.6-107°

TABLE I: Branching fractions of fully-charmed tetraquarks, assuming S-wave decay.

B4y(2t%) : By(0tH) ~ 6 : 1; 6(2t1) 1 6(0tH) =5: 1 A visibility ratio 30:1 !!



2J/W and 4u cross sections
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Il widths and mass spectru

E=46+14
T'(0*+) = 97 £ 30 MeV; T(2*+) = 64 £ 20 MeV
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