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Why Hadron Spectroscopy:
laboratory for studying Non pQCD & confinement.

Perturbative Transition Non- Perturbative
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Hadron spectroscopy: lab. for QCD@ work

Bulk of mass of hadrons

Confinement

X,Y, Z, pentaquarks, etc. new hadron states

* Finally to claim new physics also in other
sectors, a precise knowledge of non
perturbative QCD observables is necessary if
they are involved!



Meson spectrum

Constituent Quark Model
Consider light
* Quark-antiquark pairs with total spin S=0, | ) quarks:
and orbital angular momentum L DR it u.d.s
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A number of predicted states is not experimentally observed and assignments are uncertain



The gluons and the meson spectrum

Neutralize color

- the simple way

J=L+S

mesons baryons

. OF the “exotic” way
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Gluonic excitation models

lux tube model Normal meson:  Hybrid meson:
flux tube in flux tube in

* Gluonic field confined in a tube between q and anti-q [T R eI
* Linear Regge trajectories m=0 . = s
* Hybrid mesons as transverse oscillation of the tube CP=(-1) CP=(-1)

* Flux-tube breaking give rise to meson decay d °\9 i cu : t\. I('(I)th:)St ?;u:tlzp)let
ux tube -+ *-
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Bag model
* Quarks confined inside a cavity

* Full relativistic Lightest multiplet

* Gluonic excitation: gluonic field modes by boundary conditions 0,121

CQM + constituent gluon
* qq + massive transverse quasi-gluon (Jg"%<g)
* Gluon adds in relative S-wave to a qq pair is S-wave or P-wave

qq in S-wave + Lightest multiplet qq in P-wave + Lightest multiplet
JgE<&=1"in S-wave (0,1,2)™,1™ s T SENEV ] 07,(17)3,(2)%,37,07,0%, 1,2

or QCD in physical gauge: Guo, Szczepaniak, Santopinto PRD78 056003 (2008)

* Repulsive 3-body force selects |;"5“8=1*" in relative P-wave added to a qq pair is S-wave or P-wave

qq in S-wave + Lightest multiplet qq Ci:n P-wave + Lightest multiplet
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Start from the study of the glue-lamp
(lamp of gluons or “ quasi gluon” ) as obtained from
QCD in physical gauge

Gluelamp in QCD in physical gauge,
Guo, Szczepaniak, Santopinto,PRD78 056003 (2008 )

it is easy to study the ccbar —gluon system, i.e. the
hybrids ( next two slides)



Flux tube and strings
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Charmonia (qq bar) & hybrids (qqg)

Jy | This work [GeV] JPe Lattice [14] [GeV]
|1 4.476 0~ 7,177,277 [177]]4.291(48),4.327(36),4.376(24), [7]
1~ 4.762 17,277 0T 17T 4.521(48),4.508(48), [?,7]
2+ 5.144 1=, [277,27F,377] 4.696(103), [2,7,7]
2~ 5.065 2= 1+, 2+ 3+ 4.733(42), [7,2,7]

c-cbar states

hybrids (gray-dashed)
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[14]:J. J. Dudek, R. G.
Edwards, N. Mathur, and
D. G.Richards,

Phys. Rev. D 77, 034501
(2008)
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The lightest hybrid supermultiplets
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The ligthest hybrid supermultiplet predicted (and explained) for charmonia and
bottomonia by QCD in physical gauge, 1(0,1,2) ", is predicted also by LQCD

negative parity positive parity exotics
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20XX experimental confirmation - discovery ?



® Y (4260) discovered by BaBar in }/ Tr*Tr* (2005) confirmed by CLEO,Belle other modes from BaBar
JF¢=1-- (from e*e’) width O(100MeV)

5( 5}14-1 44 406 ax

i e ; 2850606001
% - H.':r' M T 4 T g LR E 6(5:LEO(2006)10’_ v(zS)

z 10y '. 1] o

g 30_ 7 K i 5 :— 10k

g ¥ iy ""'w"'wE :

& 20

iy .ﬂﬂ...&m.m..l...l..ﬂﬂ

3698 4 42444848 5 52

Events / 40 MeV/c?
w Py
Aamazanes

N
TTTTTT

1A A o — -
o-l S e el | il s B L T
95 y y 38 4 42 44 46 48 5 52
m(rrcly) (GeVicd) , M (r* = ~Jhy) (GeVic?)
\ M = 4252+ 6+2Mev
)
%
= “preliminary
=) Belle S
2 M‘{ (2007) S (2005)
So. |
Bl Vil ;
h . ﬁ#HH hﬁWH+ Hﬁm NH*#'T
QASI I I4I I I4.2I I I4.4I I I4A6I I I448I I IS - I5I2I I ‘5{4I
E.. (GeV) m(r ey (GeVic?)

3k Theory: Hybrid candidate



P.*(4450) = (4449.8 + 39) MeV
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The lightest resonance, the P *(4380), Nota.on:

according to LHC, PI(M) where
has amass M=4380+8+ 29 MeV | is the number of
and a width W =205 + 18 + 86 MeV S quarks’- J
the electric
The predicted theor. value of the mass is 4404 MeV in charge;
agreement with the exp. M=43801+8 + 29 MeV M predicted mass
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Santopinto, Giachino, PRD 2017
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we have predicted the masses, but also

suggested possible decay channels where the

experimentalists can try to look for them



HOW TO OBSERVE OTHER PENTAQUARK STATES?
Santopinto, Giachino, PRD 2017
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In order to observe the isospin partner P%(4404) of
the charged P%* we consider a pair creation of the
type d anti d (instead of u anti u)
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Compact Pentaquark




HOW TO OBSERVE OTHER PENTAQUARK STATES?
Santopinto, Giachino, PRD 2017, hep-ph 1604.03769

Regarding other pentaquark states, we can consider other hyperons

decays

= — J/Y+E7

Oy — J/Y+Q

The charged P1*(4414) state is the most intresting from the
experimental point of view, since all the final state particles are charged

particles, so easier to be detected :

5 — PP+ KT P — J)U+ B




Hidden-charm meson-baryon molecules with full-channel coupling

Y. Yamaguchi, E. Santopinto , PRD 2017, hep-ph 1606.08330

o Meson-baryon thresholds closed to the observed
pentaquarks are considered for the first time.
Full-coupled channel analysis is performed for the first time.

o The meson exchange potential respecting the heavy quark spin
symmetry is employed.

o The JP assignment of P4380) and P(4450)is3/2+and 5/2-,
respectively.

o New states are predicted in J = 312



Thanks for the attenction!






