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Hadronic Physics

Quarks are atwavs CONFINED
wikhin hadrons.

At high energies, guarks behave
like free particles since the
coupling os is quite small
(Asymptotic Freedom).

Xe (Q2> = 121 |
(33 - 2Ng) Ln(@ /N2

At low ewnergies, Perturbation
Theory for QCD is wno longer
valid (0: »» 1) and VEV becomes
Mghbj nowntrivial giving rise to
the Condensates,

Hadrons are woade of guarks
and gluoins held together bfj
the strong interactions.



v\ov\-ParEubaEéve theorebical
model ko sEu,civ hadrons

QCD SUM RULES

M.A. Shixfmam, AL, \;amsh&im V.1, Zoakharov
Nucl. Phys. B147 (1979) 3%§

"QCD as a Theory of Hadrons - from partons to confinement”
S. Narison (2004) - Cambridge Press



QCD Sum Rules

I = o [dix & <of T[T Jor = 97(4 F2 + 72

e

Principle of Duality says that we can describe a
hadrown ok bobh quark and hadronic level.

QCD Phen
H(q) H(q)
Quarks and gluowhs . Mesons and Baryons
Wilson OPE . Hadrownic parameters
<qq> and <«G* Condensates Phenomenology
Dispersion Relation Dispersion Relation
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Theoretical Fredw&mns are N a much better agreement with CDF!!

And here we can see the importance of theoretical mwodels to
support ohe or anocther experimental observation.



Heavy Barw

* why nok sEu,civ (QQQ) Tr'jj?"fj HB ?
* Fraciw%wms nfc;:-r (QQ@s) Boubtv H2
* expectative for more experimental resulks...

(5 SC}Od tests ":0’7' QCDSK ! Albuquerque, Narison
‘ PLB 694 (2010)

=bb
Grood concise review: “Ba\rymw Spec&roscapj” -
E. Klempl, I-M. Richard, ReviMod.Phys, $2 (2010) 1095 —bb
Atbu,qu.erqu,e,

Narisown, Nielsewn

PLB 6¥4 (2010)
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Exotic States

charmonium spectroscopy before the B-factories

W(4153) mewmmmmee

DD Ehreshold
(3729 MeV)




Exotic States
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charmonium spectroscopy after the B-factories

Y(4-630) mewsrmmm

What are these
new states?

X(3%725

DD bhreshold
(3729 MeV) |

Jrc 1K (O; 1}2>+—t— ;???



What are these
new states?

Evidence for new particle CDH

P -~ l Y(4140) — /Y &

—  expected
background
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(4.7 GeV)?
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Y(4140) as DiD: molecular
state, with J7¢ = o+,

J = (‘é’"‘;y“ca) (ngM Sp)

M= 4.14 * 0,09 GeV




periss k3 Whakt  Flhhese
EXCESC LAt ™ "ok stabesr

RaRBar and Belle:
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MQXP = (4664 % 11 £ 8) MeV

Y(4660) as [€5]:o[€5]:a1 tebraguark state, with I7c = 17

3M = C S dec { (S-: CYs ﬁb)(gcx'yu Ys 5:) + (51; CYsVu ﬁ)(?a\(s‘: Ej ) ]
V2

M=z 465 2 010 GeV



What are these
new states?

RaRBar and Belle:

Y(4660) — DRS)

Entries/25 MeV/c”

Mexp = (4664 % 11 £ 8) MeV
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M= 467 + 0,09 GeV M= 463 % 010 Gey



Exotic States
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Besides, there is evidence for new ¢ stabes
with eletric charge!!

2(4430)" — PRS) "
2.(4080) — X¢ 1"
Z4250) — XL

o must have quark exolbic constituents [e¢ € u ;]
e first decay channel can be observed ot LHC.
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Y (65)
Y»(10890)
Y (55)

Y (45)

Z, Zp,

Y (35)

Y (25)

Beqginning of new exotic states in bb spectroscopy?



Q(B 3 4 b(j_aggo) il Y(MS) (0 Mexp = (10FFF4 2 27 = 1.2) MeV

Tﬁ&raqumws, i a P-wave s&ato\rmdiquo\rw s&atawam&&digu&rw
configuration, could explain this new state?

M = 1097 £ 0,10 ey M = 1091 % 0,07 ey



Q(B 3 4 b(j_aggo) il Y(MS) (0 Mexp = (10FFF4 2 27 = 1.2) MeV

Molecular Skates

Y - £0(980)
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e a Lot of particles to be seen.

o understand which structure:
hybrids, molecules, tetraguarks,
hadro-charmonium, something else..
fits better the hadronic spectroscopy.

o ALL these states could belong to the
same puzzle inside the theory of
hadrons? Some unknown mechanism?

e qood test for the model to Fxrec&w&
hadronic masses.

Tevakron

RHIC

More -
Experamev\&o\w
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Currents

® reprodwﬁe the hadrons quantum numbers
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* have the correct content of the quark fields
¢ we work wikth the lowest dimension, which means:
without derivative kerms.

i
TRIPLY HB :)Q:QQ =fel (QZ CYMQO&:

Y(4140) J = EY'e) EY,.5)
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Pl 2

° These quantities have been used for getting the hadron
masses and lead to a typical uncertainty of 10% - 15%



o Optimization criteria from Quantum Mechanics
S. Narison, NPB Proc. Suppl. 207-20%, 315 (2010),

Harmownic Oscillator

04 08 12 16 20 2.4 28 32

WT Small times  Stability = Breakdown
all levels ground state of OPE
contribute dominance

e Then, we expect that SR wmust have T-wsEo\bLLE,&v
under Ground State Dominance (GSD).
© In GSD, we also expect &cms&abita%j.



