States
outside the quark

model:
3.Hybrids and 4







2S: 1-

3686

2S: O-

3625

1S: 1-

2+

(cc*)

1D: 1-

3772

3556

3097

1S: O-

2980

1+

3510

0+

3415




N/20 MeV/c>
g

—
o
o

Belle | e+e-t0 P+ X

50

4
+ +++
bt o
VAT | C L
2.5 3 3.5 4 4.5
M. _...(J/y) GeVi/c’



Claim of Hybrid Charmonium by BELLE
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B(B — KY(3940))B(Y(3940) = wJ /ih) = (7.1 + 1.3 + 3.1) X 107,

Is this the same as X(3940)?
Is It hybrid charmonium as claimed?
...possibly not, but this might be........ >




e+e- \to psi pi pi BaBar sees new vector cc*
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In the psi pipi data

Y(4260) thus seems

anomalous

Also no place
for extra cc* state
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anomalous

Also no place
for extra cc* state

\Gammay(ee) 5-80eV
Compare \sim 1 keV !




Y (4260) Three Possiblilities

Y (4260) — ([("} S=0 [(—q] S:U)P—Wave Maiani et al

Y (4260) as hybrid charmonium

Y (4260) = Non resonant S-wave threshold

Experimental distinctions........ later

FC + Page

FC worry



Potentials:
Lattices;

Flux Tubes
and hybrid mesons
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‘Gluonic hybrid mesons

T
My T M
| Action density b S
fi=12fm

.3
| il !
Guonae Buli 0] @ @ d
P I ORI EER= 0 &0 8 § '\'7
! I

i s Sehilling,
Chrisloph Schlichier

1
{4 1 | 2
1, I'I II .
- i I| [ |I 1
LB I, I.I ..II III I' I.'I |II |
1 ]
PR & L |
14
T=illyve SHar - R = - e T e e = |
k=0.1575 o

1 15 2 25 3
rrg

E g ey e % o
J/Jr.(1"5°l ¥ Jy Exciting the flux tube

Lattice and model agree spectrum; decays in FT not yet lattice




flux-tube degrees-of-freedom

Costs about 1 to 1.5GeV energy to excite phonon
(11 pi/R”
Hybrid nn* @ 2GeV; Hybrid cc* @ 4-4.5GeV




TABLE I. Predicted 1-+ Hyhbrid Masses.

stats mass | GeV) model
H, 4 1.3-1.8 bag model
2.1-2.5 (QCD sumn rules (most after 1984)
1-+ signals:

resonant? (Pennington); hybrid or molecule? (Klempt)

E1 photoproduction of hybrids gamma p to n H*+ \sim 50%
relative to conventional mesons (Isgur; FC Dudek)

- 2+- also expected. Diffractive Photoproduction!! Should
exceed 1-+ strength. JeffersonLab@12GeV; HERA



Predicted 1-+ Hybrid masses (without spin splittings)

rz 3.9 adiabatic bag model
1.2-4.5 Hux tube mode
4.1-5.3 QCD sum rules (most after 1984)

4.19{3) + ays. HQLOT




Predicted 1-+ Hybrid masses (without spin splittings)

H. rz 3.9 adiabatic bag model
1.2-4.5 Hux tube mode
4.1-5.3 QCD sum rules (most after 1984)

4.10(3) + ays. HQLOT

Spin hyperfine splittings

1- - (4.25) Y(4260?)
1-+ (4.1) HOQLGT
0- +(3.95) X(3940?)
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e+e- \to \psi + (cc*) What does theory expect?

Braaten and Lee;

Burns FC Swanson

Braaten pQCD applied to exclusive:

Claims it works but...........

If short range, expect \psi + hybrid similar to
\psi = \chi (P-wave cc* states)

Tim Burns looking at this in flux tube model

Problem: cant understand the pattern of “ordinary”cc*
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Claim of Hybrid Charmonium by BELLE
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Decays In the Flux-Tube model

* there is a reasonably successful model M o
of conventional meson decays called M
- because a pair is produced
with these quantum numbers 1 3

¥ Wwithin the flux-tube model this decay process is realised by flux-tube
breaking

o/
—// —

RICHARD KOKOSKI AND NATHAN ISGUR

Mo

MESON DECAYS BY FLUX-TUBE BREAKING M -
)
Ay—(mml,m —7.9 8.8+0.3 =t

A,—nw +4.1 4.010.1
A,—KK —-28 2.310.1




Hybrid Decays

¥ the same model can be applied to hybrids — the only difference is that the
initial state has a tube phonon excited

¥ the angular momentum carried by the phonon has to go into the two-
meson end state

\

HA HA HA
.4 H— w

¥ this hierarchy of decays has become the “folklore” of the hybrid hunters

FE. Close, PR. Page/Nuclear Physics B 443 (1995) 233-254
wfy :mwbymwp:inm:n'm = 60:170:5-20:0-10:0-10




hybrid decay?

FTM ~ FTM
Ref [? ] Ref[? ]

Lattice
Ref [? ]
2.0 GeV

1.9GeV 2.0 GeV
T — bim)s 100 70
T — bhm)p 30 30
T — f1m)s 30 20

T — f1’a'i':]D 20 25

400+ 120

90 + 60

TABLE I: Comparison of flux tube and lattice predict /\;mr m1 decays.

(wr|o - V1by)

(bym|o - V|m)

(fimle - V|my)

—

I'(my — bym) _ 4
I'(my — fim)



flux-tube breaking and decays

- J¥

Break tube: S+P states yes; S+S suppressed

s+s=0for Nybrid charmonium
(FC + Page predictions 1995)

Look for DD {0,1}; a bit of DD* and absence of
DD or D*D* and of DsDs or Ds*Ds*

\psi f_O; \psi pipi; \chi \eta; h_c \eta also




Finally
the anomalous
vector cc™:

Y(4260)
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e+e- \to psi pi pi BaBar sees new vector cc*
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e+e- \to psi pi pi BaBar sees new vector cc*
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FIG. 3: The dipion mass distribution for Y (4260) —
r T~ JA) data is shown as points with error bars. The his-
togram shows the distribution for Monte Carlo events where
Y (4260) — w7~ J/) is generated according to an S-wave
phase space model.
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The mass coincides with the D1(2420)D threshold:

The decay modes 1a/n, 1 f3(980)/aq(980) appear to dominate:

(Y (4260) — ete™) is much smaller than all other 1~~ charmonia:

5.5 eV < T(Y(4260) — eTe™) S 62 eV,

['(Y(4260) — vmtn~) is much larger than all 1= charmonia:

T(Y(4260) — o7t77) 2 7.8 MeV.

All consistent with predictions for hybrid charmonium
FC+Page 1995




Four Quark Interpretation of Y (4260)

L. Maiani* and V. Riquer!
Universita di Homa ‘La Sapienza’ and I.N.F.N., Homa, Italy

F. Piccininit
I.N.F.N. Sezione di Pavia and Dipartimento di Fisica Nucleare e Teorica, via A. Bassi, 6, [-27100, Pavia, Italy

A.D. Polosa’
Dip. di Fisica, Universita di Bari and I.N.F.N., Bari, Italy

Y(4260) — ([CS}S:O[Eg}S:O)P—wax—*e

Iy(D,D,) >> Ty (DD)

Dominant D, D, decay is quite a distinctive signature of
the validity of the present model.




Is It really a resonance?

et+e-

> DD_1

is first S-wave charm threshold
and occurs \sim 4.2 GeV !

S-wave, relative mom \sim O;
DD _1 interchange constituents to make psi pipi “strongly”
(c.f. Swanson model of 3872 DD* \to psi omega)

D

pSI

A

uu * pipi

ete-

DsDs 1 >psi KK should show similar




Is It really a resonance?

e+e- DD 1 || isfirst S-wave charm threshold
and occurs \sim 4.2 GeV !
D psi
D_1 uu *> pipi

e+e- > DsDs_1 _>psi KK should show similar
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E+

PHYSICAL EEVIEW D 71, 052001 (2005

e = ata wta KK m aw ™, and K*K~K*K~ cross sections at center-of-mass energies

0L.5—4.5 GeV measured with initial-state radiation

et+e-

—OKK_1

Events/0.0025 Ge V/c?

N_‘:{ B TTTT TTTT IIII|IIII ]
- C .
S 200 i, (c) 3 Future need to do:
o L ;j;& ] Compare this with the
N //// i DD 1/ psi pipi case:
= 10017/, - —~ ' PSIPIP
= L1, ]
g8 W : M(pipi);
0 VA AANN YL AAANY A 1 1 1 1
e e phi (psi) polarisation
* -
m(K ) {GEVI'CE)
> | phi||pl pi
6[:]_|||||||||||||||||||||||_. J.III|IIII T TTT IIII|IIII:
i IiCjﬁl i (d :| ]
40 — 1
201 — B
0 Wil

I 1.25 1.5 1.75 2

1.5 0.75 751§
ll'l(KJrK_) (Ge\:’;’cz) 05075 1 1.25 1.1

m(t ) (GeV/c?)



Maiani SUMMARY AT MILOS

* BR for strong and e.m. decays of X(3872) still known to 30-40%: more
precision and more channels are crucial!

e D’Dbar’ 7’ channel is very important to tell molecule from 4quarks
o X(3940): 1s there pip decay?
Y (4260): observation of D5 Dsbar vs D D, decay will tell the difference,

validating or disproving 4q or hybrid (or both!)

The search of other 1  in the 3900-4000 region could be fruitful

Close

Psi polarisation test
HQ symmetry would imply no psi; but also no 4260
For m_c DD_1 threshold and below D*D 0




Y (4260) Two Possibilities

Y (4260) = (|cs]s—0[€5]|s=0)

P—wave

Maiani

Y (4260) as hybrid charmonium | ¢lose

DD _1 and not DsDs for hybrid

DsDs and not DD _1 for tetraquark

)

Experiment
can decide
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