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Glueballs, Hybrids, Pentaquarks

e Pentaquarks or hybrid baryons

e Tetraquarks or hybrid mesons

e Glueballs and the 17(1440)

® |s there a scalar glueball ?

® Gluon exchange versus instanton—induced forces

® Conclusions
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Summary of measurements of pentaquarks. The systematic errors
given in parentheses are not quoted in the papers but were estimated

to be small.

Mass Width Nevent Statist. Reaction Experiment
(MeV) (MeV) signif .
©+(1540)
1540 £10+5 <25 19428 ~270¢ ~C — CKTK~™ LEPS
1539+2+2 <9 29 ~3.00  p — nKTK? DIANA
1542 +2+5 <21 43 ~ 350 ~d— pnKTK~™ CLAS
1540 £ 4(+3) <25 63+13 4.80 vp — nKTK? SAPHIR
1533 £5(+£3) <20 27 ~ 4.00 v-induced CERN, FNAL
1555 +1+10 < 26 41 ~4.00 ~p—nKTK 7t CLAS




Mass Width  Neyent  Statist. Reaction Experiment
(MeV) (MeV) signif .
1528 +4 <19 ~ 60 ~ 40 ~v*—~induced HERMES
1526 =3 + 3 < 24 510 3.90 p-p reaction SVD-2
1530+ 5 < 18 3.70 p-p reaction COSY
1545 + 12 <35 ~100 ~ 4o p-A reaction YEREVAN
1521.5+1.5775 <6 221  4.60 Fragmentation ZEUS
=(1862)
1862 < 21 4.60 v—induced NA49
©®.(3099)
3099 +3 L5 5.40 ~v*~induced HERA
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Extension of the quark model:

Fock space expansion of minim um quark—model configuration:

meson = «qq + Bibgqq + ...+ Y1999 + ...

baryon = aqqq + £19999q + ...+ 719999 + ...
quark multiquark hybrid

model

Observation of multiquark states or hybrids reduced by ~ 10:

/1 ~03 or v, ~03



Two pictures of hadrons

Quarks and gluons or the vaccuum and condensates

play the decisice role in low—energy QCD

Quarks interact via exchange of gluons:

e Hybrids and glueballs

e Effective one—gluon exchange

Quark interact via changes of the QCD OO0

vaccuum O000OOHO
e Multiquarks @@O@Q@

e Instanton—induced interactions

O
O

Valence
guarks

Mg



Quarks interact via exchange of gluons:

The self—-ener gy leads to constituent quarks.

At low energies the gluon field is concentrated in a flux tube.

Consequences

e The flux tube connecting a gq pair can rotate around the axis, with

angular momentum A in the direction of axis.
e Such excitations are called hybrids
e Hybrids, baryonic hybrids, and glueballs are predicted

e The p — mand A — N mass splittings are color -magnetic in

origin.

e The interaction between constituent quarks can be described by a

confinement plus effective one—gluon exchange



Quark interact via changes of the QCD vaccuum

Quarks and sea quarks are dynamicall y coupled.
Constituent quarks require their mass by spontaeous symmetr y

breaking.

Consequences
e Hybrids or glueballs do not need to exist.

e The see quarks might carry flavor quantum numbers: =
Exotic quark configurations should exist

e The equations of motion suppor t soliton solutions whic h can be

organiz ed into multiplets.
e The lowest lying multiplets are 8 and 10 and 10.

e The interaction between constituent quarks can be described by a
confinement plus instanton—-induced interactions



Pentaquarks or hybrid baryons



Two fits:
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A. R. Dzierba, D. Krop, M. Swat, S. Teige and A. P. Szczepaniak,
“The evidence for a pentaquark signal and kinematic reflections, ” Phys. Rev. D 69 (2004) 051901



Tetraguarks or hybrid mesons



What about mesons ? Hybrids or multiquarks ? Evidence for JFC = 1~ exotics

Experiment mass A_<_m<\owv width A_<_m<\owv decay mode reaction
BNL 1370+ 167 3  385+407F,52 nm T p =T p
BNL 1359 WM + WM 314 www M.@w. nm T p—>nNmT p
CBar 14004+ 20+20  310+£50 3 nm pn — 7N
CBar 1360 + 25 220 4+ 90 nm pp — 7°7°n
CBAR ~1440 ~400 pT pn — 7~ 37"
BNL 1503 +8 757 168 4 20 7159 pT TTp =TT
BNL 1596 + 8 387 + 23 n'm T p—m n'p
VES 1610 4 20 290 =+ 30 om,n'mw T N— 7 7n'N
BNL 1709 424441 4034804115  f1(1285)r W p —=nmTm w p
BNL 1664 +8+4 185+ 25 +12  by(1235)w T p = wrlrp
CBAR 1590450 280 £75 b1(1235)m pp — 7T 1w
BNL ~20031-881148 30641324121 f1(1285)r w p = nm w W p

BNL 2000 +20+10 230432415 wrlm TTp = wrlnT p




Hybrids or Tetraquarks ?

e The 71 (1360) must be a tetraquark.
SU(3) argument: assume 8; — 8 ® &8 decay.
71(1360) — nm requires symmetric SU(3) d; ;. structure functions.
7t1(1360) — n7 requires (antisymmetric) 1= 1.
71(1360) cannot be a member of 8, it must be 10 or 10.

e The multitude of states suggests tetraquarks.
(B3+6)(3+6)=33+3R6+6x3+6Rx6
=1+8+8+10+8+10+1+ 8+ 27

Four octets plus one 10 + 10 expected !

Only one or two hybrids predicted.

There is no arguments against the possibility that a hybrid hides in
the crowd of tetraquarks (and no argument in favour neither)



Glueballs and the 77(1440)



Glueballs

The glueball spectrum from
an anisotr opic lattice study
(Morningstar). The scalar
glueball IS
1.7GeV, the tensor glueball
at  2.3GeV.
glueball should have a mass

of about 2.6 GeV.

expected at

Pseudoscalar

We discuss first the 17(1440)

12

10

++



The n(1440) is split

Pseudoscalar mesons:

T

nn

n

7(1300) m(1295) n(1405) n(1475) K (1460)

nn

7' K

glueball S8 ns

Same masses

1 (1405) — ao(980)7, on

ideall y mixed

n(1475) - KK* + KK*
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Selection rules:
A pseudoscalar states can
be produced also at small
and high ¢?. JF¢ = 1+t
is forbid den for g — 0.
vv* — KYKExF from
L3. At low and high ¢?,
peak at 1440MeV, high ¢
required to produce peak at
1285 MeV.

Peak at 1285MeV is due to
the f1(1285) and not due to

n(1295).
No 7(1295) in vy~



The 1(1440) in pp annihilation
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Scan for a0T 0™ resonance with diff erent widths. The likelihood optimiz es for
M = 1407 £ 5,I" = 57 £ 9MeV. The resonance is identified with the 1,. A search

for a second pseudoscalar resonance (right panel) gives evidence for the ng with

M = 1490 £ 15,T = 74 + 10 MeV.



Splitting of 77(1440) due to wave function node

Amplitudes for 77(1440) decays to
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Phase motion of 17(1440)
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phase varies by 7 indicating that there is only one resonance in the
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Summary on 1(1440).

The 77(1295) is not a gq meson.

The 1(1440) wave function has a node leading to two appearantl y
diff erent states 77(1405) and 7(1475).

The node suppresses OZI allowed decays into a(980)7 and
allows K* K decays.

There is only one 7 state, the 17(1440) in the mass rang e from 1200
to 1500 MeV and not 3!

The 77(1440) is the radial excitation of the 7.

The radial excitation of the 1’ is expected at about 1800 MeV; it
might be the 7(1760).



Summary on radial excitations of pseudoscalar mesons.

11S, 70 n' n K
21S, 7(1300) n(1760) n(1440) K(1460)

Warning lesson from the ¢(1440):

You can build up a case, convince the comm unity and still be wrong !



Is there a scalar glueball ?



Possib le interpretation of the scalar mesons. The 3 states fp(1370), f5(1500) and
fo(1710) originate from 2 ¢q states and a glueball.

| =1/2 =1 =0
fo(600) 0(600) meson
K(900) chiral partner of the 7
fo(1370) qq state
K{(1430) ap(1490) fo(1500) 2 qq states, glueball
fo(1710) qq state
K{§(1950) qq state
fo(2100) qq state

f0(2200, 2330) qq state
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Alternative interpretation of the scalar mesons without glueball.

| =1/2 =1 | =0
fo(600) 0(600) meson
K(900) chiral partner of the 7
ao(980) o (980)
K} (1430) fo(1500) 13P states
ag(1490)
fo(1710)
K{(1950) 23P states
f5(2100)

f(2200, 2330)




Gluon exchang e versus instanton—induced forces
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Instanton—induced interactions in baryons ?
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Positive parity octet states (56-plet)

Negative parity octet states (70-plet)
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A baryon mass formula

n
M? = M3 +

wm.Zerm.A:zvlmiH&?

where

M; = (Mg —Ma),  s=(Mj—My),
Mpn, M, M are input parameter s taking from PDG, a = 1.142/GeV?
is the Regge slope as determined from the meson spectrum. Ig,,

fraction of wave function with gq pair antisymmetric in spin and flavor
(whic h can under go instanton—induced interactions.)

All 100 (but 2) known baryon resonances reproduced

Very good evidence for instanton—interactions in hadron

spectr oscop y !



Conclusions

e There is more evidence for tetraquark and pentaguark states than
for hybrids and glueballs

® There is more evidence for the role of instanton—induced

Interactions in light hadron spectr oscop y than for gluon exchange



