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Lattice QCD

General convictions

GLUEBALLS

HYBRIDS

New facilities

PDG




Glueballs

The glueball spectrum from

an anisotr opic lattice study.

C. J. Morningstar and M. J. Peardon,
“The glueball spectrum from an anisotr opic lattice

study,” Phys. Rev. D 60 (1999) 034509.

Scalar glueball at 1 GeV;
Tensor glueball at GeV;,
Pseudoscalar at GeV.

We discuss first the (1440)
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PDG 2004 The IS split

Pseudoscalar mesons: S. Eidelman et al., Phys. Lett. B 592 (2004) 1.

K
(100) (1 ) (140) (14 ) K(14 0)
glueball

Same masses

ideall y mixed

(140°) (0 7 (14 )



A first warning !

Selection rules:

0:
0 allowed,
1  forbid den.

L3:
Low and high : 1440 MeYV,
high only: 1285 MeV.

1285MeV peak is (1 ).

n( ) seen in
No 7( ) in

M. Acciarri et al., Phys. Lett. B 501 (2001) 1.
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The — N annihilation
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Splitting of 77(1440) in »  and not only in !



Splitting  of due to wave function node

Amplitudes for decays to T.Barnes, F.E.Close, P.R.Page, E.S.Swanson, PRD 55, 4157 (1997).
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Phase motion
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Summary on

Then(l  )isnota meson.

The iTES wave function has a node leading to two appearantl y
diff erent states 7(140 ) and n(14 ).

The node suppresses OZl allowed decays into A 8 and
allows decays.

There is only one 7 state, the 7(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 n(1 0).
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Is there a scalar glueball ?

Crystal Barrel data on scalar mesons:

C. Amsler etal., “High statistics study of decay into ;" Phys. Lett. B342 (1995) 433.

C. Amsler etal. [Crystal Barrel Collaboration], “High statistics study of decay into eta eta,” Phys. Lett. B353
(1995) 571.

C. Amsler etal. [Crystal Barrel Collaboration], threshold enhancement in annihilations into at rest,”

Phys. Lett. B340 (1994) 259.
A. Abele et al. [Crystal Barrel Collaboration], “Obser vation of decay into ;" Phys. Lett. B385 (1996) 425.

C. Amsler etal. [Crystal Barrel Collaboration], “Obser vation of a scalar resonance decaying to in
annihilation at rest,” Phys. Lett. B322 (1994) 431.

A. Abele et al. [Crystal Barrel Collaboration], “A Study of decays into 4 in 5 at rest,” Phys. Lett.
B380 (1996) 453.

A. Abele et al. [Crystal Barrel Collaboration], “Study of decays into four neutral pions,” Eur. Phys. J. C 19 (2001) 667.

A. Abele et al. [CRYSTAL BARREL Collaboration], “4 decays of scalar and vector mesons,” Eur. Phys. J. C 21 (2001) 261.
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PDG: The 3 states

C. Amsler and F. E. Close, “Is

and are 2  states plus glueball.

a scalar glueball?,” Phys. Rev. D 53 (1996) 295.

| = 1/2

K(900)

chiral partner of the

State

2 states, glueball
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state

state
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St. Petersburg: K—matrix poles compared to Bonn quark model version B,
plus one flavour-blind extra pole at MeV, width MeV.

V. V. Aniso vich and A. V. Sarantse v, Eur. Phys. J. A 16 (2003) 229. R. Ricken et al. Eur. Phys. J. A 9 (2000) 221.

K-matrix poles Bonn model, B




exotics: hybrids or multiquarks ?

Experiment Mass (MeV/ ) Width (MeV/ ) Decay Mode Reaction
BNL 1370 385 p
BNL 1359 314 P
CBar 1400 310 pn
CBar 1360 220 pp
CBar 1440 400 pn
Oblx 1384 378 pp

D. R. Thompson et al. [E852 Collaboration],
S. U. Chung et al. [E852 Collaboration],

A. Abele et al. [Crystal Barrel Collaboration],
A. Abele et al. [Crystal Barrel Collaboration],
W. Dunnweber and F. Meyer—Wildha gen, Nucl. Phys. A721 (2003) 605c.

Splitting of

into

in QCD sum rule calculations.

Phys. Rev. Lett. 79 (1997) 1630.
Phys. Rev. D60 (1999) 092001.

Phys. Lett. B423 (1998) 175.
Phys. Lett. B446 (1999) 349.

and

Z. F. Zhang and H. Y. Jin, Phys. Rev. D 71 (2005) 011502.

and their

nature confirmed




Experiment Mass (MeV/ ) Width (MeV/ ) Decay Mode Reaction
BNL 1593 168 P P
BNL 1664 185 p P
CBar 1590 280 pp
VES 1610 290 N N
BNL 1596 387 P P
BNL 1709 403 115 P P
BNL 2003 306 121 P P
BNL 2000 230 15 P p

States supposed to be distinct are separated by double-lines. The six entries in the 1590 to 1710 MeV rang e might be one or two states.

P. Salvini et al. [Obelix Collaboration], Eur. Phys. J. C 35 (2004) 21.

G. S. Adams et al. [E852 Collaboration], Phys. Rev. Lett. 81 (1998) 5760.

E. I. lvanov et al. [E852 Collaboration], Phys. Rev. Lett. 86 (2001) 3977.

Y. Khokhlo v [VES Collaboration], Nucl. Phys. A 663 (2000) 596.

J. Kuhn et al. [E852 Collaboration], Phys. Lett. B 595 (2004) 109.

M. Lu, PhD thesis, Renssallaer Polytec hnic Institute , quoted from J. Kuhn, Hadron03 conf erence, op. cit.
C. A. Baker et al., Phys. Lett. B 563, 140 (2003).



Hybrids or Tetraquarks ?

The must be a tetraquark.
SU(3) argument: assume decay.
requires symmetric SU(3) structure functions.

requires (antisymmetric)

cannot be a member of it must be or

The multitude of states suggests tetraguarks.

Four octets plus one expected !

Only one hybrid predicted.

Three or four octet and one decuplet obser ved.
There is no arguments against the possibility that a hybrid hides in
the crowd of tetraquarks (and no argument in favour neither)



Baryons: Gluon exchange

or Instanton—induced Interactions ?
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Probing the string with a
thir d quark:

Regge trajectories:

(12327
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meson resonances
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NN

have the same Regge slope.
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Spin orbit couplings:

Regge trajectories can
be drawn as functions of
the intrinsic orbital angular

momentum.
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What about

nucleons:

Staggered mass shifts:
Large for even

Smaller for odd.

Instanton—-induced

interactions!
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1. Identical slopes of Regge trajectories for mesons and :

Effective quark - diquark interactions !

2. and with spin share a common Regge trajector y

No genuine octet-decuplet splitting.

3. with und share a common Regge trajector y

No sigificant colour -magnetic spin—spin splitting.

4. 's und 's form superm ultiplets of different but defined
and . No sigificant spin—orbit splitting.
5. There is a mass shift In wave
function. Instanton-induced interactions at work !

6. Radial excitations fall on Regge trajectories displaced by one unit

of per . Effective quark - diquark interaction !



A baryon mass formula

E. Klempt, Phys. Rev. C 66 (2002) 058201.

number of strang e quarks in a baryon,

. 1.0 for S=1/2and octet in 56-plet;
L the orbital angular momentum.

N principal quantum number (from N=0) 0.5 for S=1/2and octet in 70-plet;
L+2N harmonic-oscillator band N 15 for S=1/2 and singlet:

fraction of the wave function

: L : 0 otherwise .
antisymmetric in spin and flavor.

from PDG, /GeV Regge slope.

Very good evidence for instanton—interactions in hadron
spectr oscop y!
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Multiplet structure of N and

Mass (24)

56 1/2 0 0,1,2,3 N (939) N (1440) N (1710) N (2100) 939 MeV
3/2 0 01,23 (1232) (1600) (1920) 1232 MeV

70 N (1535) N (1520) 1530 MeV
N (1650) N (1700) N (1675) | 1631 MeV

(1620) (1700) 1631 MeV

56 N N 1779 MeV
(1900) (1940) (1930) 1950 MeV

70 N (2113) N (2170) 2151 MeV
N N N 2223 MeV

(2150) 2223 MeV

56 N (1720) N (1680) 1779 MeV
(1910) (1920) (1950) 1950 MeV

70 N N 1866 MeV
N N (1900) N (2000) N (1990) 1950 MeV

1950 MeV




Mysteries

Why is the mass formula so successfull ?

(Better for comparison with data than quark model calculations
having more parameter s)

Is there a selection rule whic h superm ultiplets are realized in
nature ?

band
band
band

Is there a deep message in baryon spectr oscop y about QCD ?



Conclusions

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

There i1s more evidence for the role of instanton—induced

Interactions in light hadron spectr oscop y than for gluon exchange

Baryon spectr oscop y may reveal surprises
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The scalar glueball

1SI?

scrutiniz ed

The scattering am-
plitude measured in the

GAMS experiment.

Red dragon = glueball?

P. Minkowski and W. Ochs,
“Identification of the glueballs and the

scalar meson nonet of lowest mass,”

Eur. Phys. J. C 9 (1999) 283.
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or

Scattering of two pions
via -channel resonances

and -channel exchange.

Scattering of two Pomerons

or

0 via -channel resonances

and -channel exchange

into

or

M IS not a

and

not in
dynamicall y generated,

meson.

forbid den for

exchange!



Amplitude and phase of scalar isoscalar isobar in
In (1300 to 1500) MeV mass rang e, phase varies by
This questions (but does not exclude) the as genuine resonance .

The (not shown) exhibits the same behavior.



Alternative interpretation of the scalar mesons without glueball.

| = 1/2

K(900)

dynamicall y generated

dynamicall y generated

states

states




Baryon Status M M
- 939 i - - - -
Fkkk 1450 1423 250-450 87 37 0.53
ko 1710 1779 50-250 176 53 1.69
* 2100 2076 - 251 70 0.12
1538 1530 100-250 114 41  0.04
Fkkk 1523 1530 110-135 114 41 0.03
Aok 1660 1631  145-190 139 46 0.4
Aok 1700 1631 50-150 139 46  2.25
Hkkk 1678 1631 140-180 139 46 1.04
Ak 1700 1779  100-200 176 53 2.22
kkk 1683 1779 120-140 176 53 3.28
ok 1900 1950 - 219 62  0.65




Baryon Status M M

i 2000 1950 - 219 62 0.65
ok 1990 1950 - 219 62 0.42
* 2090 2151 - 269 74 0.68
ok 2080 2151 - 269 74 0.92
*x 2220 2151 - 269 74 0.87

il 2150 2151  350-550 269 74 0
ol 2240 2223 290-470 287 78 0.05
il 2245 2334  320-550 315 84 1.12
ok 2650 2629  500-800 389 102 0.04
x 2700 2781 - 427 111 0.53
dof: 21 17.53




Baryon Status M M
ok 1232 1232 - - - -
ok 1625 1631  250-450 139 46  0.02
* 1750 1631 - 139 46  6.69
ko 1645 1631  120-180 139 46  0.09
kkk 1720 1631 200-400 139 46 3.74
ok 1900 1950  140-240 219 62  0.65
* 1940 1950 - 219 62  0.03
ok 1945 1950  250-450 219 62 0.01
Ak 1895 1950  190-270 219 62 0.79
ok 1935 1950  150-300 219 62  0.06
Ak 1895 1950  280-440 219 62 0.79
ko 1950 1950  290-350 219 62 0




Baryon Status M M

* 2150 2223 - 287 78 0.88
* 2200 2223 - 287 78 0.09
o 2200 2223 - 287 78 0.09
* 2350 2467 - 348 92 1.62
ok 2400 2467 - 348 92 0.53

* 2390 2467 - 348 92 0.7

ok 2300 2467 - 348 92 3.3
ok 2400 2467  300-500 348 92 0.53
*x 2750 2893 - 455 118 1.47
ok 2950 2893 - 455 118 0.23
dof: 21 22.31




Baryon Status M M

- 1193 1144 - - 30 2.67

- 1384 1394 - - 30 0.11
*
o 1560 1565 - 32 31 0.03

ok 1660 1664 40-200 57 33 0.01
* 1770 1757 - 80 36 0.13
o 1880 1895 - 115 42  0.13
ok 1620 1664 - 57 33 1.78

sk 1675 1664 40-80 57 33  0.11
o 1690 1757 - 80 36 3.46

ook 1765 1757 60-160 80 36 0.05

ok 1775 1757  105-135 80 36 0.25




Baryon Status M M
* 2000 1977 - 135 45 0.26
ok 1925 1977  150-300 135 45 1.34
* 1840 1895 - 115 42 1.71
il 1918 1895 80-160 115 42 0.3
i 2080 2056 - 155 49 0.24
* 2070 2058 - 155 49 0.06
il 2033 2056  150-200 155 49 0.22
ok 2245 2248 60-150 203 59 0
* 2100 2248 - 203 59 6.29
o 2455 2424 - 247 69 0.2
i 2620 2708 - 318 85 1.07
* 3000 2857 - 355 94 2.31
* 3170 3102 - 416 108 0.4
dof: 24 23.13




Baryon Status M M

. 1116 1144 - - 30 0.87
Aok 1630 1565 50-250 32 31 4.4
Aok 1800 1895 50-250 115 42 512
Ak 1407 1460 50 6 30 312
Ak 1520 1460 16 6 30 4
ok 1670 1664 25-50 57 33 0.03
Ak 1690 1664 50-70 57 33 0.62
Aok 1785 1757  200-400 80 36 0.6
ok 1820 1757 60-110 80 36 3.06
Ak 1880 1895 60-200 115 42  0.13
Ak 1820 1895 70-90 115 42 3.9




Baryon Status M M
* 2000 2056 - 155 49 1.31
ok 2115 2056  150-250 155 49 1.45
* 2020 2056 - 155 49 0.54
Aok 2100 2101  100-250 166 51 0
* 2325 2248 - 203 59 1.7
Aok 2355 2424  100-250 247 69 1
o 2585 2551 - 279 76 0.2
dof: 18 31.34




Baryon Status M M
HAKK 1315 1317 - - 30 0
S 1532 1540 9 - 30 0.07
* 1620
Hhk 1690 1696 30 21 30 0.04
ko 1823 1787 14-39 43 32 1.27
Hhk 1950 2004  40-80 98 39 1.92
Hhk 2025 2004  15-35 98 39 0.29
* 2120 2157 - 136 45 0.68
*k 2250 2157 - 136 45 4.27
o 2370 2340 - 182 55 0.3
* 2500 2510 - 224 64 0.02
dof: 10 8.86




Baryon Status N M M

Ak 0 1672 - - - - -

ok 0 2252 2254 37-73 77 36 0

i - - 2380 - - - - -
i 1 2474 2495  39-105 137 46 0.21
dof: 2 0.21

for 97 data points.

All but 4 obser ved states are predicted:

No evidence for (baryonic) hybrids !

No evidence for pentaquarks !

Where are the missing resonances ?




