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What Is It About Antiprotons
That Makes Me
‘Skip My Vacation
To Give This Talk?

Ulrich Wiedner
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Why Are
Antiproton-Proton Annihilations
Superior For
Hadron Spectroscopy?
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Meson (qq) Baryon (qqq

Glueball (gg) Hybrid (qqg
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Mesons and Exotics
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Resonances and Glueball Predictions
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Ulrich Wiedner
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The old possible nonet of scalar mesons:

S
Ko(1430) | K{1430)
3,(980) +a0(980), a5(980)
£,(975)| 2 I,
Ko(1430) |  K%1430)

ay(1450): M=
I =
A new possible nonet:
K3(1430)

ag(1450)
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a,(1450)

Crystal Barrel sees a new isovector state:
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£o(1450):
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M= 980 +20 MeV

I' = 100+ 20 MeV
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The importance of
statistics for partial
“wave analysis ...
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100 events 10,000 events
]

1000 events 100,000 events
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Interpretation of the results:

£,(975), a,(980): KK-molecules
£,(1370): Nonet member
f,(1525), £,(1710): Nonet member

f,(1500) = £,(1590) = f,(1450):  Exotic
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LLattice QCD

larger lattices + finer granularity = progress:

(1) J. Sexton et al., Phys.Rev.Lett, 75, 4563 (1995)
(2) EE. Close et al., Preprint RAILL-96-040 (1996)

sources for Sysrematic errors:

i"“"l’\ﬂn{w/‘\l" "\/‘\f\ f\( / P “ﬁ/‘ ‘7
— U dliniliul AtiOn Ol \HJ ST 1vVIC Y

— extrapolation to continuum limit
— quenched approximation (no qq loops)
— mixing with near-by qq states
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Glueball-meson mixing

'

Interpretation difficult !

/

~==—— Help from theory ?

J. Sexton et al., Phys.Rev.Lett. 75, 4563 (1995):
-0.43 1G> + 0.25 Is8>

-0.22 1G> + 81 Wl — 0.36 11/72 (ut+dd)>
+ 0.33 Is§> + 0.34 /N2 (ut+dd)>

C. Amsler, F. Close, Phys.Rev. D53, 295 (1996); F. Close, LEAP96:
| = -0.50 IG> + 0.13 Is§>

0.61 Is§> + 0.43 112 (uli+dd)>
+ 0.22 112 (ui+dd)>
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Can we learn something from the
decay width ?

I" (f,(1500)) = nn, nn', KK = 15 MeV

| | no sS state
r - T (f,(1500)) == 4r, tr = 100 MeV
I" (f,(1500)) = ntt = 20 - 30 MeV

Quark models and other nonets:

F'(K*) < T (ag) < I'ss) < I' (nd)
287s14 27040 |

~ MeV MeV \

no nil state
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Meson Production
in
vy Collisions

Coupling to
electric charges ~

... acts as an "Anti-Glueball Filter".

Ulrich Wieener

@019
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vy Collisions from ALEPH
(Anti-Glueball Filter)

upper limit:
I'(yy = £3(1500)) * BR(f,(1500) — n'n”) < 0.31 keV

Phys. Lett. B472 (2000) 189.}
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1 A2 i ]
events per 10 MeY

Not a glueball, possibly Ss
Spin unclear (0** or 27%)

S. Braccini, Meson2000

jl
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New Results on radiative J/¥ Decays |

BES Collaboration (ICHEP 96)

2s [ I9(1270) | BES

Events/40 MeV

1.0 15 2.0 2.5 GeV
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Difference data-fit with "standard" resonances
¥?=3.07/d.o.f

Positive x2 (fit - data) Negative X2 (fit - data)

Include "exotic”
> =1.29/d.o.f

Positive ¥ (fit - data)
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DeC ay : (nn) L=1
Mass: 1400 + 30 MeV

Width: 310+ 70 MeV

Quémtum Numbers: J*¢ =1+ (I=1)

— 7

not possible from qJ

F T
+O

Previous indications of this resonance:

T p—->(T'N)n (GAMS/CERN, 100 GeV/c, 1988)
T p-—»(T'N)n (VES/Serpukhov, 100 GeV/c, 1993)

T p = (RN (E852/Brookhaven, 18 GeV/c, 1997)
M: 1300 - 1400 MeV, I': 150 - 400 MeV

do27
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Hybrid production in pp annihilation

Tlll‘IT]llll]!'lllll'llll‘
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L ) P+
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1.5

(=]
T

- p+)

4@,

©
(7
T

Phase Difference {rad]

1.0 1.2

;A
Phase [rad]

1.6 1.8

 Complicated analysis (x 10 more amplitudes for high L-waves, exchange)
* Dominant a2(1320); feedthrough to P+ wave, background (few percent)
e Phase motion relative to a2(1320) indication of resonance

d028

L lIrich Wiadner
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Hadron Beams

non-strange mesons

strange mesons

GAMS (CERN), LASS (SLAC), BNL experiments, etc.

... produces mainly objects containing quarks.

d029

|

Ulrioh Wiedher
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Meson Production
("Gluon-rich" processes)

Central Production

Double
pomeron
exchange? °

WA 79, WA 102

Radiative J/\¥ decays

Mark 111,
DM2,
BES

pp Annihilation

ASTERIX,
Crystal Barrel,
OBELIX

l
u

Ulirich Wiedner
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CEBAF Hall D project

Tagged y beam: E =12 GeV
107-108 57!
VDM: y"=" p, (;),? }:Ipeggxé s(ggg’t/rszscopy
BUT:
hadronic suppression
factor 10*

Statistics: Gain of 1-2 orders of magnitude
in certain channels (2 y).

Ulrich Wiedner
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e s

Perip

yheral Production at CEBA

(t-channel exchanges)

Lower energies: meson exchange

Higher energies: diffractive scattering
(pomeron exchange)

Ulrich Wiedner
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Photoproduction of Hadrons

— requires a hermetic detector
to observe the full decay chain.

— suffers from a hadronic suppression factor.

— might require polarization.

— produces detectable gluonic objects?

Ulrich Wiedner
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Charmonium States and Preducted
Glueballs

(MeV]

¢ + -1 2000
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Open Questions in Meson Nonets

- : | . £,(1640)
15 e n(1490) | mmm £(1510) ; M- _£(1565)
;;' | pmm n(1420) . mE f,(1420) .
S o mmm n(1295) ; mmm £,(1285) | wmm £,(1270)
S , ;
1.0 '
0_+ 1++ 2++
mmm qq state
B unclear
£.r1470) = KK * molecule 20 (0" + 1—)3 = 1+ ]
11 J.“l’LU} Iain L \ 7

*

£,(1640) = 0w molecule ? [ (17 + 1N)g=2"]
n(1420)/1(1490) behaves like a glueball

¢ ¢ vndiative TAU Aecavue)
(Seen C.g. 1I1 1ddllatilve Jl L uLvvays)
but M(0™)g > 2.1 GeV

Gluinoball ?

G. Farrar, Phys. Rev. D51 (1995) 3904
G. Farrar, RU-95-25, hep-ph/9508291
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Review of Particle Physics 2000
ud, ui, dd ud, dd, s3 | Su, 3d
NS | gPe =1/
1S, 0+ K
1S, [~ K*(892)
1P, 1+ K;g
1P, agl g K,*(1430)
1 3p, | a,(1260) £ K,
1 °p, 2| B K,*(1430)
1 'D, 2+ R ' K,(1770)
13D, I - i ®(1650) K*(1680)°
o, | 2 S i | K,(1820)
| °D, 37 ©,(1670), 05(1850) | K, *(1780)
| °F, i B (2050, £,(2220) | K, *(2045)
2.1S, 0" | K(1460)
2 7S, 1= ®(1420), 6(1680) | K*(1410)'
2P, PAN £5(1810), £,(2010) | K,*(1980)
3 1S, 0 l n(1800) n(1760) K(1830)
contributions from LEAR experiments

[lirirh Windnor
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) o Very successful meson spectroscopy
experiments using antiprotons.

P The first QCD exotics have been found in high
statistics and high precision 41 experiments.

P> Their production rate is comparable to those of

normal mesons in pp annihilations.

Q
S ]

i o

J» Other glueballs and hybrids must exist.

) Non-perturbative QCD far from being

understood.
P Hadron physics requires hadron beams




