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in

344

annihilation
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4200
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      W
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47 M
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96 M
eV
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1450
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1550

1600
4800

4820

4840

4860

4880
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4920

4940
      B

reite
50 M

eV
56 M

eV
64 M

eV
80 M

eV
100 M

eV
110 M

eV
120 M

eV
140 M

eV

S
can

for
a576
5986

resonance
w

ith
different

w
idths.

T
he

likelihood
optim

iz
es

for

:
;<=5> ?
@ACB
;@> ?
D

M
eV.T

he
resonance

is
identified

w
ith

theE F

.
A

search

for
a

second
pseudoscalar

resonance
(right

panel)
gives

evidence
for

theE G

w
ith

:
;<=D5 ?
<@A B
;> = ?
<5

M
eV.
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to

w
a

ve
function

node

A
m

plitudes
forîè�é��ì

í

deca
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B
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igner
functions
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squared

deca
y

am
plitudes

(center)

final
squared

transition
m

atrix
elem

ent
(right).
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m
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-0.8
-0.6

-0.4
-0.2

-0
0.2

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1 -0
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0.2

0.3

1250
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1400

1450
1500

1550
1600

-2

-1.5 -1

-0.5 0

0.5 1

C
om

ple
x

am
plitude

and
phase

m
otion

of
the��è �äì

í ï

isobar
s

inH �H

annihilation
into�ï

î

.
In

the
m

ass
rang

e
from

1300
to

1500
M

eV
the

phase
varies

b
yï

indicating
that

there
is

only
one

resonance
in

the

m
ass

interval.
T

he�
î

(not
sho

w
n)

exhibits
the

sam
e

beha
viour.



S
um

m
ary

on

����
���
 .

ý

T
heîè�é��

í
is

not
a" �"

m
eson.

ý

T
heîè�é��ì

í
w

ave
function

has
a

node
leading

to
tw

o
appearantly

different
statesîè�é�ì�

í
andîè�é���
í .

ý

T
he

node
suppresses

O
Z

Iallo
w

ed
deca

ys
into��è �äì

í ï

and

allo
w

s�  
�

deca
ys.

ý

T
here

is
only

oneî

state
,theîè�é��ì

í

in
the

m
ass

rang
e

from
1200

to
1500

M
eV

and
not

3
!

ý

T
heîè�é��ì

í

is
the

radial
excitation

of
theî

.

ý

T
he

radial
excitation

of
theî �

is
expected

at
about

1800
M

eV
;

it

m
ight

be
theîè�é�ëì

í .



S
um

m
ary

on
radial

excitations
of

pseudoscalar
m

esons.

ùJI
KL

æ

���

�

K

� I
KL
æè ùþûûí
�è ù��
ûí
�è ùMM
ûí

K
(1460)

W
arning

lesson
from

theNè ùMM
ûí :

You
can

b
uild

up
a

case
,con

vince
the

com
m

unity
and

still
be

w
rong

!



Is
there

a
scalar

glueball
?



P
ossib

le
interpretation

of
the

scalar
m

esons.
T

he
3

states OPQSRTUV
W , OPQ RXVV
W

and

OPQSRU RV
W

originate
from

2Y ZY

states
and

a
glueball.

I=
1/2

I=
1

I=
0

OPQ\[VV
W

]Q\[VV
WS^
_`a
b

K
(900)

chiral
partner

of
thec

dPQ\efV
W

OPQ\efV
W

g Zgh
i jklm jkn

OPQ RTUV
W

o po

state

qsrP QSRt
TV
W
dPQ Rt
eV
W

OPQ RXVV
W

2o po

states
,glueball

OPQ RU RV
W

o po

state

qsrP QSReXV
W

o po

state

OPQSuRVV
W

o po

state

OPQSuuVV
A uTTV
W

o po
state



T
he

scalar
glueball

scrutiniz
ed

T
heïï

scattering
am

-

plitude
m

easured
in

the

G
A

M
S

experim
ent.



4c

in
variant

m
ass

spectra
from

central
production.

F
irst

row
:

S
-w

a
ve

in
2c 6

2c 8

;

second
row

S
-w

a
ve

inc 6
c 8

2c�v

;

third
row

:]]
S

-w
a

ve
in

4c v

.



A
lternative

interpretation
of

the
scalar

m
esons

w
ithout

glueball.
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I=
1

I=
0

OPQ [VV
W
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_`a
b

K
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of
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W
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W

OPQSRTUV
W

dynam
icall

y
g

enerated

qwrPQSRt
TV
W

OPQSRXVV
W

Ryx
zP

states

dPQSRt
eV
W

OPQSRU RV
W

q{rP QSReXV
W

u x
zP

states

OPQ uRVV
W

OPQSuuVV
A uTTV
W



G
luon

exc
hang

e
versus

instanton–induced
forces
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anom
aly

and
instantons
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M
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K
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K
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M
ass [M
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]
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nn

’1500’
1450
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1430

1320

980

ns ss

’1000’

T
he

action
of

instantons
in

the
m

ass
spectrum

of
pseudoscalar

and

scalar
m

esons.
T

he
spectra

are
calculated

using
a

confinem
ent

potential
and

the
m

ass
shifts

resulting
from

instantons.



Instanton–induced
interactions

in
baryons
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-
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 (1675)
-
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-
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S
tatus

of
baryon

reso-

nances
according

to
the

T
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P
artic

le
D

ata
G

roup.

R
eg

g
e

trajector
y

for �  

resonances

w
ith

intrinsic
spin� ÷

é� 

and

and
for

N  

’s
w

ith
spin� ÷
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A
baryon

m
ass

form
ula

ÂÃ
ÂÄÆÅ
ÇÈþ

É
ÂÈ Å

Ê ÉË7ÌÅ
ÍÎÐÏ
ÑÒ ÉÓÈÔÖÕ
×

w
here

Ø #, ÷
Ù Ø #ÚÜÛ
Ø #ÝÞ �
ßàâá

Ù Ø #Ý Û
Ø #ãÞ �

Øã� ØÝ� ØÚ

are
input

param
eters

taking
from

P
D

G
,� á

ä�ä� /G
eV #

is
the

R
eg

g
e

slope
as

determ
ined

from
the

m
eson

spectrum
.åæçéè

fraction
of

w
ave

function
w

ith""
pair

antisym
m

etric
in

spin
and

fla
vor

(w
hic

h
can

undergo
instanton–induced

interactions.)

A
ll

100
(but

2)
kno

w
n

baryon
resonances

reproduced

V
ery

good
evidence

for
instanton–interactions

in
hadron

spectroscop
y

!



C
onc

lusions

ê

T
here

is
m

ore
evidence

for
tetraquark

and
pentaquark

states
than

for
h

ybrids
and

glueballs

ê

T
here

is
m

ore
evidence

for
the

role
of

instanton–induced

interactions
in

light
hadron

spectroscop
y

than
for

gluon
exc

hang
e


