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W
e

need
to

construct
spatial

w
a

ve
functions

w
ith

defined
sym

m
etr

y
properties

under
perm

utations
!

Jacobean
coordinates:

~
� �~
�

~
� 	 ~
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~
� 	 ~
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�

u
Tw
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rele
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separab
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otions
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boundy

u
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o
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E
xam

ple:
L=2

and
N

=1

Tw
o

oscillator
s, )* � )+� �* � �+ .

C
ontrib

uting
configurations:

� )* � �* � )+� �+� ý
� �� ÿ� w� w� ý
® w¯
°
� w� w� �� ÿ� ý
® �¯

� )* � �* � )+� �+� ý
� �� w� w� ÿ� ý
® �¯
°
� w� ÿ� �� w� ý
® �¯

� )* � �* � )+� �+� ý
� �� w� �� w� ý
® (¯
°

� )* � �* � )+� �+� ý
� �� w� ÿ� w� ý
® ÿ¯
°
� ÿ� w� �� w� ý
® �¯

� )* � �* � )+� �+� ý
� ÿ� ÿ� ÿ� w� ý
® �¯
°
� ÿ� w� ÿ� ÿ� ý
® x¯

T
hese

w
a

ve
functions

are
needed

to
construct

w
a

ve
funtions

of
defined

sym
m

etr
y

under
exc

hang
e

of
tw

o
quarks.
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S
tates

of
defined

perm
utational

sym
m

etr
y:

±
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´
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¶
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�» �½¼± ³´¶±
¾´¿ ¶
À·Áº¹
·» " ¼± "´¶± ¸´¿ÃÂ
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±
² �´
µ
¶

À·" ¹
�» � ¼± ³´¶± ¾´¿ ¶
·Æ¸º¹
·» " ¼± "´¶± ¸´¿ ¶
À·Á ± Ä´

±¬Ç²³
´
µ
¶

·Ä ¹
�» � ¼± ³´¶± ¾´¿ Â
À·" ¹
·» " ¼± "´¶± ¸´¿ Â
·¸ ± Ä´

±¬Ç² �´
µ
¶

Æ·È ¹
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À·ÈÉ¹
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±¬Ç² �´
µ
¶

À·È ¹
�» � ¼± ³´ Â

± ¾´¿ ¶
Æ·Èº¹
·» " ¼± "´ Â

± ¸´¿

±¬ÇÊ³
´
µ
¶

Ä
"
Ë ¹

·» " ¼± ·´¶± À´¿ÃÂ
"
·

"
Ë ¹
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±¬ÇÊ
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·

"
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"
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µ
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± Ë´¿

± Ê³
´
µ Â
À·È ¹
·» " ¼± ·´ Â

± À´¿ ¶
Æ·ÈÉ¹
·» " ¼± Æ´ Â

± Ë´¿

S
ingle

quark
excitation

h
ypothesis:

T
he

initial
state

after
excitation

of
a

baryon
is

given
by

�» � ® w¯ Ì
�» � ® �

¯
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C
onsequences:

u
R

esonances
w

ith
sym

m
etric

w
a

ve
functions

(zw

,z ÿ

and�zw

)
and

w
ith

m
ix

ed

sym
m

etric
w

a
ve

functions
( �z ÿ

and �z �

)
are

coherentl
y

excited
ÿÍ �

�® w¯	
® �¯� ý

ÎÏ ®ÑÐÒ
¯	

ÓÎÔ ® Ð Î¯	
ÎÔ ®ÖÕÐÒ

¯�

ÿÍ �
�® w¯ �
® �¯� ý

×ÎÒ ®ÖÕÐ Î¯	

ÓÎÒ ® ÕÐ Ô
¯ '

u

B
aryon

resonances
are

w
a

ve
packets

w
ith

defined
phase

but
uncertain

in

quantum
n

um
ber

(ØÙ 
Ø �ÛÚ
Ü ).

u

Larg
e

reduction
in

the
n

um
ber

of
states

u

R
esonances

w
ith

antisym
m

etric
and

m
ix

ed
antisym

m
etric

w
a

ve
functions

are

not
excited.

u

O
nly

rele
vant

quantum
n

um
bers

are� ý
)* 	
)+

and� ý
�* 	
�+ .

u

T
hese

are
used

in
the

baryon
m

ass
form

ula.
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Is
there

evidence
for

chiral
sym

m
etr

y
restoration

in
the

high-m
ass

n
ucleon

spectrum
?

L.
Y.G

lozm
an,

P
h

ys.
Lett.

B
541,

115
(2002)

Q
uarks

are
(nearly)

m
assless;

there
is

chiral
sym

m
etr

y.

A
t

lo
w

energies,
chiral

sym
m

etr
y

is
broken,

e.g.
by

instanton-induced
interactions:

u

Q
uarks

acquire
m

ass

u

T
he

m
asses

of
pion

and
of

the
lo

w
est

scalar
m

esonÝ È� ÏÞÒ
�

are
different

u

T
he

m
ass

of
the

N·� " =

(938)
and

of
the

N·� " N
(1535)

are
different.

C
hiral

sym
m

etr
y

m
ight

be
restored

u

at
larg

e
tem

peratures

u

and
high

densities

u

at
high

excitation
energies
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3
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c
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4
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d
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> H?CKB
[V< 9QN
> MMKKB
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5
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e

[X< 9 =
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KKB
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KKB

ß à
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6
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>IMD
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f
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7
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> MLCKB

ß à
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8
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P
arity

doub
lets

of
N �

and á �

resonances
of

high
m

ass,
after

G
lozm

an.
T

he
states

in

boldface
are

predicted
to

ha
ve

the
sam

e
m

ass
as

their
chiral

partner
w

hen
chiral

sym
m

etr
y

is
restored

in
the

high-m
ass

excitation
spectrum

of
baryon

resonances.

W
e

sug
g

est
that

the
states

m
arked

w
ith

in
red

should
ha

ve
considerab

ly
higher

m
asses

than
their

chiral
partners

w
hile

the
other

states
in

b
lue

should
be

deg
enerate

in
m

ass
w

ith
corresponding

states
of

opposite
parity

.
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H
igh â

states
w

ith
negative

parity

T
here

are
three

high-m
ass�

states
w

ith
negative

parity:

uáË� " N

(1930)

uáÅ� " N

(2400)

uá·Æ� " N

(2750)

P
ossib

le
L,S

configurations:

U
nlikely

Likely

áË� " N

(1930)

áÅ� " N

(2400)

á·Æ� " N
(2750)

áË� " N

(1930)

áÅ� " N

(2400)

á·Æ� " N

(2750)

L=3,
S

=1/2
L=5,

S
=1/2

L=7,
S

=1/2
L=1,

S
=3/2

L=3,
S

=3/2
L=5,

S
=3/2

F
la

vor
w

a
ve

function:
sym

m
etric;

spin
w

a
ve

function:
sym

m
etric.

ã

spacial
w

a
ve

function
m

ust
be

sym
m

etric
!

O
ne

unit
of

radial
excitation

required
!
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S
chem

atic
dia

gram
of

the
energy

le
vels

ofá �

(left)
and

N �

(right)
resonances.

T
he

vertical
axis

is
linear

in
squared

baryon
m

asses,
m

ass
values

are
given

on
the

right

axis.
F

or
m

ass
deg

enerate
states,

negative-parity
states

are
dra

w
n

belo
w

those
w

ith

positive
parity

.
O

bserved
states:

dark
lines,

expected
ones:

green
lines.

E
.K

lem
pt,

P
hys

Lett.
B

,
in

print,
arX

iv:hep-ph/0212241.
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experim
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E
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A

u
W

A
R

N
IN

G
S

:

u

A
ll

results
are

prelim
inar

y
!

u

S
ystem

atic
errors

are
not

yet
evaluated.

C
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S
um

m
ary

4

M
eson

and
baryon

resonances
lie

on
R

eg
g

e
trajectories

4

M
esonic

and
baryonic

R
eg

g
e

trajectories
ha

ve
a

com
m

on
slope

4

B
aryons

w
ith

pairs
of

quarks
w

hic
h

are
antisym

m
etric

in
spin

and
fla

vor
undergo

a
m

ass
shift

due
to

instanton-induced
interactions

4

A
ll

observed
baryon

resonances
can

be
understood

as
single

quark
excitations.

T
he

y
form

form
coherent

superpositions
of

harm
onic

oscillator
eig

enstates
of

defined
sym

m
etries.

4

C
rystal

B
arrel

at
E

LS
A

has
yielded

first
prom

issing
data

!
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S
trong

interactions
of

m
assless

quarks:

C
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sym
m

etr
y

H
o

w
e

ver:

4

S
trong

fluctuations
of

gluon
fields

4

Q
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D
allo

w
s

solutions
w
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vortices
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charg

e,w
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n
um

ber)
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