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Intr oduction

Hadrons come in � � � and �

�

� con�gur ations

QCD does not prohibit other quark combinations

Pentaquarks had been proposed (as early as
1976) but never seen (Lipkin, hep-ph/9804218).

The �rst observations of a � � � �

�

� pentaquark state
have been made this year.
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Pentaquark Predictions

��� �

���

��

���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�� 	


�

�




�

�
� �




�

� �

� �
�

�

�

�

�

�

� 


�

�

�

�� � 


�

�
�

�

�

�
�

�
�




�

� ���

�

�

�

�

�

�

�

�
�

�

�

�




�

� � � �

�

�

���

 
!

�
" 
 � 


�

� ���� Q
+

= +...p=

�

�

�

� � �

�
�

� �

�

-
� -

�

D. Diakonov et al.,
Z. Phys. A359(97)305
chiral soliton model
spin-

#
$ anti-decuplet

%

# #

&
'

(

' )

*

as anchor

+

,

-

' ./ )

MeV

0

1

' .

MeV

2

-

3
'

,

4

-

)

Lunteren 10/10/03 – p.3/20



LEPS at SPring-8

a)

MMc
gK

+ (GeV/c2)

E
ve

nt
s/

(0
.0

2 
G

eV
/c

2 )

b)

MMc
gK

-  (GeV/c2)

E
ve

nt
s/

(0
.0

2 
G

eV
/c

2 )

0

5

10

15

20

1.5 1.6 1.7 1.8
0

5

10

15

1.5 1.6 1.7 1.8

T. Nakano et al.,
hep-ex/0301020
PRL 91(03)012002

��

�

�

�

���

�

�� (

# $

C) �

�
�

&

�

�

�

*

+

,

-

' .

�

)

	

' )

MeV

0�


� .

MeV


��

�


��

-

���

�
�

�

�

�

-

�

�

���

�

�

,

���

3

�

(a) CH target. Solid:

�

�

���

signal sample.
Dashed: � tag showing ��

�

�

� �

&
' . � )

*

�

�

�

���

�

(b) Solid: CH target signal sample. Dashed: LH $

target, same cuts.
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ITEP Bubb le Chamber

A. Dolgolenko et al.,
hep-ex/0304040
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CLAS d, Jeff erson Lab
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SAPHIR, ELSA, Bonn
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CLAS, Jeff erson Lab
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BEBC, CERN &

� �

�

Bub. Ch., FNAL
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HERMES, DESY
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The HERMES experiment
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HERMES Event Selection
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HERMES � Identi�cation
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HERMES MC and result
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The CLAS spectr ometer
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CLAS Deuter on

d

g

Q+
n

K+

K-
p

K-p

n

a)

d

g p

K-

K+(K0)

Q+

n

K+n(p)

p(n)

b)

MM(pK +K-) [ GeV/c2 ]

E
ve

nt
s

MM(pK +K-) [ GeV/c2 ]

E
ve

nt
s

|DtpK| £ 0.75 ns

0

100

200

300

400

500

0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25

0

50

100

150

200

250

300

350

0.8 0.9 1 1.1 M(K +K-) [GeV/c2]

E
ve

nt
s

f Nf  = 126
Mf  = 1.02 GeV/c2

s f  = 0.004 GeV/c2

M(pK -) [GeV/c2]

E
ve

nt
s

L(1520) NL = 212
ML = 1.518 GeV/c2

sL = 0.011 GeV/c2

0
10
20
30
40
50
60
70
80

0.9 0.95 1 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4

0
10
20
30
40
50
60
70

1.4 1.45 1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.85 1.9

Lunteren 10/10/03 – p.16/20



CLAS Proton
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CLAS Proton
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Comparison of Experiments
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Conc lusions

� �

� �

��� state seen with mass 1525–1540 MeV.

Little is known about the quantum numbers.

Probably

4

-

)

: no state in �

�

�

mass spectrum.

JLab CLAS E03-113 (Hicks, Stepanyan) approved
for 30 days with

� )

� current statistics.

Much more data expected from HERMES.

Theoretical models are rampant.
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The search is on for more pentaquarks.
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