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1. Motiv ation:

� determination of the resonant S-wave contribution (a0(980) and f 0(980)) in the

 p ! K + K � p reaction near the K + K � threshold,

� explanation of a large experimental uncertainty the S-wave K + K �

photopro duction crosssection, ranging from 3 nb to 100 nb in the range around
the massof � (1020),

� explanation of the asymmetry in the kaon angular distributions.

2. Exp erimen tal results

We baseon the experimental results obtained in the end of seventies at DESY (Behrend
et al., 1978) and in the beginning of eighties at Daresbury (Barb er et al., 1982).
We examine the 
 p ! K + K � p reaction at two photon energies:
I. E
 =4 GeV; (-t < 1.5 GeV2; 0.997 GeV < M K K < 1.042 GeV)
(Barb er),

I I. E
 =5.65 GeV; (-t < 0.2 GeV2; 1.005 GeV < M K K < 1.045 GeV)
(Behrend).
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3. Mo del
Amplitudes:

T� 
 �� 0(t; M K K ; 
) =
X

L =0 ;1;M

T L
� 
 ;�;� 0;M (t; M K K )Y L

M (
) ;

where L, M denote the K + K � angular momentum and its projection on the helicit y
axis,
� 
 ; �; � 0 - helicities of the photon, incoming and outgoing proton,
q; p;p0 - momenta of the photon, incoming and outgoing proton,
t - momentum transfer squared,
M K K - K K e�ectiv e mass.
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In total we have 2 � 2 � 2 � 3 = 24 (P-wave) + 2 � 2 � 2 = 8 (S-wave) amplitudes, but

only 16 are independent according to the parit y conservation:

T J
� M (� � 
 ; � s1; � s2) = (� 1)M � s2 � � 
 + s1 T J

M (� 
 ; s1; s2)

Thus we can take � 
 =+1 as a "reference" helicit y and label the K + K � (or � ) helicities
as:

� non-
ip (M = +1),

� single 
ip (M =0),

� double 
ip (M = � 1).
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Pro duction mechanism
Diagrams for S-wave Born amplitudes (PRC58 ,2, C-R. Ji, et al.):
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Also the graphs with K + $ K � (altogether 6 graphs).
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Also the graphs with � + $ � � and � + $ � � (altogether 5 graphs).
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Graphs for double neutral pion prodution.
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The �nal state interactions were also accounted for, with � + � � and � 0� 0 intermediate
states and the K + K � elastic rescattering.
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In the S-wave t-channel exchanged particles we have used either normal:

1
t � m2

;

where m is the massof exchanged meson

or Reggepropagators

� [1 � e� i� � ( t ) ]�(1 � � (t))( � 0s)� ( t ) =(2s� 0 )

The S-wave amplitude parameterization:
1. Isospin decomposition

AS (I ) =
1
2

[AS (I = 0) + AS (I = 1)]

Isoscalar (f 0(980)) and isovector (a0(980)) parts.
2. FSI factor.

AS (I )f =
X

j = � � ;K K

AB
j (I )Fj f (I ) ; where Fj f (I ) �

1
2

[� j f + Sj f (I )]

S(I = 0) =

0

@ � e2i� I =0
� � i

p
(1 � � 2)ei ( � I =0

� � + � I =0
K K

)

i
p

(1 � � 2)ei ( � I =0
� � + � I =0

K K
) � e2i� I =0

K K

1

A

S(I=1) is similar.
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In the P-wave we have assumedthe Pomeron exchange (L. Le�sniak, A. P. Szczepaniak
APP B34,2003).

p p0

q �

P

k1

k2

1

Construction of the amplitude:

T S;P
� 
 ;�;� 0;M = u(p0; � 0)J S;P

� M " � (q; � 
 )u(p; � )

where
q { 4-momentum of the photon,

J P
� =

iF (t)
M 2

� � M 2
K K

� iM � � �
[
 � q� (k1 � k2)� � q� (k1 � k2)� 
 � ]:

F (t) is parameterised to properly reproduce the d� =dt for both energies(4 GeV and
5.65 GeV).
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Generally:
S- and P-wave amplitudes are Lorentz, gaugeand parit y invariant.

We have used the moments of the angular distribution to compare the model with
experimental data:

Y 0
0 =

N
p

4�
(jSj2 + jP� 1 j2 + jP0j2 + jP1j2);

Y 1
0 =

N
p

4�
(SP �

0 + S� P0); Y 1
1 =

N
p

4�
(P1S� � SP �

� 1);

Y 2
0 =

N
p

4�

r
1
5

(2jP0j2 � jP1j2 � jP� 1 j2);

Y 2
1 =

N
p

4�

r
3
5

(P1P �
0 � P0P �

� 1);

Y 2
2 =

N
p

4�

r
6
5

(� P1P �
� 1):

where
N -normalization factor.
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Phenomenological input
We have treated relativ e phasesand strenths as phenomenological parameters.

S ! C00 ei' 00 S;

P0 ! C10 ei' 10 P0; P1;� 1 ! C11 ei' 11 P1;� 1 :

Moreover we have used the linear parameterization for the background (as a background
we consider a contribution from misidenti�ed pions and higher partial waves):

hY L
M i b = vL

M
d�

dM K K
Barber's data;

hY L
M i b = � L

M (M � M thr ) Behrend's data;

where M thr is K K threshold mass.

Altogether we have
9 parameters for E
 =4 GeV (Barb er)

and
8 parameters for E
 =5.65 GeV (Behrend).
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4. Results of the �ts (cross sections in nb)

photon energy 4 GeV 5.65 GeV

S-wave propagator normal Regge normal Regge

P-waves 218:4 � 39:5 120:5 � 9:4

P0-wave 6:4+5 :5
� 4:8 4:7+5 :7

� 4:5 13:8+5 :3
� 4:7 14:0+5 :3

� 4:8

S-wave 4:9+5 :8
� 3:6 4:3+6 :6

� 3:6 7:0+6 :8
� 4:4 6:8+6 :6

� 4:3

background 299:4+10 :0
� 10:4 300:0+10 :0

� 10:7 4:5+4 :3
� 6:1 4:7+4 :2

� 5:8

jt jmax 1.5 GeV2 0.2 GeV2

M K K range (0.997,1.042) GeV (1.01,1.03) GeV
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5. Conclusions

� The uncertainty concerning the magnitude of the S-wave contribution has been
removed: our �t gives the S-wave crosssection in the range of 4 to 7 nb.

� The model properly describes the K + K � massdistribution and the moments (also

other observables).

� The resonant S-wave (f 0(980) and a0(980)) considerably a�ects the angular
distribution of outgoing kaons.

 L. Bibrzycki, L. Le�sniak, A.P. Szczepaniak,Eur. Phys. J.C34 :335-344,2004
also available as hep-ph/0308267 preprin t.
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Outlo ok

What about a � + � � channel...?

Resonances in p
+
p

-
 channel
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There are some indications that for a � + � � channel an f 2(1270) resonancemay in fact
participate in partial wave interference.

HERMES Collab oration (A. Airap etian et al.) Ph ys.Lett.B599:212-222,2004

17


