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A mass-dependent asymmetry was observed in the decay angular distribution of a 
photoproduced K+K - system near the K+K- threshold. The corresponding moments 
Y~I ) have been evaluated. Interpreting the asymmetry as an S-P wave interference due to 

* + 
the states $993(0 ) and ~bl019(1--) one can compute the moments < Y~I ) through an 
amplitude analysis. The theoretical calculation reproduces the experimental results well, 
if one assumes a real S-wave amplitude for the S~93. The data cannot be explained by a 
non-resonant real S-wave. Other possibilities have been discussed. An estimate of the photo- 
production cross section of the S* ~ K+K - can be given on the basis of the above hypoth- 
esis. 

1. In troduct ion  

In an exper iment  carried out  at the 7 GeV Synchro t ron  DESY using a tagged 

pho ton  beam and a magnet ic  t rack chamber  spec t rometer  the react ion 

710 -~ K + K - p  (1) 

has been investigated in the energy region 4.6 to 6.7 GeV. A short  descript ion o f  the 

exper iment  and a number  o f  results have been published [1]. A more  detailed paper 

is in preparat ion [2].  
In s tudying the KK angular distr ibut ion it  was observed that  the dis t r ibut ion o f  

the K ÷ hel ici ty  angle O H , measured in the K+K - rest system with  respect to the 
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Fig. 1. Decay angular distribution of acceptance corrected events of the K + helicity angle O H, 
measured in the K+K - rest system with respect to the helicity axis, for consecutive MK+ K -  
bins. The solid line represents a fit of the angular distribution with a superposition of Legendre 
polynomials ~ aLPL(COS oH). 

helicity axis, changes its shape near threshold in a characteristic way, when plotted 
as a function of the invariant KK mass (fig. 1). 

In the mass region around the ~b10]9 meson the dominant feature of the polar 
angular distribution is the sin20 H shape representing the s-channel helicity conserva- 
tion in ~ photoproduction; in passing however through a KK mass region which 
extends from threshold to the ~ mass region an asymmetry occurs in the angular 
distribution which decreases as one approaches the ¢ region and changes sign at the 

mass. This is exhibited by a fit of the angular distribution with a superposition of 
Legendre polynomials (solid line, fig. 1). 

It has been investigated whether the asymmetry in the K+K - decay angular dis- 
tribution was caused by an inherent asymmetry of the experimental set up, such as 
a misalignment. For this purpose we have computed with Monte Carlo techniques 
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trajectories of particles of the event type (1). Subjecting them to simulated experi- 
mental conditions such as the trigger and acceptance constraints, we investigated 
the distribution of the helicity angle. Introducing then a misalignment into the geo- 
metric acceptance with respect to the beam axis, no significant changes or asym- 
metry of the angular distribution occurred which was comparable to the experi- 
mental effect. 

A plausible explanation of the asymmetry is an interference effect of a resonant 
spin-1 state with a resonant or non-resonant spin-0 state, both amplitudes being 
produced coherently. 

The spin-1 state is represented by the diffractively produced ~blO2O, (fig. 3b). 
Although there is no direct evidence for an additional signal other than the ~ in our 
K÷K - mass distribution (fig. 2), the observed asymmetry in the angular distribution 
is a strong indication of the presence of a possibly resonant S-wave. 

The observed asymmetry can be expressed quantitatively by computing moments 
< Y~L ), in particular { Y~I), of the experimental angular distribution as a function of the 
invariant KK mass. Fig. 4 shows that (Y~l), which is the moment representing the S-P 
wave interference. It is negative near threshold and crosses the zero line around the 

mass. 
A candidate for a resonant spin-0 state is the S~93(0" ) meson which is known to 

couple strongly to the KI~ channel. Experimentally the S* has been observed in had- 
ron induced reactions [3], and as a sharp rise of the isospin even S-wave phase shift in 
rrrr scattering [4]. As a member of a scalar nonet the 8;93 has drawn considerable 
theoretical interest [5] being considered e.g. a candidate for a quarkless gluon state. 

Alternatively the K÷K - final state near KK threshold can be produced through 
a non-resonant diffractive amplitude of the Drell-St~ding [6] type (fig. 3c). This 
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Fig. 2. Distribution of the invariant K+K - mass of acceptance corrected events. 
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Fig. 3. Diagrams for the photoproduct ion  of  K+K - pairs, (a) S* production in t-channel 
exchange, (b) diffractive @ photoproduct ion,  (c) Drell/S~ding diagrams, (d) Coulomb correc- 
tions at K+K - threshold. 
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Fig. 4. Moments <Y~I)/<Y~0) as a function Of MK+ K -  from experimental  data. Solid and dot ted 
lines: result of  a fit of  the moments  (Y~I)/<Y~0) calculated from (6) for two different relative 
product ion phases 8 between the ¢ and a resonant or non-resonant K+K - amplitude. 



412 D.C. Fries et al. / K+K - photoproduction 

reaction channel has been used in the photoproduction of pion pairs as ah explana- 
tion for the observed skewing of the p0 mass distribution [7]. Although asymptoti- 
cally the KK system has, for reasons of charge conjugation in this channel, only odd 
angular momentum states, an S-wave contribution may occur due to the difference 
of K÷p and K- p  scattering at our energies. A quantitative computation however is 
involved since the K propagator is far from the mass shell. 

In addition the possibility can not be excluded, that a non-resonant K+K - final 
state is produced by a real amplitude, (an example being electromagnetic K+K - pair 
production via Bethe-Heitler diagrams). 

In this paper our main interest is to investigate the possibility that the interference 
is due to the 8;93 (discussing also, however, the other possibilities), which might be 
produced by a diagram such as shown in fig. 3a. 

On the basis of this assumption we can also theoretically calculate the moment 
(Y~I) by introducing a parametrization for the contributing production and decay 
amplitudes. Using the established values for the width and the resonance mass we 
can fit the experimentally observed mass dependence of the interference. For a special 
choice of the relative production phase of ¢ and S*, the fit yields estimates of the 
corresponding S* photoproduction cross sections. 

2. Analysis procedure 

The analysis is based on 3500 events of reaction (1) which have been selected by 
requiring energy-momentum conservation using a one-constraint fit [2]. 

Evaluating the K + angular distribution in the helicity frame of the K+K - rest sys- 
tem, experimental moments (Y~t L ) have been obtained from our data for mass bins 
AM[K using the relation 

H H 2 = ni(Oi , ¢i , MKK)  Y~L( 0H , ~bH) • (2) (Y~L)AM2K i 

The sum is taken over individual events, which were acceptance-corrected by weights 
ni, and over the entire range in 0 H and eH in each mass bin AM~K. 

Assuming that two amplitudes A~b and As.  for production and decay contributing 
to the observed rate, we can compute theoretical moments (Y~L) from the relation 

= f d a  H dM cKIAs, n, ell)f,  (3) 

where f= flux • no. of target nucleons, A~2 = element of the K + decay angle in the 
helicity system. 

The amplitudes include a Breit-Wigner mass dependence for the production, the 
decay is described using standard angular momentum wave functions so that the 
total amplitudes can be written: 

As. = as. , aO  Yf(O", (4) 
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We write the relativistic Breit-Wigner production amplitude in the form 

ar = C~r er 1 + ier  i6 r _ Mrl-'r 
1 + e'---'~ e , er M~:K-- Mr 2 '  (5) 

where r stands for ~, S* ;Mr = central mass of  ¢, S* ; l-'r = energy-dependent width * ; 
6r is a production phase, hence A6 = 6~1o19 - ~S;93 is the relative production phase 
between the ~1019 and the S~ga- 

The amplitudes are being normalized by a constant C~r, where M = -+1.0 refers to 
the spin orientation with respect to the helicity axis in case of  a spin-1 meson. 

The normalization is chosen such that ** 

ftar~t~ i 2 dM~K = o~0, M =  +1.0.  (5b) 

o~t0 represents the total cross section for reaction (1) when the KI(  system forms a 
~b meson ;M = +1.0 refers to the helicity conserving, non-conserving part  of  the cross 
section respectively. Os, is defined analogously, ar is a correction factor in the nor- 
realization for the resonant amplitude near K+K - threshold. 

Introducing (4) into (3) it can be seen that the S-P wave interference appears only 
in the moment  (Y~I)- This moment  represents the interference of  a spin-0 state with 
the helicity flip part  of  the ~b production. After normalizing the moments  by dividing 
through the rate in each mass bin M~< K, one obtains the relation 

<r°>  R e ( a s . a g ' )  
<toO----; = 2 ' (6)  

where N(&M~tK) = f dI2 H I(As, +A~)[ 2 is proportional to the rate in the mass bin 
AM~K. 

In order to compare (6) with the experimental result, special choices of  ~r have 
been made. Taking the ~b production to be essentially a diffractive process that is 
8¢ioi 9 = 11r (even in the helicity flip part) we consider two different choices for the 

* For r we  used the energy-dependent width of  a resonance of  mass Mr and spin S decaying 
into two K's (MK) of invariant massMKK: 

I ,n2 ~,~2 23+1 
r r  = r 0 Mr m KK _- ,tin K 

MKK - 

r~ ,  was taken from the tables of particles properties. For r~ we used the experimental width 
of this experiment (8 MeV). 

** The t dependence (t = four-momentum transfer to the proton in (1)) was absorbed by using 
cross sections o t which are integrated over t (for the normalization factor Cr). 
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phase of  the S-meson: 6 = ~rr and 6 = 0 which corresponds to A6 = 0, ~Tr. 
(a) A6 = 0, both amplitudes are diffractive. 
From (6) one obtains 

(Y~I >_ U 
2@(1  - eves . )  

(b) A6 = +~rr the S* amplitude is real and the ¢ amplitude diffractive 

u 
(Y~o)- -Z-2 ~ ( e r  + e¢ ) ,  

where 

ECES* 
U= C~Cs* (I + e~)(1 + e~,)  

The helicity-flip cross section og can be expressed using the spin density matrix 
element Poo of the ¢ decay 

o~ = PooO(3,p ~ pC).  

(7) 

(8) 

(9) 

3. Results 

We used for the total widths I '¢ and Fs ,  experimental values *. For Poo we 
evaluated a number from the data of  this experiment [2], which represents an aver- 
age over the KK mass region from MKK = 1.00 tOMKK = 1.024 GeV. o(Tp ~ K+K - )  
was obtained from an integration of the differential cross section da(Tp .o, p¢)/dt  
[2]. 

Hence in (9) it was used 

Poo = 0.03 + 0 .015 ,  

Otot(7 p ~ Cp ~ K + K - p )  = 0.25 -+ 0.02 pb. 

The expressions (7) and (8) were fitted to the experimental moments  (2) adjusting 
the only free parameter Os,,  thus rendering an estimate for the total cross section of 
the photoproduction of the S*. 

This analysis is for reasons of  low statistics near threshold clearly little sensitive 
to the K÷K - mass dependence of the amplitudes, (since there the mass distribution 
shows no distinct signal) but it is sensitive to the relative production phase of  the 
two assumed amplitudes and whether they are of  a resonant or non-resonant type 
(which again introduces a phase). Therefore in order to investigate the effect of  a 
non-resonant amplitude it seems sufficient to consider here only a simple minded 
1/M~:+ K -  mass dependence. The results obtained are then as follows (fig. 4). 

* See first footnote in sect. 2. 
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Assuming that the interference is due to a real and resonant 8~9 a amplitude with 
A5 = --~¢r, in a one-parameter fit a very good agreement with the data was obtained, 
yielding 

Otot(Tp "-* S~93P "* K+K-p)  = (2.7 + 1.5 X 10 -3)/ab,  (10) 

X 2 = 12.5 (6 degrees of  freedom). 
No acceptable fits could be obtained assuming a real and non-resonant K÷K - 

production amplitude. 
This makes it unlikely that the interference is for example due to a pure electro- 

magnetic prgduction of  K÷K - pairs; (it is on the other hand interesting to note that 
Coulomb corrections at the K÷K - threshold introduce an imaginary part to this 
amplitude, see fig. 3d) *. 

Also the assumption of  an imaginary and resonant (S;93) amplitude renders no 
acceptable fit, which excludes the possibility that the photOproduction of  the S* is 
predominantly diffractive. 

Assuming however an imaginary and non-resonant amplitude one obtains also a 
fair agreement with the experimental data within the errors **. Thus the presence 
of  an S-wave part of  a Drell-SSding amplitude cannot be discarded on the basis of  
our data. 

Therefore, in summarizing the results: the hypothesis that the observed inter- 
ference is due to the photoproduction of  a scalar meson with an invariant mass very 
close to the K÷K - threshold (for which the S~9a is the most likely candidate) is in 
very good agreement with the data. The fitted value for the total photoproduction 
cross section (10) of  this reaction channel being about 1% of the total ¢ photopro- 
duction cross section has to be taken as an u p p e r  l imi t  estimate, in view of  the fact 
that a non-resonant imaginary amplitude would also provide a satisfactory explana- 
tion of  the experimental data. This estimate depends of  course on the assumed total 
width of  the S~93. I f  one takes a width of  300 MeV as was recently suggested [9], 
instead of  the width given in the data compilation tables, one can fit the data 
equally well but obtain a fitted value for Oto t which is about 10 times larger than 
the one given in (10). 
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* In the K+K - mass range considered here the effect is small compared to the errors, and can 
be ignored. 

** Within our statistics a purely imaginary amplitude with one free parameter can always be 
fitted to the data, almost independent of what mass dependence one assumes for the S-wave. 
Different mass assumptions based on the paper of Pumplin [6] rendered comparable fits. 
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