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Abstract 

A t-channel factorization model is used to estimate 

cross sections for the processes yy ~ v
1
v

2
. Whenever V = P, 

the width of the p has been included in the calculations. The 

channels yy ~ p 0 p 0
, p 0 ~, ~~. ww, p 0 w and p+p- are calculated 

for two quasi-real photons. Predictions are also given for 

the process y*y ~ p 0 p 0 for virtual photon mass squared a2 < 

5 GeV 2 . Our results are consistent with all available experi­

mental data. 
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I) Introduction 

A large cross section for the quasi-real photons 
(no tag) reaction yy ~ p 0 p 0 near threshold has been 
observed(l- 3 ). This threshold enhancement is considerably 
bigger than a simple asymptotic VDM prediction(l) and there­
fore has triggered several interpretations. Among them are 
those studies which attempted to understand the large p 0 p 0 

cross section as a signature of a new phenomena in the direct 
lY channel; the production of a new resonance( 4 ) or the exotic 
formation of 1nterfering four-quark bound states with I = 0 
and I = 2( 5 • 6 ). A more conservative approach has been to ac­
comodate the observed P0 P0 enhancement by the factorization 
properties of the hadron-like (VDM) two _photon interaction(?). 
The relevance of this approach is self-evident. If it does 
provide, as indeed we claim, satisfactory estimates for the 
observed rates of vector meson production in yy collisions, 
then it defines a large background over which any signal of 
a more exotic nature should be verified. 

In this paper we wish to elaborate on the factori­
zation model defined in ref. (7). The model assumptions remain 
unchanged. We apply the factorization relation for the crossed 
t-channel natural and unnatural parities at fixed outgoing 
c.m. momenta, correcting for the flux factors (denoted by Fij) 
arising from the different masses involved. Thus we get: 

a(yy ~ v1v2 1 = L 
1 

ai (yN ~ 
oi(NN-... 

_'{
1

N) oi(yN ~ 

NN) FNN F yy 

2 
V2.'1.l.__!:yN- ( 1) 

where the summation is over the various t-channel processes 
contributing to yy + v

1
v2 . As we shall see the actual processes 

of interest are the diffractive and the one pion exchange (OPE) 
contributions. Thus our summation is equivalent to summing 
over the isoscalar and isovector photon components. Eq. (1) 
has the advantage that it approaches the standard asymptotic 
factorization relation in the high energy limits, while pro­
viding a sensible low energy continuation close to threshold. 
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The applicability of this model crucially depends 
on several elements: 

a) that the quality of the input data is satisfactory, 
b) that a reliable separation of the input data to t-channel 

contributions with well defined quantum numbers is possible, 
c) that our main assumption is viable, i.e. that a t-channel 

model, when continued to the low energy limit, provides 
nevertheless a reasonable average description of the data. 

In the following we shall apply the model to estimate 
the diffractive production of p 0 p 0

, ~~ and p 0 ~ by two quasi­
real photons. We improve on our previous calculation(?) by 
taking the P width into account. We proceed to predict the 
P 0 P 0 cross sections when one of the initial photons is off 
shell. The model is then applied to estimate the cross sections 
of yy ~ ww and yy ~ p 0 w. We conclude by discussing the estimate 
of yy ~ p+p 

II) Diffractive production of vector mesons 

The reactions yy + P 0 P 0 , yy ~~~and yy ~ P 0 ~ are 
very suitable for the application of Eq. (1) The input reactions 
are either purely or predominantly diffractive for which we 
have reliable cross sections close to threshold(S-lO) There 
is, however, a certain ambigu1ty with regard to the p 0 photo­
production input data resulting from different model dependent 
handlings of the p 0 resonance, The cross sections obtained 
with a standard Breit-Wigner analysis, the S6d1ng(l 1 ) or Ross­
Stodolsky(l21 models differ by as much as 15%. This together 
with the statistical errors are the sources of uncertainty 
in our input reflected in the wide band of our p 0 p 0 cross section 
output. 

may affect 

we present 

!)
0 width: 

Our earlier estimate 

the results for W 
yy 

neglected the p 0 width, which 

< 1.7 GeV. Following ref. (1}, 
here a simple Breit-Wigner procedure to unfold the 
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~ 
M 2 

0 (yp _,. 2 2 
PoP) F yp I BW(m) I dm 

;Pl F PP_£n---__ m
1 

o(pp _,. 

2 

lm IBW(m) 1
2 dm 

J m1 

w 

(2) 

where m
1 

= 0.6 GeV, m2 = 0.9 GeV and M = min( ~y, 0.9 GeV). 

The numerical results are insensitive to our particular choice 

of m1 
and m2

. The Breit-Wigner amplitude is given by 

BW(m) 
lm r m/p*-

p p 

n(m 2 -m 2 -im r ) 
p p p 

with 
2 P* 2 

r ro (~~) 
3 

0 
= P*2+P*2 p 

0 

p• 1/,~ • 1~ = ~ m -4m and P = ~ m -4m 
11 0 p 11 

The p0 nominal parameters used are mp = 0.776 GeV and f
0 

= 
0.155 GeV. To compare our prediction with the data below 

wn 
5G MeV 

~~yy 

1.5 GeV we have followed ref. (1) and have subtracted 

from the input mp .for every decrease of 100 MeV in 

For the actual application of Eq. (2), we have used 

numerical extrapolations, including error propagations, through 

the data points of refs. (8-10). Our results for yy ~ p 0 p 0 

in the final state are shown in Fig. 1 where we compare our 

estimates with the no-tag data of TASSO(l), CELL0( 2 ) and TPc< 3 l 

As can be seen, we reproduce the observed threshold enhancement 

of yy ~ p 0 p 0 including the observation(!) of a big cross section 

below the nominal p 0 p 0 threshold. We predict a very small cross 

section for yy ~ ~~· For 2 < WYY < 5 GeV our predicted cross 
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sections range from 0.001 to 0.05 nb respectively. This estimate 

is far below thtl current experimental upper limi~s( 13 • 14 l, 
where ~ + 2 charged tracks are observed in the final state, 

but no ~~ signal hEs been detected thus far. Our prediction 

for O(YY _,. P 0 ~) ir1 the energy range 2 < WYY < 3 GeV is 

0.4-0.5 nb. Once again no P 0 ~ signal has been detected in the 

~ + 2 charged tracks sample and the published upper limits( 13 •14 l 

are well above our estimate. 

III. The reaction y~y _,. p 0 p 0 

It is of interest to check the predictions of our 

model for single tag production of p 0 p 0
• Whereas our treatment 

of the no-tag, almost real photons, as hadron-like is rather 

sensible, one may, however, question the validity o.f this treat­

ment for off mass photons. We rely here on a similar model(lS) 

applied to deep inelastic e-y scattering which was compared 

with the data(lC). The conclusions of that comparison are that 

whereas a factorizable estimate reproduces the data at small 

a2 , it is severely deficient when com_pared with the high a2 

data. This conclusion is not surprising in view of the fact 

that the point-like photon contribution increases with a2 . 

Our estimates are thus confined to ~ 2 < 5 Gev 2 , 

where we have tak~n the ep ~ ep 0 p input data from ref. (17). 

Our results for two representative W values are displayed 
. yy 

in Fig. 2. An interesting point should be noted. If we compare 

our results with a p-dominance form factor (m~/(m~ + a2 )) 2 , 

·~e observe that our predictions rise above the p-dominance 

values as a2 increases. This behaviour is similar to the one 

observed in the total cross section studies< 15 •16 l. However, 

at the same time our input cross sections< 17 l are lower than 

the p-dominance expectations. This apparent difference between 

input and output relation to p-dominance is typical for our 

model which is applied at fixed outgoing c.m. momenta rather 

than fixed energies. 
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IV) Non diffrac1:ive channels 

The application of Eq. (1) to yy ~ ww is somewhat 

more complicated and less reliable than the previous analysis 

of diffractive chun~els. When we examine the input reactions 

of interest we realize that yp ~ wp is dominated at low energies 

by an OPE mechanism in addition to a much smaller diffractive 

contribution. Separation between those channels can be done 

by either utilizing SU(3) relations between yp ~ V0 p or by 

comparing the energy dependences of these reactions. These 

two methods provide results which are not very different from 

eacl1 other. In any case the OPE contribution contains strong 

absorptive corrections which make the isolation of t-channel 

contributions rather crude. Thus, the application of factorization 

is only justified on a very approximate level. Moreover, the 

isolation of the appropriate OPE contribution to elastic pp 

scattering is very difficult. We overcome this by taking the 

np charge exchange data( 1S) which is dominated by OPE( 20 l. 
OPE 1 . We then replace a (pp ~ pp) by 4 o(np ~ pn) us1ng the appro-

priate Glebsh-Gordan coefficients. 

Keeping these limitations in mind, we proceed to 

show in Fig. 3 our predicted bands for a(yy ~ ww) and 

o(yy ~ P 0 w) together with the experimental upper limits< 21 l 

Our diffractive + OPE analysis turns out to yield OPE contri­

butions to ww production which are much bigger than the dif­

fractive ones. For p 0 w we cannot ignore either of these con­

tributions. Our present estimates are considerably lower than 

those we have obtained previously(?). The reasons for this 

difference are not due to any change in our basic assumptions 

but rather to a more careful treatment of the input data. 

Previously, we have used an extrapolation formula for 

o(yp ~ wp) suggested by Eisenberg et al. ( 1Bl. This approximation 

severely overestimates the w photoproduction cross section 

close to its threshold. In our present analysis we have used 

the same procedure as in the diffractive channels, i.e. a multi-
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parameter extrapolation between the data points with an error 

propagation which was omitted in our early estimate. Another 

problem with our previous analysis has been an underestimate 

of the np charge exchange cross sections input. These were 

obtained in ref. 7 by integrating~~ over a very narrow cone, 

namely lui < m;. Reconsidering we find this unjustified, as 

it is known that the OPE contribution to np charge exchange 

extends to much higher lui values( 20), In our present estimate 

we have integrated ~~ over the backward hemisphere and obtain 

cross sections which we consider more realistic. Our results 

are compatible with the appropriate upper limits published 

recently< 21 l. We note that an examination of the SU(3) relations: 

oOPE(yy ~ ww) = 81 oOPE(yy ~ pp) 

Oiff Diff 81 o (yy -~ ww) = o (yy • pp) 

lS not very instructive as both estimates of oOPE(yy ~ pp) 

and oDiff(yy ~ ww) are very small and associated with large 

errors. 

Next we turn to the reaction yy ~ p+p-. This channel 

is crucially important in the search for possible direct channel 

yy phenomena. Unfortunately, the application of factorization 
. . l l. l . (22) . to this react1on 1s east re 1ab e as the lnput data 1s 

of relatively poor quality and separation into well defined 

t-channel contributions is virtually impossible. If we resort 

to the assumption that yy ~ p+p- is OPE dominated, we obtain 

a cross section of 6 nb at W = 2 GeV, which drops to 1 nb 
n 

at W 3 GeV. 
yy 

V) Conclusions 

The basic approach of our analysis is that we treat 

an almost real virtual photon as if it were a hadron. This 

point of view is supported by the a2 dependence studies of 

total yy reactions(lB), and we assume that yy ~ v
1
v

2 
behaves 

in a similar manner. 
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The basis of our analysis is the assumption that 

t-channel factorization can be applied close to threshold 

provided reasonable kinematical corrections are made. Our ex­

per~ence from two-body hadron reactions supports this assumption 

in particular when applied to diffractive channels. Our results 

should be considered, thus, as an overall approximation where 

we did not attempt to examine more refined properties of yy 

reactions. 

We conclude by restating our motive. The search for 

exotic explanations of yy phenomena should be done above the 

background of conventional processes. In our judgement, facto­

rization can serve as a good estimate of this background. 
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band represents the predictions 

fdctarization model. 
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of the t-channel 

Prediction of the t-channel factorization model 
for the p 0 p 0 cross section produced by y*y as a 
function of 0 2 , the invariant mass squared of the 
virtual photon y*, for two wyy values. 

Upper limits at 95% confidence level for the cross 

section values of the chunnels 
a} yy + ww and b) yy ~ p0 w. The shaded bands are 
predictions of the t-channel factorization model. 
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