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ABSTRACT 

Results of a search for a predicted enhancement of several microbarns 

in the charm photoproduction cross section just above threshold are 

reported. No charm decays were detected, from which an upper limit to the 

charm cross section of 94nb (90% CL) at E = 10 GeV was obtained. Upper Y 

limits in the range 270 to 450nb were also obtained for the peak cross 

sections for threshold enhancements in yp + D- C'f' and similar channels. 
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It has been suggested by Rubinstein and Stodolsky (1) that an 

enhancement of several microbarns in the cross section for yp + charmed 

baryon + charmed meson exists a few hundred MeV above threshold. An 

enhancement of this type would provide a pure source of charmed baryons 

since it lies below the Di threshold. There is experimental evidence for 

such enhancements in photoproduced exclusive channels involving only light 

quarks(2'3), e.g. the cross section for yp + A*IT- rises to 70 pb at 200 MeV 

above threshold. This enhancement is well described by the contact term 

model(3). In this letter we present results from a search for an 

enhancement in the charm photoproduction cross section. The experiment was 

performed using the SLAC Hybrid Facility. The experimental details were 

similar in most respects to those used for the experiment on photoproduction 

of charm at 20 GeV described in reference 4. 

The SLAC 1 m hydrogen bubble chamber was exposed to a photon beam with 

energy peaked at 10.5 GeV, which is 700 MeV above the yp + D-Z: threshold. 

The photon beam energy spectrum is shown in Fig. 1. The beam was produced 

by Compton scattering 532 nm laser light by a 23.5 GeV electron beam. It 

was operated at an intensity of 20 - 25 y/pulse. A total of 98,000 pictures 

was taken, of which every tenth was untriggered. 

In order to detect decays of charmed particles, a high resolution 

camerac5) having a resolution of 40 pm over a depth of field *2 mm was used 

in addition to the normal 3-view camera. Every hadronic interaction was 

closely examined for multiprong decays of short-lived particles within 

1.5 cm of the production vertex, 346 two-prong decays and one three-prong 
e 

decay were found. All of these were compatible with decays of strange 

particles. 
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The sensitivity of the experiment was determined using the number of 

hadronic events found, the scanning and triggering efficiencies, and the 

known total hadronic cross section, aH, of 120 pb (6) . On a single scan the 

number of hadronic interactions examined, N H, was 27,200. A third of the 

film was scanned twice. From this the single scanning efficiency for 

hadronic events, sH , SC was determined to be (95 f 1)X. In order to ensure 

high and uniform detection efficiency for charm events, the same cuts (7) 

were used in this experiment as in the 20 GeV experiment (4) . The single 

scan efficiency for charm events in the 20 GeV yp experiment passing cuts 

was (80 f 5)%. This value was used to find the overall scanning efficiency, 

E;', for charm events surviving all cuts in the present experiment. 
SC Allowing for the fraction of film scanned twice, sH was computed to be 

(84 2 5)%. This value of E f;' is probably an underestimate as the optical 

resolution in the present experiment is considerably improved over that of 

the 20 GeV yp experiment and also because the confusion in the forward cone 

is greatly decreased at 10 GeV. This view is supported by the fact that the 

measured scanning efficiency for K"' s and A's decaying within 5 mm of the 

primary vertex was (92 f 4)% in the present experiment. The triggering 

efficiency (8) T for hadronic events, EH, was determined to be (66 f 4)% from 

analysis of the untriggered film and also from the total photon flux. The 

triggering efficiency for charm events, E T 
C’ 

was studied by using Monte Carlo 

generated events with various production and decay channels and was 

estimated to be (70 k-5)%. The sensitivity for charm events, s, is given 

by 

SC T 
NH 'c sc s=- - - 

T 'H s;" EH 
= (213 f 24) events/ub. 
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The number of charm events expected to be produced and to survive all 

cuts is given by Nc = x&,, where x is the fraction of produced charm events 

which will survive the cuts, and o c=I dE ac(E)$(E) is the overlap integral 

between the charm cross section as a function of photon energy, a=(E), and 

the normalised photon flux, Q(E). The charm detection probability, x, 

depends mainly on the decay branching ratios and the lifetimes. To estimate 

the value of x, charm events were generated by a Monte Carlo program and all 

the cuts were applied to the generated events. The reactions considered 
* 

were yp + D-C? and yp + D -Zr* The lifetime values of rDo = (6.8 
+ 2.3 
- 1.8) 

x 10-13 s, '$ = (7.4 " ;I',, x lo-13 s (as determined in our previous 

experiment(4)), rh+ = 2.2 x 10'13 s and the Df multiprong branching ratio 
C 

value of B' = 0.35 + 0.10 were used. This gives x = O.i3 + 0.05 for 

yp + D-1: and x = 0.16 + 0.04 for yp + D*-Xy. The most important factors 

contributing to the errors in x are the uncertainties in the multiprong 

branching ratio for charged decays and in the lifetimes, ~~0 and rD+. The 

variation in x due to changes in these parameters is demonstrated in Fig. 2 

and 3. In the following x = 0.14 + 0.05 is used. 

No charm candidates were detected in this experiment. Taking into 

account the uncertainties in s and x, an upper limit to a c was calculated; 

", < 94 nb (90% CL). 

The average charm cross section, ac, is related to the maximum value 

of the charm cross section near threshold, uyx, by Gc= fuyx, where the 

degradation factor f is given by 

e 

-4- 



f = jdE 
ac@) 
y +@I 
U 

C 

and clearly depends on the shape of a=(E). It was assumed that u,(E)/u~~~ 

has the same dependence on energy above threshold as the contact term cross 

section for yp + A*'R-. Table 1 shows the degradation factors and resulting 

90% confidence level upper limits to uyx for the four channels considered. 

The results given in Table 1 indicate that if there is any enhancement 

in the charm cross section near threshold it is less than approximately 0.3 

pb per channel, much smaller than the suggested several microbarns (1) . 

There are several possible explanations for this, including the following. 

Firstly, the enhancement could have a very different shape or position to 

those considered. Secondly, the effective strong coupling constant in the 

charm case may be smaller than that obtained using simple SU(4) symmetry 

considerations. Thirdly, the phenomenological Lagrangian formalism used in 

the contact term model may have to be modified by a form factor, leading to 

a reduction in the effective coupling strength. 
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TABLE 1 

The degradation factors and 90% confidence limits on uyx for the 

production of Cy of masses 2440 and 2510 MeV. 

Channel 
90% CL Upper Limit 

Degradation Factor on u y (nb) 

I yp + ~1~(2440) 0.28 340 

yp + D-ZF(2510) 0.35 270 

yp + ~*-cy(2440) 0.35 270 

yp + D*-Zr(2510) 0.21 450 
b 
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Figure Captions 

Figure 1 - The photon beam energy spectrum measured in an electron pair 

spectrometer located in front of the bubble chamber. This 

spectrum agrees with that obtained from a sample of 426 yp + pa+n 

event 8. 

Figure 2 - The dependence of the detection efficiency on the lifetime of the 

charged D meson and its multiprong branching ratio for the 
* 

reaction Yp + D-Cc at 10.5 GeV. 

Figure 3 - The dependence of the detection efficiency on the lifetime of the 

neutral D meson and the multiprong branching ratio of the charged 

D meson for the reaction yp + I)*-Cy at 10.5 GeV. 
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