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Using 20.5 GeV electrons on protons, we measured inclusive n°'s (of transverse momentum, PT, from 0 to 1.4 GeV/c) produced by virtual photons of energy, u, from 4 to 16.5 GeV and four-momentum squared, q2, from -1.8 to -8.5 1 (GeV/c)2. Comparing with charged pion data, we find %r0 = ~(an+ + on-), supporting the quark model. Photon knockout of a quark is favored as the interpretation of these data because of scaling in z = ETr/v and similarity in z-dependence of other pion production data. Consistent with this interpretation are the dependence of (PT) on q2, the azimuthal dependence, and fits to the constituent interchange model. We also observe a possible p~4 dependence at large Iq 2 I over a limited PT range.



We have measured inclusive n o electroproduction in the deep inelastic region using a SLAC 20.5 GeV electron beam incident on a hydrogen target and detecting the photons from n 0 decay and the scattered electron with large aperture spectrometers. The results are consistent with quark structure of the protons and can be interpreted in terms of a particular kind of p h o t o n - q u a r k interaction. The interpretation of these virtual photon data in terms of the direct knockout of a quark, as displayed by the concentration of energy in a single hadron or hadronic cascade, is quite different from the interpretation of our previous data [1,2] using real photons. The real photon data are consistent with the photon's dissociating into a q u a r k - a n t i q u a r k pair, one of which then interacts with quarks in the proton, producing two hadronic "cascades" The q u a r k knockout process would be expected from quantum 1 Present adress: Systems Control, Inc., Palo Alto, CA 94304, USA. z Present address: Fermi National Accelerator Laboratory, Batavia, IL 60510, USA. 3 Present address: Lawrence Radiation Laboratory, University of California, Berkeley, CA 94720, USA. 4 Present address: Varian Associates, Palo Alto, CA 94303, USA.



chromodynamics to lead to a transverse m o m e n t u m dependence pT 4 at very high PT- However, we appear to observe this dependence in that portion of our data which is at large four-momentum squared (Iq21) but moderate PT, although the range of observation is limited. Since the single rr0 we observed in each event is very energetic, it is most likely the only or leading particle in a hadronic cascade, or quark dressing process. Thus we can hope to distinguish whether the m o m e n t u m of the virtual photon was transferred mainly to one quark or two. Observing 7r0's has the advantages over many experiments detecting charged pions that the particle is uniquely identified and that a large solid angle can be obtained, unrestricted by magnet apertures. The decay photons from the 7r0's were detected over a solid angle of 8.5 msr by an array of 88 lead-glass counters covering 3.5 ° by 10.5 ° in horizontal and vertical laboratory angles. The central angle was varied from 7.5 ° to 19.9 ° with respect to the electron beam. Periodically the counter array was moved into the electron beam for calibration of each counter at several energies. More information on position response mapping, the performance of the counters, and checks on the measurements is provided in previous publications [ 1 - 3 ] . 479
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and comparison with known electron inelastic scattering results, is given elsewhere [3,4]. Whenever there was a suitable electron event, the pulse heights and relative arrival times of photons depositing more than one GeV in any of the lead-glass counters were processed by a PDP-15 computer and recorded on tape, permitting careful off-line corrections for various types of accidental e - 7 - 7 coincidences. The photon pairs remaining after this subtraction gave a 7r0 peak [3] in excellent agreement with a Monte Carlo calculation which used the measured response of the counters to various photon energies and positions. Since low-energy photon pile-up made it advantageous not to add energies in neighboring counters, shower leakage was determined by counter mapping. About 3000 good rr0 events remained after the corrections for accidental coincidences. In order to correct for counter resolution, leakage of shower energy out of the counters, and radiative effects, we first assumed an analytical form for the 7r0 production cross section and used this form, smeared by the measured counter response and radiative effects, in a Monte Carlo calculation to reproduce the data. The invariant cross section normalized by the total inelastic e - p cross section (Or) was parameterized by the following form:



The electron beam normally passed through a 1.25 cm hydrogen target and then was stopped in a secondary-emission quantameter. Beam intensities were varied from 0.7 to 5.0 × 108 electrons/1.6/as pulse, in order to maintain an acceptable photon flux in the lead-glass at all angular positions. The electron detector also had a large acceptance, 3.5 msr in solid angle and 13 GeV/c in momentum. It was set at nominal electron scattering angles of 8 ° and 10° with +-2° acceptance. This permitted covering the range 1.8 < [q21 < 8.5 (GeV/c) 2 and 4 < u < 16.5 GeV, where v is the energy of the virtual photon. The detector consisted of a hodoscoped lead-and-scintillator shower counter, which was shielded from the target by the intervening bending magnet. This counter also moved into the electron beam for calibration and position response mapping. Since the electron's energy and position were measured at the shower detector, its production angle could be determined by tracing its trajectory back through the mapped field of the spectrometer magnet to the small target. As a check, many of the electrons were detected by a thin hodoscope downstream from the magnet, providing a second point on the electron trajectory and hence determining the momentum, independently of the energy measurement in the hodoscope. More information on this detector, including corrections for pion contamination
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