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ABSTRACT

Cross sections for ° photoproduction from hydrogen in the back-
ward direction have been measured for photon energies of 6, 8, 12,
and 18 GeV. The momentum transfer range covered in these measure-
ments is -1 < u < 0 (GeV/c)°. do/du is found to have a backward peak

-3.0£0.2

and decreases with energy as s Photoproduction of 7)0 and

po mesons has also been observed.
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Introduction
High-energy backward processes are currently described as proceeding
through the exchange of a Reggeized baryon. A simple pole model has been able

to provide fits to the elastic pion-nucleon scattering. 1,2,3

The angular distribu-
tions and the energy dependence of the cross sections are primarily determined by
the .properties of the Na and Ag trajectories. It was expected that these trajec-
tories would play a dominant role in non-strange meson photoproduction at small
u values. With this in mind, we have measured the cross section for m° photo-
production in the momentum transfer range -1<u<90 (GeV/c)2 at several photon
energies. Our results, taken together with the cross sections for 7 production
in the samé kinematic region, 4 suggest that some modifications of present ideas

are in order.

Description of the Experiment

The experiment was carried out at the Stanford Linear Accelerator Center
(SLAC). A bremsstrahlung beam was produced by electrons of energy Ee impinging
on a 0.03-radiationdength aluminum radiator. The photons passed through two
collimators and sweep fields before striking a 40-inch-long hydrogen target. The
beam flux was monitored to an accuracy of + 2% using a helium Cerenkov cell
and a secondary emission quantameter. 5 The momentum spectrum of protons
emitted from the hydrogen at small angles was measured in the SLAC 20-GeV/c
spectrometer. 6 The spectrometer accepts = 3 mrad horizontally, + 8 mrad
vertically, and £ 1.5% in Ap/p over a distance of + 3 cm transverse to its axis.
Protons were identified by a differential Cerenkov counLer. Contamination from
pions and kaons was not a problem, since the protons from ° production in this
kinematic region have a momentum greater than the incident beam by several

hundred McV/e. A set of four scintillation counter hodoscopes in the counter
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house were used to mcasure for each cvent, the angle of emission from the target
(with a resolution BOh =+ 0,14 mrad, BOV =4 1.2 mrad), the horizontal displace-
ment at the target relative to the specirometer axis (6x =% 2 cm) and the momentum
(p=%5x% 10—4 p). The SDS 9300 computer facility7 in the End Station A counting
room was used to log this data on magnetic tape as well as provide an on-line
analysis.

From the angle and momentum measurements a "'missing mass' was calculated
for the event assuming the photon energy was Ee' Single meson production is
recognized in this. missing mass spectrum as a step whose magnitude is proportional
to the producti(;n cross section. The width of the step rise is determined by the
experiméntai resolution. To provide a set of experimental resolution curves, we
measured the forward 7 momentum spectrum at 4 or 5 angles. Photoproduction
cross sections for backward m° were measured at energies of 6, 8, 12 and 18 GeV.
At each energy data were taken for 8 or 10 spectrometer angles. The spectrometer
momentum was normally set to observe the step from ° production. Each such
point represents 2 to 3 hours of data taking. At two angles, the momentum spec-
trum was measured over a wider range (typically Ap =~ 0.8 GeV/c or 1.5 GreV2
in missing mass) in order to obtain more information about the background spec-
trum from multipion production. At these angles we have obtained cross sections
for 170 and pO production.

Data Analysis Procedure

The T data at forward angles as a function of missing mass squared, x,

was fitted at each energy using a standard step function of the form
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in order to fix the parameters W and I\/ln representing the step width and masé of
the missing neutron. In addition to determining the step shape, the method checks
the intercalibration of the incidcnt beam energy E, and the spectrometer momentum
setting with a set of experimental points of high statistics. Having fixed the param-

eters of S(x), we fitted the proton excitation spectra with a function of the form,

F(x) = C1r Sﬂ(x) + C77 SU(X) + Cp Sp(x) + B(x) ,

which allows steps for 7r0, no, and po production. The Ci's were varied to fit
the data. B(x) is a term with a-few more free parameters to represent the multi-

particle production background. An early choice for this was

2 3
2x +C3x

B(x) = Cl x+ C

In later stages of analysis B(x) was made more complicated to approximate
better our ideas about the appropriate form of the multi-particle background.
Since protons were not observed at momenta above the threshold for ° production,
it was not necessary to include terms in B(x) which could give large contributions
at x = 0. Conrequently, the cross sections obtained for 7° production were in-
sensitive to the specific background assumption. This was not the case for the
770 and p0 cross sections. |

The spectrum at 8 GeV, elab = 1. 90, which covers about three times the
spectrometer momentum acceptance, is shown in Fig. 1(a). The same data is
plotted in 1(b) with the fitted multi-particle background term subtracted from each
point. Here the steps from single meson production are clearly seen. For this
spectrum the background term B(x) contributed about 207 of the total events
below a missing mass of X = 0.3 GeVz. In some of the data this contribution was

as much as 30 %.



. (o
Cross Scetions for y+p—7 +p

The differential cross sections, - do /du vs u, are shown in Fig. 2. The
errof bars represent the statistical crrors, as determined from the fitting pro-
cedure, combined with 7% which reflects our estimate of the background un-~
certainties. The data has been corrected for absorption effects in the target
- (typically 12% +2%) and in the defzctor (6to 10% +3%. In view of these
and the uncertainties in the spectrometer acceptance (+ 3%), detector efficiency
(= 3%), hydrogen density (+ 1.7%), photon monitor (+ 2%), and bremsstrahlung
spectrum (+ 3%), we believe our normalization is reliable to + 10%.

This experinélent does not distinguish Compton effect from ° production, and
the measuréd c.ross sections are the sum of the two processes. However, from
vector meson dominance, we expect the Compton effect to be smaller than po
production by a factor of 250 to 500. Since the measured po cross sections are
approximately the same as those for 7r0-, we assume the Compton contribution is
negligible.

The salient features of the cross section are: There is a backward peak which
reaches a maximum near u = 0 and decreases for positive u. The cross section
falls rapidly out to u ~ - 0.4 (GeV/ c)2 and then continues slowly downward as u
becomes more negative. The dip found at u = - 0.15 (GreV/c)2 in 7r+p elastic
scattering is not observed in 7° photoproduction. Assuming the energy dependence
of the cross section can be represented by - do/du = A S-B, fits to the data at
u=0.0, -0.2, and - 0.5 (GeV/c)2 give respectively B=3.2 + 0.13, 2.9 + 0.16,
and 3.1+ 0.25. Hence we conclude there is no indication of shrinkage. The
integral of the cross section foru > - 1.0 (GeV/c)2 is well approximated by

10(s/10)'3 nb.
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Cross Sections for m° and p

Our rﬁain purpose in taking a few long momentum sweeps at each energy was
to understand better how Lo evaluate the contribution of the multi-particle produc-
tion spectrum under the 7TO step. Ilowever, we were also motivated toward
obtaining information about the relative magnitude of other meson production
processes at backward angles. Steps in the missing mass spectra at the 7)0 and
pO mass appeared consistently at all energies. Attempts at fitting the data with-
oﬁt an 770 step gavé an increase in X 2 between 25 and 50 for most spectra taken
at small angles. Fits in which the missing mass value of the 1)0 step was varied
showed a narrow minimum in X 2 (S(m%) ~ + 0,02 GeVz) at the 7° mass. Although
the cross }section which we heuristically refer to as po, must be understood to be
the sum of contributions from po and wo(since our resolution does not allow a
separation), the fits indicated that the w® contribution was certainly not more than
that for the po. We give the results in Table 1. The quoted errors include a
contribution for variations in the fits obtained with different backgrour{d assump-
tions. Since the 770 and p0 cross sections account for only 15 to 30 percent of
the total number of events in the missing mass range from which they are extracted,
we would fold in an additional 25% uncertainty to the errors as an estimate of the
reliability of the background subtraction technique.

The 770 and po cross sections are comparable with those for 7 production.
The encrgy dependence of the p0 cross section is similar to that for the 7 (a fit
to the po data atu = - 0,06 (GeV/c:)2 giver do/du « 5—3' 6:t()'li), and one might
assume that the same irajectories are exchanged. In this case the difference
between the p0 and 7° cross sections would reflect the difference in structure of

the meson-nucleon vertex. We have tried to estimate the relative importance of

the Na and AB Regge poles {or po lroduction in comparison to 7. Tor the Na
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the coupling constants at the pole arc known. The main contribution to p produc-
tion comes from the coupling to the isovector anomalous moment, ¥ =1.85, of
the nucleon. A calculation of the Born diagram for an elementary proton exchange

gives for the high energy cross section at backward angles

2
0 3f
o(yp—P p) - __PNN K2 .
o] 2
oclYp—7T p)

4g TNN

> 2 s 2 _ . .. .
Using prN/47r = 2.5 and ngN/47r = 14.5, this ratio is 0.44. The experimentally

observed ratio is 1.5 to 2 and we conclude that the Noz is important although not
thé only contributor. Backward p production has been observed in w_p——p—p(S)
which is a pure I = 3/2 baryon exchange. The cross sections for this reaction
near u = 0 are approximately 1.5 times larger than those for 7r—p——1r_p. There-
fore A exchange is also likely to be important in p photoproduction.

The 7 meson is an isosinglet, and therefore only I = 1/2 baryon exchange can
contribute. The 7NN coupling constantg’ 10 is thought to be more than an order
of magnitude smaller than 7NN, so the Na Regge pole is ruled out. Since the
N*(1550) has a large branching ratio into (nN), the 7 photoproducﬁon might be
due to exchange of the Reggeon associated with this particle. However, a fit to

the energy dependence of the 1 cross sections gives <%—g a) s_3° 5£0.5

a trajectory of unit slope through N*(1550) should give s_s' 8. Furthermore, in

, Whereas

spite of the large branching ratio, the coupling to (N) is small (ggNN*(ISSO)MW’
defined for a scalar interaction, is =~ 0.3 as determined from the partial width of
52 MeV). For these reasons the N*(1550) Reggeon is a poor choice. The Ny Regge
pole is a more likely candidate for understanding the T]o cross section. The
coupling of N*(1518), which is the lowest mass state on the Ny trajectory, to both
(yN) and (nN) is large as evidenced from low energy formation processes. Also,

the obscerved encrgy dependence is consistent with the Ny trajectory.
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Discussion of Results

We have tried to understand to what cxtent the measured 7° and 7 (4) photo-
production cross sections are consistent with a Regge pole model. 1,2,3 The
photoproduction is more similar in u dependent structure to 7 p elastic scattering
than to 7r+p. Paschos3 suggested that T photoproduction proceeds mainly through
A 5 exchange. Using this as a starting point, the only remaining freedom to fit
the ° cross sections is the amount of I = 1/2 exchange. It is not possible to fit
the data if this I = 1/2 contribution is the Na Regge pole. Atu =~-0.15 (GeV/c)z,
the amplitude for Na is supposed to essentially vanish because of a wrong-signature
nonsense point. bnly the isovector electromagnetic current contributestoI=3/2
exchange. 'Th(-;rei'ore, at this value of u, isospin symmetry requires the'cross section for
™ production to be twice that for 7 . The measured ratio is 0.8 0.2 rather than
2. In general the 7° cross section does not vary sufficiently in the region
-0.2<u<0.0(Gev/ 0)2 to accommodate the Na without a large contribution from
some other I = 1/2 exchange.

G. Kane11 has given an argument against a preponderance of A exchange in
T photoproduction. The total backward cross section for © + p—p + p at 8 GeV
is 1,38 + 0.14 ub. Assuming all the p's are transverse and using vector meson
dominance, one obtains an upper limit for the square of the A exchange amplitude
in photoproduction. For T production the result is 0.6 nb with yg/tm =0.5. The
integral under the backwar.. T photoproduction peak at 8 GeV is greater than
3.5 nb, and one concludes that a consistent picture requires mainly nucleon
exchange. Again, in view of the absence of a dip atu = - 0.15 GeV2 in the photo-
production data, the simple Regge pole model must rely on some other I =1/2

trajectory in addition to the Noz'



The Ny Regge pole is a possible choice for the additional I = 1/2 exchange
needed in the pole model. The importance of the Ny in photoproduction,in con-
trast to backward elastic 7r+p Sf:attering,is not completely ad hoc, since the
N*(1518) is a more distinguished resonance in low energy photoproduction than
in T p elastic scattering. On the other hand there is a limit to the amount of Ny
amplitude that canbe introduced which is provided by the n cross sections measured
in this experiment. From the partial widths of N*(1518)— 7N and nN(lz), one
estimates that the Ny amplitude squared for backward 'r]O photoproduction is
~ 6 times that for '1r° production. Since the measured 770 cross sections are
smaller than those for 7r°, this is a useful restriction.

Dasheﬁ aﬁd Lee13 have suggested that backward pion photoproduction provides
a sensitive test for the presence of right-signature fixed poles. A fixed nucleon
pole at J = 1/2 would contribute a term in the differential cross section do/du
proportional to s-l. At high energies  this term would dominate. In view of the
observed s_3 energy dependence in this experiment, there seems to be no evidence
for fixed poles.

We wish to acknowledge the help we received from members of the SLAC
technical staff. We are grateful to Dr. G. Buschhorn for assistance in taking the
data and to Drs. E. Paschos and W. Schmidt for discussions of the theoretical

aspects of backward processes.
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TABLE 1

Incident Spectrometer y+p—n°+p y+p—p° +p
Energy Angle u - do/du u - do/du
(GeV) (degrees) (GeV/c)? nb/(GeV/c)? ,(GeV/c)z nb/ (GeV/c)2
6 1.60 + 0.011 6.82 =+ 1.56 - 0.010 332 +4.9
6 2.75 - 0.046 9.91 +=1.39 - 0.075 40.2 £5.0
8 1.90 - 0.050 4,46 =+ 0.86 -0.063 11.7 %1.6
8 5.82 -0.670 2,10 +£0.57 - 0.670 10.3 % 2.0
12 1.20 - 0.045 0.92 = 0.30 - 0.055 3.83+0.65
12 3.85 - 0.645 0.47 * 0.42 - 0.645 2.53+0.75
18 0.75 - 0.042 0.26 +0.12 - 0.051 0.83 % 0.22
18 . 2.59 - 0.670 0.053 £ 0.058 - 0.670 0.26%0.13

Cross sections for backward 770 and p0 photoproduction. (In addition to the errors

listed above, a 25% normalization uncertainty should be allowed.)




DIFFERENTIAL CROSS SECTIONS FOR vy + p—1" + p

Spectrometer u - do/du Spectrometer u - do/du
Angle 9 2 Angle 9 2

(degree) (GeV/cy nb/(GeV/c) (degree) (GeV/c) nb/(GeV/c)

6 GeV 12 GeV

0.75 +0.06 [12.10=1.02 0.75 0.00 |1.68x0.22

1. 60 +0.03 |16.13+1.23 1.20 -0.04 |(2.11+0.19

2.75 ~0.03 |15.97%1.21 1.70 -0.10 |{1.85%0.23

3.70 -0.11 | 11.56% 1.00 2.24 -0.20 |0.96+0.16

4.60 - 0.20 8.33 % 0.89 2.83 -0.34 |0.650.13

5.55 - 0.32 4.66 % 0.52 3.35 -0.49 |} 0.56%0.11

6.75 - 0.49 3.73 + 0.61 3.85 -0.65 | 0.570.08

4,32 -0.82 | 0.46x0.11

4.78 -1.01 | 0.36%0.09

5.25 -1.21 [0.22+0.06

8 GeV 18 GeV
0.75 +0.04 5.51 + 0.43 0.75 -0.04 | 0.638 % 0.069
1.90 - 0.03 6.68 = 0.54 1.15 -0.11 | 0.630 % 0.081
2.70 -0.10 5.60 + 0.50 1.48 - 0.20 | 0.415 % 0.051
3.43 - 0.20 3.54 + 0.36 1.82 ~0.32 | 0.202+0.062
4.20 - 0.32 2.12 + 0.28 2.25 ~0.49 | 0,146+ 0.045
5.10 - 0.50 2.21 + 0.28 2.59 - 0.66 | 0.148  0.030
5.82 - 0.65 2.08 + 0.27 2.90 -0.83 | 0.129 +0.039
6.55 - 0.83 1.76 + 0.28 3.21 -1.02 | 0.087 % 0.020
7.20 - 1.01 1.43 + 0.31 3.52 -1.23 | 0.073 + 0.029
TABLE 2

Cross sections for backward 7° photoproduction.




LIST OF FIGURES

(a) Proton "missing mass' spectrum at 8 GeV, Blab =1.9°,

(b) The same data points replotted with the fitted background subtracted.
Differential cross sections for y+ p—»'lr0 + p. The solid curves represent

a fit to the data of the form F(u) 573,
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