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HIGH-ENERGY PHOTOPRODUCTION 

B. Richter 
Stanford Linear Accelerator Center, Stanford, California 

INTRODUCTION 

In this paper I shall summarize the most recent experiments on photoproduc- 
tion reactions leading to two-body final states. Low-energy photoproduction and 
diffraction processes have been excluded by the organizers of the conference, and 
in order to reduce the data to manageable proportions and the talk to a finite length, 
I have introduced a cutoff in the experiments that I will discuss at a photon energy 
of around 3 GeV. I shall not go below the cutoff too often. 

Experimental equipment and methods will be discussed only if details are not 
available in the published literature. 

The paper is organized as follows: 

I. + 7r photoproduction 

II. O r photoproduction 

III. K+A and K*C photoproduction 

TV. Miscellaneous experiments 

I, 711t PHOTOPRODUCTION 

A. Experiments 

1. The first of the new experiments that I shall discuss was done at the 
Stanford Linear Accelerator Center by a group composed of A. Boyarski, F. Bulos, 
W. Bucza, R. Diebold, S. Ecklund, G. Fischer, J. Rees, and B. Richter. ’ The 
experiment covered a region of photon energies from 5 to 16 GeV and a range of 
momentum transfers from 2 X 10B4 to 2(GeV/c)2. The SLAC 20-GeV/c spec- 
trometer was used for detection. 

Figure 1 is a schematic of the spectrometer. The magnets bend particles 
in the vertical plane. Particles that leave the target with different angles in the 
vertical plane are brought to a first focus at the center of the spectrometer, and 
then brought to a second focus in the detector housing. A hodoscope at the second 
focus measures the displacement of the image from the center line of the system, 
and hence determines the momentum. In the horizontal plane, parallel rays are 
brought to a focus in the detector housing where a second hodoscope measures the 
horizontal image displacement and thereby determines the horizontal angle relative 
to the axis of the system. The magnet system is corrected for chromatic aberra- 
tions by 3 sextupole magnets and the inherent resolution of the whole system is 

-l- 



about 0.1% in momentum and 0.3 milliradian in angle. The acceptance of the 
system is & 4 milliradians in angle, + 1.8% in momentum, and 1.2 X 10v4 
steradians in solid angle. 

A schematic of the detection systems is shown in Fig. 2. In addition to the 
indicated momentum (P) and angle (0) hodoscopes, two other hodoscopes are 
used (X and r$) . Information from the P and + hodoscopes is used to determine 
a particle’s momentum and angle in the vertical plane. The vertical angle is de- 
termined to a resolution of 1.5 millirad. Information from the X and 8 hodo- 
scopes is used to determine the horizontal production angle and to reject particles 
which have come from the magnet poles. 

Particles are identified by use of a differential Cerenkov counter, a shower 
counter, and a muon range telescope. The differential Cerenkov counter is the 
coincidence-anticoincidence type, and is used to identify protons, K-mesons, or 
the group of pion, muon, and electron. Electrons are identified by pulse height 
in the shower counter, and muons by range in iron absorber. 

In operation, a coincidence between the three trigger counters (T 
generates a fast gate whose presence allows passage of hodoscope an h 

T2T3) 
range 

counter information, and pulse-height information from both the inner and outer 
rings of the Cerenkov counter and from the shower counter to an SDS 9300 
computer which is used on-line in the experiment. A criterion on range in the 
iron and pulse height in the shower counter is used to isolate the strongly- 
interacting particle, and the differential Cerenkov counter pulse heights are 
used to separate members of the strongly-interacting group into p, K, or 7r. 

In order to determine the yield of a particular reaction, the spectrometer 
momentum was set to correspond to that of particles produced by photons of the 
maximum energy in the photon beam. The hodoscope information was used to 
compute the distribution in missing mass of all the events assuming that the 
photon energy was equal to the bremsstrahlung maximum. If one assumes that 
the cross section does not vary significantly over the few-percent momentum 
acceptance of the spectrometer, the missing mass distribution has the same 
shape as the bremsstrahlung spectrum folded with the overall resolution of the 
system. The missing mass distribution was therefore fitted with a step function 
suitably smeared out at the beginning of the step to approximate closely the 
energy distribution of the photons near the tip of the bremsstrahlung distribution, 
plus a polynomial in the missing mass which begins at the threshold for produc- 
tion of three-body final states. 

Figure 3 shows the data and a fitted curve for r+ production, while Fig. 4 
shows the data and fitted curve for K+ production. 

2. An experiment on ? production has been done recently at CEA by a 
group composed of P. M. Joseph, N. Hicks, L. Litt, F. M. Pipkin, and 
J. J. Russell. 2 They covered a few momentum transfers between 0.1 and 1.5 
(GeV/c)2 for photon energies of 3.4 and 5 GeV. 

The spectrometer and detection system used was basically the same as has 
been previously used by the Pipkin group and will therefore not be described here. 
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As in the experiment described previously, the momentum variation of the 
pion yield was measured in order to isolate the single-pion production channel. 
Figure 5 shows the procedure for a typical point. The pion momentum spectrum 
was fitted with the assumed shape of the single pion yield, plus a curve to ac- 
count for the decay of photoproduced p mesons, plus an inelastic background 
whose shape is based on a formula by Drell. 3 

3. An experiment on 7r’ productio 
2 

near zero degrees has just been 
completed at DESY by Buschhorn et al. They have preliminary results on the -- 
cross section for photons of 2.7 and 4.9 GeV at momentum transfers between 
10q4 (GeV/c) 2 and 2 X 10m3 (GeV/c)2. The experiment was done with their 
spectrometer, and the equipment and procedures are similar to those described 
by the group in previous publications. 

B. Results and Interpretations 

Figure 6 shows the results of the SLAC high-energy forward-production ex- 
periment of Boyarski et al. and the 5 GeV data of Joseph et al. The data show -- -- 
two striking features -a sharp rise in the cross section at very small momentum 
transfers, and very similar shapes at all momentum transfers. 

Figure 7 shows the small-momentum-transfer region in more detail. The 
new DESY small-angle data are included. S(dcr/dQ), where S is the square 
of the total energy in the center-of-mass system, is p otted versus the square 
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of the 4-momentum transfer t. The data show that there is no sign of a forward 
dip in the cross section down to very small momentum transfers, and that S 
times the small-momentum-transfer center-of-mass differential cross section 
is nearly independent of energy. The earlier experiment of Buschhorn et al. 5 -- 
at energies up to 3 GeV has shown this same type of behavior of the forward 
cross section. There has been a tendency to regard this peaking of the forward 
cross section shown in the lower-energy experiment as being due to effects of 
various r-N resonances. The behavior of the high-energy cross section makes 
this explanation untenable. 

The forward cross section can be understood in terms of the Born approxi- 
mation. Figure 8 shows two Feynman diagrams for n+ production. Diagram 
(a) is not by itself gauge invariant, and to maintain gauge invariance one must 
include an S-channel contribution from the nucleon current. 
given by6 

The amplitude is 

u(p) 7 (1) 

where the first term inside the bracket comes from diagram (a) and the other 
two terms come from diagram (b). The minimal gauge-invariant form given by 
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does vanish at O”, but the remaining term which has the same energy 
as A, does not. If the amplitude given by Eq. (1) is used, the cross 
given by 

dependence 
section is 

1 + (t2/m_4) 

1 2 microbarn (GeV)2 /steradian , (3) 

where the n-N coupling constant has been assumed to be g2/4,= 14.7. 

Figure 9 shows the zero-degree cross section from several experf;nents 
versus photon energy. The 0’ cross section from Ecklund and Walker is ob- 
tained from their fit to the data, and the other points have been extrapolated to 
0’ by using Eq. (3). The line is the value predicted by Eq. (3) with no adjustable 
constants. It is certainly consistent with the high-energy data. 

The aPv term in the amplitude (1) contributes only to low partial waves 
(j = l/2). S’n 1 ce absorption effects are expected to play an important part in 
high-energy processes, one can ask: What happens to the forward cross section 
if the low partial waves are absorbed out? If the absorption is done on the en- 
tire amplitude (1) and not merely by removing the aPv term, the forward cross 
section is nearly unchanged. The absorption of the j = l/2 partial waves 
eliminates the 0 term and changes the value of O” cross section given by the 
minimal gauge-&&riant form, Eq. (2)) to a value close to that given by Eq. (3). 
Figure 10 shows the results of some calculations by Ecklund8 on the effect of 
absorption. S(da/dQ,. m. is plotted versus the incident photon energy for total 
absorption of all partial waves with j ,< JM . It is clear that the zero-degree 
cross section at high energies is quite insensitive to the value of JM . 

We now return to the data at momentum transfers up to 2 (GeV/c)2. Figure 6 
shows that the 8 to 16 GeV data appears to have a break in its slope at a momentum 
transfer of 0.5 to 0.6 (GeV/c)2. The t dependences are 

da 
dt= 

,3.1t 

da 
dt Or e2t 

(- t > 0.6) 

(-t< 0.5) 

Regge exchange models predict a cross section of the form’ 

S2 (do/dt) CC F(t) S2@) , (4) 
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where F(t) is a function of momentum transfer, and a(t) is the value of the 
trajectory at the momentum transfer t. Figure 11 shows CK, computed from 
the S-dependence of the cross section at fixed t, versus t. In order to avoid 
an old problem that has plagued electron machines in the past, that of relative 
normalizations between laboratories, I have plotted separately a! as determined 
from the SLAC data1 and as given in the CEA paper. 2 

The behavior of a! as shown in Fig. 11 is not consistent with a simple 
Regge-ized one-pion exchange model, because the r-trajectory passes through 
zero at t = + 0.02 (GeV/c)2, 
1 (GeV/c) 2. 

and should reach between -l/2 and -1 at -t of 
I think it will be difficult to fix the simple Regge exchange model 

by the addition of a few more trajectories since the candidates that I know of 
have trajectories which pass through zero at -t _< 0.5 (GeV/c) 2, and the data 
show that a! remains near zero to considerably larger momentum transfers. 
However, it is probably true that the Regge exchange model is young enough and 
flexible enough to accommodate these data at the cost of making the theory more 
complicated. 

I have just received preliminary results from the Ritson group 10 at Stanford 
on backward 7r’ photoproduction. Their data cover the region of u (s 
the momentum transfer in the crossed channel) from 0 to -0.6 (GeV/c) 2 

uare of 
and 

photon energies from a few to 10 GeV. The results are shown in Fig. 12. The 
data show a smoothly varying cross section that becomes more strongly peaked 
at 180’ as the photon energy increases. 

I have extrapolated the preliminary data to u = 0 and find an S-dependence 
of cross given by 

S2(dq’du) o( S 0.1520.35 ,ubarn (GeV) 2 (5) 

for photon energies of from 4.3 to 9.8 GeV. The magnitude of this cross section 
is about 100 times smaller than the forward cross sections of SLAC and DESY. 
From this one can tentatively conclude that S-channel effects do not play an 
important role in the forward photoproduction since S-channel terms would give 
a large cross section for both forward and backward production. Absorption of 
low partial waves, which eliminates the S-channel terms, must therefore play 
an important role in photoproduction. 

The backward r’ photoproduction data can also be compared to the back- 
ward r-p elastic scatwing. F,igure 13 shows the T-P elastic data from the 
paper by Or ear et al. -- The 7r’ -p elastic data seem to show a dip at u = -0.2, 
to have a much steeper rise than the f-p data as the scattering angle goes to 
180°, and to be about 5 times larger than the 7r-p cross section at 180°. The 
difference between the r+-p and n--p data is usually explained in terms of the 
allowed baryon exchanges. I-1 n-p can go only through N** exchange, while 
n’-p can go through N* and nucleon exchange. Since the 7it backward photopro- 
duction can also go through both N* and nucleon exchange, one might naively ex- 
pect that the backward photoproduction would look something like the $ elastic 
scattering. It clearly does not, but the significance of the difference is not clear 
since as far as I know, no one has calculated what to expect in the photoproduc- 
tion process including all the spinology. 
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II. T’ PHOTOPRODUCTION 

A. Experiments 

1. A group from Bonn, consisting of M. Braunschweig, W. Braunschweig, 
D. Husman, K. Lubelsmeyer, and D. Schmitz, l2 has measured the small-angle 
7r” production cross section at energies of 4 to 5.8 GeV. The work was done at 
the DESY synchrotron using a slightly modified version of apparatus which has 
been described in previous publications. l3 

2. The Osborne group at MIT has recently published the results of work 
done at CEA covering the large-momentum-transfer region for photon energies 
of up to 6 GeV. l4 

3. The DESY group of Buschhorn et al. , has contributed the results of a -- 
recent experiment on the photoproduction of 7r” mesons at 180’. l5 They used the 
same spectrometer with which the group has done its 7r+ production experiments, 
and detected the recoil protons at 0’ in the laboratory. The proton momentum in 
the range of energies covered is 300 - 400 MeV/c higher than the photon energy, 
allowing the very high background of pairs from the target to be rejected by slits 
in the spectrometer. 

B. Results and Interpretation 

Figure 14 shows the differential cross section da/dt versus momentum 
transfer obtained in the Born experiment, together with the results of a previous 
experiment by this group at a lower energy. Some of the points from CEA ex- 
periments have been included. Note particularly the behavior of the cross section 
near zero momentum transfer. At 2.0 and 3.0 GeV the cross section has a sharp 
dipneart=O. At 4 GeV it looks flat, and at 5 and 5.8 GeV it shows a sharp rise. 
The Bonn group explains this as being due to the Primakoff effect, I6 i. e. , fl 
production by the interaction of the photon with the coulomb field of the proton. 
Production by this mechanism, which is the inverse of the 7p decay, is very 
sharply peaked in the forward direction and increases rapidly with incident 
energy. 

The curves are the result of a fit of the data model by Ader et al., 17 whit h 
includes Regge-ized o and B meson exchange. The trajectories used were 

au(t) = 0.45 + 0.9 t 

a,(t) = -0.32+0.9 t . 

A three-parameter fit was made by adjusting the G) and B couplings in the heli- 
city amplitudes. The fit is not good at 2 and 3 GeV, which is not surprising since 
some resonant contribution to the cross section is expected at these low energies, 
but reproduces the general features of the data fairly well at the higher energies. 

Figure 15 shows the Bonn data at 5.8 GeV and small momentum transfer on 
an expanded scale. The triangles are the calculated values for the Primakoff 
effect with constructive or destructive interference with the Regge-ized w and 
B exchange; t& 7r” lifetime used was 0.74 & 0.1 X lo-l6 set, as measured by 
Belletini et al --* The agreement with experiment for constructive interference 
is quite good. 

-6- 



Figure 16 shows the latest CEA data from 2 to 5 GeV; da/dt versus 
momentum transfer for constant photon energy, and da/dt versus photon energy 
for constant momentum transfer. The data extend to momentum transfers much 
larger than those obtained in the Bonn experiment and show a flat region in cross 
section for approximately 0.5 < -t < 1.5 (GeV/c) 2, followed by a decrease and 
then, at the lower energies, a rise in the backward direction. The straight lines 
on the plot of do/dt versus photon energy are used to derive the momentum- 
transfer dependence of the o Regge trajectory in a model containing only Regge- 
ized o exchange. They find a trajectory given by 

au(t) = (0.47~0.03) + (0.85 50.05) t . 

However, I think that because of the large momentum transfers and relatively 
low photon energies, this fit may push a simple model much too far. At angles 
around 90’ in the center-of-mass system, u-channel e Y hange could be as impor- 
tant as t-channel exchange, and at -t of 3 and 4 (GeV/c) , all of the points with 
good statistics, which actually determine the value of o, have center-of-mass 
angles of greater than 90°. 

In Fig. 17, I have plotted S2(do/dt) versus momentum transfer for the 
Bonn fl data. Regge-ized particle exchange gives a cross section of the form 

S2(da,‘dt) = f(t) S2a , 

where f(t) is a function of momentum transfer, and Q! is the trajectory of the 
exchanged particle. Models such as that of Ader et al,, which include the effects 
of more than one particle exchange, have a sum of such terms with each term 
representing the effect of a different particle. 
of S2(da/dt) is required to fit the data. 

It is clear that no S dependence 
However, the errors on the points are 

large, and the range of S is small, and the data are not inconsistent with Regge- 
ized exchange models. More data are needed in this momentum-transfer range 
for much higher incident photon energies. Until such data are available, one 
cannot make firm conclusions about the applicability of Regge-pole models to 7r” 
photoproduction. 

The last no data to be discussed is the 180’ cross section measured by 
Buschhorn et al., lg and illustrated in Fig. 18. The peaks and valleys in the 
cross section seem to correspond to the positions of the known P-N resonances. 
Some of the structural features appear to be shifted by about 100 MeV in photon 
energy with respect to the resonances, but this can easily occur when broad peaks 
are superposed on a steeply varying backgr 

%fnd* 
I have compared these data with 

the r--p backward elastic-scattering data, and find that the only significant dif- 
ferences between the two results are that the n-p cross section is larger than the 
y-p by a factor 137~, and the dip in the region of the N* (2190) is considerably 
deeper in the r-p scattering experiment. 
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III. K* PHOTOPRODUCTION 

The SLAC group of Boyarski et al., has also done extensive measurements on -- 
K?A” and Kfc” photoproduction. The range of momentum transfers and photon 
energies is the same as for the r’ photoproduction data discussed above. 

The K-A data are shown in Fig. 19. The small-angle K’ data are quite 
different from the $ data in that the K-A cross section has a distinct dip near 
zero degrees rather than the rise shown by the 7$’ cross section. At small 
momentum transfers the S-dependence of the cross section is such that da/dt 
decreases with S more rapidly than S2 between 5 and 8 GeV and decreases 
about as S2 thereafter. The same effect was shown in the $ data. 

-0.5 
The t-dependence of the points with momentum transfer greater than about 

(GeV/c) are well fitted by an exponential with the same slope as was used 
to fit the 7it data (e3* ’ “). 

Figure 20 shows the ratio of K+C” to K? A” cross sections. The errors 
in the determination of K-2 cross section are considerably larger than for the 
K-A cross section, but the data show that the Co/A0 cross section ra 
about unity for -t 2 0.2 (GeV/c) 2. The measurement of Elings et al., si 

‘o is 
at -- 

CEA also shows a C/A ratio of around 1 for a photon energy of 3.4 GeV. 

At small momentum transfers, the z/A ratio seems to decrease. This is 
shown clearly in the 5- and 8-GeV data; the ll- and 16-GeV data are consistent 
with the two lower energies, but the accuracy of the experiment is not sufficient 
to draw quantitative conclusions, and the Z/A ratio could remain about 1 down 
to much smaller momentum transfers. 

The K-A, K-C and 7r-N cross sections can be used to test SU3 symmetry. 
Unbroken SU symmetry predicts a relation between the photoproduction ampli- 

%2 tude given by 

JZ-A@r+N) = - &A(K+A~) - A(KS2:O) (6) 

With only cross-section data available, this can be written as 

20(7SN) = j [3°W+A)] ‘j2 + [cr(KZ)]I:P ei+ / ’ , (7) 

where the introduction of the phase angle $I reflects our lack of knowledge of the 
relative phase of the Kh and KC amplitudes. 
lcos $1 51. 

SU3 symmetry is not violated if 

Figure 21 shows cos $I versus t as calculated from the SLAC data. SU3 
symmetry is violated at momentum transfers of less than 0.1 (GeV/c)2 and is 
unbroken aflarger momentum transfers. The data of Elings et al. , at 3.4 GeV -- 
for -t L 0.2 also show SU3 symmetry to be unbroken in agreement with the 
SLAC data at higher energies. 
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Lipkin and Scheck 23 have recently published a prediction of the c/A ratio 
obtained by the use of SU(6) wave functions for the baryons. Their prediction 
gives 

a(x)/a(A) = l/27 (pure spin-flip transitions) 

o(c) /a(A) _< l/3 (spin-flip and non-spin-flip) . 

Pure spin-flip transitions occur in Kf photoproduction only for a K angle of 
zero degrees, and the SLAC data at very small momentum are not sufficiently ac- 
curate to give any test of the first prediction. The second prediction, however, 
can be tested, and it fails for all momentum transfers -t 2 0.1 (GeV/c) 2 . 

Figure 22 shows the Regge trajectory a(t), determined from the S de- 
pendence of the KA cross section for fixed t, versus t. The points have larger 
errors than for the $ data, and give a value o-onsistent with zero at least 
to -t = 0.5 (GeV/c) 2. This o! dependence is inconsistent with simple Regge 
models involving the exchange of K or K*. 

IV. MISCELLANEOUS 

1. Bemporad, Braccini, Foa, Liibelsmeyer and Schmitz 24 have measured 
the 77’ lifetime in an experiment done at DESY. They measured q” production 
via the Primakoff effect and isolated the Primakoff effect from background by 
measuring the production angular distribution at photon energies of 4.0 and 5.5 
GeV from targets of lead, silver, and zinc; and testing for the sharp angular dis- 
tribution, energy dependence, and Z dependence of the one photon exchange proc- 
ess. They find a partial decay width for 77 -+yy of 

ryr = 1.21~ 0.26 keV 

2. Finally, I would like to mention an experiment by Bar-Yam et al. , 25 
-- 

done at CEA to study the reactions. 

y+D-&+P+P 

y+D+r+ +N+N 

at photon energies around 3 GeV. The data are shown in Fig. 23. Figure 23(a) 
gives the r-/n+ ratio versus t while Fig. 23(c) gives the cross sections as a 
function of momentum transfer. The n-/7? ratio tends to 0.4 as t decreases. 
A simple one particle exchange production mechanism would give a 7rs/7r’ ratio 
of one. A possible mechanism for producing a Z-/T+ ratio different from one 
would involve the exchange of two particles with different G parity. Measure- 
ment of the ‘rr-/?? ratio is a sensitive test of opposite G parity exchanges - 
probably too sensitive for the present sloppy state of the theory. We will need 
better models to understand the results of this experiment. 
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FIG.URE CAPTIONS 

1. 

2. 

Thin lens equivalent of SLAC 20 GeV/c spectrometer. 

Schematic of the detection system used by the SLAC group for the 7r+ and 
K’ photoproduction experiments. 

3. Typical data from a n+ run, showing the fit of a ?r’ yield and background. 

4. Typical data from a K’ run, showing fit of KA, KC, and background. 

5. Typical data and fit from the experiment of Joseph et al. -- 

6. 7r’ cross section (do/dt) vs momentum transfer from the experiments of 
Boyarski et al. and Joseph et al. -- -- 

7. Small momentum transfer cross section (S do/dS2 ) vs momentum 
transfer from the experiments of Boyarski et al. an VT kuschhorn et al.. -- -- 

8. Feynman diagrams for fi photoproduction. 

9. 

10. 

Extrapolated O” cross section (S do/dQ,. m0) vs photon energy. 

Effect of absorption on the 0’ 7r+ photoproduction cross section, computed 
in the Born approximation, vs photon energy. The curves show the effect 
of complete absorption of all partial waves with j 2 JM o 

11. Value of Regge trajectory o!(t) vs momentum transfer. Points are from the 
work of Boyarski et al. and Joseph et al. -- -- The trajectory has been computed 
assuming a single exchange. 

12. Backward r’ photoproduction cross section (dadu) vs u, from the work of 
Anderson et al. -- 

13. n-p backward elastic scattering cross section versus u, from the work of 
Orear et al. (Reproduced from Ref. 11.) -- 

14. 7r” photoproduction cross section vs momentum transfer from the work of 
Braunschweig et al, -- The solid lines are the best fit to a Regge model using 
both w and B exchange. 

15. Small momentum transfer cross section (do/dt) vs t at 5.8 GeV, from the 
work of Braunschweig et al. -- The solid line is the cross section computed 
from the Regge exchange model. The triangles show the cross section 
calculated by the addition of r” production via the Primakoff effect for both 
signs of the interference between the Primakoff effect and the Regge 
exchange e 

16. 7r” photoproduction cross sections from the data of Bolon et al. (Reproduced -- 
from Ref. 14.). 



17. 7r” photoproduction cross section (S2 dddt) vs momentum transfer, from 
the experiment of Braunschweig et al. -- 

18. 180° no photoproduction cross section (do/dacO m. ) vs photon energy, from 
the experiment of Buschhorn et al. -- 

19. KA photoproduction cross section (du/dt) vs momentum transfer, from the 
work of Boyarski et al. -- 

20. Ratio KC to KA photoproduction cross sections vs momentum transfer, 
from the experiment of Boyarski et al. -- 

21. Test of SU3 symmetry using the n+ N, KA, and KC data, from the experi- 
ment of Boyarski et al. -- SU3 is unbroken if cos @ lies between + 1 and - 1. 
Cos $ is plotted vs momentum transfer. 

22. Regge trajectory o(t) for KA photoproduction, determined from the data of 
Boyarski & &. 

23. 7r- and n’ photoproduction cross sections from deuterium, from the work of 
Bar-Yam et al. (Reproduced from Ref. 25.) -- 
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