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The computed ratio R + ;! contain a misprint. The correct 

expression is: 

(Iv - R =- 
113 1~1~ + 8/g ls2 

' (I~ + 113 1~1~ +- 8/g 1s2 

The plotted values of R in Fig. 6 are correct. w 

The prediction of Worden (Nucl. Yhys 3 2, 253 (1912)) for the 
* 

asymmetry in JI' photoproduction from a polarized target was mistakenly 

plot.ted agaimt a instead of against -t as shown in Fig. 7. 

I thank Dr. Worden for point ,ing out th 2s mistake to me. 
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In the first part of the talk I’ll discuss the new data on 

high energy photoproduction of pseudoscalar mesons. For this 

purpose new is taken to mean since the Liverpool ConferenceCl-3) 

and high energies will start at 3 GeV. In the second part, the 

data on photon induced inclusive reactions will be presented. 

I . Pseudoscalar Meson Photoproduction 

It is probably fair to say that it is not what you see, but 

what you don’t see that makes the photoproduction data so 

difficult to understand and therefore so interesting. For 

exanpl e, none of the reactions shows the strong shrinkage which 

can he taken as evidence for Regge-exchange. In fact, whereas 

there are some deviations from a k -2 behavior in the forward 

direction, the cross sections for backward I-C’ and no 

photoproduction are both decreasing as k-’ over a large range in 

u-values. A dip, which can be associated with a 

nonsense-wrong-signature (NWSI-zero , is only observed in forward 

3-i ‘- photoproduction. Al though the various reactions differ 

imarkedly at small t-values, they all become rather similar at 

larger t-values, decreasing nearly proportlonal to.exp(3t). 

It is by now generally accepted that this simple behavior in 

s and t cannot be reproduced in a pure Regge model, which would 

most naturally lead to structure in the angular distributions as 

well as shrinkage, The data can only be represented wlthin the 

framework of an exchange model by including large contributions 

from cuts or absorption. It is therefore tempting to speculate 

that these reactions are approaching their asymptotic limits. In 
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this case the phases of the amplitudes can be extracted from the 

observed energy dependence(4). Consider charged pion 

photoproduction, y + p +JI: 
-I- 

+ n and 7 + n +3f- + p. The cross 

sections for these reactions are to a good approximation 

proportional to l/s’ and the most natural assumption would be for 

the amplitudes to decrease as l/s. However for such an energy 

dependence the the isoscalar and isovector amplitudes would be 

90’ out of phase, and we would predict du/dt$p +rc+n) to be 

equal to da/dt(yn .+n-p) in disagreement with the available 

data(l-3). We are therefore forced to conclude that the 

amplitudes for photoproduction of pseudoscalar mesons have not 

yet reached asymptotic 1 imi ts, and that the simple behavior of 

the observed cross section in s and t does not reflect a simple 

behavior of the amplitudes. To fully understand these reactions 

wi 11 therefore require detai led experimental information 

involving both polarized beam and target. 

At present the data are fitted in terms of Regge cut models. 

These models, depending upon the structure of the pole term, can 

be divided into two classes known as the Argonne(S). and the 

Michigan(G) models. The Argonne(S) model in general incorporates 

exchange degeneracy with the same residue function for both even 

and odd signature Regqe poles. The odd signature exchanges 

(W,P --I then have NWS-zeros for a(0. Because of large 

cancel 1 i ng effects, the contributions from cuts or absorption are 

in general small and the observed structure in the angular 

distributions is caused by INS-zeros in the pole term. In the 
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Michigan model (61, the pole term contains no NWS-zeros. In this 

model, the dip structure results from destructive interference 

between the pole term and the absorption term. However, the dip 

structure can only be reproduced by increasing the absorption 

terms by a factor of two. 

60th models, although they are able to fit a large number of 

observation, have serious short-comings(7). A critical 

discussion of the various Regge cut models has recently been 

given by Contogouris(8). Harari has shown(g), using arguments 

based on duality, that only the imaginary part of the amplitude 

should be dominated by the peripheral waves as assumed in the 

absorption model, whereas in general the real part is not known. 

This observation offers a possible explanation for the failures 

of the two models. Fits to the photoproduction data using such a 

“dua 1 i t y” model have been made by Contogouris(8). 

,O PhotoDroduction 

The previous data(l0) by the Ritson Group on 

r[ ‘-photoproduction have now been extended down to t-values of 

-. 1mv/c)2. The process was identified, as in the earlier 

experiment, by observing the recoil proton with the SLAC 

1.6 GeV/c spectrometer. The new data(ll), together with the old 

re-analyzed data are plotted in Fig. 1 for incident energies of 

6, 9, 12, and 15 GeV and for values of t between -.1(GeV/c12 and 

-1.4(GeV/c)‘. The data show a smoothly varying cross section 

2 with a dip around t = -.S(GeV/c) . The relative depth of this 

dip is nearly independent of energy, in slight disagreement with 
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the’earl ier data, This difference is due to an improved Compton 

subtraction. Since only the recoil proton is detected, the 

resolution is not sufficient to separate the K’ events from the 

Compton events and therefore only the sum of these reactions is 

measured. The corresponding correction factor is the largest in 

the dip region, where at high energies, the Compton cross section 

is considerably larger than the TI’ cross section. The Compton 

cross section has now been measured(l2) by essentially the same 

apparatus as used in the c 
0 

experiment. Therefore no relative 

normalization error is involved in the subtraction and the 

results should be very reliable. This has been confirmed by 

detecting one of the photons from the so decay in coincidence 

with the recoil proton. With this technique, the Compton 

contribution can be excluded, and the results(l1) obtained at 

17 GeV are in excellent agreement with the single arm data. 

Gomez et al. (13) have extended the rr” data to a t-value of 

-3.0(0eV/c12. The cross section was measured at 6, 12, and 

18 GeV by observing the recoil proton with the SLAC 8(GeV/c) 

spectrometer. Aga i n, only the sum of the so cross section and 

the Compton cross section is being determined. Unfortunately, 

since there is a 20% normalization discrepancy between these data 

and the earlier data by the Ritson group, the measured Compton 

data cannot be used directly to determine the K’ cross section. 

The authors(l31, therefore, only quote cross sections at t-values 

where the Compton contribution is 20% or less of the total yield. 

The observed x0 cross section, multiplied by a factor 1.2, is 
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plotted in Fig. 2 versus t. For comparison, the previous 

data(ll) are also shown. Apart from the question of 

normalization, the two experiments agree on both the t-dependence 

and the energy dependence. The most important feature, which is 

independent of both Compton subtraction and normalization 

uncertainties, is the decrease of the cross section beyond 

t 3 -1.2(GeV/c12: As in the charged pion case, the cross section 

is decreasing nearly proportional to exp(3t). However the slope 

is not strictly independent of photon energy at least for 

It1 < 2.0(GeV/c12. More and better data at large t-values are 

needed for all charge states to help decide if a universal t 

dependence does indeed exist in these reactions or not. 

in order to extract an effective trajectory a(t), the cross 

section data between 4 and 18 GeV have been fi tted for fixed t to 

the form do/dt = p(t>(s-8 > m(t)-2 . The a(t)-values determined 

from this fit are plotted in Fig. 3 versus t. It is clear that 

a(t) is not equal to 0, i.e. the process does show some shrinkage 

for t between 0 and -2.0(GeV/c12. However, the points at high 

t-values are not in agreement with the expectations, base,d on 

dominant w-exchange, which predicts a trajectory 

a(t) ” .45 + .9t. A fit to the SLAC data alone, assuming a 

linear trajectory a(t) = a +a’ t, leads to a = t.19 + ,031 and 
0 0 

a’ = t.27 + ,041. The extrapolation of this trajectory also 

2 passes through the Caltech point at t = -2.O(GeV/c) . Yowever, 

there is no reason to assume a 1 inear trajectory in the presence 

of strong absorptive effects and the data cannot exclude a 
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trajectory which has a large slope at small t-values and a small 

slope at larger t-values. 

Measurements of 71’ photoproduction from the proton with 

linearly polarized photons have been carried out at SLAC by 

Anderson et al. (11). Data were taken at incident energies of 4, 
2 

6, and 10 GeV for t-values between -0.2 and -1.4(GeV/c) . The 

photons from the Jr0 decay were detected by a pair of shower 

counters in coincidence with the recoil proton. This avoids the 

severe background problem caused by the contribution from 

unpolarized photons above the polarized spike. The asymmetry A 

is usually defined as: 

al - 7, 
A =-(I 1 + 91 

Here al is the measured cross section for photons polarized 

normal to the reaction plane, and a,, is the cross section with 

the photon polarization vector in the reaction plane. 

Stichel(l4) has shown for S+=J that ran only receives 

contributions from natural parity exchanges, whereas only 

trajectories with unnatural parity can contribute to (I . The 
II 

values for A, as determined in this experiment, are plotted in 

Fig. 4 together with the earlier results from CEA(15). The two 

sets of data are in good agreement within the errors. The data 

show a large positive asymmetry over the whole t-region, and at 

large t-values the data are nearly consistent with purely natural 

parity exchange. The only structure observed is a small dip 
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around t = -0.5(GeV/c12. However even in the dip region the 

cross section is dominated by natural parity exchanges. The 

solid curve is the same for all energies and is only intended to 

make it easier to estimate the energy dependence. The results 

are clearly consistent with no energy dependence of the 

asymmetry. 

The differential cross section for II’ production at 6 GeV is 

plotted versus t in Fig. 5 for al and u,, separately. There is a 

prominent dip in the natural parity part whereas the unnatural 

parity part of the cross section is structureless within the 

large error bars. The dashed line represents a calculation by 

Gault et al.(16), using the Michigan model, the solid line is 

from’ the contribution by Kramer(l7) using a fixed pole for the 

p-exchange(l8) and keeping a MIS-zero for the W -contribution. 

The dotted line is a prediction by Worden using NWS-zeros for 

both P and w-exchange, but including strong absorption. 

Comparing these sets of models with the data we see that Kramer’s 

model has some difficulty in reproducing the secondary maximum 

around t = 
2 

-0.8(GeV/c) . !jowever, the fits by Gauit et al. and 

Worden are in good agreement with data. 

At the Liverpool Conference, Osborne et al. repor ted the 

first results on yn + rl’n at high energies. Two groups, 

Braunschweig et a?.(201 at PESY and Rrowman et a1.(21) at 

Cornell, have submitted new results on this reaction. Both 

groups measure the ratio R = (74 --j (sr’n)p)/ (7d + (no p)n) by 

detecting the recoil hadron in coincidence with both photons from 
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the ISO decay. In this ratio most of the uncertainties due to the 

deuteron structure will cancel. 

In the DESY experiment(20) data were taken at 4 GeV for 

values of t between -.2 and -1,2(GeV/c) 
2 

. The measured values of 

R are plotted in Fig. 6a together with the earlier data from CEA. 

The two experiments are in good agreement and show that R is near 

2 
to 1 except in the region around t = -.S(GeV/c) . Here the 

asymmetry dips down to about , 6 corresponding to a lower limit on 

the isoscalar amplitude of about 15%. 

In the Cornell experiment(21) data were taken at incident 

photon energies of 4.8 and 8 GeV and for t-values between 

-.2(GeV/c12 and -1.28(GeV/c12. The results for the two energies 

are plotted in Fig. 6b. The 8 GeV data are consistently higher 

than the 4.8 GeV data, however this might still be due to some 

ma? 1 systematic error. 

Comparing the data from the two groups shows the Cornell data 

to be systematically low with respect to the DESY data, with the 

largest discrepancy in the forward direction. The estimated 

systematic uncertainties, which are not shown, amount to 10% for 

the DESY data and 15% for the Cornell data. Although this is not 

enough to make the experiments agree, we should keep in mind that 

.these are difficult experiments and that the results are only 

ore? iminary. 

Representative Regge fits by Worden(l9) and by 

Gault et al.(16) are shown in Fig. 6b. Al though the absolute 

values differ, both models predict a dip around t = -.5(GeV/c12, 
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in general agreement with the DESY data. 

The isoscalar part of the K’ cross section can be estimated 

from rr+n +Wp using the VDM and time-reversal invariance. 

g (YP -mop) = 
( ) 

% ; (1 - PO()) g (up -wl+n) 
7w 

The data for z+ n + wp were taken from the experiment(22) by Bari, 

Bologna, Fi renze, and Orsay at 5.08 and scaled to 6 GeV. The w - 7 

coupling constant 7,2/43-t was set equal to 7- in accordance with the 

values on the photon mass shell(23). However, since the relative 

isoscalar and isovector contributions to the different amplitudes 

are not known, we can only set limits on R. The lower limit on R 

is given by assuming that the isoscalar and isovector 

contributions are all in the same amplitude: 

R. = 
(Iv - IsJ2 

m1n (Iv + I/ 

The result is shown as the dashed line marked sin in Fig. 6a. A 

more reasonable guess for R might be: 

R= 
(Iv - 113 IsJ2 + 4/9 Is2 

( Iv -t I/3 Isj2 + 4/9 Is2 

This is roughly what we would expect assuming W and P 

exchange with the commonly used values for the coupling 

constants(24). This result is plotted as the dotted line marked 

R in Fig. 6a. 
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The first results on no photoproduction from a polarized 

target have been reported by Booth et a?.(251 working at 

Daresbury. Data were taken at 4 GeV and the process was 

identified by detecting the recoil proton with a magnetic, 

spectrometer in coincidence with both the photons from the co 

decay. The authors determine, from measurements with a carbon 

target, that 85% of the observed counting rate with the butanol 

target is due to 71’ production on the proton. The polarization 

of the target varied between 22% and 30%. -in Fig. 7 the observed 

target asymmetry, defined as: 

T = (l/P)(Nt - NJ-)/(Nt + N1) 

is plotted versus t. Here Nt and NJ are the no rates with the 

target polarized “up” and “down”, and P is the degree of target 

polarization. The data are consistent with a rather small 

asymmetry at low t-values, increasing to an average asymmetry of 

about 80% for t between -0.45(GeV/c) 2 
and -0. 85(GeV/c12, and then 

decreasing with increasing ItJ again. The data are in good 

agreement with Kramer’s predictions(l7). The models by 

Gault et a?.(161 and Worden(l9) are in disagreement with the 

data, especially at low t-values. 

The data on no photoproduction indicate that the process is 

very similar for small an’d large t-values. in both cases the 

cross section is smooth and structureless, the asymmetry with 

polarized photons is approaching 1 and the observed asymmetry 
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fro+ a polarized target is small. Also R, the ratio of no 

production on neutrons and protons is the largest here. Th.i s 1 s 

in contrast to the behavior at intermediate t-values, i.e. for t 

2 2 
in the range from -.3(GeV/c) to -.9(GeV/c) . In this t-region 

the differential cross section, the asymmetry with polarized 

photons and the neutron to proton ratio have dips. Also the 

asymmetry from a polarized target is the largest here. 

The observed quanti ties can be expressed in terms of 
P 

s-channel he? ici ty amp? i tudes, HA,. Here p- is the photon 

he? ici ty, h the final and P the initial baryon helicity. A 

convenient(26) nomenclature for the four independent ampiitudes 
1 1 1 1 

is: H-- = Fl, H+- = D, kI_+ = N, H++ = F2. The observed 

quantities can be written in terms of these amplitudes as: 

Differential cross section: g = lNj2 + IFl12 + jF2j2 + IDj2 

Polarized photon asymmetry: A = 
2Re(FlF2* - ND*) 

au/at 

Polarized target asymmetry: T = 
211c4N*Fl + D F*2) 

au/at 
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in the forward region, since A is approaching 1, Fl ?: F2 and 

N -= -D. From angular momentum conservation, all the amplitudes, 

with the exception of N, must go to zero at t=O. From the 

observation that the cross section has a dip in the forward 

direction(27) we conclude that N and therefore D must be small, 

and Fl N F2 are the dominant amplitudes. This will lead to a 

small target asymmetry as observed. 

At large t-values A 2 1 so again Fl N F2 and N 2 -D. By 

analogy, we would again assume that F1 N F2 -are the large 

amp? itudes and D 2 -N small. This is supported by the following 

observation: Assume w and p exchange and no absorption. in this 

case, F 1 f F2 and N = -D. However, at large t-values absorption 

or cuts are very important. To a good approximation 5 still 

remains equal to F2 in the presence of absorption, however N is 

no longer equal to -D. Since experimentally A is close to 1, N 

and D must be the small and FL z F2 the large amplitudes. This 

would again predict a small target asymmetry in agreement with 

(25). The fl” data therefore seem to indicate that the 

lip amplitudes are approximately equal and,much larger 

non-flip and double-flip amplitudes everywhere except 

2 -.5(GeV/c12. If this is true, then the asymmetry from 

a polarized target should be equal to the recoi 1 proton 

2 

the data 

single f 

than the 

around t 

polarization(28) everywhere except around t = -.S(GeV/c) . The 

observation that JI’ photoproduction is dominated by the two 
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single flip amplitudes is consistent with the assumption that 

w-exchange in the t-channel conserves the s-channel nucleon 

he? ici ty. 

q-Photoproduction 

New data on q-photoproduction has been submitted to this 

conference by DeWire and collahorators(29) at Cornell. Data were 

taken at 4 GeV and 8 GeV for values of the momentum transfer 
2 2 

squared between -0.3(GeV/c) to -0.8(GeV/c) . In the experiment, 

both gamma rays from the 7 decay were detected in coincidence 

with the recoi 1 proton. This eliminates most of the background 

observed in the earlier experiments where either the recoil 

proton or the two photons were detected. The cross section 

mu1 tip? ied by (s-mE12 is plotted in Fig. 8 versus t. Also shown 

are the earlier data from DESY(l) and SLAG(1). The new Cornell 

data are in good agreement with the earlier data, and they seem 

to prefer a slight shrinkage in accordance with the fro data. The 

predictions by Worden(l9) and by Gault et a?.(161 are in -- 

reasonable agreement with the data. !iowever a conventional 

Argonne model without strong absorption will predict a dip at 

t = -* 5(GeV/cIZ in disagreement with the data. 

TP +Zn 

The measurements of 7p +fi+n with linearly polarized photons 

have been extended up to 12 GeV by a SLAC-MIT collaboration(30). 

The low duty cycle of the SLAC accelerator made a coincidence 

experiment impossible and the process was identified by detecting 

only the R ’ in the SLAC 20(GeV/c) spectrometer. f4owever, in this 
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case the photon energy is not uniquely determined and pions 

originating from photons in the polarized spike will only show up 

as a small step on a smoothly varying background. This makes it 

a very difficult experiment and puts stringent requirements on 

the stabil i ty of the beam and the detection apparatus. The 

measured asymmetry is plotted together with the older data at 

lower energy in Fig, 9a. The data show a large positive 

asymmetry, i.e. the reaction proceeds through positive parity 

exchange as observed at lower energies. In fact, a comparison 

between the new data and the older data shows that the observed 

asymmetry is consistent with being independent of energy between 

3 and 12 GeV. Regge fits to the data are shown in Fig. 9b. Both 

the Michigan(241, and the Argonne(l9) node? give good fits to the 

data at small t-values, but fail to reproduce the large asymmetry 

at larger values of Itl. 

The asymmetry in n+photoproduction from a polarized proton 

target has been measured at SLAC by a Berkeley-SLAC 

collaboration(31). The experimental apparatus, with the 

exception of the target, was similar to the one used by the 

Richter Group in the earlier photoproduction experiments. A 

butanol polarized-proton target was used and the process was 

identified by measuring only the X+ yield. Typically 75% of the 

observed pions came from interactions with protons bound in 

carbon, and only 25% from the free protons. 

Data were collected at 5 and 16 GeV for t between -.012 and 

-1.0(GeV/c12 and the results are plotted versus t in Fig. 10. 
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The Regge fits to the data by Worden(l9) and Kramer(l7) are also 

shown. The observed asymmetry is large and negative at both 

energies. The data seems to show some energy dependence, 

although it is possible to find a single curve with an acceptable 

chi-square for both energies. 

Mode 1 s 

The present data are still not sufficiently restrictive to 

distinguish between the two classes of models, i.e. to decide if 

NWS-zeros are present in the pole amplitude or not. However, we 

can compare the amplitudes evaluated from these models with the 

results from finite energy sum rule (FESR) calculations. This 

has been done by Worden(l9). As an input to the FESR integral, 

he used the amplitudes from a recent dispersion calculation by 

Schwela and Weizel(32) up to an incident photon energy of 

500 MeV. At higher energies, the phase shift analyses by 

Walker(33) were used. The sum rules are written in terms of the 

amp1 i tudes Wt. The + superscripts label the exchanged parity and 

A = 0 or 1 denotes the units of s-channel helici ty flip of the 

nucleon. These amp1 i tudes are related asymptotically to the 

s-channel he1 ici ty amp1 i tudes as follows: 

wO 
+ = F1 + F2 

wO = Fl - F2 

w1 
+ =N-D 

w1 =N+D 
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Worden compared the results of the FESR calculation with the 

amplitudes from four different Regge cut models, which all gave 

acceptable fits to the data. The results are shown in Fig. 11 

for a model with NWS-zeros but strong absorption, and in Fig. 12 

for the Michigan model (24). In the figure each column 

corresponds to fixed isospin and G-parity. The sum rules are 

labeled by the exchanged poles (and absorptive cuts) and by the 

s-channel helicity structure. For example, (J[ A,,Wi), denotes 

the sum rule for the positive parity, nucleon- spin f 1 i p amp1 i tude 

w; , to which A2 plus cuts as well as pion cuts may contribute. 

There is good agreement (Fig. 11) between the FESR calculation 

and the model incorporating NWS-zeros. The Michigan model does 

fit the FESR for most amp1 i tudes. However, as shown in Fig. 12 

the model does not fit the sum rules with p or w quantum numbers. 

The most striking disagreement is in the amplitude which 

dominates fio photoproduction, Wi. Since the relative sign of the 

W, p amp1 i tudes is fixed by VDM and the absolute sign of the P 

amp1 i tude by the JI+/ II- ratio, this discrepancy cannot be cured by 

changing the sign of the w amp1 i tude. The strong absorption, 

which causes the sign of the full amplitude to be different from 

the sign of the pole contribution, is necessary in order to 
2 

reproduce the dip at t = -0,5(GeV/c) . 

Conclusion: On the whole both classes of models achieve 

reasonable fits to the photoproduction data. The Michigan model 

is in some disagreement with FESR computations, whereas models 

with IJWS-zeros satisfy FESR. It would be more satisfying if the 
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’ models could be separated on the basis of high energy 

measurements only. This should be possible by doing more complex 

experiments involving polarized beam and target and thus being 

able to determine the amplitudes directly as emphasized by Berger 

and Fox(26). 

7P +rrA 

The reaction yp +s-A* has previously been studied in bubble 

chambers(34,35) up to 6 GeV and with counter techniques(36) 

between 5 and 16 GeV. New data on this reaction are reported by 

two groups(37,38). 

In a collaboration between SLAC, Tel-Aviv University and the 

Weizmann Institute(37) the R-A* cross section has been measured 

between 4.3 and 7.5 GeV using the SLAC-40” chamber in the 

positron annihilation beam. The qualitative features of the data 

can be explained by the gauge invariant extension of the one pion 

exchange model (GIOPE) by Stichel and Scholz(39) when absorptive 

corrections are included. However, quantitatively the data show 

that other exchanges besides pion exchange must be present. 

The SLAC-Berkeley-Tufts (SBT) collaboration(381, using the 

fairly monochromatic and highly polarized photon beam from back 

scattering of laser light on electrons, has measured the cross 

- ++ section for yp -+R a at 2.8 and 4.7 GeV. In this experiment 

the contributions from natural and unnatural parity exchange can 

be separated. The measured asymmetry A is plotted in Fig. 13 

versus JX Pure pion exchange would correspond to A = -1 In 

d i th the experiment. Iiowever the observed asymmetry isagreenent w 
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is in qualitative agreement with a prediction by Harari(2). The 

argument leading to this prediction is straight forward. The 

observed cross section is the sum of the natural and unnatural 

parity exchanges. i.e. (I =. aL + u,, and furthermore from 

conservation of angular momentum OL = a,, at t=O. The n-A++ cross 

section dips sharply at ItI \< m,’ and since only s exchange can 

cause such a rapid variation for ItI \< m,” this dip will be in the 

IS,, part whereas u1 will remain nearly constant. Therefore, at 

small values of t, all wi 11 be larger than uL -corresponding to a 

negative asymmetry as observed. A SLAC-MIT collaboration(31) has 

measured the reaction 7 p -P s+A” with polarized photons at 12 GeV. 

The results for the asymmetry are plotted in Fig. 13. The data 

seem to be slightly positive at larger t, corresponding to more 

natural than unnatural parity exchange. The cross section for 

Yp +IT+A~ is not well known at small t-values, and we can 

therefore not predict the asymmetry with any confidence. 

An interesting result related to R-A* production near 

threshold has recently been obtained by L’iike and SBding(40). 

Fig. 14 gives the energy dependence of amA++ . One‘of the main 

questions here was whether the rapid rise above threshold is 

caused by the contact graph, or comes from the T1. (1470) 

excitation in the s-channel. A detailed analysis of the 

DESY-Bubble chamber data(34) showed that P,,(1470) excitation is 

weak and that the production and decay characteristics of the A* 

are quantitatively explained by the D 
13 

amp1 i tude due to the. 

contact term. The decisive piece of information came from the 
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density matrix elements in the helicity system. Pure PII (1470) 

excitation leads to p;3 
H 

= Re ptmL = Re pjl = 0 I n strong 

disagreement with the data (see Fig. 15) whereas the GIOPE(39) 

prediction is in agreement with the data. Also the contribution 

from the D13(1520) resonance is small, in particular it fails to 

explain the rapid raise of the cross section near threshold. 

Assuming only I=1 exchange, the ratio of 

[ (7P +n+A" )+(yn +I~+A- ) ‘1 /(yp +n+A" > should equal 4. - 

Experimentally(41) the observed ratio is more like 3 or less for 

I t I larger than 0. l(GeV/c12, i.e.32 exchanges contribute at 

least 16% to the amplitude. Several authors(42) including the 

experimenters(41) have attributed this large I=2 amplitude to 

double exchanges. In this case the I=2 amplitudes should become 

increasingly important at lower energies. Unfortunately there 

are no measurements at lower energies. 

71-p -+pOn 

The Vector Dominance Model (VDM) directly relates charged 

pion photoproduction to the reaction n-p + V’n, where V” is a 

mixture of P ,a, and 9. In the sum of fis. and r(- photoproduction 

the isoscalar-isovector interference term cancels and the 

isoscalar term only makes a contribution of a few percent and can 

be neglected. The VDM then predicts: 

H Uere pllis the density matrix element in the helicity frame which 
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projects out the transversely polarized P’S. By replacing pyl 

wi th (P;~+ P;-~ 
H 

1 or (P~~-P~I) the cross section corresponding to 

photons polarized normal to or parallel to the reaction plane can 

be projected out. 

At the time of the last photon conference(l,3) the agreement 

for the unpolarized cross section was quite good, whereas the 

relationship involving the polarized data was not satisfied. 

However this could, at least partially, be b.lamed on the poor1 y 

known density matrix elements, in particular the pfel element. 

Furthermore, due to a lack of rho data, no test was possible in 

the interesting region around ItI % rnz. 

Data on the reaction n-p + Pan for ItI \< .3(GeV/c12 are now 

available from an experiment at SLAC by Bulos et a1.(43). The 

experiment was done for an incident pion momentum of 15 GeV/c 

using a wire spark chamber spectrometer. 

The authors fitted the ~‘YI- data assuming s and p wave. They 

conclude from the quality of the fit that higher partial waves 

are not present, but they do find evidence for a strong s-wave. 

In order to extract the pyl element the s-wave contribution must 

be known. Independent information on P& can be obtained from 

the existing data(44) on n-p -+~“fion assuming this reaction to be 

a pure s-wave. Unfortunate1 y the ~‘11’ data are not sufficient to 

determine the shape of the differential cross section and the 

shape as predicted from an absorptive one pion exchange model was 

used. H' H The values of pOs and pll determined from II-P -+E’II’ n are 

H consistent with the limits on pas and % 
II 

imposed by the Schwartz 

inequalities. 
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The density matrix elements for the PO in the helicity frame 

is shown in Fig. 16. Note the strong peaking of p&for ItI \< m,’ 

whereas pyml remains rather constant. The authors note that a 

30% decrease in the s-wave cross section would result in a 30% 

increase in the transverse P cross section for 

. 1 < (ltl)1/2 \< .2(GeV/c12. 

Fig. 17 shows a detailed comparison between these data and 

the photoproduction data usingyE/4n = .5. For this comparison 

the polarized photon data(45) at lower energies were combined 

with the unpolarized cross section data(46) at 16 GeV. In the 

case of the unpolarized cross section plotted in Fig. 17a the 

agreement is reasonable at large t, but the strong interaction 

data falls off more steeply at small t than the photoproductions 

data. In Fig. 17b the cross sections corresponding to photons 

polarized normal to the reaction plane are compared. Since 

( P&+ Pf-1 > is invariant under rotations normal to the reaction 

plane this comparison is independent of frame ambiguities caused 

by the finite p mass. Except for the extreme forward direction, 

the data have a similar shape but the strong interaction data are 

roughly a factor of 2 below the photon data. In Fig. 17~ the 

data corresponding to photons polarized in the reaction plane are 

compared. The agreement is excellent. In Fig. 17d the ratio of 

p1-l '51 is compared. This ratio is independent of the 

normalization of the two data sets as well as the value of 7:/4fi. 

The predictions from the VDFl are well fulfilled for 

It1 \< 2m2 Tr’ but there is some disagreement at larger t-values. It 
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is clear from this comparison that the P data display the same 

structure as observed in single pion production, although there 

are discrepancies between the strong and electromagnetic data 

which cannot be resolved by altering the value of 7:/4n. However 

we should bear in mind that the error shown in Fig. 17 are only 

the statistical error. In addition to these errors we have 

possible errors due to the assumed p-shape, the separation of s 

and p wave and uncertainties in 7;/4n. Furthermore, P-W 

-I- - 
interference effects in the observed II II spectrum have been 

neglected. 

PHOTON I NDUCED I NCLUS I VE REACT I ONS 

Although the production of multiparticle states has been 

subject to much work(471, both from the experimental and the 

theoretical side, our understanding of such processes has 

progressed rather slow1 y. This can be blamed to some extent on 

the variety and complexity of the final states, which makes it 

difficult to single out the relevant kinematical quantities of 

the problem. 

The situation changed abruptly when it became clear that * 

reactions of the type a + h + c + “anything”, where we measure 

only the properties of one particle and sum over all the others, 

still contain interesting physics. These inclusive(48) reactions 

are quasi two-body reactions and are therefore completely 

determined by the momentum 3 and the mass ~1 of the detected 

particle c together with s, the total center of mass energy 

squared. It is common to use these variables to define a Lorentz 
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invariant cross section for an inclusive reaction as: 

$0 = $2 
( 1 l P (&S) 

Here E is the energy and p the distribution function of the 

particle c. 

The energy and momentum dependence of the distribution 

function have been studied for several reactions involving 

hadrons(47) and in five papers submitted to- this conference 

corresponding data using photons has become available. The 

kinematical regions covered by these experiments are listed in 

Table 1. A comparison between the photon data and the hadron 

data will show if the photon behaves like a hadron in many-body 

reactions, as i t seems to do in two-body process. I f the photon 

indeed behaves 1 i ke a hadron it can be used as an extra hadron to 

check various predictions like scaling or projectile 

independence(49). Furthermore, the use of a polarized photon 

beam gives us the first opportunity to learn something about spin 

correlations(50) in i’nclusive reactions. 

The SLAC Streamer Chamber Group(51) has measured the cross 

section for 7 + p +r[- + “anything” in the target fragmentation 

region. In this experiment a Bremsstrahlung beam with an 

end-point energy of 18 GeV was passed through a pressurized 

hydrogen gas target located inside the chamber. The 3, 5, 7, and 

g-prong topologies were used and the events were binned into four 

energy intervals between 5 and 18 GeV. All negative tracks were 
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used and no attempts were made to exclude K- production. 

However, the authors estimate this to cause an error of only 5%. 

The main difficulty in analyzing the experiment is due to the 

continuous Bremsstrahlung spectrum, which makes it impossible to 

determine the photon energy for an event with missing neutrals. 

The authors discuss how to correct for this in their paper. 

The SLAC-Berkeley-Tufts (SBT) collaboration(52) working with 

the SLAC 82” bubble chamber, avoids this difficulty by using the 

highly polarized and relatively monochromatic photon beam 

resulting from the back scattering of laser iight on a high 

energy electron beam. This group reports results for 

7 + p -+x- + “anything” at 2.8, 4.7, and 9.3 GeV. Here also the 

3, 5, 7, and g-prong topologies were used. Events with strange 

particles were excluded from the analysis. 

Using the DESY Streamer Chamber, the Aachen-Hamburg 

Heidelberg-Munich collaboration<531 has measured the cross 

section for 7 + p -+JI- + “anything” between 3 and 6.5 GeV using a 

tagged photon beam with a width of 60 MeV. The 3, 5, and ‘I-prong 

events (excluding elastic P-events) were used in the analysis. 

The K- events were not separated but again the authors estimate 

this to be only a 5% correction. 

Whereas these experiments only have information on the 

J[- -distributions, the experiment by Boyarski and 

l- 
collaborators(54) also measures the distributions for R , 

+ 
K , and 

K- in addition to the Jr--distrit,ution. The experiment was done 

using the SLAC 20 GeV/c spectrometer with the same detection 
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equlpment as used in the earlier photoproduction experiments by 

the Richter group. By subtracting yield curves, usually taken at 

end-point energies of 19 and 17 GeV, data can be quoted for a 

fixed photon energy of (18 f 1) GeV. Data were mainly collected 

at large values of PI and mainly positive values of x, where x is 

defined as x = 2p,F’” ‘/G. The available data points are shown in 

Fig. 18. 

Gladding et a1.(55) using a tagged photon beam at CEA have 

measured the spectrum of recoil protons for incident photon 

energies between 2.4 and 5 GeV. The missing mass varied between 

. 5 and 1.1 GeV and the t-value for the proton from -.15(GeV/c12 

to -1.0(GeV/c12. 

The general features of an inclusive reaction are shown in 

Fig. 19. The Bubb,le Chamber data at 9.3 GeV are plotted versus x 

and p 
II 

in the laboratory. The sol id 11 nes represent the phase 

space boundaries and the dotted curve indicates a constant 

transverse momentum. The few events outside the phase space 

boundary is caused by the finite width of the photon beam. On 

the plot the number of events per bin are written as a number up 

to 9; from there on letters are used, i.e. A stands for 10 

events, V for 31 or more.. It is clear from the plot that the 

events cluster along lines of small transverse momenta. 

Furthermore, there is a clustering of events for small x centered 

around x-0. These qua1 itative features agree well with what is 

observed in hadronic reactions. 
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Mu1 tip1 ici ties and Topological Cross Sections 

The various topological cross sections are plotted versus s 

in Fig. 20. It is seen that the cross section for 3-prong events 

peak at low energies and have already decreased substantially at 

9.3 GeV. The cross section for S-prong events is rapidly rising 

at low energies and seem to have reached a broad maximum around 

S ” 20 GeV2. The 7-prong cross section increases monotonically in 

this energy range and the g-prong cross section is only 

measurable at 9.3 GeV. The cross section for strange particle 

production is plotted in the same figure and is roughly lO%of the 

total cross section. The same low ratio of kaons to pions is 

also observed in hadron initiated reactions. There it seems to 

persist even at the center of mass energies available at the 

ISR(56). 

The average multiplicity minus the charge in the initial 

state is plotted versus &n(s) in Fig. 21. The data are 

consistent with a straight line, i.e. the average multiplicity 

seems to increase proportional to &n(s) as predicted by most 

models. The average multiplicity in hadronic reactions also 

increases proportional to &n(s) as seen in Fig. 21 for YIP and PP 

reactions. The “net” charged multiplicity is higher in photon 

than in purely hadronic reactions by about 1. However, the total 

cross section remains nearly constant despite the rapid increase 

with energy of the topological cross sections with high 

mu1 tip1 ici ties. We would therefore expect the individual 

topological cross sections with low mu1 tip1 ici ty to start to 
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decrease at a much lower energy in photon-induced reactions. 

This is shown more clearly in Fig. 22 where the 3-prong cross 

section for yp and the 4-prong cross section for n-p is plotted 

versus s. The 3-prong cross section has already decreased 

substantially and a measurement at 100 GeV at NAL would indeed 

help decide if the topological cross sections drop as low as 

required by the mult’ b heripheral models or stay up as permitted 

by the limiting fragmentation models. 

The Transverse Momentum Distribution - 

An important feature of the inclusive reactions is the 

distribution of the transverse momenta, which seelns to be limited 

to a few hundred MeV/c nearly independent of energy. This is 

shown in Fig. 23 where the SLAC streamer chamber data(511, 

2 integrated over small longitudinal momenta, are plotted versus pI 

for events in the target fragmentation region. The distribution 

is seen to be nearly independent of energy between 5 and 18 GeV 

and the bulk of the events have transverse momenta less than 

about 300 MeV/c. 

In Fig.24 the cross section fory+P+‘rc-+“anythi.ng” as measured 

5y the DESY streamer chamber collaboration(52) is plotted versus 

for photon energies between 3 and 6.3 GeV. Plotted is the 

cross section integrated over all longitudinal momenta less than 

2 
. S(GeV/c). It is clear that even between 3 and 6 GeV the pI 

distributions is constant independent of energy. Chen et a1.(57) 

have collected data from the following reactions: 
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(a) s'+ p *II-+"anything" at 7 GeV/c 

(b) p +p-+rr-+"anything" at 28.5 GeV/c 

(c) K++p +fi[;"any-thingl at 12.7 GeV/e 

(d) JI-+p+n-+"any%hing" at 24.8 GeV/c 

The various cross sections for these reactions normalized to the 

asymptotic values of their total cross sections are also plotted 

in Fig. 24. Based on arguments by Mueller(581, the inclusive 

reaction a + b -+ c + “anything” can be related, through a 

generalized optical theorem to the imaginary part of the three 

particle acb -+ach scattering- amplitude. Using duality 

Chan et a1.(59) argue that when the quantum numbers of the acb 

system are exotic, limiting behavior should occur at a relatively 

low energy. Of the shown reactions p -+p+z-+“anything”, 

K++p +IT-+ “anythi ng” andrr++p +JT-+“anything” are exotic in this 

sense while, g>p+ ‘-r-+“anything” is not. The exot.ic reactions 

seem to cluster together whereas the cross section for the 

non-exotic reaction is about 50% higher. The photon data seem to 

fall in between these two groups, however remember that these 

data are normalized to the total yp cross section between 3 to 

6.3 GeV. If we normalize the photon data to the asymptotic cross 

section, then the photon points will move upward by,30% into 

good agreement with the non-exotic ni p -+R-+“anything”. We 
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conclude that the photon, at least in this process, behaves like 

a hadron. 

The next question is: “What happens at large pf and do 

different secondaries have the same behavior as a function of 

2 3” 
pl * 

The invariant cross secti’ons as measured by Boyarski et a1.(54) 

are plotted versus P: in Fig. 25 for x = .2. The r[’ and 

~-distributions are very similar over the whole range of 

transverse momenta, whereas the K+ cross section is about a 

factor of two larger than the K- cross section. At small 

Itl-values the pion yield decreases proportional to e -8pF as 

compared to e 
-4.4$ 

for the kaons. This corresponds to an average 

transverse momentum for a kaon about twice that for a pion. Note 

2 that when plotted against pIf the ratio of pions to kaons is 

about 15 at small values of pi” and that the slope is continually 

changing. In Fig. 26 thesr/K ratios are plotted versus 

2 
ml = (PF + p2 1, the transverse mass squared(60). Here P is the 

mass of the detected particle. Plotted against this variable the 

n/K ratio is not very large even at small values of m 2 
1 and seems 

2 to approach 1 at large values of ml. 

Since the cross section depends so differently on the 

longitudinal and transverse momenta, it has been speculated that 

the cross section might be factorized into a product of two 

functions, one depending only on the transverse momentum, the 

other only on the longitudinal momentum. Whereas this approach 

has met with some success inp+p -+.Jr-+“anything”(Gl), it fails in 

other reactions(62). To look for the same feature in 
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y +p-m- “anyth i ng”, the cross section as measured in the Bubble 

Chamber experiment is plotted versus p: for different values of x 

in Fig. 27. The solid lines are just an eyeball fit to the 

distribution for 0 \( x 4 .l normalized at small values of p:. It 

is clear that this is not a good representation of all the data, 

i.e. the transverse distribution does indeed depend on the 

longitudinal momentum. 

Scaling and Limiting Behavior 

In general the structure function depends on the momentum of 

the detected particle as well as the total center of mass energy 

squared. However, several models predict a very simple form for 

the structure function at high energies. In fact, as is well 

known, this already follows from the multi-peripheral model of 

Amati, Bertocchi, Fubini, Stanghellini, and Tonin(63). Expressed 

in terms of the rapidity variable y = ln((E+p,,)/ml), deTar(64) 

has written these predictions as follows: 

(1) For events in the target fragmentation region i.e. y<A. 

P(P 1’ Yt s> s-, R&PI’ 54 

Furthermore the distribution of the events should be independent 

of the nature of the projectile in this region. 

(2) For events in the projectile fragmentation region: 

(Y max-Y)\( A 

P(P 17 Y., 4 s p (P , P 1 Y> 
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(3) As the energy increases the width of the distribution 

will increase proportional to &n(s) and a plateau should deve!op. 

PCPJ,, YJ 4 s&i? p,,(p$ 

i.e. events In this region are independent of both the target and 

the projecti le. 

Similar predictions has been made by Feynman(48) in terms of 

pl 
and x = 2p II 

c*m. /JF. He predicts: - 

2E 
( 1 

a20 
r ax. ap:=p(xJ PlJ 2 slsZ PJX, Pf ) 

fi s 

Furthermore, if scaling occurs then the structure function for 

events in the target or beam fragmentation region should satisfy 

the relation p(x,t) = (l-1x1) l-a+1 . Here a(t) represents the 

highest trajectory which can carry off the quantum numbers at the 

7 -Jfl or the p-or vertex. 

Rased on the droplet model, Benecke, Chan, Yang and Yen(65) 

suggested that the spectra of low energy particles’, that is 

particles associated with the target, should become independent 

of energy when viewed in the laboratory frame. They also 

predicted limiting behavior in the projectile fragmentation 

region when viewed in the frame of the projectile. 

All these predictions are strictly true only at asymptotic 

energies, and there they give the same results. At lower 

energies the predictions differ, and one must test to see i f any 
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of them are valid at present energies. This has been done by the 

SBT collaboration(521, who have plotted their data in different 

frames. They found lo-30% deviations from scaling both in the 

rapidity frame and in the laboratory frame. However using 

Feynman’s variable x, scaling seems to be valid for large values 

of 1x1. In Fig. 28, F(x), defined as F(x) = dp2 
1’ 

is plotted versus x for incident energies of’2.8, 4.7 and 

9.3 GeV. The agreement between the different energies is quite 

good, especially for events in the target fragmentation region 

X\< -.l or in the beam fragmentation region i.e. x ) .l. To be 

able to judge the energy dependence better, F(x) is plotted 

versus s for different cuts on x in Fig. 29. The data are 

remarkably independent of energy in the beam or target 

fragmentation region, whereas-for x=0 the cross section does 

depend upon the incident energy. To see what happens around x=0, 

i.e. if we also have pionization, the data are plotted in Fig. 30 

against y. In this variable we should see a flat top develop 

with increasing energy. No flat top is seen, and the data are 

compatible with a Gaussian having a width which increases 

logarithmically with energy. This is not very surprising since 

no such flat top has been seen in hadron reactions at higher 

energies. 

Since scaling seems to be nearly valid at large values of 1x1 

the distribution function should show the expected Regge 

behavior. This is shown in Fig. 31 where the values fora (t) is 

plotted versus t. The values for a(t) in the target 
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ion reg fragmentat 

trajectory 

ion are quite low compared to the leading Regge 

which is the A, but similar to those obtained from 

other inclusive experiments(66). The observed trajectory in the 

forward direction is compatible with a Regge trajectory of slope 

1 GeVm2 and intercept of 0. F!ote that such a strong shrinkage is 

not seen in forward two-body reactions. 

All the predictions of scaling and limiting behavior are 

derived for high energies, and it is important to estimate how 

these limits are being approached. This has been done recently 

by Abarbanel(67) and by Chan et al.(49) using the observation by 

Mueller(48) that the total cross section for 

a + b + c + “anything” can be related to the elastic 3-body 

scattering amplitude a + h + c + a + b + C. As sketched in 

Fig. 32 this follows intuitively from writing a + b + c + “anything” as 

a + b * c + “anything”, i.e. the total cross section initiated by the 

3-body collisions a + b + c. From a “generalized” optical 

theorem the imaginary part of this elastic amplitude is then 

related to the total cross section. This observation provides a 

very convenient language for the inclusive reaction’s and allows 

us to introduce the Regge picture, which has been reasonably 

successful in deal ing wi th two-body processes. One can 

distinguish between two different Regge limits for this amplitude 

as also shown in Fig, 32. In the first limit the mass of one of 

the two subsystems, i.e. (a E> in the projectile fragmentation 

region or (h 15) in the target fraRmentation region is kept small 

and constant as the energy increases. Assume now that the 
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amplitude is dominated by the usual Regge singularities(591, the 

Pomeranchuk trajectory with Q$O).=l and the meson trajectories 

with am(O) 2 .5. In this case the cross section wi 11 approach 

the limiting behavior as A(p,pL) + B(p,pL) . l/G. This is shown 

in Fig. 33 where the cross section(52), integrated over all 

transverse momenta, is plotted versus l/G for different values 

of p . 
II 

Since there are only 3 points available, it is impossible 

to make a strong statement, but the data are certainly consistent 

with a straight line. Note that for events in the target 

fragmentation region the curve is going through 0, corresponding 

to a negligible Pomeron exchange. 

The second limit in Fig. 32 corresponds to the pionization 

limit. In this case we require both suhenergies (a c’> and (b c’) 

to be large; and by the same -argument as ahove(53,G7), we would 

expect to approach this limit as l/(s) v+ . Therefore this 1 imi t 

wi 11 be reached very slowly, so perhaps it is understandable that 

we do not see any sign of pionization at these energies. 

Comparison with the Hadronic Reactions 

AccoriIing to the multipheripheral model(63) the distribution 

of a particle c in the target fragmentation region is independent 

of the nature of the incident particle--i.e. two different 

reactions aI + h * c + x and a2 + b + c + x will be related 

formally as: 

a1 &2 
l Pb--+ c> = +-p db---+c) 
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Here a,(alb) and aT (a2b) are the asymptotic values for the total 

cross sections. This re1ationshi.p is valid in the scaling region 

under the assumption that the Pomeron factorizes. The DESY 

data(531, integrated over transverse momenta, are plotted in 

Fig. 34 versus the longitudinal momentum in the laboratory. The 

various curves correspond to different hadronic reactions( as 

labeled on the figure. Note that the reactions where (abE) are 

exotic tend to cluster together about 50% lower than 

s--t-p-+ ,t-+“anything” which is nonexotic. The photon data seem to 

be bracketed by these two groups. However remember that the 

photon data are again normalized to the total yp cross section 

between 3 and 6.3 GeV, whereas the strong interaction data are 

normalized to the asymptotic values. 

in Fig. 35, the Bubble Chamber data at 9.3 GeV are compared 

with Jr++p+E-+“anything” andficp 3 R-+“anything” both(68) at 

18.5 GeV. In this comparison the values for the total cross 

section at the corresponding energies have been used. The 

agreement between Jc?p + rc-+“anyth i ng” and y + p+ R-+ “anything” is 

rather good for events in the -target fragmentation’region. This 

might be taken as evidence for factorization of the Pomeron, 

since the data are scaling in this region. 

Swanson and collaborators(69) have compared 

y+p+ JI-+“anything” at an average energy of 10.5 GeV with 

K’+p-t 7(-+ “anything” at 11.8 GeV. They compare the cross 

sections, normalized to asymptotic values of the respective total 
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cross sect ions, and integrated over all longitudinal momenta less 

than +.5 GeV/c and over all transverse momenta. The value for 

the photon induced cross section is C.45 f .06) as compared to 

C.17 t . 02) for the K++p + JII[-+“anything” case. 

Relative Particle Yields 

In Fig. 36 the structure function as measured by 

l3oyarski et a1.(54) at 18 GeV is plotted against x for various 

values of the transverse momentum. The cross sections for pion 

and kaon production are becoming more similar with increasing 

transverse momentum, independent of x. Also the ratios ~r+/rr- and 

KS/ K- are independent of RI over the present range in x-values. 

Fig. 37 shows the X’ /n- ratio together with the K+/K- ratio 

plotted versus x for pI = 1 GeV/c. The corresponding missing 

mass for kaons are shown in the parentheses. The J(+/R- ratio is 

close to 1 except at the largest x-values where it seems to 

approach 2. The K+/K- ratio is consistent with 2 from x=0 to 

about x=.5. For larger values of x, corresponding to events in 

the projectile fragmentation region, the K+/K - ratio is rapidly 

increasing with x reaching a value of 5 at x=.78. ‘The recoiling 

nass in the case of K- has the quantum numbers of an exotic 

particle. In the absence of exotic states the threshold for K- 

production would be at 1433 MeV Cm, + m,) as compared with 

1116 MeV(A) in the case of K+ production. The lowest missing 

Imass observed in this experiment, however, is at 2.3 GeV which is 

well above the threshold, 
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In the scaling limit, the Mueller model would predict the 

K+/K- ratio to be 1 for events in the projectile fragmentation 

region. To explain the observed K’/K- ratio we have to assume 

that the process is very far from the scaling limit and that 

trajectories with opposite charge conjugation add in the K+ case 

and subtract in the K- case. It would therefore be very 

interesting to measure the yield of kaons at lower energies to 

see if scaling is indeed badly violated in the projectile 

fragmentation region, in apparent disagreement with the results 

on y + p-jn- +“anythi ng”. 

On the basis of a simple Drell model the KfJK- ratio is given 

by y$K-PI/ q+K+p). The ratio of these cross sections is about 2 

at these values of missing mass. However since we are rather far 

2 
off the mass shell at this value of pL it is not a priori clear 

that this is a meaningful comparison. 

Asymmetry with Polarized Photons 

To search for a correlation between the azimuthal angle of a 

pion and the polarization vector cp of the incident photon the SBT 

collaboration have plotted their 9.3 GeV data integrated over all 

transverse mpmenta as a function of cp. Here cp is defined as 

cp = tan 
E l 

1 and !? is a unit vector along the direction of 
Pl 

the incident photon, The results with the elastic P removed are 

shown in Fig. 39 for different values of x. They find no 

statistically significant correlations between the C- and the 

polarization vector for x \< .3. However, some correlation might 

be present at larger values of x. 
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Aharbanel and Gross(50) interpret the lack of any correlation in 

the target fragmentation region as proof that the residues of the 

photon and target vertices factorize. 

Conclusions 

Although much more data are needed, especial ly for kaons at 

all energies and for pions above 10 GeV, it is tempting to 

summarize the results of these first experiments as follows: 

(1) Photons behave like hadrons also in inclusive reactions. 

(2) The n--distribution from r+p-+n-+“anything” shows 

evidence for scaling in the target and beam fragmentation region 

already at 9 GeV. 

(31 In the laboratory frame, the cross section d a/dpL 
II 

approaches the scaling limit as l/G. 

(4) The average transverse momentum for a kaon is twice that 

of a pion. 

(5) The K+/K- ratio is very different from 1 in the 

projectile fragmentation region. 
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FIGURE CAPTIONS 

Fig. 1: The differential cross section for fl” 

photoproduction on the proton is plotted versus t for incident 

photon energies of 6, 9, 12, and 15 GeV. The dashed 1 ines are 

only connecting data points at the same energy. 

Fig. 2: The differential cross section for 11’ 

photoproduction on the proton is plotted versus t for incident 

photon energies of 6, 12, and 18 GeV. Shown are the data at 

large t-values by Gomez et al.(13) multiplred by a factor 1.2. 

The earlier SLAC data are represented by the dashed line. 

Fig. 3: The effective trajectory a(t) for the reaction 

yp +n”p is plotted versus t. a(t) was determined from a fit of 

the form da/dt(s,t)=B(t)(s-m 2 m(t)-2 ' > to the data(ll,l3). 

Fig. 4: The asymmetry A in so photoproduction on the proton 

with linearly polarized photons is plotted versus t for incident 

photon energies of 4, 6, and 10 GeV. The data are from the 

experiment by Anderson et al.(ll). The older results by 

Sellinger et al.(l) at 3 GeV are also shown. To help judge the 

energy dependence the identical curve is shown at the three 

energies. 

Fig. 5: The differential cross section for no 

photoproduction on the proton at 6 GeV is plotted for photons 

polarized normal and parallel to the reaction plane. The solid 

line is from a fit by Kramer(l71, the dotted line is from a fit 

by Worden(l9) and the dashed line is from a fit by 

Gault et al(16). 
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Fig.Ga: The ratio R = (yd -+ (n’n>p>l(yd -+ (flopIn) as 

measured by Braunschweig et al.(20) is plotted versus t for an 

incident energy of 4 GeV. For comparison the older data by 

Bolon et al.(l) are also shown. The dotted lines indicate 

different estimates of R using the VDM to relate nrfn +wp to the 

isoscalar part of yp +JI O P. 

Fig.Gb: The rat I o R = 7d * (Jron)p 
Yd -+ Wp)n 

as measured by 

Browman et al.(211 is plotted versus t for incident energies of 

4.8 and 8 GeV. The Regge fits by Worden(l9) and Gault et al.(16) 

are also shown. 

Fig. 7: The Daresbury data(25) on the asymmetry T in II’ 

photoproduction from a polarized target is plotted versus t. The 

lines show representative Regge fits (16,17,19) to the data. 

Fig. 8: The new Cornell. data on Y p + ?p are plotted versus t 

for incident photon energies of 4 and 8 GeV. The earlier results 

by Bonn-DESY and SLAC are also shown. The dashed line is from 

the fit by Gault et a1.(16) and the dotted line.is from the fit 

by Worden (19 I. 

Fig.9a: The asymmetry A in II+ photoproduction with linearly 

polarized photons is plotted versus \I-t for the new SLAC-MIT(30) 

data at 12 Ge’J. The older data from CEA(1) and DESY(1) at lower 

energies are also shown. 

Fig.Sb: The asymmetry A in x’ photoproduction on the 

proton(30) is compared with two representative Regge calculations 

by Kane et al.(24) and by Worden(l9). 
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Fig.10: The asymmetry T, in II+ photoprod.uction on a 

polarized proton target is plotted versus t for incident photon 

energies of 5 and 16 GeV. The data are from the Berkeley-SLAC 

collaboration(31). Representative Regge fits are shown(l7,19). 

Fig.11: Finite Energy Sum Rules, as evaluated by Worden( 

are plotted as a function of momentum transfer t between t=O and 

t =-1.0(GeV/c12. Columns refer to the t-channel quantum numbers 

d; = 1+, l- and 0) and rows refer to the s-channel helicity 

structure. The amplitudes are defined in-the text. The results 

are shown for a model with PUS-zeros but strong absorption(l9). 

Fig.12: The Finite Energy Sum Rules(l9) are compared with 

the results of the Michigan model(24). Note the strong 

discrepancy in the (w,W;f) amplitude. The nomenclature is the 

same as in Fig. 11. 

Fig.13: The asymmetry A with linearly polarized photons are 

plotted versus fi for the reactionsy p--+ ~r-Att(30) and 

yP -+ n+A"(34). 

Fig.14: The total cross sections(34) for 7 p+ ZX-JT+ p, 

0 +o 
YP+P P,YP +nA,rP 

--H- +TC A are plotted versus 'energy. 

Fig.15: Helicity density matrix elements of the A* from the 

reaction yp + Ic-A++are plotted as a function of the cosine of 

line is the result of 

s-channel resonance 

the C. of M. production angle. The solid 

and the 

ity-matrix elements in the 

a fit(40) including the Born terms 

contribution. 

Fig.16: The various spin-dens 

helic ity frame for the PO from the 
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+ - 
contribution due to the s-wave in the measured II 35 spectrum has 

been removed. 

Fig.17: Comparison between forward charged pion 

photoproduction and p” production in fl[- p -+P” n. 

a) The unpolarized cross section. 

h) The natural parity cross section. 

Cl The unnatural parity cross section. 

d) The asymmetry A” = ( 01 - al’,)/( C$ + 0: 1. Yere, 0: stands 

for the differential cross section for yp -+ n+n with photons 

polarized normal to the reaction plane. 

Fig.18: C. of M. plot of the data points taken by 

Boyarski et al.(SG) on the inclusive reactions y+p+nf+“anything” 

and 7 +p+ K’+“anything” at 18 GeV. 

Fig.19: The number of x-- events from the reaction 

y+p +rr-+“anythi ng” at 9.3 rjeV is plotted versus x = 2P,, “m*/&-and 

On the plot the number of events in each bin are written as 

a number up to 9; from here on letters are used, i.e. A stands 

for 10 events and V for 31 or more. Curves of constant 

transverse momentum are shown as sol id lines. 

Fig.20: The various charged topological cross sections(52) 

are plotted as a function of s. 

Fig.21: The average charged multiplicity minus the initial 

charge is plotted versus s. 

Fig.22: The 3-prong cross section in y+p -+ n-+“anything” and 

the 4-prong cross section in y+p+ n-+“anything” are plotted 

versus s. PJote that p” production, shown as the dotted line, 
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only accounts for a small fraction of the 3-prong cross section 

at these energies. 

Fig.23: The differential cross section(51) for 

y+p+ rr-+“anythi ng” integrated over longitudinal momenta in the 

laboratory between 0.3 and +.3(GeV/c) is plotted versus PF for 

four different energy intervals. 

Fig.24: The differential cross section(53) for 

y+p + sr;“anyth I ng” is plotted versus PL for energies between 3 

and 6.3 GeV and PL < .5 GeVlc. Note that -this cross section is 

normalized to the average value of the total yp cross section 

between 3 and 6.3 GeV For comparison the differential cross 

sections for(57) sr>p + fl-+“anything” at 24.8 GeV ---, 

n++p+ n-+“anythi ng” at 7 GeV and K’+p + fi;“anythi ng” at 12.7 GeV 

-.-.-. , and p+p+ sr-+“anything” at 28.5 GeV- - are also shown. 

Note these cross sections are normalized to the asymptotic value 

of the various total cross sections. 

The invariant cross sections(54) for 
\ 

Fig.25: 

y+p+~*+“anything”and ysp-, K*+“anything” are plotted versus P: 

for incident photon energy of 18 GeV and x = .2. For compar i son 

the cross section for y+p+ n-+“anything” at 9.3 GeV is also 

shown(52). 

Fig.26: The ratio n-/K’- and J(+/K’ at 18 GeV and x = .2 are 

plotted versus the transverse mass squared mg. The transverse 

mass is defined as m = (P? +p 2 $I2 whe re 
T 

~1 is the mass of the 

detected particle. 
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Fig.27: The distribution function(52) for y+p + Jcy’anything” 

at 9.3 G.eV is plotted versus Pf for different values of x. The 

solid 1 ine is an eyeball fit to the cross section for 0 \< x \< .l, 

normalized at small values of PF. It is clear that the f 

distributions are dependent on pL. 

Fig.28: Plotted is F(x), the invariant cross section 

integrated over all transverse momenta, for the reaction 

y + p+ xcj”anyth i ng” at three energies 2.8, 4.7, and 9.3 GeV(52). 

Fig.29: F(x) for y+p -+ rry’anyth i ng” is plotted versus s for 

different cuts on x. The data(52) are consistent with scaling in 

the target or the beam fragmentation regions. The data however 

do not scale for x x 0. 

Fig.30: The cross section(52) for the reaction 

y+p+ Ir>“anythi ng” is plotted versus the rapidity y for the three 

energies 2.8, 4.7, and 9.3 GeV. 

Fig.31: The effective trajectories(52) o(t) for the II- from 

the target fragmentation region (a), or from the beam 

fragmentation region (b), are plotted versus t. 

Fig.32: a. The analogy in an inclusive reaction to the 

optical theorem in the two-body case. b. Single Regge limit for 

an inclusive reaction. Either subenergy or (bc) is small 

compared to the total energy. c. Double Regge limit 

(pionization) for an inclusive reaction. Here both subenergies 

(a?> and (b?) are large. 

Fig.33: du/dp (52) for the reaction y+p+ n-+“anything” 

plotted versus ,-1/2 . Note that a straight line through the data 
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points in the target fragmentation region extrapolates through 0. 

Fig.34: Longitudinal momentum distribution(53) of the x[- in 

the laboratory for photon energies between 3 and 6.3 GeV. The 

curves, as defined in the figure, are from fits to the data 

collected by Chen et a1.(57). 

Fig.35: The distribution function(52) for y+p+rr-+“anything” 

at 9.3 GeV, normalized to the total cross section, is plotted 

versus x. For comparison the data(56) on fi-+p+s-+“anything” and 

x++p+r[>“anythi ng” at 18.5 GeV are also shown. 

Fig.36: The distribution function(54) fory+p-+Jrk+“anything” 

and y+p+ K’J’anythi ng” at 18 GeV is plotted versus x for different 

values of the transverse momentum. 

Fig.37: The II+ /I-C- and K+/K- ratios(541 at 18 GeV and 

pl = 1.0(GeV/c12 are plotted as a function of x. The number in 

the parentheses gives the missing mass for the K. 

Fig.38: The differential cross section da/d+ plotted against 

the azimuthal angle 4 between the outgoing pion and the 

polarization vector of the photon, for various cuts on x. 

Data(52) are from the reaction 7 + p *II- + "anything" at 9.3 GeV. 
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