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Abstract: The invariant cross sections for inclusive photoproduction of charged pions, kaons and 
protons have been measured at DESY in the photon fragmentation region at a photon energy 
of 6 GeV. The ~r+/~r - ratio is close to one at small values of the transverse momentum o± 
but increases with increasing values of p±. This indicate that scaling is violated at large trans- 
verse momenta (or low missing masses). The same general behaviour is also observed in the 
K*/K - ratio, although here the ratio is significantly larger than one even at small transverse mo- 
menta. A comparison with preliminary data at 18 GeV supports this conclusion. The comparison 
further indicates that the largest violations of scaling occur in the "exotic" reaction "rP --* K-X. 
The data are also analyzed according to the triple Regge model of inclusive reactions and the ef- 
fective trajectories have been determined. 

1. Introduction 

Inclusive reactions of the type a + b ~ c + X have lately been given much attention 
both experimentally and theoretically [1 ]. Such an inclusive reaction is a quasi two 
body process and the kinematics is therefore completely determined by the momen- 

tum p and the mass m of the detected particle c together with s, the total center of 
mass energy squared. In terms of these variables the Lorentz invariant cross section 
d3o can be written as: 

d 3 a = (d3p/E) f (p ,  s), 

where in general the structure function f(p,  s) is a function of both p and s. Many 

models [2], however, predict a particularly simple behaviour for f (p ,  s) at high ener- 
gies. These predictions, known as scaling or limiting fragmentation, have been tested 
over a wide range in energies and secondary momenta in reactions involving only 
hadrons. In photoproduction,  however, only a few inclusive experiments have been 
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carried out so far. The reaction 7P ~ 7r-X has been investigated at SLAC for photon 
energies between 2.8 and 15 GeV [3]. Pion inclusive spectra (as well as po and A ++ 
distributions) were measured at 7.5 GeV in the reaction ~d --> ~r-X [4]. Preliminary 
data on 7P ~ ~r±X and 7P ~ K-+X at 18 GeV were presented at the 1971 Cornell Con- 
ference [5]. Also available are preliminary data on 7P ~ lr±X and 7P ~ pX from a 
streamer chamber experiment at DESY [6]. Recently also the reaction 7P ~ rr0X 
has been measured [7] at a photon energy of  6 GeV. 

The photoproduction data and the hadron data, normalized to the respective to- 
tal cross sections, show similar behaviour (limited transverse momentum,  leading 
particle effects etc.) indicating that a photon behaves like a hadron in inclusive reac- 
tions like it seems to do in two body reactions, That is, we can use the photon just 
as another particle to investigate scaling and limiting behaviour. In particular, an 
incident photon beam is well suited for investigating scaling in the projectile frag- 
mentation region. I f  the photon induced inclusive reactions have reaced the scaling 
limit, then it follows from C-invariance that the rr+/rr - and K+/K - ratios should be 
equal to one in the photon fragmentation region [8-10] .  The scaling behaviour can 
therefore be tested by a measurement o ( t he  particle-antiparticle yield at a single 
energy. 

The preliminary SLAC data [5] at 18 GeV show that the ratio 7r+/Tr - is indeed ap- 
proaching one, whereas the K+/K - ratio is much larger than one in this region. 
These results indicate that the reactions 7P ~ ~r-+X may have approached the scaling 
limit at 18 GeV whereas at least one of  the reactions 7P ~ K± X has not yet reached 
the scaling limit at this energy. 

In this paper we report the results of  a measurement of  the reactions 7P ~ 7t-+X, 
7P ~ K±X and 7P --> pX in the photon fragmention region +. The experiment was 
carried out at DESY and data were taken for transverse momenta  between 0.3 
GeV/c and 1.0 GeV/c at an average photon energy of  6 GeV. From the data we have 
determined the invariant cross sections as a function of  longitudinal and transverse 
momentum and compared them directly to existing data. Furthermore, using the 
measured rr+/~r - and K+/K - ratios, we have investigated scaling as a function of  
transverse momentum.  The data has also been analyzed using the triple Regge model 
and the effective trajectories have been determined. 

2. Experimental method 

The layout of  the experiment is shown in fig. 1. A bremsstrahlung beam with a 
typical intensity of  8 × 101° equivalent quanta per second was passed through a 
27.8 cm long hydrogen target and was monitored with a quantameter.  The calibra- 
tion of the quantameter was frequently checked using a calorimeter. The angle 0 

+ Preliminary results of this experiment have been submitted to the 1972 Int. Conf. on high 
energy physics, Batavia. 
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Fig. 1. Layout of the experiment. T liquid hydrogen target. M bending magnets. Q quadrupole 
magnets. S1 . . . . .  $4 scintillation counters. 0-Hod., p-Hod. Hodoscopes. C e, C~r, C K Cerenkov 
counters. 

and the momentum p of the produced particles were determined using a focussing 
magnetic spectrometer. The spectrometer accepted -+ 10 mrad in the production 
angle and had a total acceptance (Ap/p) AI2 of 17.6 X 10 -6  sterad. The acceptance 
was subdivided into 26 bins in Ap and 20 bins in A0 by hodoscope counters located 
in the focal planes of the spectrometer. 

The particles were identified using two threshold Cerenkov counters C e and C. 
set to respond respectively to electrons (positrons) and pions, and a differential 
Cerenkov counter C K responding to kaons. Due to the high trigger rates the data 
were in general not analyzed event by event using the on-line computer but rather 
fed directly to fast scalers. However, to ensure the proper operation of the apparatus, 
a small subsample was written on tape and analyzed on-line. 

In order to measure the cross sections at a definite photon energy, bremsstrahlung 
beams with endpoint energies of 6.5 GeV and 5.5 GeV were used and the yields for 
a fixed spectrometer momentum and angle were subtracted. The resulting yield is then 
mainly due to photons with energies between the two endpoint energies with a small 
contribution from photons at lower energies. Also the corresponding empty target rate 
was determined for each yield point. To minimize systematic errors the endpoint 
energies were switched frequently and as a check the yields at a fixed kinematical 
point were measured periodically during the course of the whole experiment. 

The raw data were corrected for Cerenkov counter inefficiencies, nuclear absorp- 
tion, decay in flight and for the contribution from photons with energies below 
5.5 GeV, The kaon Cerenkov counter was (95 - 1)% efficient, the pion counter 
more than 99.8%. The correction due to nuclear absorption was rather large 
(2570-40%) since the particles had to traverse the high pressure (15 to 20 atm) kaon 
Cerenkov counter filled with Freon-13. The particle loss was determined experimen- 
tally for the pions and protons. From these measurements the loss of kaons was 
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computed using the ratios of the absorption cross sections for pions and kaons on 
Freon, derived from a Woods-Saxon potential [11 ]. The uncertainty in the cross 
section due to the nuclear absorption correction was 2-3% for the pions, 6-8% 
for the kaons and 3-5% for the protons. The decay correction was quite serious 
for the kaons. At 2.5 GeV/c, 75% decayed before reaching the last counter. The 
effective decay length, however, was very well known since a kaon which decayed 
in front of the C K counter was not identified as a kaon. In the case that the decay 
muon traversed the counter system it was either vetoed by the C~r counter or not 
registered by the differential C K counter. The decay length was therefore known 
to be (25.5 -+ 0.5)m leading to an uncertainty in the kaon cross sections of -+ 3%. 
For the pions, the decay loss was between (5 -+ 1.5)% and (11 -+ 2)%. 

The contribution to the particle yields from photons with energies below 5.5 
GeV was computed assuming scaling for the cross sections. The correction was 
found to be between -3% and +5%. (A negative contribution may arise since sub- 
tracting a bremsstrahlung spectrum of 5.5 GeV maximum energy from a spectrum 
of 6.5 GeV maximum energy leads to a negative number of photons in the energy 
range 4.8-5.5 GeV). A systematic error of -+ 1.5% is assigned to the cross sections 
due to this correction. At p± = 0.3 GeV/c and x = 0.53 the,correction was checked 
experimentally by lowering the maximum bremsstrahlung energy from 6.5 to 3.0 
GeV in steps of 0.5 GeV. 

From comparing a selected yield point at various times we found that the rates 
were reproduced to better than -+ 1% during the course of the whole experiment. 
The short time reproducibility is conservatively assumed to be also -+ 1%. At low 
secondary momenta where the rates from the two endpoint energies become simi- 
lar, this might introduce an error of up to 10%, but for most of the data points 
the error is only about 2%. 

The errors caused by the various corrections and uncertainties and the statistical 
error were added quadratically and this is the error quoted in the tables and figures. 
In addition there is an estimated normalization uncertainty of -+ 7% from quanta- 
meter calibration, spectrometer acceptance and hydrogen target thickness. 

3. The data 

The kinematic region covered in this experiment is depicted in fig. 2 where the 
location of the pion data is shown as a function of transverse momentum p± = 
Plab sin 0 - ,  and x = pl~n/p cm mo max" _ 

The invariant cross sections Ed3o/d~p = (E/p 2) d2o/d[2 dp for 7P ~ 7t-+X, 7P 
K -+ X and 3'p ~ pX are given in tables 1,2, 3 as function of the variables p± and 

x. For convenience the values of Plab, 0lab, the rapidityy = ~ In [(E + pll)/(E-pll)] 
the missing mass M x and the four momentum transfer squared t between the pho- 

c m  ton and the detected particle are also listed. For Pmax, the maximum momentum 
of the outgoing hadron in the center of mass frame was chosen, that " cm is, Pmax is the 
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Fig. 2. Location of  the data points for 3'P ~ ~r+X as a function of  the longitudinal and transverse 
momentum in the center of  mass system. 
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Table 3: 

d3a 
E - -  [/~b/GeV 2] for 3'P --* pX at 6 GeV 

d3p 

P.L Plab 01a b x d3a ~tb Ylab MX - t  
GeV/c GeV/c E • GeV (GeV/c) 2 

dp 3 GeV 2 

2.54 6.79 0.22 11.45 -+ 0.80 1.67 2.39 1.35 
2.80 6.16 0.28 10.43 -+ 0.56 1.76 2.34 1.15 

0.3 3.33 5.17 0.40 6.63 + 0.41 1.93 2.19 0.84 
3.89 4.43 0.51 4.25 ± 0.18 2.08 2.01 0.60 
4.45 3.87 0.63 2.35 -+ 0.07 2.21 1.79 0.42 
5.18 3.32 0.76 1.t5 + 0.10 2.36 1.43 0.23 

0.4 3.40 6.75 0.40 5.60 ± 0.21 1.91 2.14 0.93 

2.49 11.60 0.17 8:36 + 0.56 1.57 2.32 1.78 
2.97 9.68 0.29 5.91 + 0.31 1.74 2.22 1.36 

0.5 3.49 8.24 0.41 4.51 _+ 0.18 1.89 2.08 1.04 
4.02 7.14 0.52 2.50 -+ 0.13 2.03 1.90 0.79 
4.57 6.28 0.63 1.47 -+ 0.050 2.16 1.68 0.59 
5.13 5.59 0.74 0.807 +- 0.051 2.27 1.38 0.43 

0.6 3.59 9.62 0.41 2.91 -+ 0,12 1.87 2.00 1.18 

2.55 15 .94  0.13 4.29 +- 0.32 1.49 2.18 2.30 
3.03 13.37 0.25 2.88 ± 0.18 1.65 2.09 1.81 

0.7 3.54 11.42 0.37 2.13 ± 0.09 1.81 1.96 1.43 
4.06 9.92 0.49 1.46 ±0.05 1.94 1.73 1.13 
4.61 8.74 0.60 0.867 +- 0.07 2.07 1.56 0.90 

0.8 3.83 12.06 0.41 1.'19 ± 0.5 1.83 1.80 1.49 

2.66 22.05 0.03 02828 ± 0.068 1.35 1.86 3.38 
3.06 19.06 0.15 0.620 ± 0.040 1.49 1.82 2.82 
3.22 18.10 0.20 0.577 ± 0.030 1.54 1.79 2.64 

1.0 3.50 16.61 0.27 0.500 -+ 0.028 1.63 1.73 2.36 
4.10 14.10 0.42 0.335 +- 0.013 1.79 1.54 1.88 
4.46 12.97 0.50 0.238 _+ 0.026 1.87 1.39 1.66 
4.97 11.62 0.61 0.116 ± 0,020 1.98 1.12 1.39 
5.23 11.03 0.66 0.122 ± 0.013 2.03 0.95 1.29 

pmax 
CM = 1.616 GeV/c 

center o f  mass  m o m e n t u m  o f  t he  t h r e s h o l d  r eac t ion  7P -+ zr+n for  rr +, 7P -~ rr-(Tr+p) 

for  r r - ,  7P ~ K+A for  K +, 7P -* K -  (K+p)  for  K -  and  7P -* 03' for  p. 

To display the  gross fea tures  o f  the  da ta  we have p l o t t e d  the  inva r i an t  cross sec- 

t ions  as a f u n c t i o n  o f  x at  two  d i f fe ren t  values o f  the  t ransverse  m o m e n t u m .  Fo r  a 

t ransverse  m o m e n t u m  o f  0.3 GeV/c ,  the  invar ian t  cross sec t ions  have b e e n  p l o t t e d  

versus x in  fig. 3. The  lr +, r r -  and  K + yields have  near ly  the  same s lowly vary ing  x 

d e p e n d e n c e  at  th is  value o f  P_L, whereas  b o t h  the  K -  and  p r o t o n  cross sec t ions  d rop  
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Fig. 4. Invariant cross sections at a transverse momentum o f  1.0 GeV/c. 

more steeply with increasing x. The lr + cross section is about 10% larger than the 
~ -  cross section and roughly an order of  magnitude larger than the K ÷ and proton 
cross sections. The K+/K--rat io is considerably larger than 1. 

In fig. 4 the invariant cross sections are plotted versus x for a transverse momen- 
tum of  1 GeV/c. Note the rapid increase of  the proton yield relative to the pion 
yield with transverse momentum. Also the K + yield has increased relative to the 
pion yield whereas the K -  yield is still only a few percent of  the pion yield. The 
K + cross section is also fairly independent of  x, in marked contrast to the K -  cross 
section. It is also worth noting that the 7r + cross section is now significantly larger 
than the 7r- cross section. 

4 .  T r a n s v e r s e  m o m e n t u m  d e p e n d e n c e  

It is well known that the particle yields decrease rapidly with increasing transverse 
momentum. This is shown in fig. 5 where the invariant cross sections, at a fixed 
value of  x, are plotted as function of  the transverse momentum squared. The solid 
lines represent the results o f  a fit to the data o f  the form A e - B P L  The kaon and 
the proton distributions are well represented by the fit for p± between 0.3 GeV/c 
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Fig. 5. p2 dependence o f  inclusive photoproduct ion at f ixed x.  The solid lines are fits to the data 
i 

of the form A exp ( - B  p:!). 
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Fig. 6. The value of the slope parameter B determined from a fit of the form A -Bp~ (for 0.3 
P.L ~; 0.8 GeV/c) is shown as a function ofx.  
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GeV 2. Note the difference in slope ~or the two ranges in p~ J~or comparison the preliminary 
18 GeV SLAC data are shown• 

and 1.0 GeV/c, whereas the pion distribution shows some deviations from this form 
at the largest value o f p  I .  It is evident from the fit that there is no universal slope 
for all particles, the pion and the K -  distributions have significantly steeper slopes 
than the proton and K + distributions. In fig. 6 the slope parameter B, determined for 
p± between 0.3 GeV/c and 0.8 GeV/c, is plotted as a function ofx .  For comparison, the 
slope values for the reaction 3'P ~ 7r 0X as determined in a recent experiment [7] are also 
included. In the x-range shown, the value of  B clusters around 6(GeV/c) -2  for the 
n +, rr- and the K -  distributions, whereas for the proton, the ~r ° and the K + data B 
is around 4(GeV/c) -2 .  Hence the various values of  B do not seem to be directly 
connected with the mass o f  the observed particle. It is also seen in this plot that B 
is not independent o f x .  

In fig. 7 the invariant cross sections for TP ~ 7r-+X are plotted as a function of  
p2 for x ~ 0.23. For comparison the preliminary 18 GeV SLAC data are also shown. 
The agreement between the two sets o f  data is good for 7P ~ 1r-X, indicating that 
the transverse momentum distribution does not depend strongly on the energy. In 
the case of  7P ~ lr+X the 6 GeV data seem to be systematically high with respect 
to the 18 GeV data. 
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5. The ratio of the particle and antiparticle yields 

The Regge theory [8-10] of the inclusive reactions predicts that in the scaling 
limit the cross sections for the reactions 7 + P -~ c + X and ~, + p -~ ~- + X should 
become equal in the photon fragmentation region. This follows from the observation 
that the Pomeranchuk trajectory is even under charge conjugation and that the 
photon couples to c and ~- with equal strength. Hence if we find experimentally that 
the yields of particles and antiparticles differ, then scaling must be violated. However, 
if we observe that the ratio is equal to one then the situation is more problematic, 
since any trajectory with positive charge conjugation will lead to a particle-antipar-. 
ticle ratio of one. On the other hand, if besides the pomeron, secondary trajectories 
are important then it would be difficult to understand why only trajectories with 
C = +1 should contribute. 

Experimentally a measurement of the particle ratios only involves changing the 
polarity of the spectrometer and it is therefore to a high degree free of systematic 
errors. In fig. 8 the 7r+/lr - ratio is plotted v e r s u s  x for various values of p±. At p± = 
0.3 GeV/c, this ratio is about 1.1 which indicates that scaling might be nearly valid 
for the bulk of the produced pions. At larger values of p±, the n + / T r  - ratio increases, 

3 
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I I I I I I I I 

E.y = 6 GeV 

x p L =0.3 GeV/c 

o P.L = 0.5 GeV/c 

o PI = 0.7 GeV/c 

& Pl = 1.0 GeV/c 

I I I I I I I I 
0.1 0.2 0.3 0."- 0S 0.6 0.7 0.8 0.9 

x = p~lm/pCmmx 

Fig. 8. Ratio of rt + and 7r- production versus x for various transverse momenta.  
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Fig. 9. Ratio of K + and K-  production versu~x. 

09 

so scaling is certainly violated for at least one of  the reactions 3'P ~ 7r+X or 7P ~ 
lr-X. Also note that the rt+/rt - ratio in general also increases with increasing 
values o f x  - i.e. with decreasing mass o f  the unobserved system X. 

The K÷/K - ratio is shown in fig. 9. Again the ratio increases with increasing 
values of  p± and x. From this observation we conclude that scaling must be sig- 
nificantly violated in at least one of  the K-production reactions. 

These measurements seem to indicate that scaling is increasingly violated with 
increasing values of  p±. However, for fixed value of  x, the missing mass o f  X is 
decreasing with increasing values of  p±, hence the apparent breakdown of  scaling 
for larger values of  p± could simply be due to low missing masses. This is supported 
by the preliminary results of  the SLAC 18 GeV experiment [5]. At a fixed value of  x 
the particle-antiparticle ratios observed in the SLAC experiment are significantly closer 
to one than the ratios observed in this experiment. That is, at fixed x the particle- 
antiparticle ratio seems to approach one with increasing values of  the missing mass. 
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Fig. 10.7r+/Tr - and K+/K - ratios for P i  = 0.3 GeV/c compared with predictions of  the Drell 
model. 

The ratio of  the particle-antiparticle yields can be estimated from the Drell 
model [14]. This model predicts 

a(?p -~ rr+X) _ oT0r -P)  

a (op --~ zr - X )  O T (zr + p )  

and correspondingly 

a(?p -~ K÷X) _ aT ( K - p )  

a(~,p -~ K - X )  aT (K+p) 

H e r e  a T denotes the total cross section evaluated at a center of  mass energy equal 
to the mass of  the unobserved system X. In fig. 10 the measured values for a trans- 
verse momentum pi  = 0.3 GeV/c are compared with the predicted values using the 
formula listed above. In the case of  the pions the agreement is good for masses 
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above 2 GeV. In the case of  the kaons there are some deviations at low missing 
masses, for higher missing masses, however, the measured values are only 20% above 
the predicted values. 

6. Comparison with other experiments 

The rr- data are compared in fig. 11 with data from the SLAC laser beam experi- 
ment [3] at 4.7 GeV and preliminary data at 18 GeV [5]. At transverse momenta 
of 0.3, 0.5 and 0.7 GeV/c the agreement between the different energies is fairly 
good indicating that scaling is nearly fulfilled in rr- production down to an energy of 
4.7 GeV. At p± = 1.0 GeV/c however, where the cross section has dropped about 
two orders of  magnitude, a sizable violation of scaling is seen. This is in agreement 
with the observation made from the 7r+/rr - ratio of the 6 GeV data alone. The 6 
GeV and the preliminary 18 GeV rr + data are compatible with each other (see fig. 
12), and so are the 6 and 18 GeV K ÷ data (fig. 13). For K -  production, scaling 
may be approximately valid at p± --- 0.5 GeV/c but it is badly broken at Pi = 

I I I i I I I 

y p  ,. ~ - X  
o p1:03 GeV/c 

°~o 

I 
I0.C p.l.: 0.5 GeVlc'-- ~- 

o "-. 

p.L.=O.TGeV/c 

o .o I x o- 

"•"  
1.C 

LU 

ol 

o this experiment (6 GeV} 

~, SLAC (&7 GeV. Ref. 3) 
x SLAC (18 GeV, Ref.5) 

I I I I I I 
0.1 0.2 0.3 0.4 o.s 0.6 0.7 o.B 0.9 

x=p?/p,~";;, 
Fig. 11. Comparison of 4.7 GeV (ref. [3 ]), 6 GeV (this experiment) and preliminary 18 GeV 
(ref. [5]) data on "rP --" ~r-X. Dotted lines are drawn to separate the data points for the various 
P.L values. 
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Fig. 12. Comparison of  6 GeV and 18 GeV data on "yp ~ zr+X. 

1.0 GeV/c (fig. 14). K -  production seems to violate scaling more than the other 
observed reactions. This is in apparent diagreement with the conjecture [ 10] based 
on duality that if (abe-) is exotic the reaction should scale at low energies in the 
fragmentation region. 

For completeness, we show in fig. 15 the proton distribution at various trans- 
verse momenta although data at energies other than 6 GeV are not yet available. 

7. Triple Regge analysis 

Scaling and limiting behaviour can be derived in a Regge model using the ob- 
servation by Mueller [8] that the total cross section for a + b ~ c + X is related to 
the elastic 3-body scattering amplitude a + b + ~-. 

Assuming the reaction to scale, Regge models [9, 10, 12, 13] predict the in- 
variant cross section (for the particle c near its k:nematic boundary) to be propor- 
tional t o  (sis') 2~( t ) -  l .  In this formula s is the center of  mass energy squared, s' 
is thi~ missing mass squared, t is the square of the four momentum transfer be- 
tween a and c, and tx(t) represents the highest trajectory which can be exchanged 
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between the particl_e a and c. In the scaling limit a(t)  can be either determined from 
measurements at fixed t and s', but various values of s, or from measurements at 
fixed t and s but various values ofs'. Since the data were collected at only one in- 
cident energy the latter method was employed. Of course, in the scaling limit both 
methods should yield the same trajectory. 

At the energy available to the experiment the conditions s ~, s' ~" 1, needed to 
derive the Regge expression, is not satisfied. Furthermore, the data show that the 
scaling limit is not yet reached at this energy. Hence, there must be corrections, 
resulting frorn the exchange of secondary trajectories or cuts, to the simple formula 
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Fig.  16.  I n v a r i a n t  c ros s  s ec t i on  f o r  ~r + p r o d u c t i o n  a t  v a r i o u s  m o m e n t u m  t r ans f e r s  a r e  p l o t t e d  
v e r s u s l n  ( l / s ' )  (s' 2 • • = M x mis s ing  m a s s  s q u a r e d ) .  

given above. However, if the cross section is propor t ional to  some power ( s i s ' )  n( t )  
it is still possible to determine an effective trajectory for the process. 

By interpolating between data points the invariant cross section for 3'P ~ r r -X 
has been plotted in fig. 16 as a function of  In (1/s ' )  for various values of  t. It is clear 
from the plot that the data are well represented by a straight line as expected from 
the Regge model. The same plot has also been made for the other reactions studied. 
With the exception of  3'P ~ pX, these plots confirm that the energy dependence 
of the invariant cross sections is indeed well described by the form (sis ')  n (t) 

From the plots above the effective trajectory a ( t )  can be determined. The effec- 
tive trajectory for the reactions 7P ~ rr -+ X is shown in fig. 17a and fig. 17b. The tra- 
jectories so determined tend to flatten out at larger values of  Itl. In contrast to the 
behaviour observed in two body photoproduction processes, the inclusive pion cross 
sections show shrinkage. Also note that the effective trajectory is well below the p 
and A 2 trajectories and in rough agreement with the pion trajectory. In fig. 17c the 
effective trajectories for 3'P ~ K-+X are plotted versus t. The effective trajectory for 
"yp ~ K+X has a slope of  about 0.5 (GeV/c) -2  whereas the effective trajectory for 
the exotic reaction "yp ~ K - X  is flat within the large incertainties and well below the 
other trajectories. 
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Fig. 17(a) The effective trajectory for the reaction 3'P ~ rr+X is shown. For comparison the 
"Tr trajectory" is also plotted. (b) The effective trajectory for "I"P ~ n - X .  Points determined 
from the SLAC data at 9.3 GeV (ref. [3]) are also shown. 
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Fig. 17. (c) The effective trajectories for ~,p ---* K+X, "rP ~ K - X .  
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Fig. 17. (d) The effective trajectory for "rP ~ pX. 

The effective trajectory for ")'p -~ pX is shown in fig. 17d. Here the error bars 
have been increased to account for the observed deviations from a power law. 
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