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ABSTRACT 

The inclusive reactions yp -, 7r-+ anything, K+p + 7r- + anything and 

pp -+ r- + anything are compared for small 7~~ laboratory momenta. We 

discuss in detail their relative shapes and magnitudes and present a 

theoretical interpretation of these characteristics. 
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The concepts of limiting fragmentation1 and factorization:! have been proposed 

as characteristic properties of inclusive reactions. According to the first, the 

double differential cross section 2 2iT 
apLapT 3 evaluated in the laboratory system, 

should become independent of energy for small PL. According to the second, if 

the Fomeronchuk trajectory dominates, then when this limit is attained, the dif- 

ferential cross section for a given target should be independent of the projectile 

particle, when divided by 9 (the asymptotic total cross section). 

In this letter, we present laboratory distributions 1 a2u - for 
aT dpL dpT 

low -momentum T- from the reactions 

YP + K- + Anything (Ey ’ = 10.4 GeV) (1) 

K+p -+ 7~~ + Anything <q(+ = 11.8 CeV/c) (2) 

PP 4 ?r- + Anything ‘Pp = 28.5 GeV/c) (3) 

We compare the relative shapes and normalizations of these distributions. 

previously, it has been shown3 that reaction (1) decreases by about 30 % over 

the Ey range from 5.5 to 15 GeV, and so has not reached a limiting distribution 

in the target-fragmentation region at these energies. 4 An energy-dependent 

study of reaction (2) has not been made. The distribution for reaction (3) is 

approximately independent of energy over the range 13.5-28.5 CeV/c. 5 Thus 

the data at hand consist of two reactions, (1) and (2)) at about the same incident 

energy, and a third, reaction (3)) that is almost independent of energy. 

The data of reaction (1) consist of 39,000 events (58,000 7~~ tracks) with 

Ey in the range 6-18 GeV studied in the SLAC 2-meter streamer chamber using 

an 18-GeV bremsstrahlung beam. To obtain sufficient statistics for a detailed 

comparison, we have combined these data to obtain a single distribution at an 

effective Zy = 10.4 GeV. 3 The data of reaction (2) consist of 280,000 events 
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(360,000 7r- tracks) produced by an 11.8 CeV/c K’ beam in the LRL-SLAC 

82-inch liquid hydrogen bubble chamber. 6 The data of reaction (3) consist of 

12,200 events (25,000 r- tracks) studied in the BNL hydrogen bubble chamber 

at incident momentum 28.5 GeV/c. 5 For all three reactions, the measured 

momenta of the negative tracks were used without kinematic fitting and were 

assumed to be 7r-. The overall normalization errors are estimated to be 13%, 

5%, and 5% for reactions (l), (2) and (3), respectively. 

1 ao On Fig. 1, we plot the laboratory distributions - - 
OT “L 

for all three 

reactions as functions of PL (uppermost points). Beneath these data, we show 
1 - a20 7 

OT aPLaPT for 0.1~GeV/c intervals of PT. The values aT = 0.1 mb , 

1’7. 5mb8 and 39.8 mbg were assumed for the yp, K+p, and pp asymptotic total 

cross sections, respectively. The errors shown in Fig. 1 are statistical and do 

not reflect uncertainties in overall normalization of the three experiments nor in 

the asymptotic cross sections used. 1-o 

From Fig. 1 we see that: 

1 

(a) The three reactions have similar shapes in -$ s and in 

82u L 
- 
oT dPL8PT for small laboratory momenta ( 1 PI < 0.5 GeV/c), l1 

(b) Statistically significant differences in shape are present at larger 1 P 1 ; 

in particular, the yp distribution is relatively larger at large PT and small PL. 12 

(c) Where differences are statistically significant, the yp distribution is 

largest throughout the region shown, and the K+p distribution is smallest. 

We can arrive at a simple quantitative statement about these observed dif- 

ferences in magnitude in the fragmentation region by integrating the distributions 

over all PT and negative PL. This region of backward IT- is likely to be richer in 

target fragmentation than the entire range of Fig. 1. We find 0. 031 rt 0. 004, 

0.0180 * 0.0008, and 0.0132 f 0.0006 for yp, pp, and K’p, respectively. Thus 
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these integrals are in the ratios yp : pp : K+p t (2.4 f 0.3) : (1.36 f 0.10) : 1. 

The two errors quoted reflect the overall normalization in the K+p experiment, 

combined with the error in the yp and pp experiments, respectively. From their 

relative magnitudes we see that if factorization is to hold at high energies, at 

least two of the reactions have not reached their limiting values. 13 

We have no explanation for the relatively small deviations between the K+p 

andpp distributions (20-40%), but we advance a tentative explanation for the rather 

large differences in magnitude and shape between the ‘yp reaction and the other two. 

This difference can be discussed in the framework of Mueller. 2 The quantum 

numbers of the 7rf pK+ and r+ pp systems are exotic, 14 and hence are character - 

ized by Pomeron factorization. The Z+ py system, on the contrary) js non- 

exotic and hence the 7~~ distribution will also receive contributions from non- 

Pomeron exchanges that do not limit at these energies. The distribution from 

such a nonexotic reaction has been conjecturedL to be of the form f (PL, PT) 

+ g (P,, P,)/fi We can test this conjectured energy dependence 15 using 

the yp cross sections at the energies of Ref. 3. Jn Ref. 3, the integrated dis- 

tributions for reaction (1) for PL < 0.0 were evaluated at photon energies of 

5.5, ‘7.5, 10.5 and 15 GeV. A decreasing trend in the values was observed: 

0.038 f 0.004, 0.038 * 0.003, 0.031 f 0.003, 0.025 k 0.003. In addition to 

these four values, we take the value found above for the K+p integrated distribu- 

tion as a conjectured asymptotic value for the yp reaction. All five values are fit 

to a function of the form A + B/G We obtain A = 0.013 f 0.001, and 

B = 0.082 h 0.008 GeV with a X2 of 2.6 for 3 degrees of freedom. Hence the data 

are consistent with an interpretation in which the nonexotic yp reaction will fall 

with increasing energy to eventually limit at the distribution for the exotic K’p 

reaction (The yp data are also consistent with the pp cross section as a limit. ) 
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These differences in magnitude and also the relative differences in shape 

between the yp reaction on the one hand ard the K+p and pp reactions on the 

other hand can be formulated in terms of a specific dynamical model, the Regge- 

exchange model. 2,16,17 In this model (see Fig. 2), the proton emits the 7rr- 

and propagates as a Reggeized A * in the t-channel; this Au then scatters with 

the projectile particle. The cross section for this process is given by 16,17 

(4) 

where o(t), /3(t) are the trajectory and residue of the exchanged Reggeon, and 

aB is the total cross section for the A 
-I-+ 

- beam interaction. If the Pomeron 

dominates, gB is a constant b; otherwise, oB will also include a decreasing 

resonance term of the form a/M. In terms of the r- momentum PL and energy E, 

and the target mass m, we have -M2= s[l+v]. 

In Ref. 17, detailed fits to 7rIT- spectra from pp counter data at energies 

ranging from 12.4 to 30 GeV/c were obtained; expressions for a(t), p2(t) and 

CJR are given there. The prediction of Eq. (4), integrated over PT with these 

parameters, is shown in Fig. 1. We see that Eq. (4) describes the pp data for 

small PL (PL 5 0.1 GeV/c) reasonably well. 18 

For the yp reaction, we have ok = b + a / M. We would then predict the 

[ pzEl-y ratio of the yp and pp inclusive normalized distributions to be 1 + C 1 + - 

The parameter C is an average of (ab -1 -l/2 s ) over the bremsstrahlung spectrum. 

To test this conjecture, we compare the ratios of the yp and pp distributions 

of Fig. 1 to this prediction. An adequate fit to the data is obtained with 

C = 1. The experimental ratios and the predicted curves are shown in Fig. 3. 10 

We see that at small PT and large PL (corresponding to large M) both ex- 

periment and theory give a ratio of 2. At large PT and small 
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PL (small M), the model predicts a ratio larger than 2 because of the low-M 

resonances in the A+‘y process. This feature qualitatively agrees with the ex- 

perimental data, though the data suggest perhaps a sharper increase at small M 

than that provided by the term a/M. 
19 

In summary, we conclude that in the target fragmentation region the K+p and 

pp distributions are similar in magnitude and shape to within 20-40%, but that 

the yp distribution: (1) has a magnitude over two times larger than the K+p and 

pp distributions and (2) falls with increasing energy,perhaps to eventually limit 

at the K’p distribution, and (3) at the energy studied has a different relative 
- 

shape attributable to the nonexotic contributions. . 
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FIGURE CAPTIONS 

1. Differential cross sections for yp --$ 7rTT- -I- anything 

(open circles), K+p -+ 7r- + anything (closed circles), and pp + 7~~ + anything 

(squares) as a function of PL for a range of intervals in PT. Also shown 

is (dajdPL) / ok (uppermost points). The curve is the theoretical prediction 

of Fq. (4) for the pp reaction (see text). The diagonal lines at the left are 

intended to distinguish the PT selections at small PL. The approximately- 

vertical broken lines show the value of PL corresponding to x= -0.5 and 

x = 0.0, respectively, where x z 2 . PL(c. m. ) / 6. 

2. Regge model for proton fragmentation in proton- and photon-induced inclusive 

reactions. 

3. The ratio 52 The curve indicates the 
YP 

of the normalized distributions. 

prediction of Eq. (4) over the entire PL, PT region with C = 1 (see text); 

solid portion indicates the PL, PT region for which Eq. (4) adequately 

accounts for the 7r- distribution in the pp reaction; dashed portion indicates 

the prediction of Eq. (4) over the rest of data. 
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