
SLAC-PUB-1202 
(T-E) 
March 1973 

Near 90' Scattering in the Channels pp -+ ,'A', 

-0 +o Kp+fiC and $P + Kip from 1.0 to 7.5 GeV/c* 

G.W. Brandenburg, W.B. Johnson, D.W.G.S. Leith, J.S. Loos,** 
J.A.J. Matthews, F.C. Winkelmann+ and R.J. Yamartino* 

Stanford Linear Accelerator Center 
Stanford University 

Stanford, California 94305 

Abstract 

Differential cross sections for center of mass scattering angles 

near 90' are presented for the reactions pp -+ fl A + O,TIop +o -+ lrx and 

$p -+ Kip in the momentum interval 1.0 to 7.5 &V/c. The energy depen- 

dences of these cross sections are found to be equally well described by 

the parameterizations: 
-bpI 

cc e 
90° 
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Since the first large angle measurements of pp elastic scattering [l], 

there has been growing interest in the possibility of probing the struc- 

ture of hadrons at small distances using purely hadronic reactions [2]. 

Recently parton models [3,4] have made these speculations quantitative, 

providing numerous predictions for both large angle elastic and two body 

scattering cross sections. Initial comparisons [3,4] of these models 

with elastic data indicate that agreement is found even at quite low 

energies, and suggest that similar comparisons be made for inelastic two 

body reactions. 

In this letter cross sections at 90' are presented for the reactions 

+o Tiop -+fl+n", Fop -+ fi c and Gp in the momentum interval 1.0 to 

7.5 GeV/c. These data result from an w 30 event/pb exposure of the SLM 

ho-inch (1 meter) hydrogen bubble chamber to a 
FL 'beam. 

General experimental details have been presented previously [5]. 

Events are accepted with confidence levels > 1%. The separation of 

ambiguous A0 and Co events discussed elsewhere [6], results in a resi- 

dual contamination of Co events in the A0 sample estimated to be Q 5 IL 5% 

for the present data. Contamination of the Co events from misidentified 

A",'," final states is < 10% below 2.5 GeV/c but < 6% for data above this rv w 

beam momentum. Similarly, the inclusion of Kin+, or Kix'p final states 

in the $p --+ Kip data is estimated to be ,< 2%. 

Corrections have been applied for small azimuthal losses (< 8%), for 

scanning losses (- 84/o), for neutral decay modes of the KS" and A', and 

for losses resulting from finite Ki and A0 decay volumes (average correc- 

tion factors vary from w 1.05 to w 1.10 for g decays and from w 1.05 to 

1.85 for A" decays between 1.0 and 7.5 GeV/c). The quoted cross section 



uncertainties include in quadrature the uncertainties in the beam 

momentum spectrum (,< 4%), in the azimuthal loss correction (,< 2$), and 

in the scanning efficiency (5 2%). An overall normalization uncertainty 

of 'V 10% has not been included. 

The 90' differential cross sections for our Fop -+ ,'A', ff"p + n'~" 

and -+ Kip data are shown in fig. 1. For comparison, cross sections 

for the reaction fir-p -+ non [7] are also plotted in this figure. Numeri- 

cal values for our data are recorded in table 1. 

The striking feature of all four cross sections in fig. 1 is their 

rapid decrease in magnitude with increasing energy. Parameterizing the 

cross sections with the power law form: 

(1) 

the data are fitted in several intervals in s, the center of mass energy 

squared, to obtain the energy dependence for the parameter 'In" shown in 

fig. 2.X At a given energy, the values of n for the K induced reactions 

are consistent with equality, but are smaller than the corresponding 

results for the ~r-p -+ Ron reaction, where n = 9.3 + 0.4 and n = 10.7 + 0.8 

for data above 2 and 2.5 GeV/c respectively. Values for similar momentum 

intervals for the K induced reactions are recorded in table 2. All four 

*In evaluating the parameter "n" in the overlapping momentum intervals 

2.5 to 3.5 GeV/c and 2.5 to 7.5 GeV/c, maximum likelihood and X2 minimi- 

zation techniques were used respectively. However, the 2.5 to 3.5 GeV/c 
2 interval was treated as one bin in the X fit to the lager region; this 

results in the two values of n being substantially independent. 
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reactions indicate that the parameter “n’f increases within the momentum 

interval - 1.5 to w 7.5 GeV/c. 

The form of eq. (1) is motivated by recent parton model predictions 

for the power law dependence of 90' elastic cross sections. In particu- 

lar, the parton exchange model of Blankenbecler, Brodsky and Gunion [4] 

obtains a general result for two body scattering: 

(2) 

where f(cose) is specified for each reaction, and q, q' are the center 

of mass momenta in initial and final states. At high energies this is 

equivalent to the parameterization of eq. (l)** where n = m-l. For 

meson-baryon scattering, assuming dipole and monopole form factors for 

the proton and mesons respectively, this model yields the energy depen- 

dence m = 8, shown as the curve in fig. 2. The K induced reactions are 

in agreement with this prediction; a recent + fl photoproduction result [83 

and the ~r-p --+ rr'n data [7] prefer slightly larger values of m than 

predicted. 

Comparisons with other features of this model [4] have also been 

made; the results for the angular dependence of our data about 90' are 

shown in fig. 3. The par-ton exchange model predictions are given by 

the curves in this figure. The data are observed to be in qualitative 

agreement with the predictions, cp --+ Kip being more asymmetric than 

either A or C reactions, but higher energy data are desirable. The com- 

parison of the 90' cross sections for $p + gp and sr-p -+ non is less 

*%For the present reactions this approximation is quite good for labora- 

tory momenta ,> 2.5 GeV/c (see fig. 2). 
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favorable however, yielding: 

(see fig. 1) in contrast to the predicted value [4] of IV l/18. 
. 

We have also parameterized the data with an exponential dependence 

on transverse momentum: 

=Be 
-Ml 

9o" 
(3) 

where p 1 
is simply the center of mass momentum, q', for 90' scattering. 

This parameterization, shown as the dashed curves in fig. 1, describes 

the data equally as well as the power law dependence of eq. (1). Values 

of b evaluated-in two momentum intervals are recorded in table 2.""* 

Our motivation for comparing eq. (3) to the data stems from Orear's 

[9] successful description of large angle pp elastic data with this form. 

We note that an exponential dependence of pI also provides a good descrip- 

tion of inclusive single particle cross sections [lo] for transverse 

momenta in the region spanned by the present data (see table l), For 

inclusive production, the exponential dependence on transverse momentum 

is often ascribed to the "thermodynamic" nature of strong interactions [ll]. 

We conjecture that this may also determine the energy dependence of two 

body scattering cross sections near 90'. Therefore, assuming that the 

invariant cross section for two particle scattering near 90' is given by 

***For g-p -+ non values of b = 12.8 It 0.6 and b = 14.2 + 1.0 are 

obtained for data above 2 and 2.5 GeV/c respectively. 

-5- 



the product of the inclusive single particle cross sections, we obtain:+ 

where pI is now directly related to the energy of the two body reaction, 

and b 1, b2 are the appropriate slopes for single particle inclusive pro- 

duction at 90'. These slopes are essentially independent of energy [lo] 

but may differ by a 2 (GeV/c) -1 for different particle masses. Taking 

representative values f12], we expect bl-+-b2 r~ 8.5 and 10.5 for Kp and fip 

reactions respectively. This result does agree in magnitude with the 

present analysis (see table 2 and fig. 2). The predictions of eq. (4) 

for the angular dependence around 90°, although symmetric in this para- 

meterization, are also observed to be in qualitative agreement with the 

data (see fig. 3). However, higher statistics experiments are clearly 

required to better determine the relationship between single particle 

inclusive distributions and two body cross sections near 90'. 

In conclusion, differential cross sections for 90' production in the 

non-diffractive channels Fop + fl A + O,lrpp 4-O --+ xc and KEp -+ Kip are 

observed to be in agreement with the dependences: da 

( i z5 c;S -7 or 

i 1 

-9PL 90° 
da 
xc Ge 

90° 
suggested by a parton exchange model, and inclusive 

single particle spectra respectively. 

We would like to thank R. Blankenbecler and M. Davier for helpful 

+More generally 
90° 

2 F(xl*, Pi 
1 

) F(x24, pL2=pL 
1 

) where the F(x,~l) 

are the appropriate invariant structure functions for single particle 

inclusive production. Interestingly, a similar relation is implied by 

the parton exchange model, ref. [4]. 
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Table 1 

Differential Cross Sections at 90' 

10.0 + 2.32 

(a) Determined in the interval -0.2 < cosE~* < 0.2 

(b) Upper bounds correspond to 85% confidence limit (1.9 events when 
no events were observed) 
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Table 2 

Model Parameters from Fits to the 90' Cross Sections: 

= B esbPl 

90° 

PLAB 

(@V/c > 

1.5 - 7.5 
2.5 - 7.5 

1.5 - 7.5 
2.5 - 7.5 

Reaction 

$P -+ K;P (a) lIop 4-0 -0 -+ nA + oCa) Kp-+rrC 

6.3 of: 0.4 I 6.2 + 0.4 4.8 in 0.5 
8.5 t 1.2 7.4 2 1.4 8.1 + 1.4 

8.0 + 0.6 8.3 k 0.5 6.0 + 0.6 
10.2 + 1.5 9.5 * 2.0 9.7 5 1.7 

(a) For these reactions the cross sections in the momentum interval 

5-7.5 GeV/c was taken equivalent to 1 * 1 events although no 
events were seen. 
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LIST OF FIGURES 

(1) Differential cross sections for the reactions Fop --+ ,;'A', Fop +o -+ 3-rc 

and Kip -+ Kip determined in the interval -0.2 < case* < 0.2. The - 

upper bounds, shown as dashed lines, correspond to 85% confidence 

level (1.9 events when no events were seen). The 90' cross sec- 

tions for the reaction fl-p -+ non are from ref. [7]. The solid and 

dashed curves on the data result from the fits to the forms 

= l/sn and a eBbPI 
9o” 9o" 

respectively in the energy 

intervals shown. 

(2) Momentum dependence of the parameter n in eq. (1) for the reactions 

FP + nA + O,fTop +d -+ Ttc and Gp s -+ K'p. Data used are in the 

interval -0.2 < co&* < 0.2. The solid and dashed curves represent 

respectively the par-ton model prediction da 

i) dt 9o" 
a l/s', ref. [4], 

. /do and the prediction 'do 
\ 1 9o" 

a emgpl of eq. (4). 

(3) Angular dependence of the differential cross sections near 90' for 

(a) ??p -+ n'A", (b) ??p -+ n+Z" and (c) $p -+ K"p determined in s 

the momentum intervals 3-5, 2.5-4 and 2.5-k GeV/c respectively. The 

solid and dashed curves represent the parton model prediction, ref. 

[)+I, and the prediction of eq. (4) respectively. These curves are 

arbitrarily normalized to the data. 
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