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ABSTRACT 

For the high energy data on ~~t the proton-proton total 

cross section, and on p, the ratio of real to imaginary part of the 

forward elastic amplitude, including the recent ISR results, an 

excellent £it is obtained with P, pI, W Regge poles plus a pair of 

complex conjugate Regge poles. The complex poles describe the possible 

oscillatory behavior of the quantities aPP and p. The physical tot 

meaning of these complex poles and extrapolation to £uture measurements 

of the above quantities are discussed. 

The relevance of complex Regge poles to high energy scattering 

process was emphasized by Chew and Snider [1], who illustrated the 

idea with a simplified multiperipheral model. Physically, whenever 

the energy o£ the initial scattering state increases by a certain 

amount, a new channel"opens up in the £inal states. In a multiperiph-

eral model for the unitarity sum, this amounts to adding a term with 

one additional unit link in the multiperipheral chain of the 
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production amplitude. This mechanism in the sum is reflected in the 

Regge singularity spectrum by conjugate pairs of complex poles, in 

addition to the leading real pole. These complex poles would describe 

the damped oscillations in, e.g., the total cross section. 

Subsequent quantitative studies of the (more realistic) 

classical multiperipheral model [2,3] confirm the existence of complex 

poles, but their residues turn out to be so weak and the real parts o£ 

their positions so low that they could hardly produce any observable 

e£fect. Recall that this classical model contains only a low-subenergy 

resonating system as the unit link in the chain.. More modern multi-

peripheral models [4], however, include high-subenergy diffractive 

scattering along the chain. The unitarity sum in the classical model 

may be regarded as consisting of all single "fireball" events, and 

one now additionally includes those events consisting of two fireballs, 

three fireballs and so on--these events having one, two, etc. large 

rapidity gaps between groups of produced particles. Including multiple 

fireball production in the formalism, it is conceivable that the 

corresponding complex poles would manifest themselves experimentally 

when the energy is high enough to open up some of those multi-fireball 

"superchannels" [5]. Another candidate for a high-threshold link in 

the multiperipheral chain is the production of baryon-anti baryon 

pairs [6,7]. 

Motivated by these arguments, we have examined recent data on 

pp, collisions: the total cross section ~~t and the ratio p of 

real to imaginary part of the forward elastic amplitude. We have 

fitted the data from about 10 Ge~ up to the ISR region [8] with the 

conventional P, pI, w poles plus a pair of complex conjugate poles 
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(t = 0) we have 

(1) 

p I ~ . + \co.t :n(Xc ""\ 

L:.£. 2,1 
/ 

~, ~,-l 1f0: 
- cot A s + tan _W A --I-'P' I-' 

2 2 W 
0: -1]/ 

s W ~~t ' (2) 

where, as usual the scale parameter is set equal to 1 Gey2, I~cl 

is the absolute magnitude of the residue of the complex pole, measured 

against Cp : the Pomeranchuk pole residue, ~ is the argument of 

the complex residue and O:c = ~ + i~ is the pole position. We 

have put the Pomeranchuk pole O:p = 1 for simplicity [9]. Before 

going to the data, one point deserves to be emphasized. 
-1fQ: 

large enough such that e I «' 1 (say, O:
I

::c. 0.5), then it is 

easy to see that Icot 1f;c ,.. -~, so that the real part of the 

1 amplitude oscillates ~ 4 cycle ahead of the total cross section. 

With inclusion of data to fix the W residue, an 

is 

excellent fit is obtained with the following values of the parameters 

~pt 0: 
W 

0.13 -0.26 -0·91 0.8 0.6 0.4 
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with 2 
X = 67·7 for 75 data points. The plots are shown in the 

figure. Examining these values, we can see that the previously 

established picture of P, P', and w remains roughly the same. Our 

value of ~P' is a bit small, because part of its previously assumed 

role is now accounted for by P . 
c 

The complex poles Pc have quite 

a small residue as expected. We have two further remarks: 

Another adequate fit 2 (X = 70) has a smaller ~, (1) 

(O:r = 0.2). The corresponding curve for, say, ~~t rises further 

than that shown in the figure, but now O:P' is close to 1. In the 

energy range depicted this solution of our model is similar to models 

with an explicit (absorptive) Pomeranchuk cut. 

(2) If ~ is reduced as far as 0.4 with I~c i and ~ 

properly chosen, the values of the other parameters remaining roughly 

unchanged, we still get a reasonable fit 2 (X ... 140). 

Obviously the most distinctive feature of our fit is that by 

extrapolation a~~t reaches a maximum (at about 3 x 104 Gey2), and 

then decreases. This is contrary to all fits heretofore proposed [10]. 

The values of the parameters shown above are compatible with 

results from current studies of detailed multiperipheral models [7,12]. 

If we extend the results of the model of Gaisser and Tan [7T (Fig. 2 

in their paper), we would obtain a similar in behavior to that 

shown in our figure. While quantitative connection to specific model 

details is not attempted here, we emphasize that it is the threshold 

opening of large-mass multiperipheral clusters (e.g., fireball [11] 

and/or NN pairs [6,7]) that generates oscillatory components in the 

amplitude which can be described by complex Regge poles. Whatever 

the threshold mechanism one would observe the oscillation in p 
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earlier than that in Furthermore, one might also expect 

oscillations in the "slope parameters 11 of the fonlard elastic peak, 

in the mean pion multiplicity [13], (thus the height of the pionization 

plateau [14]), etc. All these considerations apply also to other 

reactions such as np, Kp--with the same period of oscillation, although 

the phase and the amplitude of oscillation will be different. 

We have put major emphasis on the fit shown in the figure, 

because it is consistent .with past as well as present Regge-pole 

pictures of strong interactions. If, as suggested by one analysis of 

cosmic-ray events [15], the values of ai~t beyond ISR energies lie 

much higher than the curve shown in our figure, the other solution 

(mentioned in the first remark above) is favored. 

In conclusion, if future accurate and reliable data show that 

a~~t continues to increase (even after 105 Gey2), it is likely that 

there are still new channels opening up to sustaing the growth, and the 

present version of the multiperipheral model is in trouble. On the 

other hand, experimental verification of oscillations would constitute 

an important encouragement for the presently-understood multiperipheral 

mechanism. 

The authors would like to thank G. F. Chew for suggesting this 

investigation and for reading the manuscript, and Joel Koplik for some 
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FlGUBE CAPrION 

Fig. 1. Total cross sections and the ratios of real to imaginary 

part of the forward elastic amplitudes. 
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