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REGGE-POLE MODEL FOR pp AND pp ELASTIC SCATTERING 

AT HIGH ENERGIES 

Donald M. Austin, William H. Greiman, and William Rarita 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

April 20, 1970 

ABSTRACT 
, /' 

High energy data f~f pp and pp elastic 

scattering are confronted with the simple Regge-pole model 

'in an attempt to discover which features of this data, 

if any, are beyond the power of this model. The simplest 

representation, with only three poles (p, P', and m), 

gives a reasonable fit to all the data except the "dip" 

structure in the pp DCS. Several types of parameteriza-

tions were tested, including various ghost-killing mechanisms, 

and all produced comparable fits. To account for the pp 

DCS structure, and simultaneously circumvent the factoriza-

tion difficulties caused by the universal zero in the m 

amplitude, a fourth pole (the m') was introduced. The 

four-pole parameterizations (several were tested) provide 

adequate fits to all the data, including the pp DCS 

structure, and in addition come much closer to satisf'ying 

the sum rule constraints imposed, through factorization, by, 

the rrN and KN analyses. 
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For completeness, another vacuum-type pole (the p") 

is introduced and five-pole fits parameterized as in cut 

models are compared with pure pole models. The results 

are somewhat ambiguous, showing that the high energy 

differential and total cross sections, polarization, ratio 

of real to imaginary, and Serpukhov slope data all together 

~re still not sufficient for determinibg the differences 

behleen many possible parameterizations. 

'" 
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I. INTRODUCTION 

Several recent experiments on proton-proton and antiproton-

proton elastic scattering indicate some new features of these reactions 

which were not predicted very accurately by previous Regge-pole fits.l 

Among the features requiring modification of the old fits are the 

positive polarization near the forward direction for both reactions, 

the high energy total cross section and slope measurements from 

Serpukhov, and the structure in the differential cross sections (DCS) 

seen for 2 
-t ~ 0.6 (GeV/c) (see Sec. II ·for references). Many authors 

have obtained fits to some of these features by introducing absorptive 

cuts or other modifications of simple Regge-pole theory •. It is our 

purpose here to investigate precisely which features of the data, if 

any, are not amenable to the simple Regge-pole representation of the 

scattering amplitudes. To this end we have attempted several parame-

terizations conforming to the criteria of simple Regge-pole theory--

i.e., parameters restricted to the more or less accepted values 

associated with the trajectory and residue functions established by 

previous analyses considering finite energy and continuous moment sum 

rules (FESR and CMSR), the resonance spectrum, and factorization. 

In Sec. II we describe the data used in the analysis, and Sec. 

III gives a brief description of our parameterization of the amplitudes 

and observables. Section IV is devoted to fits using only the three 

well-known isoscalar Regge trajectories~ P, P', and w, which give an 

adequate description of most of the data, but seem incapable of 

describing some important features. In Sec. V we attempt to improve 
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the fits as well as circumvent the factorization difficulties of the 

w residue function by introducing a secondaryw-type contribution 

with several different parameterizations. The rather ambiguous results 

obtained from this process lead us to Sec. VI, wherein all caution is 

abandoned and five-pole fits are investigated. The five-pole parame~ 

terizations are seen to provide excellent fits to all the data, 

including the structure seen in the latest experiments, with reasonable 

b.ut nonunique values of the parameters. The discussion of the 

significance of the various fits is pursued in Sec. VII. 

.-
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II. DESCRIPTION OF THE DATA 

A. Cross-Section Data 
.. . 1 

Several interesting experiments done since the RRCP fits 

invite a new interpretation of the structure seen in elastic N-N 

cross-section data. Of particular interest are the pp total cross 

·23 sections . and the slope measurements of the pp DeS, which extend the 

lab momentum range under consideration to 70 GeV/c. This wide range of 

lab momentum allows much more precision in the determination of the 

energy dependence, and therefore, the Regge trajectories. Some high-

precision DCS data have become available recently-which show interesting 

structure in the Regge region. The pp DCS at 8.0 and 16.0 Gev/c4 

indicate a shoulder, or the remnants of a dip occurring at lower 

energies, near -t = 006 (Gev/c)2. New pp DCS data at 19.2 and 21.1 

Gev/c5 show a definite flattening effect for -t > 1.0 (Gevjc)2. These 

two features pose severe constraints on the residue functions. 

B. Polarization Data 

Perhaps the most interesting of the new data are the polarization 

6 I - 6 I data at .0 GeV c for pp and pp, and the 14.0-GeV c data for pp.7 

The precision of these new data is critical for determining structure 

of residue functions, such as the sign of the helicity-flip terms and 

ghost-killing mechanisms. 

<), The 6.0-GeV Ic pp polarization: has distinctive dips near 

2 
-t = 0.6 and 0.9 (aev Ic) , and a large (~510) bump near. -t.= 1.2.5 

(Gev!c)2 0 The 14.0-Gev!c data, on the other hand, dip to ~ -10%. at 

-t = 1.25 (Gevjc)2, indicating a rather drastic energy dependence at 

.: .. 
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large -t that places severe: constraints on the parameters.· Also, 

since the pp polarization at 6.0 GeV/c is positive for -t < 0.3 

(Gev/c)2, the mecllanism producing this polarization cannot be P-w 

interference, as previously conjectured,l since the pp and pp data 

have the same sign for small t and, moreover, do not vanish at the 

crossover point, 

C. 

2 
-t ~ 0.13 (GeV/c) . 

Ratio of Real to Imaginary and Slope Data 

The data on the ratio of the real to the imaginary part of the 

forward scattering amplitude, taken as a whole, are inconsistent. Rather 

than favor one experiment over another or attempt to juggle systematic 

errors, we simply used the data as published. This means that a x2 

of 3 or 4 per point is the best one can expect for a fit. Our fits 

reflect this fact, while producing reasonable agreement with the overall 

trend of the data to decrease in magnitude with increasing energy. 

The pp DCS slope data3 were taken in the range 

0.008 < -t < 0.12 (Gev/c)2, for Plab from 13.0 to 69.9 GeV/c. Since 

these data do not coincide with the other DCS data in this energy range,8 

we scaled the data by the systematic error quoted by the experimenters, 

!0.3 (actually, we multiplied the data bya scale factor of 0.97, which 

amounts to very nearly the same thing). With the exception of the point 

at Plab= 63·5 GeV/c, which is somewhat higher than the other points 

and invariably produced a X2 of 10 to 20, we were able to obtain fits. 

with a X2 of 1 per point or so with nearly all parameterizations. 

Hence, our feeling is that these data produced little difficulty for the 

Regge-pole representation of the scattering amplitudes. As for 

• 
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determining the slope of the pomeron trajectory, it is very important 

to consid.er the range of energy involved as well as the aberrations of 

the data. For example, if 

69.9 GeV/c, one finds Cip 

selecting the two points at 

one takes the two points at Plab = 27.5 and 

[ 
6. 1 ] . . -2 = 2 (ole)' = 0.33 (GeV/c) ; .en s2 sl 

Plab = 13·0 and 63·5 GeV/c· gives 
. -2 ap = 0.7 (Gev/c) . Although the first value appears to have been 

determined in a more reasonable manner, one should be hesitant about 

ignoring other choices. The data are simply not good enough to decide 

such fine points. 

D. Summary 

Below is summarized our selection of data used in the fits:9 

da at (238 points): 

pp 

pp 

aT (28 points): 

pp 

pp 

Polarization (99 points): 

pp 

pp 

6.8, 8.8, 10.8, 12.8~ 14.8, 16.7, 19.6, 

21;9, 24.6;10 19.2, 21.1;5 

7.2, 8.9, 10.0,11.8, 12.0;10 8.0, 16.0;4 

11 12 6.0 to 22.0, 7.8 to 26.0, 10.1, 19.3, 

26.4;13 

6.0 to 22.0,11 20.0 to 50.0;2 

14 6 15 7 5.9, 7.0 , 6.0,' 10.0, 12.0, 14.0; 

6.0; 6 

(Continued) 



(Cont.) 

Re/lm (15 points): 

pp 

pp 

Slope (20·· points) : 

pp 

. . 
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7.8 to 26.2,12 10.1, 19.3, 26.4,13 24.0,16 

7.85,17 10.0;18 

11.9 ;12 

. 6 3 13.0 to 9~9. 

J . 
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III. KINEMATICS AND NOTATION 

Our notation is adapted from RRCp,l With a few minor changes. 

Only terms of first order in cos Qt have been kept, and we parameterize 

the t-channel helicity amplitudes and use them directly in the expres-

sions for observables. Ignoring unnatural parity contributions, such 

as rr, Al' etc., we find thr.ee t-channel helitity amplitudes (free of 

kinematic singularities and parity conserving) which we parameterize 

as follows: 

where v = 

f i(t) 
ss 

f i(t) 
nn 

f i(t) 
sn 

= 

= 

= I ~i 
i 

-L ~ . = 1. 

i 

\"' ~. f i(t) L 1. sn 
i 

f i(t) 
a. (t) 

1. 
v , ss 

f i(t) 
a. (t) 

1. 
V , nn 

a. (t) 
1. 

V , 

(s - u)/4r? and 

= -rr-l(+l + exp[-i rr a. (t)J) r[l - a. (t)J 
1. 1. 

= (1 - t/4~)[bi exp(c i t )J2 g i , s s ss 

-tL4M
2 

[b i 
.. 2 . 

-
t/4-j!-

exp(c 1.t )J g 1. , 
1 -

n n nn 

= 
2l iii· i i 

(-t/4M )2 b b exp[(c + c )tJ g s n s n sn 

, 

and the g's are the various ghost-killing mechanisms which satisfy 

the equation 
. i 2 

= (gsn ) • 
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The signature factors si contain an extra factor of 0:: in 

the numerator, which is compensated for in defining the ghost-killing 

factors;i. e., we have used the relation 

(rr 0::)-1 r(l - 0::) = 
-1 

[sin ~ )( r(l + o::)J 

1 
The units of the c;I>'s are mb-GeV/c,so:theb's . are in. (mb-GeV/c)2, the 

c's are in (GeV/c)-2, and the expressions for the observables are 

-1 
1m c;I>1 (t 0) aT Plab = , 

da 
(0.226/Plab)2 f/c;I>1/2 /c;I>3/

2 
+ 2/c;I>S/2J dt + , 

P 
-2 Im(c;I>;[c;I>l+ c;I>~J} 

[/c;I>1/
2 

+ /c;I>3/
2 

+ 2/c;I>S/2} 
, 

Re/lm = Re c;I>l(t=O)/lm c;I>l(t:O) 

slope ~ [tn ~~ (t~-0.064) - tn ~~ (t~-0.065)] /0.001 

1 

The factor 0.226 = (mb); GeV lsthe usual conversion factor to mb/GeV2 

4(1t)2.fi c 
_.1. 

for the DCS, including an extra constant factor, (161t) 2. 

These expressions are equivalent to those used in RRCP except 

for the factor of 2 in the expression for the polarization (which was 

inadvertently omitted in writing the formula in that paper, but not in 

their calculation). 

The ghost-killing factors appropriate for this form of si are: 

• 

• 
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Sense Chew Gell-Mann No compensation 

gss l/ex 1 1 ex 
2 1 ex gnn ex ex 

gsn 1 ex 1 ex 

The kinematic factors differ from those given by wang19 only in 

terms like (1 - t/4rl), which are unimportant in the region of interest. 

We chose to retain the factors used in RRCP for comparison purposes. 
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IV. THREE-POLE FITS 

A. General Features 

1 Tn the spirit of RRCP, the data'were confronted with the 

simplest of Regge devices--viz., the three isoscalar trajectories P, 

pI, w. Contributions from isovector exchange, .such as :n: 7 p, and A2, 

can be estimated from the np and pp charge-exchange cross sections 

to be smaller than the isoscalar contributions by at least an order of 

magnitude, and are ignored in this initial gambit for a simple 

representition of the data. 

Due to the well-knoWn factorization difficulty concerning the 

zero in the w residue functions at the crossover point (s'ee Sec. V), 

the w contribution must be considered as representing an effective 

negative-parity amplitude which vanishes near 2 
t = -0.13 (GeV/c) to 

account for the crossover phenomenon. The residues for the three,..pole 

fits were parameterized by setting 

w 1 
bs = (1 - t/tO)2 X constant, and X constant, as 

required by factorization. Thus, the interpretation is that the P' 

and ill represent effective Regge contributions of positive and negative 

parity respectively, while the P represents the Pomeranchuk contribu­

tion. The deviation of the parameters from "canonical,,20 values then 

serves as some vague measure of the non-simple-Regge-pole content of 

the parameterization. 

From the several varieties of parameterization tested, including 

various ghost-killing mechanisms and sign combinations of the helicity-

flip residues, the following general features emerge: 

• 

'. 
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(a) A generally good fit to all the pp DCS data, including the 

flattening seen in the 19.2- and 21.1-Gev/c data for 1.2 < -t 2 2.3 

(Gev/c)2; 

(b) a concomitant inability to simultaneously reproduce the dips in the 

8.0- and 16.0-GeV/c pp DCS near t = -0.8 (Gev/c)2 (however, the fits 

for smaller -t are generally good); 

(c) surprisingly good fits to the Serpukhov pp slope and pp total 

cross section data, with a pomeron slope of about 0.35 (Gev/c)-2; 

(d) polarization fits with X2 per point exceeding 2, but with vastly 

different shapes for different parameterizations. 

These features were common to all parameterizations that 

produced reasonable fits (say, with l per point less than 2) to the 

2 data sample. The agreement for -t < 0.6 (GeV/c) was very good--all 

the trouble is caused by large -t structure. 

Bo Signs of Helicity-Flip Residue Functions 

In terms of total X2, the relative signs of the b 's 
n 

could 

not be determined. Only in the shape of the polarization can one sign 

combination be distinguished from another. Although some combinations 

were able to reproduce the dip-bump structure of the 6.0-Gev/c pp 

polarization data, none of the three-pole fits could reproduce the strong 

energy dependence seen for -t > 1.0 Gev/c2, and all combinations gave 

a ,,2 
II. of more than 2 per point for the polarization. Taking as a 

guideline that the three-pole parameterization should be able to 

reprodu'ce the small -t structure, such as the positive values for 

both pp and pp polarization and the dip near 2 
-t = 0.6 (GeV/c) , 
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we fitted all the data except polarization with the various sign combina-

tions and compared the predicted polarization from these parameters. The 

p 
features found were [using the notation "sign (bn ), 

sign (b .. ill) ] as follows: 
n 

p' 
sign (b ), 

n 

(a) When freed from the constraints of polarization fitting, all combina-

tions wanted rather drastic small -t behavior, presumably to better 

match the larger slope of the DCS data in that region: 

(b) Only the combinations (+ + +), (+ + -), (- + +), and (- + -) 

give positive polarization for both pp and pp in the small -t 

region. 

(c) The last two combinations, with sign P (b ) = -, 
n 

predict negative 

pp polarization for 2 -t > 0.4 (GeV/c) , contrary to fact: 

(d) The combinations (+ + +) and (+ + -) both seem to reproduce 

the general shape of the 6.0-Gev/c data, including the large bump for 

-t 2 
near 1.2 (GeV/c) • From this we conclude that 

sign (b p) = sign (b p,) = +, that sign (b ill) is not well determined 
n n n 

by this method, and that secondary contributions are necessary to 

reproduce the energy dependence seen in the large -t polarization data. 

Moreover, the conclusions seem to hold for the several combina-

tions of ghost-killing mechanisms tried, as discussed in the next 

section. 

C. Ghost-Killing Mechanisms 

Recent analyses of low-energy nN21 and KN22 data using 

continuous-moment sum rules (CMSR) indicate that the mechanism preferred 

by Pand P' in those reactions is the no-compensation mechanism, 



• 
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whereas the (J.) seems to prefer the sense-choosing mechanism. One 

observation can-immediately be made--that is, if the p' contribution 

vanishes, as required by the no-compensation mechanism when ap ' = 0, 

then the .pp polarization at that' point will be of opposite sign to 

the· .pp polarization and 5 to 10 times as large in the energy region 

considered here. This effect is due to the large anti-shrinking slope 

of the pp DCS and to the fact that the (J.) contribution changes sign 

between the . two expressions. If the dip in the pp data at -t "'" 0.6 

2 
(GeV/c) is a reflection of ap ' = 0, then p­pp at Plab = 6.0 GeV/c 

and· -t"", 0.6 (Gev/c)2 should be -10 P at the same point, which is 
pp 

00052 ± 0.019~-i.e., the no-compensation mechanism gives 

there. Some data in this region would help determine whether the p' 

contribution should vanish or not, and thus help pin down the ghost-

killing mechanisms applicable to NN scattering. 

Using the abbreviations S = sense-choosing, C = Chew, 

G = Gell-Mann, and N = no-compensation, we present a comparison of 

fits using several different combinations of ghost-killing mechanisms: 

p P' 

N N 

N N 

C C 

G G 

(J.) 

S 

C 

S 

G 

715 

708 

778 

732 

From these results one can conclude that, although the vanishing of the 

pl' seems to give a slightly better fit, the data really do not determine 
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a mechanism. The parameters for the NNS fit, which agree with the 

features seen in CMSR and FESR applied to rrN
21 

arid KN
22 

data, were 

perhaps the most reasonable representatton of all the data 

It should also be noted that all 

these fits gave a similar prediction for pp polarization; Le., P­pp 

is positive near the forward direction and large and negative (~-50%) 

around 
. 2 

-t == 0.6 (GeV/c) . In the case of the NNS and NNC fits, it 

seems reasonable that the vanishing of the P' contribution, where 

a , == 0, leads to p 

Since dO/dt for 

that for· pp, the 

magnitude as the 

fit in which the 

P-ill interference of equal and opposite magnitude. 

pp is on the order of only one fifth to one tenth 

pp polarization should be 5 to 10 times as large in 

pp polarization. This must happen in any three-pole 

P' contribution vanishes. However, it is somewhat 

of a ~stery why the CCS and GGG fits, in which the p' contribution 

does not vanish, have structure very similar to the NNC and NNS fits. 

The phase cancellations must be somehow demanded by the data in such a 

way as to produce effective cancellation of the P-P' terms near 

In Table I we have presented two examples of three-pole fits, 

of 

both of the NNS variety--i.e., the P and P' have the no-compensation 

mechanism and the ill has the sense-choosing mechanism. Fit #1 has 

only the P intercept fixed (at 1.0), and fit #2 has, in addition, 

the slope of the p' fixed at 1000 In both fits, the ill trajectory 

emerged as rather f1at, indicating that the difference between pp and 

pp data falls off somewhat more slowly at large -t than a canonical 
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ill trajectory would allow. The second fit is shown in Figs. 1-4 

where it is seen that the pp DCS at 
, 2 

-t ~o.8 (GeV/c) is 

inadequately represented, as is the large -t energy dependence of the 

polarization. Other features seem to be reasonably fitted. 

'. 
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Table I. Three-pole fit parameters for NNSparameterization. Fit #1 

has on~ ap "" LO fixed; fit #2 has, in addition, apr = 1.0 fixed. 

aO a' b c b c . 
s s n n 

Fit #1 p l"Oa 0035 5.8 1.6 0.97 -0.7 

p' 0.67 1.64 7. 4 0.1 5L5 8.9 

ill 0045 0.60 4.5 1.7 -31.0 305 0.13 

Fit #2 p LOa 0,,36 5·8 ,1.6 1.0 -0.8 

p' 0067 LOa 7·5 1.9 . 54•8 8.9 

ill 0.44 0.56 4.6 1.7 -25. 4 3·7 0.13 

------------------------------------------------------------------------
da Re 

X2 Number of 
dt aT P Im Slo;ee parameters 

Fit #1 362 ;2 224 67 30 . 715 18 

Fit #2 415 26 219 67 3; 760 17 

Number of 
data points 2;8 28 99 15 20 Total = 400 data points 

------------------------------------------------------ -----------------~ 

a.Fixed. 

• 
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v. FOUR-POLE FITS 

A. General Features 

The factorization problems associated with the incorporation of 

a universal zero in the ill residue functions are well known. This 

zero, which explains the crossover in DeS for pp and pp, as well as 

for K+P and K-P, does not appear in nN ~ pN,23 or in o 24 
rP ~ n p, 

as factorization requires. Thus there must exist another contribution 

to the same amplitudes, the ill', to circumvent these problems as well 

as the disagreement between the analyses of nN ~pN23 and KN 

FESR22 ,25 on the exist'ence of a nonsense zero in the helicity-flip 

coupling at -t = 0.5 (Gevjc)2. 

To obtain the zero in the negative-parity amplitudes as a 

cancellation between two Regge poles, ill and ill', we considered two 

forms: (a) ~ + t ~ " and (b) 
ill ill 

It is evident that the 

cancellation zero will be energy dependent unless a (t) =: a ,( t ), and 
ill ill 

a cursory analysis of the data convinces one that only a very mild energy 

dependence of the crossover point in KN and NN DeS will be tolerated 

by the data. In general, we found that a (0) "",a ,(0) 
ill (J) 

was a necessity, 

whereas some difference;' in slopes was possible. Also, the four-pole 

fits were able to fit the shoulder in the pp DeS while simultaneously 

fitting the rest of the data as well as or better than the three-pole 

fits. Hence we conclude that the introduction of an ill' contribution, 

required a priori by factorization, provides a reasonable fit to all the 

pp and pp elastic data above Plab = 6.0 Gevjc and for -t < 2.5 

(Gevjc)2o However, we must also conclude that uniqueness is not a 
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quality of these fits any more than it was for the three-pole case. 

Adequate fits were obtained with either form (a) or (b), and with 

trajectories·fixed to resemble cuts or fixed to enforce weak exchange 

degeneracy between the P' and ru. The best fits, in terms of minimum 

x2, have rather perplexing parameters which tend to obscure rather than 

enlighten. All fits discussed below have the no-compensation mechanism 

for P and P' . and the sense-choosing mechanism for the ru and ru'. 

B. The Form ¢ + t ¢ , ru ru 

In Table II we display the parameters for three different fits 

having the form ¢ = ¢p + ¢P' + ¢ru + t ¢ru'. Fit #1 has only ap(O) = 1.0 

fixed, and gives x2/N = 576/400, considerably better than the three-

pole fit. -A physical interpretation of the ru and ru' trajectories 

would certainly be entertaining, but we are unprep~red to speculate 

at present. 

Fit #2 has a' = 1.0 and a', c 0.5 fixed 
0) ru in addition, which 

allows a possible interpretation of the ill' as a P-oo cut (ignoring the 

in s behavior, of course). This seems to have mainly spoiled the 

polarization fit, jacking up x2 to 709. 

and gives Thus the cut interpretation (fit #2) certainly 

isn't forced upon us by this data. Some interpretations of two ill'S 

with the same trajectories appearing in :NN scattering exist, but these 

are better left to their proponents for publicity. We simply state here 

that the data are compatible with such an interpretation. 
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Table II. Parameters for four-pole fits of the form 

~ = ~P+ ~P' + ~ill + t ~ill" " In all fits the P and P' have the 

no-compensation mechanism and the ill and ill'have the sense-choosing 

mechanism. 

a a' 
b c b c 0 s s n n 

Fit #1 P LOa 0.32 6.0 1.7 3·3 0.3 

P' 0.63" 0.98 7. 4 8·7 56.6 2·7 

ill 0.49 0053 4.3 0·5 -125.1 800 

ill' 0.58 0·74 10.4 1.0 9·1 0.0 
------------------------------------------------------------------

Fit #2 P l.Oa 0031 5·5 1.7 3·1 0.3 

P' 0.70 1.20 7.6 2.0 38.1 3.6 

ill 0.39 LOa 5.0 1.3 -7. 0 0.0 

ill' 0.39 0.5
a 12.9 1.8 30.9 0.6 

------------------------------------------------------------------
Fit #3 P l.Oa 0.37 6.2 1.8 2.6 -0.1 

P' 0.5a 0.9a 9.1 8.9 74 •0 2.7 

ill 0.5a 0.9a 4.1 -0·3 -123.0 7·8 

ill' 0.5
a 

0.9
a 

11.5 0.6 2.0 -0.9 
--~--------~----------------------------------------~-------------

do P Re 
x.2 Number of 

dt °T Im Slope parameters 

Fit #1 335" 39 102 64 36 576 23 

Fit #2 333 32 236 69 39 709 21 

Fit #3 403 59 134 68 39 703 17 
------------------------------------------------------------------

Number of 
data points 238 28 99 15 20 Total = 400 data points 

------------------------------------------------------------------
a. Fixedo 
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C. The Form 

In Table III are displayed the parameters for fits having the 

form 

This is the simplest form for producing a cancellation, and is perhaps 

easier to interpret in terms of dipoles, cuts, or something worse. As 

before, we give the readers three choices of trajectories to speculate 

upon; as before, the results are similarly confusing. 

Fit #1 has only the P intercept fixed and the results seem 

fairly close to exchange degeneracy for the trajectories. The 

588i8 competitive with that in Sec. B, and there is little to distin-

guish between the two forms in the results. 

Fit #2 has a~ = 1.0 and a~, = 0~5, which pushes the 

to 661, mainly due to the polarization fit. This is the fit displayed 

in Figs. 5-8 where it can'be seen that all the data are 

adequately represented by a four-pole fit with reasonable values of the 

parameters. 

F1t#3 with degenerate trajectories is equivalent to breaking 

factorization for the 00, and simultaneously including more complicated 

ss ss In this fit, ~ -~, 
(l) ill 

residue functions. 

at 2 t m -0.31 (GeV/c) , and 

= 0 at 2 t = -0.17- (GeV/c) , 

ell sn _ ~ sn ~ O. This is 
(l) (l) 

in qualitative agreement with the KN "'FESR results, 22 in which the 

non-flip coupling seems to vanish at a different value of t from the 

flip coupling. 

... 

.. 
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Table III.· . Parameters for four-pole fits of the· form 

~ .. ~P + ~pl + <l>ro - ~ro'. In all fits· the P and· pI have the no­

compensation mechanism and the ro and ro' have the sense-choosing 

mechanism. 

Qo a' b c b c s s n n 

Fit #1 P 1.Oa 0.30 5.6 1<>8 2.3 0.1 

pI 0 .. 71 1003 7.3 6.4 54.7 3~8 

ro 0.60 1.15 5.9 1.9 -35.8 1.2 

rot 0.70 0.92 3.9 0.4 5·1 -0 .. 6 

-----------~-----------------------------------------------------------

Number of 
data points 238 28 99 15 20 Total .. 400 data points 

a", Fixed. 
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D. Summary 

The tables of parameters are meant to illustrate the nonunique-

ness of Regge fits of NN elastic data as well as the adequacy of the 

Regge pole representation. There needt6 be further restrictions on 

the residue functiona, such 'as those provided by sum rules for rrN and 

KN scattering. The relation A' ~ v B, predicted by sum rules for P 

and p',21,22 should, by factorization, imply the relations 

b P exp(c pt ) 
s· a 

~ b P exp(c pt ) 
n n and 

pI pI 
b. exp(c t) 

s . s 
pI pI 

~ b exp( c t). n n 

For the four-pole fits the relation is fairly well satisfied for the P, 

but not for the pl. 

For completeness, some fits were tried with the (1 - t/tO) 

factor in the (.l) amplitudes, i .. e., the form . (1 - t/to) q> + ~ I was 
(.l) (.l) 

used. This form was apparently unable to reproduce the structure in the 

pp DCS and was therefore not investigated further. 
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VI. FIVE-POLE FITS 

21 Since the sum rule calculations seem to require yet another 

vacuum contribution, dubbed the p", some varieties of five-pole fits 

were tried. As expected, such a parameterization leads to rampant 

ambiguity, and the only way to obtain results with even a modicum of 

interest is to fix some of the trajectory parameters. We define a 
.. . . . -2 

trajectory with (a) a slope near 0.5 (Gevjc) ,(b) whose amplitude occurs 

with a negative sign (relative to like contributions) to be "cut-like" 

(as opposed to the usual, or "pole-like" parameterization). Symbolically, 

a fit with the p" and w' treated as "cut-like" will be indicated by 

P + pI _ p".+ w - w', etc. In general, the five-pole fits gave X2 < 600, 

and most varieties of parameterization produced fits which were indis-

tinguishable from the others. The cr/ preferred to remain "cut-like," 

as it must in order to provide the weakly energy-qependent crossover 

zero in the DCS. The p" gave equally good fits with "cut~like" or 

"pole-like" parameters. These statements refer to fits in which the 

slopes of .p' and w were held fixed at 0.9 or 1.0. In Table IV we 

list some parameters as examples of five-pole fits. We emphasize that 

there is nothing unique about these parameters--there exist many other 

sets that produce adequate fits to the data, including "cut-like" forms 

as well as "pole-like" forms, various ghost-killing mechanisms,and 

other variations. For example, residue functions of the form 

t3 = exp( -0.5 i rra)[b expect) ] produced fits competitive with the 

gamma-function forms in Sec. III. 
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Table IV. Parameters for various forms of five-pole fits. The NNNSS 

and GGGGG refer to the ghost-killing mechanisms, and the form of the ,.. 

amplitudes is indicated for each fit .. 

0:0 0:' 
b c b c s s n n 

Fit #1 p LOa 0.26 6.0 2.0 2.1 0.0 

NNNSS P' 0 .. 65 LOa 7·1 6.5 72 .0 10.3 

(p + pI + pit + ill + t 0)' ) ptl -0~21 0.5
a 

15·1 2.7 -98.0 2 .. 6 

0) 0.52 1.0a 
4.3 5·5 -88.8 1.6 

0)' 0.38 '0.5a 
9.0 1 .. 4 19.4 0.6 

------------------------~----------------------------~------~-----~---- i 

Fit #2 p 1.0a 
0.36 5.8 1.6 1.3 ";0.5 

NNNSS P' 0.60 0.9 
a 

9.9. 3.5 71.} 5,,4 

(p + P' - p" +0) - 0)' ) pI! 0.34 0.5
a 

9.9 0.5 38.3 8.1 

0) 0.41 0.9
a 9.6 1.6 -29.5 1.7 

0)' 0.40 0.5
a 8.4 1.3 20.5 0.3 

--------------------------------------------~---~----------------------

Fit #3 P I .. Oa 0 .. 25 5·7 2.0 1.1 -0.2 

GGGGG· P' 0 .. 68 0.9
a 6.2 6.2 51.2 5.9 

(p + P' - pM + ill - 0)' ) p" -0 .. 21 0 .. 5
a 

3·0 -0.3 -4.5 -0.8 

(l) 0.45 0.9
a 14.0 1.0 -29.6 1.5 

0)' 0.45 0 .. 5a 11 .. 9 1.3 2,,9 0.4 
-----~-----------------------------------------------------------------

a. Fixed. (Continued) '" 



UCRL-19754 

Table IV. (Continued) 

-------~~------------- .----------------------------------~-------~-----
d'Cf Re 

X2 Number of' 
<it crT P 1m Slope parameters 

Fit #1 286 18 82 69 47 502 25 

Fit 1J2 308 24 144 63 40 579 25 

Fit /13 303 25 124 61 46 561 25 

Number of' 
data points 238 28 99 15 20 Total = 400 data points 

'0< 
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Fi t #1 in Table IV has t.he form P + P' + pI! + ru + t ru" vii th 

the vacuum poles all having the no-compensation mechanism a,nd the ru,s 

having t.he sense-choosing mechanism. The P intercept and the slopes 

of-the other poles were held fixed. This fit is shown in Figs. 9-12. 

Fit #2 has the form P + P' - pI! + ru - ru','and has the same 

ghost killers as fit #1. The difference of 77 in x2 is probably not. 

significant. 

Fit #3 also has the form P + p' - p" + ru - ru', but here all 

poles have the Gell-Mann ghost-killing mechanism. The difference between 

the fits is noticeable only in the prediction of"the pp polarization, 

which is somewhat larger for small -t and smaller""in.magnitude for 
.... .... ~ ... ~~. " ........ ~ . 

intermediate -t for this parameterization than for the bthers o 

However, since the data are hardly sufficient to determine the behavior 

in this region, no preference can be voiced for any version, of 

parameterization. 
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VII. DISCUSSION 

In summary several points of interest emerge: 

1. The three-pole parameterization is inadequate, mainly because of 

the failure to fit the structure in the pp DCS. 

2. The four-pole parameterization, even when restricted to a factoriza-

tion-breaking form that really only need involve the addition of one 

additional 'parameter over the three-pole form,is capable of giving a 

reasonable representation of all the data. However, the data, which 

are some of the best high-energy data in existence, do not distinguish 

between various possible parameterizations. 

3. Five-pole fits, without the use of sum rule constraints, are non-

unique and probably not very useful. 

Some fits were tried on a combination of ± 
rc P elastic and 

charge exchange, K±p elastic and charge exchange, and the above pp 

and pp elastic data, obtained by using the usual P, pI, p, A
2

, 

and (l) and enforcing factorization. Our preliminary conclusions are 

that fits with 2 X /point ~ 3 can be obtained to all· the above data 

together with reasonable parameters •. Incompatability of the many data 

sets involved seems to be more responsible for the bad fit than 

inadequacies of the simple Regge pole model. Since it is very difficult 

to assure oneself that all these experiments have no normalization errors 

with respect to each other, factorization constraints do not seem to 

be the answer to obtaining unique fits. The most positive statement 

that can be made is that the present NN data certainly cause no 

embarassment for simple Regge-pole theory (or for some other theories, 

for that matter). 
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As for predictions, very little should be said when a unique 

fit has not been found. Again, there is one positive statement that 

can be made from our experience--that is, if the P and pI choose 

the no-compensa.tion mechanism, then a pp polarization prediction of 

aroUnd· -50% near 
. 2 

t = ~0.6 (GeV/c) seems unavoidable. Even though 

one can think of many ways of avoiding this (e.g., through m-m' 

interference), all good fits with this ghost-killing mechanism--three-

pole, four-pole, and five-pole--produced the same prediction. This is 

bothersome mainly because of a parallel which can be drawn with the 

Kp data. At Plab = 2.0 to 3.0 GeV/c, 
... 

and K phave positive polarization for 

+ pp and pp as well as K p 
2 26 

-t < 0.8 (GeV Ic). At 

Plab - 6.0 GeV/c, the K+p and K-p polarizations are still both 

positive in that t range, and the pp data are also positive for 

2 -t < 0 .. 3 (Gey/c) • Hence one might expect the pp polarization to 

remain positive for t = -0.6 (Gev/c)2, as does the K p. If it should 

remain positive, we would face a drastic contradiction to all of the 

parameterizations in which the pI vanishes near 
. 2 

t = -0.6 (GeV Ic) • 

Fits in which the Gell-Mann mechanism was used (fit #3 in Table IV) 

could predict positive pp polarization in that region, but this is 

apparently in contradiction to the CMSR results21 on the pI ghost-

killing mechanism. Obviously, data in this region are needed to settle 

the question .. 
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FIGURE CAPTIONS 

Fig. 1. pp and pp differential cross s~ctions compared with three 

pole fit number 2 of Table I, with predictions to 1800 GeV/c • 

. Successive sets of data are spaced by a decade. 

Fig. 2. pp polarization at 6 GeV/c compared with three pole fit 

number 2 of Table I and a prediction at 14 GeV/c. 

Fig. 3. pp polarization at (a) 5.9, (b) 6, (c) 7, (d) 10, (e) 12, 

and (f) 14 GeV/c compared with three pole fit number 2 of 

Table I. 

Fig. 4 .. Three pole fit number 2 of Table I compared with 

(a) slope of pp differential cross section, 

(b) total cross sections for pp and pp, 

(c) the ratio of the real to imaginary part of the forward 

scattering amplitude for PP, and 

(d) the ratio of the real to imaginary part of the forward 

scattering amplitude for pp. 

Fig. 5. pp and pp differential cross sections compared with four 

pole fit number 2 of Table II, with predictions to 1800 GeV/c. 

Successive sets of data are spaced by a decade. 

Fig. 6. pp polarization at 6 GeV/c compared with four pole fit number 

2 of Table II and a prediction at 14 Gev/c. 

Fig. 7. j pp polarization at (a) 5.9, (b) 6, (c) 7, .(d)lO, (e) 12, 

and (f) 14 GeV/c compared with four pole fit number 2 of 

Table II. 



Fig. 8 .. Four pole fit numbe:r: 2 of Table II compared with 

(a) slope of pp differential cross ,section, 

(b) total cross sections for pp and pp, 

UCRL-19754 

(c) the ratio of the real to imaginary part of the forward· 

scattering amplitude for pp, and 

(d) the ratio of the real to imaginary part of the forward 

scattering amplitude for pp. 

Fig. 9. pp and pp differential cross sections compared with five 

pole fit number 1 of Table IV, with predictions to 1800 

GeV/c. Successive sets of data are spaced by a decade. 

Fig. 10. pppolarization at 6 GeV/c compared wi~h five pole fit number 

1 of Table IV and a prediction at 14 GeV/c. 

Fig. 11. pp polarization at (a) 5.9, (b) 6, (c) 7,·· (d) 10, (e) 12, . 

and (f) 14 GeV/c compared with five pole fit nUmber 1 of 

Table IV. 

Fig. 12. Five pole fit number 1 of Table IV compared with 

(a) slope of pp differential cross section, 

(b) total cross sections for pp and pp, 

(c) the ratio of the real to imaginary part of the forward 

Scattering amplitude for pp, and 

( d) the ratio of the real to imaginary part of the forward 

scattering amplitude for pp. 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa­
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro­
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 



,'?--. ~:.' 

TECHNICAL INFORMATION DIVISION· 
LAWRENCE RADIATION LABORATORY 

UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 94720 

.. ~.~ 




