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ABSTRACT 

An additional Regge pole with a negative residue 

and a positive signature is suggested to fit the high 

energy n p total cross sections recently measured at 

Serpukhov. We give some experimental implications for 

the total cross sections and the ratio of the real to 

the imaginary part of the forward scattering amplitude 
;l:-

of n p at high energies. 
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In Fig. 1, we present the recent Serpukhov data for n p total 

cross sections from 20 to 65 GeV/ c. Also plotted is an earlier version 

of the data from Brcjo~veri2 at lower energies for both -n p and + n p. 

·32 
In the spirit of former Regge pole analyses, a best X fit to these 

+ 
data was obtained. For the'38 experimental n-p points from Refs. 1 and . 
2, a of 131 was the result. Curve (a) in Fig. 1 shmv,:; this fit. 

We see that the f.it is poor for n p above 50 GeV/ c. The theoretical 

curve (a) is characteristically going down smoothly but the experimental 

points flatten out and even have a suggestion of a rise. In Table I we 

summarize the fits we have tried. The Regge poles used were P, P', and 

p. The intercepts of P' and p were both set at a value of 0.5. 

Variations of these parameters give little change to our results. 

A natural suggestion to improve the situation described above is 

to introduce an additional Regge pole of positive signature (like pI) 

but of negative residue in the forward direction (t = 0). We find th8.t 

a large range of allowable intercepts ~ for the negative pole can be 

made to fit the data. In Fig. 1, we show the solution (b) which was 

fitted to 29·n p and + 9 n p data points. We then calculated the + n p 

above 20 GeV/c. A comparison with the measured n n cross sectionsl , 

(which by charge symmetry should be eq,ual to n + p) gives good agreement. 

This solution has the same asymptotic total cross 

eq,ual to 33.0 mb given by Barger and PhilliPs4for 

section 

their cut model. As 

we shall see below, about the same asymptotic value is also preferred 

by the sum rules discussed later. The X2 for curve (b) is given in 

Table II. Also in Table II are presented other solutions. We notice 
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goes below 0.63. The coefficient c o 
in this table is defined in Ref. 3. In Fig. 2, we show the Y.elation between 

ex - 0.5. In Fig. 3 the p 

predicted values of the ratio of the real to the imaginary part of the 

forward amplitude, A' (0), are shown for two of the solutions. We observe 

that this ratio goes through zero and becomes positive in the range of pion 

incoming momenta, Plab' soon to become available .. Former Regge pole fits 

could only approach zero for this ratio asymptotically •. In Fig. 4, the 

same two solutions (a) and (b) are again presented to predict the total 
± . 

cross sections for n p from 20 to 800 GeV/ c. 

This paper can be considered as an extension of Ref. 3 but 
± 

restricted to the forward direction of the 1l p system. The equations 

we need of that reference are Eqs. (1) and (5) and also Eqs. (29) and (31). 

The latter two equations are the sum rules for the positive-signature 

Regge trajectories, P, pI, and N, ,and for the -negative-signature, p. 

Regge trajectory. When these sum rules are used the intercepts of pI , 

N, and p become limited in range. An adequate fit gave a X
2 of 67.5 

for 48 crT data points~ The ten n ri cross sections were included as 

+ n p points. 

X2 ::::: 0, the 

The posi ti ve sum rule had 

x2 for crT was 64. ~ .. and 

a::::: 0.64. 
p 

2 X = 2.8, the negative sum rule 

00 + 
crT (n-p) = 31.9 mb, apl ::::: 0.71, 

In conclusion, with a simple extension within the Regge-pole 

-framework, we have shown that the 1l p . andn n total cross sections 

measured at Serpukhov can be easily explained. We reserve to a later 

time whether the N pole has a trajectory with a particle on it.or not 
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and whether factorization is obeyed or not. These questions become 

important when we expand our considerations to data away from the forward 

direction. 
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Table I. Asymptotic limit 
co + 

crT (:n:-p) for apt = a = 0·5. p 

co· + X2 
Number of Type of crT (:n:-p) References 
data ;Eoints data 

- 22.2 mb 87 29 :n: p 1 and 2 

9 
+ :n: p 20.5 mb 2 2 

+ and - 21.4 mb 19 :n: p :n: n 29 1 and 2 

38 - + :n: p and :n: p 22.0 mb 131 1 and 2 

Table II. Negative pole solutions assuming apt = a p 0.5 for 38 points. 

C (mb GeV) 
crT 00 (:n:N) 0 X2 ., 

N pI p 

0·9972 1000 mb -497.8 46.5 2.1 19.4-

0·99 290 mb -143.0 46.7 2.1 19.4 

0·95 75.8mb - 37.4 49.5 2.1 19.6 

0.90 4-8. 7mb - 26.2 53.4 2.1 19. 8 

0.80 35.6mb - 28.3 67.1 2.1 20.2 

0.767 33.0mb - 30.1 70.1 2.1 20.8 

0.69 28.0mb - 33.0 70.6 2.1 32.6 

0.63 24.6mb . - 29.6 59.2 2.1 67.6 
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FIGURE CAPI'IONS 

± 
Fig. 1. Total cross sections for n p from Refs. 1 and 2 compared 

with solutions (a) and (b). 

from Ref. 2. 

.. from Ref. 1. 

'+ 
Fig. 2. The asymptotic cross section c1T

co (n-p) as a function of the 

intercept ~. 

Fig;. 3. The predicted Re A' (0 )/Im A ,( 0) for two solutions of Table II 
, CD ± 

(a) ~ = 0.767, ~ (n p) = 33.0 mb; (b) O}\r = 0.9973" 
co ± aT (n p) = 1000 mb. 

- ... + • n p, an p 

Fig. 4., The predicted total cross sections for the same two solutions 

(a) and (b) of Fig. 3. 

• 

, 

; """ 

. i 

!.' I 

I 
,.' . 
'f. 

I' 

I I 

Ii 

'\ ; 

• ! 

;)'1 

· ' I, 

i' 

, ! 

· I , 

A 
f, 

.• !,;A,,; 



27 
....... 
..0 

..5. 26 -Q. 
+1 

F: 25 -I-
b 

24 

23 

-7-

o 10 20 30 40 . 50 60 70 
P'ab (GeV Ie) 

<{!-.. 

X BL 701-2035 

Fig. 1 



-8- UCRL-19442 

IOOO~~--~----~--~--~----~--~----

800 

600 

400 

- 200 ..0 

E -
a. 

+1 
I=:: 100 -
8~ 
b 80 

60 

40 

20 

10~~ __ ~ ____ ~ __ ~ ____ ~ __ ~ __ ~ __ ~ 
0.65 0.7 0.75 0.8 0.85 0.9 0.95 1.0 

aN 

XBL 701-2037 J 

Fig. 2 



0.12 

0.08 

Q) 

a::: -0.04 

-0.08 

-0.12 

10 

-9-

100 

P1ab(GeV/c) 

Fig. 3 

UCRL-19442 

500 1000 

XBL701-2036 



29 

28 

-.0 27 
E --0- 26 +1 
.~ - 25 
b 

24 

23 
10 

-10- UCRL-19442 

aN = .9973 
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tion contained in this report, or that the use of any information, 
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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. 
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