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The available experimental data on 1T N elastic scattering and charge exchange are analyzed within 
the framework of the complex Regge pole model. The results of experiments with energies above 10 
GeV at momentum transfers up to 1 GeV Ic are employed (a total of 802 experimental points). 
Statistically satisfactory agreement with the experiments (confidence level C.L. zO.63%) is obtained 
by taking exchange of the p. p'. p. and p' trajectories. 

A statistically satisfactory description of the experi
mental data on lTN scattering in the energy region PL 
~ 10 Gev/c in the momentum-transfer interval 0.01:$ It I 
:$ 1.00 (GeV/C)2 was obtained earlier in[l] on the basis of 
a quasipotential approach. The predictions based on this 
approach were confirmed by measurements of the polar
ization parameters in lTP scattering [2] and of the differ
ential cross section [3] in elastic IT-P scattering and scat
tering with charge exchange (see Figs. 1-5, dashed 
curves). 

For a correct comparison of the quasipotential ap
proach with the theory of complex angular momenta, it 
would be of interest to carry out an analogous reduction 
of the experimental data in the energy region indicated 
above, using the model of complex angular momenta. It 
was shown earlier that the use of the pure pole variant 
of this model yields only a qualitative description of the 
experiment and accounts well for only a number of gen
eral properties of hadron scattering at high energies [4-6]. 

It was shown in [7], however, that allowance for the mov
ing branch points generated in the j plane by Regge poles 
may turn out to be quite significant for the description 
of the scattering of particles at high energies. We pre
sent below the results of an analysis of the known ex
perimental data, based on one variant of the theory of 
complex angular momenta, in which branch points in the 
j -plane are taken into account. 

At present there are several variants of models con
taining the contributions of the branch pOints. The most 
widely used in the literature are branch points due to 
rescattering. There contribution and the contributions of 
the poles enter in the scattering amplitude additively, and 
the t-channel partial amplitude takes the form 

A(t .) 
T(t,j) = ~(/) +B(t.j)ln[j-a.(t) I. 

I-a. t 

where il'p(t) and il'c(t) are the trajectories of the poles 
and of the branch point. A reduction of the experimental 
data on the basis of this model was carried out, for ex
ample, in [8,9]. It is known, however, from the work of 
Ter-Martirosyan and co-workers it is known that a 
satisfactory description of the data is obtained only in 
the interval It I :$ 0.5 (GeV/C)2 (x 2/N = 1.1, where N is the 
number of experimental points [8]). Thus, the model used 
in [8] does not make it possible to describe the experi
mental data in the interval of t of interest to us. In this 
connection, another possibility on the appearance of 
branch points in the j plane was considered. 

In a number of models, allowance for the branch points 

416 Sov. Phys.·JETP, Vol. 40, No.3 

leads to the following expression for the partial ampli
tude: 

N 
T(t,j)= [j-a;(t))+efli-a,(t)I' 

In the available theoretical papers, two types of singu
larities are considered: logarithmic (f ex: In[j - il'c(t)]) 
and square-root (f ex: [j - il'c (t)] 1/2) [10,11]. Zachariasen 
and his co-workers [12] have shown that when the ampli
tude has such a structure a pair of complex conj ugate 
poles is produced at negative t when the pole trajectories 
and the branch points intersect in the complex j plane. 

The analysiS of the experimental data, performed so 
far within the framework of this model, was only illustra
tive in character [10, 13,14]. An attempt at systematically 
describing a large amount of experimental data [15] has 
led only to ~ualitative agreement between theory and ex
periment (X IN = 2.5 at N = 358). Nonetheless, it can be 
concluded on the basis of these papers that the qualita
tive description does not depend strongly on the form of 
the branch point. Therefore, for the sake of SimpliCity, 
we have considered a square-root cut, all the more since 
the use of the square-root cut has enabled us to describe 
well the charge-exchange process [10,14]. In addition, 
there was reason for hoping that allowance for pi -trajec
tory exchange will improve the agreement between the 
model and experiment in the interval 0.01:$ It I 
:$ 1.0 (GeV/C)2. 

Unfortunately, in the customarily employed approxi
mation, this model is valid only in a limited energy reg-
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FIG. I. Comparison of the predictions for the polarization with the 
experimental results in IT'p scattering [2]. Solid curves-prediction based 
on the Regge·pole model, dashed-with the aid of the quasipotential ap' 
proach. PL = 40 GeV/c. 
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FIG, 2, Comparison of the predictions for the Wolfenstein para
meter R with the result of experiment in 1T-P scattering [2]. Solid curve
prediction made on the basis of the Regge-pole model, dashed-with the 
aid of the quasipotential approach. 
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FIG. 3. Comparison of the predictions for the differential cross 
sections for the results of experiments on w-p scattering e]. Solid 
curve-prediction based on the Regge-pole model, dashed-with the 
aid of the quasipotential approach. 

FIG. 4. Comparison of the predictions for the differential cross 
sections with the results of experiments in the reaction w-p -+ 11' 1)n. 
Solid curve-prediction based on the Regge-pole model, dashed-with 
the aid of the quasipotential approa.:h. 
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FIG, 5. Comparison of the predictions for the total cross sections 
with the results of experiments in 1T-P scattering [3]. Solid curve-pre
diction based on the Regge-pole model, dashed-with the aid of the 
quasipotential approach. 
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ion [13J. Estimates show [15J that the upper limit does not 
exceed in this case 30 GeV. 

1.7r N-SCATTERING AMPLITUDE 

The 7TN-scattering amplitude is written in the form 

M(s, t}~M,+M,(on), 

where Mo and M1 are respectively the amplitudes without 
and with spin flip, and are determined by the sums of 
amplitudes corresponding to exchange of different 
reggeons: 

M,~ ~M,o, 

We assume that the exchange of the p, p', p, and p' 
trajectories predominates in the t channel. Then 

M(,cp) =Mp+Mp.+M,+M", M(n+p) ~Mp+Mp.-M,-M,·, 
M(n-p-+n'n) ~172(M,+M,.). 

In the considered complex-pole model [13J , the amplitude 
Ma for the exchange of the reggeon a is a sum of con
tributions of two complex-conjugate poles with trajector
ies Qla(t) and QI;1(t), and an integral along the cut corre
sponding to the branch point Qli (t) (we shall henceforth 
omit the subscript a of QI): 

a,C-(t) 

Mo (s, t) = ~+S"-'+jLS'--' + J T (t, j) S!-I dl, 

where QI+(t) = QI-(t)*. 

It was shown in [13J that this complicated picture in a 
limited energy interval at small 1m QI(t) can be effec';' 
tively represented by a pair of two complex conjugate 
poles: 

M.(s, tl =~+S··-'+~-S··--'. 

Then the amplitude for the exchange of one reggeon can 
be expressed in the form 

M ,.=1 +:( t) 1]+. (E/E.) '·('I-'+1_.'(t) 1]_.(E/E.) '-(1)-', 
M,.= (1 +0' (t) 1]+0 (E/E.) ··'''-'+1-.'(t) T) ... (E/E,) ,-(1)-1) Y -tI2mN , 

1]~.=-( Ha.exp {-tna(t)} ]/sin na±(t), 

a±(t) =ao+a.'(t) ±ia.,j-t, 

where Tja is the signature factor, with 0a = 1 for the 
p and p' trajectories, and o~ = -1 for the p and p' trajec
tories; Eo = 1 GeV and mN IS a nucleon mass. 

In the limiting case when 1m T(t, j) - 0, the cut van-

TABLE I 

PL. Norms PL. I Numberof I GeVlc GeV!c points-N A'IHN Norms 

d, d~ 
'dt(>t-p) {l') "dt (n+ p) [10) 

9,86 9 0.98 1.019±O.019 
g.84 11 0.86 0.991±0.014 10.02 12 0,35 0.987 ±0,007 
9.89 12 0,69 0.987 ±0.010 10.8 15 1.45 1.006±0.023 

10,80 14 2.29 0,l105±O,Q23 11.95 15 1.56 0.980±0.OI2 
11.89 11 0.35 0.992±0.01O 12,4 19 0,85 O,900±0.OOO 
12.4 20 0.42 O.916±O.018 12,8 14 0.64 1.076±0.O26 
13,0 13 2,13 0,990±O.023 14,0 12 0.76 0,983±0.016 
14,16 11 0.64 1.011 ±O,OI 4 14.8 13 0,66 1.121±0.027 
14.84 8 1.12 1.080±0.038 16.02 18 1.10 1.020±Q.OO9 
15.0 13 1.17 1.026±0,026 16.7 13 1.57 1.113±O.030 
15.99 14 0,23 0.989±0,008 17.96 17 0,76 0.983±0.013 
16.0 16 0,34 0,979±Q,007 20,19 17 0.67 0,979±0.017 
17,0 12 0.67 1.054±O.027 
18,19 14 0.49 1.029±0.007 do 18,4 15 0.22 !.t35±0,029 'dt(>ton) [16] 
18,9 6 0.41 !.t35±0.048 
19,75 7 0.83 1.286±0,035 9.8 14 1.03 1.015±0.045 20.15 17 0.24 1.006±0,009 
20.38 18 0.54 0.993±0,006 10.0 7 0.53 U.968±O,062 
22.13 19 0.61 1.014±0.008 13,3 13 1.07 1.114±0,042 
23.18 7 0,85 1.334±0,039 13.3 10 0.91 1.114±0,042 
24.22 19 0.78 1.023±0.008 18,2 13 0.55 I,086±0,059 
25.34 8 0.75 1.338±0.043 18.2 9 0,34 L066±0.059 
26,23 20 1.62 1.015±0,007 
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TABLE II 

Measured I 
quantity PL,~eV!e I N I ",.'IN 

Refer- ~ I Measured 
ence quantity PL, GeV!e IN '" 'IN IRefer-

X ence 

,., (n-p) 10-28.68 27 0.47 f::J P (n+p) 14,0 7 1.18 t\69~ 21-65 19 1.32 10,0 15 r,16 
fJ 

,., (n+p) 9.84-22.1 30 1..2 ["J 14,0 19 1,92 » 
15-60 10 2,47 [IS 17,5 8 0,88 » 

fJ 

P (n-p) 10,0 15 1.82 [IO) P(n"n) 8.0 6 3,47 » 
12,0 13 1.93 » 11.2 7 1.03 [ 201 
10,0 21 0.91 [") a (n-p) 9.84-26.23 11 1.23 ['I) 
14,0 III 2.03 » a (n+p) 9,86-20,19 7 1.4 » 

P (n+p) 10,0 6 0,80 [") R (n-p) 16.0 8 0.93 [") 
12,0 5 1.17 » 

ishes and we have one pole, the residue being real in 
this case. Since the model in question is based on the 
assumption that 1m T (t, j) is small [13], to reduce the 
number of parameters the functions Ya(t) were chosen 
to be real and were parametrized in the form 

1:~(t) =l~:(t) =1:,,1[ H(R",)'ltl]', 

where Y~'l and R~'l are free parameters. 

2. COMPARISON WITH EXPERIMENT 

We analyzed the following experimental data (see 
Tables I and II): the total interaction cross sections 

o'·'(s) =8" 1m M,(s, 0), 

the differential cross sections 

~(t,s)=4,,(IMol'+IM,I'), 
dt 

the polarization 

P(t, s)=21m (MoM,")/(IMol'+IMd'), 

The Wolfenstein parameter 

R=[ (IMol'-IM.!') cos a-2Re (MoM,')sina]l(IMol'+IM,I'), 

and the masses of the resonances f, f', p, g, T, and p'. 
We reduced altogether 802 pOints in the momentum in
terval10:s PL:S 65 GeV/c and 0.01:s It I :s 1 (GeV/C)2. 
The bulk of the experimental data was concentrated in 
this case in the region PL :s 30 GeV/c. For PL 
> 30 GeV/c we used only the data on the total cross 
sections, since there is no limitation on the energy in
terval in the case of the total cross sections. 

The parameters that enter in the expression for the 
amplitudes were determined by least squares. To this 
end we minimized the functional 

x' = ~ [F,'-M,F,' (x,,) ]'/(0.')', 

where Ff is the exp:'rimental value of the quantity F 
measured at the i-th point of the k-th experiment; Ff<x10) 
is the calculated value of Ff from specified values of the 
parameters xn; ar in the error in the experimental value 
of Ft; Mk is the norm of the k-th experiment. The norms 
were introduced to take into account the possible syste
matic errors that lead to a relative shift of the da/dt 
curves measured in different experiments. 
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The contribution made to the amplitude by each 

Trajectory 

p 
p' 
p 
p' 

TABLE III 

~ I a' 

,I 
O.303±0.OO7 
O.538±0.021 
O.649±0.031 

0.584±O.011 
0.741±O.OO4 
0.900±O.OO5 
O.102±0.031 
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"1m 

0.274±0.021 
0.351 ±0.029 
0.448±0,OI2 

TABLE IV 

Trajectory Yo R o' y, R,' 

P 2.331 ±0.OO5 1.822±O.037 13.234±3.918 44.209±8.313 
p' 1.378±0.05 O.818±0.199 0 0 
p 0.222±0.022 8.8·10' -4.544±0.427 2.845±0.211 
p' O.051±o.OI2 0.704±0.285 0.095±0.019 0±O.299 

reggeon, with the exception of the Pomeranchuk trajec
tory, contains seven parameters (ao, a', ai, Yo, R~, Y1, 
and R~). The Pomeranchuk trajectory was chosen to be 
real ai = 0) with a fixed value ao = 1. Thus, we varied 
simultaneously 26 parameters. The experimental points 
that accidentally deviated from the calculated curves by 
three and more errors were eliminated from the reduc
tion (15 out of a total of 802). For the obtained solution 
we got x2 = 861 at i 2 = 761 (confidence level C,L. 
= 0.65%). The corresponding parameters are given in 
Tables III and IV. 

Thus, the complex-pole model in the approximation 
used by us makes it possible to describe the entire ag
gregate of the experimental data in the interval 10:s PL 
:s 30 GeV/c and 0.01 :s It I :s 1 (GeV/C)2 with the aid of 
26 free parameters. It should be noted that the elimina
tion of the imaginary parts of the trajectory (aIm == 0) 
makes the description of the experimental data much 
worse, namely X2 increases to 1960 (C.L. « 10-6 ). On 
the other hand, if p-reggeon exchange is disregarded, 
then / increases to 1130 (C.L, « 10-6), 

It is clear from Figs. 6 and 7, which are shown to 
illustrate the obtained description, that the calculated 
plots of the differential cross section and of the polar
ization are in fair agreement with experiment. As ex
pected, the description becomes much worse at the 
boundaries of the indicated energy interval. 

Figures 1-4 show a comparison of the predictions 
based on the obtained solution with results of later ex
periments [2,3J (solid curve). It is seen from the figures 
that within the limit of the energy region indicated above 
(PL:S 30 GeV/c) there is good agreement between the 
predicted dependences and the experimental data. At 
higher energies, a noticeable discrepancy with experi
ment is observed in the region of large Itl. The dashed 
curves, which are the predictions based on the quasi
potential approach [lJ, fit the experimental pOints much 
better in the region PL > 30 GeV/c. 

The predictions obtained for the total cross sections 
in both models agree, within the limits of errors, with 
experiment up to PL = 205 GeV/c (Fig. 5). 

Comparing the results obtained in this paper (C.L. 
Re 0.65%) with the description in the quasipotential ap
proachL1], we can state that the quasipotential approach 
yields a somewhat better result (C.L. ~ 2%). However, 
one must not attach too much significance to this differ
ence, since the quality of the description in the employed 
complex-pole model can be improved somewhat by con
Sidering the more general case of complex residues, 
although this does increase the number of parameters. 

It must also be emphasized that both models make it 
possible to describe the experiment with the aid of 26 
free parameters only after renormalization of the ex
perimental data against the differential data. The devia
tion of the norms from unity then greatly exceeds in 
some cases the systematic errors indicated by the au
thors of the experiments (see Tables I and II). 
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FIG. 6. Differential cross section of the reaction 1T-P ..... 1Ton. 
FIG. 7. Polarization in the reaction 1T-P ..... 1Ton. 
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