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The function multiplying H(Xs,ps,ps) in (A2) is
continuous in Xs, provided s)&2(ps+p") and Xs)p". s—4m' s—2m' 1
We now specialize to the equal-mass case ps= p"=ms ~g(ms, s)
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(the generalization for the case psWp" may be carried V~
out in a similar fashion).

Consider the function g(m', s) given by
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s—4m'(v )+
X ln The inequality (A4) ensures the uniform convergence of

(Qh) —s+4m'
g(m', s) in s.

Assuming that for large enough Xs, H(hs, Po, m') is
bounded by (Xs) ', and using again the mean-value

Proof: We expand the logarithms in (A3), making theorem, one establishes Eq. (g).
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A p+p' Regge-pole model in which the p' is an n-type or nonconspiring trajectory is investigated. It is
found to agree with present charge-exchange data and certain superconvergent sum rules. Present polariza-
tion measurements are not accurate enough to constrain all the Regge parameters, and a range of solutions
emerges consistent with the data.

HE p' meson with J~=1 and I=i has been
introduced" to explain the polarization ob-

served' in high-energy pion-nucleon charge-exchange
scattering. The recent work of Igi and Matsuda4
showed that the parameters obtained by Logan,
Beaupre, and Sertorio' to Gt the mp polarization did
not satisfy their superconvergence relations.

In this paper, we shall present parameters for the
p+p' model which agree with the m.p charge-exchange
polarization and scattering data, and the supercon-
vergence relations of Igi, Matsuda, 4 and Olsson. ' In

' R. K. Logan, J. Beaupre, and L. Sertorio, Phys. Rev. Letters
18, 259 (1967).' H. Hogaasen and A. Frisk, Phys. Letters 22, 90 (1966).

3P. Bonamy, P. Borgeaud, C. Bruneton, P. Falk-Vairant,
O. Guisan, P. Sondregger, C. Caverzasio, J. P. Guilland, J.
Schneider, M. Vvert, L Mannelli, F. Sergiampietri, and L.
Vincelli. Phys. Letters 23, 501 (1966).

4 K. Igi and S. Matsuda, Phys. Rev. Letters 18, 62S (1967);
see also A. Logunov, L. D. Soloviev, and A. Tavkhelidze, Phys.
Letters 24, B181 (1967).' M. G. Olsson, Phys. Rev. Letters 19, 550 (1967).

For a review of this subject, see J. W. Morat, in Proceedings

order to satisfy the constraints provided by both the
polarization data and the superconvergence relations,
Sertorio and Tollerr introduced a Gribov-Volkov' P-type
p' trajectory (i.e. , a conspiring p' trajectory). We have
found that it is not necessary to introduce a conspiring
p' trajectory, but that it is possible to satisfy the super-
convergence relations and the polarization data with
the O.-type or nonconspiring p'. In fact, the agreement
with the superconvergence relations seems to be
better with the o,-type p' trajectory.

Gajdicar and Moffat' have recently shown, on the
basis of an analysis of the recent Coulomb interference

of the Fourth Boulder Conference on Particle and High-Energy
Physics (Gordon and Breach, to be published).
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measurements'0 of n+ ——Ref~/Imf~, that there exists
a discrepancy between the calculated forward amplitude
D& &(v)=-', [D (p)—D+(p)] and D,~-&(p) obtained from
the single p-trajectory model. The latter model is con-
sistent with the charge-exchange data"-" and we have
found that this discrepancy persists with the intro-
duction of the p'.

We wish to describe the xg charge-exchange dif-
ferential cross-section data, " the charge-exchange
polarization, the xp total cross section 0-t' & '4 "and the
real forward, amplitude D~ &,"0 using the p+ p' model.
The charge-exchange amplitude is de6ned by
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where fand f are the non-spin-flip and spin-fhp ampli-
tudes and q and g ale the center-of-mass momcnta of
the initial and final states. The polarization parameter
P and the differential cross section da/Ch are given by
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Fxo. 1. (a) p+p' Regge-pole 6t to the diGerential cross sections
for a, (0)=0.2 at pion lab energies of 5.9, 9.8, 13.3, and j.8.2 GeV.
(b) p+p' Regge-pole fit to a & & for a~ (0)=0.2.

«/«=(~/v')[lfl' («/s)—Ifl'1

where 8 is the scattering angle in the s channel. We
shall assume that f and f are given by f= f,+f; and
f=f,+f;, where

f;=—[Mpb;(i)/47rW][(s —M' —p')/so]"'&'&

X [i+tan-,'sn;(t)], (i =p,p') (4)

f;= (I /&«) [b;(&)—~;(&)b;(&)][(s—&'—u')/so] '"'
X[i+tan-,'s.n, (i)], (i=a p') (5)

Here 8"=s' ' and 3f and p are the nucleon and pion
masses, respectively; n, (i) and rs, (i) denote the p and
p' trajectories, and b„b, and b„b,. are the Regge-pole
residues associated with the non-spin-Qip and spin-Rip

amplitudes, respectively. We shall choose so ——23fIJ,,
whereby (s M' y')/so E/—y an—d the r——esidue func-
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tions are only weakly dependent upon t." 's In the
present work we have chosen the residues in fact to be
constants. In the same spirit we shall adopt simple,
linear relationships for the i dependence of n, (t) and

rs~ (i), viz. , n~(t) =n„(0)+n,'(0)i and n; (l) =n, (0)
+n (0)i.

The superconvergence relations obtained from the
non-spin-Qip amplitude in the limit v —+~ take the form

~b.(.E/~&) [I/(~+ .)](E/.)"
+b, (~E/~)[&/(&+~')](E/~) ')

=-4-f+ «(E ") " «),-(6)-
(bp/4sa, ) tan(-,'~n, )(E/y) ~

+(b;/4snp ) tan(-,'erne )(E/i4)"'

=%2~f'/p'+ Ref' &(&) (7)-.
K2p (E' p')'"—

If we choose the asymptotic lab energy E=S BCV, we

get from Eqs. (6) and (7) the relations

[b,/(~, +&)](EII)"+[b;/(~;+&)](E/~)"'
=60.9&6.6, (g)

(bp/sa, ) tan(-', en')(E/p) ~+(b;/sn;) tan(-', ~n, .)
X(E/~)- '=61.g~l2.7. (9)
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published).
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Pro, 2. (a) Fit to polarization data for ap (0)=0.2 and epi(0)= —0.5. (b) Fit of Dp+p. ( & for ap. (0)=0.2 to the forward real
antisymmetric amplitude calculated from charge-exchange data.
Also shoran, for comparison, is Dp& & from the single p model, and
D( & calculated from Coulomb interference data. hD( & is the
result of adding the systematic error (straight dashed line) to D( '.

Initially, we have eight free parameters. Ke use
Eq. (8) to obtain b; in terms of n...n„and b„reducing
the number of free parameters to seven. In view of the
error involved in the determination of the integral,
in Eq. (7), we do not use (9) to reduce the number of
parameters further, but only attempt to 6t this relation.

In fitting the data two types of solutions emerge—
those with n, (0)&0 and those with rr, (0)&0 Bo. th
solutions give good X2 values in Gtting the present data.
The 6t to do/di for n;(0)=0.2 is sl'.own in Fig. 1(a).
The 6t to the total cross sections 0& & is shown in Fig,
1(b) for a, (0)=0.2. In fitting the polarization P, we
hand that the behavior is quite di8erent in the two cases
when Ir, (0) is positive or negative. The results for
n, (0) =0.2 and a, (0)= —0.5 are displayed in Fig. 2(a).
For n, (0)=0.2 the polarization I' decreases with
increasing t, wherea—s for a, (0)=—0.5 it shows a
definite increasing trend. This is an interesting pre-
diction as future, more accurate experiments on the
charge-exchange polarization will be able to choose
between the two possible solutions n;(0) &0 and
~. (o)&o

TAaxx X. p+p' parameters, which give good y' Gts to present
charge-exchange data, are shown for cap. (0) =0.2 (solution A)
and n, .(0)=—0.5 (soiution 3). The residues are given in mb'ls
BeV ~.
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With tr, (0)=0.2 and n, (0)=—0.5 the supercon-
vergence relation LEq. (9)g is satis6ed giving values
69.5 and 68.6, respectively. The CGect of the supercon-
vergence relations is to limit the magnitude of the p'
contribution to the non-spin-Qip amplitude to be small,
but they have no c8ect on the contribution to the spin-
Qip amplitude. In fact, we had to take a rather large
p' contribution to the spin Qip in order to obtain the
experimentally observed polarization. (See Table I.)

Figure 2(b) shows that D~;t & with rr;(0)=0.2 is
almost the same as D, 'This re.mains true for all n„(0)
which gave us good 6ts to the charge-exchange data.

In view of the large number of parameters in the
present calculation it was not possible to limit the range
of acceptable values for both n, (0) and u, '(0). These
values of a, (0) range between —0.5 and 0.25, with a
transition region in-between in which the increasing
polarization behavior becomes a decreasing one.

In Table I, the various parameters obtained from
two solutions at n, (0)=0.2 and rr„.(0)=—0.5 are
displayed.

In conclusion, we can make the following comments:

(1) The p+ p' model its the present charge-exchange
data with a range of values for the p' trajectory.

(2) The two solutions n, .(0)&0 and u, (0)&0 which
emerge predict an increasing polarization and a de-
creasing polarization, respectively. More accurate
polarization experiments to deterxnine the behavior ofI foI' 1ncICRslng —$ shouM d1scI'lmlnatc bctwccn thc
two ranges of solutions, and provide some information
about a possible branch cut simulated by the p'
trajectory.

(3) The two superconvergence sum rules for the
forward non-spin-Hip amplitude are well satis6ed by the
p+ p' model.


