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· The angular distributions of - 0 ~ p.~ ~ n near the forward 

· direction have been measured by the Saclay-Orsay group a~ CERN at 

several momenta between 3 and 18 GeV/c.1 The observed en~rgy dependence 

gives important support to the hypothesis of Regge behavior controlled 
" 2 

by the p · trajectory. A dip at about t == -0.6 {GeV/c) together 

with a secondary maximum is a general feature of these distributions. 

Figure 1 shows the angular distributions at 5,85, 9.8, 13.3, 

and 18.2 GeV/c. 
" 2 

Phill.ips and Rarita fitted these distributions, 

assuming that the amplitudes are dominated by a p Regge pole in the 

crossed channelJ with the differential cross sections given by.the 

expression 

da dt" {a, t) (1) t +-
~ 

where 
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·;' .• I ·A . C(t) l ·- ex;p( -i1Ca ~ (EE
0 
)a 

sin 1!'0: 
is the nonhelicity-rlip amplitude 

! '.· 

·. i .- ~nd . 

... -
. f ',. 

. ·· ( ) l ex;p ( -irra ) :. B· - D t ___ ..._._ _ _._ 
· . sin rra (-E )a-1 is the helicity-flip amplitude • 

Eo 
. '' 

. The· symbols. s and t are the invariant squares of energy and momentwn 

transfer, respectively, p and E are the incident pion momentum and 

· · ·. · total energy in the laboratory system, k is the center-of-mass 
I 

• 'l, 

~ ~: .. 

momentum, M is the nucleon mass, and E0 is a scale factor arbitrarily 

: . . taken to be 1 BeV. The p trajectory is designated by a(t) • 
:· ~ '. 

\. ~llips and Rarita parameterized c(t) as (2a + 1) times the 

difference of two decreasing exponentials, while D(t) was represented 

as a times such a difference. The ~rajectory o:(t) was assigned 

; the Pignotti form. They obtained a solution with o:(O) = 0.540 !0.002 

and o:' (0) = 0.65 ±0.02 from 75 data points with X2 = 144. Assuming 

2 a linear trajectory, they found a less satisfactory fit with X = 175 

for o:(o) = 0.530 ±0.003 and o:' = 0.47!0.02. In both fits the 

value of ltl where o:(t) crosses zero is much larger than 0.6. 

In their solutions1 the dip in the cross sections is explained by 

the change in sign of the difference of the two exponentials in the 

B amplitude (which is much larger than A), the position of the dip 

being near the position where the difference of the exponentials 

vanishes~ .Ai' the same time, they pointed out the possibility that the 
,, 

dip might be Ei.ssociated with the vanishing of the factor o:(t) in the 
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., . ;·. B · amplitude, . In fact, <they noticed that if one assumes a linear 

trajectory that goes through the :position of the p resonance and 

I. :: , ·:.thrOugh a ~ 1/2 at t = 0, thiS linear trajectory ShOuld go thrOUgh 
.. ; '.·. 

::, :-,/ >a(t) = o near t = .. o.6 . We proceeded to study this possibility 
' ,. 

, ·using this idea as the ingredient, and have found a fit to the data, 

\, 

~.. ... 

which is actually slightly better than the preferred fit of Phillips 

and Rarita. 

As a preliminary to our analysis, the trajectory ftmction 

a(t) was first studied by the so-called model-independent method, 

.which has been used, for example, by Logan, 3 Hohler, 4 a~d others. 

The value of a at each t can be determined from the dependence 

of da/dt · on E 1 the incident-pion lab energy, since we have 

da 
dt F(t) • 

' .· 
= (EE ) 2ct-2 

0 

lj' 
A linear farm for the trajectory gave a statistically adequate fit, 

as shown in Fig. 2 (Curve I) leadtng to a{O) = 0.56 '!'0.03 and 

a' = 0.81 !O.o8. We thus chose a linear form to parameterize the 

trajectory in the following analysis. 

,.' 
;_;' 

For the residue functions C(t) and D(t) we chose forms 
·, 

! ·· · based on L. L. Wang • s analysis of the poles and zeros of the 

. helicity amplitudes A and B, showing that there should be no poles 

beyond those at a= 11 3, 5, ••• in both amplitudes, while the 

kinematically required zeros occur at a= -1, -2, •••, in both 
. :·~ 

C(t) and D(t), and at a = 0 in D(t). The sequence of zeros at 



~­.. 

.~ ' 

• .. 
'! 

·: t .. . 

.. ·~ . 

. •. 

negative odd integers cancel out the spurious poles at these points 

in the· function [l - exp{-ina))/sin na • The data in question will 

carry us. near the point a= -1 (see Fig. 2) but not near a= -2, -3, ··~, 

so in our parameterization we have included only the first zero of this 

sequence. In addition D(t) must have a zero at a= 0. It is 

·possible that further {dynamical) zeros occur in the residue functions, 

• but we have sought a "simple" fit where such complications are absent. 

Accordingly we chose the expressions 

and 

D(t) = a(a + l)D0 exp(D1t) , 

• I · where CO' c1, DO' and n1 are adjustable constants. Note that 
'II. 

these forms are somewhat different from those of Phillips and 

Rarita. In their parameterization there is an undesired zero at 

a = - l/2 in A and poles at a= - l in both A and B amplitudec. 

The data points far ltl < 1.4(GeV/c)2 at p = 5.85, 13.3, 
1C 

and 18.2 GeV/c and tor ltl < 0.8 {GeV/c)2 at p = 9,8 GeV/c were 
. 1C 

included. With a total· of 62 points,5 the best solution we found 

had ~ = 98. We did not include the normalization uncertainty, which 

would result in a lower x2 value. The values of the six adjustable 

parameters for our best solution are given in Table I, the corresponding 

fit being shbwn in Fig. l. 
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. Since both c1 ~nd ·. D1 
. ·r • 

.. 
we· made a search demanding that 

With· the same x2 value. 

are essentially consistent with zero? 

c1 =. D1 = 0,. and obtained a solution 

'' 
[' 

. . 
·' 

Table I. Iarameters for · :rrN charge-exchange amplitudes. 

.a(o) 0.56 :!:0.01 co 2~3 mb-GeV 

cl 
-2 0.01 GeV 

a' l.o8 -;!:0.03 Do 38.9 mb-GkV 

Dl 0.01 GeV -2 

We feel this four-parameter fit is just an accident, however, since in 

the expression for the cross section an arbitrary exponential dependence 

·on t has already been intrC?duced through the choice of the value E0 

That is, if we were to choose a different value for E0 , the values 

of c1 and D
1 

would then be different from zero. Furthermore, there 

is no a priori reason to assume that the scale factor in the A 

amplitude should be the same as that in the B amplitude. Thus we 

feel six parameters are still needed. 

Note that the trajectory parameters given in Table I are 

essentially compatible with values that we determined from the 

model-inde:per,ldent method. Figure 2 shows that a(t) should have a 
: .. ~~ .. 

slight cur~ture, so that if we consider only small-momentum-transfer 

data points)':we Will get a higher value than 0.81 for the slope. of 
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the' t~ajectory.· ·In fact,. the trajectory a(t) = 0.56 + l.08t gives 

a ~tisfactory f~t With -1 = 14 for 14 points, i.e., ltl < o.8 • 

Incidentially, the trajectory given in Table I predicts M ~ 640 MeV, p 

' ~bile the trajectory obtained by the model-independent method leads 

.. , 

to M ~ 740 MeV. 
p . 

2 
To summarize, we find we can explain the dip at t ~ -0.6 (GeV/c) 

1n terms of the necessary vanishing of the helicity-flip amplitude 

. when the exchanged angular momentum passes through zero. If such is 

in fact the origin of this minimum in the angular distribution, one 
! 

should expect to observe similar minima at the same value of momentum 

transfer in other reactions where the p trajectory plays a pro.minent 

. role. 
• 

We are indebted to Professor Geoffrey Chew for his suggestions 

and advice on the present work. We especially thank Dr. William Rari ta 

for his encouragement and many useful discussions. We would like to 

thank Mrs. Ling-Lie Wang for her discussion on the analysis of poles 

and zeros of the helicity amplitudes. 
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.·.' FIGURE CAPI'IONS .... ··" 
~ ', I 

.. · ··: Fig, L _ Differential ·cross sections of at four incident-

·., :: .. ··.;:pion .momenta~· . The smooth curves are our best statistical fits . . ; ,' . ' ' . '. . 
•'\', 

·' Fig. 2 1 · The p trajectory plotted as a function of t . Curve I = 

·,, 
'; 

• ~ f -

'. ,, 

··', 

: t. 

_, __ ·. 
·: .. '. :. ' 

,,.,; 

best linear fit to a(t) values determined by the model­

independent method from data of Ref. la; a(t) = ,0.56 + o.{3lt. 

Curve II: a(t) =. 0:~56 + l.o8t • 
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A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

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

As used in the above, "person acting on hehal f of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






