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Recent experiments at high energies have indicated that the

width of the diffraction peak in the elastic cross section is consid- -

1,2

erably smaller in Sb scattering than in pp scattering. On

——
o semi

the other hand, the total cross section for Sb is greater than

* than for ©pp .5 We have then the qualitative feature that the larger

total cross section is associated with the narrower diffraétion peak..v'

The purpose of this letter is to investigate whether this feature

may be understood in terms of a Regge pole model for high-energy

, scatterin&. We f;nd that, because all Regge exchanges give a positive

coeffiéient for the résidue funcé&on in the contribution to the
imaginary part of_the Sb amplitude, this feature can be understood

oﬂly if some residue functions are allowed to be negative,

(I) ‘We consider first the three-pole model of Hadjioannou, Phillips,

and Rarita in which only helicity nonflip amplitudes are considered:1+

A+ = P + P' «

bp .

AL = P + P'" + o S . - (1)
2 | \

do = |A]

at

oy % ImA(t=0)."
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We have used the trajectory symbols to denote the contributions to

the amplitude which are of the form
af :
a(t)lza(t) + 13¢ w(e) EXH), | _1

where E 1is the laboratory energy, t the squared momentum transfer,

’

and § 1is given by

t = v 4 - cotln a(t)/2] for even sifnature,
¢ = 11 - tan(x a(t)/2] for odd signature.
The j parity v 1s +1 for even signature, -1  for odd. Since.‘! ' }
)vi‘f
oT(pp) is constant, we have ' ‘ Q - »¥3
v ' o ‘ : f
. ‘ - AR -
aPl(o) = °‘u>(°) ’ ‘ - ' . ' £
- l-ap ' ( O) ' .
- — - iR
b5,(0) = 1 (0) = constloy(pp) ~ orlpp)l/E L !

If q”(t} is positive definite this model .cannot explain the fact that

do fat < do_ Jat (for -t> +0.2) . =7 b
- “pp P
PP _.;

We have verified this in detail by machine computations. We "'f

were not-able to achieve a X2 less than 1000 in this model; there are

63 data points. The result may be understood by the following argument:
if (Re A)2 < (Im A)2 the p-w cross term in do/dt is positive for
Eb and negative for pp . Requiring aé(o) < 0;5, as inferréd from
the pion proton data,5 implies (Re A)2 > (Im A)2 only if there is

a large ® contribution to Re A arising because aw(o_)‘ (= QP,(O)] _
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is near 1 . The w contribution then dominates Re A , since

aP(O) = 1, and (Re A)2 is the same for pp or pp .

(II.) We consider next the extension of the.three-pole model to

include helicity flip amplitudes. Wagner has shown, by use of the
factorization theorem, that the differential elastic cross section 

due to trajectories with 1% = + 1 (x is the parity; this condition  ,

is satisfied for P, P', and ® ) can be‘written6

’ a,+Q, =2
, %% ) Z At ;J* gt Y [0, (%) b, (1) - wb, (%) bj__(t)la
1,J ‘

. N
where AJi = Aij = =1 for 1 13

for pp scattering; and AiJ = 1 for 5@ scattering; all other

factors are the same for pp and pp . The "Regge couplings" bii(t)

P, P', j=w and A,, =1 otherwise

are the square roots of the residue functions, '[aai(t) + l]ai(t) bi(t).
| If b, are.real; the same argument used in (I) shows that the
inclusiog of helicity flip does not change the result of (I).

'(IIi.) If we relaxiﬁhe positive definiteness requirement on qn(t)

in (I), or equivalently, allow b,e in (II) to becoﬁe imaginﬁry, the
’narrower Sp péak may be explained. We have obtained a fit to the - , ﬁ

data of Ref. 1 by taking for qb(t) the form

| ‘ a,t - a,.t - L
%ﬁ)=A%K®[U+gkl . gee}‘ @ F

with a, <a, , and for bP(t) and bP,(t) the form
at

oe) = wode . IR ¢)
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The exponential form in (2) and (3) is merely a convenient
parametrization’ of the decrease of the residue function in a small’

region of momentum transfer. For ai(t) we have taken the form

ai(t) = <1+ [1+ di(o)]2 (1 + ai(o) -‘ai'(o)t]-l ,

which has the property of containing the ledst amount of curvature

T

consistent with ai(t)'s .being a Herglotz function. Our fit to the

1 % % %o @p(0),
a'P,(O), a'w(O), and an(O) , two of which, a'P(O) and a'P,(O),

‘may be taken from xp data (a'P(O) Y a'P,(O) X 0.3 ? We have

data thus involves nine parameters: g, a

found that the data may be fitted for values of the last four parameters

[}
0

in a wide range so that, in practice, only five parémeters are necesséry. o

In Figs. 1 and 2, we show the results, for the pp and Pp cross
sections, of minimizing X2 for a particular choice of the last fQﬁr'
parameters. The variation of qb(t) needed to fit the data is vefy
rapid [2»(-0.2) ~ -ED(O)/2] , andvsomewhat.hard to understand since
qn is e;pected to obey a dispersion relation with only a right-hand

- cut (starting at hmﬂg). There is, however, an alternative intérpretafion
of the result. The second term in Eq. (é) may be the fesidue from the

¢ trajectory if q¢(t) - ob(t) for the rangevof t under discussion.
Whichever interpretation is adopted, it is necessary for a residue
function to become negative.

(IVv.) Fprbthe sake of completeness, we consider contributipns from
other possible trajectories having charge conjugation number,-.C y

equal to -1 . Three types of trajecfory are possible.s?g



5=

" (a) Other trajectories with C =7 = = -1 add to (not-subtract.from)
VV w .lO The conclusion of (III) that some residue function must become
negative is therefore no£ altered if some trajectory of this type, other
than (an@ ¢), is important. (b) Making use of the helicity amblitudes
(¢i) defined by Goldberger et al.,ll we haye that a trajectory with
c =1 = =t = -1, such as an axial vector meson, contributes equally
to ¢2 and ¢4 22 Since the f contributesvwith equal magnitude

and opposiﬁelsign to ¢ and ¢h , no difference between Ep and

2
pp can arise from such a trajectory. (c) A trajectory with C = ﬁ = o7 = el

might be of importance, since it contributes to the nonhelicity-flip

)
L
1,

amplitudes -¢l and ¢5 proportionally to -4t and +t , while P N
. contributes in the ration 2:1. Such a trajectory, however, would also
require a negative residue function to narrow the Ep peak relative to
‘the pp peak. -

If an argument can be found to preclude negative Regge pole
regidue fungtions, the explanation of the pp and Ep diffractioﬁ
peaks will, presumably, involve Regge cuts.

We are grateful to Professor Geoffrey P. Chew for many hélpful
suggestions, to other members of the Theoretical Group for instructivé
conversations,'and to Mrs. Doris Teplitz for programming assistance.

One of us (VLT) wishes to thank Dr. David L. Judd for his hospitality

at the Lawrence Radiation Laboratory.
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.12, The contributions to ¢i , 1= 1,°++,5, may be obtained from the
results of reference 8 for the amplitudes Ei by means of the

asymptotic form of a crossing matrix which (tsking into account

= -2

that contributions to 52 and y  are, at most, like s ’
and to 53 , at most, like sa-l) is ’
0 0 -Ls 0 2
. -t 0] 0 0 -t
@) = 52 o 0 5 0 1
-t 0 0 0 t

0 0 0 0 Ve [ . )



Fig. 1.

Fig. 2.
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FIGURE CAPTIONS

Differential cross section for elastic pp scattering as a

function of lo{_f,lo s . The data are from reference 1., The

P P

P - R : ' ’= ! = ! = !
a, = 0.161, and g = 0.517; aw(o) O-'-_S’. a'p=aly, =al

were kept fixed to give a X2 equal to 60.0 for 63 data points

curves were computed for a_ = %.65, a_, = 8.40, a, = 6.9%,

(48 for pp and 15 for pp ).

Differential cross section for elastic Ep scattering as a
function of -t . The data are from reference 1. The curves

. . . iy
are for the same parameters as in Fig. 1. The dashed lines Hi

give pp scattering for comparison.

= 0.3k
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