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ABSTRACT
Without introducing any zadditiconal varameter or
Zzssumpticn, we use our previous medel for hadron scattering

n the impact picture to predict the ratio of the

L
fu
Ul
v
nj
O

real to imaginary parts of varicus forward elastic scattering

procasses at high energies.
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Three vears ago we prediciced, on the basis of cuantun

Jicld theorv, wmany featurcs of the limiting pchavior of
Créss soctions ot exitremely high cnergics. ror cxample,

o1l total cross soctions must incrocase without oound, and

035 scction approachas half of the tozal
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“IZ0ss soction. Since these limiting behavior cannot be
CxXpoctad o aold at energies avallab.c at the present time,
it is interosting to construct models that have all the
Gesired properties at infinite enexrgy. A first attempt
in this direction was carried through last year.?® The
.2jor difficulty that we encountered is that some assumpciocn
Tust be made to fix, roughly speaking, the energy scale
-or increasing cross sections. We chose the condition that
the Dackground term is absent in the case of K+p elastic
scattering which 1s the only process observed to have an
inoreasing cross section at Serpukhov.® This was the most
reasonable assumption at that time, but we certainly hadé no
cogent rgeason to argue this musit be so.

Recently, measurements of proton-proton scattering
give dramatic qgualitative confirmation of cur prediction
of increasing total cross sections.® By using one of the
Seasured points, we can remove the above-mentioned assumption
oz the absence of background in the K+p case. In this way,
W& nave cbtaired a number of gquantitative predictions, not
ocnly apout the proton-proton and proton-antiproton scattering,
sut also for X'o, X o, 7 p and T p scattering.’®
Once the tectal cross sections are known as functions of

The energy, the real parts of the forward scattering amplitudes

&rXe uniguely determined because of dispersion relations. No
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clditional paramoters or assumptions arce needed. It is

crt tihe resuviztes cf zuch &
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“he purpose ol thls nocte to ro
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borztory energy hpetwecen S0 and 5000 GeV.
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Thc formulas are remarkably simple, and no integration is

We recall that, in the model hased on the impact

S

er”, the total cross section for

|_l.

micture we reported carl

2 channel j such as pp or pp is given by

-k 4.8832

Tiotal {3y = Ajs + —_— Im Mj (s, Q) (1)
Wilerae
M(s, 0) = 52 fa, Dy (s, %)) (2)
with
D, (s,%) = 1 - exp{-£;(Ee in/2, (3)
exn[}k(x.2 + xojz)%]}.

ere 2 is the laboratory energy ©¢If the incident particle, ¢
ondé A are universal constants (independent of j), and fj and

x are parameters devendent on J but are, Lowever, the same
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cident particle is replaced by its anti-particle.

if the 1
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Since crossing symmetry i1s properly taken into account
in this mocdel, Mj(s, 0} is analytic in thne upper half plane.
is thus simply a mattér of extending the background term
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L. s ° to complex values of s. If we neglect the masses
J
compared with E, then the ratic @ of the real and imaginary

A

1]

arts I the forward zlastic amplitude 1s given by
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~A5's? 4+ 4.8932 Re M+ (s, 0) (4)

“ = A s + 4.8932 Im My (s, 0y
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c2ro 2! Zonotes the corrasponding u channcl.  For cxample,
- - 'L\ [ -

15 LS X p, toe 3 i3 X o

9] —_— 4 e
< L0 CGeVT o Zor pp, D, Wop, anc X p. Tor tne solid lincs,
- -y ey -— - - T -~ -y 5 - el m . PR
~he poramgters previously found” are usca. To test the

~

Thz new parameters are again actermined from the set of

0]

Zourteen pieces of experimental data listed in Relerence 5,
znd the resulting ¢ are plotted as the dashed lines in

igs. 1-3. The difference between the two sets of curves
is guite small. Of course, both sets of curves depend
zensitively on the values of the recently measured total

oD cross section at ISR.' In Fig. 1 we also show the

sumaerimental result for pp fronm Serpukhov® and ISR’. The

agreement is guite satisfactory.

We conclude with three remarks.

1. For s below 100 GeVz, 1t is necessary to use the
cxperimental data at lowgr energles and perform the disper-
sion integral. The unphfsical region in the Pp case can ke
randled in a way entirely similar to that of 88ding®.

2 . . .
2. TFor s above 104 Gev®, (4) still applies but th

s of curves are not in good agreement.
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. VG 21l w's approach zero slowly from positive

oL iTatively,

the value of ¢ is
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cerentiwith (3), ¢ = 0.08292%; with (5) ¢ = 0.20225.
Since we cxpect © to be less than 1 from the theorem of

Jim and Martin®, these values, particularly the second one,
ro perhaps reasonable. Another diffcerence between the two

sets Oor parameters 1s that the value of A(pp) is significantly

smaliller wnon (5) Ls used.
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CAPTIONS FOR TPICURES

Theorovical values of a for pp and pp forward elastic amplitudes

topether with oxperimental results for »p. The solid lines a

3

obtainad from Eg. (3) while the dashed lines are f£rom £qg. (5}

oy . T T s .
Thooverdical values of o for Xp and K p forward clastilce

mnllcudes. The solid lines are obtained Tcom Hg. (2) while

the dasbhed lines are from Eq. (53).

. . - + - - .
Thaorctical values of & for w p and 7 p forward elastic
amplitudes. The solid lines are obtained from Eq. (3) while

the dashed lines are from Lgq. (5).
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