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ABSTRACT

A theoretical investigation is carried out on the prop-
erties of proton-proton elastic scattering at large ener-
gies. It is assumed that both the total and elastic cross
sectians are rising with energy. Theoretical results are
compared to experimental data obtained by Amaldi,
Biancastelli, Bosio, Matthiae, Allaby, Bartel, Block,
Cocconi, Diddins, Dobinson, Litt and Wetherall.

ASSUMPTIONS AND RESULTS
Proton-proton elastic scattering: has been measured

at the CERN Intersecting Storage Rings and the results
show that both the total and elastic cross sections are
rising with energy (Amaldi et al., 1973). These results
are consistent with earlier studies based on cosmic-ray
data (Yodh, Pal, Trefil; 1972). In this note we con-
sider amplitudes that give rise to increasing cross sec-
tions. We assume, first of all, that the effective number
of partial waves contributing is

L=CYSs (lns) wvhere 0 < ¥ < 1
(Proissart, 1961), This leads to the following bound on

2 27
the total cross section (fickens, 1970): (F o(8) & 16TC (1ns)<% .

Our second assuwption is that O'-T (s) has the same energy
behavior as the above bound, i.e.,

17 2
(1) O'-,.(S):CL(JMS') T - fLwC”.

We now give the properties of scatteripg amplitudes
which follow from the above two assumptions and com-
pare with the recent experimental data on proton-pro-
ton elastic scattering (Amaldi et al.,, 1973; Bartenev
et al.,, 1972).

3ince & l.(.'s) increases with energy, we uust have

—

S 4(S) also incressing vitb enwrgy (Logunov et al., 1973).

Thus, we have the Pomeranchuk theoren in the following form,

() Lim ox(8) [a7(5) = 1.

s—» CO. ) The following bound exiets
Jtal crosse

(Note that Lim memus
on tbe differeuce of the particle, antipurticié t

sections (Roy, Singhi 1970),
3) Lim | ox(s) — ‘-"’-r“)' £ BAnS,

where B is a constant. This shows that while & (5) and

O-\ 2an®” {fference can {ncrease
2(5) may grow like (ins) , their differe

&% moat lixe (1ns).

We have the following lower bound on the clastic
cross section (Mickens, 1970),

(_‘" 2%
") o, (s > [m'rc“x (&n §)

since G.L(s) io bounded I1om above by eq. (1), we seo

that the elastic cross section must have the following
energy behavior,

(_5) O;j.(s” = c1 (,QNS')ZT,

i.e., the elastic cross section increases at the same rate
as the total cross section.

We have the following bound on the phase of the
forward scattering amplitude (Mickens, 1970),

_|ReFtso |, g._'
© |pes)| = \Im F(S‘,O)\ RC'X

1f we denote by P (S) and P ($) the phases for the particle,

~l-

antiparticle proceses, one can ahow that

@ Lim |pes)| = Lim | P57+

If the symmetric scattering amplitude dominates at high
energies, we have (Eden, 1967),

. ¥
(8a) F(500=C34+5 {/?N(-LS')] s

And
Thus, the real part of the forward amplitude becomes

positive for sufficiently high energies.
In the forward direction, we have

do(s0) _ ot 2
Tk e [_1,+p(5')].

Using eq. (1) and the results given in eq. (7), we
obtain

5 Lilon dS(50) _ |\im do(s,0)
at dt
2 47
= EL_M- Ii +Ft‘5')] ’
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If we define the diffraction width as (Logunov et al.,
1973),

do(s 0)
(10) AlSs) = Ty (5) '—S_t_'

= -
i
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we find that,

ay A(sy=C, /[ (A~ .
To obtain this result use was made of eqs. (5) and
(9). Thus eq. (11) leads us to the conclusion that if
the elastic and total cross sections increase with the
same energy dependence, the slope of the diffraction
peak must increase with energy.

RESULTS

Let us now take a look at the data (Amaldi et al.,
1973; Bartenev et al., 1972). Certainly since the elastic
and total cross sections are increasing with energy we
must have energy behavior that is consistent with both
eqs. (1) and (5).

However, the data are not over u sufficiently

large interval such that ¥ can be uniquely determined.
The values of P (8) obtained are consistent with the real
part of the forward scattering amplitude becoming positive
«t ISR energies (/melii et al,, 1973). Results on the slope
of the forward diffraction peak (Bartenev et al., 1972)
show that it increases with energy and can be fit ap-
proximately by the form, b(S) = bo + b: Ins. However,
the data could probably be fit with other forms for
b(S). Since the results given in this note are really
asymptotic results, we must be careful at this time of
making detailed comparisons between theory and ex-
periment.
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