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The dispersion relations are used to show that the total interaction cross sections are equal 
for particles and antiparticles at high energies. 

FROM the dispersion relations for elastic scatter­
ing of nucleons through angle zero1- 3 one canes­
tablish that the total interaction cross sections for 
nucleons and antinucleons must be equal at suffi­
ciently high energies. 

To be specific, let us consider scattering of 
protons and antiprotons through the angle zero. 
The dispersion relations for the scattered ampli­
tudies, averaged over spins, are of the form 
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Here D+ (E) is the real part of the elastic scat­
tered amplitude, averaged over spins, for a proton 
of energy E scattered by a proton at rest, D_ (E) 
is the real part of the elastic scattered amplitude 
for an antiproton of energy E scattered by a pro­
ton at rest, a+ (E) is the total scattering cross 
section for a proton with energy E, and a_ (E) 
is the total scattering cross section for an anti­
proton with energy E. For energies from zero to 
M, the function a+ ( E) is the analytic continua­
tion of a+(E) for energies E > M, and a_(E) 
is the analytic continuation of a_ ( E ) into the 
"nonphysical" region E < M. 

As the energy E approaches infinity, a+ (E) 
and a_ ( E ) approach the constant values a+ ( 00 ) 

and a_ ( oo) • This follows simply from the fact 
that all strong interactions approach zero expo-

nentially for large values of the impact parameter 
p (here the form of the factor multiplying the ex­
ponential is entirely insignificant). Had we wished 
to consider the electromagnetic interaction of a 
proton or antiproton with a proton, we could have 
taken into account the screening of the target pro­
ton charge at larg~ distances by the atomic elec­
trons, and also obtained a constant total cross 
section at sufficiently high energies. It is true 
that in this way a constant cross .section would be 
obtained only at energies of the order of E ,.., 
M2/me2 ,.., 1014 ev. If, however, we were not to 
take into account the weak electromagnetic inter­
action, then up to a quantity of order e2 ln(E/M) 
the total cross section would reach a constant 
value even at an energy of the order of 1010 ev. 
Allowing E to approach infinity and maintaining 
only the largest terms, Eqs. (1) and (1') lead to 

M 

+ :!2 ~ id:,' [cr_ (£') _ '+ (£')] 
0 

co 

__p'!_ \ dE' ["+ (E') a_ (£')] 0 + 4r.2 .\ p' E'- E + £' + E ' 
M 

E f2E 
D_ (E)= 2M [D_ (M)- D+ (M)] + [L2 

.M 

+ Zc.2 ~ i~' [cr+ (£')- cr_ (£')] 
0 

co 

+ .I_\ dE'["~ (£') + cr+ (E')J 
Lm2 j p' E'-E E'+E 0 

M 

(2) 

(2') 

In these equations let us first consider the in­
tegral from M to oo. Starting at a certain en­
ergy E, both cross sections a+ and a_ may be 
considered constant and equal to a+ ( 00 ) and 
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a_ ( oo) . We may therefore write ( E » E) * 

co 

E• \' [cr+ (E') + cr_ (E'l] dE' 1 
47t2 ) E'-- E E' + E y E'2- M2 

M 

e 
_ _!!:.___ ('crt (E') cr_ (E')] dE' 
- 4"2 )E'-E + E'+ E {i' 

.11 

00 • 

(3) 

+ .£__('dE' [cr+ (=) + cr_ (=)] = ____£_ \ [ (E') _ (E')] dE' 
47t2 ) E' E'- E E'+ E 4"' .) cr_ cr+ p' 

• M 
co 

+ .£__('dE' [c;+ (co) + c;_ (co)] 
47t2) E' E'- E E'+ E . 

e 

When E » E, the asymptotic value of (3) is 

(4) 

[where we have assumed that a_ ( oo) ~a+ ( oo) ]. 
The integral from M to E is, with our condi­
tions, proportional to E: 
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By combining (3), (4), and (5), Eqs. (2) and (2') be­
come 
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We see that if a+ ( 00 ) ~a_ (oo), the principal 
term which determines D+ ( E ) and D _ (E) in­
creases faster than E, and is proportional to E 
x ln ( E /E). This result contradicts the conclusion 
that the ihteraction decays exponentially for large 
distances. Let us write out the general expression 

*Let us bear in mind that we take the principal part of the 
integral at the point E' = E. The same is true with respect to 
the singularity at E = M (where cr_ approaches"" as 1/v, with 
v being the velocity). In treating this singularity, one must 
treat simultaneously the intervals from zero to M and from M 
to EO. 

for the elastic scattered amplitude A ( 0) for the 
angle zero. For simplicity, we shall not take ac­
count of spin, noting that the orbital quantum num­
ber l. is very large at high energies. so that the 
replacement of l. by l. ± 1, which must be made 
in order to account for spin, will change nothing 
in the following considerations . 

At high energies, when l. » 1, we have 

A (0) = iE ~ (e2i~z- !) !, (7} 

where Til. is the phase of the wave with orbital 
angular momentum l.. For large l. we may use 
the semiclassical impact parameter l./E. When 
l./E is much larger than the radius of the inter­
action p (which is of the order of the Compton 
wavelength of the 7T meson), Til. decays exponen­
tially with l.. It follows from this that the effec­
tive upper limit in Eq. (7) is a quantity of order 
Ep. (This result is independent of the form of the 
factor multiplying the exponential of the interac-
tion.) . 

Since the modulus of e21Tll. - 1 is no greater 
than 2, the order of magnitude of the modulus of 
A ( 0) is 

I A (0) I ,.;: CEp2, c ~ I. (8) 

It follows from this that D± ( E ) cannot contain 
terms proportional to [a+(oo)- a_(oo)]Eln(E/E). 
Therefore* 

cr+ (oo) = cr_ (oo). (9) 

Thus at large energies the total antiproton and 
proton cross sections are equal. When we recall 
that at energies of several hundreds of Mev these 
cross sections are very different (a_ is much 
greater4•5 than a+), it becomes evident that at 
large energies we should expect one or both of 
these cross sections to be highly energy depend­
ent . 

An equation similar to (9) should hold also for 
the asymptotic values of the total cross sections 
an ( oo) and an ( oo) for neutrons and antineutrons 
on protons, namely 

(10) 

From statistical considerations and the re­
quirement of isotopic invariance,6 we may estab­
lish the equality of an ( oo) and a+ ( oo), as well 
as that of an ( oo) and a_ ( oo). At high energies, 
therefore, the proton, the neutron, the antiproton, 
and the antineutron should all have the same lim-

*Equation (9) has been derived in a different way by B. V. 
Medvedev and D. V. Shirkov. 
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iting values for their cross sections. 
Similar considerations hold also for K mesons. 

This means that at sufficiently high energies (of 
the order of 10 10 ev, if electromagnetic interac­
tions are not taken into account) the · K+, K-, K0, 

and K0 mesons should all have the same total 
cross section. Similarly, the 7T+ and 7T- cross 
sections should also approach equality as E - oo •7 

If we apply our result to hyperons, we obtain the 
following. 

(1) The A and anti-A (i.e., the A) have the 
same cross section fJ' A ( oo). 

(2) The !:+, !:-, !:0, !:+, ~-. and !:0 cross 
sections approach the common value fJ'!: ( oo) as 
E __.. oo. 

(3) The :s;-, 3°, :[-, 8o have the same cross 
section fJ'-;;< ( oo). 

~ I 
We note also that from (2), (2 ), and (9) it fol-

lows that at large energies the main contributions 
to D+ (E) and D _ ( E ) are proportional to E 
and differ only in sign. This together with (9) 
shows that the differential cross sections for elas­
tic scattering of nucleons and antipucleons by nu­
cleans through the angle zero approach equality as 
E __.. oo. 

In conclusion, I should like to thank N. N. Bo­
goliubov, B. L. Ioffe, L. D. Landau, B. V. Medve-

dev, D. V. Shirkov, and I. M. Shmushkevich for 
interesting discussions concerning this work. 
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Gibbs' statistical method is used to derive general formula which permits one to determine 
fully the stationary probability density as well as the transition probability density in a non­
stationary process for an arbitrary generalized coordinate, provided the behavior of the mean 
value of the latter is known in the presence of (or after turning on) additional forces acting in 
the direction of this coordinate. 

IT is well known that, using general methods of 
statistical mechanics, we can derive exact relation­
ships which enable us to reduce a calculation of 
fluctuations and correlations of various quantities 
(among them time correlations) to a determination 
of average values of these quantities in the pres-

ence of (or after turning on) additional constant 
forces. 1- 4 

It was shown in Ref. 5 that all the principal mo­
menta determined in fluctuation theory, as well as 
in the theory of Brownian motion, can be computed 
by this method. 




