
P H YS I CAL R EVI EW D VOLUME 3, NUMBER 5 1 MARCH 1971

Comment on the Forward pp Dispersion Relation*
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It is argued that the unphysical region and the spin-dependence problem in forward pp scattering can be
done away with at high energy, maintaining the phenomenological usefulness of the forward pp dispersion
relation.

'I'NLIKE forward eÃ scattering, "measurement
and evaluation of the real part of forward NE

scattering' have been plagued with the problem of spin
dependence and with the existence of an unphysical
region, 4 respectively.

In the high-energy region, the unphysical integral is
expected to be small, ' owing to a large energy denomi-
nator in the dispersion integral. It remains to investigate
the problem of spin dependence.

Writing the Feynman amplitudes for EE scattering
in the Fermi form6 7

T=Q u(k') 0;u(k)u(p') O,u(p)F;,
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In the forward direction, only three amplitudes can
contribute'.
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which has a simple relation to the unpolarized total cross
section: ImC= (k~,b/2m)ot, &(pp) Land a similar relation
for the antiproton scattering: ImC = (k &,b/2m) o&,&(pp)].
However, the experimental real part of C is to be ex-
tracted from the measurement of the differential cross
section' ' (barring a Coulomb term)

the five independent helicity amplitudes in the c.m. h (Ee+ke)/
~y~te~ «ad (in the notation (k', P'I Tlk, P)) The usual forward am litude for pp s atte

'
f

to the combination
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This is possible only if one can measure P and e indepen-
dently, or if

I pl
' and

I
e

I

' are much smaller than lnl '.
k'= (k sing, 0,k cosg, iE), E'=k'+7n'. The invariant amplitudes
F; do not satisfy the Pauli principle (Ref. 6), but they are inde-
pendent and are free of kinematic singularities.

T= (4m-/77z) { o.+PO&') ne(') n+iy(e&')+e(')) a+be(') me(') ~

m+eg('& 1e(') 1],where 1, m, and n are unit vectors in the direc-
tions k+k', k—k', and k&k', respectively. In Eq. (7), 6'
= (k —k')'= 2k'(1 —cosg).

9 G. G. Beznogikh et al. , Phys. Letters 30B, 294 (1969). Here
s =4E2 =4 (k~+ 77z2)
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The idea of asymptotic helicity conservation in

diffraction scattering' has recently been revived.

It asserts" that asymptotically I &
—ts—s I

T
I s ts& I,

I&-',——',
I
Tl-', -', ) I, and

I (—-,'—,'
I Tl-,' ——,')

I
are negligible

compared to
I &a s I Tls s& I

and I&ss I Tlss&l If use

is made of the Regge-pole theory" ", i.e., Fg ~s,
IFrI-~ -' IF~I-s-' IFvI-s ', an-d F -s.
then a closer investigation on Eq. (2) would require that
Jig, I'z, and P„be decoupled from the leading tra-

jectory, "leaving Pz and Fz as the dominant amplitudes

for pp scattering at high energy. Furthermore, from the

obvious fact that

l 1m[&-:—ll TI l —l&+&ill Tl ll&7
= rm[F s+ (v/mrs) Fv7

is much larger than

s 1m[&a —slTfs —
s&

—&sslTlss&5
=Im[Fr+ (v/m) F~5,

we may 6nally neglect Iiz as well, "leaving Fz as the
only asymptotic amplitude.

With only one nuclear amplitude Fz present, one no
longer need feel uneasy about "measuring" the real

part of n by means of usual Coulomb interference
method. ' The comparison" of the forward pp disper-
sion relation therefore can be conducted meaningfully
and serve" as another method (other than the well-

known sX case') to verify the analytic property of the
scattering amplitudes.

ln practice, experiments are performed at nonzero
momentum transfer (6'NO). We have then

and
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where

a=1 /4m( E+m),
k = (1/mrs') [1+(k' ds/4)—/(E+srs) '5

c= (1/4srs') (k' —6s/4)/(E+ sos)
'

d = (1/4m') [1+2E/(E+m) 5 6s/16m'—(E+sos) s

e= [(k' 6'/4) '—"/2m(E+ m)7[1/6'/45$(Eym) 5,
f=[(k' 6'/4) "'/2m(Ey—m) 7

X[1+2E/m —6s/4m(E+ m) 7,
and

g = 1/4 '.ss
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yields the power behavior only for several linear combinations of
the invariant amplitudes (Volkov and Gribov, Ref. 12). The
power behavior for each invariant amplitude P; is obtained under
the circumstance that no cancellation occurs among themselves.

For extremely small 6, our main argument to obtain
Ren from Eq. (6) still holds. For moderate 6, since

[(AQs)/2srs—s5Fv, n —s (s/2m')Fv, y may show

up in addition to o.,
" destroying the above simple

picture of asymptotic spin independence. No harm
should arise, however, as long as the Coulomb inter-
ference experiment is actually carried out within the
small forward cone.

Parenthetically, asymptotic helicity conservation
leads in ~E scattering to the decoupling'~ of A(+) from
the leading trajectories. Then all four A(+' and 8&+&

will satisfy 6xed-t unsubtracted dispersion relations. A
phenomenological and self-consistent analysis for A(+'
and 8'+) without any arbitrary subtraction function
now is possible. "

The assumption of asymptotic helicity conservation, namely,
&-', —s (

T [ s ——s, l= &
—',—',

j T I ss &, yields the same result.
"Now the total cross sections at high energies must be known

precisely.
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