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We explain how high-energy photon- or neutrino-nucleus reactions can exhibit an A
dependence like that expected from a strongly interacting particle. The condition for
this is a relation among the nucleon amplitudes implying that the total photon cross sec-
tion on the nucleon is equal to a certain sum over forward vector-meson production am-
plitudes. This relation is compatable with presently available data.

In discussing Adler's partially conserved
axial-vector current (PCAC) test' for collin-
ear p, events in v+ n- p+P, Bell' notes that
since the matrix element is proportional to
that for 7t+n-P, and since off-shell effects
for the r are not great, the cross section when

n is a nucleus (mass number A) should behave
like that for m scattering (-A"' on heavy nuclei),
in striking contradiction to the fact that the
nucleus is transparent to v's (-A behavior).
We can produce a similar paradox for photo-
reactions by using the "p-photon analogy, " an
idea similar to PCAC' (Fig. I) which seems
to imply an A behavior like p-nuclear scatter-
ing. Since these results are theoretically puz-
zling and suggest experimental tests of the the-
ories, it is interesting to see how they come
about somewhat more explicitly.

The usual result that, regardless of strong
final-state interactions, the total high-energy
cross section for, say, a photon is -A. follows
from calculating the imaginary part of the pho-
ton-nuclear forward scattering amplitude, I',
in terms of the nucleon amplitude f. To order
e', we need only take the first scattering of
the photon on the nucleons; adding up the scat-
tered waves~ gives ImE =A Imf, or by the op-
tical theorem gnucleus =Aonuc1eon. The sug-
gestion as to how this simple and apparently
inescapable conclusion may be altered can be
fo~nd in the recent work by Wilkin' on isospin
consistency for the screening effect in the deu-
teron. There we see how a quasielastic chan-
nel (albeit charge exchange) (e.g. , & +p -&0

+n followed by &'+n -n +p in & d scattering)

FIG. 1. Diagram for "p-photon analogy" in y+A
hadrons.

must be considered on a par with the usual mul-
tiple scattering (& +p-& +p followed by v

+n —v +n) in calculating the screening. In

gross nuclear matter, certain production chan-
nels can affect the shielding if they can be reached
without break-up, i.e., with small momentum
transfer and no quantum number exchange. '
Now in high-energy (few BeV) photon reactions,
the p meson, having the same quantum num-
bers as the y (of energy E) can be, and is, pro-
duced strongly at 0', with small momentum
transfer 6=m& j2E. At high energy, p pro-
duction is then a kind of quasielastic process, '
and the y will produce a coherent p wave in
the nucleus, with amplitude -e. Reconversion
of the p into a y then gives a new e' contribu-
tion to the forward coherent nuclear amplitude,
altering our earlier conclusion.

A natural way to treat this coupled y-p prob-
lem is by the "regeneration" formalism recent-
ly used to discuss ~-y production. ' At ener-
gies where 6 is negligible, we simply consid-
er the states y', p' (like EO, EO in a regenera-
tor) which are eigenstates of the forward scat-
tering matrix in the material:

Recombining into the physical particles behind

the nucleus, we get for the forward coherent
amplitude (and, therefore, for the total cross
section) a linear combination of a volume ef-
fect (from the y') and a surface effect (from
the p'). If, however, the scattering for y' is
zero, the volume effect has zero amplitude
and the photon shows absorption effects char-
acteristic of a strongly interacting particle.
The condition for this, for Eq. (1) to have a
zero eigenvalue, is
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But, Eq. (2) is just what results from na. ively
applying the p-photon analogy (Fig. 2), which
gives f&&

=g&&'f&&, f&&
= g&&f&&. Thus all scat-

tering goes through the p' —= p*lg&ply, while
the photonlike combination is completely de-
coupled. To see how this remarkable cancel-
lation of the directly scattered photon wave
comes about, it is instructive to construct the

p wave function along a ray through the nucle-
us. The wave equation for the p to first order
in e is given from the matrix index of refrac-
tion as (V'+np'K')yp = 2n-P'g& S.ince P&
=e~+~, the solution to this, vanishing at -a,
is

p (&)
p

=-(f /f )(exp(i&&) —exp[in R(2+a)-iRag. (3)
'YP PP p

The second component, an attentuated wave,
looks as if we had started with just an incom-
ing p, while the first component is a plane wave
because the y penetrates to any depth to pro-
duce p's. Arriving at any nucleon there are
then two plane waves, the photon with ampli-
tude 1 and the first term of Eq. (3) with ampli-
tude f&&/f&&. Th—en, in the production of any
final state x, the photon contributes an ampli-
tude f z and the plane-wave part of the p gives

fypfp&/fop If we again have the factorization
relation suggested by the p-photon analogy f x
=f&pf&z/f&&, then the two plane waves cancel
and we have only the contribution from the sec-
ond term of Eq. (3), as if we had simply start-
ed with a p in the first place.

Now for the collinear v reaction, consider
a fixed configuration of the v with its collin-
ear forward-going p, , according to PCAC, the
missing four-momentum can be thought of as
carried away by a collinear forward virtual
r of small negative "mass" q'. If q' is small,
but the momentum ) q t of the virtual & is high,
then the materialization of a real forward pion
on a nucleon (v+p —p+ ~+p) will give only a
small momentum to the nucleon, b, = (m~'+

~ q'I)/
2 I q I; these conditions that the kinematics of
the virtual r closely resemble that for a real
& are just those of the PCAC test. ' Consequent-
ly, for a given v-I configuration, the virtual
m is accompanied by a coherent forward wave
of real v's with the form of Eq. (3) and ampli-
tude f~~/f~~, where f~—~ is the amplitude for
producing a forward v on a, nucleon and f~~ is
the forward &-nucleon scattering amplitude. '

gyv

FIG. 2. Diagram for "p-photon analogy" in y+p
y+p gnd y+p (vector meson}+p.

f ' f
(4)

the "regenerated" photons from the vector me-
sons will again cancel the directly scattered
photon amplitudes, giving hadronlike behavior
for the nuclear cross section. We can even
envision a generalized relation giving this be-
havior once the energy is high enough, in which
we add more states to the right-hand side of
Eq. (4) corresponding to a theory similar to

A final state J3 can then be reached to order
6 in the weak interaction through the coherent
TI wave or by the direct action of the unatten-
uated incoming v (the virtual &). If we again
have the relation f~p=f~~f~p/f~~ as suggest-
ed by PCAC, then the plane waves cancel and
the reaction proceeds through the second term
of Eq. (3) as if we had started with an incom-
ing ~.

A case parallel to the collinear v reaction
exists in the electromagnetic problem if we
take hadron production in nuclear electron scat-
tering. In configurations where the momentum
transfer to the nucleon necessary to produce
the appropriate vector mesons is small, i.e.,
&=(mz'+lql')/2lqI is small (q is the four-mo-
mentum transfer to the electron), we have a
situation like that for real high-energy photons,
with similar results.

In discussing the photon case, we neglected
for purposes of clarity the isoscalar photon
channel, presumably related to the ~-y pro-
duction. If ~' and y' are the eigenstates of
the forward nuclear scattering, then clearly
1f
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the "p-photon analogy" but no longer dominated by the vector octet. Equation (4) can be compared
with experiment if we use Fig. (2) and neglect the real parts of the amplitudes. ImFyy is the total
hadronic photo cross section, and expressing the right-hand side in terms of forward meson pro-
duction, we obtain

0 0

,do (y -p) (4w 'r ' '",do (y - (u') /4& ~
' '"

total yp dQ (K ) ~' dO (& j

0, do (y-p') 4v)' '"
yy' dQ EP

. (5)

At 4.4 BeV" we find 75 or 97 p.b for the p term,
depending on whether we use the g p

found in
Ref. 7 or that given by Sakurai. " For the iso-
scalar part, if the photon connects to the oc-
tet y, by SU(3), g +

' =-3g p', and if the y, scat-
~&o

ters approximately like the p, we expect about

3 the p contribution. " Thus it appears possi-
ble for the factorization relation dominated

by p, co, and y to agree with a total photon cross
section at these energies of 75-120 p.b. '4 Ob-
viously, more precise data on the various cross
sections would help to clarify the situation re-
garding this interesting and somewhat myste-
rious relation. Similarly, although the neces-
sary momentum transfer is not entirely negli-
gible on the heaviest nuclei at perhaps 15 BeV,
departure from simple -A behavior for the to-
tal photohadronic cross section should become
visible if such relations are at work.
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