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The presently accepted Regge parametrization of 7t photoproduction claims that the
t- -0.5 BeV2 cross section is completely provided by B exchange. We show that this
statement disagrees with vector dominance by a factor of at least 4 and probably 10 or
more. Additional I=0 poles or cuts are needed both in this process and in the I=O t-
channel combination of ~+N —p+N cross sections.

The vector -meson dominance hypothesis re-
lates pion photoproduction processes to the pro-
duction of transversely polarized vector mesons
in pion-initiated reactions. ' Recent applications'
of this idea to r+, r, and m photoproduction in-
dicate that such relations are at least consistent
with experiment and in some cases one can even
detect significant agreement.

Regge-pole theory can be applied to y+N- m'

+ N as well as to m +N- V + N reactions. Many
experimental features of these processes re-
quire the introduction of significant contribu-
tions of "exotic" poles and cuts such as the &',
B, and ~' poles, the ~-I' cut, etc.

The purpose of this note is to suggest that
once we accept the vector-dominance hypothesis
as a valid principle, we may use it in order to
test specific Regge "explanations" of the data.
In particular, we point out that the currently ac-
cepted parametrization of y+P -7t'+P in terms
of u and B exchange is in violent disagreement
with vector dominance and that an extra IC'~
=0 exchange term, such as an u' pole or an
&-I' cut, is necessary in order to "explain" this
process within the framework of Regge theory.
We further show that between these two possibil-
ities the ~-I' cut is favored.

The usual Regge description of high-energy m'

photoproduction runs as follows':
(l) Only C= -l neutral mesons can be exchanged

in the t channel. The only established ones are
e, p, p, and B.

(2) The pry coupling is vanishing or extremely
sma114; the pry coupling is smaller than the &my

one; the B trajectory is lower than the co. Hence,
w exchange should dominate.

(3) A pure Reggeized ~ exchange predicts a
forward dip in do/dt (in agreement with experi-
ment) and a zero in do/dt at the point where
n~(f) = 0.

(4) Since experimentally' there is a dip or a
"break" but not a zero in the angular distribution
around t- -0.5 BeV', there should be another
contribution present. Since p exchange would
also yield a zero at the same t value, the only
candidate for contributing to do/dt at t = -0.5 is
B exchange. An adequate fit of all angular dis-
tributions between Ey= 2 and 5.8 BeV can be
achieved with ~ and B exchange. '

The simple point that we would like to make
here is the following: In the &+B exchange
model, the entire contribution to do(y+P —no+P)/
dt at the point a'~(t) = 0 must come from B ex-
change and, therefore, from m' photoproduction
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g '=(4+2)10 ',
y(d

(2)

where the 50% error is probably an overestimate
of the actual ambiguities. Using p»&- ~ we
therefore predict

d(x

dt
—(r+p —~'+p)

t = -0.5

4
da'~ 1.5x 10 4 —

(w +n - v+p)
dt t = -0.5' (3)

where we have used the upper error limit of Eq.
(2). A survey of all existing data on w++n —~+p
indicates that at Plab = 6 BeV/c,

pb dv +40, ~ —(w +n —&u+p)
BeV2 t = -0.5

p,b~ 120 BeV' '

by isoscalar photons. This means that at t- —0.5
BeV', vector dominance gives

do' 0
dt
—(~.p-~ +p) t= -0.5

2 H da'
=-,g p —(w +n-~+p), (1)

yv 11 dt t = -0.5'

where p„& is the helicity-frame density matrix
element for ~ production (p» ~-,'), g&~ is the

direct + —y coupling constant, and the factor &

comes from the isospin relation between the r
+p-co+p and the m++n-~+p cross sections.
Ne have neglected the p contribution in view of
the extremely small n+N- p+N cross section.

Using the measured p'- l++ l decay rate and

SU(3), or the vector-dominance predictions, we

get'

where, again, the error estimate is very liberal.
Inserting this value in Eq. (3), we therefore find

that vector-dominance and the +& Regge-pole
model for r photoproduction predict

dG
t=-o 5,PI b=6

p.b~ 0.02 (5)

where the right-hand side of the inequality rep-
resents an extremely high estimate of the rele-
vant quantity, the actual value being probably
around 0.01 pb/BeV' or less. ' The experimen-
tal values for the left-hand side of Eq. (5) are
around 0.1 pb/BeV' with 20'%%uo errors, ' indicating
a discrepancy of at least a factor 4 and probably
a factor 10-20 with the ~+B model.

The moral is that at least 30-50% of the t
= -0.5 BeV' value of do(y+p -~'+p)/dt comes
from ~' production by isovector photons, namely
from pure I=0 exchange, while the rest could
come from interference between I= 0 and I= 1 ex-
changes, but probably not from I= 1 exchange
alone. The obvious candidates for the extra I= 0
exchange term are the elusive &u' meson (if it
exists) or the ~ Pcut. ' In-the first case, &u'

will have to contribute 75-95%%uo of the t = -0.5
BeV' cross section (unless it finds a p' to inter-
fere with; there cannot be &u'-8 interference).
In the second case, the w-& cut could interfere
with anything (&,p', p Pcut, etc. )-. The experi-
mental energy dependence of de/dt at t = -0.5 in-
dicates' that o'eff(-0. 5) = 0, thus slightly prefer-
ring the &-P cut possibility.

Another interesting consequence of our analy-
sis is the following:

da 0 0 p =6
(~ +p p +p) lab )

t = -0.5
Q. 3 do 0 p =6

g p dt
2 H

—(~+p-~ +p)
t = -0.5

yp 11

where the factor 0.3 on the right-hand side follows from the necessity of producing at least 30% of the
t= -0.5 cross section by isovector photons alone. Using p»&~ 2 and gP&'= (3.5+ I) x10 ', we predict

do 0 0—(~ +p p.p)- p = 6 JL(,b
dt t= -0.5 BeV ' (7)

At plab = 4 BeV/c the same considerations lead to a lower limit of about 30 pb/BeV . In terms" of
measurable cross sections we predict

do' dc' + + do' Q
(~ +p P +p)+ —(~ +p P++p) —(~ +p P +n) - a -60P =4 pb

dt dt dt t= 0.5 BeV' '
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where the right-hand side is an extremely low
estimate. The most probable value for the right-
hand side of 100-150 iib/BeV . This is on the
border of disagreement with the data collected
by Contogouris, Tran Thanh Van, and Lubatti, "
but we cannot claim a real inconsistency before
better data on all the relevant quantities are
known. Since pure Reggeized ~ exchange pre-
dicts a vanishing right-hand side for Eq. (8), our
calculation gives a lower limit based on vector
dominance for the non-+ contribution to I= 0 ex-
change in rÃ- pN. Again, an ~' or an ~-I' cut
are necessary.

We conclude with a few additional remarks:
(a) If the t = -0.5 y+ p - w+'p cross section

comes only from w' and & exchange, we have
seen that the cu' contributes at least 75%%uo of the
cross section. This would lead in Eq. (8) to a
right-hand side of at least 150 pb/BeV in con-
tradiction to experiment. " This strongly favors
the ~-I' cut over the ~'.

(b) A good measurement of do(y+n -v'+n)/dt
will enable us to determine the size and sign of
the isovector-isoscalar interference term in r
photoproduction. If p+(d+ ~'+B exchange is the
correct model, dv(y+n —wc+ n)/dt =do'(y+p -wo

+p)//dt, at least at t = -0.5 BeV' (at other points
there could be Io-&u interference). If the id Pcut-
version is favored, do(y+n ne+n-)/dt at t= -0.5
could be anything between zero and 2da(y+p —we

+p)/dt. The larger the y+n-no+n cross sec-
tion is, the stronger our Eq. ', 8) becomes, and if
we want to minimize the danger of disagreement
with the data, we must predict an extremely
small and possibly vanisI. ing y+n —n +n cross
section at t= -0.5.

(c) Polarized-photon experiments may, in
principle, distinguish between ~' exchange and
an ~-I' cut contribution to m photoproduction.
The ~' involves only natural parity exchange,
while the -& cut could a priori contribute to the
exchange of natural and unnatural parity.

(d) The small isoscalar-photon contribution to
w photoproduction at t= -0.5 is sufficient to in-
duce the large observed v+/m ratio in y+d —N
+N+m, if it interferes strongly with the isovec-
tor contribution to charged ~ photoproduction.
This can happen through r-& interference or
through any number of cut-pole interference ef-
fects.

(e) Vector dominance and the measured w+/v

photoproduction ratio predict a sharp forward
peak in p„IIdo(w+N- p+ N)/dt in all possible
charge states except r —p, and a forward dip

in p„+do(w+N- id+N)/dt. No significant data
are available.
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CERN, 1968 (to be published), Vol. II, p. 135, find at

pl b=51Bev/c
r((d-~++m +m')

~ (&++n- +p) x r(~- all)
=128+3 pb,

with a t dependence e, B =3.08+0.7. Using theBt

known ~- x +x +m branching ratio we estimate

—(g +n —u+p) ' =100+50da' p =5.1 pb
t =-0.5 GeV

1 1
Assuming an &2™~2energy dependence with —p (u &y,
we find at pl b= 6 BeV and t =-0.5 a value of 80+40
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I'(u x+y)
cr(n +p v +n)x I"(~- all)

=5+2 pb
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The problem of interaction of atoms with intense light is reformulated via a time-de-
pendent unitary transformation. An effective electronic binding potential is obtained.
The effective perturbation remains bounded as the intensity of the incident light increas-
es.

The mechanism responsible for initiating
sparking in gases irradiated by very intense la-
ser beams (about 10"Wicm') is usually consid-
ered to be multiphoton photoeffect. Past calcula-
tions of ionization cross sections have been low

by many orders of magnitude, and calculations
of threshold intensities have been high by two
orders of magnitude. '~' The difficulty experi-
enced in these calculations is that perturbation
theory is applied to intensities far beyond the
limit of validity of the usual theory, and what is
equally important, the effect of the intense elec-
tromagnetic wave on the initial state has been
totally neglected. Indeed, the concept of photon
absorption has its roots in perturbation theory,
so that even the meaning of the concept becomes
unclear at the intensities that we consider.

In view of these difficulties, we propose a re-
formulation of the problem of the interaction of

intense light with atoms. Essentially, the meth-
od consists of a transformation to an accelerated
frame of reference. It is shown that, in nonrela-
tivistic dipole approximation, an effective inten-
sity-dependent potential that binds the electrons
can be found. The remaining terms in the inter-
action approach a finite limit as the incident in-
tensity is increased. The present formulation of
the problem is equivalent to the usual one at low
intensities.

For simplicity, we consider a hydrogen atom
in the nonrelativistic dipole approximation. The
method is easily generalized to the case of many
electrons moving in a Coulomb potential. The
Schrodinger equation is

1 5- e-
—. V =A(t) +(r, t)+ &(r)+(r, t)

2m i c
84=ih —(r t).7
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