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form factors is a matter of preference.

YR. Linsker, Columbia University Report No. NYO-
1932(2)-199, 1971 (unpublished).

J. Reiff, Nucl. Phys. B28, 495 (1971).
GThe data for 8&-production cross sections are taken

from R. %. Brown and J. Smith [Phys. Rev. D 3, 207
(1971)] and also from calculations done by P. J. Oddone,
in NAL Report No. 21 (unpublished).

The value of M& =37.29 GeV/c was included since
T. D. Lee has recently proposed this value for the W&

mass [T. D. Lee, Phys. Rev. Letters 26, 801 (1971)].
~~The data here for S& production used in comparison

with Wo production are taken from R. W. Brown and
J. Smith, Ref. 9, and also from P. J. Oddone (private
communication).

~2These data for W& production used in comparison with
Wo production are from R. W. Brown, R. H. Hobbs, and
J. Smith, Phys. Rev. D 4, 794 (1971).

~3For a more quantitative explanation, see J. S. Bell
and M. Veltman, Phys. Letters 5, 151 (1963).
' The q in this section should not be confused with the

electromagnetic q2 =t mentioned earlier. Wproduction
can be considered from the point of view of neutrino
inelastic scattering, and then q2 is the momentum trans-
fer squared at the lepton vertex, which is equal to
l(~ -~)'I.

5D. Cline, A. K. Mann, and C. Rubbia, Phys. Rev.
Letters 25, 1309 (1970).

~~The results presented in this paper are for elastic
and coherent production only. The inelastic process will
increase the total cross section, but should be character-
ized by the same qualitative behavior in its differential
distributions. This follows since the distributions depend
most critically upon which diagram dominates and not
the details of the hadronic electromagnetic vertex.

G. Bernardini et a/. , Nuovo Cimento 38, 608 (1965).
C. H. Llewellyn Smith, Nucl. Phys. B17, 277 (1970).

SC. G. Callan, Jr. and D. J. Gross, Phys. Rev. Letters
22, 156 (1969). Here Callan and Gross define their scal-
ing functions I"(x) differently. The relation in the text
is from D. J. Gross and C. H. Llewellyn Smith, Nucl.
Phys. B17, 277 (1970).

See, for example, E. D. Bloom et al. , MIT-SLAC Re-
port No. SLAC-PUB-796, 1970 (unpublished), presented
at the Fifteenth International Conference on High Energy
Physics, Kiev, U.S.S.R., 1970.

J. Reiff (private communication).

PHYSICAL REVIEW D VOLUME 5, NUMBER 3 1 FEBRUARY 1972

Search for New Vector Mesons by Diffractive Photoproduction
at the National Accelerator Laboratory

A. I. Sanda
National Accelerator Laboratory, Batavia, Illinois 60510

and

A. Wijangco
DePartment of Physics, Columbia University, Neze York, Neu York 10027

(Received 16 August 1971)

If an as yet unobserved vector meson exists, it can be seen most easily by diffractive
photoproduction on nuclei using a photon beam at the National Accelerator Laboratory (NAL).
We have considered the problem of coherent production of such a particle on nuclei, taking
into account the mixing between the p and the new vector meson to arbitrary order. The
method used here can be generalized to describe coherent scattering of hadrons and nuclei.
It will be shown that the interference effect reduces the production of the new vector meson
considerably and that the A dependence of the production cross section plays an important
role.

INTRODUCTION

In order to formulate the concept of vector-
meson dominance, it is crucial to know whether or
not there are other vector mesons besides the p,
v, and Q through which the photon interacts with

hadrons. Since p, co, and Q are produced diffrac-
tively when a high-energy photon beam strikes a
nucleus, we expect such mesons to also be photo-
produced diffractively. The diffractive production
has the advantage that the produced particle must
have quantum numbers similar to those of the pho-
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(a)

FIG. 1. The diagram for p production. The solid line
corresponds to various nucleons.

ton and, furthermore, the nondiffractive back-
ground is orders of magnitude smaller in the for-
ward direction. We shall call the new vector me-
son v. An attempt to photoproduce v was made and
no such meson was found with its mass m„~ 2

GeV."At presently available energies, 2 GeV is
an upper limit on the mass for diffractive produc-
tion.

Since a photon beam with energy as high as 300
GeV will be available at the National Accelerator
Laboratory (NAL), questions on the existence of
v with m, s7 GeV will be settled soon. Some theo-
retical investigations must be made before such an
experiment to look for v is planned, since there
are effects which may greatly reduce chances of
detecting v even if it exists. For example:

(i) AbsorPtion effect. Since v is a strong-inter-
acting particle, the final-state interaction will de-
crease the probability of observing v. Such an ef-
fect is seen in p photoproduction. '

(ii) Interference effect. Since p and v have the
same quantum numbers, these two states will mix
with each other. 4 This effect may be such that the
probability for observing v is greatly reduced.

Since the dynamics of v is unknown, we shall not
be able to give an absolute statement on these pos-
sibilities. We are able, however, to express the
cross section for

y+ nucleus —v +nucleus

in terms of four unknown parameters m„, f„,
o, = v+ p total cross section,

—g = v+p- p+p forward scattering amplitude,ik
4w

where p stands for a proton and k is the incident
momentum of the photon. We expect Z to be real
and constant at high energy. The results of the
calculation indicate that for any value of Z the in-
terference effect reduces the diffractive production
of v considerably and, depending on the value of
o„ the absorption effect will be appreciable. It
also indicates, however, that if v existed with

m, & 7 GeV, we should be able to observe them at
NAL. 5

I. FORMULATION

The theory of photoproduction on a nucleus is a
many-body problem and is very complex depending

1I 1I " II II " II 1I 1l 1

FIG. 2. (a) A diagram for the v production correspond-
ing to the p production of Fig. 1. The cross-hatched
area corresponds to elastic diffractive scattering. (b) A

diagram for the v production including one p~ transi-
tion. The solid area corresponds to diffractive ~ vp
scattering. (c) Set of diagrams for the v including arbi-
trary number of p-v transitions.

on the detail required. Therefore, the main prob-
lem is to realize the limitation placed on the ex-
perimental measurement which is to be compared
with the theory and reduce the complexity of the
problem by a well-chosen series of approxima-
tions. The general treatment of the scattering the-
ory at Qigh energy is given by Glauber, ' and sub-
sequent application to p photoproduction on nuclei
neglecting all correlation of nucleons has been
shown to be quite adequate for explaining present
experimental data. The basic set of assumptions
successfully used in p production, therefore,
should also be applicable in v photoproduction.

Let us consider the process of p photoproduction
in the absence of v and compare the problem with
that of v photoproduction. In Fig. 1 we have drawn
diagrams for p production. The time runs from
left to right. The solid line corresponds to various
nucleons in the nucleus. Note that the diffractive
production implies that a majority of scattering is
forward, 0-1/ka being the width of the forward
peak, where a is the effective radius of a nucleon
and k is the momentum of the photon beam. Taking
k to be 200 GeV/c and a to be 1 F, we have 1/ka

zp So, to a good approximation, we can take
each scattering of p on nucleon to be forward.
Thus, for each impact parameter of the photon,
we have a one-dimensional problem. To show this,
nucleons are drawn in a straight line. Since the
backward direction is negligible, each nucleon par-
ticipates in the scattering once. The break in the
solid line indicates that they are different nucleons.

Now consider the v photoproduction. The photon
creates either p or v (we denote it by o ) at R
= (b, z) by scattering diffractively with one of the
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II +ith nucleon- p+ith nucleon scattering. q' z is
the longitudinal momentum transfer

2

r
re 8 Rc{

4@8]Iorrrard direction

FIG. 3. The photon enters a nucleus and scatters
diffractively with the)th nucleon at r& to create o, at R.
z in turn scatters diffractively vrith the ith nucleon at
r& and creates p at R'. The ladder corresponds to inter-
action.

nucleons, where b denotes the impact parameter
and the z axis is in the direction of the beam. To
lowest order in e'/4II, the photon no longer enters
into the problem. Then n scatters diffractively
with each of the other nucleons in the nucleus, but
We Illllst, COIlsldel' tile poss1blliti tllat I( Rnd p Rl'8
mixed arbitrarily IQany tlIDes. The processes
mentioned here- are shown in Fig. 2.

For simplicity let us consider a problem in
which the photon scatters diffractively with the nu-
cleon j at r/, a is created at R = (5, z) and in turn
scatters with nucleon i at r, and turns into P,
where n and p again stand for either p or Ir. This
process is shown in Fig. 3. Let f„&(g) denote the
scRttel'lllg Rlllplltu(ie fol' Q +p p+p wltll llloI11811-
tum transfer q and I' &(r) be its Fourier trans-
form:

A
x U(1'I . . . rg)dd II rf tg, . '

(4)

In terms of the phase 1{„'8(5-i„q„"d),the same
amplitude can be written as

The state of the nucleus is U(rl, . . . , r„). To ob-
tain Eq. (3), first note that F„(R-r/)
x exp[iX„'&(b, z, q„'&)] describes the double scat-
tel'lllg /+p (I +p Rlld Cx +p p+ir Rs R fllllc'tlon of
r~, r, , and R. %e then sandwich the above ex-
pression between the states of the nucleus, inte-
grate over all the internal nuclear coordinates r~,
and finally take the Fourier transform to obtain the
scattering amplitude. To find 1{„'d(b,z, q" z), we
write the e +ith nucleon- P+ith nucleon scattering
amplitude

r„r(r)= (r (,I, r f e "'/„s(I) r'r,

f„r(r()= (r ri, f r'r. 'r„r(r) r'r.

The scattering ampbtude for the event is

x e'o'~ U(r„. . . , r„)*FI~(R-r/)

X 8Xp[IXrre(br Sr qrrd)] U(rlr .

where Q is the momentum transfer between y and

P, y „'z(b, z, q "8) is the phase function describing

x({I„,-exp[i'{„'s(b -b„q",)])
A

x U(r„. . . , r„)II d'r, .

Comparing Eqs. (4) and (5), we obtain

exp[i' „',(b —b„q„"8)]

]t={}d- I e'~d*F s(b-bI z'-zI)dz'.or (2~}I/2 (I8

The ){„'z(b,q~dz) of Eq. (6) is the phase for the pro-
cess in which n is present at the entire range of
z', ~&z'&~. But, in fact, in our process n is
cl'8Rted Rt R=(b 8) so 8 rlllls ill the 1'Rllge z&z
& ~ and we must cut off the z' integration at z.
Then Eq. (3) becomes

2FJ

(7)
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Using the fact that
A

, r„)II d'x) = 1,

considerations at least for low-energy p photopro-
duction, and therefore we will adopt this approxi-
mation. The p(r, ) is e(lual to the average density
of the nucleus and

A

U(r„. . . , r„) U(r„. . . , r„)= II p(r, ) .
k= 1

A

U(r„. . . , r„)*U(r„,r„)
k= 1

(8) Since I' ()(b -b, , e'-e, ) x0 only in the immediate
neighborhood of the ith nucleon, for large A, p(r, )
varies little over the same region. Then we may
make an approximation

where p, (r, ) is the distribution function for the::ith'
nucleon and p„.(r, , r, ) is the distribution f(fnction
for the jth and ith nucleons, we can rewrite:Eq. (7)
as

d'~e'" '"
p x d'y r S x -y

(2w)'"
f„e(0) d'xe'"'" p(x).

1x ~ sp& r,- — », - F«b-

x a''(" dr'a„. (a, , a, )d'a, ),
(9)

where we have integrated over the spectator nu-
cleons, k = I, . . . , A, kti, j. We now make an ap-
proximation that p,.(r~) = p(r, ) for all j. We have
neglected all correlation effects between nucleons.
The correlation effects may not be negligible. The
accuracy of the experimental measurement, how-
ever, does not seem to require nuclear-physics

Using this, we can rewrite E(l. (9) as

J'a'a(Q) f,.(0)J&'=R a'a' a(R)

x 5 s ——. s 0 dg'e~'01f&' P b, z'
z

(10)

So far we have been considering a hypothetical
problem in which we have turned off the interaction
of n with all nucleons except the ith nucleon. The
2x 2 matrix

T„'8(R) =

2'
1 ——. f ()()(0) p(b, g ') de '

z

2r Jl

f(o& —. e"'"' p(b e') d '
P

2r
1 ——. f„„(0) p(b, e') dz'

z

describes the scattering between o. and the ith nucleon. Note that T„e(R) does not depend on i. That is, it
does not depend on which nucleon n scatters once the nuclear correlation is neglected. The time ordering
for interaction with different nucleons does not occur, since interaction operations all commute with each
other. We have fz„(0)=f„z(0)using time-reversal invariance. Furthermore, if we assume that all f &(0)
become purely imaginary at high energy, T„'8(R) is Hermitian. Then, when we include the effect of o. scat-
tering with all other nucleons, T„()(R) is replaced by [T(R)" 'J (). Let X'(R) be the eigenvector for T(R)
with eigenvalue A. '(R). Denoting

)'())) = (a ), a' =-,' (a+ aa ((a —rt) (
aI4'I(' },a'

and in terms of eigenvectors
i X'), p end v can be written as

(a-x-)[lf la+(a-x')'J" (a-x')[ll l'+(e-x-)'J' '
(x „-)f, lx &+

(x x-)f, Ix &,

(12)
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When the state X'(R) interacts with a nucleon it becomes A. '(R)X'(R). The influence of g- 1 nucleons will
be [A, '(R))" 1X'(R}. Thus, the effects of all the nucleons can be treated in a trivial way when the nuclear-
correlation effect is neglected.

The amplitude for photoproduction of p on a nucleus with momentum transfer @can be obtained by gen-
eralizing E{I.(10):

f„„e„{{]}=g Pf„„(o)fd'ae'0 'p(%')[6{B)" ']

=bed g f„„{0)f6'66'd(bbe)p(0, 6)[)'(%)6 ']„eh de de,
C =PBO

where Q8]] = pp18'/2k and 8 is the angle that p makes with respect to the incident photon beam. The second

expression is obtained by integrating over the azimuthal angle taking. advantage of the cylindrical symme-

try. ' Denoting

lp& =calx'& fllx-&,

l~& = &Ix' &+Dlx &,

(14)

where the coefficients stand for those given in E{I.(12), we obtain expressions for photoproduction of p and

1}on a nucleus from E{I.(13}:

f„„„() oaf„l db=de """p(0, ),(bb ) [f„(0)[(l )" 'a*c+'(6-)" '0'0]-+/ (0}[(b'}"'c'0+ {6--)"'0'0]}-
(15)

d„,„{e) oed f6 =dodec' 6"p(0; 6)d(bb )[f„,6( )[( }0"-'b,: [a['+ ( }"-6'I ['] 0f(0e}[(b')"-'c*a+ (6 )"-'0'al}.
(16)

A similar technique can be used to derive the expression

fe „„(6)= —.f 6 ded (bbe)[(b+) "0"c+ (b ) Be@], "

where E, B, C, and D are calculated in a similar way as E, B, C, and D, respectively, with the excep-
tion that the lower limit of the integral in the matrix element of E{I.(11), z, is replaced by -~.

II. PARAMETERS

f,p(o) = —fpp(o) + f.,(o), —

fy.(0) = —f,.(o) + —f..(o) .
(16)

Since existence of v is not required by the usual
vector-dominance model at present energies, we
expect 1/f p» 1/f„.

The simplest kllld of diff 1'actlo11 theory (scatter-

E{luations (15) and (16) contain parameters

f)p(0) f}.(o),f,.(o)=f.,(o),fpp(o), f..(0),

where f„]](0)is the o(+p- P+P scattering amplitude
at zero momentum transfer. For n 00 p, f„8(0) is
an unphysical amplitude which is obtained by extra-
polation from the physical region where I(I I

-I(p}18'—m„')/2kl. fz(0) and fz„(0) canbe writ-
ten in terms of fpp(0), f„„(0), and fp„(0) using the
ve"tor-dominance model as shown in Fig. 4:

ing from a black disk or simple Pomeranchuk-
Regge-pole exchange) predicts that f„g(0) is purely
imaginary at high energy. p-photoproducti. on data
seem to re{luire Ref zp(0)/Imf ~p(0) =0.2 at km 15
68V/c. If we are interested only in an order of-
magnitude prediction for the v production, we can
set the amplitude to be purely imaginary. Thus,
using the optical theorem, we have

=~fpp(o) =&pe ~ f..(o) =O. ,

and define

—,.~ f,.(o) -=
4~

where ap and o„are pp and vp total cross sections,
respectively. We take gp, a„, and Z to be inde-
pendent of energy. This is consistent with the ap-
proximation of setting the amplitude to be purely
imaginary. From p photoproduction' we have o p

=26mb. Therefore, we have o„, Z, f„(0), and

m„as unknown parameters.
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tion of both p and v goes as A', and (b) if the ab-
sorption is large, with p dominance 1/f„=0, the
A. dependence of the cross section for the p pro-
duction is A'", while the A dependence of the v-
production cross section may be quite different,
depending on the value for o„. Qn the other hand,
if I/f„000, the v-production cross section will
have a term which behaves as A'". We expect,
therefore, that a study of the A. dependence of v

production will be a very sensitive way to mea-
sure the parameters f„and Z.

As Z -0, 5-0. To first order in b, we have,
from Eq. (12), X' = a, X = d,

FIG. 4. Diagrams. for f and f

III. SMALL-Z AND LARGE-k LIMIT

Although we cannot a priori restrict ourselves
to small Z and large A, by studying these limits
we gain insight into our general result. In this
section we intend to show that (a) if the absorption
of the vector mesons due to scattering with nu-
cleons is very small, i.e., cr~ and o„are small, the
A dependence of the cross section for photoproduc-

b -6E*e= B*D=, lel'=0,
0 —d 0-d

Then

(1')" '=(1--',e, p(b, z)dz
(

g )

=-exp --', vpZ p b, z' d ' .

Substituting these into Eq. (15), we obtain

j,„„(b)=bzA J„0db dz e'"' p(b, z)d, (bbe)If „,(0)

po + ~ ~+ ~ +

(20)

In the limit as k- ~ and q„' =0, Eq, (20) simplifies considerably. The z integration can be performed, and
we obtain

( ( —exp( —', ezAf p((be')dz') 1 —exp(--', a A fp(b z')dz,') )
0'0

+ 1-exp —;e,d p(b, z')dg')f) (o)
Ov ~oo

(15 ')

Similarly in this limit, Eq. (16) becomes

fz z: fe(0) 0dbd (lbg) 1 exp e A p(b z )dz )0'p ~oo

and Eq. (17) becomes

fz„„„—— 1dbd(bbe) exP --,'e A P(b, z')dz' —e P --',ezA P(bz')dz'),O'„- 0'p ~Oe)

(16')

(17')

Equation (17') is the result obtained previously by
other authors. ' In Eq. (17'}, replace p by y and v

by p; then setting cz -—O(a') «Z, v„we obtain Eq.
(16'). By comparing the second term of Eq. (15')

I

with Eq. (16') we see that this term is direct pho-
toproduction of v. Diagrammatically, it is shown
in Fig. 2(a). It can also be shown that the first
term of Eq. (15'} corresponds to the diagram shown
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f, -. (0)=&f .(o),

fyA-~(0) =&fy,(0),

fpA-. A(o) =/if p. (0) .
(21)

The cross section, therefore, goes as A' as ex-
pected from the coherent scattering.

(b) Consider large 0, and 022 This limit corre-
sponds to the nucleus being black. Since the ex-
ponential is negligible compared to unity in Eq.
(16'), it becomes

in Fig. 2(b). Therefore, the Z- 0 limit given in
Eq. (15') corresponds to the first-order perturba-
tion expansion in Z. Finally, under the p-domi-
nance assumption 1/f„=0, we expect

fyA-. A(8) =(1/fp)f ~-.A(8)

to hold. This is indeed satisfied, as shown below.
(a) Consider the limit of small 0p and 02„2 This

limit corresponds to the nucleus being transparent
to p and v. Taking 8=0, expanding the exponentials,
and performing the integration over b, we obtain

Then the phase function in this limit is
e'"pp =1 for ~b(&R

=0 for lbl&R ~ (24)

The limit for Eq. (17') is fp„„„(0)- 0. In terms of
Eq. (23), the phase function in this limit is

e' x»~ b ~ = 0 for all b .
This is because for jbt&R there is no mechanism
which transforms p to 2), and for ~b(&R all v

created are absorbed in the nucleus and are never
detected.

The behavior of Eq. (15') is our main interest.
In this limit, the first term of Eq. (15') becomes

Z 1 1, ice 1Z-2 y/f y p (0) ———R' = — ——R
0p —0„0„0'p 2 f p 0„

and the second term of Eq. (15') becomes

tion concepts consider

f (q) te&q')) (5 ebxn (st)))d25 (28)
2m&

1, eikf (0)- —f 2)yR' = ——2 y/R'yA~PA 0 yP fp p

(22) f,„(0), 2ke 1 Z

to the zeroth order in Z.
Since 2mB' is the total cross section for diffrac-

tive scattering from a black disk, using the optical
theorem, it is consistent with pA- pA diffraction
scattering from a black disk. In order to under-
stand this result in terms of well-known diffrac-

assuming 1/f„= 0. If we assume p dominance,
1/f„=0, the first and second terms cancel each
other. That is, in the lowest order in Z, the dia-
grams shown in Figs. 2(a) and 2(b) interfere de-
structively to cancel out the A' ' behavior. Sub-
stituting Eq. (18) into Eq. (15'), we obtain

/», (e)= — "
Jl bdbd(bbe) exb --'eed P)b, z')dz' —exp --,'ee)JI )»(b, z')dzI

p 0b —gp 4

+ — '" bdbd(bbe) ) —exb --', ed) p$, z')dz) .
e 4y/f„„(0)

f'U 0'„ oo
(25)

p(r) =, for -R&z&R, b&R,
1

(26)

where

then

If 1/f„= 0, comparing Eq. (25) with Eq. (17'), we
obtain

fyA~ b) A(0) = (S/fp)fp A~ v A x

which is consistent with p dominance.
Let us examine the A dependence of Eq. (25) in

some detail'. For this purpose, it is convenient to
take a cylindrical model for the density function
p(r): f (0) —+ fp" C2/12/2e-»)pA /2«

p
0'„—0'p

e 22/f„„(0)

v 0'v
(27)

2/3 -a A~/3/27lC~A'"e p" "~ increases by factor of 7 while A
varies from A=1 to A=240. Therefore, a study
of the A deoendence of the cross section in v photo-

(0) + fPb( ) R (
-2e»)pA/22/be-a„A/22R2)

p gu —Crp

e 42f„„(0)1,(1,A/2, 222)

f„ 0„ 2

The most extreme case is o„»op; then we ob-
tain
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Let us introduce the coupling J and define the cou-
pling between p and v to be (m„' —m ')/F, where
we take

2 2 2mt —mp nl pC&F fq

Then in terms of E we have

FIG. 5. Diagrams relevant in the weak-coupling model. 0'g —0'pZ=

production is a very sensitive measurement of

the relative strength of the two terms in Eq. (25).

IU. SMALL-COUPLING MODEL

Let us suppose that v is not seen in the experi-
mental search. In such a case we can only place
an upper limit on the coupling of y and p with v.

where we have considered the process only to the
first order in 1/F as shown in Fig. 5. Further-
more, since o„ is associated with the area of the
proton as seen by v, we expect it to be of the same
order of magnitude as that of op. The small-cou-
pling model is a special case of the Z - 0 limit. In
this model, Eq. (25) becomes

OO Oo

f«„„„(g)= —J,(kbs) 1 —2 exp --,'o„A p(b, z') dz' +exp --,'cqA p(b, z') dz' b db,
q «OO «oo

where we have also assumed mp'«m„' and m„'g«k. Note that the A dependence is very sensitive to
o„/oq. In fact, if o„=10 mb, destructive interference occurs and there is a dip near A= 65. Therefore, it
is quite important to vary the target nucleus to cover the wide range of A.

V. RESULTS

CL

IO

«

b
U n

t

b
U

{mV,CrV, X)
{2,20, 20)

We now summarize the predictions of Eq. (15).
Since we are only interested in the order-of-mag-
nitude predictions, we will use the cylindrical
model with uniform density for the nucleus. This
is given in Eq. (26). This model is highly unreal-
istic, and the results deviate from a more realis-
tic model when q "R becomes sufficiently large.
We restrict ourselves to the kinematical region
such that the deviation from a more realistic mod-
el is small. Also, if there is any deviation, this
model will tend to underestimate the v production.

(i) To answer the questions of the absorption ef-
fect raised in the Introduction we have plotted

1 dC do'
(rA —vA ) —(rP —vp)—

A dt dt

I

0 50 IOO I 50 200 250
A

FIG. 6. (1/A) (do/dt) (yA m4)/(der/dt) (yp vp) as a func-
tion of&, with f /f„=o.

as a function of A in Fig. 6. We have set Z =20
mb, fq/f„=0, and considered various m„and o„.
The behavior shown in Fig. 6 also holds for other
values of the parameters. Therefore, the absorp-
tion effect similar to that of p production occurs
for v production.

(ii) The question of the interference effect was
answered in Sec. III in the small-Z limit. The fact
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that v and p can be transformed into each other by
diffractive scattering will decrease the cross sec-
tion considerably. To show this we have plotted

1 da ciao'

A dt
——(rA —pA ) (rP —PP)—

dt

as a function of A in Fig. 7. This is to be com-
pared with the behavior shown in Fig. 6. Note that
the interference effect also changes the A depen-
dence.

(iii) Let us now be pessimistic and assume that
no evidence for the v meson is found. Then the
small-coupling model of Sec. IV is applicable. In
Fig, 8 we have plotted

1 do
(yA —vA)

dt

as a function of F for various (A, M„, o„). The up-
per limit on I' can be read off considering the ex-
perimental limitations. Although we expect 0„=0.~,
and therefore the variation of a„ in Fig. 8 should
be sufficient, we have shown

IO 20 5G 40 50 60 70 80 90 IOO
F

FIG. 8. (1/A)@r/~)(y~ yA) a,s a fonction of F; m„ in

QeV and g„ in mb,.

as a function of A for o„=10 mb in Fig. 9 in order
to illustrate the effect due to interference between
various diagrams shown in Fig. 4. The E depen-
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FIG. 10. (1/A)(do/dt)(yA vA) as a function of A. (a) m„=2 GeV, (b) m„=5 GeV, (c) m„=6 GeV.

dence in Fig. 9 is similar to the I' dependences
shown in Fig. 8. The origin of the dip is discussed
in Sec. IV. It is, therefore, quite important to
consider the photoproducti'on from various nuclei
in case of a null result.

(iv) For reference purposes, we have presented
the results for various values of the parameters.
They are shown in Fig. 10. Examination of these
results shows that, if v is found, theA. dependence
of

—(yA - vA)
da

dt

can be used to obtain the parameters fJf„and o„.
Qn the other hand, the A dependence is quite insen-

sitive to Z.¹teadded. Recently a JI'C = 1-—particle has
been claimed to be observed in K~Ks resonance in
the PP reaction [A. Benvenuti et al , Phys. R. ev.
Letters 27, 283 (1971)j. It will be quite interesting
to look for this resonance in the photoproduction.
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