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ABSTRACT

Branching ratios for photoproduction of vector mesons and strange
particles are discussed. The one-pion-exchange mechanism cannot explain
the observed ratio between p and o photoproduction cross-sections. Var-
ious versions of pseudo elastic mechaniscms are studied and it is shown
that although they correctly predict the large p:w production ratio, they
cannot account for the extremely small preliminary cross-section for ¢
production. It is shown that no combination of one-pion-exchange and the
diffraction mechanism with exact or broken SU(3) can explain the low @
production rate. The multiperipheral model may explain the low ¢ pro-
duction, but predicts the wrong p:w production ratio. Various possible
sources of this discrepancy are studied and experimental tests are dis-
cussed which can distinguish between the different proposed theories.

A large number of new predictions based on exact or broken SU(3)

symmetry are derived, presented and compared with experiment.
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I. Introduction

Recent counter and bubble chamber experiments at CEA and DESY have
yielded a large amount of information on the photoproduction of meson
and baryon resonances at intermediate photon energies of 1 - 6 Gev.
This has provided for the first time a possibility of testing some theo-
retical ideas which had been pronosed in the last few years in order to
expiain‘the production mechaﬁisms of these r2sonances and the branching
ratios among the various competing channels.

Some particular aspects which have recently attracted wide‘atten—
tion are the phenomenclogy of the photoproduction of neutral vector
mesons at forward angles and the productioh,fates'of strange particles.
These reactions are of great experimen£al and theoretica% importance.
Experimentally, they may serve as the main sources of future secondary
s and K beams in high energy electron accelerators. Theoretically,
they provide a convenient testing ground for ideas such as SU(B) sym-
metry and its breaking, vector meson pole dominance of the electromag-
netic current and the mechanisms which are responsible for pseudo-
elastic scattering processes.

Our purpose in this paper is to study the general problem of the
relative intensities of various competing photoproduction reactions
and to derive predictions for the relevant production rates using, as
input, various possible dynamical assumptions, broken and unbroken
SU(3) symmetry, and coupling constants which are either known or can be
ipdependently determined from vector meson decay rates. In a few cases,

we will briefly mention the predictions of some more speculative theories



such as SU(6)w and the quark motel.

We first discuss processes of the type:
o
y+p->V +0p (1)

where V° is a neutral vector meson (p°, w or ¢). Our particular interest
in the reaction (1) stems from two independent sources: There is strong
evidence that (1) proceeds predominantiy via a diffraction mechanism
which, in principle, allows us to evaluate quantities such as the wvector
meson-nucleon total and elastic cross-sections and the direct coupling

strengths between the neutral vector mesons and the photon. On the other
hand the diffraction picture provides usjwi€h,augelatively simple dynami-
cal situation in which we can relate the SU(B) properties of w, ¢ and

the photon to the observed photoproduction rates.

In Section II we review the available experimental data on the
reactions (1) and on the related electromangetic decays of vector mesons.

In Section III we discuss the predictions of various models includ-
ing one-pion-exchange, the diffraction mechanism, the multiperipheral
picture, an exchange of a Pomeranchuk pole or trajectory and a few vari-
ations and combinations of these mechanisms.

The general problem of photoproduction of strange particles is
treated in Section IV, in which we present a long list of new SU(3) pre-
dictions for these processes.

In the last section we summarize our results and propose scme experi-

mental tests for the validity of our assumptions.



II. Photoproduction and Electromagnetic decays of neutral vector mesons:

A review of the experimental data

Tn this section we review the experimental situation with respect

to three closely related sets of processes:

y+p -V +p (1)
Vv s 4y (2)

Vv A (3)

In each case we will try to emphasize the ﬁheoretical assumptions which
are used by the various experimental groups in obtaining the published
experimental numbers. Such assumptions are usually made in studying
processes of types (2) and (3) and they may, in principle, lead to mis-
leading results.

l.7+p—9VO+p

The. published experimental data on the photoproduction of neutral

(1)-(%) (5)(6)

vector mesons include the results of bubble chamber and counter

experiments at CEA and DESY, at photon energies E7 < 6 BeV. The reaction

y+p-> 0+ (%)

was studies in great detail by these groups and the main features of the
results are:
1. The total number of events studied in the bubble chamber experi-

)
ments is of the order of 2000837 (") Both the bubble chamber and the



counter experiments give for reaction (k) total cross-sections of the
order 10-20 pb.(l)_(6)

2. The differential cross-section %% at @ = 0 is of the order
Lo %%-between 2 -6 BeV(B) and it increases significantly with energy,

' (3)(%)

the energy dependence being consistent with:

do ,
(= « E(Lab) (5)
g0 7

(3)

3. The production angular distribution is strongly peaked forwari.
About half of the events are in the intervalltlz 0.2; cos GC m > 0.55.
L. The reaction y + nucleuz —apo + nueleus indicates A (atomic

(5)

number) dependence of:

do 1.6
T <A (6)
The data on
Yy +p—-ow+p (7)

are less significant.(l)—(u) The total number of events is a few hund-
reds.(B)(h) The energy dependence of the total and differential cross
sections is known only within large errors(u) which cannot distinguish
between a moderate increase, a constant value or a slight decrease of

(g%) as a function of energy. The pop: wp branching ratio is deter-

=0

mined as:

(o]
a(yp »pp) _ -
5{75-:;553—.— T+2 (E7 =2 - 6 BeV) (8)



The production of w's is also strongly peaked forward.
There is very little evidence, so far, for the existence of the

(1)

reaction:

Yy +D-9 +Dp (9)

A ¢ peak is not observed in the ﬂ+n—n9,invariant mass plot for the

(1))

process:
+ - o
y+p-=xn +x +3x +0D . (10)

This is consistent, however, with the small branching ratio of
® N (18%) and does not teach us very imuch about the production

rate. The total number of events of the reactions:
. -
y+p->K +K +p (11)

y +p —aKlo + Kgo +p ' (12)

in the CEA experiment is of the order of HO(l)(8) and even if we identify

(9)

all KK pairs with mass smaller than 1.1 BeV as ¢ mesons we obtain an

upper limit:
o (y+p->9+p)~0.Lu (13)

There i1s no significant information on the energy and momentum transfer

dependence of this production cross-section.



Other relevant experimental numbers that we shall need for our

theoretical analysis are the cross-sections for:

y+p oK (890) + ¥ (14)

y +p >p N (1238) (15)

S 1C)
There are less than 10 events‘ /)"’ of the type

S .
7+p—éKorrOZ‘.,Kn_E+ F16)
yielding an upper limit:
*o +
o (y+p-oK +IL)<0.2upb (17)

No evidence is found for the existence of (15) for E7 > 1.8 Bev,

(3)

giving:

o *+
947*‘9""0“\1 ) < 0.05 | (18)
ao(y + p o0 +p)

2. VO—> no +

The best known upper limit on the partial width T' (o — = 7) is
0.6 MeVglo) This was obtained in a spark chamber experiment where the
decay o —x + 7y was studied. Since the p n system couples only to

the isoscalar part of the photon the po —>no + 7 decay rate should be

identical to that of the charged p.



The decay ® -0 + 7 has recently been observed in the reaction:(ll)

X +p-on+w o
T o+ (19)
y 7

Assuring that these evenﬁs ar~ really w-decays and not p decays(le) one
obtains for the chain of processes (19) a cross-section: o =5 * 2 pb.(ll)
This is consistent with previous determinations of I’ (w -5 4 7) which
were obtained by looking at I' (w —all neutrals) and assuming that most

of the neutral decays are actually 7+ v events. The best number for

I (o — 50 + 7) is probably around 1 MeV.(lO)

The decay @ —*xo + y was never observed and the ﬁo7 méss plot of
reference 11 does not show any evidence for it. Tnis does not meal: that
the decay width is necessarily very small since the @ production cross-
section in x + p >n + @ is extremely small. The total width of the ¢
is 3.3 £ 0.6 MeV(lO) and we can probably assume that I' (¢ —° + y) does

not exceed 1 MeV.

5. v A e

The leptonic decay modes of the p and w have been recently studied
by various groups. It is extremely hard to distinguish between po—>{f+ L
and w —*{f + 47 events because of the similar mass values of the two
véétor mesons. The published results are:

1. The production rate of p pairs in y - p scattering exhibits a
peak around 750 MeV(lB). If this is assumed to come only from po's (neg-

lecting the possibility of producing w's in view of the ratio (8) and



assuming T (po 2t . L)>T (o S A 47)) one finds:(lh)

+ -
T (po - +p ) +0.21 -k
= o.uu_0.09 X 10

I (p° ST

2. Three events of the tvpe:

- + -
n +p—>2nt+te -+e

(20)

(21)

+ - . . . . .
where the e e invariant mass is consistent with the @ mass were observed

(15)  seom

in a spark chamber experiment.

Assuming that these are not back-

ground events (an assumption which is pfdbah;y Justified from the theoreti-

cal point of view) and assuming that they are not p decays (and this is

less clear because it involves assumptions about the poorly known rate

+ -
for p° —e’ + e ), the following branching ratio is obtained:

-k I (o et 4 e ) L
0.5x10 <7 (v —all modes)

<6 X107

3. A study of events of the type:

-— O
n +p~—=V +n
L__§ teT
e e

-+ -
gave the following results for the Vo —>e + e decay rates:

T (po—>e+ +e ) +0.6 =L
oy = (0950l X 10
+ -
'{w—e +e ) _ +1.2 -b
ooy = (0] X 10

(16

)

(22)

(23)

(ek)

(25)



I (o —et 4 e)

- i
T{g = a1l modes) Xo(x +p—=¢+n)=(2.9*1.5)Xx10 m (26)

These results are very sensitive to theoretical assumptions on SU(3)
symmetry and the ® - ¢ mixing angle. If we avoid making such assumptions,

this experiment only tells us that:

L

L p set 4 o7
0.2 X 10 L

<= < 1.5 X 10

(27)

Since equation (27) is consistent with (20) we will use {20) and (22) as
the best determinations of the lepton-pair decay rates of p and w. Note
that the small ratio between the total widihs of L and w implies that

v
(for I‘p(total) = 124 * L4 MeV and I‘w(total) =12 + 1.7 MeV(lC’):

0.06 < L -4+ ) < 1.9 (28)

or (po-—>/&++’ﬂ_) -

We do not have any determination of T (@ ¥+{fr+ {;) which is independent
of 8U(3) assumptions.

We will always assume here thap for a given neutral vector meson
the decay rates into electron pairs and muon pairs are the same. This
follows from the assumption that the couplings of such pairs to the
electromagnetic current are identical and from the fact that the phase

space ratio is 1 within 0.2%.

-10-



III. Photoproduction of vector mesons: Phenomenological Models

We now consider the various possible phenomenological descriptions
of the reaction (1). The one pion exchange (0.P.E.) contributions as
well as various versions of the diffraction mechanism were previously
studied for the cases of pO and w photoproduction.(17)—(19) It was
pointed out that the energy dependence of the p production cross-section
is definitely inconsistent with a dominaﬂt 0.P.E. contribution<3)<l8)(19)
and that a diffraction picture is favored for this process. The data on
w-production is still consistent with both 0.P.E. and the diffraction
mechanism and better experimental numbers are required hefore final con-
clusions can be reached. ) o 7-

What we propose to do here is to study these and other mechanisms,
assuming that the production of p, w and ¢ proceeds through identical
mechanisms, the relative importance of which is determined by the specific
couplings of the produced vector mesons. We study various ways of pre-
dicting the ratios between the production rates and propose methods of
using these relative rates for determining which dynamical mechanisms

are dominant.

1. One pion exchange and radiation decays of vecotr mesons

We first consider the O.P.E. diagram with or without absorption
corrections (figure 1). If we assume that the absorption parameters
for p, w and @ photoproduction are the same, and neglect the kinematical
corrections due to the mass differences of the produced vector mesons,

we obtain:

0 :0:0 =g 18 g (29)

-11-



where Uv is the total'Vop production cross-section and gvny is defined by:

2 2 3
o. o 1 Byny o
I‘(V"‘"T( +7)=§-E —-h—ﬁ——mv l"'——‘é (30)
m
v

Note that the predicted cp: Om ratio is practically’independent of the
explicit definition of gvny o1 ofrfh? detailed form that we assume for
the C.P.E. contribution. This follows from the approximate equality of
the p and ® masses. On the other hand, the ratio Op: 0@, as predicted
by equation (29) may depend crucially on the kirematic:..l factors. For

example: the explicit expression for the O.P.E. contribution to the

differential cross-section, neglecting absorption and all form factors,

is:(l7)

2
2 2, 2
doy 3 S T (V°~>ﬂ°+7)‘(1fz) o °F S (31)
a9 Lab 2 Dy ky m 2. t m 2M2B
7 v
where:
2 1/2
1 12 2 2 2 2 ]
B = Iy [(Mk7 t5m ) - mo {(M + ky) -k cos e} (32)

k7 and kv are, respectively, the momenta of the photon and the vector

meson in the laboratory, M is the mass of the nucleon and t is the

invariant four momentum transfer. In the limit of high energy ( tmin =
2 2
mvu/hk «<m ) and forward angles, equations (30),(31) lead to:
doo do@ g§ﬂ7 e ° gin7
() () = (=) =0.18 (33)
an 6=0 df 6=0 g2 mCP 2
Prey Eony

(17)



This will enhance the ¢ production rate by a factor of 5.5 relative to
the ratio (29).

In order to estimate the numerical values of the ratios appearing

in equations (29) or (33) we must - know T (VO—+no'+ y) for the three
neutral vector mesons. Experimentally, we can only say that:(lo>(20>
2
g
pry <
5~ 0.6 (34)
gwny

Even this "poor" experimental limit is already inconsistent with the
experimental 5 9 ratio of equation (8);‘%pdvi£ may be regarded as
further evidence for excluding O.P.E. asrfhe aominant mechanism. |
We can also try to estimate the ratios between the various gvny
values, using SU(3) and the usual ® - ¢ mixing theory. We‘assume:

(2) The photon is a U-spin singlet (not necessarily a pure octet?)

(b) The physical w and ¢ are defined by:

il

Jw>=cos 8 iwl > - sin @ |®8 >

(35)

| 9 > = sin 6 ]ml > + cos 6 |@8 >

where wy and ®8 are, respectively, the I = O members of an SU(3) singlet

and octet.
(¢) The v°ny vertex conserves U-spin.
Assumptions (a)-(c) lead to a sum rule for the coupling constants:

V£ By = COS 6 By + sin 6 &, (36)

7

-13-



Using the mixing angle obtained from the mass formula (or from the best

e
fit to the vector meson strong decay modes) we find (for cos 6 = /=):

3

(37)

3 8oy =\/:—

z -+
Eony T Eomy

If we demand complete SU’3) symmetry for the vy vertex and assign the

photon to an octet, we cannot get any prediction vhich is stronger than (37).

Consequently, a measurement of the V —>ﬂo + 7 decay rates does not test

the SU(3) assignment of the photon. It will test, however, the w - @

mixing theory.

In order to reach more definitive predictions we must invoke more
speculative models which are either stronger than, or different from,
SU(3). At least four independent models of this nature predict that the
ony coupling is very small. These are (in order of decreasing degree
of speculation):

1. 1In quark models the ¢ny vertex is forbidden if we éssume that
® is a AN state and that the electromagnetic transition occurs by the
emission of a photon by one of the quarks.

2. SU(6)w forbids the decay @'~>ﬁ° + y if the @ is identified as
a singlet of the spin-isopin subgroup SU(M)I. This is the assignment
implied by the mass formula and it determines the ratio between the
Ty and the w, 7y couplings in such a way that the total ¢ny coupling
vanishes.

3. Since the photon emitted in the decay ¢ -0+ y is pure iso-

vector we may assume that the process is dominated by the diagram of

~1h-



figure 2, This is what we obtain, for example, if we assume that the
decay amplitude satisfies én unsubtracted dispersion relation in q2

(the invariant momentum transfer between the ¢ and the pion) and that
at q2 = 0 this dispersion relation is dominated by the pole of the p
meson. in such a case the partial width T (o —° + y) will be sup-
pressed by the small Dpy coupling constant.

‘ L, If we assign the ¢ slate moving at infinite momentum to a (0,0)
representation of the chiral su(2) x su(2) algebra of integrated curreants,
we can use PCAC to show that T (g -0+ y) is small compared to, say,

I (0 =" + 7). This is based on the fact that the axial charge

.jko(x,t) d3x is a generator of the algebra and can connect only states
within the same representation. Consequently, it cannot connect a state
in the (0,0) representation to an isovector photon. If the matrix ele-
ment for a pionic decay is proportional to that of the axial charge, we
obtain that in this approximation ¢ —x + 7y is forbidden. The assign-
ment of the ¢ to the (0,0).representation (with L, =0, % l,...) is the
only classification which is consistent with both the absence of I > 2
mesons and the smallness of the @pxn coupling.

Using any one of these theoretical ideas together with SU(3)

(equation (37)) we find:

Bury = Boxy 3 Eoxy ~ 0 | (38)
and consequently:
(¢ ) =9 (o) 30 <0, 0 (39)
® oPE Propr @ o e

-15-



We can therefere réach the following conclusions:

1. O.P.E. is not the dominant mechanism in vector meson photo-
production because it fails to explain: (a) the energy dependence éf
the p production amplitude; (b) the 95 9y ratio; (c) the low produc-
tion rate of pON* (equation (18)).

2. The 9:1 ratio of equatior (39) may cxplain why the 0.P.E. con-
tribution to w—?roduction is presumably still present in the 2 - 6 Bev
energy region, where p—production'does not exhibit the characteristics
of 0.P.E. This ratio can be indirectly tested by compéring the cross-

. o ¥+ *+ .
sections for p N  and N . We predict:

;;+ -
o +p—w+N
(r+p &; *+) =9 (40)
o(y+p—p+ N )

Note that the wN*+ final state includes two neutral particles and its
experimental detection is very difficult.

3. Both the SU(3) prediction and the prediction of the other theo-
retical models (equations (37)(38), respectively) are consistent with
the poorly known experimental values for I (VO—*nO + 7). Measurements
of the po and ¢ radiétive decay widﬁhs will be interesting tests of

these models. Equation (38) predicts:

P (p°> " 4+ 9) ~ 0.1 - 0.2 MeV (41)

2.  Other one meson exchange diagrams

The exchange of neutral vector mesons in reaction (1) is forbidden

-16-



by charge conjugation invariance. This leaves the n as the only low
lying meson resonance that could be exchanged in such a process. The
contribution of n exchange is, however, very small because of two major
reasons:

(a) The obvious effect of the n-n mass difference.

(b) The small value of g2 which is predicted by exact SU(3) and-

N
various SU(3) breaking schemes. In exact SU(3), for d4/f = 2
2 2 ' ' ‘
~ 0.01 42
By VU B (+2)

and for any 1.5 < d/f < 3:

2 2
ey < 0.0k g : (43)

Other diagrams which are in principle allowed, are the exchange of any
higher C = + 1 neutral meson (x°, £°, A, etc. ) and the exchange of
multimeson systems. It is unlikely that such diagrams contribute an.
(21)

important part of the observed cross-section,

3. Diffraction: The exchange of an SU(3) singlet

The most attractive theoretical model for the photoproduction of
neutral vector mesons is the pseudo elastic (diffraction) model(IT),
which is based on the observation that the process (1) may have most
of the characteristics of ordinary elastic scattering. This follows, of
course, from the fact that the neutral vector mesons have the quantum
numbers of the photon, and that the reaction can proceed by the exchange

of a system with no gquantum numbers. The strong forward peak and the

-17-



energy dependence of the p-production data indicate that the diffraction
mechanism is probably dominant at the 2 - 6 BeV energy region.(3)(19)
It is expected that the relative importance of the diffraction contri-
bution will become even larger at higher energies and that at these
energies it will dominate w and ¢ production as well.

We start our discuss.on of the diffraction contribution by studying
a simple non-dynamical model. We assume, without specifying any parti-
cular physical picture or Feynman diagram, that the process y + p **VO + P
at high energies proceeds mainly through the SU(B) singlet representaticn
in the t-channel. Our motivation is, obviously, the analogy between the
reaction (1) and pseudoscalar meson-mucleon elastic scattering, where:

(a) Experimentally, the contribution of the SU(3) singlet in the
t-channel is of the order of 20 mb, whereas the octet contributes at
most a few mbs and other channels seem to be absent.(eg)

(v) Theoretically, SU(3) predicts that the'as&mptotic values of
all meson-baryon elastic (or total) cross-sections coincide. Extrapo-
lations of #N and KN cross-sections indicate that this is really the
case (within 15%).

We will return later to this small deviation, but for the moment
we will assume that the singlet exchange is dominant. Using the assign-

o
ments (35) and assuming that the photon belongs to an octet, we predict:( 3)
g :0:0_ = 3: sineG: c0329 (4h)

Pt T g

2
and for the usual mixing angle (cos 6 = /g):

p° w

: : = 9:1:2 it
o : 0 ccp 9:1 (¥5)

-18-



Note that in contrast with 0.P.E. which would favor w over p production
by 9:1, the assumption of an SU(3)-singlet exchange favors p-production
by 9:1. This is probably the explanation to two striking experimental
facts:

(a) The large experimental ratio for 5t 9 (equation (8)).

(b) The difficulty in deéiding whether O0.P.E. or diffraction is

the dominant @w-production mechanism. Even if in p production the dif-

fraction mechanism contributes 99% of the cross-section and 0.P.E. only

1%, equations (39) and (45) imply that in o produciion the diffraction

and O0.P.E. contributions are approximatg}yrequall We predict, however,

that at higher energies (e.g. the 6 - 20 BeV region) the characteristic

features of the diffraction picture will dominate w production as well.
The production rate of ¢ mesons is a great puzzle. Equation (45),
which is so successful in explaining the Gp: Uw ratio predicts: c@— % o
This is larger than the observed rate (equation (13)) by a factor of -ten!
Even if we assume that both contributions of 0.P.E. and diffraction are
present, and that their relative strength in the reaction (1) cannot be
a priori determined because of unknqwn absdrption parameters and unknown
details of the diffraction mechanism, we obtain from (39) and (45) a sum
rule which should hold for an arbitrary relative importance of the two

 (24)

mechanisms:

c =0 +h40o ' L6
90, = o, + 0o (16)
Using the known values of o, and ¢ , equation (k6) predicts:

~ L
OCD pb (Lr{' )

..]_9_



in clear contradiction with the preliminary data.

What are the possible sources of this large discrepancy?

(a) It is conceivable that some SU(3) amplitudes other than the
singlet in the t-channel have non-vanishing contributions. If we want
to blame this, we would have to require that some miraculous cancelation
of the @ productinn amplitude uccur.:. This is extremely unlikely since
a large contribution of the exchange of a full SU(B) octet (or any higher
meson multiplet in the t-channel) will contradict the small experimental
ratio (18). -

(b) Another possibility is that the excharge or u singlet is the
dominant channel but that the couplings of this éinglet to the photon
and the vector meson are not SU(3) invariant. In fact, we know that a
symmetry breaking term probably exists in n-N and K-N scattering and
is responsible for the small difference between their asymptotic cross-
sections. Such a term, if it transforms like the I = O component of an
octet, will lead to an inequality which is weaker than (45) but is still

in clear contradiction with the data:

Ve % +\/§; 2:\/5; (48)

Equation (48) predicts: % > L

(c) A third possible explanation might be that we had used a
wrong SU(3) classification of the ¢-meson. The only way to repair this
and to obtain the small ¢ production rate is to assume that the ¢ is
mostly in representations other than the octet. However, any represen-

tation other than the octet will forbid the decay ¢ —>KK (10 and i@ have

-20-~



no I = O component; 1 and 27 are symmétric in the two cotets and forbid
any V > P + P decay; other representations do not appear in 8 X 8).

If we want to retain the octet-singlet mixture and to change only the
mixing angle We find the following results: For Uw: 0CP ~ 7 and pure
SU(3) singlet exchange we obtain 6 ~ 68° (where 6 is defined by equa-
tion (35)). This vaiue for 6 leads to I' (¢ = KK) = 0.6 MeV, to be com-
éared with Pexp =-3.3 MeV. We therefore find that if we want to fix the
photoproduction rates in this way we lose the beautiful fit to the strong

decay modes.

(d) A fourth (and even more revolutionary) possible source of
discrepancy may be the octet assigmment of the plioton. If the electro-
magnetic current has a piece which belongs to a representation other
than the octet (i.e. the singlet) it might, in principle, change the
ratio (45). However, such a term in the current must be of a very
special character. The charge associafed with it cannot contribute to
the charge of any of the known hadrons (since they all satisfy the Gell-
Mann-Nishijima relation). On the other hand, the matrix element of this
current between ¢ and ﬂo must almost exactly cancel the matrix element
of the oréinary elecfromagnetic curfent between these fwo particles.

(e) The simplest solution to our puzzling discrepancy may be that
the preliminary experimental determination(l)(8)(9) of G(p actually
underestimates the correct cross—sect%on. Névertheless, it is difficult
to believe that the final value will be larger by a factor ten.

We regard all these possibilities as equally embarrassing. It is,

however, clear that if future measurements of UQ at higher energies

-21-



will indicate that it is much smaller than Gw’ we may face the need of

a major modification in our theoretical understanding of this problem.

L., Dpiffraction: direct phqton-vector meson coupling

In the previous section we have discussed the non-dynamical assump-
tion that the diffraction mechanism proceeds by the exchange of a system
with well defined guantum numbers, without specifying the details of
this system. An interesting possible model which we will now consider
is descrived in figure 3. The incoming photon is directly coupled to
a neutral vector meson which is then scattered elastically on the protonglg)iEB)
If we assume that V° - p elastic scattering is douminated by an SU(3)-singlet
exchange (possibly with octet symmetry breaking), figure 3 becomes a
special case of our discussion in the previous section (III.B) and the
cross-sections are predicted to obey equation (45)(or in case of a broken
symmetry, inequality (48)). However, if we believe in this mechanism we
can relate the photoproduction rates to the leptonic decays of the neutral

vector mesons. In addition to (45) we obtain:
c:o0z:0 =y "1y "1y (49)

where 70, Yo and 7CP represent the strengths of the direct couplings between

the vector mesons and the photon. The constants 7, van be experimentally
+ -

determined from the decays VO —~4" + £” where 4 is a muon or electron.

The relation between the Vo decay width and the coupling constant Yy is

2
given by:( 5)
1/2
y 2 om,° b2
o ot - by 27y 1 1 '
I (v %+%)-3a 51+ —3 1 5 (k9")
m m m
v v v



For both the electron and the muon the product of the two brackets in
(49') is equal to 1 within 0.2%. The decay widths for electron pairs or
muon pairs for a given vector meson should therefofe be identical.

If we now assume that the constants 7, are related by SU(3), and.

that the photon is in an octet, we obtain:
- - + - 2
r (p°—>{f +4£7): T (o ~ ¥ 4 )T (p =2 +47) = 3:sin%6: t cos® © (50)

where 6 is defined by equation (35) and f is a function of the vector
meson mass ratios. In the limit of equal @,apd w masses f = 1 and
for the physical masses and the ussumption +hat the constants 7y obey
2
the sU(3) ratios:( ®)
n 3

£=(R) =o.k o (51)
P

For cos 6 =Jn§‘ equations (50) and (51) gi&e:
P (4 + L) T (0o + ) D (p =& +47) = 9:1:0.80  (52)

Direct measurements of these widths will enable us to determine whether

our failure to understand the low rate of ¢ photoproduction comes from a
false dynamical picture or from some basic misuﬁdersﬁéhding of the SU(3)
properties of the photon, the w or the ¢. We should emphasize at this

+ - .
point that the width for ¢ =4 + 4~ can be measured anly in a Kp scat-

tering experiment since the ¢ is not produced by pions and its photo-

production rate is small (or unknown!). The absence of a @ peak in {fff

-23-



invariant mass plot in np or yp experiments cannot be regarded as evidence
for a particularly low leptonic decay rate of the ¢.

The mechanism of figure 3 leads, in addition, to a prediction for
the absolute magnitude of the elastic (and, consequently, the total) pN

cross-section, assuming that the 0.P.E. contribution is negligible.

Ross and Stodolsky(l8) estimate:

Ororgy (PN) = 50 * 5 mb (53)

2
While Drell and Trefil( ) find (using slightly different method and

gssumptions): -
66 mb < Ot otal (o) < 94 mb (54)
This does not enable us to estimate ct(aN) or Ot(@N) using only SU(3),

since the octet and singlet vector mesons remain independent. SU(6) will

predict, of course, that all ct(VN) are equal, but it also predicts:

o, (o) ~ o, (a1V) (55)

which does not seem to agree with the estimates (53) and (54).

5. The multiperipheral model

Anotlier possible way of estimating the relative production rates of
P, w and ¢ is the multiperipheral model of Amati, Fubini and Stanghellini.(gg)
The idea is to represent the diffraction mechanism by the exchange of a

ladder of pions (figure L) which interact with each other through resonant
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channels. It was proposed by Berman and Drell(l7) that this mechanism
might be responsible for the photoproduction of neutral fector mesons and
that the ratio between the p and w production rates can be determined
from this model. They argue that the ratio between the totan =N and NN
cross-section is correctly predicted by this model(gg), and proceed to
speculate that the p and w are produced by the exchange of the pion ladders
of figure 5. This hypothesis is cénsistent with the low production rate

of the ¢, since ¢ is weakly coupled to the px system and the contribucion
of the diagram in figure 6 should be strongly supypressed by the small

value of gwpn'

The multiperipheral model psedicts, however, that the ratio between

w and p production is

2
o g
p_ L1 oy
5.9 2 (56)
® g
prry

This follows from the observation that in figure 5a only an o state can

contribute while in figure 5b we must sum over all three charge states of
the intermediate p meson, which are equally important. Using the experi-
mental upper limit (equation (34)) on Bony ¥ do not learn very much from

equation (56), since it predicts:

¢ >0.20 (57)

consistent with the experimental value: Gp = (7 = 2) O We may adopt;
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however, the prediction (38) which is based on SU(3) plus any one of the
four theoretical models of section III.1. This, together with (56), leads

to:

. (55)

We may therefore conclude that although the multiperipheral model cor-

rectly predicts the suppression of ¢ prcduciion, it fails to explain the

observed o : 0 ratio.
o’ W

One could argue at this point that equation (38) is the source of
difficulty here and that we should actually use the weaker prediction (37)
based only on SU(3). This would lead us to the following chain of con-
clusions:

From the experimental op: Uw ratio and the multiperipheral model

(equations (8) and (56)), we obtain:

P(p—=n+7y)~0015T (p > + 7) ~ 15 keV (59)

Equation (37) then gives:

0.2MeV <T (¢ > + 7) <1 MeV (60)
and
I (@ > + 7)
12 e _,n+7)<65 (61)

We cannot be confident that equation (61) contradicts the actual decay
rates. However, we must add that such a large ¢ny coupling would be

totally unexpected from almost any theoretical point of view (including,
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of course, the current algebra, the pole dominance model, SU(6)w and
the quark model).

Another argument against the validity of the multiperipheral model
is that it predicts the following ratios between the total or élaétic pN

and wlN cross-sections:

o, (@) = 3 v, (o) (62)
oel(aN) =9 Uel(DN) (63)

These predictions are independert of SU(B)ﬁor any other assumptions on
the coupling constants. They follow, again, from the presence of three
charge states of the intermediate p in @ production and only one w state
in p production. Using the present estimates for ot(pN) (equations (53),
(54)), equation (62) predicts that ot(wN) is between 150 and 280 mb, a
number which does not seem to make any sense from'any theoretical point
of view. Any crude symmetry between p and w would lead to approximately

(30)

equal cross-sections for the scattering of p and w on nucleons.

Using an SU(3) language we would say that exchanging only the I=0 x
system (and neglecting the I=0 KK and 17 systems) is equivalent to the
exchange of a uniquely determined linear conbination of the 1, § and 27
representations in the t-channel, with a non-negligible amount of 27.
This does not seem to be required by the sl and KN data and is unlikely
to occur in pN, wN or yN reactions.

Our conclusion is, therefore, that the exchange of a two-pion ladder

(figure 5) can explain the observed op: Gw ratio only if we are ready to
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accept predictions like equations (59), (60) and (61). A direct measure-
ment of ' (¢ - x + y) or T (p > = + y) will allow us to be positive that
(31)

the model is unreliable.

6. Some comments on a Regge pole model

A simple model of exchanging a few Regge poles in the t-channel
cannot teach us very much about the relative cross-sections for the pro-
cesses (l). The only known trajectories which can be coupled to the 7VO
vertex are those with positive signature and charge conjugation : P,P',P"
(if it exists) and R.P is the leading Pomeranchuk trejectory which is
predominantly in an SU(3) singlet, and which contributes a term propor-
tional to s (or Ey) to the forward amplitude. The P' and P" trajectories

(32}

are the I = O members of the positive signature nonet with intercepts
aP,(o) ~ 0.5, o?"(o) ~ 0.4. The contribution of the R trajectory (I = 1,
C=+1, G= - 1) cannot be large in view of the small pol\l*+ production
rate (equation (18)) and we can safely neglect it.

The following general features are predicted by a Regge pole model
for the photoproduction of neutral vector meson, which included P, P' and
P" as the contributing trajectories:

(2) The forward amplitude is approximately proportional to Ey' This
is essentially predicted by any pseudo-elastic mechanism and seems to be
satisfied by the p production data.

(v) The deviation of the forward amplitude from a linear s should
roughly behave like 51/2. This will be tested only by future experiments

above 6 ReV and it will probably require approximately monoenergetic beams.

(c) Only singlets and I = O members of octets of SU(3) contribute
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in the t-channel. 1In section III.3 we have already derived the predictions
which follow from this assumption and found them to be inconsistent with
the present cross-~section for ¢ production. The Regge pole model only
provides us with an additional reason to believe this assumption, and can-
not help us to avoid it.

Detailed data fits to 2 Pegge pole model will have to wait for the
accumulation of better experimental measurements.
7. Summary

The overall picture seems to be very p:izzling. The 0.P.E. model
fails to explain the energy dependence of o prcduction and the op: om
ratio. The dominance of diffractio.n-type mechanisms is consistent with
all the data on p and w production but predicts a ¢ production rate
which is too large by one order of magnitude. No version of the dif-
fraction picture is capable of predicting the correct value for both
op: Uw and Up: 0@, and a combination of O0.P.E. and diffraction does not
help in this respect.

At least one of the following possibilities must be true:

1. A totally new mechanism which we have not noticed in meson-
baryon scattering, is repsonsible for the process (1).

2. The processes (1) do not show any trace of approximate SU(3)
symmetry.

3. The w - @ mixing theory should be drastically modified.

L. The electromagnetic current (but not the charge!) has a com-
ponent which is coupled to ordinary hadrons and does not transform like

a member of an octet.
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5. The present experimental number for ccp is underestimating the
actual -cross-section by one order of magnitude.

It is customary to "explain" the small @pmn coupling and the small
production rate of @'s in np, pp and Eb reactions by the statement that
the ¢ is not coupled to the non-strange particles. It is interesting to
notice, however, that SU(6) and the quark model predict that while ¢ is

not coupled to pions and nucleons, it should be coupled to the photon.

If it is experimentally observed that the direct ¢ - 7 coupling is
strongly suppressed, we may conclude that the SU(6) ard quark model
explanations are probably not #alid and that, contrary to the inter-
pretation of such models the ¢ does not couple to non-strange systems

w {33)

even if they include "strange quarks" or "strange W-spin".
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IV. Photoproduction of Strange Particles

In this section we present some theoretical speculations concerning
photproduction rates of strange particles. We present a long list of
new SU(3) predictions for photoproduction processes and discuss the pos-
sible effects of symmetry breaking factors such as kinematical corrections
due to the mass difi'zrences between the produced particles, symmetry break-
ing in the matrix elements and the coupling constants, and symmetry break-
ing in the propagators in the case of simple exchange mechanisms.

1. Photoproduction and Exact SU(3)

We assume that the photon is a singlgt under U-spin transformations
and that, to a first approximation, U—spinris cocnserved in all photo-
production processes. These assumptions allow us to derive a large num-
ber of new relations among photoproduction amplitudes which can be compared
with experiment. We present here all the predictions which we could find
and which deal with the scattering of photons on protons. In most cases,
we deal with final states having no more than one neutral particle. (We
"count" neutral particles as experimentalists count them: a p° is not
counted, but a p+ has one neutral pion, etc.). Many additional rela-
tions which can easily be derived involve experiments of photoproduction
on neutrons or experiments with a few neutral particles in the final
state. We do not present here such predictions.

In order to compare our results with experiment we will follow the
preccription of first dividing the experimental cross-sections by the
appropriate phase space factors, and then applying the predictions to

the "corrected" cross-sections which we shall denote by 0 . In addition,
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we define:
_ 1/2
R (ab...) = [G (y +p—2a+b+ )]

R(ab...) is proportional to the absolute value of the amplitude for
photoproduction of the system a + b + ... and most of our predictions
will be given as inegualities among the R-values of different reactions.
Since all our results are derived by assuming only that the photon is a
U-spin singlet, they cannot test the octet assigmment of the electro-
magnetic current. 1In all y + p processes the initial state has U = 1/2.
The number of independent amplitudes is, therefore, determined by the
number of possible ways of constructing a U= 1/2 state from the reaction
products.

We classify our predictions according to the final states, denoting
members of the pseudoscalar octet, vector nonet, baryon octet and JP= gﬁ
decuplet by P, V, B and B*, respectively.

(a) y+p—>P+8B

These reactions can proceed only via one U = 1/2 channel, The

(3t)

obtained predictions are:
+
R(«'n) < V6 REK'A) +5V2 R(K'E®) (65)

R(="p) < V2 r’E") + V3 R(m) (66)

The prediction (65) agrees with the data(35) for 3.k < E7 < b BeV and

center of mass angles between 250 and MSO. The forward or total cross-
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sections are not known too well at high energies but there are some indi-

(36)

cations that they may not obey (65). The situation with respect to
the relation (66) is not clear.

(b) y +p—>V+B

In direct analogy to (65) we can trivially obtain:

: e * *
R(e'n) <5 V6 R A} + 5 V2 R '2°) (67)

+ . . fy s . o]
There are no data on p n production since it involves detecting a n  and
a neutron in the final state, and so far, no experiment was done in this
direction. . - -

The analogous prediction to (6G) is complicated by the w-¢ mixing
) %

problem. Using equation (35) and cos 6 =\/§-We find:

R(c%p) < Vo R(K*°i+) + R(ap) + V2 R(ep) (68)

Adopting the experimental numbers of section II.1 we find that the
1.h.s. is larger than the r.h.s. by about 20% - 30%. It is, however,
impossible to evaluate the exact phase space corrections because of the
energy spread of the beam, and better experimental number are required.
Note that (68) is the only statement we can make on the photoproduction
of neutral vector mesons, using only SU(3) and no other dynamical or
phenomenological assumptions.

(c) 7+ p—=P+P+B

For any final PPB state (with Q = + 1) there are two independent

amplitudes.
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(37)

These lead to the following relations:

2'6(7+p—+n++K++z")2'c'(7+p—>K++K++E:’) (69)
R(x'7p) <R(KKp) + R(K'x %) (70)

R(x'x°n) <V3 R(x'nn) +V2 R(K+K°:, ) +V2 R(K'E n) (71)
R(x'x%n) <3 R(:r*nn) +V3 R(KOA) + R(xTO5°) (72)

R(x'x%n) <\f3 R(x'mn) + 2V2 &(K'%) + V2 Rr(x':°:%)+

(73)
+2V6 R(x™°) + V6 r(x"x%) + —g-\/? R(K 1)

The inequality (69) applies only to the total (integrated over all angles)
+ 4 - '
cross-section for producing n K Z . At any given angle we obtain a sum

rule of the form
+ o+ - - + o+ -
Ay+poi K HET) + A(ypaK tn 4ET) = A(ypK K4 E) (74)
where A is the (complex) amplitude for producing the first meson in a
given direction and the second meson in some other definite angle. There

are only a few known events of the processes appearing in (69) or (7h4)

and we can make no significant comparison with the data.
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The relaticon

(37) (70)
(38)

was recently compared with experiment by
Elings and Osborne who used the bubble chamber data and found that
the 1.h.s. and r.h.s. are, respectively 12 and 9 (in arbitrarylunits)
with errors of the order of lO% - 207. They have used, however, only
nonresonant events, eliminating a huge number of ﬂ+ﬂ— events which come
from p° decays. The prediction (70) should hold, however, even .if we
incliude the resonant events, provided that we use an appropriate phase
space correction. Using all events (both resonant and nonresonant) we
find that the l.h.s. of (70) isvlarger than the r.ﬁ.sf by a factor of 2.
We can trace this discrepancy back to relation (68) which fails because
of the same reason: The number or po mesons js much larger than the
number of all other photoproduced meson resonanées.

The inequalities (71)-(73) provide us with additional critical tests
of SU(3) since they all predict that a two-pion production amplitude is
smaller than the sum of the amplitudes for some other, less frequent,
production reactions. The data on these relations are not sufficient

for reaching any conclusions.

() y +p P+ V + B

Predictions for these reactions are similar to (69)-(73). There

are, however, some minor differences. (69) is replaced by:
+ - *p - i 4 -
R0 KZ ) -R(K %= )| <R(K K=") (75a)

R(eTK'S™) + R(K Tx'27) > R(K TK'E) (750)
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The difference between (69) and (75a), (75b) follows from the additional
symmetry between the two positively charged pseudoscalafs that we had
used in (69).

Prediction (70) has two independent analogous relations for the PVB
final state:

R(o™x D) < R(K K'p) + R(K "7 5") (76)
R(n+p'p) <R( +Ilar-p) + R(K+p'2+) | (1)

Additional relations are easily obtaiﬁed by replacing one of the pseudo-
scalar mesons in (71)-(73) by the appropriate vector meson. 7 should be
replaced by\/% o) +\/% w.

No conclusions on the agreement of thesc predichtions with experiment
can be drawn, at present.

* *
(¢) y+p>P+B; V+B

Only one U-spin channel exists here. The predictions are:(Bu)
o(y +p - ot N*O) =20(y +p KT+ Y;") (78)
o(y +p —>p++ N*O) =20(y +p ~9K*++ Y;O) (79)
RGN T) <f3 R(W 1) 2 R(KOYT’) (80)
R(DON*+) 5\/5 R(cpN*+) + R(a)N*+) +/2 R(K*°Y;+) (81)

(78) is consistent with the data.(39> There are no published data for

the processes in (79)-(81).

+ + * - + + *_
(f)7+p—-)P + P +B ;P +V +B
*. . ) .
B isa U= % state and there is only one amplitude. The pre-
(34%)

dictions are:
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- *_ - % —~ *_
20(y + p —>n++ n++ N )=30(y +p —>n++ K%+ Yl ) = 60(y + p —>K++ K++ = ) (82)

- + + ¥ - +, _+, *-
% oy +pop+n+N )=o0(y +p-op+ K+ Y, )=

| 83)
— * ¥*_ — ¥ + H*_ (
=o(7+p-—>K++rr++Y1)=0(7+p—>K +K+= )
¥
(g) y+p-pP+P2+B "%
This case is similar tc (=). There are two amplitudes and the
predictions are: »
+ - ¥t + - ¥+ + - Kt
R(n = ¥ ') <R(KKN )+R(KﬂYl) (84)

R(x'2°N ©) <\/3 (" ©) +‘\f—R( K5 0) + V2 R(KTEON ©) (85)

/+0

R(x N )<\/§R(n I o A o (86)

R(xT7ON ©) <3 R(x"ni °) + 2/2 r(KTRON ©) +
V2 REEY) +/6 r(xy™©)

(87)

* *
One can easily obtain similar relations for PVB and VVB final states.

- %
(h) y+p—P +P° +n

*
N is a U-spin singlet. There is one U-spin amplitude, leading to:

R(n_noN*++) <y3 R(n—nN*++) +-JE_R(K ++) (88)

(i) y+p—>P+P+P+B

A large number of predictions for such reactions can be easily
derived by considering the U-spin predictions(uo) for P+ B->P+ P+ B

and transferring the initial pseudoscalar to the final state. We present
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here only a few of these predictions:

R(ﬁ+n_7(0p) Sﬁ R(:r+7r-np) +\[_2—R(ﬁ+K-KOp) + \/-2—R(1r+1r-KoZ+) (89)

R(x*xx%p) <3 R(x"x 1p) +V2 R( %) +V2 r(KKKOET) (90)
-+ + -+ 40 14T -”+'7+o l\/“‘ -+ +

R(xx'x'n) <R(xKKE) + 2 REKKE) + 3/6 RKKK A) (91)

- - - ' + -
R(n+n °p) < R(K+n ﬂ°Z+) +-J§-R(K%n nZt} +\/§.R(n'ﬂ np)+
] | (92)
4-JETR(K+K-KOP)-+V6;R(n+n-K°Z+}

The relations (65)-(92) are independent of any phenomenological
details of the involved reactions. By assuming that a certain mechanism
is doﬁinant we can obtain stronger predictions and, in a few cases, some
insight into the problem of "how should we compare these predictions with
the data'.

2. Simple models and SU(3) symmetry breasking

The predictions of the previous section are clearly subject to sym-
metry breaking corrections. Such corrections are always ambiguous in
the sense that they are either based on an explicit (and not necessarily
correct )dynamical picture, or depend on some arbitrary prescription for

(37)(k0)

choosing the kinematical variables. In previous papers we have

discussed in detail the general problem of choosing the kinematical vari-

able for the actual comparison of the symmetry predictions with the



experimental data. For photoproduction reéctions there are essentially
two equally reaéonable choices: We sﬁould compare cross-sections of
different processes either when they are at the same photon energy (and

a given s-channel resonance appears always in the same'place) or when they
are at the same Q-value {and all thresholds coincide; Q= s-Z (final masses)).
“Rince most of the daﬁa, gn far. are average.cross-secﬁions for rela-
'tively large energy rénges, the difference bétween the two methods is

not so &¢rucial. It may become more significant when much bétter statis-
tics are available.v
A second way of introducing symmefry breaking effects is to assume

that, in addition to its SU(3) scalcr part, the ;cat'tering matrix has a
term which transforms like the isospin conserving component of an octet
(and is therefore a combination of a U-spin singlet and triplet). This
assumption leads, in general, to véry weék inequalities, and the photo-
production reactions are no exception. There is a large number of pre-
dictions which we can obtain, but very few of them (if any) are of

experimental interest. We give here three examples:

R(xT2'N ) <V6 R(ﬂ+K+Yi_) V3 R ) (93)
R(n+n0n) < R(ﬂ+KOZO) + JS_R(n+KOA) +‘/§-R(n+nn) + %JE-R(K+ﬂOZO) +
+ —é—\/g R(K nz°) + \/—ZTR(K_-*'KOn) +V2 RKTKO) + (9%)

+ -2—{5 R(K'nA) + %\/’gR(K+erA)
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R ON ) 5\/§-R(K+KON*O) V2 r(°E °) +-VE:R(K+nYzO)+
(95)
-+¢E?R(K+noy*9)-+VG;R(n+nN*°) + 2R(xK°Y ©)

It seems that (93) is the onlv relation which could possibly provide a

nontrivial test of broken SU(3). VThere isino doubt that (94), (95) and
many other relations which we have found but not included here (vecause
they are of very little interest fromlany p;actipal paint of view) are

satisfied by experiment.

We can be much more specific when we compute the contribution of a
given dynamical mechanism to a set of processes. This is pest illustrated
by considering the example of a simple one-pseudoscélar—exchange model for
the processes of relation (65). On one hand, if we assume that only a n+
or a K+ can be exchanged, inequality (65) becomes an equality, and if we
specify a D/F ratio for the BBP coupling we can even make a stronger pre-
diction:

(e n): (A S(K'E°) = 1k £ (32 )P (12 @) (96)

(k1)

D 2
. qd = ~ i
5T For 3 (the value obtained

axial vector transitions) equation (96) gives:

where O = from the experimental

S(xn): o(ktA): G(KTEC) = 1:0.46:0.06 (97)

On the other hand, our "strong" prediction (97) for this case should be

drastically modified by the following symmetry breaking effects:
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(a) The mass difference between the exchanged n and K will strongly

+
suppress the production rate of K 's by this mechanism.

(b) The BBP couplings are known to violate exact SU(3). For a =

Wl o

s
giN/hn = 1Lk. 4, exact SU(3) predicts giNK/hn = 13.4% to be compared with
the values(he) L8 + 1 and(h3) 6.8 + 2.9 obtained from considerations
which are independent>of £15(3).

(¢) Absorption correctionsyfo n and K exchange may be different,
and it is a priori very difficult to estimate such an effect.

The moral of all this is simply that the varicus deviations from
SU(B) for a typical 0.P.E. diagram may easily ckange the predicted branch-
ing ratios by factors of 10, and that we should be prepared to include
symmetry breaking effects in our estimates and predictions, whenever we
have a reasonable dynamical understanding of the processes. In parti-
cular, we expect large deviations from the exact symmetry prediction
when we compare the low energy cross-sections of processes involving
only non-strange particles to cross-sections for reactions in which

(L)

strange particles are produced.
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V. Conclusions

We have presented here a phenomenological analysis of the branching
ratios between the photoproduction rates of various systems. We found
that, as far as our theoretical understanding is concerned, the only
experimental feature which is totally unexplained is the small production

cross-section for ¢ mesons. We feel that in view of the serious theo-

retical implications of such a small cross-section, it is extremely

important that additional (and better) determinations of o(y + p ¢ + p)

will be performed. These can be done by the usual method of detecting

KK pairs in counter or bubble chamber experiments. However, we would
like to emphasize that when the total number ot phetoproduced w's which
are found in the ﬁ+ﬂ-ﬂo invariant mass plot will exceed ldOO, a ¢ peak
with more than 100 events should be observéd(u5), if O ™ 0@. The size
(or absence) of such a peak for larger and larger numbers of w's may
serve as an independent way of determining 0@. We feel that such an
independent measurement is necessary in view of the difficulties in

(L6)

detecting very fast charged K's which are mostly produced at very
small angies in the laboratory.

As we have already emphasized in section III, measurements of

+ - + - o + - . . .
® —£ + {-, ow -2 +4 and po -4 + L will give us direct infor-
mation on the couplings between the neutral vector mesons and the pho-
ton, the SU(3) properties of the photon, the w - © mixing theory and

the existence of diffraction via a direct y - VO coupling. The ¢ decay

rate is of particular interest. It can be measured only in:

K +p—¢+ A

[——-} PN (%)

Lo



and it is predicted to be of the same order as the w decay rate. The
a>~+{f + £ rate is difficult to determine because of the small p - w
mass difference. The best way to distinguish between the w and po decays
into lepton pairs is probably to detect p's in photoproduction (where
the p:w production ratio is very large) and to detect w's in certain
cnergy and momentum trans”exr values of reactions in which w production
is known to be much larger than p production. This is the case, for
instance, in

K_+p"*po,;+A (99)
where at incident momenta of 1.5 - & BeV p pioduction'is strongly peaked
forward and @ production is almost isotropic.<u7) At éc.m,N 900 + 500
the o production rate is much higher than p production and a 780 MeV~
peak in the {jXT invariant mass plot may safely be interpreted as w decays.
We emphasize the importance of "clean" w samples since a high resolution
is probably not sufficient, in this case, for distinguishing between p's
and w's, in view of the electromagnetic interference effect which must
occur and may obscure the results.

We have found many new experimental tests of SU(B), the most inter-
esting of which are those comparing multipion production rates with strange
particle production (equations(65),(67),(70), (76)-(79), (82)-(84),(91),(93)).
Apart from the general statement that SU(3) is broken, there is no con-
vincing explanation of the low production rates of strange particles in
P, Pp or Eb reactions. It will be interesting to see whether the same

low percentage of strange particles is produced by high energy photons.
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Finally, better determinations of the detailed energy and momentum
transfer dependence of the photoproduction cross-sections for péeudo
elastic (7 ~>VO) and inelastic two body final states will enable us to
test Regge pole models and to analyze the general features of photon

initiated reactions using parameters which are already determined from

xN, N, NN and NN processes.
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Figure

Figure Captibns

The one pion exchange diagram

p dominance in the decay ¢ _)ﬂo + ¥

A model for diffraction photoproduction

The multiperipheral model for =N scattering

The multiperipheral picture for photoproduction of
(a) neutral p mesons; (b) w mesons

¢ production according to the multiperipheral model
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