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~~Saturating the T = K=0 spectral-function sum rules
with cu, y, D, andE, we obtain the result

m 2(D) cos 0+m (E)sin20

[1 (y 2+y 2)/2~ 2]
7l' 7r

x [m 2(cv) cos20'+m 2{@)sin2g'],

where 0 and 0' are unknown angles. This gives the
inequality

0 74F 2 ~ (F 2 +F 2) ( 1 38F 2

7r Yl 7l' 7r

Combined with Eq. (26) and the mixed-channel formula
of Ref. 8, this inequality provides the suer bound pz
-1410 MeV. But it is again clear that the heavier K

mass may only be realized with very large SU(3) break-
ing (e.g. , F&I2& 2F&2).

The equality p~ —p, ~ =m (K*)—m (p) is both myste-
rious and well satisfied. Its natural generalization to
even parity states is pK =m {K~)—m~(A1) and yields
p~ =620 MeV.
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In this Letter we report the results of an
experiment designed to perform some indepen-
dent tests of the validity of the vector-domi-
nance model' of electromagnetic interactions
of hadrons. The vector-dominance model re-
lates the electromagnetic current J&(x) of had-
rons with the phenomenological fields of vec-
tor mesons p&(x), y&(x), and a&(x) via

m 2 m ' m 2

J (x)=-2 p (x)-2" ~ (x)-2 y (x) (I)
2y p. 2y p, 2y

It follows from (I) that the electromagnetic
form factors of nucleons and pseudoscalar me-
sons as well as electromagnetic decays of me-
sons can all be expressed in terms of measur-
able quantities yp, y~, and y, which couple
the vector meson to the photon. In particular,
the photoproduction of p mesons on complex
nuclei can be thought of as via the diagram'
(Fig. I) where the photon materializes itself

FIQ. 1. Feynman diagram for photoproduction of p
on complex nuclei.

into p' with a coupling strength o.v/y ' and thepp' meson subsequently scatters diffractively
off the whole nucleus. This diagram for pho-
toproduction of p' mesons then carries the fol-
lowing two important implications.

(I) A factor -m ' enters from the p' prop-
agator and the p' decay spectrum can be shown'
to be of the form

g(m) =(m /m)'f (m) ~ ~ ~,
p

where m'=p~y+p~, and where fBW(m) is
the relativistic Breit-Wigner mass formula
for the decay' po-~+7r

m F(m)
(m) =- p

BW v (m '-m')'+m 'I'(m)'
p p
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(3)
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p 7T

Equation (2) provides a mass shift of =20 MeV/
c' and has been used as an explanation for the
difference between the mass m =765 MeV/c'

p(p' mesons produced from 7/N interactions')
and that of mp' =740 MeV/c' (p' mesons pro-
duced in photoproduction experiments').

The first purpose of the present experiment
is to study the spectrum of p - v+~ in the re-
gion of high ~+~ invariant mass, 930&m &1130
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MeV/c', where (mp/m)'«1. Hence, a com-
parison of the spectrum R(m) with the exper
imental data provides a very sensitive test
of the validity of Eq. (2).

(II) Following from the diagram of Fig. 1 and
the experimental result' that the forward p
production amplitude on complex nuclei pro-
ceeds via a purely imaginary amplitude, the
cross section do(yA -Ap')/d It [ is related to
the total p-nucleus cross section a7 (pA -pA)
via

experiment, it is helpful to recall the conclu-
sions drawn from a previous experiment on
photoproduction of p' mesons (in the w+w in-
variant-mass region 400 & m & 930 MeV/c') on
complex nuclei. This experiment shows that
high-energy p' photoproduction agrees with
the predictions of diffraction production and
that the cross section in the forward region
can be described in the form

=C ~ 2mR(m)p2f'(p)f (R t (7 N),
dQdrn

(6)

do(yA —pg) '

dttt
1 k a
16p y' T, 0 2(pA - pA), (4)

t~0 p p

where k =incident photon energy, o. = 1/137,
t=(k-p„i-p~ )', and pp =the outgoing p' mo-
mentum.

If the nucleus is represented as a purely ab-
sorptive medium of density distribution p(r)
=p=constant for r&rg"'=R and p(r) =0 else-
where, then in the simplified eikonal approx-
imation of Drell and Trefil' the total cross sec-
tion can be expressed as an integral over b,
the impact parameter:

o =4~f bdb[1 exp( -cr f-pdz) ],
8 z

0 pN 0
(5)

where x =b'+z' and 0 N is the total p-nucle-p
on cross section which can be determined from
the relative yields of photoproduction of p' on
complex nuclei.

The second purpose of the experiment is to
measure precisely the forward photoproduction
cross section of p' mesons on complex nuclei
and thereby use Eqs. (4) and (5) to deduce the
p'-photon coupling constant y and to compare
it with the value obtained directly from the mea-
surement' of the branching ratio I'(p-e+e )/
I'(p-w+v ).

The experiment, performed at the Deutsches
Elektronen-Synchrotron, used a double-arm
magnetic spectrometer to detect the v+w pairs.
The detailed features of this spectrometer
have been described in previous Letters. ' A
total of 1.5 x104 events was taken in the invar-
iant-. mass region 400&m &930 MeV/c2 on C,
Cu, and Pb nuclei, at Pp=4. 500 GeV/c, ko=6.02
GeV; and a total of 5 x104 events was taken
in the invariant-mass region 930 (rn (1130
MeV/c' on the C nucleus at p =5.000 GeV/cp
and with k, = 6.200 GeV (k, = max energy of brems-
strahlung spectrum).

Before discussing the results of the present

6 0'
=C 2mR(m)P e

2 at
dQdm

(7)

where, with a carbon target, C =(3.72+0.23)
mb sr ' (GeV/c)

Typical results of the present experiment
are shown in Fig. 2. To analyze the data and
to compare the spectrum with Eq. (2), we group
the events from the carbon target according
to their invariant-mass distribution over (a) the
mass region 400 &m &930 MeV/c', with a to-
tal of 7 &103 events, and (b) the mass region
930&m &1130 MeV/c', with a total of 5&&10'

events. To study the origin of the n+~ spec-
trum in the high invariant-mass region, we
compare the t dependence of the weighted cross
section [f'(p)] '(dv/dt) for both the p' region
of 720&m &820 MeV/c' and the invariant-mass
region of 930 & m & 1130 MeV/c .

Figure 2(a) shows the agreement both in ab-
solute value and slope between dv(t)/dt for the
m+~ spectrum above 930 MeV/c' and for 720
&m &820 MeV/c', where the p' meson is known

to be diffracted off the whole nucleus. Both
sets of data are consistent with dc/dt ~eat,
where a =(47+ 5) (GeV/c) '. The similarity
of t dependence of the cross sections gives
strong indication that all the ~+n pairs in the
region 1130)m) 930 are indeed coming from
p' mesons which decay into ~+r pairs after
being diffracted off the whole nucleus.

Having established that the high-invariant-

where the function f7 describes the production
and reabsorption of p' meson by the target nu-
cleus, f'(p) describes the energy variation of
the p' production cross section, and R(m) is
the spectrum function assumed to be (2). Com-
paring (6) with the relative A dependence of
the production cross section yields 0 & =31.3
+ 2.3 mb and rp: 1 29 + 0 09 F. For high ener-
gy and small momentum transfer Eq. (6) becomes

228



VOLUME 20, NUMBER 5 PHYSICAL RKVIKW LKTTKRS 29 JANUARV 1968

1 d2(s

p2.f'(p]. fT) dA dm

E
x 10

'
10-

l
l

7xlp events l

3 l

I

l
l

)

),) 5x10 events

2 Bw (mj

')" Hw(m)

5-.

0-
400 500 600 700 800 900 1000 1100 &~ [GeV/c']

mb

GeV'/c' Atom
7

5- 0

f p'peak region

high mass region

2~
I

I

I

0 0005 pp10 p 015 ppgp p py5 -t [GeV fc 1

mass w+w pairs are from p' decay, we can
now compare the data with the spectrum func-
tions R(m) and fBW(m). In each case the func-
tions

U, (m) = C,2mR (m) +B,(m)

U (m) =C 2mf (m)+B (m)

FIG. 2. (a) The quantity [f'(P)) ~do/d[t I is shown as
a function of t, the square of the momentum transfer to
the nucleus, for carbon target and for both the p peak
region (720 &m & 820 MeV/c2) and the high-mass region.
(930 &m & 1130 MeV/c2). The similarity of the t depen-
dence between the two mass regions indicates that the

pairs in the high-invariant-mass region are from
po decay. (b) Pion-pair invariant-mass spectrum
[p'f'(p)fT [ 'd'o'/d Gdm in units of nb (GeV/c) 2 (MeV/
& ) sr ~ atom ~ for carbon target. In the mass re-
gion 400 & m & 930 MeV/c2 the data were fitted to U|(m)
(solid line) and U2(m) (dotted line) to determine the pa-
rameters mp, I"0. With the spectrum functions 2mR(m)
and 2mfBW(m) so determined, their behaviors over
the region 1130&m ) 930 MeV/c2 were then plotted
(xlo) and compared with the experimental data.

mined from the previous experiment' to be
a power series in m. The results of the best
fitted values for the 2mR(m) distribution func-
tion are (as shown in the previous experiment')
I"0 = 130a 5 MeV/c', m p

——765 a 5 Me V/c2, and
for the 2mfBW(m) distribution function, I"0

=104+ 15 MeV/c' and mp = 737+ 5 MeV/c'.
With the spectrum functions R(m) and fBW(m)

determined, their behavior over the region
1130&m &930 MeV/c was then computed and
compared with the experimental data. As seen
in Fig. 2(b), the data agree well with the dis-
tribution function 2mR(m) in both the shape
and the normalization. But the data do not agree
in any way with the relativistic Breit-signer
decay distribution.

To deduce the value of yp'/4m from Eq. (4),
the values of [do(y+A -A+ p')/d It l]t 0 were
obtained by studying the behavior of do/dlti
as a function of t in the region 0.004 & It I &0.06
(GeV/c)' for a fixed mass interval 700 &m&800
MeV/c' and for target nuclei of C, Cu, and
Pb. The values of (do/dlt i)t 0 were obtained
by extrapolating the data to t =0. Using the
values of Op& and r„determined from the pre-
vious experiment, ' we then calculate 07 (pA
—pA) with Eq. (5). The knowledge of oT and

(do/dlti)t 0 allows us to determine the value
y '/4~ from Eq. (4). In Table I, we list the
values of o& on various nuclei as well as the
value of yp'/47r determined by the above meth-
od. Thus the values of yp'/4n obtained accord-
ing to the diagram of Fig. 1 are consistent with
each other and are in good agreement with the
values yp'/47r =0.40+', ",, determined directly
from the branching-ratio experiment. '

In summary, the results of this experiment
show that the p - m+m spectrum fits well with
Eq. (2) and that the values of yp'/4m deduced
from the particular production process agree
with the value determined from direct branch-
ing-ratio measurement. Thus we conclude that
the diagram of Fig. 1 is indeed the dominant
diagram for photoproduction of p' on complex

Table I. Summary of coupling constants pp /47[ and
the total p -nucleus cross section OZ. .

were first fitted to the data from the mass re-
gion 400 &m & 930 MeV/c' to determine the pa-
rameters I'0 and mp. The function B(m) is
a phenomenological background function deter-

Nucleus

0.26
1.11
2.90

yp2/47[.

0.49 ~ 0.12
0.42 + 0.10
0.40+ 0.10
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The photoproduction of neutral pions in the
reaction yp - mop has been investigated in the
backward direction (g„,o '=180') at photon
energies E& from 0.8 to 5.5 GeV, using a brems-
strahlung beam from the Deutsches Elektronen-
Synchrotron (DESY) electron accelerator. On-
ly the recoil proton was detected and its mo-
mentum determined with a magnetic spectrom-
eter. Since the lab momentum of the recoil
protons is 300-400 MeV/c higher than the mo-
mentum of light particles, it was possible to
detect the protons in the forward direction with-
out serious troubles from the high positron
background.

The minimum energetic separation between
single and multiple pion production processes
is of the order of 40 MeV. Therefore, a good
momentum resolution of the spectrometer was
required.

The experimental setup is shown in Fig. l.
The photon beam was produced in a tungsten

target of 0.06 radiation lengths and defined by
three lead collimators. The flux was measured
with a gas -filled quantameter. The liquid hy-
drogen target had a, length of 30 cm.

The spectrometer produced an angular focus

MA1

H2-Targ. Qg

Yi»x»»-»~»Xiiiiix i..O.xO.

FIG. 1. Experimental setup: QB and QA, quadru-
poles; MA and MB, bending magnets; C, lead collima-
tor; $1, ~ ~ ~,S4 scintillation counters; H, hodoscope;
S1 and S4, time-of-flight (TOF) counters.


