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A brief experiment has been performed to
study the feasibility of extending previous work'
on photoproduction of muon pairs to higher val-
ues of the invariant p, p, mass. The experiment
was done at Cambridge Electron Accelerator
using a 6-BeV bremsstrahlung beam and a car-
bon target. An iron filter was used to identi-
fy muons. The detection techniques, electron-
ics, etc. , have been described in previous
notes. 'r' We wish to comment here on a result
of this experiment which is of some current
interest in the question of photoproduetion of
y mesons.

Table I shows, for four mass bins, the ex-
pected yield due to the Bethe-Heitler process
assuming quantum electrodynamics (QED) is
correct in this mass region. ' This yield was
calculated by methods outlined in earlier notes
and includes, as do the p' and y yields discussed
below, the effects of Coulomb scattering in
the iron. 'r' This scattering dominates the mass
resolution.

A second column shows the expected yield
in this mass region due to p'- 2p. Although
the p yield in this mass region is small, we
will review the calculation of this yield, because
the y yield is calculated in the same way. . The
p yield is calculated as outlined previously'r'
by assuming that the p-production cross sec-
tion has the form

. . 3 -At -Dt
d cr/dkdmdA =g(k)f(m)(e +be )

which result. s in a yield of

k ' -At -Dt
Y =B C nQ (e +be )dWdcos~

p p pq — 44

x „—[f(m)&n] [f(e)dydcose] .1

In these equations n is the number of nuclei
per cm2 in the target, Q is the number of equiv-
alent quanta striking the target, k is the pho-
ton energy in BeV, and t is the square of the
four-momentum transferred to the nucleus.
The terms e A and Qe t represent the co-
herent and incoherent p production from the
carbon nucleus. As discussed previously, '
g =0.098, A =45, and D =10. Cp is evaluated
from the cross section for photoproduction of
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p' at t =0 at 4.4 BeV, and C =86x10 " cm'/
sr. 0 is the p production angle with respect
to the y-ray beam. 0 is the angle of one of the
p, 's in the center of mass of the p, taken with
respect to the p direction of motion in the lab-
oratory. The invariant mass of the p pair is
m, and f(pyg) is a normalized Breit-Wigner res-
onance shape with Mp:740 MeV, and a full
width at half-maximum of 150 Me&.
—=[No. (p - 2p)]/[No. (p - all)] converts the yield
to that for muon decay of the p'. The yield in
terms of the above variables is transformed
to laboratory variables by the appropriate trans-
formation equations and a 6x 6 Jacobian. The
integration is then performed over the labora-
tory acceptance intervals.

The second column of Table I shows the yield
from p' - 2 p, in the given mass intervals, us-
ing Bp = 4 ~ 4 x 10

In order to calculate the y yield Eq. (1) was
again used, with the y mass and width used
for f(m). In doing this we have assumed, fol-
lowing the theoretical literature, that the mech-
anism for y photoproduction (e.g. , the t depen-
dence) is the same as for p' photoproduction. '~'~'

&& and P& are, not yet known, and it is our pur-
pose to set a limit on these quantities. In or-
der to do this it is convenient to calculate the-
oretical yields, P theor, which would result
if Bogy =Bpgp ~ We will then compare the ex-
perimental yields to this prediction in order
to scale down B&g& to its experimental value.
Column 3 of Table I lists yy theor ealculat

Pr
ed for B&g& = Bpg&.

Finally, in column 4 of Table 1 we list the

Mass
(Mev/c2)

930-970
970-1010

1010-1050
1050-1090

Totals

BH

52.0
24.0

5.0
2.6

83.6

14.2
6.0
1.0
0.5

21.7

Y
cp, theor

52.2
72.4
35.5
25.4

185.5

Y
expt

69.0
33.0
2.9
2.1

107.0 +11

Table I. Experimental and theoretical yields in vari-
ous mass regions. Yields are defined in the text mate-
rial. Note particularly that Y@ thepr ls the theoreti-
cal yield for p, pairs from cp on the assumption that
0'~B~ = apBp.
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corrected experimental yields in the given mass
regions. Corrections made to the raw data
have been previously described. '~'

Now, since the yields Y theor mere calcu-eor
lated assuming By@'y =&pop it follows that

B 0 Y —Y -Y
y y y expt expt BH p

B 0 Y Y
p p y, theor y, theor

From Table I we find

(2)

g = 0.009' 0.060. (3)

The errors quoted are statistical errors only
in Yexpt We would now like to estimate an

upper limit on g. Errors in Yexpt due to nor-
malization problems are expected to be less
than 15/~, or +15 counts. Other errors in I'expt
are negligible. The error (of negative sign)
in F due to uncertainties in the measured
value of 8p is negligible in this mass region.
The maximum expected error (of negative sign)
in Y& theor is about 20 /o, and due to the er-
ror(of negative sign) in B&. The value of B&
we use is that measured in earlier work'~9 on
photoproduction of muon pairs and confirmed
in work on pion production of muon pairs. "
Including the two- standard-deviation statisti-
cal errors, the normalization errors in Yexpt,
and the maximum expected error in Y&, the-
"two-standard-deviation" upper limit on g is

g & 0.26. (4)

In the literature we find no previous results
for I or for B&g& (photoproduction) with which
to compare our results.

We may, however, compare with theoretical
predictions. ' ' We find that our experimental
upper limit is 3 to 10 times lower than the un-
broken SU(3) theoretical values'~' given in the
literature, depending upon the assumed mass
dependence of I'(P - 2p). Following Freund'~"
we find for a theoretical prediction of this quan-
tity Rtheor =2.68. Using instead Harari's as-
sumptions for the mass dependence of I'(V'-2p),
me find Rtheor =0.83. Both of these values are
well above our own two-standard-deviation up-
per limit for Rexpt Harari's result is of spe-
cial interest since it contains the least favor-
able mass dependence of I"(P -2p) in the lit-
erature. But even this low theoretical value
of R is more than three times our upper limit.

We conclude that g B /g B is markedly
lower than predicted by attractively simple
and general SU(3) arguments. '~' Previous

disagreement with these same arguments has
been found in bubble-chamber results" for g /
g&. These results show g&/g& to be about 8
times lower than predicted. '~4 The present
experiment cannot separate the value of g&/g&
from B~/Bp, but finds an independent failure
of the predictions. '~' Our results may be in-
terpreted as confirming the bubble-chamber
results. This seems worth mention even in
viem of the more recent theoretical work'~

that supports the bubble-chamber results. The
earlier theoretical results'~' have been consid-
ered sufficiently constrained that the bubble-
chamber results have been questioned. 4 In par-
ticular, recent theoretical work'~' has not yet
been extended to- test the consequences of the
assumptions on other processes, such as y+p-p'+N*. But independent of such questions
our results are in disagreement with the ear-
lier theoretical work'~ and not in disagreement
with more recent work. '~'

Next, we may use the experimental value"
of g&/g&, and solve Eq. (1) for B&/B& We.
use the value g&/g& = 38 from recent bubble-
chamber work. " Our results are

= (0.34+ 2.28)B,

& 9.9B
p

& 4.4 x 10-'.

(8a)

(8b)

These results are based upon a ratio of produc-
tion cross sections g&/g& =38, and must be
scaled for any future changes in this ratio.
In particular, the current value of the ratio
has an error of 40gk. We may include this er-
ror by multiplying Eq. (8) by (1+ 0.4) '. Includ-
ing the quoted" error in the bubble-chamber
measurements,

B & &7B
p

&7.4x 10

(7a)

(7b)

This limit agrees with a. previous upper limit"
on &&, and is approximately an order of mag-
nitude smaller. Note here that we have again
used the assumption, previously emphasized,

where, as in Eq. (3), the errors are only sta-
tistical. Allowing for errors in normalization
of Yexpt and for errors of Y&, theor as Pre-
viously outlined, this yields for a two-standard-
deviation upper limit
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that the mechanism for the y production is the
same as for the p production. '~4~'

These results may again be compared to the-
oretical predictionss&4 based upon SU(3), direct
photon-vector meson coupling, and ~y mixing
with cos8 =u'—,'. Using the results of Freund'~"
we obtain By theor:12 1B&, and using the re-eor
suits of Harari we obtain B& theor =3.75B&.
Both of these are within our two-standard-de-
viation upper limit, Eq. (7), and hence we can-

not yet comment upon the mass ambiguity.
In summary, our experimental upper limit

on o&B&/o&B& is in disagreement with appar-
ently constrained SU(3) arguments, '~' and un-

derscores disagreement with these arguments
already found in bubble-chamber work. '&'&"

In addition, using the bubble-chamber value"
for o /o, assuming the validity of QED for

P . g'.
muons in this mass region, ' and assuming that
the mechanism for q production is the same
as that for p production, » we set an upper
limit g& &17B&-7.4 x 10, which is in agree-
ment with, and approximately an order of mag-
nitude improvement on, earlier work. "

We are indebted to H. Harari for several stim-
ulating discussions on this subject, and to the

research group of Refs. 1 and 2 for the data
upon which these remarks are based.
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