
VoLUMK $2, NUMBER 19 PHYSICAL REVIEW LETTERS 1) Mwv 1974

A. Adam, L. Jeki, and G. Palla, KFKI (Kozp. Fiz.
Kut. Intez. ) Kozlem. 16, 231 (1968}.

The time resolution was 2 ~ = 1.4 nsec at E„=14.1
MeV. The proton energy resolution fixed by the scin-
tillation properties of the NE 230 target was ~F&
= 0.35@ ~. Since these finite resolutions cause a

smearing in the measured spectrum, they have to be
taken into account at the evaluation of the data.

G. A. Grin, B.Vaucher, J. C. Alder, and C. Joseph,
Helv. Phys. Acta 42, 897 (1969).

M. Briillmann, H. Jung, D. Meier, and P. Marmier,
Nucl. Phys. A117, 419 (1968).

Radiative Width of the q Meson*

A. Browman, J. DeWire, B. Gittelman, K. M. Hanson, and E. Loh
I.aboratory of ¹clear Studies, Cornel& University, ithaca, Neu& Fork l'4850

R. Lewis
State University of Nezo Fork, Binghamton, ¹uYork 13901

(Received 12 February 1974)

The cross section for the phtotproduction of p mesons by the Primakoff process has
been measured at bremsstrahlung energies of 5.8, 9.0, and 11.45 GeV. A value of 0.324
+0.046 keV was obtained for the partial width of the g meson decaying into photon pairs.
This result is a factor of 3 lower than the previously accepted value.

The q meson was originally classified in SU(3)
as the I=O member of the pseudoscalar octet.
Application of U-spin conservation led to the pre-
diction that the radiative partial width of the g'
should be about 22 times the width of the m'. In
1967 Bemporad et al. ' reported an experimen-
tal value for the q' partial width which was 5
times larger than the predicted value. Attempts
to explain the discrepancy using the usual sym-
metry-breaking terms were not successful. The
use of octet-singlet mixing can account for the
large ratio of widths and leads to predictions for
the radiative width of the other isosinglet meson,
generally assumed to be Xo(S58). We have recent-
ly remeasured the radiative width of the g' and

the 7t' meson by the Primakoff effect method. The
results of the experiment on the q' meson are
presented in this Letter. A preliminary analysis
of the experiment on the ~' indicates that our re-
sults for the Yt' width will not be very different
than the accepted value of 7.8 eV.' %e will pre-
sent the results of the s' experiment shortly.

The cross section for the photoproduction of
g' mesons contains a contribution from single-
photon exchange. Primakoff' pointed out that
this amplitude may be expressed in terms of the
g's partial decay width into photon pairs, I'(q
-2y). To describe production from a nucleus of
atomic number Z, one sums the amplitudes from
the individual protons. " The resulting ampli-

tude may be written as

x sin8Fc(k, 8).

Here n is the fine-structure constant; k is the
photon energy; p. =0.549 GeV, P, and 8 are the
mass, velocity, and direction, respectively, of
the q; 6' is the square of the four-momentum
transfer; Fc(k, 8) is the Coulomb form factor.
In addition to production in the Coulomb field,
there is an amplitude for production in the had-
ronic field. In the case of a nuclear target of
atomic weight A, the amplitude may be written as

T~ =AL sin8 F~(k, 8),

where F„(k, 8) is the nuclear form factor and L
is an angular-independent constant. ' This ex-
pression is thought to be valid over a small angu-
lar range in the forward direction. L, sin8 repre-
sents the nucleon spin-nonf lip amplitude (aver-
aged over neutron and proton). The amplitudes
are normalized so that the differential cross sec-
tion do/dQ is given by the sum of a term for Cou-
lomb production, (do/dQ)L- =1T& i', a term for nu-
clear production, (dg/dQ)„= ) T„[', plus an inter-
ference term, (do/dQ)c„=2Re(TcT~*).

A separation of the amplitudes by measuring
this cross section at several points may be ac-
complished because of the distinct angular and
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energy dependences of the tmo contributions. Iso-
lating the Coulomb contribution by measuring the
angular distribution is complicated by the inter-
ference term. In our energy range the magnitude
of the nuclear amplitude is small in comparison
with the Coulomb amplitude. In this case the co-
herent nuclear contribution tends to change the
width of the Primakoff peak. The magnitude of
the effect depends on the atomic species and,
hence, by measuring the angular distribution for
several targets one can make a separation. The
energy dependence of the nuclear contribution is
not known so it cannot be used as a check on the
separation. The energy dependence of the Prim-
akoff amplitude is known. Assuming that this en-
ergy dependence is distinct from that for nuclear
production, cross-section measurements at sev-
eral energies which yield the same value for
I'(q —2y) would be convincing evidence that the
Coulomb term had been isolated correctly.

The experiment consisted of passing a photon
beam through a complex nuclear target and mea-
suring the number of g's that are produced near
the formard direction. The two photons from the
radiative decay of the g were detected in a pair
of shower counter hodoscopes. Data mere re-
corded for five targets (beryllium, aluminum,
copper, silver, and uranium) at incident brems-
strahlung energies of 5.8, 9.0, and 11.45 GeV.
Charged particles produced in the target were de-
flected horizontally away from the counters by a
sweep magnet. A counter hodoscope consisted of
eighty pieces of lead glass (type F-2), 4.5 cm
x4.5 cmx 49 cm long, each viewed end on by an
Amperex XP1010 photomultiplier tube. They
mere stacked in a close-packed array, eight high

by ten wide. One hodoscope was located above
the beam and the other an equal distance below.
The distance from the target to the hodoscopes
mas 445.3 cm for the 5.8-GeV data and 466.1 cm
for the 9.0- and 11.45-GeV data. The distance
between centers of the hodoscopes was 98.3, 64.0,
and 53.4 cm for the respective energies.

An event trigger was generated if a photon of
energy greater than 1.5 GeV entered each coun-
ter hodoscope and the sum of their energies was
greater than about 60% of the bremsstrahlung
end-point energy. The information recorded for
an event trigger allowed a determination of the
energy (bE/E =0.05, rms) and the position (bs
=0.45 cm, rms) of the photons. Using the target
position as a second point on the photon path, the
momentum vector of each photon could be con-
structed.
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FIG. 1. Mass-squared spectra at 9.0 GeV. (The
mass scale corresponds to the on-line energy calibra-
tion of the counters. )

Po
1+exp[(r —c)/t]'

The nuclear radius c was taken as 2.2, 3.05,

In order to compare data with theory, it is nec-
essary to establish the range of incident photon
energies included in our data sample. The upper
limit is best defined by the synchrotron energy
and is known to about 0.5%. The lower limit may
be set on the basis of the measured g energy,
and an early analysis mas made with events se-
lected in this may. ' However, the lower bound
may be determined more precisely on the basis
of the measured opening angle between the two
photons. ' The maximum opening angle was re-
stricted to 0.220, 0.137, and 0.110 rad at the re-
spective machine energies. A minimum opening-
angle cut mas also made. It did not establish a
kinematic bound but was useful for eliminating
non-q events. In Fig. 1, several of the two-pho-
ton mass spectra are shown for events selected
with these criteria. A well-defined mass peak
is seen sitting on the side of a falling background.
The angular distribution of the events in the
mass peak shows a. sharp peak near 0' (see Fig.
2). It is this peak that we associate with the
Primakoff and coherent nuclear processes. The
angular distribution of the events outside the q
mass region does not show this forward enhance-
ment. Accordingly, we were able to assume that
the background under the rt mass peak would not
change the amount of Coulomb production cross
section found by a fitting procedure. '

The form factors' in Eqs. (1) and (2) were ex-
pressed as integrals over the charge density
p(r) and evaluated numerically for a Woods-Sax-
on distribution:
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FIG. 2. Angular distributions at 9 GeV (first data set). The vertical axis is the number of events detected in 1-
mrad bins. The curves denote the following functions: short-dashed line, 0.308&c(8); dash-dotted line, l.25z(8);
dash-double-dotted line, 0.620m c~(e, —0.63); long&ashed 1ine, 3.13m~(8); solid line, (8) .

4.28, 5.14, and 6.8 fm for the respective targets. ' A value of t =0.55 fm was used for the skin thick-
ness. Reabsorption of the rl in nuclear matter is included in the form factor (we used a total g-nucleon
cross section of 30 mb). For fitting data an isotropic background term was added to the cross section
and a set of free parameters was introduced:

&&
=ac

~&
+a &

+ acag &
+ay &

The background term was taken to be (da/dO), =A'" p. b/sr, the A dependence having been deter-
mined from the event rate at large angles. The value of I'(q- 2y) in Eq. (1) was set equal to 1 keV so
that the fitted value of ac is the partial width in keV. The magnitude of the nucleon amplitude, I., was
set to equal 4k, corresponding to a spin-nonflip nucleon amplitude comparable to the cross section for
photoproduction from hydrogen at 6' =0.1 GeV'. " a„may then be interpreted as giving the ratio be-
tween the value of !I 1' required by the data and what had been estimated from the hydrogen cross sec-
tion. A fourth parameter cp, the phase of I., is buried in (der/dQ)c~.

Using Eq (4), th. e number of events n(8) to be expected in a 1-mrad interval at angle 8 was calculat-
ed by integrating over the incident photon spectrum" and folding in the angular resolution of the detec-
tor. ' The result may be expressed as

n(8) =acne(8) +a„n~(8) + (aca p) 'nc~(8~ y) +anna(8)

where the n, 's are the number of events computed
for the individual components of the cross sec-
tion.

The data on all five targets at a single brems-
strahlung energy mere fitted with the four param-
eters. The results are listed in Table I." The
errors listed are the statistical uncertainties ob-
tained from the fitting procedure. Several fitted
angular distributions of the first data set at 9.0
GeV are shown in Fig. 2. The last entry in Ta-
ble I is the result of fitting the data on a single
uranium target by fixing the phase angle. Sever-
al values of y between —1.5 and +3.0 rad were
tried. The error in this case reflects the range
of answers. These data were accumulated ap-

! proximately six months after the main run with
a counter geometry in which the target-to-hodo-
scope distance had been increased to 1144 cm.

The sensitivity of our result for the g decay
rate to the parameters used in the form-factor
calculation was tested by varying them indivi-
dually and refitting the data. Variation of the
nuclear radius by 10%, the skin thickness by
10%, and the q-nucleon cross section by 10 mb
produced changes in the fitted value of ac of
0.0015, 0.005, and 0.005, respectively. For
comparison, the value of a„ in these fits changed
by 0.2, 0.25, and 0.2.

The values of ac and a„ that we find are com-
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TABLE I. The fitted values of the cross-section parameters.

Machine
energy
(Gev) Targets (rad)

per degree
of freedom

5.8
9.0 (1st)
9.0 (2nd)

11.45
11.45

Be, Cu, U

All 5
All 5
All 5

U only

0.343 + 0.054
0.308 ~ 0.029
0.287 ~0.031
0.350 +0.018
0.35 + 0.05

0.25 +0.24
1.25 + 0.37
1.18 +0.29
1.02 +0.20
0.24 + 0.60

—1.03 x 0.50
—0.63 +0.54

0.89 +0.41
1.0 +1.9
1.0 (fixed)

2.26 +0.10
3.13 +0.22
2.86 +0.22
0.0 (fixed)
7.9 ~1.2

136.6/86
213.4/146
193.5/146
112.6/127
46.9/41

patible with the data published by Bemporad et
al." We do indeed find a better fit to their angu-
lar distribution using their values, ac=1.0, a„
=0.0. We have concluded that the limitations on

their experiment, primarily in energy, did not
permit them to distinguish between these two so-
lutions.

Our final value for the g decay width into pho-
ton pairs is I'(q- 2y} =0.324*0.046 keV. The
quoted error includes 5.3% for statistical accu-
racy, 12.2~i~ for the systematic uncertainties re-
lated to the accepted photon spectrum, and 2.5%
for the uncertainties in the values of parameters
used in the form-factor calculations. Using the
branching ratio for the two-photon decay mode,
0.38,' the full width of the g meson is 0.85+0.12
keV.

We wish to thank Professor D. Yennie for sug-
gesting various approaches to evaluating the fac-
tors. Professor A. Silverman worked with us
during the early stages of the experiment, and
we have benefitted from the many discussions
with him. Dr. David Larson participated in the
measurements on the n' and as a consequence
helped with some of the data checks in this exper-
iment. We are indebted to E. von Borstel and the
crew of the Wilson Synchrotron Laboratory for
their efforts toward providing us with the fine
machine operation that was necessary for this
experiment.
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