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Au and Cu single crystals are well described by
a model which relates the angular anisotropies in
the photoemission intensity to an angle-dependent
transition matrix element. Such a model is found
to predict the experimental PHD's considerably
better than the model previously proposed by
Baird, Wagner, and Fadley. ' We note that the
matrix-element model predicts the most pro-
nounced differences to occur between spectra
taken along the [001] and [111]directions, in com-
plete agreement with the experimental observa-
tions. The present results in conjunction with the
results obtained by Williams, Kemeny, and Ley'
on Mo82 and GaSe appear to indicate that the ma-
trix-element model discussed above may, in gen-
eral, provide a useful approximation for the in-
terpretation of angle-resolved photoemission
spectra in the x-ray range of photoemission.
This would be of considerable importance for fu-
ture applications.

*This work was done with support from the U. S. En-
ergy Research and Development Administration.
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COMMENTS

Comment on "Search for More J Particles"*

Z. Ming Ma and B. Y. Oh
Department of Physics, Michigan State University, East Lansing, Michigan 48824

(Received 28 July 1976)

We have analyzed the reaction pp —~,0& + anything at 28.4 GeV/c, By assuming that
the .K, ~ and K+7t states are produced at the same rate, the upper limit for producing
a narrow 3-standard-deviation effect in the E+& state corresponds to a oB of 32 nb at
a mass of 2.25 GeV/c'. This is about an order of magnitude higher than the 4 nb value
quoted in the Massachusetts Institute of Technology-Brookhaven National Laboratory
(MjT-BNL) two-arm spectrometer experiment. At a mass of 1.875 GeV/c2, the 3-stan-
dard-deviation upper limit for OB for the MIT-BNL experiment is 118 nb.

Recent discoveries of narrow, high-mass Eg
and E3p states in e+e collisions' lead to a great-
er urgency for finding charmed-particle produc-
tion in hadronic reactions. U'pper limits set by
bubble-chamber experiments are typically in the
microbarn range, ~' whereas for electronic de-

tectors, the sensitivity level is usually about one
to two orders of magnitude higher. The only ex-
ception has been the high-statistics two-arm-
spectrometer experiment by a Massachusetts In-
stitute of Technology-Brookhaven National Labo-
ratory (MIT-BNL) collaboration. ' For the reac-
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necessary that independent checks be made on
these assumptions before the upper limits can be
taken seriously.

In this Comment, we report the results from
an analysis of the reaction

(1)

(2)

pBe- w'K +anything,

p Be-K+m" + anything,

(4)pp-K, 'w +a.nything

at 28.4 GeV/c. The data come from an exposure
of the BNL 80-in. hydrogen bubble chamber to a
diffractively produced proton beam of momenta
13.0, 18.0, 21.1, 24.2, and 28.4 GeV/c. Separate
studies for inclusive production of g,' and g
have been published previously. "With the as-
sumption that

o (K') = o(K+ ) and cr(K') = o (K ), (5)

Reaction (4) is expected to be the same as Reac-
tion (2) except for nuclear effects. Figure 1
shows the energy dependence of the K,'m inclu-
sive cross sections. The trend of rising cross
sections with increasing incident laboratory mo-
menta is somewhat similar to that for the inclu-
sive K,' production. The K,'m diff erential cross
sections at 28.4 GeV/c are shown in Fig. 2. A
total of 306 K,' and 358 K,'71 pairs are used in
this analysis. The differential cross sections in

the upper limits for producing a narrow reso-
nance of mass 2.25 GeV/c' are given as 1 and 4
nb, respectively, or about three orders of mag-
nitude lower than those given by large-bubble-
chamber experiments. On the assumption that
the narrow enhancements at 1.8V GeV/c' decay-
ing into Kg and K3g states are the same charmed
meson, called D', the relative branching ratio
for D -Km and D'-K3m is given by the SPEAR
experiment. Therefore, by taking the MIT-BNL
result as it is, it would suggest that further
charmed-particle searches in multibody hadronic
modes should have a sensitivity better than a few
nanobarns.

Since the two-arm spectrometer used by the
MIT-BNL group has a limited acceptance, state-
ments on the upper limit for enhancements in Re-
actions (1) and (2) depend critically on the accep-
tance corrections. In the absence of published
experimental data on inclusive two-body spectra,
one can at best make an intuitive guess' as to its
dependence on dynamic variables such as x and
P~. The form that was assumed by these authors
ls

do' dQ exp(- 2P —5x) . (2
x= P~=O

The differential cross sections were measured
by the same tean. " at P~=x = 0. Therefore, it is
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FIG. 1. Inclusive K~ 7I production cross sections as
a function of the incident-proton momentum.

!
I I I I I ! I

O. I 0.2 0.3 0.4 0.5 0.6 0.7
I'

X

FIG. 2. Differential cross sections at 28.4 GeV/c for
K, ~ pairs as a function of (a) I'i and (b) x. The
straight lines represent phenomenological fits to the
data as discussed in the text.
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FIG. 3. Differential mass distribution as a function
of the &,o& mass at 28.4 QeV/c. The straight line is
the result of an exponential fit to the data as discussed
in the text.

event excess corresponding to a cross-section
upper limit of 118 nb for the K+p state. A sim-
ilar exercise indicates that at 2250 MeV/c', the
upper limit for the g'm state is 32 nb. This val-
ue is about an order of magnitude higher than that
reported in Ref. 4. It is worth noting that at x
=P~ =0, the MIT-BNL group observed an expo-
nential dropoff in the Km mass distribution in the
form of e"'~, whereas integrated over x and P~',
one observes a much milder decline with increas-
ing masses, thus suggesting correlations between
the E' p' mass and the slope parameters for x
and I'~' in this energy region. By integration of
&q. (3) and by use of the slope parameters ob
tained in this experiment and the differential
cross sections given in Ref. 6, the differential
mass distri bution for K p+ is locker than our ex
perimental results on K,'g by a factor of 100 at
2.25 G Ve/c'. Since K+ can be produced via asso
ciated production, it is h nzovrP that inclusive
cross sections for K+p are higher than those for
K m+ by about a factor of 10. Adjusting for this,
the cross sections for K m+ are still looser than
our data on K,'m by one order of magnitude as is
the case for K+n

We wish to thank Professor U. Becker for many
useful discussions, and Professor R. Mozley and
Dr. A. Odian for stimulating our interest for this
study.

do/dP~'= exp[- (2.99+ 0.29)&~'] (6)

do/dx = exp[- (5.16+ 0.62)x].

Although the statistics are too limited in this ex-
periment to test the factorization assumption,
available single-particle inclusive data' seem to
support such a notion. The differential mass
spectrum at 28.4 GeV/c for the K,'v pair is
shown in Fig. 3. The yield rises rapidly from
threshold to peak near M„o, —-0.85 GeV/c' and
drops exponentially thereafter, in the form of
exp[- (2.85+ 0.18)M].

At 1.875 GeV/c', the differential cross section
is 167+25 pb/(GeV/c'). Referring to the MIT-
BNL experiment, "the authors show -2830 events
for the K'm state in a 12. -5MeV/'cbi .nThere-
fore, a narrow enhancement with a 3-standard-
deviation significance in that bin must have a 160-
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