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Neutral K; mesons produced by high-ener-
gy gamma rays’? have been successfully de-
tected in an experiment performed at the Cam-
bridge Electron Accelerator. The gamma-ray
source was produced through bremsstrahlung
by 5.5~ and 4.25-GeV electrons from the Cam-
bridge Electron Accelerator emergent electron
beam. Kj mesons were detected by observ-
ing the decay of regenerated K¢ mesons in a
spark chamber located 100 ft from the produc-
tion target. Neutral X mesons were observed
at 3.5° and 10° from aluminum and at 0°, 2.5°,
3.5°% 6° and 10° from beryllium, all at the high-
er electron energy. Further, sufficient data
were taken at the lower electron energy for
3.5° from aluminum and 2.5° from beryllium
to allow photon-difference spectra to be obtained.
In addition, data were taken both with a tung-
sten target and with no target to allow measure-
ment of backgrounds.

In this Letter we report on the method used
to detect the KL’s and on the momentum spec-
tra obtained at 5.5 and 4.25 GeV for photopro-
duction from a one-radiation-length aluminum
target at the nominal production angle of 3.5°.

After passing through a secondary emission
monitor, the emergent electron beam struck
the target while being deflected in a bending
magnet (see Fig. 1). After leaving the target,
the electron beam struck a copper beam stop
about 2.5 in. from the center line of the neu-
tral beam, which was initially defined by a
lead collimator with a 2-in.Xx2-in. aperture.
(The experiments performed with a one-radi-
ation-length tungsten target replacing the alu-
minum target verified that the contamination
of events produced either from the beam stop

or by photons leaving the target and striking
material downstream was less than 10%.)
Next, the beam passed through a sweeping
magnet to remove charged particles. Follow-
ing the magnet was an 8-in.-thick lead gamma-~
ray filter. The beam then passed through a
hole in the 16-ft-thick concrete shield wall.
Following a long drift space, the beam was
finally collimated with a 24~in. lead wall with
a 4-in.-square hole. This wall stood about 4
ft in front of the detection spark chamber.
Figure 1 also shows the geometry used in
the detector. The copper regenerator subtends
a solid angle of 1.1 x107° sr at the production
target. The spark chamber was triggered when-
ever the scintillation counters indicated two
charged-particle tracks with no charged par-
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FIG. 1. Experimental apparatus (plan view) and de-
tail of spark chamber and trigger counters.
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ticle through A, the anticoincidence counter.
No magnetic field was employed and hence no
momentum analysis was performed on the in-
dividual charged-~particle tracks. Because of
the relative freedom of this neutral beam from
background, it is possible to separate the V’s
produced in the chamber by transmission re-
generation of Kg in the 6-in.-long copper block

ifrom background due to K —three~body, diffrac-

tion-regeneration, nuclear interactions of K’s
and neutrons, etc. To indicate this separation,
Fig. 2 shows a plot of 1-cosf,., where 0, is
the angle between the incident beam direction
(known to better than 1 mrad) and the plane
formed by the two arms of the V. It can be
seen that a sharp peak exists, corresponding
to the V’s coplanar with the incident beam di-
rection. (About % of all these events are off
scale in the direction of larger angles and form
a flat background.) The width of this peak is
consistent with our experimental resolution
and is approximately 3° wide, containing about
+ of all events. The lead plates (1.5 radiation
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FIG. 2. (a) Event distribution for angle (6.) made
by the plane of the V with the axis of the apparatus.
(b) Distribution of decay vertices. The sample of
events consists of those with 2.0 <px<2.2 GeV/c and
1-cosf, <3 X 1074 Numbers of events are corrected
for detection efficiency. The solid line is the best fit

to the data, which implies a Kg lifetime of 0.95X 10710

sec+20%.
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lengths total) in the rear of the chamber helped
reduce the contamination from K,3 and Kg;
events.

If we assume a coplanar Vto be a Kg—7
+m7~, we can calculate the momentum of the
Kj, from the angles alone. A check on this
assumption comes from plotting the distribu-
tion of decay vertices in the chamber and com-
paring this with the distribution expected from
the known K g lifetime. This is also shown in
Fig. 2, and it is seen that the contamination
of background events is small.

Figures 3(a) and 3(b) show the momentum
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FIG. 3. Momentum spectra of events observed (shad-
ed histogram, left-hand scale) and of yield of Ky, cor-
rected for detection efficiency (open histogram, right-
hand scale). Electron beam energies are (a) 5.5 and
(b) 4.25 GeV, respectively. (c) Photon-difference
yield of Ky (corrected for detection efficiency). The
ordinate is in units of 10™% K% electron sr (GeV/c).

The solid line is the predicted spectrum for Ky, via ¢
production.
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spectra of coplanar V’s obtained for the two
electron beam energies. Both the numbers

of events obtained and the deduced yields of
Ky at 3.5% are shown. A Monte Carlo calcula-
tion has been used to find the geometric effi-
ciency for detection. The regeneration efficien-
cy was obtained by using the measured values
of |f,,(0) P, the absolute value of the regenera-
tion amplitude, at 1.1 and 2.7 GeV;® for ener-
gies above 2.7 GeV, an optical-model calcula-
tion was performed to obtain |f,,(0) #, using
the measured inelastic cross sections for K
and K~ mesons on copper? and assuming that
Ref,,(0) is small above 2.5 GeV.

One noticeable feature of the spectra is the
relative absence of events with momenta great-
er than 4 GeV/c in the 5.5-GeV data. From
this observation we deduce an upper limit for
the differential cross section in the center of
mass, for incident gammas between 4.5 and
5.5 GeV, of 4x10~* c¢m?/sr due to the sum
of the following two-body processes: y+p—~2Z%
+K® y+n =2 +K° 5 +n—~A°+K°.

Additional data now being analyzed for a pro-
duction angle of 10° should allow us to shed
some light on the process of K* exchange pre-
dicted by Drell.® This process should not be
apparent in the 3.5° spectrum presented here.

The Ky spectrum for E,=5.5 GeV shows a
strong peak in the three bins of the histogram
around 2.0 GeV/c (1 bin=0.4 GeV/c). The po-
sition and width of this peak correspond exact-
ly to that predicted for the process of ¢-me~
son photoproduction, followed by the neutral
decay mode of the ¢ into Kg+K;. The narrow
peak predicted is a consequence of the low
Q value (12 MeV) for the decay ¢ ~Kg +Kp
and the assumption that do(y¢)/dt is slowly
varying with energy, i.e., that ¢ mesons are
produced at increasingly small angles at high
energies. Figure 3(b) shows that this peak
has shifted and is much smaller at E;=4.25
GeV and Fig. 3(c) gives the difference spec-
trum which is the result of subtracting the two
yield spectra. Except for poorer statistics,
this difference spectrum should be more sen-
sitive to the ¢-produced neutral K’s. We use
all of the events in this difference spectrum
between 1.0 and 3.0 GeV /c to obtain an upper
limit of

o <0.46+0.21 pb.
144

(The error is combined from a 259% statistical
error, an estimated 25% error in absolute ef-

ficiency, and a 30% error in calculating the
K° flux from the decay of ¢ mesons.)

This limit is to be compared with the Deutsch-
es Elektronen-Synchrotron (DESY) bubble-cham-
ber number® for Oy +@—p+¢=0.22%0.07 pb,
averaged over energies from 2.5 to 5.8 GeV.

It shows that the cross section for ¢ produc-
tion from neutrons is not much larger than that
for ¢ production from protons and implies that
at least 50% of the small angle K ° flux is due
to the production and decay of ¢ mesons.

In order to calculate the yield of K from
¢ photoproduction, a number of assumptions
have to be made. A model of diffractive ¢ pho-
toproduction was used, implying a constant
total cross section at high energies and an an-
gular distribution of the form eB! from the free
proton, where ¢ is the momentum transfer and
B is a constant. A value’ of B=2.5 (GeV/c)™2
was used. The results at 3.5° are insensitive
to the exact value of B and the assumption that
B =10 (GeV/c)~2? changes the final answer by
only 30%.

Since the production took place from a com-
plex nucleus, there are two additional effects:
absorption and the effect of nuclear coherence.
We have neglected any correction for the ab-
sorption of the ¢ meson in nuclear matter on
the basis that a very low ¢-nucleon total cross
section is required by the diffraction model
of ¢ production.

Secondly, the effects of nuclear coherence
in ¢ production were estimated by using, in
place of the incoherent sum of neutron and pro-
ton cross sections, a correction of the form

do(y +A — @ +A)/dQ
=[F?A% + (1=F?)Aldo(y +p ~ ¢ +p) /dS:.

F? is the form factor of the nucleus. The cor-
rection for coherent effects is +30% in the pre-
dicted K° yield at 3.5°. This correction is in-
sensitive to the details of the coherent process
at these energies.

If this peak in the single K; spectrum comes
from ¢ photoproduction and not from excita-
tion of a high mass Y*, for example, it will
always remain at slightly under half the avail-
able photon energy and will have the predict-
ed width of +20 % from the ¢ decay kinematics.
The peak yield of K; occurs at 9 z0.216m¢/k,
where 2 is the average photon energy in the
difference spectrum. This optimum angle is
independent of the ¢ angular distribution. The
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yield at this angle is proportional to B2, while
the yield at 3.5° varies more slowly than B'/2.

To summarize, we have reported the initial
results of a beam survey of photoproduced K,
mesons. Total yields of 1.3x10~% K°/electron
sr for 1.0<pg <5.5 GeV/c were obtained with
E,=5.5 GeV at 3.5° from a one-radiation-length
aluminum target with an extremely clean beam
which appears quite free of neutrons.® If we
associate the peak in our difference spectrum
with the decay of photoproduced ¢ mesons in-
to KgK, we obtain yields which are in agree-
ment with those predicted from previously pub-
lished DESY bubble-chamber results. If we
use the upper limit of 0.46 ub obtained from
the subtracted spectrum, it is possible to ac-
count for 84 % of the yield from the unsubtract-
ed spectrum at £,=5.5 GeV.
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In this note we consider a specific combina-
tion of the differential cross sections for 7%p
~p*p (do,/dt) and 17p ~ p° (do,/dt) which, at
high energy, isolates the contribution of the
w Regge trajectory. Usual Reggeization rules
and Mandelstam analyticity requirements pre-
dict that this combination should exhibit pro-
nounced dips at £~-0.5 (GeV/c)? and / ~0.
Analysis of the existing data at pion incident
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laboratory momentum p,=4 and 8 GeV/c is
found to support these predictions.

To begin with, let 7, denote the amplitudes
for wip -—pip and T, the amplitude for 77p —p%.
Then the following relation, due to the existence

of only two isospin states (I= %, %), is well known:

To=27Y3(T,~T_). (1)

Next, at high energy, consider an analysis of



