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about 4 times farther away from the calorimeter, and they
can fall into the signal box. To simulate the ! production,
we used a GEANT-4-based simulation with the binary cas-
cade hadron interaction model [13]. Figure 4 demonstrates
the simulation, which reproduced the invariant mass dis-
tribution (from "0 mass to ! mass) of the events with two
photons in the calorimeter from the Al plate run, normal-
ized by the number of protons on the target. We then
simulated ! production at the CV and estimated the num-
ber of CV-! BG events inside the signal box to be 0.06.

Table I summarizes the estimated number of background
events inside the signal box. We also examined the number
of events observed in several regions around the signal box,
and they were statistically consistent with the estimates.

After determining all the selection criteria and estimat-
ing background levels, we examined the events in the
signal box and found no candidates, as shown in Fig. 5.

The number of collected K0
L decays was estimated using

the K0
L ! "0"0 decay, based on 1495 reconstructed

events, and was cross-checked by measuring K0
L ! 3"0

and K0
L ! ## decays [14]. The 5% discrepancy observed

between these modes was accounted for as an additional
systematic uncertainty. The single event sensitivity (SES)
for the K0

L ! "0$ !$ branching ratio is given by

 SES !K0
L ! "0$ !$" # 1

acceptance$ N!K0
Ldecays"

;

where the acceptance includes the geometrical acceptance,
the analysis efficiency, and the acceptance loss due to
accidental hits. Using the total acceptance of 0.67% and
the number of K0

L decays of 5:1$ 109, the single event
sensitivity was !2:9% 0:3" $ 10&8, where the error in-
cludes both statistical and systematic uncertainties.

Since we observed no events inside the signal box, we
set an upper limit for the K0

L ! "0$ !$ branching ratio,

 Br !K0
L ! "0$ !$"< 6:7$ 10&8 !90% C:L:";

based on the Poisson statistics. In deriving the limit, the
uncertainty of the single event sensitivity was not taken
into consideration. The result improves the previous limit
[4] by a factor of 3, and the background level by an order of
magnitude.
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FIG. 5 (color online). Scatter plot of PT versus reconstructed Z
position after imposing all the cuts. The points show the data and
the contour represents the simulated distribution of the signal.
The rectangle indicates the signal region.

TABLE I. Estimated numbers of background events (BG) in-
side the signal box.

Background source Estimated number of BG

K0
L ! "0"0 0:11% 0:09

CC02 0:16% 0:05
CV 0:08% 0:04
CV-! 0:06% 0:02

Total 0:41% 0:11
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