
based on 63,693KL → 3π0D decays collected from June to
September 1999 by the KTeV experiment at the Fermi
National Accelerator Laboratory (FNAL). In Sec. II, we
describe the KTeV beam, experimental apparatus, event
reconstruction, and data analysis techniques. In Sec. III,
we describe the Dalitz branching ratio analysis, including
corrections to the branching ratio and systematic uncer-
tainties. Section IV contains the branching ratio result and
crosschecks of that result. Section V provides a compari-
son to other results and the new world average.

II. THE KTEV EXPERIMENT

In the KTeV experiment, two neutral kaon beams were
produced by a proton beam incident on a target. The
800-GeV=c proton beam, provided by the Fermilab
Tevatron, had a 53-MHz radio frequency structure so that
the protons arrived in ∼1-ns wide “buckets” at 19-ns
intervals. The proton extraction cycle was 40-s extractions
every 80 s. About half of the data collected in 1999
was at an average intensity of 1.6 × 1011 protons=s with
the other half collected at a lower intensity of about
1 × 1011 protons=s as a systematic cross-check. The pri-
mary purpose of the KTeV experiment was the measure-
ment of Reðϵ0=ϵÞ [10]. For this reason, a “regenerator” was
placed in one of the beams to produce a source of KS
decays; this beam is called the regenerator beam and the
other beam is called the vacuum beam. For the Dalitz
branching ratio analysis, we use only KL decays from the
vacuum beam. A charged spectrometer was used to
measure the momenta and trajectories of charged par-
ticles, while the cesium iodide (CsI) calorimeter was used
to measure the positions and energies of photons and
electrons. A veto system was used to reject background
and a three-level trigger was used to select events. A
detailed Monte Carlo simulation was used to predict the
acceptance difference between the signal and normaliza-
tion decay modes, and to study background. The follow-
ing sections give a brief description of the KTeV detector
and reconstruction techniques; these are described in
more detail in [10–12].

A. The KTeV detector

The KTeV kaon beams were produced by an 800 GeV=c
proton beam, provided by the FNALTevatron, incident on a
beryllium oxide (BeO) target that was about one proton
interaction length long. In the KTeV coordinate system,
the positive z-axis points downstream with its origin at
the target. The two beams were shaped and the nonkaon
content was reduced by a beamline of magnets, absorbers,
and collimators. There was an evacuated decay region
surrounded by lead-scintillator photon veto detectors from
90 to 160 m downstream of the target. After the vacuum
decay region, there were the charged spectrometer, trigger

hodoscope, CsI calorimeter, and muon veto systems.
Figure 1 is a schematic of the detector.
The charged spectrometer was composed of four drift

chambers at z ¼ 159 m, z ¼ 166 m, z ¼ 175 m, and z ¼
181 m, and a dipole analyzing magnet at z ¼ 170 m. Each
drift chamber consisted of four planes of sense wires, two
were horizontal and two were vertical. Each sense wire was
surrounded by six field-shaping wires, resulting in a
hexagonal cell geometry in each plane. The electron drift
velocity was ∼50 μm=ns in the equal-parts argon-ethane
gas mixture inside the drift chambers; this corresponds to a
maximum drift time across each cell of 150 ns. The two
planes of sense wires in each view were offset from
each other by half a cell to resolve the left-right ambiguity.
The magnet produced a field which was uniform to better
than 1% and provided a 0.41 GeV=c momentum kick in
the horizontal plane. The known kaon mass was used to set
the momentum scale with 10−4 precision.
The CsI calorimeter was composed of 3100 pure cesium

iodide crystals that were each viewed by a photomultiplier
tube. The CsI crystals in the inner region of the calorimeter
were 2.5 × 2.5 cm2 in the transverse plane, and the crystals
in the outer region were 5.0 × 5.0 cm2. The crystals were
all 50 cm (27 radiation lengths) long; therefore, most of the
energy from photons and electrons hitting the CsI calo-
rimeter was measured by the detector. Two square, carbon-
fiber beam holes allowed the beams to pass through the
calorimeter. Momentum analyzed electrons and positrons
from KL → π$e∓ν decays were used to calibrate the CsI
energy scale to 0.02%.
A three-level trigger was used to select events during

data collection. Level 1 used fast signals from the detector,
Level 2 was based on processing from custom electronics,
and Level 3 was a software filter. One of the Level 2
processors was the hardware cluster counter (HCC), which
counted isolated clusters of energy in the CsI calorimeter.
The KL → 3π0D decays for this analysis were selected by a
trigger that required seven or more HCC clusters, while
the KL → π0π0π0 events for the normalization mode were
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FIG. 1. Schematic of the KTeV detector. Note that the vertical
and horizontal scales are different.
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