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motivation

• From E391a, We understand halo 
neutron can be serious B.G. source.

• For halo neutron B.G., need to design 
“clean” neutral beam-line.

• “clean”

• High K0L & low halo neutron intensity.
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halo neutron B.G.
• In E391a, halo neutron is one of main B.G. 

source.

• hit CC02 : product π0(→2γ).
• hit CV :                             

product π0(→2γ)+X(w/extra energy)&η(→2γ).
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FIG. 1: (color online) The schematic cross-sectional view of the E391a detector. ”0m” in the scale corresponds to
11 m downstream from the target.

The E391a experiment started taking physics data
from February 2004. In the first period, the film be-
tween low and high vacuum region was drooping into the
neutral beam near the calorimeter and it caused many
neutron-induced backgrounds. After fixing this problem
in the summer of 2004, we resumed the physics run in
2005. In this analysis, we used the data taken from
February 2005 to April 2005 (called Run-2). Data were
taken with the trigger which required two or more groups
of hits in the calorimeter with ≥ 60 MeV. We also re-
quired no activities in CV and a part of photon veto
counters with loose thresholds.

Basic analysis procedures were mostly same as de-
scribed in previous measurement [4]. First, we looked
for clusters in the calorimeter, each of which had the
transverse shower shape consistent with a single photon.
The clusters were required to have more than 150 and
250 MeV for lower and higher energy photons, respec-
tively. To measure the correct energy, the cluster near the
inner and outer edges of the calorimeter was not used as
photon candidates. Second, we selected the events with
exactly two photons in the calorimeter and without any
on-time hits in veto counters. In order to obtain high
efficiency [8, 9], energy thresholds of veto detectors were
set at a few MeV level, such as 1 MeV for FB, MB, and
CC02, and 0.3 MeV for CV. Hits in the calorimeter other
than the two photon clusters were treated as extra activ-
ities. The threshold was basically set at 2 MeV, but it
varied with the distance from photon clusters to reduce
the self-killing loss due to the isolated hits in the shower
development by genuine photons themselves. The photon
veto placed in the beam at the downstream end (BA) was
specially treated. It consisted of a series of lead, quartz,
and scintillator sandwich, and we required the detection
of Cerenkov lights in the quartz layers to discard the
event, as well as the energy deposit of 20 MeV in scin-
tillator layers. Third, assuming that two photons came
from a π0 decay on the beam axis, the original Z position

was calculated. Once determined the vertex, the trans-
verse momentum of π0 (PT ) was also calculated. Fourth,
we applied the kinematic cuts. To reduced two photons
from KL → γγ decays, we defined the acoplanarity angle
as a supplement of two photons’ angle on the calorimeter
plane, and required the event to have > 45 degrees. To
guarantee the correct Z reconstruction, the consistency
between the photon reconstructed angle and the shower
shape was required. Reconstructed π0 was required to
have its energy less than 2 GeV, and to be kinemati-
cally consistent with that comes from KL → π0νν̄ decay
within proper KL momentum range. Finally, we defined
the region of interest (the signal box) in PT vs Z plane,
as 340 < Z < 500 cm and PT > 0.12 GeV/c. During the
analysis before fixing all cut conditions, we had masked
the signal box.

There were two types of background events. One was
the events from KL decays in neutral modes (KL →
π0π0, KL → γγ) and charged modes (KL → π+π−π0,
KL → πlν(l = e, µ)). and the other was those came from
the interactions between halo neutrons and detector ma-
terials.

Main background source among KL decays was KL →
π0π0 mode, which has a branching ratio of O(10−3).
There are four photons in this decay modes and if two
of them escape from the detection, KL → π0π0 could
fake the signal event. The number of backgrounds was
estimated by the simulation. We generated KL → π0π0

decays with 11 times larger statistics than data. After all
the criteria, the backgrounds in the whole Run-2 period
was estimated to be 0.11. The detection inefficiency of
photon veto counters is the key issue in the estimation
of the KL → π0π0 backgrounds. To verify the perfor-
mance of the detectors, we analyzed the data which had
4 photon clusters. In the analogous fashion, it contained
KL → π0π0π0 modes where two extra photons escaped
from the detection, as well as KL → π0π0 events. Fig-
ure 2 indicates the invariant mass distribution of 4γ anal-
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definition of halo neutron.
• halo neutron : hit detectors.
• Inner size of detector
• Rin @CC02 = 8.cm
• Xin(Yin) @CV = ±11.25cm

• Momentum dependency
• π0 production : Pn > 1.0GeV/c
• η production : Pn > 2.0GeV/c
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• common T1 target
• target image has                                  

finite size.

• beam-line
• 20m long beam-line

• smaller solid angle

• Large extraction angle :                    
larger KL/neutron ratio & soft momentum 
neutron.

4 Step 1

4.1 Goal of Step 1

The goal of Step 1 is the first observation of KL → π0νν decay with a
sensitivity of 8.0× 10−12. With this sensitivity, we should be able to detect
3.5 events if its branching ratio is 2.8 × 10−11 as predicted by the Standard
Model with the currently known parameters.

As described in Chapter 2, the KL → π0νν decay is very sensitive to new
physics beyond the Standard Model. A number of observed events that is
significantly different from the Standard Model prediction will be evidence
for new physics.

4.2 Beamline

Figure 9: Layout of the hadron hall and KL beamline.

Figure 9 shows the layout of the hadron hall and KL beam line for Step 1.
The common T1 target will be shared with other secondary beamline ex-
periments, and with simultaneous running. Because there is a geometrical
limitation in the layout of the experimental hall, the KL beam line is ex-
tracted at 16◦ from the primary proton beam line.

The KL beam is collimated to have a solid angle of 9 µsr. The KL flux at
the exit of the beamline (20-m downstream of the target) is estimated to be
8.1×106 per spill assuming 2×1014 protons on the T1 target. Compared to
the 4◦ extraction angle at the KEK-PS K0 beam line (PS-K0), the KL yield

23

20m
experimental area

T1 target

characteristic of beam-line



basic configuration
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• collimator line
• To avoid multiple scattering, Inner wall of KL 

collimator can’t be faced from target.

Nhalo/Ncore ~10-5
Fe

Fe Fe

FeKL collimator

sweeping 
magnet



γ absorber

• 7cm-thick lead (12.5χ0) for γ.
• Nhalo is increase, Ncore is decrease. 

Lead absorber is scattering source.
NP08 @Mito7

Nhalo/Ncore ~10-4
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upstream material
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KL collimator

T1 Target
Be vacuum window

Cu collimator Flange & wall of 
vacuum chamber

γ absorber

KL vacuum window

magnet for K1.1 beam-line

The effect of upstream materials

Start KL collimator

T1 target
Pb absorber

Scattering points to produce halo neutron

Halo neutrons will be increase 
as a factor of 1.6 with current 
optimized K1.1 elements.

• K1.1 material are scattering 
sources for halo neutron.

Material between target & 
KL beam-line is source of 
halo neutron.



effect of neutron which is 
not target origin
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zoom in

R=100cm

R=6.cm

• Generate position:                  
200cmφ@end of Cu collimator.

• Generate region: 12cmφ@700cm
• Momentum distribution : flat(0.~20.GeV/c)



R dependency

• Separate 2 areas.
1.  faced inner face of KL collimator.
2.  enter beam-hole indirectly.
To study way of rejection in each area.
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momentum dependency

• In R > 6.cm(②), High momentum 
neutron is easy to be halo events.

• need to obtain momentum distribution 
@Z=100cm from target simulation.
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beam-hole shape
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circular

square

• Comparison 2 designs.
• circular ⇨ square

  Ncore : 30% increase.
  Nhalo : 15% decrease.

• Square beam-hole :    
Shadow of collimator is 
small.                  
(adapt shape of target 
image.)

• Square beam-hole is better !!



Summary
• Neutron which is not origin target.
• Now studying....
• We obtain R, P distribution with target 

simulation @end of Cu collimator. → 
estimate B.G. level

• We have to suppress with trimming or 
masking.

• Square beam-hole collimator.
• To adapt target image is important 

for Nhalo/Ncore.

• Need more optimize !!• Study of trimming line for upstream 
material. NP08 @Mito13


