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A tightly collimated pencil beam restricts 
the Kaon vertex.

A full 4!-coverage hermetic veto system 
identifies events with final state particles 
that miss the calorimeter.

Our signal box is defined by the missing 
transverse momentum (PT) and 
reconstructed !0 vertex.
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The experimental signature is two photons from a 
single neutral pion and missing transverse momentum.
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MC scheme: 3 steps

target simulation
w/ 12GeV proton on the platinum target
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w/ particles from target sim.
into the collimator system 

detector simulation
w/ neutrons hitting the detector
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Figure 3.2: Plan view of the neutral beam line. The neutral beam line consists of a pair of
sweeping magnets, and six sets of collimators (C1 – C6).
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Figure 3.3: Beam profiles at the exit of
the C6 obtained by a Monte Carlo simula-
tion without absorber. The triangles and cir-
cles indicate those for γ’s and neutrons with
energies above 1 MeV, respectively.
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Figure 3.4: KL momentum distribution at
the exit of the beam line (C6) obtained by
a Monte Carlo simulation which will be de-
scribed in Chapter 4. The average momen-
tum of KL beam is 2.6 GeV/c.
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Figure 3.2: Plan view of the neutral beam line. The neutral beam line consists of a pair of
sweeping magnets, and six sets of collimators (C1 – C6).

10
-3

10
-2

10
-1

1

10

10
2

10
3

10
4

10
5

0 2 4 6 8 10

Raidus(cm)

N
o
. 
o
f 
E

v
e
n
ts

/c
m

2
/1

0
1
0
p
o
t

! 

Neutron

Figure 3.3: Beam profiles at the exit of
the C6 obtained by a Monte Carlo simula-
tion without absorber. The triangles and cir-
cles indicate those for γ’s and neutrons with
energies above 1 MeV, respectively.
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Figure 3.4: KL momentum distribution at
the exit of the beam line (C6) obtained by
a Monte Carlo simulation which will be de-
scribed in Chapter 4. The average momen-
tum of KL beam is 2.6 GeV/c.
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Figure 3.2: Plan view of the neutral beam line. The neutral beam line consists of a pair of
sweeping magnets, and six sets of collimators (C1 – C6).
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Figure 3.3: Beam profiles at the exit of
the C6 obtained by a Monte Carlo simula-
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Figure 3.4: KL momentum distribution at
the exit of the beam line (C6) obtained by
a Monte Carlo simulation which will be de-
scribed in Chapter 4. The average momen-
tum of KL beam is 2.6 GeV/c.
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Figure 3.2: Plan view of the neutral beam line. The neutral beam line consists of a pair of
sweeping magnets, and six sets of collimators (C1 – C6).
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the exit of the beam line (C6) obtained by
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Figure 3.2: Plan view of the neutral beam line. The neutral beam line consists of a pair of
sweeping magnets, and six sets of collimators (C1 – C6).
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Figure 3.3: Beam profiles at the exit of
the C6 obtained by a Monte Carlo simula-
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single neutral pion and missing transverse momentum.

• Two major background sources

1.                   where 2 photon are 
missed

2. Neutron interaction with detector 
material (                             )

i. Core neutron

ii. Halo neutron

KL → π+π−

ε′

ε

ε′/ε

η

∆Br/Br = 10% → ∆η/η = 5%

π0

γ

Mγγ = Mπ0

KL → 2π0

KL → 3π0

n + X → π0 + X ′

1

Background sources

KL → 2π
0 KL

core neutron

halo neutron

CsI 

calorimeter
Charged 

veto
Collar 

photon veto

10
-3

10
-2

10
-1

1

10

10
2

10
3

10
4

10
5

0 2 4 6 8 10

Raidus(cm)

N
o

. 
o

f 
E

v
e

n
ts

/c
m

2
/1

0
1

0
p

o
t

! 

Neutron

K0 beam line
Neutral

 Beam

X-Y Stage

    1 cm

(Scinti.)
 6 cm

(Scinti.)
9 cm

(1mm-Pb/5mm-Scinti.)

PT Target

4x5 cm

Primary 

Protons

halo/core ~10-5

(Beamline survey.)

Halo neutron simulation
MC scheme: 3 steps

target simulation
w/ 12GeV proton on the platinum target

beamline simulation
w/ particles from target sim.
into the collimator system 

detector simulation
w/ neutrons hitting the detector

24 CHAPTER 3. APPARATUS AND RUN

-10

-8

-6

-4

-2

0

2

4

6

8

10

0 200 400 600 800 1000 1200

Sweeping Magnet

Pt-Target

Beam Dump

Beam

C1 C2 C3 C4 C5 C6

Z-axis (cm)

H
o
ri
z
o
n
ta

l-
a
x
is

(c
m

)

Pb absorber

Be absorber

Vacuum Region

--
 E

xp
er

im
te

n
ta

l 
A

re
a

--
Figure 3.2: Plan view of the neutral beam line. The neutral beam line consists of a pair of
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Figure 3.3: Beam profiles at the exit of
the C6 obtained by a Monte Carlo simula-
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Figure 3.2: Plan view of the neutral beam line. The neutral beam line consists of a pair of
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the C6 obtained by a Monte Carlo simula-
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transverse momentum (PT) and 
reconstructed !0 vertex.

6

KL
Pt target

pencil neutral beam line

(6 collimators)

12GeV proton

detector

Experimental method

• detect 2g from pi0 decay + require no other particles

(2) reconstruct decay vertex asuuming
     M2g=Mpi0

(3) require missing Pt and decay vertex 
     in the fidutial region

the CsI 

calorimeter

avr. P
KL

 ~ 3GeV

n/K ~ 60

(1) measure gamma
     hit position and
     energy

P
T

Z
vertex

signal region

KL
Pt target

pencil neutral beam line

(6 collimators)

12GeV proton

detector

Experimental method

• detect 2g from pi0 decay + require no other particles

(2) reconstruct decay vertex asuuming
     M2g=Mpi0

(3) require missing Pt and decay vertex 
     in the fidutial region

the CsI 

calorimeter

avr. P
KL

 ~ 3GeV

n/K ~ 60

(1) measure gamma
     hit position and
     energy

P
T

Z
vertex

signal region

!

"

!

!

!

The experimental signature is two photons from a 
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the C6 obtained by a Monte Carlo simula-
tion without absorber. The triangles and cir-
cles indicate those for γ’s and neutrons with
energies above 1 MeV, respectively.

0

1000

2000

3000

4000

5000

6000

0 1 2 3 4 5 6 7 8 9 10

momentum (GeV/c)

#
 o

f 
e
v
e
n

ts

Figure 3.4: KL momentum distribution at
the exit of the beam line (C6) obtained by
a Monte Carlo simulation which will be de-
scribed in Chapter 4. The average momen-
tum of KL beam is 2.6 GeV/c.
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the C6 obtained by a Monte Carlo simula-
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Figure 3.2: Plan view of the neutral beam line. The neutral beam line consists of a pair of
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~ 20000 CC02 events (halon MC: ~50 events )

neutron
π0→γγ

Al target
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Position correction
π0 generation points are different between
CC02 and the target
convolution in π0 reconstruction

R: 8cm
z:  correction with the target position
   PDF of interaction point :  f( exp(-x/λ) ) : λ=0.5cm
   

3.2. DETECTOR ELEMENT 37

3.2.6 Collar counters

In order to detect photons going parallel to the beam, we placed a series of photon veto
detectors perpendicular to the beam axis. These detectors were surrounding the beam holes
(so-called “Collar Counter”). There were six collar counters: CC02, CC03, CC04, CC05, CC06
and CC07. (There was no CC01 for historical reasons.) Here, we describe the structure and
performance of these detectors.

CC02

CC02 was located at the downstream edge and inside the cylinder formed by FB and sur-
rounding the beam hole as shown in Fig. 3.22. Figure 3.24 is a schematic drawing of CC02.
CC02 consisted of 8 modules and forms an octagonal shape. Inner beam hole was 158.4 mm
in diameter. To detect photons coming along the beam axis, CC02 had a shashlik structure in
which radiators were set perpendicularly to the beam axis. Each module consisted of 43 pairs
of a 5 mm thick scintillator plate and a lead sheet. For middle 29 layers, each lead sheet was
2 mm in thickness. For the rest of 14 layers, each lead sheet was 1 mm in thickness. Total
radiation length was 15.73X0. These layers were compressed between 1.5 cm thick aluminum
plates.

We used the same type of WLS fibers as FB to read out the scintillation light. The WLS
fibers were 2.5 m long, and attached to photontubes through a 5 mm thick silicone cookie. We
used 2 inch Hamamatsu R329-EGP PMT.

Typical light yield was 10 photo-electrons per MeV energy deposit.
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Figure 3.24: Schematic drawing of CC02. Left drawing shows a view from the downstream.
Right drawing shows details of CC02 module.

200 220 240 260 280 300 320 340

1

10

210

310

cc02_gen
Entries  1791

Mean      272

RMS     4.383

 / ndf 
2!  66.56 / 22

Prob   2.274e-06

Constant  0.4!  -137 

Slope     0.0016! 0.5237 

z(cm)
200 220 240 260 280 300 320 340 360 380 400

1

10

Entries  648

Mean      268

RMS     14.27

Underflow       0

Overflow        0

Integral     422

 / ndf 2!  9.499 / 14

Prob   0.7979

Constant  3.31! 49.63 

Mean      0.8! 268.7 

Sigma     0.76! 13.54 

8cm



Result of position correction

peak
target run: 266.9, physics run: 268.7±0.8

sigma
target run: 10.52, physics run: 13.5±0.8

pi0 run
physics run
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 / ndf 2!    598 / 78
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Sigma     0.06! 11.13 
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Result

■BG event (#)

counting the number of events in the box
fit functions not used

BG events in upstream
z=300-320:  13.0 ± 0.6 events
z>320      :   2.3 ± 0.3 events
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Sensitivity
pi0nn MC

108 KL
ex.) 40654 events in 320-500cm

Acceptance
 = 40654 / 108  / 0.0283 (decay prob.) 
       * 0.8445 (acci. loss)
 = 1.21 x 10-2

NKL = (5.35±0.74) x 109

SES = 1 / (1.21x10-2 * 5.35 x109)
      = 1.54 x 10-8
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Summary
we understand the behavior of backgrounds for KL→π0νν̄

KL decays
well-reproduced by MC
almost negligible

Halo neutron background
two kinds of events

downstream
reproduced by the combination of MC’s

upstream
estimated of the tail events by π0 production at Al target

Result
still more than 3.0 event

developing further cuts

Future
optimize upstream halo neutron events
examine other small background sources

      ⇒ open the BOX!!


