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J-Parc in the LHC era

Energy frontier: LHC, LC, ...

direct search for new physics, such as 
SUSY

INTENSITY FRONTIER: J-Parc

understand the FLAVOR PHYSICS of the 
new particles

search beyond the energy frontier

Why the matter dominant universe?
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The probe: KL->π0vv

A(KL->π0vv) ∝ A(K0->π0vv) - A(K0->π0vv)

   =                                  –

   ∝ Vtd - Vtd* = 2 Im(Vtd)

     ∝ CP violation 

4

-

W+

t

Z0

s̄

ν̄

ν

d̄

t

W−

Z0

s

ν̄

ν

d



KL->π0vv in 
Standard Model
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New Physics adds extra 
amplitude
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Our ultimate goal 
at J-Parc

Measure the BR(KL->π0vv) to several % by 
collecting >100 signal events

to ...
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probe New Physics
8



and at High Mass Scale
9

D’Ambrosio, Giudice, Isidori, Strumia, Nucl. Phys. B645, 155 (2002)



Issues

BR(SM) = 3x10-11

Need high KL yield

KL->π0π0 background with 2 missing 
photons

Neutron interactions and rates
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Damn Hard



Step by Step

KTeV/Nakaya

KTeV/Hanagaki: ∏0->eeγ
KEK PS E391a 1week/Sakashita

KEK PS E391a

J-Parc Step 1: beyond GN limit, 
1st observation

J-Parc Step 2: >100 SM events
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Basic Strategy
Hermetic veto w/high 
detection effciency

#KL->2π0 bkg ∝ ineff(E1)x ineff(E2)
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KL->π0π0

Veto

E1

E2

where X0 is a radiation length.
Therefore, we can say the inefficiency due to electoro-magnetic interaction is 5 times smaller than

the inefficiency due to photo–nuclear interaction for the lead/scintillator at 1.5 GeV. We can also say
that the photo–nuclear interaction is still dominant source of the inefficiency at 1.5 < Eγ < 2.4 GeV.

1mm lead/5mm scintillator detector
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Figure 8.4: The inefficiecny due to photo–nuclear interaction for the lead/scintillator is shown as a
fraction of the incident photon energy. The solid line was measured by ES171 experiment[11], and the
star point was measured by this experiment. In addition, the sampling effect and the punch through
effect are shown in this plot by a dashed line. The total length of the lead/scintillator is 18.2 X0 at
ES171 experiment.
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Basic Strategy
Small KL Beam

to suppress background photons escaping 
down the beam hole in the calorimeter
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KL->π0π0

Veto

Low efficienciency due 
to high rate neutrons

Dead !’s fraction for BG events

• 30GeV 8° 70m:
0!-dead

1!-dead

2!-dead
0!-dead 1!-dead 2!-dead

1"str 54% 46% 0%

2"str 35% 55% 10%

3"str 13% 72% 14%

4"str 8% 71% 21%

6"str 3% 67% 30%

8deg, 70m

10cm diameter



Step 1

Modified E391a detector at K0 beamline
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The Detector for E391-a
The Detector for E391-a



Step 1 beamline
halo neutrons/core < 10-5
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Simulation results, which include detector re-
sponses, are shown by the solid lines in Fig. 9.
One of the important corrections for the detector
efficiencies is a size effect of the telescope, and the
other is detection efficiencies for various particles.
Table 1 shows a typical efficiency estimated from
the detector simulation. Actually, the effects of size

and efficiencies were corrected event by event.
Data and the simulation results show a reasonably
good agreement, as shown in Fig. 9. Especially, the
sharp edges were well reproduced by the simula-
tion. The size of the beam core, which was smeared
by the detector-size effect, was 3.70 cm (FWHM)
for the data, and it is 3.72 cm for the simulation.

ARTICLE IN PRESS

K0 beam line
Neutral

 Beam
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Protons

Fig. 8. Schematic view of the setup for the beam-profile measurements.
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Fig. 9. Beam profiles. The left-side figures with open circles indicate the data for the no-absorber case, and the right-side figures with
triangles indicates the data for the Pb-absorber case. The solid lines show results of the Monte-Carlo simulation.

H. Watanabe et al. / Nuclear Instruments and Methods in Physics Research A 545 (2005) 542–553548

E391a beam



Step 1 Detector

fine granularity calorimeter

Hermetic veto system w/high detection 
efficiency

Waveform digitization
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Calorimeter

7cm x 7cm x 30cm 
CsI blocks for 
E391a

2.5cm x 2.5cm x 
50cm CsI blocks 
from KTeV
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KTeV CsI brings better
photon isolation

x8 bkg reduction

energy resolution

suppress n bkg
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Beam Hole Photon Veto
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mirror

Winston!type funnel

5 inch PMT

Aerogel 5cm
Pb 2mm

30cm Beam
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Beam Hole Photon Veto
20

Photons

neutrons
KL



Barrel Photon Veto

Extra 5X0 for 
better efficiency
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Frontend, Trigger, DAQ

Record waveform near phototubes

to distinguish overlapping pulses

for lower noise

Level 2 cluster counter

Level 3 online filtering
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Signal Sensitivity

acceptance 

9.4% x 0.5 = 4.7%

2.6x1012 KL decays 
w/ 2E14 protons x 
3E7 sec

Sensitivity 
=8x10-12  

3.5 SM evts
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Backgrounds
24

• Λ → nπ0.
Λ’s in the beam can decay into nπ0. This background can be reduced
by placing the detector far from the production target to let Λ’s decay
away, and by requiring the PT of π0 to be larger than the maximum
PT for the Λ decay.

Table 7 summarizes the estimated background levels. The estimated
levels for these backgrounds will be described in the following subsections.

Table 7: The estimated number of background events for Step 1. The single
event sensitivity is 4.0 × 10−12, with which 7.0 standard model events are
expected. With a 50% of acceptance loss, both the number of expected
signal events and background events would be scaled accordingly.

Background source #Background events
Other KL decays

KL → π0π0 3.65
KL → π+π−π0 0.93
KL → π−e+ν 0.01
KL → γγ negligible
KL → π0π0π0 negligible

Neutron Interaction
With Residual gas 0.07
At the CC02 0.26
At the C.V. negligible
Accidental Coincidence 0.20

4.7.1 KL → π0π0 background

The KL → π0π0 (Kπ2) decay mode is considered to be the main source of
background because of its relatively large branching ratio (8.83× 10−4) [65]
and its 4-photon final state. There are two kinds of Kπ2 backgrounds: even
pairing and odd pairing according to the missed two photons, which have
different characteristics in the event reconstruction.

The even-pairing events are those in which two photons generated from
a single π0 decay enter the Calorimeter, and the other two photons from
another π0 enter the veto system. The π0’s are correctly reconstructed and
have similar vertex (Zvert) and transverse momenta distributions (PT ) to

56
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KL->π0π0 background
25

Even pairing Odd pairing



Figure 36: Top-left: Relation between incident energy and reconstructed
angle for even-pairing KL → π0π0 background events in the event-gating
box. Because the incident angle is correctly reconstructed, the events are
located in the allowed region, which is same as that of the signal. Top-right:
Relation between incident energy and reconstructed angle for odd-pairing
background. The relation is broken due to wrong vertex reconstruction and
many events are shifted to an unphysical region. Bottom-left: Energy Ratio
between two photons in even pairing, which has the same distribution as
signal events. Bottom-right: Ratio between two photons in odd pairing. A
large difference between the energies of two photons is needed to satisfy the
condition of high PT .
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KL->π0π0 background

background/signal = 0.52

0.47 : even pairing

0.017 : odd pairing

0.036 : fusion

27



KL -> π+π-π0 background

bkg/sig = 0.13
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Figure 40: Distributions of PT vs. the reconstructed Z position for the KL →
π+π−π0 background. The left and right plots indicate the distribution before
and after charged veto cuts, respectively. The boxes indicate the selection
region for the KL → π0νν decay mode.

4.7.5 KL → π−e+ν Background

The KL → π−e+ν background is caused by detection inefficiencies of the π−

and e+ particles. The momentum distributions of the π− and e+ generated
from the decay are given in Fig. 41. We generated π− and e+ following
the distributions for particles that enter a 1-cm-thick plastic scintillator and
obtained a detection inefficiency as 1.4× 10−4 for π−, and 7.5× 10−5 for e+

with a 100-keV detection threshold.
Because the inefficiency is due to charge-exchange interactions, the events

not rejected by the Charged Veto involve multi-photon final states which
fake 2-photon events. Thus, the most probable background source is that
the π− is missed due to a π−p → π0n interaction and e+ is missed due to
annihilation into two photons. In order to identify these interactions, we
will place the Charged Veto 50 cm away from the Calorimeter. After this
distance, the two photons from the π0 and annihilation will open up large
enough to be identified as two clusters, as shown in Fig. 42.

Monte Carlo calculations for the Charged Veto inefficient events estimate
the acceptance as 7.6 × 10−6 after passing the event selection and photon
vetoing. As a result, we expect 0.01 events as a background in Step 1.

The case in which an e+ enters the beam hole and a π− enters the
Calorimeter would be another source of background because the Beam Hole
Charged Veto has a slightly worse detection efficiency. However, the accep-
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Schedule
2006

Design collimators
Prepare transferring KTeV CsI
Start designing new readout

2007
Move KTeV CsI, upgrade detector

2008
Build K0 beamline => First beam survey
Assemble detector

2009
More beam survey and detector tuning

2010: PHYSICS DATA

29



Cost: $3.7M
30

Beamline: $0.6M
Calorimeter: $1.1M
Main Barrel veto upgrade: $0.3M
Vacuum system: $0.25M
Beam hole photon veto: $0.3M
Collar Counters: $0.2M
Trigger and DAQ: $0.55M
Transportation from KEK: $0.5M
Detector assembly $0.2M



Summary

Step 1 is the major and mandatory step to 
measure BR(KL->π0vv)

We need to:

build K0 beamline by 2008

replace calorimeter w/ KTeV CsI

build new DAQ

upgrade other detectors
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J-Parc at LHC era

J-Parc is the only facility that can run 
this experiment

We are THE group who have the most 
experience

32



Backup slides
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E391 analysis

Run 1 (2004), Run2, 3 (2005)

Took time for:

calibration, bkg understanding, large MC

Submit paper on Run 1 1-week data in July

end of 2006: Open signal box for Run 2

end of 2007: finish all the analysis
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Direct comparison Run-I and Run-II

runII

5evts

1evts

0evts

4evts

With the same data processing and cuts



Run 2 vs Run 1 z dist.
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Veto inefficiencies
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Main Barrel Veto CsI Calorimeter



Gamma fusion 
probability

Studied by KAMI@Fermilab
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Background 
measurement

5gammas in CsI from KL->3π0

point missing photon to Main Barrel veto
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Effect of T1 disc target
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View from K0 beamline
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Step 1 beamline
halo neutrons/core < 10-5
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Beam intensity

2E14 30GeV protons/spill

16deg extraction angle

9µstr beam

8.1E6 KL/spill @ beam exit

3E5 KL decays/spill in 2m
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<PK>=2.1GeV/c



Step 1 Rates

2E14 protons on target

11.6MHz KL, 490MHz n

Overall rate in detector = 26MHz

= 22MHz accidental rate

+ 4MHz KL decay in 21m
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Rates/channel
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The Beam Hole Photon Veto has the highest rate, and the rate in CC07
is also high because of back-splash from the BHPV. This problem will be
solved by using the new version of BHPV placed inside a shield.

Table 6 shows the multiplicity of accidental hits in a 100-ns time window
for the full E391a detector except for Beam Anti, CC06, and CC07. Sum-
ming the rates for different multiplicities, we get the overall veto rate of 450
kHz.

In Step 1, with 2×1014 protons on target per pulse, we expect 11.6 MHz
of KL’s and 486 MHz of neutrons (En > 0.1 GeV), i.e., a 49 times higher
beam flux. We estimate the accidental rate to be 450 kHz × 49 = 22 MHz
from the beam, and an additional 4 MHz from KL decays in the 21-m region
between the front of the detector and the end of BHPV. Thus the overall
accidental rate is estimated to be 26 MHz.

Table 5: Summary of counting rates for detector components in E391a with
a 1-MeV detection threshold. For the BCV, BHCV, and CV, we applied a
100-keV threshold.

Detector Counting Rates (kHz)
Main Barrel 7.5
Front Barrel 10

Charged Veto (CV) 3.5
Inner CV 11
Barrel CV 15

Beam hole CV 45
CC02 8
CC03 11
CC04 24
CC05 28
CC06 50
CC07 125

Beam Hole Photon Veto 600

4.6 Sensitivity

4.6.1 Detector acceptance

In order to identify events for the KL → π0νν decay, the following kinematic
selection cuts are required. Detailed descriptions of the applications of these

51



Accidental hits in 
detector except for 

BA, CC06, CC07

47

Table 6: Multiplicities of accident hits for all detector components except
for Beam Anti, CC06, and CC07, with 100-ns time windows.

Multiplicity Counting Rates (kHz)
1 312
2 67
3 25
4 14
5 8

> 5 30

cuts for suppressing backgrounds are given in Sec. 4.7.

• Eγ cut:
There are two photons in the Calorimeter with the energy greater than
0.1GeV each. This requirement rejects most of accidental hits. Besides
these two photons, there are no clusters with energies above 1MeV.

• Photon veto counters have no energy deposit above 1 MeV. Charged
veto counters, BCV, BHCV and CV, have no energy deposit larger
than 100 keV.

• Calorimeter fiducial cut:
The incident position of photons on the Calorimeter should be between
17.5 cm and 85 cm from the center of the beam. This is to ensure that
the shower is well contained in the Calorimeter, and the energies and
positions of the photons are properly reconstructed.

• Vertex cut:
The reconstructed vertex position, assuming a π0 mass is between 300
cm and 500 cm in the detector coordinate system.

• PT cut:
The reconstructed π0 has transverse momentum between 0.12 GeV/c
and 0.25 GeV/c. The vertex cut and PT cut optimize the background
rejection and signal acceptance.

• Collinearity angle cut:
The collinearity angle is defined as the projected angle of two photons
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Acceptance

Acceptance = 9.4%

Egamma>0.1GeV, 
extra Edep<1MeV, 

3m < z < 5m, 
0.12GeV/c < PT < 
0.25GeV/c,

...
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Acceptance loss

Expect/assume 50% loss due to

accidental activities: 27%

cluster shape cut: 30%

isolated low energy cluster (by low E 
neutrons): 10%
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Single Event Sensitivity

2E14 protons/3.3s x 3E7sec gives

2.6E12 KL decays in 2m

SES =1/(NK x decay prob. x acceptance)

= 4.0E-12 (w/o acceptance loss)

= 8.0E-12 (w/ 50% acceptance loss)

3.5 standard model events (w/acc. loss)
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Step 2

Optimized beamline with 5deg angle for

higher KL momentum <PK>=5.2GeV/c

higher yield: 4.4E7/2µsr /3E14pot
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Step 2
Longer(15m) and larger
(3m) detector for

longer decay volume: 6% 
decay in 11m
higher KL momentum
higher acceptance

133 SM events/ 3E14 x 
3E7sec

S/N = 4.8

19 2pi0 bkg

8 π+π-π0 bkg

52

signal

2π0 bkg



Egamma is higher 
at Step 2

Thus better veto inefficiency

53

Why S/N for step 2 is 
better than step 1?

• lower inefficiency for higher energy gamma
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KTeV CsI loan request
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6 Schedule and Cost

6.1 Schedule

Table 10 shows our current schedule to prepare and run the experiment.

Table 10: The experiment schedule.

2006

• Start preparing the beam collimators.

• Prepare for transferring and shipping CsI crystals.

• Start designing the new CsI readout electronics.

• Start designing the new DAQ.

2007

• Build beam collimators.

• Start assembling the additional MB layers.

• Ship KTeV CsI crystals.

• Move some of the E391a detector parts to J-Parc.

• Start assembling the new DAQ.

2008

• Finish installing the beam line by the summer shutdown.

• Move most of the E391 detector components from KEK to J-Parc.

• Construct the CsI Calorimeter.

• Build the DAQ system.

• December: Start a beam survey during night.

2009
• Construct and install rest of the detector components.

• Continue beam survey, and tune the detector.
2010 • The first physics data taking run.

6.2 Cost

Table 11 shows the estimate on the cost for the Step 1 experiment. The
numbers can still change by a factor of two as detailed designs are developed.
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H18 VMEクレート, 9U 1 500 500 山鹿、阪大 11月
DAQテスト回路 1 1,000 1,000 山鹿、阪大 11月
DAQ テスト用 PC一式 1 500 500 山鹿、阪大 11月

H19 ビームライン設置用架台 1 7,000 7,000 稲垣、KEK 10月
波形記録用回路 20 450 9,000 山鹿、阪大 8月
PC farm周辺機器 1 500 500 小松原、KEK 7月

H20 ビームライン用ポンプ 2 1,000 2,000 稲垣、KEK 7月
移設に伴う設置器具 1 8,000 8,000 稲垣、KEK 6月
大型円筒型検出器架台 1 12,000 12,000 Lim、KEK 9月
CsI 較正用レーザー 1 3,000 3,000 Lim、KEK 7月
真空ポンプ 1 1,000 1,000 稲垣、KEK 7月
DAQ一式 (FADC等) 1 23,000 23,000 山鹿、KEK 10月
PC farm周辺機器 1 500 500 小松原、KEK 9月

H21 移設に伴う設置機器 1 2,000 2,000 Lim, KEK 6月
高/低真空分離薄膜 1 5,000 5,000 Lim, KEK 7月
コリメータ検出器架台 1 4,000 4,000 Lim, KEK 7月
DAQ一式 (VME) 1 9,000 9,000 山鹿、KEK 8月
DAQ用分散計算機一式 1 3,000 3,000 山鹿、KEK 8月
PC farm 一式 1 2,000 2,000 小松原、KEK 8月
結晶開発用分光計 1 1,000 1,000 鈴木、佐賀大 8月

H22 真空用備品一式 1 5,000 5,000 Lim, KEK 7月
PC farm一式 1 6,500 6,500 山鹿、KEK 8月
ガンマ線方向検出器読み
出し装置一式

1 3,000 3,000 小松原、KEK 9月

結晶開発用ADC回路 2 500 1,000 鈴木、佐賀大 9月
H23 ガンマ線方向検出器読み

出し装置一式
1 1,000 1,000 小松原、KEK 7月

結晶開発用測定装置 1 1,000 1,000 鈴木、佐賀大 7月

第３段階目の実験に必要な測定器開発を行うため。
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