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Beamline

Realigned Collimators 
in Sep.

Ready for beam
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CsI Calorimeter Test 
in Vacuum
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Aug-Sep, 2011
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photographs



Cosmic rays
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Output Changes in the test
After Earth Quake Vacuumtest

Sunday, October 16, 2011

light yield



Problem #1
UV transmission

UV transmission of a 
silicone cookie between 
CsI and PMT dropped

Placed various items in 
vacuum w/ cookies
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クリップの油

油+クッキーの透過率

クリップの油
Tokai vacuum test

ロータリー油
メカブ油
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Sunday, November 13, 2011
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クリップと真空密閉
5日　~88%

Sunday, November 13, 2011



Culprit was the outgas 
from a potting material

We will bake the CW bases and 
clean other items 
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UV Transmission of Si Cookie 



Temperature rose 
(~20C →35~43C) , 
and reduced the light 
yield by 20%

Will improve the 
cooling
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Cooling on Cu bar

Keep tmp. = 300 K

CsI

Cookie
PMT

CW

Cu bar

+31

+32
+32

+19 +10

2011年11月13日日曜日

Cooling on CW plate
(downstream part) 

keep tmp. = 300 K

+1

+14
+14

+14
- No consideration of heat 
flow in water

2011年11月13日日曜日

Temperature dependence
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Cosmic output vs. temperature 

0.86 +- 0.02 %
c.f. 1.3% @ PDGFit by : y=p0*(1-p1)^x

2011年12月23日金曜日

Problem #2
CsI temperature

Light yield: -0.86±0.02%/deg



Problem #3
Damaged preamps

0.8% of preamps on PMTs 
were damaged due to 
discharge in vacuum

Remaking new preamps 
with protection circuit

Will be delivered from Feb.
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OK Ts

d

KOTO MEETING

Preamp ver.2
• GN0964-2• 放電保護強化版

• 高サージ耐性抵抗 RG2012 + ESD保護ダイオード NUP3101U
• 基板サイズの都合上、フィードバック系の抵抗はサイズ変更
• 1608→1005• 試作70枚納品済み

• ゲイン41 (元の緑基板と同一)
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Spacer
• By PC (PolyCarbonate) screw

• M2.6 x 4

• Head height = 1.6 mm -> 3.6 mm as spacer

• Cut to 2 mm (half), and put behind CW base

• Deformation by cut could work as stopper; do not need to glue

• For large hook, depth of + shape is not enough. may need to dig +.

2011年9月8日木曜日



Protection against 
earthquakes

10BLUE cushion

• Add ME500-M
• Only blue we can get earlier
• UV light is almost shutout w/ 

1.5 mm 

No filter 0.75 mm 1.5 mm

2011年9月8日木曜日

Installation from downstream

＊Needs tool for the permalloy stopper at some depth

1) 2)

3) 4)

CsI

PMT holder

2011年8月5日金曜日

CsI PMT

Cover in front Cushion in the back



Repair work was underway 
for beam in May

Replace silicone cookies

Replace preamps

Install cushions

Clean vacuum pump oil

Prepare to bake CW bases and cables

Upgrade cooling mechanism

...
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photograph



Beam in Feb!
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Run Plan for the
Feb

+ Mar or June
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Purpose
15

Establish calibration methods

Check detector response with electrons 
with known position and energy

CsI

KL → π0π0π0

relative gain

n + Al→ π0 + X

cosmic rays

m
ag

ne
t momentum 

analyzed 
electrons 
from Ke3

Only NOW During physics runs
KL → π∓e±ν



Ke3 data

3kW x 2weeks with 
slow DAQ (500evts/
spill) via VME
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Calibrations by Ke3 vs 
cosmic rays

Good correlation

Need higher statistics 
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KL→3π0 sample
Require Etot>500MeV, and no 
charged particles

12 events in 3.5k triggers/3kW spill

Need 1week to collect 0.5M evts 
with fast DAQ
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3pi0Mass(KLmass)

Gamma E DistributionGamma E Distribution



We need:
February

 2~3 days to check beam shape and startup

2 weeks for Ke3 (assuming 500/spill VME 
readout)

March or June

2 weeks for 3pi0 + Ke3

1 week for pi0s produced run

1 week for startup + CV tuning (if June)

19



Feb+June

Multiple removing/installations

Can’t take beam in October
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1 2 3
SX SX

Install
Change amp,

 bake CW,
reinstall

4 5 6 7 8 9 10 11 12

Change amp,
 bake CW,
reinstall

1

CsI

Other detectors gamma vetoCV

vac
test RUN



Physics Run
 Nov/Dec of 2012~ (10kW)

>2weeks: Engineering Run in air

>2weeks: Engineering Run in vacuum

Spring 2013 : Commissioning & Physics run 
(beyond E391a)

May~June, 2013 (~4weeks+): Physics run for 
the G.N. limit

Summer: linac upgrade

21



DAQ

Readout via VME 
works: 500evts/spill

Optical fiber 
readout for (Feb), 
Mar/June runs: >2k/
spill

22

K0TO DAQ 

 !12/09/2011!
 !2!



Charged Veto
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Publications

“Development of a Neutral Beam Profile 
Monitor”, G. Takahashi et al.,

Japanese J. of App. Phys., 50, 036701 (2011)

“Measurement of KL flux at the J-PARC 
neutral-kaon beam line”, K.Shiomi et al.,

Nucl. Inst. Meth. A664, 264 (2012).
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Summary

Calorimeter ~worked in vacuum

Fixing problems found in the vacuum test

Outgas, heat, preamps, discharges

Electron run in February

3pi0 + Ke3 + pi0 runs in March or June

25
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S Development of a Neutral Beam Profile Monitor
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We developed a novel beam profile monitor for measuring the shape of an intense neutral beam for particle physics. This monitor is based on a

detector technology of scintillating fibers, photomultiplier tubes, and sampling ADCs. It has an advantage for its simplicity, reliability, flexibility, and
versatility. This monitor was installed in the small-diameter neutral beam for the K 0

L ! !0"!" experiment at J-PARC. We report in this article the

development and performance of this monitor. # 2011 The Japan Society of Applied Physics

1. Introduction

A new neutral beam line was built at the Hadron Hall of
Japan Proton Accelerator Research Complex (J-PARC).1)

It was designed to realize a small-diameter neutral beam
with a solid angle of 7.8 !sr using two collimators and a
sweeping magnet (Fig. 1). With this beam line, an experi-
ment which aims to discover a CP-violating2) decay mode,
K0

L ! !0"!",3) is planned. This experiment, named KOTO,4)

requires a high-flux K0
L beam since the branching ratio of the

decay is expected to be extremely small: 2:5" 10#11 in the
Standard Model prediction.5)

Crucial properties of the K0
L beam to observe the decay

are that the beam has a well-defined edge and that the
neutron and photon rates are suppressed. To realize the
beam, careful design and installation of various beam-line
components at pre-specified positions are important. In
particular, collimators must be adjusted with high precisions
because they actually define the direction and shape of the
beam. The initial positioning is made with optical instru-
ments such as telescopes and/or lasers. It is highly desirable
to be able to adjust and align the beam-line components
with the neutral beam itself. For this purpose a good beam
diagnostic device is desired. There have been developed
many types of profile monitor for charged beams.6–9)

However, not much effort has been made for neutral beams.
In this article, we report a new type of beam profile

monitor which we developed and used as a main diagnostic
device during the beam-line tuning in the autumn of 2009 at
J-PARC. It consists of arrays of 1.5-mm-square scintillating
fibers and produces signals through the interactions with
neutral particles, which is described in section 2 in detail.
The main features of the device are:

. high spatial resolution ($1:5mm),

. short and variable response time (100 !s–1 s),

. wide dynamic range with the variable sensitivity, and

. stand-alone system with a simple detection and readout
scheme.

The monitor must work in a high-flux neutral beam. At the
same time, it is desirable to be operational in a low-flux

beam, and even with an ordinary checking source. As is
described in the next section, the sensitivity of the monitor
can be adjusted to cover a wide flux range.

Shapes of neutral beams were measured by using a
Polaroid film exposed to the beam or by scanning the
beam with a small size detector in the beam survey of the
preceding experiment.10) Because it takes time to do the
exposure or scan, such methods are not suitable for the
collimator adjustment, in which immediate display of beam
shapes is important. Our new monitor satisfies the require-
ment and can be used as a graphic online monitor when
combined with a computer. We named the monitor ‘‘GOH-
monitor (Graphic Online High-flux beam monitor)’’.

In addition to be used as a diagnostic device during the
beam-line tuning, the GOH-monitor can also be used in the
K0

L ! !0"!" decay experiment. Since this is a stand-alone
device, it can continuously monitor the beam without relying
on a main detector as before.

This article is organized as follows. Section 2 describes
the design and construction of the GOH-monitor. Section 3
shows the results of its performance studies, in particular
the measurements of the beam profiles. The last section
summarizes the results.

2. Design and Construction of the GOH-Monitor

2.1 Fiber hodoscope
The monitor consisted of arrays of scintillating fibers as
shown in Fig. 2. We chose scintillating fibers among other
possible radiation-sensitive materials because of its robust-
ness and easiness in handling, and because a moderate
amount of material produced enough visible signals by the
interactions with neutral particles. In our beam-profile
measurement, photons mainly contributed to the signal
through the Compton or electron-position pair creation
processes.

The fibers were 1.5mm square in the cross section and
450mm in length. There were 120 fibers in total in one
plane, and there were two identical planes orthogonal to
each other. The overlapped area was 180" 180mm2; this
active area was chosen to cover the expected size of the
neutral beam, 90" 90mm2, at the beam-line exit (21m from
the T1 target in Fig. 1). Physically the fibers were glued!E-mail address: nanjo@scphys.kyoto-u.ac.jp
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a b s t r a c t

We describe the K0
L flux measurements performed at the J-PARC neutral-kaon beam line. This beam line

was constructed for an experiment aiming to observe the CP-violating rare decay K0
L-p0nn. The

primary proton energy was 30 GeV and the K0
L production angle was 161. Prior to the physics run, the

K0
L flux and spectrum were measured by counting K0

L-pþp"p0 decays with a simple setup, which was
composed of an electromagnetic calorimeter and a hodoscope system. Results from these measure-
ments are presented and compared with various hadron-interaction simulations.

& 2011 Elsevier B.V. All rights reserved.

1. Introduction

The study of CP violation has been attracting special interests
in particle physics because it may provide us with clues to new
physics beyond the Standard Model (SM) and the keys for solving
the puzzle of the imbalance of matter and anti-matter in the
universe. One attractive channel to study CP violation is the rare
decay, K0

L-p0nn [1]. The branching ratio is proportional to Z2 in
the SM, where Z is the Wolfenstein parameter [2] representing
the magnitude of CP violation in quark mixing with three
generations [3]. Theoretically, this channel is clean; its branching
ratio is predicted to be 2.4#10"11 with uncertainties of only a
few percent [4]. Thus, precise measurements can either confirm
the SM or reveal deviations that in turn are signs of new physics
beyond the SM. Experimentally, however, the measurement is
challenging because of the extremely small branching ratio. The
current upper limit of the branching ratio is 2.6#10"8 (90% C.L.),
as given by the KEK-E391a experiment [5].

With the advent of the Main Ring (MR) accelerator of the Japan
Proton Accelerator Research Complex (J-PARC) [6], the KOTO
experiment, now under construction, will probe the K0

L-p0nn
decay down to the SM sensitivity [7]. We have built a new
neutral-kaon beam line in 2009, and conducted various beam
survey experiments.

The results of K0
L flux measurements are described in this

paper. There are two motivations for measuring the K0
L flux in a

separate experiment prior to the physics run. First, various
simulation programs predict the K0

L fluxes at this beam line that
differ by up to a factor of three, and precise knowledge on the K0

L

yield as well as its momentum spectrum is essential to evaluate
the sensitivity of the KOTO experiment. Second, in the physics
run, the flux will be determined by measuring K0

L-p0p0 with
cross-checks by the K0

L-p0p0p0 and K0
L-gg decays. All of these

are neutral decay modes; it is desirable to check them against a
charged decay mode.

The decay mode we have measured is K0
L-pþp"p0. This mode

was chosen because its branching ratio is large and all decay
products can be easily detected, allowing reliable event recon-
struction. For the measurement, a simple setup with an electro-
magnetic calorimeter to detect photons and a hodoscope system
to track charged pions was constructed. To fully reconstruct a K0

L

Contents lists available at SciVerse ScienceDirect
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observed with negligible background contamination. We identi-
fied those events that satisfied 460oMpþ p"p0 o540 MeV=c2 as
K0
L . After imposing all the cuts, the observed number of K0

L decays
was 1923 for the Ni target. Table 6 summarizes the numbers of
remaining events after various kinematical cuts. For the Pt target
runs, the same analysis procedure was taken and 2217 events
passed all the cuts.

The background contamination was studied by MC simula-
tions and found to be 0.5% (0.5%) from the K0

L-3p0 and 0.3%
(0.6%) from neutron interactions in the beam region in the case of
the Ni (Pt) target. In the discussion of the K0

L flux below, these

backgrounds were subtracted from the observed numbers of
events.

4. Results and discussions

4.1. K0
L flux

The number of K0
Ls at the exit of the beam line was taken as a

measure of the flux. The flux was normalized to 2#1014 protons
on the production target (POT), which corresponds to the
designed value of POT per single spill from the MR accelerator
of J-PARC with the slow extraction.

In order to determine the flux at the exit of the beam line from
the observed K0

L decays, the geometrical acceptance and the
analysis efficiencies must be evaluated, as well as the decay
probability and the K0

L-pþp"p0 branching ratio. The efficiencies
of the hodoscope planes were evaluated by data taken with a
special trigger, and were found to be 98.4% per plane in average.
Hits were required in all the eight planes and thus the total
efficiency was estimated to be 87.4%. The average live time of the
data acquisition was 97.7% during the runs. The decay probability,
geometrical acceptance, and analysis efficiencies were evaluated
by the MC simulations to be 5.6%, 0.079%, and 14.4%, respectively.
Note that these values depend on the K0

L momentum distribution,
as discussed later. The values obtained with our resultant spectra
were used.

Information from a secondary emission chamber (SEC) in the
proton extraction line of the MR was used to monitor the POT
value in each spill. The SEC provided a scaler count proportional
to the proton intensity. It was normalized so as to agree with the
measured intensity by a current transformer (CT) in the MR,
provided by the accelerator group. The beam loss at the extraction
was 1.4% according to measurements by loss monitors, and was
taken into account in the calculation.

By using the K0
L-pþp"p0 branching ratio of 12.54% [19], the

K0
L yields for the Ni and Pt targets were obtained as listed in

Table 7.
Compared with the MC simulations, the resultant K0

L flux for
the Ni target was consistent with the expectations from GEANT3
and FLUKA but larger than that from GEANT4. For the Pt target,
the measured value was larger than all the expectations by three
simulation packages. Note that the differences among various MC
simulations include the effects of scattering from the 7-cm-thick
lead absorber, as well as the K0

L production cross-section. We also
examined the ratio of the K0

L yield of the Pt target to that of the Ni
target. The measurements gave the value of 2:16þ0:38

"0:36 , while the
expectations were 2.05 by GEANT4, 1.58 by GEANT3, and 1.56 by
FLUKA, respectively.

4.2. K0
L momentum spectrum

Fig. 8 shows the reconstructed K0
L momentum distribution for

the Ni target. The distribution includes the detector acceptance and
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Fig. 7. Invariant mass distribution of pþp"p0 after imposing all the kinematical
cuts except the cut on Mpþ p"p0 . Dots with bars indicate the data and a histogram
shows the K0

L-pþp"p0 signals from the simulation result.

Table 6
Summary of the kinematical cuts. Here the results in the Ni target runs are shown.
Npass indicates the number of events which passed the cut given in the row.
Reduction here is defined by normalizing to the number of events after the
primary event selection.

Cut name Condition Npass Reduction
(%)

Primary event selection 12 059 –

p0 invariant mass 105oMggo165 MeV=c2 5801 48

Azimuthal angle 9Df7 9o1681 or 9Df7 941921 3465 29

p7 momentum p7 40 2871 24

Vertex position 21:0ozvo23:5 m 2722 23
Two photon distance d2g440 cm 2666 22

K0
L invariant mass 460oMpþ p"p0 o540 MeV=c2 1923 16

Table 7

Resultant K0
L flux at the exit of the beam line. The K0

L yields for the Ni and the Pt targets and their ratio were summarized, together with the expectations by MC
simulations. The first uncertainties are statistical and the second ones are systematic (discussed in Section 4.3).

Target Flux (normalized to 2#1014 POT)

Data GEANT4 GEANT3 FLUKA

Ni (5.4-cm-long) ð1:9470:05þ0:25
"0:24 Þ # 107 0.74#107 1.51#107 2.07#107

Pt (6.0-cm-long) ð4:1970:09þ0:47
"0:44 Þ # 107 1.52#107 2.38#107 3.24#107

Pt/Ni ratio 2:16þ0:38
"0:36

2.05 1.58 1.56
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and the results will be reported elsewhere. Next, the two
collimators were rotated simultaneously around the center of
the GOH-monitor, and the rotation angle which maximized
the beam intensity was determined. Finally, the horizontal
and vertical move was repeated more finely. As a result, we
set the collimators with the precision better than 1mm as
shown in Fig. 6. Figure 7 shows the final beam profiles thus
obtained.

4. Summary

We have developed a reliable and versatile profile monitor
for a neutral beam line. It consists of two planes of
scintillating fibers readout by MA-PMTs. It uses a high-
impedance RC circuit to integrate the PMTs output current,
and its charge was read out by sampling ADCs. By adjusting
the integration time constants, R and/or C, it can be operated
in the time-resolution mode or the spatial-resolution mode.
The monitor was tested and used in a beam survey exper-
iment at J-PARC. In particular, it was an essential diagnostic
device when installing and adjusting the collimators.

The monitor is expected to function equally well in
a higher intense beam. In a high-flux beam, it is necessary
to lower the sensitivity; this can be accomplished by,
for example, lowering the high voltage for the PMTs.
This kind of beam monitor is essential for neutral beam
experiments to do rare decay search or precision measure-
ment.
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