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New Physics

In terms of CKM 
matrix parameters
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Signal and Background

Signal: 

Background
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My first encounter

1988 Snowmass, Colorado
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1989 Main Injector 
Workshop@Fermilab
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My second encounter
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May? 1990: Bruce Winstein cornered me in ...
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My third encounter



15



16



Snowmass 1990: Main Injector 
as K factory

Use high intensity 120GeV 
protons for

ε’/ε < 10-4

 

                      ~10-12

Made 176 page KAMI 
Conceptual Design Report
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Fermilab 
KTeV

800GeV protons

ran 1996-2000

ε’/ε : KM or Superweak?

many rare KL decays
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KTeV

1-day special run

BR < 1.6 x 10-6 (90% CL)

Phys. Lett. 447, 240 (1999)
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KTeV

can reconstruct

 z-vertex, π0 mass, Pt

BR < 5.9 x 10-7

Phys. Rev. D61, 072006 
(2000)
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KEK E391A Review

久野良孝、笹尾登、山中卓

2001年 4月 11日

1 はじめに
中村健蔵氏と話した結果、久野、笹尾、山中の Review 委員に課せられた
主な課題は、次の３点である。

• 当初のプロポーザルと異なる測定器で、目的の感度は達成できるか、ま
た、将来につながる成果が得られるか。 （ここで、実験を行う期間は
2003年、2004年の秋に約 50日ずつと仮定する。）

• ランニングコストを除き、これから２億円で測定器を建設できるか。

• これからの２年間で測定器を建設できるか。

上の課題に答えるべく、稲垣氏に必要な資料の提出を求め、2001年 3月 14
日に阪大にて四者が集まり、Reviewを行った。Reviewは４時間以上にわたっ
て、稲垣氏が資料に基づいて説明を行い、逐次、質疑応答、議論を行った。
以下に、我々の Reviewの結果を述べる。

2 実験の現状
PACが実験に課していた条件について見ると、測定器のレートの測定結果は、

Photon vetoの要求する 1MeV thresholdでの結果はまだないが、encouraging
であり、ビームラインの設計に大きな問題点はない。Photon vetoも、ほぼ
実機に近いもので、必要な性能を出している。
構造体については、詳細な設計はまだこれからであるので、強度の評価等
は現段階ではできない。
真空については、計算上は問題なさそうであるが、専門家の意見を聞く必
要がある。

CsIのフォトマルの冷却、frontendの回路など、これから解決すべき点は
いろいろある。

1
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Inagaki

12GeV KEK PS

Goal: 3x10-10 

目的の感度は達成？Yes

将来につながる？ Yes

2億円で建設できる？ No

2年で建設できる人員？ No



Fermilab KAMI: 
KAons at Main Injector

Proposed in Apr. 
2001

90evts/year

Osaka Univ
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特定領域
質量起源と超対称性物理の研究

領域代表：金 信弘

2001 ~ 2005

CDF, Belle, Theory

E391a: 3.5億円

BNL 787/949 (              ), KOPIO (               )
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6c KOPIO Photon Veto System

The main concern in measuring K0

L

! ⇡0⌫⌫̄ decays is rejection of background, most of which occurs
when two photons from a K0

L

! ⇡0⇡0 decay are missed. While kinematic reconstruction of the ⇡0 gives a
handle for suppressing such backgrounds, the primary background suppression technique involves obtain-
ing the maximal efficiency for detecting any extra photons. KOPIO requires state-of-the-art photon veto
detection efficiency i.e. better than 0.9999 per photon with energies above 150 MeV with minimal loss from
random vetos. Because the momentum of the K0

L

in KOPIO is determined by time of flight, all elements
of the photon veto system must have good time resolution of about 200 ps for photon energies of 100–200
MeV. The full solid angle around the 4-m-long kaon decay region must be covered.

Sandwich counters of lead and plastic scintillator will be used primarily for the KOPIO photon veto de-
tectors. In addition to the PR/CAL system which covers the forward decay region, and the Catcher covering
the direct downstream beam region, the Photon Veto (PV) system includes the Upstream Photon Veto wall
(US), the Barrel Veto (BV), the Magnet Photon Veto (MPV), and the Downstream Photon Veto (DS). The
PV systems will be described in this section.

The relative locations of the PV system in the setup are shown in Fig. 6c.1. The BV is assembled
of Shashlyk modules. The other detectors are made of logs with readout at both ends. Because the BV is
also used in some measurements of signal events as mentioned in Sec. 3, it features a high light output
and fine sampling segmentation appropriate for energy measurements. The log design provides readout
segmentation over its thickness. The light from the scintillators is read out through embedded Wavelength-
Shifting fibers (WLS). A two-ended readout in the logs provides good timing as well as redundancy for
failed channels. The WLS fibers in the logs are placed in grooves that run along the plastic scintillator slabs
with a spacing of 10 mm. In the Shashlyk modules, the fibers pass through holes in the scintillator and
lead plates. The large volume of plastic scintillator needed for coverage of a very large solid angle, and the
extremely high detection efficiency required to reach the physics goals, makes the design of the veto system
very challenging.

D4 magnet, where
Magnet Vetoes installed

inside Vacuum tank

Barrel Veto

Downstream Veto

Upstream Veto

Fig. 6c.1. Positions of the photon veto detectors along the beam. The Magnet Photon

Veto is mounted inside the D4 sweeping magnet, which is placed behind the Calorime-

ter.
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BNL KOPIO

0.65GeV/c KL

Use Kaon TOF to 
constrain kinematics

~200 evts

Kyoto group
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induced ⇡0 production. The decay region is surrounded by a thin-walled vacuum tank which encloses layers
of plastic scintillators used to veto charged particles⇤. Outside the vacuum is an efficient lead/scintillator
photon veto detector (“Barrel Veto”) which also serves as a detector for some signal photons as described
below. In order to simplify triggering and offline analysis, only events with the signature of a single kaon
decay that produces two photons within the period between microbunches are accepted.

Fig. 3.1. Elements of the KOPIO concept: a pulsed primary beam produces low-energy

kaons whose time-of-flight reveals their momentum when the ⇡0 from K0

L

! ⇡0⌫⌫̄
decay is reconstructed.

Photons from K0

L

! ⇡0⌫⌫̄ decay are observed in a two-stage “pointing Calorimeter”. It is comprised
of a 2.7-radiation-length (X

0

) fine-grained Preradiator (PR) calorimeter followed by a 19-X
0

electromag-
netic calorimeter. The PR obtains the energies, times, positions and angles of the interacting photons from
⇡0 decay by determining the initial trajectories of the first e+e� pairs. The PR includes 64 layers of dual-
coordinate drift chambers sandwiched between plastic scintillators. The thickness of a chamber-scintillator
pair is 0.04 X

0

. The PR measures the photon positions and directions accurately in order to allow recon-
struction of the K

L

decay vertex. In addition, because it is constructed of mostly active plastic scintillator
detectors, the Preradiator contributes principally to the achievement of excellent energy resolution.

The Calorimeter is located behind the Preradiator and consists of “Shashlyk” modules, roughly 11 cm
by 11 cm in cross section. A Shashlyk Calorimeter module is comprised of a stack of square tiles with al-
ternating layers of lead and plastic scintillator read out by penetratingWavelength Shifting (WLS) fibers. The
Preradiator-Calorimeter combination is expected to have an energy resolution of �

E

/E ' 2.7%/
p

E [GeV].
Shashlyk is a well established technique that has been used effectively in BNL experiment E865 and is cur-
rently the main element in the PHENIX calorimeter at RHIC.

⇤The charged particle veto scintillators will be located in a vacuum region that is separated from the 10�7 Torr beam vacuum region

by a thin membrane.

13

CANCELED
研究領域内の主な研究成果

図 光子検出器の第二次試験機 図 第二次試験機のビームテストセットアップ
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く一致していることがわかる。
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of each other1. The number of ‘‘core neutron multi-!0’’
background events was 0:0!0:7

"0:0 in region (c) and 1:5# 0:7
in region (d). The number of background events caused by
the halo neutrons interacting with the detector material
(CC02) and producing one or more !0 was 0:9# 0:2 in
region (a) and 0:04# 0:04 in region (c). The background
events caused by the core neutrons interacting with the
membrane and producing "’s (‘‘core neutron "’’ events)
was reconstructed around region (c) because the !0 mass
was assumed. For all the events, we recalculated the decay
vertex assuming " mass (Z") and then rejected events
around the membrane in the beam, 525 $ Z"%cm& $
575. The remaining number of ‘‘core neutron "’’ events
was 0:4# 0:2, which was the largest component in region
(c). The background events from K0

L ! !0!0 with two
missing photons was evaluated with MC. The number of
K0

L ! !0!0 background events in the signal region was
0:04# 0:03, where the error includes the MC statistics and
the systematic uncertainties, of which the dominant source
was the mismatch between data and MC in the transverse
shower shape of photon in the CsI calorimeter. Moreover,
the K0

L ! !0!0 background events were the largest com-

ponent in region (g). The total number of background
events in the signal region was estimated to be 0:4!0:7

"0:2 in
region (c) and 1:5# 0:7 in region (d).

We estimated the acceptance of K0
L ! !0# !# decay to be

%0:657# 0:016& ' 10"2 based on cut efficiencies eval-
uated with the real data and MC study. The main compo-
nents of the acceptance loss were the cuts on MB and BA
photon veto detectors. In order to estimate the number of
K0

L decays in this search, we analyzed K0
L ! !0!0 decays.

The invariant mass and the reconstructed decay vertex for
K0

L ! !0!0 are shown in Fig. 4. In the K0
L ! !0!0 signal

region: 0:47 $ M4$%GeV=c2& $ 0:53, and 300 $
Zvtx%cm& $ 500, there were 2081 K0

L ! !0!0 events after
subtracting 30 K0

L ! !0!0!0 background events. Based
on the MC study, we estimated that the acceptance of
K0

L ! !0!0 decay was 1:41' 10"3.
The different final states between the signal and normal-

ization modes caused systematic uncertainties in the single
event sensitivity. We assigned the total systematic uncer-
tainty in the single event sensitivity to be #7:0%. The large
sources of systematic uncertainty came from the mismatch
between data and MC in the transverse shower shape of the
photon (4%) and the energy distribution in MB (4.2%).

With the K0
L ! !0!0 branching ratio, %8:83# 0:08& '

10"4 [14], we estimated the number of K0
L decays to be

%1:67# 0:04%stat&& ' 109. The single event sensitivity was
%9:11# 0:20%stat& # 0:64%syst&& ' 10"8. Since we observed
no events in the signal region, we set a new upper limit
on the branching ratio of K0

L ! !0# !# to be <2:1' 10"7

at the 90% confidence level based on the Poisson statistics.
This represents an improvement of a factor of 2.8 over the
current limit [5].

We are grateful to the operating crew of the KEK 12-
GeV proton synchrotron for their successful beam opera-
tion during the experiment. We express our sincere thanks
to Professors H. Sugawara, Y. Totsuka, M. Kobayashi, and
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FIG. 3 (color online). Zvtx versus PT with all the event selec-
tion cuts. The number of observed (total expected background)
events are shown. The expected number of background events
was consistent with the observed number of events for all the
regions.
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FIG. 4 (color online). Distribution of the invariant mass (left)
and the decay vertex (right) for the K0

L ! !0!0 decays. In the
top plot, the dots show the data and the histogram shows the MC.
The bottom plot shows the ratio of the data to the MC.

1For each selection cut in the cut-2, we examined the ratio of
the number of events passing the cut to the number of events
failing the cut. The ratio for the cluster energy cut was 0:79#
0:12 with the cut-1 and 0:73# 0:03 without the cut-1. The ratio
for the cluster hit position cut was %5:1# 2:6& ' 10"2 with the
cut-1 and %5:2# 0:6& ' 10"2 without the cut-1.

J. K. AHN et al. PHYSICAL REVIEW D 74, 051105(R) (2006)

RAPID COMMUNICATIONS

051105-4

BR<2.1E-7

about 4 times farther away from the calorimeter, and they
can fall into the signal box. To simulate the ! production,
we used a GEANT-4-based simulation with the binary cas-
cade hadron interaction model [13]. Figure 4 demonstrates
the simulation, which reproduced the invariant mass dis-
tribution (from "0 mass to ! mass) of the events with two
photons in the calorimeter from the Al plate run, normal-
ized by the number of protons on the target. We then
simulated ! production at the CV and estimated the num-
ber of CV-! BG events inside the signal box to be 0.06.

Table I summarizes the estimated number of background
events inside the signal box. We also examined the number
of events observed in several regions around the signal box,
and they were statistically consistent with the estimates.

After determining all the selection criteria and estimat-
ing background levels, we examined the events in the
signal box and found no candidates, as shown in Fig. 5.

The number of collected K0
L decays was estimated using

the K0
L ! "0"0 decay, based on 1495 reconstructed

events, and was cross-checked by measuring K0
L ! 3"0

and K0
L ! ## decays [14]. The 5% discrepancy observed

between these modes was accounted for as an additional
systematic uncertainty. The single event sensitivity (SES)
for the K0

L ! "0$ !$ branching ratio is given by

 SES !K0
L ! "0$ !$" # 1

acceptance$ N!K0
Ldecays" ;

where the acceptance includes the geometrical acceptance,
the analysis efficiency, and the acceptance loss due to
accidental hits. Using the total acceptance of 0.67% and
the number of K0

L decays of 5:1$ 109, the single event
sensitivity was !2:9% 0:3" $ 10&8, where the error in-
cludes both statistical and systematic uncertainties.

Since we observed no events inside the signal box, we
set an upper limit for the K0

L ! "0$ !$ branching ratio,

 Br !K0
L ! "0$ !$"< 6:7$ 10&8 !90% C:L:";

based on the Poisson statistics. In deriving the limit, the
uncertainty of the single event sensitivity was not taken
into consideration. The result improves the previous limit
[4] by a factor of 3, and the background level by an order of
magnitude.

We are grateful for the continuous support by KEK and
the successful beam operation by the crew of the KEK 12-
GeV proton synchrotron. This work has been partly sup-
ported by a Grant-in-Aid from the MEXT and JSPS in
Japan, a grant from NSC in Taiwan, a grant from KRF in
Korea, and the U.S. Department of Energy.
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FIG. 5 (color online). Scatter plot of PT versus reconstructed Z
position after imposing all the cuts. The points show the data and
the contour represents the simulated distribution of the signal.
The rectangle indicates the signal region.

TABLE I. Estimated numbers of background events (BG) in-
side the signal box.

Background source Estimated number of BG

K0
L ! "0"0 0:11% 0:09

CC02 0:16% 0:05
CV 0:08% 0:04
CV-! 0:06% 0:02

Total 0:41% 0:11

PRL 100, 201802 (2008) P H Y S I C A L R E V I E W L E T T E R S week ending
23 MAY 2008

201802-4

BR<6.7E-8
the acceptance loss was supported by the fact that the
acceptance losses in the normalization modes (K0

L !
!0!0!0, K0

L ! !0!0, and K0
L ! "") were reproduced

by the simulation.
The acceptance loss due to accidental activities in the

detector was estimated from real data taken with the TM
trigger. The accidental loss was estimated to be 20.6% for
the Run-3 data, in which the losses in MB (7.4%) and BA
(6.4%) were major contributions. For Run-2, the accidental
loss was estimated to be 17.4%; the difference between
Run-2 and Run-3 was due to the difference in the BA
counters used in the data taking. The acceptance loss
caused by the selections on the timing dispersion of each
photon cluster and on the timing difference between two
photons was estimated separately by using real data and
was obtained to be 8.9%. Thus, the total acceptance for the
K0

L ! !0# !# was ð1:06" 0:08Þ% for Run-2 and ð1:00"
0:06Þ% for Run-3 case, where the errors are dominated by
the systematic uncertainties that are discussed later.
Figure 26 shows the distribution of the MC K0

L ! !0# !#
events in the scatter plot of PT-ZVTX after imposing all of
the other cuts.

2. Single event sensitivity

By using the number of K0
L decays and the total accep-

tance, the single event sensitivity for K0
L ! !0# !# was

ð1:84" 0:05stat " 0:19systÞ $ 10%8 for Run-2, ð2:80"
0:09stat " 0:23systÞ $ 10%8 for Run-3, and ð1:11"
0:02stat " 0:10systÞ $ 10%8 in total.

D. Results

After finalizing all of the event selection cuts, the can-
didate events inside the signal region were examined. No
events were observed in the signal region, as shown in
Fig. 27. An upper limit for the K0

L ! !0# !# branching ratio
was set to be 2:6$ 10%8 at the 90% confidence level, based
on Poisson statistics. The result improves the limit previ-
ously published [14] by a factor of 2.6.

VI. SYSTEMATIC UNCERTAINTIES

Although the systematic uncertainties were not taken
into account in setting the current upper limit on the
branching ratio, we will describe our treatment for them
to provide a thorough understanding of the experiment. In
particular, systematic uncertainties of the single event
sensitivity and background estimates due to halo neutrons
are discussed in order.

A. Uncertainty of the single event sensitivity

The systematic uncertainty of the single event sensitivity
was evaluated by summing the uncertainties of the number
of K0

L decays and the acceptance of the K0
L ! !0# !# decay.

Because the calculation of the former also includes the
acceptance of the normalization modes, the acceptance of
both the normalization mode and the K0

L ! !0# !# mode
are relevant to the acceptance evaluation by the
Monte Carlo simulations. To estimate the uncertainties in
the acceptance calculation, we utilized the fractional dif-
ference between data and the simulation in each selection
criterion, defined by the equation

Fi ¼ Ai
data % Ai

MC

Ai
data

; (6)

where Ai
data and AMCi denote the acceptance values of the

i-th cut, calculated as the ratio of numbers of events with
and without the cut, for the data and MC simulations,
respectively. In Fi, the acceptance was calculated with all
the other cuts imposed. The systematic uncertainty of the
acceptance was evaluated by summing all the fractional
differences in quadrature, weighted by the effectiveness of
each cut, as

$2
syst ¼

P
i¼cuts

ðFi=Ai
dataÞ2

P
i¼cuts

ð1=Ai
dataÞ2

: (7)

For the three decay modes used in the normalization,
K0

L ! !0!0!0, K0
L ! !0!0, and K0

L ! "", the calcu-
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FIG. 26. Density plot of PT vs the reconstructed Z position for
the K0

L ! !0# !# Monte Carlo events after imposing all of the
analysis cuts. The box indicates the signal region for K0

L !
!0# !#.
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FIG. 27. Scatter plot of PT vs the reconstructed Z position for
the events with all of the selection cuts imposed. The box
indicates the signal region for K0

L ! !0# !#.
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Detector
CsI calorimeter (from KTeV)
Waveform digitization
New Charged and Photon Veto detectors
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2800 CsI crystals: 
Fermilab ➤ Osaka

41



144ch. Test @Sendai
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Figure 4.19: The correlation between the relative light yields and the measured absolute light
yields of CsI crystals.
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Feb. 2011



29days later, the Earthquake
Nobody was injured

CsI crystals stayed in place

CsI endcap almost ran off the rails and 
stopped by dry room wall

Electricity was lost for 14 days = no dry air
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Aug. 2011: Vacuum Test of 
the CsI Calorimeter
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Feb., Jun. 2012: CsI calorimeter

+ magnetic spectrometer

2012 Summer: Install other detector 
components

2012 Dec.~

engineering & physics run
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Assumed 
Beam intensity and time

Koseki@Town Meeting, Aug. 9, 2011

Assume 1/2 of the beam time for slow extraction
2012: 	

 	

 	

   10kW x 4 months
2014 spring: 	

  50kW x 2 months
2014 fall: 	

 	

 100kW x 4 months
2015: 	

 	

 	

 100kW x 4 months
...
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SX power upgrade plan (~2013)�
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2012 summer:  Installation of Ti chambers in the SMS section. 
2013 summer:  Installation of  ESS with Ti chambers.�
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http://www.lnf.infn.it/wg/vus/content/Krare.html
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Thanks to “Flavor Tokutei”, the “crazy idea” is 
finally turning into a reality.

Still many work to be done.  New comers are 
welcome!
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