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Introduction



Introduction
Ki— 7%y v Decay

Features of this decay mode

. “direct” CP violating process

- measures n in CKM matrix
BriKL>m%v V)xn?

. small theoretical uncertainty
~ a few %: "gold-plated” mode

. rare decay : 2.5x10°'" @SM

Comparison to the

measurement in B-system

. precise check of SM

. probe to NP

2009 Kaon International Conference (KAONQ09) @ Epochal Tsukuba 2009/Jun/12 H.MORII 4
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= _ Introduction
E391a Experiment
. Measures KL - m0%v 7V @ KEK 12GeV PS

. first dedicated experiment
. pilot experiment for K°TO (J-PARC E14)

iR TN ~ KEK 12GeV PS East Counter Hall
Runi (2004 Feb—Jul) ) |

Run?Z (2005 Feb-Apr)
. Run3 (2005 Nov-Dec)

2009 Kaon International Conference (KAONQ9) @ Epochal Tsukuba 2009/Jun/12 H.MORII 5



Introduction

‘Experimental Principles

- To identify
Ki.—=m Oy v state

— cannot detect

11

. + nothing”
. 2rv — Csl calorimeter (energy, position)
. nothing — hermetic veto detector
. Reconstruct decay vertex with M(m©)
M(0)2 = 2E1E2(1-cos 6)
< "pencil” beam to improve prt resol.
. select signal using decay vertex and

transverse momentum
2009 Kaon International Conference (KAONQ9) @ Epochal Tsukuba 2009/Jun/12 H.MORII 6




Introduction

E391a Detector

7
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Introduction

’E'391 a Detector

pure Csl crystal MF Eeer et
7x7x30cm (5x5x50¢ m) ﬂ ‘*_._ Y

5764channe|s

-y, A

e Photon Veto Detector

Back-Anti': veto Y
escaping into beamhol

u al Conference (KAONQO9) @ Epochal Tsukuba 2009/Jun/12 H.MORII




Charged Particle = - ' IL.
% Veto Detector pure Lsl crystal R FHE
o L 7x7x30cm (5x5x50¢ m) mﬁ gg
| 576 channels i

2

‘ Csl Calorimeter

| Photon Veto Detector S =
y 4 Back-Anti:veto -y

escaping into beamhol

o3 onference AONQO9) @ Epochs D3 009 OR



Introduction

E391a Detector

o hIAAnA-AAI n--‘:AIA 1*11 -7 .-tl'?ﬁn

E&I calagimeter

-3
S

Csl - calorimeter

Main barrel GG 06

Vacuum vessel

CC 02
Front barrel

/IHI:I( Anti
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Motivation of Run3 AnaIyS|s

Rewew of RunZ2 Analysis
- E391a RunZ Result

blind analysis

No event observed in
the signal box

Upper limit 6.7 x 108
(90% C.L.)

(Phys. Rev. Lett. 100 201802, 2008) S R
. Background sources
halo neutron BG
Collar Counter (CC02) 7©
CV mo©
CV n

S
>
S
-9
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Motivation of Run3 Analysis

Halo Neutron Background

. Halo neutron
.- heutron flux surrounding
beam core

. Halo neutron BG
halo-n hits detector
around beam core
— creates mOn—27r

2009 Kaon International Conference (KAONQ09) @ Epochal Tsukuba 2009/Jun/12 H.MORII 10



Motivation of Run3 Analysis

Mechanism of Neutron Backgrouna

Collar Counter (CC02) 7© BG

miss-measures E» lower

(shower leakage
& photo-nuclear effect)

— reconstruct 6 larger
CV n9BG
miss-measures Ey higher
(due to fusion cluster)
— reconstruct 6 smaller
CV n BG
difference in M(m©) and M(n) M(11%)2 = 2EEx(1-cosO
— reconstruct 6 smaller

2009 Kaon International Conference (KAONQ9) @ Epochal Tsukuba 2009/Jun/12 H.MORII N
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Motivation for the Run3 Analysis

-

halo neutron BG
CC02 7109 BG (— extrapolation of the Al-target data)
CV n9BG (— bifurcation)
CV n BG (— geant4 + geant3 MC)
— In Run2, these are estimated in different manner
difficult to...
- systematic study on BG
- effective optimization

In Run3 Analysis,

BG estimation for these 3 BG sources in one method
— simple & effective optimization / BG understandings

2009 Kaon International Conference (KAONQ9) @ Epochal Tsukuba 2009/Jun/12 H.MORII 12
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~ Study on halo-n BG.
!Io Neutron BG Study in Run3

Two step MC for halo neutron BG
st stage : fluka MC
- to estimate hadronic interaction
2nd stage : geant3 MC
- to estimate electro-magnetic shower in Csl

Run3 halo neutron background study
check the hadronic interaction model by special run
(Al-taget run)
optimize the event selection
background estimation

2009 Kaon International Conference (KAONQ9) @ Epochal Tsukuba 2009/Jun/12 H.MORII |4



Target Run

. Motivation
- 0
¢ eStlmate J/A ] n neutron
production rate

CC02 — b\
5mm Al
— confirm hadronic interaction

model of fluka simulation

. Al target run
. Insert 5mm thick Al target into beamline

. Statisitics
- 557 x 106 POT

2009 Kaon International Conference (KAONQ9) @ Epochal Tsukuba 2009/Jun/12 H.MORII 15



Study on halo-n BG

71' O, n PrOd u C-ti O n Raténﬁrmation of fluka model

. Ratio 9/ n — OK measured by Csl

M(2y)? = 2EE)(1-cosb)

Reconstructed mass of 2y calculated from
fixed vtx-position

dot : Al target run data
blue : MC (fluka)

N peak
i

# of events

!“ 4 s | it

0 0.1 02 03 04 05 06

reconstructed mass (GeV/c?)
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‘Cut Optimization e

. Principle
. maximize the acceptance keeping S/N as
similar level as RunZ2 case
. during optimization, we masked the signal
box for both RunZ2 and Run3 data to avoid
blasing

. What is done?
. New cut as “cluster-shape NN’
. Replacement of several cuts

. Automatic parameter tuning
2009 Kaon International Conference (KAONQ9) @ Epochal Tsukuba 2009/Jun/12 H.MORII |7



Study on halo-n BG

Cluster Shape NN Cut (for CV-n BG)
. cluster-shape NN for eta BG

eta BG tends to have wider cluster
(7 tends to have shallow incident angle to Csl)

.- Input parameters : energy, r, phi-position (each
crystal)
Neural Network value ro2"%o

Mean 0.7985

800 black : signal MC || |rus oz

Underflow 0
Cverlow 0
Integral 8526

..mu.u_

0.4-02 0 02040608 1 1.21.4 02050 02040608 1 1.21.4°
Neural-Net value __ NN value for Yy, _JME



Study on halo-n BG

--—fusmn NN Cut (for CV 79 BG)

CV 779 BG fusioke
made by “fusion” cluster in Csl
Optimized as

cluster size cut — fusion NN cut

fusion cluster . normal cluster
3x3 + phi

veto

<

‘ 3 o 06 3 _.0-3 SR 1
Neural-net out{0O=fuse, 1=normal)
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Study on halo-n BG
Acceptance / Rejection Power

. exclusive acceptance / rejection for each cut

_acceptance/rejection | oo NS

g |blue : CCO2 1° BG
9/| |green : CV 11° BG
i} [red :CV n BG

gamtypenn
1 dthEta—::

Tfusion NN cluster shape NN
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Study on halo-n BG

ReSUIt Of Op‘tlmlzatlon cut optimization
ol unza

350 400 450 500 550

SN o)
30328 5054
45945(+51%) 5105
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Background Estimation

Halo neutron background
K background



. IBackeroundiEstimacions
!ackground Estimation

. CCO2 109 : from upstream
. CV 0% :from downstream

. CVn

. KL originated background
. neutral mode : KL—>2 1O
. charged mode : KL—>m+m-m©

g
Bola

2009 Kaon International Conference (KAONQO9) @ Epochal Tsukuba 2009/Jun/12 H.MORIl 23



Background Estimation

CCOZ 19 Background (upstream) #ene

. CCO2 7% BG (BG from upstream)
0.15 = 0.05 event (w/ photo-nuclear effect)

CC02 1 background

)
>
QD
S
a

$00 550 300 350 400 450 500 550 600 ™
reconstructed z vertex (cm)

2009 Kaon International Conference (KAONQ9) @ Epochal Tsukuba 2009/Jun/12 H.MORII 24



Background Estimation

CV 0 Background (downstream)

CV 79 BG (BG from downstream)
. estimated as 0.0 (< O.15) event

CV 11° background
0 with fusion NN cut

0.3
0.
0.2

)
-
Qv
S
a

$00 250 300 350 400 450 500 550 600 '°
reconstructed z vertex (cm)

$00 250 300 350 400 450 500 550 €00 '
reconstructed z vertex (cm)
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Background Estimation
halo-n BG

CV-n Background

CV-n BG
estimated as 0.14 = 0.07 event

CV n background

. with shape NN cut

0.3
0.
0.2
0.
0.15

00 550 300 350 400 450 500 550 600 ° 0.1
reconstructed z vertex (cm) 0.05

W N P

)
=
Qv
<
a

N On

ﬂ)O 250 300 350 400 450 500 550 600 '
reconstructed z vertex (cm)
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Background Estlmat|on

KL Originated Background

. Estimation for KL BG
. same as RunZ2

. KL—=2m©
eStI mated BG ﬂ)o 250 300 3‘[50 4P0d450 5(2[0 5?0 6;)0 10°
reconsitrucied Z veriex (cm
- 0.14 + 0.05

- Ki—=metv
most dangerous in charged modes
(T charge exchange/ e™ annihilation)

4.7 (x0.7) x 103

— small $00250300350400450500550600
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Background Estimation

Summary of Background Estimation

. Summing up all background sources
— estimated # of background : 0.44 = 0.10

4. 7(+o 7 X 107
halo-n

2009 Kaon International Conference (KAONQ9) @ Epochal Tsukuba 2009/Jun/12 H.MORII 28




Back round Estimation

Summary of BG Estimation

Comparison to Run3 data
— matches well |

__|Background MC

o

4 : ; : i i I

o
(%)
tn

©
-
QL
S 0.3
r

=
-c N -
N R

$00 250 300 350 400 450 500 550 600 $0 250 300 350 400 450 500 550 600 '
reconstructed z vertex (cm) reconstructed z vertex (cm)
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KL Flux Estimation

KL—3m°
KL —2m0
KL—’YY



Ki Flux Estimation

KL Flux Estimation

. KL flux measurement
KL—>3 7m0 (—67)

KL—=2 10 (—47)
N

beam axis

Comparison between data & MC
. to check MC quality
Flux estimation

calculate acceptance for KL
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Ki Flux Estimation

6y 41, 2r : Comparison between Data & MC

. Comparison between data & MC
. check reproductivity of MC

Rec. mass of 6y sample . Rec. mass of 4y sample Rec. z-vtx. of 2y sample
2 4] 0007961 "
S B dots : Run3 data dots : Run3 data d“ o -
' blue: KL—3mO MC | red : KL—2m® MC a1 e
R I
[l
Ge\

11}

# of events

dots : Run3 data
pink : KL.—2y MC

0.4 0.5 0.6
reconstructed mass (GeV/c?)

e
&

2

ratio (data / MC)
ratio (data / MC
ratio (data / MC

I

0.4 0. 03 04 _ 05 _ 06 200 300 400 500 .
reconstructed mass GeQ’?c2 reconstructed mass (GeV/c2 reconstructed z OS?tIOh cm
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Ki Flux Estimation

6y 41, 2r : Comparison between Data & MC

Comparison between data & MC
. check reproductivity of MC

Rec. mass of 6y sample . Rec. mass of 4y sample - | Rec. z-vtx. of 2y sample —
4 dots : Run3 data [5| dots : Run3 data vefion .! !
blue: KL—3m MC B | red : KL—2m® MC et

# of events

dots : Run3 data
pink : KL.—2y MC

o'
3+

0013
U 28 U 2§ ondedion 0 U 25

Dvetfiow 0

300 400 500 600
reconstructed mass Gef)\?/cz) reconstructed mass GeV/cz) s position )
Ratio between data and MC Ratio between data and MC | , ,;g: Ratio between data and MC

P

-
&n

MC weII reproduces the distributions of data’

migwlll [l g

200 300 0 500. 600

ratio (data / M

i

0.5
reconstructed mass GeQ’?c2 reconstructed mass GeV/c2 reconstructeg Z position (cm
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Ki Flux Estimation

KL Flux Estimation

# of KL Is estimated via 3 decay modes
: KL—=3 710, 270, 2r

mode # of events # of events accentance flux
in data in MC(addbg) P

" 7.12x 107
)

cf.) Run2 3x°:5.02x10° (-2.1% \ :
270+ 5.13 x 10° () Run3 Flux:3.48 (£ 0.11 £ 0.22) x 10

IR Y LG wLA] Run3 statistics : ~70% of Run2
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Sensitivity & Results

Sensitivity
Results



g C. . Sensitivity & Results
Sensitivity
. Signal acceptance
(# accept MC)

(# generation) x (decay prob.)

= 0.975 = 0.005 + 0.067 %
(cf. Run2 with Run2 cut :0.670%)

X (accloss by TDI, Tdiff)

. Flux : 3.48 x 109 (Run3) Rlyezmeweu)

. SES = 1/(Acc. x #KL)
= 2.95 x 108 (Run3)

250 300 350 400 450 500 550 600 O
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Sensitivity & Results

Opening the Box : Run3

Opening the box for Run3 data

800 250 300 350 400 450 500 550 600
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Sensitivity & Results

Opening the Box : Run3

Opening the box for Run3 data

800 250 300 350 400 450 500 550 600
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Result

. Acceptance = 0.975 = 0.005 £ 0.067 %
(cf. Run2 previous : 0.670%)

SES = 1/(Acc. x #KL)

Run3 : 295 x 108 (cf. Run2 previous : 2.91 x 109)
Upper limit

no event observed — x 2.3 with Poisson stat.

(cf. Run2 previous : 6.7 x 10 @ 90% C.L.)

v
BVl0
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!Jmmary (1)

. E391a experiment @ KEK 12GeV PS
. first dedicated experiment for KL>m%v v
- Run3 data analysis
. halo-n BG study : simple method
- check for the hadronic model
- optimization
- BG estimation
. KL flux estimation
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‘Summary (2)

. Acceptance : 0.975 %
. Sensitivity
SES :2.95 x 108 (Run3)
. Opening the box for Run3

Upper Limit

(cf. Run2 previous : 6.7 x 10 @ 90% C.L.)

v
BVl0
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Prospects

. Combined result of RunZ & Run3 is coming
soon
- trying re-analysis for RunZ with optimized
event selection

Note that we didn’t see inside the box
during the optimization stage.
(both Run2 and Run3 samples)
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