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Introduction

Physics motivation



Introduction

Ki— 7%y v Decay in SM

KL= m0v v BEIE DRFEL
‘B CP violation
CKM1TH| DER{IME n Z &1

Br(KL> 7m0y v)xn?

BRI ARNE MDA NS LY 1-2%

(K+% moet v + iSOSpiﬂY{Wﬂ_\’I@E) unitarity triangle of CKM matrix

rare decay (7.7)

- DL 2.5x10- 1T @SM

M
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Introduction

Ki— 70y ¥ Decay with NP

. b UFENBNIL..?
HrhiFhMloop diagramZ (o] %
—BRRIRIEZZ{LEES
& EFRIIAE : still 1-2%

I'I'
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Introduction

Kl—70v ¥ Decay with NP

[3o]  [12d

B 1.8x By,

SM

Exeluded area
Grossman-Nir bound

4 Gj?;’ W%

MFV-EFT.(+) W %

P 575754
58 8.0 102 124 14.6 16.8 19.0 21.2 234 256 27.8
B(K->m'vw) x 10"
http://www.Inf.infn.it/wg/vus/content/Krare.html
[HEEE 7L —/N\—EOHERM) FARE2010@A—> v E1—k% 2010/Feb/23



http://www.lnf.infn.it/wg/vus/content/Krare.html
http://www.lnf.infn.it/wg/vus/content/Krare.html

Introduction

History of KL%y v Search

ERIEEFTDESE

_ ...... E .;:Ul“ieeﬂ} ..... .................................... .................................... .......

KTeV qE T ....... E799(e'83) oo T -
______ TMW,,]

. K TeVieew L ... -

° 7Z' O%e-l_e- r ] T .ﬂl;& Run-1 lﬂeek{?‘j

I. Esulunnjihj ...........

Br < 5.9x107
KEK E391a (Run2)

. MO9—>ryry e
107 1990 2000 2010 2020

-8
Br<o.7/x10 gear
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E391a Experiment



_ E391a Experiment
E391a Experiment
KL— mo%v ¥V 5REREFKE @ KEK 12GeV PS

HEIIDZ DE— R IThHE U -8
REASEEE KOTO (J-PARC E14) Of=ob D)\ O w k

T hEeEtRIES ~ KEK 12GeV PS East Counter Hall

‘membrane” problem
- RunZ2 (2005 Feb-Apr)

. Run3 (2005 Nov-Dec)

B AT 1 &
Run2 + Run3 Msample’%

BFEMRE 7L —/N\—¥Y3EOHEMR) IRR2010@A—> v+ E1—K%E 2010/Feb/23 9



‘Experimental Principles

. VIOFIE—RDAE
KL—>7T07£ state

— cannot detect

SE + nothing”
21y — Csl| calorimeter (energy, position)
. nothing — hermetic veto detector
- BHERRZEM(nO)ZRET 25 CHEK
M(0)2 = 2E1E2(1-cos 6)
“oencil” beam T pr D HEEE Z HELR
pT& ARE R DIFEHmH S

signal region%z £ &
BEMEE "7 L —/N\—E0HEM Mxz2010@A4—>v>E1—XK% 2010/Feb/23 10

~




E391a Experiment

E391a Detector

Signal Mode
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pure Csl crystal M T
7x7x30cm (5x5x50 m) E

576 channels S
P fi

IJ .
HM-M
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‘ Csl Calorimeter
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Background : Ki =1%11%  pure Csl crystal  0F ;T
7x7x30cm (5x5x50§m). E T
576 channels it
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Background : K =110 pure Csl crystal 1 £w
7x7x30cm (5x5x50¢m). | H** i
576 channels il o

N Photon Veto Detector

4 Back-Anti':veto y
escaping into beamhol
7138 ZH 010@ 010/Feb
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Background : K. =m0 pure Csl crystal 1 £w
7x7x30cm (5x5x50¢m). | H** i
576 channels il o
‘ Csl Calorimeter
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Charged Particle o E .

0 W
#51 Veto Detector pure Csl crystal i &
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E391a Experiment

E391a Detector

Gsl - calorimeter
Main barrel

Vacuum vessel

CC 02
Front barrel
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Strategy to Run2+3 Data Analy5|s

Rewew of RunZ2 Analysis
. —DEID#EEMN : Run2 Result

blind analysis

No event observed in
the signal box

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

° Ru nZEq: *ﬁ 75\ b b ;I/L 7—(__ —g f-?l'll'l 250 300 350 Z-:?::” 450 500 550 600
mAD/INY 7 TS0V RIR

—>

>
-
i3
&)
-9

Collar Counter (CC02)-1° BG
CV-1 0BG
CV-n BG
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Strategy to Run2+3 Data Analysis

Halo Neutron Background

. Halo neutron L CCO2-70 CV-70
] fiducial
.- heutron flux surrounding

beam core

. Halo neutron BG
halo-n hits detector
around beam core
— creates mOn—27r
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Strategy to Run2+3 Data Analysis

Mechanism of Neutron Backgrouna

. Collar Counter (CC02) m° BG
E,2XBFELDELRED S

(shower leakage
& photo-nuclear effect)

-0 Z RS REDHD
. CV-10BG
E, Z2EBRIDRE<LREEL S
(due to fusion cluster)
- 0Zz/NS<BED S
. CV-n BG
M(7z0) & M(n) MIELY
- 0Zz/NS<BEDHD
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‘Motivation for the Current Analy3|s |

halo neutron BG
CC02 7109 BG (— extrapolation of the Al-target data)
CV n9BG (— bifurcation)
CV n BG (— geant4 + geant3 MC)
BIETDRuUN2EMT TR DAETREESD D
Av777©/h®% —HI7R IR WOV R EE
/7 FIL/INY DT 5700 KDMEBERRERE(EHEEL LY
#T L LR T I
halo neutron BGO BEH D =i —BIV/R 7 A TITD

— 2V )L TRIERRZES/IND FaE b
= )\ I TS50 ROHKE—IRIERE
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Study on Halo Neutron BG



Study on halo-n BG.
!Io Neutron BG Study

Halo neutron BG study® /&

1. FLUKA®hadronic interaction model D{E 5814 % fER
— fERAICE S NISHIE T —% (Al-plate run) z £

2. ANV NERDEEL

3.N\V I 09V RKRDREESD

v
B0
18
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Target Run

. MERINEE
. TC O, n O)"::}ﬂ?ﬁ_?i neutron >
— T —% & FLUKA simulation

Z LT 2= THERY

CC02 —. b\
5mm Al

. Al target run
. BmMmMEDAI targetz E—LZ 1 >V HFAEA

. Amount of statisitics
- 557 x 106 POT

KFERE 7L —/N\—EBEOHER) fIxe2010@A4—>v>E2—XK%k 2010/Feb/23




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

. Cut condition&E 1t D A&t
. S/INZRUN2DF#ER ERFICREIEHN S
acceptancez & XK{td %
. RIEILDEIEET—T DT FILEEBZERET
— human-biasingZ kA < 7= &

. BERYICIE?
. FTLWHw Mcluster-shape NN"DE A
. WD DHhY N ZEBEEHEZ
. INTA—=5DEEHEI
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Study on halo-n BG

Cluster Shape NN Cut (for CV-n BG)
. Cslokw b\ —>7%Z KU /zNeural Network

CV-n BG RO ZFF>7cV T A Y =5/
(r DNEVWAETCslICYE 2 & r OIXRILF—HFW)
NNAD A energy, r, phi-position (each crystal)

~correlation colored : signal

Neural Network value =12 dots : etaBG

Mean 0.7985

%00 black :signal MC || |pus oz

Underflow 0
Cverlow 0
Integral 8526

N
pt
o
RS,
o)
=
e
>
Z
Z

_..mu.u__

004020 02040608 1 1.2 1.4 -0.2.020 02040608 1 1.21.4°
.Neural-Net value . NN value for Y|




Study on halo-n BG

-- ---fusmn NN Cut (for CV-r° BG)

CV-m 0 BG f“S'Oke
CslTd“fusion” clusterh‘RE
. Run2h 5y hDEE THiEL
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

ReSUIt Of Op‘tlmlzatlon cut optimization
ol unza

350 400 450 500 550

SN )
Run2(prev.) 30328 5054
45945(+51%) 5105
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Background Estimation

Halo neutron background
K background



., Background Estimation.
!ackground Estimation

. CCO2-79 : from upstream
. CV-m0 :from downstream

. CV-n

. KL originated background
. neutral mode : KL—=2710, KL=y r
. charged mode : KL—>m+m 1O

g
B0

D)
B
FEME 7L —/N\—1R0HEMR) fR=2010@A—> v E1—XK%E 2010/Feb/23 2



Background Estimation

CCOZ 0 Background (upstream) enss
» CCO2-m° BG (BG from upstream)

. 0.66 = 0.39 events
CC02 ¥ background

0.05 59 ..... g 21.0 ...... ,0- ............

4b0 250 300 350 400 450 500 550 600
Z . (cm)
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Background Estimation

CV-719 Background (downstreamj™=

CV-7 9 BG (BG from downstream)
. NO events remained — < 0.36 events

CV 11° background

O4WIth fu5|on NN cut

)
-
" ]
Q
at

ﬂ)ﬂ 25(] 300 350 400 45{] 50{] 550 60(] 10t
Z . (cm)

A0°350 300350 400 450 500 550 600 "
vex (CTT)
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Background Estimation
halo-n BG

CV-n Background

CV-n BG
0.19 £ 0.13 events

CV n background

0.4 Wit h shape NN cut

00 250 300 350 400 450 500 550 600 '
Z . (cm)

ﬂ)ﬂ 250 30{] 350 400 450 500 550 600 '
m(cm)

FESEE 7L —/\—BOHMER) MiRre2010@A—> v Ea1—K%E 2010/Feb/23 29



Background Estimation

KL Decay Backgrounds ™

KL decay backgrounds
- GEANT3 simulation

KL—>2 1O

VEtO CRDIR2DD ¥ Z iR 1
et E  Run2+3 09651
£hy MERR : 2events

3b0 250 300 350 400 450 500 550 600 '

:0.024 £ 0.018 Z,, (cm)

. DKL decay BG’s :
KL— 7 r : P71, kinematic selction — O(10)
Charged modes : reduced by CV — O(104)
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Background Estimation

‘Summary of Background Estimation

. Summing up all background sources
— estimated # of background : 0.87 £ 0.4 1

halo-n

for Run2 + Run3 data
rEREE T L —/I\—¥YEOHER, iEs2010@A—> v E21—K%E 2010/Feb/23 31




Background Estimation

summary of BG Estimation
» VX al—Ya3VIELKBEREDHD ET—Y Z K

- T—Y2L<BELTWVWS

Run2 + Run3 data

1 _______

o
0.05 60 a 2 3 W 772 .....

ihﬂ 250 300 350 400 450 500 550 600 ﬁ)ﬂ 250 300 350 400 450 500 550 600
Z  (cm) Z  (cm)
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Sensitivity & Results

# of KL decays
Sensitivity
Results



Sensitivity & Results

# of KL Decays

. E391a full dataTiE S /=KL BEER

. KL—370, 270 ¥y M3 modesTREH D
Run2 + Run3 data

# of events
mode , acceptance flux
in data
+ + 9
118334 (7.21+0.06) x 10°° (8-41—0-03zta§—32/-5)3syst.) x 10
-3.39%,

2573.9 (342 £0.03) x 104 | (O /0F0-17siat £0.-99ys0) X 10
. 42 + 0. -
(9.02+0.0561at£0.51syst.) X 10°
K.— 35367 7.18 £ 0.03) x 103
- (+3.77%)

cf.) Run2 only : flux = 5.13x10?
— Run2+Run3 = fETE (F AT DT D

FESEE 7L —/\—BOHMER) MiRre2010@A—> v Ea1—K%E 2010/Feb/23 34



- Signal acceptance

Signal Acceptance

accidental effect

y X o 17.4% loss (Run2)
(AR MERRICTRDAINY M) 20.6% loss (Run3)

(B tE4EE TARIE U 7= KLE) /

(# accept MC)

=(# generated—decayed in MC) x{Jemaeqiot sS)

X (loss by time cuts)

(1.06 = 0.08)% for RunZ2
(1.01 £ 0.06)% for Run3

(cf. previous analysis with Run2 : 0.670%)

FEME 7L —/N\—1R0HEMR) fR=2010@A—> v E1—XK%E 2010/Feb/23 35



!ansmvrty

- KL flux
(8.70 £ 0.61) x 102 KL decays for RunZ + Run3

- Single event sensitivity (S.E.S.)
“TeventD&LAINHAFF TE 5 I kE”

S.E.S. = 1/ (Acceptance x # of KL)
= for Run2 + Run3

x
- Bl

FEME 7L —/N\—1R0HEMR) fR=2010@A—> v E1—XK%E 2010/Feb/23



Sensitivity & Results

Now, Ready to Open the BOX

Opening the box for Run2 + Run3 data

300250 300 350 400 450 500 550 600
Z_ (cm)
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Sensitivity & Results

Now, Ready to Open the BOX

Opening the box for Run2 + Run3 data

I eﬂt |
Aho 250 300 350 4N0__e., 500 550 600
m,.(r:rn)
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Sensitivity & Results

. Acceptance = 1.06% (Run2) and 1.01% (Run3)
(cf. Run2 previous : 0.670%)

. S.E.S. = 1/(Acc. x #KL)

Run2 + Run3: 1.11 x 108
(cf. Run2 previous :2.91 x 10-8)

. kL EBR

no events observed — x 2.3 with Poisson stat.
E391a final : BR(KL>m%v V) < 2.6 x 108

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

— Improvement from the previous : (1.7 x1.5)
IR T L— —VEOHER, FIRAZ01004—S v Ea—kH  2010)Eb023CCePtaNCE,



Sensitivity & Results

Milestone

. —I=HIIE!

- Next step : KTO [ I ________ f.?f’.ﬁiﬁlflﬁ;ﬁiﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁfffffféffﬁffffﬁfﬁfffffffﬁféﬁfff
E391aTORE%= . ﬁﬁfﬁZéiﬁﬁﬁ]ﬁﬁﬁﬁﬁﬁ_"'TT_".ﬁﬁ]ﬁﬁ]ﬁﬁﬁﬁﬁﬁﬁ."f.ﬂé{E;;;ﬁﬁﬁﬁ[ﬁﬁﬁ?ﬁﬁﬁ]ﬁﬁﬁﬁﬁﬁﬁ[ﬁﬁﬁ]ﬁ]ﬁﬁﬁ[ﬁﬁfﬁ[ﬁﬁ
SINEO I __________________ I_F.?_?El;ui%;fgg;.:ﬁ:};f.T_?._

N  S—" T E391a final 3y}~

—next talk ' g

2000 2010 2020
year
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Summary (1)

Summary

. Ki—»mOv v EEIE

m

. FIYIB AR

%29 5 R U\EER% : CPV, theoretically clean

. E391a experiment @ KEK 12GeV PS

. first dedic
. Features of
. halo-n BG

ated experiment for KL>m%v v
Full Analysis

studylCE R

S ACREDD

simple7s3

SIERMICA N MEIRZ &E(L (+50% in acceptance)

. T—Y DR

St

Run2+Run37 LUEID T (Run2) D#91.71%
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- Summary -
Summary (2)

. Acceptance : 1.06% (Run?2) & 1.01% (Run3)
. Sensitivity

SES. :1.11 x 108 (Run2 + Run3)
. Opening the box for RunZ2 + Run3 data

(BT DEEFT D 5 2.615 D BEH)
. E391aEEEDFEDER 4 %= SEBH
—>ZFDHBE % FEHI U TI-PARC KOTOZEER

. Upper Limit (E391a final)
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