!91 a Run3 Analysis

Workshop "New Developments of
Flavor Physics" 2009 (2009 Mar 9)

Hideki MORII (Kyoto Univ.)

Workshop "New Developments of Flavor Physics" 2009 2009/Mar/9 |



‘Contents

. E391a Experiment
. overview

- Run3 Analysis
. Confirmation
Run stability
KL flux estimation
. Optimization
. Acceptance study
modified halo-n MC

Bl
2

Workshop "New Developments of Flavor Physics" 2009 2009/Mar/9



Introduction



Introduction

E891a Experiment
Measures KL > mo%v ¥ @ KEK 12GeV PS

first dedicated experiment
pilot experiment for KOTO (J-PARC E14)

Three Physics Runs
Runl (2004 Feb-Jul)
Run?Z (2005 Feb-Apr)
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Run?Z Result
bllnd anaIySiS ;-(’_]l'll'l 2;'0 3(;0 '3.‘.\;.0 Z-'(l(:)()} -'-'lb;l'l 500 550 600
No event observed in the signal box

Upper limit 6.7 x 108 (90% C.L.) (Phys. Rev. Lett. 100 201802, 2008)
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Introduction

‘Experimental Principles

. How to identify
Ki=>m %y vV state?

11 ”

. +
21 — Csl calorimeter (energy, position)
nothing — hermetic veto detector

. Reconstruct decay vertex with M(m©)
M(©) = E1E2(1-cos6)
select signal using decay vertex and
transverse momentum

Workshop "New Developments of Flavor Physics" 2009 2009/Mar/9 5



Introduction

EB891a Detector

Csl - calorimeter
Main barrel

Vacuum vessel

: ““““

, / Back Anti

2009/Mar/9
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Run3 Analysis Overview



Preparation Calibration

[MC]
Develop Run3 MC

Step1
fi ti
Confirmation Run Data]

l Data quality check
MC mass production
[Run2 Data / MC] halo-n, eta

Cut optimization

Step3
Physics Output
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Step| : Confirmation

Run stability
KL flux estimation



Step| : Confirmation

Calibration & Run Stablllty

Calibration & Run Stability

completed / confirmed o7 6 MeV |

RMS~1%

K 042 0.44 046 048 05 052 054 056 058

GeVic?)

4900 5000 5100 5200 5300 5400 5500 0.44m00 5000 5100 5200 5300 5400
Run No. Run No.
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Step| : Confirmation

Calibration & Run Stablllty

Calibration & Run Stability

completed / confirmed o7 6 MeV |

RMS~1%

K 042 0.44 046 048 05 052 054 056 058

(GeV/cZ)

Run Stablllty of Csl galn value

galn (GeWpC)
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Step| : Confirmation

Reconstructed Mass Distriburtion

. Reconstructed mass distribution
checked for KL—3 7% and KL—2 7° modes

Rec. mass of 6y sample Rec. mass of 4y sample ‘
3 - 1f

dots : Run3 data
blue :KL—=3axMC

red : KL—=2ax°MC
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Step| : Confirmation

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
8149 3.24 x 10°
370 48229 7.62 x 10°5
’ - (stat. 5.0e9) (5.0%)

11620 3.41 x 10°

270 1072 3.62 x 104
’ - (stat. 1.5€9) ()
30148 3.70 x 10°

14278 7.04 x 10-3
; - (stat. 2.0¢8) (+8.5%)

cf.) Run2 3x0:5.02 x 10° (-2.1%)
2m0 : 5.13 x 10° (---) Run3 statistics : ~70% of Run2

vy :5.45x10° (+6.2%)
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Step2 : Optimization

Optimization for event selection
Modified halo-n MC



‘Analysis Effort on Run3

. Modification from Run2 analysis
wanting more acceptance
better understanding to background

. Study for increasing acceptance
optimize event selection

. Better understanding to BG events
modify halo-n MC

Workshop "New Developments of Flavor Physics" 2009 2009/Mar/9 14



Step2 Optlmjzatlon

Study for Getting More Acceptance

. Largest acceptance loss in RunZ
“vr-RMS cut” (~42%)

to reject "CV halo-neutron”™ background

COorg=h

s

halo—n rg

How does CV halo-n events makes background?
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Step2 : Optimization

Mechanism of halo-n CV background

signal region

transverse
momentum

reconstructed position

Charged Veto (CV)

beam halo
beam core

Csl Calorimeter

Workshop "New Developments of Flavor Physics" .OO9 2009/Mar/9



Step2 : Optimization

Mechanism of halo-n CV background

signal region

transverse
momentum

reconstructed position

Charged Veto (CV)
Ei

E>

beam halo Y

beam corew
f Csl Calorimeter
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Step2 : Optimization

Mechanism of halo-n CV background

signal region

transverse
momentum

reconstr

M(11°) = E|E2(1-cosB)

n
beam halo

beam core ;
Csl Calorimeter
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Step2 : Optimization

Mechanism of halo-n CV background

signal region

transverse
momentum

reconstr

M(11°) = E|E2(1-cosB)

beam halo

beam corem |
f Csl Calorimeter
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Step2 : Optimization

Mechanism of halo-n CV background

signal region

transverse
momentum

M() = E)Ex(1- co’

larger smaller

beam halo

beam core= | .
f Csl Calorimeter
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Step2 : Optimization

I\/iechanlsm of halo-n CV background

signal region

transverse
momentum

cted position
i

normal fusion like ! Charged Veto (CV)

= EEx(1-cod®) E

:F: larger small

Workshop "New Developments of Flavor Physics" 009 2009/Mar/9

Csl Calorimeter




Step2 : Optimization

Fusion Neural Network Cut

fusion cluster . normal cluster
3x3 + phi

. Utilize neural network
cut instead of RMS cut

veto
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”'{].4' o 3 ”u.ﬁ
Neural-net out(0=fuse, 1=normal)

pt vs z plot w/ & w/o fusion NN cut Suecamms

Entries 305 ies 305

0.4 Mean x  369.2 . : Meanx 3692

0.35.1un2.data ey oo ey 01029
" - RMS y  0.05987 - o

N
-
&
4 .
P .
&
-
“ at -
- 4 -
- N
.‘i‘ W .
)
4 W 4 [] “;
F - -
a
& &

H00 250 300 350 400 450 500 EE{%E%O

800 250 300 350 400 450 500 ESPCﬁ?f)

black : w/ y-RMS cut

black : w/ fusionNN cut
red : w/o y-RMS cut

red : w/o fusionNN cut
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Step2 : Optimization

Fusion Neural Network Cut

fusion cluster

3x3 + phi normal t?luster

. Utilize neural network
cut instead of RMS cut

-
o

veto

No. of Events

04 06 0.8 1

Naniral-pnet out(0O=fuse, 1=normal)

Reject CV background same as RMS cut
pt vs z plot w

QN Cut I Wogamnns
—~ (o) ies 305
08 Run2 dcceptance is recovered by 337

Mean = 369.2

- + (Meany 01829

HMD & 13,4 5 X 1344

RMS y  0.05987 - FIMS y 0.05987
|

H00 250 300 350 400 450 500 EEK((): ﬁ%ﬂ $00 250 300 350 400 450 500 ESPC

black : w/ y-RMS cut

Py

black : w/ fusionNN cut

red : w/o y-RMS cut

red : w/o fusionNN cut
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Step2 : Optimization

Modified Halo-n Monte Carlo

. Wanting better estimation for halo-n BG
. utilize fluka package — better reproductivity
. Recycling method
recycle the event seed which could be background

decay vertex distribution around CCO02 | ¢ross : data
un2 Mean 2708 Run3 line : halo-n MC
- geant3 Underflow 0 - fIUI(a.+g3 Underflow 0

Overflow 50 Overflow 29

- stat ~ I/ }[ v (At Integral 158 - stat x| 0 Intearal 128

200 220 240 260 280 300 320 340 200 220 240 260 280 300 320 340
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Step2 : Optimization

Modified Halo-n Monte Carlo

. Wanting better estimation for halo-n BG
. utilize fluka package — better reproductivity
Recycling method
recycle the event seed which could be background

decay vertex distribution around CCO02 | ¢ross : data

Run?2 e 2,7;’; Run3 line : halo-n MC
- geant3 Underflow 0 - fIUI(a.+g3 Underflow 0

Overflow 50 Overflow 29

10

- stat ~ |/ﬂ}[ Integral 158 - stat x10 Intearal 128

I TN S

1 better matching, with higher statistics!
200 220 240 260 280 300 320 340 200 220 240 260 280 300 320 340
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‘Summary

. E391a experiment @ KEK 12GeV PS
. fist dedicated for KL>m%v v
- Run3 analysis
. Confirmation
. data taking : stable
. KL flux : ~70% of Run?2
. Optimization
. Optimize event selection
. Modify halo-neutron MC

Workshop "New Developments of Flavor Physics" 2009 2009/Mar/9
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Beyond the Standard Model
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KO — m%m© Background

e1 event remaining w/ x9.6 statistics
- weight: 1.16
- BG: 0.1240.12 events

Veto Cuts only Kinematic Cuts only

04r

remainingievents

W/ allth

o HLEF T PR : 0
200 250 300 350 400 450 500 550 60 200 250 300 350 400 450 500 550 600
Z(cm) Z(cm)




KOL—’YY BG

® "Acoplanarity” angle cut
for Pt mis-measurement
- Rejection: ~1x10°

e Result

- NBG < 3°9X]'O_6 . 3 accepted
» negligible . -

arbitrary unit

L

0.1F

0.05;3,_ L _ﬁﬁ,.-.,.u'i-!r-’"!# : I1

Om! ' 1 y.yy:ymyy. Ll Ll |£,_[ "\‘ \\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
200 250 300 350 400 450 500 550 600 20 40 60 80 100 120 140 160 130
Z(em) Acoplanarity angle (degrees)




CCO2 Events

e CCO2/Al events in 200-300cm
= Normalization by the number of events
= Smearing using the distribution by MC

e Events in the Control Region
- 300-340cm: 1.9+0.2 events
» observed: 3 events

e Result of BG at 340-500cm
= Signal in the Al plate run: 9
- 9%(120/6824) = 0.16 + 0.05 event

T\!!\!\\‘!!\\[\\\\‘\!\\!!\\\\!\\!!\

0 L1 L1l L1 L1l L1l 1111 111 I 0
200 250 300 350 400 450 500 550 600
Z(cm)
momentum Pr

30
® Physics run L ® Physics
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z i '
by 1 ot e e

AN N N P I N N 0 0 :
200 220 240 300 320 340 360 380 400 05 1 15 . 0 005 01 015 02 025 03 035 04

momentum (GeV/c) P.(GeV/c)
Z(cm)

Events /5 cm

e
[y

events / (0.1 GeV/c)
events / (0.01 GeV/c)




CV-m° Background

e 1 productions at CV
- data: 17 events, MC: 18.216.1 events
® BG sources: multi m° production,
m° * neutron hit

» experience in Run-I
- worked well at the downstream 0 e
- BG estimation w/ MC 200 250 300 350 400 450 500 550 600

Z(cm)
* Nap/N 5 = Nap/Nap —

cut8 el

Nap Nap 4 T
N7 it Wi all Fhe. Guts.

@Nbg:NAB:

e Cut sets
- sef-up cuts
» m° cuts
- set A
» veto cuts
- set B Nas
» photon cuts

rejected

events /7 cm

. >
rejected ¢,

e Result
- 0.08+0.04 events




CV-m°® Background

e 1° productions at CV
- data: 17 events, MC: 18.2+6.1 events
® BG sources: multi m° production,
m° * neutron hit

» experience in Run-I
- worked well at the downstream oF e
- BG estimation w/ MC 200 250 300 350 400 450 500 550 600

Z(cm)
* Nap/Na5 = Nap/Nzp Cut B : : : : : d ' :
R o el gedata i
_ _ Nap-Nap 4 E L -MC
& Nog = Nap = = — g wi/all the. Guts

° ?uf sefs rejected _ IV_
set-up cuts AB
» 0 cuts
- set A
» veto cuts
- set B Nas
» photon cuts

events / 7 cm

, >
rejected ot

e Result
- 0.08+0.04 events




Improvement in the Upper Limit

e Upper limit
- New result by E391a Run-II 1 ¢
¢ 10 i Littenberg
- KTeV 2f
> IO—YY 0}
. Br < 1.6 x 10°° x 24 10 ¢
» mMO—>etey 10 7 e E731 (e+e'y)+_
- Br<59 x 107: x 8.8 e  Eee
- Run-I lweek P
» Br<2.1x107: x 3.1 10 * &K ey
10| " ESS anew

e Future Plans ) 10 ;Grossman-Nir limit -
- E391a Data Analysis -9} fromresults on K’ — nt'vv

» Run I : remaining data sample 10 ¥

(X9 of lweek) 10 1 7 SM prediction

» Run III: ~70% KO of Run II 10 | E14 (Step-1)®
- Further optimization 10 2L

v Final result combining all runs 10 13} E14 (Step-2)®
-14§

- 0] ol
KOTO (J-Parc E14) R&D 10 =900 1995 2000 2005 2010 2015 2020
» E391a detector + many upgrades YEAR
- CsI : 7x7x30cm3 — 2.5x2.5(5.0x5.0)x50cm3

- CCO2 : full active, fine segment




general



Introduction

Physics of KL=y v

. BEK —>nOv vz HIBDH7?
. IBERIATEMED /NS W (~H%)
"gold-plated” mode

. CKM matrix®ERKD n = EEHE
DM Br(mOv v)«<n?2 : CPO#IE
New Physics\® ~70O—27

I'I'

BFREF% & DR
FEEATE

. Dkth =25 x 101
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Introduction

‘Experimental Principles

E Do THIRRE
Kimmlv Vv%ZIDI5DM7?

11 ”

+
2y = Csl AU X—% (B, TxRILF—
nothing — &% & D veto&R [tz

nTODBEEZIRE U CHEUEZH

M(7O) = E1E2(1-cos 6)
RN EHEOEHIEICL T
signal region%z ;#R9 3%
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Introduction

‘Experimental Principles

E D> THRIREE
KL=mOv v Z#IDIT2DH ?

11 ”

+
. 2y = Csl AU X—% ((fIE, TRILF—
. nothing — &8 %Z%& S veto& 28

TODBEEZIRE LU CHREUEZH
M(7O) = E1E2(1-cos 6)
. FIEREHOEEFIEICK ST
signal region%z ;#R9 3%
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Introduction

Concept of Detector
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Introduction

‘.‘;_Céncept of Detector

Vi
¥ | Charged Veto
photon veto

33
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Introduction

Background Events - KA fEFiiR
- KLEBEAXD/NY 7T S5D VR

1. KL=270 (—47)
ADD y DS E2D%Zmiss

2. Ki—=m+tmmo
2 DD EIEBENTZMISS
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.Ba'ckground Events - /\

. \O—HEF
E—ADEEICHEFH RS
—tRhgs & RID LT n0% &Rk

. CCO2/\w T2V
r# RO IR F—ZELLEEZS
. CVI\wOTZIVR
rifOIRIF—Z5<HEEBZAS

core neutron

. CV-nI\yv O TZ7VR

— M II‘/'

CCo02

|=

Introductlon

FHEIR

CV-n0

S i I
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Signal region vertex

neutron H i
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Signal/back ground summary

K —>nlvv 2. 740. 05
K —>nn" 1.7£0. 1
K> 0. 08+£0. 04
K—>mev 0. 02+0. 001
Halon BG GV-n® 0.08
GV-n 0.3
R fipads A
— Kaon BG
- fast simulation &1k H2FDILE [Lresponse function TEEAT

— Halon BG
e full simulationlZd& 5 :E4f




