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[Physics Interest of K, - n*rre*e'}

Q Occur via 1*ry” intermediate state
Q Two dominant contributions to Tttry’
O Bremsstrahlung related to K; - 11T
> CP-violating
O Magnetic-type direct emission
= CP-conserving
O Interference between Two
=> CP-violating y* polarization

—Two dominant contributions to Tttty ——

IB T M1 TT
y*
It . It
Y
Internal Bremsstrahlung Magnetic dipole component
CP even CP odd
- J
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(Physics Interest of K, - m'me’e” |

(,\ > > > > I
2=(Py +Pr )/ [Py +Pr|

-

— CP-reversal

coshp —» cosd

Ne=(Pr XPy )/ |PrxPy| —>

>

N =(Pe xPg )/ |Pe xPs |
g J

21T—<1)i

»

¢ - 21m- ¢

sinp — - sind

dlr

do

= Flcoszq) + Fzsinzq) + [[3sin¢ cosd

=> A good testing ground
to study CP-

violating phenomena
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Theoretical Prediction
(D Br(KL — T[+1Te+e_) |:|3X]_O'7

Experimental Status

Q Br(K; — TrTre*e’)<2.5x10

M. Y. Balats et al. Sov. J. Nucl. Phys. 38, 556 (1983)

-

‘0 Br(K, - TTete )<4.6x107 (M,,>4MeV/c?, 90%C.L.) |

T. Nomura et al., Phys. Lett. B408, 445 (1997)
KEK-E162

( N

Q Observation of the decay mode K, - m'mre’e"

Y. Takeuchi et al., Phys. Lett. B443, 409 (1998)
KEK-E162
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s KO Beamline N
| | | | |
Primary beam || | || : Detector Area
— IE] ﬂn':'*" ******** = - J:E ———— —..}::::‘:::—::5::—::—12211{#%2{{525:%:5:5}:f:‘f}:f}:{* -
I:l ﬁ [ [ il . Neutral Beam
[TTTTT] HEEN KL.n,y
BS1 H24 BS2 Target D1 | D2 D3 Decay Volume
[Vertical Direction of Primary Beam] Y-plug + Collimator , ]
A=+2deg. ---- A=-4deg. ===> -2deg. + Beam Dump ’gs \H/illjlznm
L L L L L L L L L L L L L L L L L L L L L L L L
-5 0 5 10 15
I:l Heavy Metal |:| Heavy Concrete I:l Iron Distance from Target (m)
- J

— KEK 12 GeV/c Proton Synchrotron—KO0 Beamline —

Q Primary beam: 12 GeV/c proton 1 x 102 ppp
A Collimator aperture: £4 mrad (Horz) x+20 mrad (Vert)
Q Target: Cu 60mmix10 mm¢ 2° Production

~Decay Volume —filled with N
A Helium 1latm (3 beam cycles in 1996)
=> Helium Run

d Vacuum 8x103Torr (5 beam cycles in 1997)
=  Vacuum Run
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X-X'

N

U-U ¢

Decay Volume

V-V’

E162 Detector |] [ 1 e
Plan view -
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- | g
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e h\::ﬂ\ig E/p=0.201
R E/p=0.965
0.5m E
1m o
Magnet Csl

DC1DC2 5kG GC DC3DC4 calorimeter
TCO

TC1 TC2 TC3

-1

| /77 \\\\

/

/|/|/

Z
X B 7

g Beam direction

Q Spectrometer
O Analyzing magnet (AP, = 136 MeV/c)
O Drift chambers : 4 setx6 Layer(X-X',U-U’,V-V")
A Calorimeter
O Pure Csl (70Omm x70mm x 300mm)
15(X)x18(Y)x2arms
A Gas CherenkovCounter
O N, at1 atm, electron ID
A Trigger hodoscopes
O TCOX, TC1X, TC2X/Y and TC3X

L LSS

15(X) x 18(Y) [

_—

300 mm gap
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[ Trigger for K| - mw'wre’e" ]

Policy
O Charged Track = 3
O Electron like = 2

——Level 1 (NIM logic) ——
O N(TC23)=3

N(TCOX) = 3

N(TC1X) =2

N(TC2Y) =2

N(GC) =2

N(CSIX) = 2

N(CSIY) =2

- J

Trigger rate : 490/spill

0000 O0

— Level 2 (Hardware Processor) )

Q Coarse Tracking Processor : CTP
O N(electron-cand.)>2 (=1 in each arm)
O N(tracks) = 3

Q Cluster Finding Processor : CFP
O N(electron-cand.)>2 (=1 in each arm)

Trigger rate : 170/spill

-
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[Upstream Trigger Hodoscope TCOX}

o I
reor 1) e

AMP
PMT [ ]

Upstrea
900mm B
I

Particle

TCOF

A Two layers of plastic scintillators
O 1.5 mm thickness with 900 mm length
O 2 MHz/PMT (Inside beam region)

T T TV % i

AND

Downstream

TCOR

Q Efficiency for K| - m'mre*e” (Trig.3 : TCOX = 3)

84%

A Trigger Rate Reduction (Trig.3 : TCOX = 3)

[11.8
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[Analysis Overview}

Normalization Mode Signal Mode
KL — T[+T[FT[% KL — T|:+T[—e+e-
- ooty

O Large branching ratio
O Similar topology to Signal

—— General Event Selection N

O Event Topology
mw, 1, e and e with Good Vertex
O Background Rejection

||
[ Candidate Sample ]

e

Normalization Mode ~—— Signal Mode ——
O™ - e*eyID O 1 Inclusive Cut
O K, mass , 62 O xp Cut
O K, mass, 62
I O B.G. Subtraction
\ J
[ |
[Reconstructed n*n'n%] [Reconstructed n*rre*e']

A 4
(Final Results)

{Systematic Error}

Estimation

-
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[General Event Selection}

4 Event Topology

> T, TT, €' and € with Good Vertex

A Background Rejection

O Photon Conversion
K; - (0 - 2y) with y-conv. = 1M
K; - mmy with y-conv. = T1fre’e”

Mee=4 MeV/c? and Nghare <8

O Pion Momentum Blance

— Pn+ B Pn'

Pt + Py

91 Nuclear interaction event

+-

9 t-> uv decay event
=> Large asymmetry in pion momentum

[|A+_|<o.5]

Y. TAKEUCHI —
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[Event Reconstructlon]
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——Particle Identification N
@ e e
S 5 5 5 3 5 3 3 5
S 10000 R ERRRRRRRE e SRR SEEE  E LEARTEEE :~
L | | | | | | | |
5000
O | | | | | | | | | | | | | 1 1 1 | | | 1 | | | |
O 02 04 06 08 1 12 14 16
E/P
4 N
d Electron : |[E/P-1.0|<0.1 with GC cell hit
A Pion : E/P<0.7
A Photon : Neutral cluster with E=200 MeV
- J
o J
— Vertex Finding 2
Q Vertex x2 definition /
d. 2 _ i-th Track
Xo=2 l /
v & 0,(2;, pi) %
0 Vertex x? Cut
> X2< 20 Track-Vertex distance di
d Vertex Position
=> Beam region in the decay volume
o J
o
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[Normalization Mode }

KL — WWT[%(T[% — e*e'y)

A Existence of Photon candidate(s)
A ° - e*ey Identification (T° mass cut)

. 0,=4.6 MeV/c?

1000

Events

500

| | | | ‘ | L
100 120 140 160
Meey (MeV/c?)

Q Invariant Mass of 're*ey = K, mass
(K_ mass cut)

% i ok =5.5MeV/c?
O 2000 |-
Lu |
1000 |-
O i L | | |

500 550
M eey (MeVic?)

450

-
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p
[Normalization Mode]
O Another kinematical constraint (82 cut)
— Target Reconstruction Angle ~
Production Target
S
Vector sum of
—- all decay prqducts -~
After ™ mass cut
(% B (\’I\ 100 i
C © i
@ ©
&1 2000 s 80¢
i e 00p
1000 40
i l 20 -
0 i L ) U R 0 - S
0 10 20 30 450 500 550
82 (mrad?) Mreey (MeV/c?)
12212 events reconstructed
with less than 1% backgrounds.
k
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‘Signal Mode |

Q Overwhelming backgrounds from 1t

Br(K, - Tt
(K, 5)  H5x10f

Br(K, —» m're*e’)

82 (mrad?)

> _J
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g
0 Inclusive Cut
Q If y exists and Mgg, [ M0
=> Reject
O Reconstructed m'rmd > Reject
O 10 inclusive nuclear interaction = Reject
S 160 v
&)
=
)
o 140
=
120
100 1kr;}x1 P 1-1 I R
450 500 550
M e (MeV/c?)
A Over-veto probability
= U1%
-
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[Backgrounds from K_ - 1t with missing y}

d Assumming existence of a photon
with an arbitarary momentum Py

Q Define x3 as

I\/Ieey' Mno
On

X6 (Py) =

O Choose Sy minimizing x3
O K, - m'rrmg origin
= x& is expected to be small
with an appropriate I—5y

Reconstructed 'TTd events

+++++++++ S T e

Events
|_\
o
w

T TTTTT I \HHHI
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o

=

=
Q
[

O T TTITm FUuuwy
=
w
N
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After T° inclusive cut

0 C f ; ; ; ; ; ; : :
© 104 L
(] - : : : : : []: mmtmpy MC
= 103 L SUUUR S SR
LIJ E . . p .
102 % ................................... Lo DR U bl
100 T e S
T SR T S ity TTT .......
1E : : : : : : : :
10 .E_I‘VlrlriVirlrlrVIVIV.”IVIVIVVIV.VI”IVIVIVV.VIVirlrlr:VIVIVIVVIV.VIVVIVIViVir. |IIIIIIII

0

=> Most of events are consistent with 't origin

1 2 3 4 5 6 7 8 9 10

Vx2

0 —

" 1wy MC

s 07 F . mrde MC

S - ® E162data

o 10

s, tove

Z 1L .o T ? .
6t [ -]

) e T
10 \ \ | e
0 5 10

Events with [M;pee-Mg, [ <50x &

Qx3>17
O Efficiency for t're’e” : 92%
O Rejection for ' : 99.7%

62 < 20 mrad?
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After X3 Cut
—~ 100 = + —~ 100
o e+ < *
-('SU 7%. . E162 dat-a'. -(EU o T[+T[-T[% MC
E 2 + =
— F ~—
~ e o% +++ .3
D R o o .
% .
50 [* . .
# % . .
o 40 ;
ot + 7 20 5{
7}.0. + oo ..0.
07~.‘°.‘|“‘.L‘.j-““|“‘ 0 .::{:'\ol\\\ﬂ‘.\\\\l\\\
450 500 550 450 500 550
M e (MeV/c?) M. e (MeV/c?)
+ Helium @ Vacuum
15 events observed
in the signal region
~— 100 ~— 100
‘-\'% Vacuum ‘3'% ' MC
e 20 (iii) (iv) e 80 ) (iii) (iv)
o 13157 12%¥35 | 0%00 ~ 1 256+23 99+15 | 02+02
Do 60 D 60 E
40 f 40 j
20 (i) (v) 20 (i) (v)
24+ 49 0+0.0 {f 237+2.3 0+0.0
0 7\ - 1 L1 ol ‘ [ 1 | 11| 0 \_\_A;\ 11 I 9 ‘ [ 1 | 11|
450 500 550 450 500 550
M, e (MeV/c?) M, e (MeV/c?)
O Backgrounds are consistent with 't MC (Vacuum)
O Uniform backgrounds in M pee-82 plane(Helium)
w Nuclear interaction events
-
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[Background subtraction }

Q Backgrounds have no structure along 08%-axis
O Project events with | Mypee - My, [ <3 0 onto 92-axis

15
[ ] n+n'n% MC
@® E162data

Events
®

10 _
Signal Control

H

| wm%

6 mrad

\ T T T \ T T T T \

O Clear peak at 82=0 only in the data
O Uniform backgrounds along 82-axis

A Control region
30 mrad?<62<100 mrad?
Q Renormalize 't MC with
the number of events in the control region
=> 1.5+ 1.0 events expected in the signal region
A Final signal events
15-1.5=13.5£4.0
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[Calculation of Branching Ratio }

N N(mt'rre™e”) 1
Br(K, - mmre™e”) = X
A(mt'rete )M (mrreTe) F(K))
: Acceptance
. Efficiency

: Number of observed events
: K flux

mz3 >

Br(K, - mt'rre*e’) = Br(K_ - 't
A(TTTTTd) y n(rrrmd) . N(rr're’e’)
A(m'rete’)  n(mrete’) N(rtrrrmd)

TR wete
12212 +110 | 13.5+4.0
A 9.77 x10* 2.64 x 1073
n | 0.0529 0.0723

Z

= Br(K, —» m'mre*e )=[4.4+1.3]x10”’

-
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Summary of Systematic errors

Source Uncertainty
K. momentum spectrum 4.8%
Acceptance

Efficiency Matrix element 3.9%
Others 3.1%
Background subtraction 7.4%

Number of ) )
Events Nuclear interaction 3.6%
Other contamination 1.4%
Br(K - ') 3.1%
Total 11.3%
Statistical error 30%

[Br( K, - mmre*e )=[4.4+1.3(stat)+0.5(syst)]x 10'7]

N\
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[ Summary & Conclusion }

A The decay mode K, - tm'mre*e"
O Theoretical interest : CP-violation phenomena
O Br 03x107 ( Prediction )

Q Experiment conducted with KEK-E162

A 15 candidates observed with 1.5 background level
O Clear evidence of K| - 1t'1re’e"

0 Normalization mode : K, - g (1 — e*ey)
O 12212 events with less than 1% B.G.

Q Br(K, — m'mre*e )=[4.4+1.3(stat)+0.5(syst)]x 10/
=> consistent with
theoretical prediction and
recent measurement at FNAL (KTeV)

Br=[3.2+0.6+0.4]x10"/
J. Adams et al., Phys. Rev. Lett. 80, 4123 (1998)
based on 36.6 events

( N

We have established
the decay mode K, - mm'mre'e".

N\
17-Jan-2000

Y. TAKEUCHI —



