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Physics motivations

® K —mlvv
® FCNC process with AS = |
® Direct CP violation

® Measurement of the branching ratio

® A(KL—mVV) «Vtd*Vts — Vts*Vid
=2 xVts x Im(Vtd) « n

= Br(KL.—mw) «

: Direct measurement of N
® small theoretical uncertainty
® Br—on:0~1-2%
® Br(KL—21VvV)sm ~ (2.8£0.4)x10-!!

® Unitary triangle by Kaon
® consistency between K° and K*
® comparison with B

® Loop in the diagram (EVV penguin)
® The probe for new physics



The E391a e

%%

® || institutes,~50 members

Dept. of Physics, Saga Univ.
Dept. of Physics, Pusan National Univ.

Joint Institute for Nuclear Research

Dept. of Physics, National Taiwan Univ.

Dept. of Physics, Osaka Univ.

High Energy Accelerator Research Organization (KEK)
Enrico Fermi Institute, Univ. of Chicago

National Defense Academy

Research Center for Nuclear Physics, Osaka Univ.
Dept. of Physics, Kyoto Univ.

Dept. of Physics, Yamagata Univ.

® At KEK 12GeV PS

® Runtime
® Run-l : Feb 2004 - Jul. 2004 Report the status
® new result published with Iweek(10%) data Of Run_”

® Run-ll : Feb 2005 - Apr. 2005 .
® Run-lll : Nov. 2005 - Dec. 2005 full data analysis




le of the experiment

detector

(I) measure the gamma Pt target
hit position and energy
with the Csl calorimeter

!

(2) reconstruct decay vertex

on the beamline assuming
M2y = Mno

!
(3) require the missing Pt
and the decay vertex
in the fiducial region

Z

vertex



@[@muﬂus for KL =110V

® KL decay
® K. —vy
® no extra particles
® cut
® Pt
® acoplanarity angle
® negligible

e KL—’TIOTIO—’4Y
® 2 gamma missing
® cut
® veto counters
® ‘“‘fusion” of gammas
® estimated to be 0.1£0.1 events

@® 11° production by halo neutrons
® others !




Halo neutron background

® 11%s from the interaction at
some detectors

® cut signal region

® reconstructed vertex ® cstimation

® vertices moved by shower leakage ® upstream (CCO02)
and additional energy deposition ® special run
® downstream (CV)
® 110 generation in MC




“Final” Plot

® cut

@® tight photon vetoes

® gamma quality selection

® single 1° event plot
with the full data sample

Pt(GeV/c)

® “blind” signal region
® z:310-500 cm
® Pt:0.12-0.24 GeV/c

® remaining events
® upstream

® downstream

500 550 600
z(cm)

® low Pt events



Pt(GeV/c)

. ow Pt events

® MC result for Halo neutrons, K —2m

300 350 400 450 500 550 600

® no contribution e
= Low Pt events : another background

Halo neutron

250 300 350 400 450 500 550 600 250 300 350 400 450 500 550 600




Eta prod uction MC

® n’s produced at CV by halo neutrons

P — — — — — — = = Lt — — — - —

® could be reconstructed into signal box
assuming TI° mass

® ex.) N generated atz = 570cm

— reconstructed at z = 370cm
600

® MC simulation

550

® The latest hadronic package in
geant4.8.3 (May 2007)

® Binary Cascade model in QBBC
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® number of low Pt (< 0.12 GeV/c )events
at 320-500cm
® data: |8 events

® n MC:768 events
® cf) POT normalization —*data = MC x |.3

® others
® downstream:0.18 events

® upstream: 0.06 events

Pt(GeV/c)
Pt(GeV/c)




Tﬂ] production in the tar:

® check the Pt distribution of n

heutron
L e e ——

Smmt Al target

® Targetrun
® reconstruct 2gamma invariant mass with fixed z

® MC

® tune the number of particles
simultaneously produced with n



m>0.52 GeV/c?

® Pt not required

® number of N event

® data=MCx |.50
w/ invariant mass > 0.52 GeV/c?
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+ data
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® Pt not required [ m>0.52 GeV/c?
® number of N event

® data=MCx |.50
w/ invariant mass > 0.52 GeV/c?

T
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® 110 projection R cut

® Pt/ Pz vs.z-vertex

momentum
direction

KL—'TIOVV MC

-R=2lcm
o cut in Runll




Cuts for N BG (c@n’

® injection angle of gamma

® reconstructed :0ec 00000 R O
angle diff.

® measurement w/ energy shape: 6,

‘ X2 — (erl'erec) / Ori

> E, X [d,P,(cos)]
r,= , P,:Legendre Poly.
E

total

detector center



Result of n BG estimation

® new cuts applied
® -~ 1/10 rejection
® x0.60 acceptance
® 24 events remaining w/ N MC
® X normalization with low Pt events
= 0.43 £ 0.1 events

—
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Downstream background

® Halo neutron MC

® Statistics: |/1.78 of data
® Bifurcation method

® O0.1] eventin the box

N_exp.(halon)
=0.31+0.05
N_obs.= |

Vouny 0.
N
> /
(<P)
D0.35 3
-

0.3

N_exp.

0.2 = = 0.11+0.04
”‘ | N_exp.
= 5e-3

0.1

N_exp.
= 0.12+0.04
N_obs.= |

IIIIIIIIIIIIIIIIIIIlIIIIIIIIIJIIIIIIIII

?00 250 300 350 400 450 500 550 600
z(cm)

0.05

0.3

0.25

0.4

0.35F

5 Halon MC
110 production at CV._ |
F w/o photon vetoes.;;...,

Y
. [

250 300 350 400 450 500 550 600

20,

® data
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Upstream bac

® using target run data

® count the number of events in the box

® BG events
® 320-500:0.32+0.10
® 340 - 500:0.13+£0.05

Entries

Mean

RMS

Underflow

Overflow

Integral 3301
X2 / ndf 45.45 /28
Prob 0.01985
Constant 251.6 = 6.0
Mean 266.2 = 0.2
Sigma 9.831 + 0.174

200 220 240 260 280 300 320 340 360 380 400
z(cm)




Total background

up: total BG e

k. down:cc02 BG
® values of BGs L

® CV:.0ll
® K. —2n% 0.1

® Eta: 043

® CC02

® 2z=320cm:0.32
® 2z=340cm:0.13

® Single Event Sensitivity (SES) 02571 UL,
® 34x10° - FC method
' 2 Poisson stat.

11111

300 310 320 330 340

290 300 310 320 330 340 350

® S/N:x |5 improved from Runl
® Expected Upper Limit
® Br<09xI08
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® Now we understand all the sources
in the 2gamma (single 10) events in E391a

® upstream, downstream
— Halo neutrons

® [ow Pt — eta
® estimation done with a MC based on geant4
® total background level
® ~0.6 events

® To do

® cross check

® further optimization holding background level
= Open the box !!






Xperiments

® extremely challenging
® small branching fraction

® many background sources
® 3 body decay
® weak kinematical constraint

o O
L T VV

® all particles neutral 2o

® Current upper limit
@ Br <2.1x107 (90% C.L.)
® E391a, PRD 74:051105, 2006
® Step by Step approach

® E391a

® The first dedicated experiment
to establish experimental method

® measurement at O(10-)

® |-Parc EI4
. 1990 1995 2000 2005 2010 2015 2020
@® Step-1:8x10'2 event observation Year

o KTeV
o KTeV
o E391a—first

Limit from K* = n*vp E39Ta—
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® Step-2: ~10-'3, precise measurement



Tne 2392 Datacior

Csl - calorimeter
Main barrel CC 03 CC 06

Vacuum vessel

CC 02

Front barrel

*

Charged Yeto.(CV)



® “Pencil” beamline

® 8cm diameter at Csl (I16m from the target)

® Hermetic veto system .

o Neutron

® reject the background from KL —2m°
halo/core ~10-°
® Vacuum

No. of Events/cm2/101°pot

® Evacuate decay region to reduce the background
from the interaction between neutrons and
the residual gas

® Decay region: 10~ Pa Raidus(cm)
® Detector region: 0.1 Pa

® separated with thin material

High vacuum
~107°Pa




MO reconstruction withi 2Y:

assume 2V invariant mass is Mmno

+ d2 — 2d1docosf

- Vi
B




® acoplanarity angle

D signal MC

N s R i~
accepted T | B K= rMC

N~
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acoplanarity angle (deg)




events in the target run

momentum and pt of 1°
limited by the geometrical acceptance

distributions from the target run and physics run
show good agreement
= estimate shower leakage probability

0.1

0.05

1.5 2 2.5 00 005 01 015 0.2 025 03 035 04
p(GeV/c) pt(GeV/c)

=




Normalization

® 3 steps
® beamline simulation (geant3)
® 436.25 halon/ 10'° POT :fixed = Nhaion

® gsim4test (geant4)

® 5xI08 halon incident

® number of collected eta events

® 20555 events : easily change due to the condition to
collect “clean” eta events
® if the condition is loose = many events, low probability to remain in the final state

® gsim (geant3)

® |x|08 eta events generated

® Comparison of Statistics
® POT
® POT in gsim4test: 5x108 / Nhaion = (POTg4)
probability of eta events occurrence: 20555 / (POTg4)

®
® POT in gsim:5x108/ Pea = (POTgsim)
® compare (POTgsim) to POT of data : (POTdata)
® (POTdata)/(POTgsim)= |.4IxI0'® / 1.67x102° = 0.504x10-2

® just compare the number of events in
z: 320-500, Pt<0.12 GeV/c without the (Pt/Pz v.s. z) cut



in gean

“cutoff” t4

0.00246
RMS 0.005747
Underflow 0)
Overflow 111

Integral 5.024e+04

® halon + CV (CCO00, CC02)
® sample: eta produced events

® some structure in the momenta distributions
of produced particles

® condition of particles generated in gsim
® Vs

® p>0.04 GeV/c
® neutrons

® p>0.395GeV/c

Integral 1.939e+04 Integral  1.392e+04

® protons
® p>0.395 GeVic
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GeV/c
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Downstream events

® looking at events with O productions at CV Halon MC
® data: 43 events, MC:51.619.6 events “F m° production at CV__}:#
® BG sources “t w/o photon vetoes :
® multi 0 production
® direct hits of neutrons
® bifurcation method
® works at the downstream
® BG estimation w/ MC to select only CV events

Nxy : number of / cut B 4
A7 S HIEES events w/ cuts 20 250 300 350 400 450 500 550 600
- ejected NaB NzB rejected .
Nas / Nas = Nzs / Nz
= Nas = (Nas x Nag) / Nzs Nag Y passed
>
® cutsets passed rejected  ~yt A
® setup cuts
® “pid“ cuts
® setA
® all veto detectors
® setB

5 500- 510 _520- 530 -540. 550 560 570 _580- 590 600
® gamma selection z(cm)



® estimation by T1° production target run

@® ‘“core” neutrons hit it and produce 1%s

at the entrance of decay region

Smm-thick Al production target

used for correction of calibration w/ known vertex Al target

Half intensity of primary proton

0.

look at the behavior of the tail by leakage

<
>
2]
20.35
-

same cuts for TIVV analysis
~ 3000 CCO02 events (halon MC: ~20 events )

=
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ibﬂ 250 300 350 400 450 500 550 600

z(cm)



sighal distribution
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