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whatOs KOTO?



KL= 1TOVV

,050 e« Br(K !" 9##) measurement in Japan
d . d
s W \/q'_~d4JO 4. $1 WIPMBUJPO JT DBVT

JNBHJOBSZ QBSU PG $,. NBUS

A Y,

t

Br(K L!"  O##) « | Im(V w ) |?
Y% theoretical uncertainty 1~2% only

=>sensitive to new physics beyond SM
Y% SM expectation Br(K (!" O##)=3e-11

upper limit = 2.6e-8 (90% CL) by KEK E391A
= high intensity K L beam @ J-PARC



strategy

Csl

¥ Only 2ys from 1t are observable

—undoped Csl calorimeter
¥ KL~ 1%V has an unique bnal state
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Charged Veto

Photon Veto

K = T1tVV |

2% + Pt

v v \ - - v




strategy

we canreconstructTt® from energies and
hit positions of s, assuminiyl,y = Mmo Csl
KL reco. TV
—) '.".' """"""""""""""""
Pt r ~~:~ .....
~~~~ .Q

KL= 1%V has an unique bnal state

2% + Pt
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KOTO detector

Csl calorimeter
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gamma energy

arbitrary unit
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KOTO Csl calorimeter



_Csl calorimeter

Wi ‘s¥diameter :1.9m
Wi A\ Yconsist of 2716 crystals
s s * sy y
s ‘ ¥ used In KTeV exp. at Fermilab
| - it ¥ undoped Csl
i
: ¥length:50cm (&7 Xo)
n —ensure good energy resolutio
= good 1T¥ reconstruction
¥ cross sectior?.5x2.5cm, 5x5cm
¥ smaller thamy (=3.57cm)

—shower shape information
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Csl calorimeter resolution

¥ measured usimngectronsfrom K_.—T1rev decay
In 2012, before installing veto detectors
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Csl calorimeter resolution

¥ tested usinglectronsfrom K_—Trev decay
In 2012, before installing veto detectors

magnet

beam drift chamber
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Csl calorimeter resolutiot

E resolution
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DOS. resol
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position resolution

POS. resolution

7] N S —
= black: Data
E o red: MC ]| subtract the contribution
$ of materials and
: spectrometer resolution
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O [mm] = 1.8 & 2.8/ &E[cev] ®1.73/E [GeV]



Shower Shape Information

¥ fusion BG discrimination

¥ $ angle discrimination



shower shape cut

shower shape Information is useful

to reject some types of backgrounds
n Q :
ex) 2" "_fusion looks like

onegamma
= fused cluster

<

¥ only 1 extra gamma

to veto
| / ¥ similar kinematics as
missing OV

gamma 18



fL

fused cluster

sed cluster

local-maxHmiH
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—0Observed

| Observed shower (data)

2
Shapex—,a—-simulation

|
| average shower (MC)

=E_ simulated[MeV]

| =E_measured[MeV]

2 E :(Emeasu'red — Esimulated )2

RMSsimulated
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fusion BG suppressio

shape (?
. N Of# 0.98/
5 10 _ | 5096
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90% BGs are rejected with 85% signal acceptan



Y angle from shower shaj

can derivey incident angldrom shower shape
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n background

ex) beam neutron interacts
with material = +! 2%

we reconstruct & vertex assumingrt?,
but actuallyn material

cost =1

L]
-
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for an Ie dISCrl.

simulation
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likelihood

calculate Likelihood

for each assumption (+ Ly ).

Li=|T1] 1] PlexlE;, di,6:5. 6 ;) |

73y x,y kirow

(I=1T,n)

PDFs are prepared
for various E¢®, 0

1

—simulation

'1 2D PDF tase o)




liIkelihood ratio

apply cut for likelihood ratio
Ly o
Lio+ L n BG rejection

1
1 5_ ......................................................................... o 0.99E - ——

bIaCk " O## 0:98§ ___________________________________________________________________________________________
red: + {oeer SRS

D O — — J 0

3 ! 0.95E
3 0.94 .
0.93 . S— —
0.92F—dre S — -
09—t bbb

086 065 0.7 075 0.8 085 09 095 1
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94% ofMm BGs can be rejected with 90% efbciency
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summary

¥KOTO = measurement for K_/I" O##

¥ observe2$ from 11° with the Csl calorimeter
¥ beam test in 2012

%/E = 1.89%/ & E[GeV]

% [mm] = 1.8 & 2.8/ &E[cev] *)1.73/E [Gev]

¥shower shape information IS useful
¥ shape chi2
¥ 210 fusion BG — x 1/10 (85% signal acc.)
¥ angle discrimination
¥n BG — x 1/20¢ 90% signal acc.)



back up



ene. and pos.
resolution
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source of energy (MC study

10°

10*

10°

cluster energy / gamma energy
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o
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photonucl. 1.3%
backsplash 0.25%
shower leak 0.4%
threshold 1.6%
clustering 0.95%
p.e. [Buctuatior 1.3%
nonuniformity 0.85%
ground noise 0.2%




FADC ground noise

¥ FADC pedestal [3uctuates due to ground noze4.05cnt)
=~ 0.2MeV

RMS of ground noise
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PIO reconstruciton



how to reconstructTt®

>

beam-axis

¥ suppose
Energies and
positions of

2YS are measured

with I .
Cs Csl calorimeter
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how to reconstructTt®

assuming...
¥ 2s from 1t
(o + p)° = My
my

|l cosf=1"
2EE>

1% generated o
the circle passin

throughr 1,r2
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how to reconstructTt®

assuming...
¥ s from 1t

¥11%0nNn beam-ax
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clustering procedure



clustering
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clustering

s .5—-‘!‘ »
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clustering
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clustering

HEEE EEN
ATEH EEEEN

HEEEE




N backgrounds



impact of anale dlscrlmlnatl
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Events / ( 0.002 GeV/c?)

]
wo / ’ *

MC reproduction

Invariant mass ( GeV/c")

Al target run in E391A



Probability Density Functiol

prepare PDF for each incident angle

=TI I] P(exlE;. d. 045, ¢ 1)
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liIkelihood ratio

apply cut for likelihood ratio

L 10 deg
L 10deg + L 30deg angle separation
104 HMC, 650MeV ........ | — _+H § MC, 650MeV:

<~30° Likelihood ratio 10°— 0.6 0.8 1
signal efficiency

95% of 20j difference can be4§eparated with 90% efPciency



shape chi2



