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what’s KOTO?



K = 1TOVV

KOTO : Br(K.—1°V) measurement in Japan

d d
<
s V. - d4in SM, CP violation is caused by

imaginary part of CKM matrix elements
Z0 \Y;

Br(KL—21VW) « | Im(Vea ) |2
3¢ theoretical uncertainty : 1~2% only
=sensitive to new physics beyond SM
¢ SM expectation : Br(KL—1r°vVv)=3e-1 |

upper limit = 2.6e-8 (90% CL) by KEK E391 A
= high intensity K. beam @ J-PARC



strategy

Csl

* Only 2 ys from T1% are observable

—undoped Csl calorimeter
o KL= TT%V has an unique final state

2y + Pt

0 0
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Photon Veto

dS an unique tinal state

2y + Pt
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strategy

we can reconstruct TT° from energies and
hit positions of 2ys, assuming Myy = Mo Csl

KL= TtV has an unique final state

2y + Pt
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KOTO detector

Csl calorimeter
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KOTO Csl calorimeter
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* consist of 2716 crystals

22\ * used in KTeV exp. at Fermilab

* undoped Cisl

*length:50cm(=27Xo)
—ensure good energy resolution
= good TTY reconstruction

* cross section: 2.5x2.5cm, 5x5cm
* smaller than Ry (=3.57cm)
—shower shape information
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Csl calorimeter resolution

* measured using electrons from K_—TreVv decay
in 2012, before installing veto detectors

KL
beam \O\O ;"Jlllllllllllllllllllllllll_'| [
A T 1T r5r T T 1T T 717 /

fm im 2m 2m m Sm Hm m S

im
| | | L | | | | | |




Csl calorimeter resolution

* tested using electrons from K_—TTeVv decay
in 2012, before installing veto detectors

magnet
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Csl calorimeter resolution
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subtract the contribution
of materials and
spectrometer resolution

oe/E = 1.9%/VE[GeV]
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pos. resolution
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position resolution

pos. resolution
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black: Data
£ red: MC | TR
= == subtract the contribution
é‘ ol of materials and
f spectrometer resolution
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Ox [mm]= 1.8F 2.8/VE[Gevi® 1.73/E[GeV]



Shower Shape Information

e fusion BG discrimination

e Y angle discrimination



shower shape cut

shower shape information is useful
to reject some types of backgrounds

ex) 21t° fusion .
looks like

one gamma
= fused cluster

. \

o * only | extra gamma
to veto
, / e similar kinematics as
missing TOUV

gamma 8



fused cluster

fused cluster single photon cluster




ShaPe X—,a—-ﬂmulatlon

" ‘observed shower (data) |

=E_measured[MeV] |

—0Observed=

)

average shower (MC) |
—E_s|mulated[MeV]

2 E :(Emeasu'red — Esimulated )2

RMSsimulated
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fusion BG suppression

shape X2
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90% BGs are rejected with 85% signal acceptance



Y angle from shower shape

can derive Y incident angle from shower shape
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N background

ex) beam neutron interacts
with material = n—y

we reconstruct 2y vertex assuming 117,
but actually n material
2
T o
T
cos =1 .
2E1 E2 e
reco. TTV e
........................ 22V Oree /) Oerue—
@rec < @true ..........

=angle discrimination helps 1° identificati@
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strate
~ |Observed|

for angle discri.
. simulation

%expectatlon (case of r])
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likelihood

1~‘Eﬂﬂmulatlon

" 2D PDF (case of n)

calculate Likelihood
for each assumption ( L Ly )

Li=]11 1] PexlE), dr.0:5.0 ;) |

73y x,y kirow

(i=Tt,Nn)

PDFs are prepared
for various E, P, 0




likelihood ratio

apply cut for likelihood ratio
Lo

Lo+ L, ) n BG rejection
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94% of N BGs can be rejected with 90% efficiency
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summary

« KOTO = measurement for Kp—1vv
e observe 2Y from T1% with the Csl calorimeter
® beam test in 2012

oe/E = 1.9%/+E[GeV]
Ox [mm]= 1.8 F 2.8/VE[Gev](# 1.73/E[GeV]

 shower shape information is useful
* shape chi2
* 2110 fusion BG — x |/10 (85% signal acc.)
* angle discrimination

*NBG — x 1/20 (90% signal acc.)



back up
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ene. and pos.
resolution
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=E/p '(data w/ e selection) .
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* in data analysis,

Csl calibration constants are
decided using Ke3 calibration
method.




Q.
N
L

1.3rmm

1.2E

500

electron momentum [MeV]

E(by Csl ) / p(by spectro.)

E resolution

= g

II'BOO

—250

200

E/p variance (Og?)
N

150

100

1500

2000 * o 1.

—— materials

— spectrometel|

31

10

00

electron momentum [MeV]



source of energy (MC study)
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FADC ground noise

* FADC pedestal fluctuates due to ground noise (0~2.05cnt)
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pi0 reconstruciton
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how to reconstruct TT°

>
beam-axis

* suppose
Energies and
positions of

2Ys are measured
with Csl

Csl calorimeter

35



how to reconstruct Tt

assuming...

* 2Ys from TT°

(g1 + (J2)2 = M 70

m2

= =1 T
COS 2,

1Y generated on
the circle passing

through r,r
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how to reconstruct Tt

assuming...

* 2Ys from TT°
(g1 4+ q2)° = Mo
>

m2

= =1 T
COS 2,

V(0,0,2)

e TT9 on beam-axis
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clustering procedure

38



clustering
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clustering

s .5—-‘!‘ »
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clustering
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clustering
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N backgrounds



impact of angle dlscrlmlnatlon
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Events / ( 0.002 GeV/c?)

MC reproduction

10 ny
wo / ’ *

Invariant mass ( GeV/c")

Al target run in E391A




Probability Density Function

prepare PDF for each incident angle

L, = HH H Pek|Ej, di, 0ij, b ;)
7Y *,Y k;row

PDF in a certam condltlon for each |nC|dent angle

T A

k' 102 1
row energy / total energy

ex/E;
|

o« probability density
2
|
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likelihood ratio

apply cut for likelihood ratio
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shape chi?2
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calibration |: cosmic

Integrated FADC
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(F1 + E2)? — (P + Py)?

800

600

400

200

-200

-400

-600

-800

calibration 2: K = 31T1Y

TT% mass constraint

M?,

T

l50(

—40(

—30(

—20(

—

:
iR
IIIII HE

g

10(

' 0

-800 -600

-400 -200

0

200 400 600 800

KL mass constraint

(X ) - (2r) -y

— can calculate a given Y energy

from other Ys energy

Reconstructed Mass with 6 G

amma Event

hisMass6GammaRec

45000 :_ ................... ..................... |l ....................... ...............

N/1Mev

40000 :_ ................... ....................

35000 :_ ................... .................... .

30000 :_ ................... ............................................ ...............

927651

517.9
RMS 51.15
Underflow 127
Overflow 9.909e+04
Integral  8.284e+05

Entries
Mean

25000:_ ................... ...................

20000:_ ................... ...................... ..................

15000 :_ ................... ...................... ...................

10000:_ ................... ...................... ..................

O:'

5000:_ ................... ...................... ..................

_w/o cuts

51

IIiIII
600

M, [MeV]

e e
650

700




Waveform readout

* 14bit FADC

* to record waveform

e to form triggers digitally
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Neutral beam line

Beam plug
KL 1st collimator

\ Sweeping magnet

KL 2nd collimator

KOTO detector




