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Introduction of the KOTO experiment
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+ Study for the Kp — movv
- Two photons detected by Csl electro-magnetic
calorimeters.
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Halo neutron background

Signal ( K; — 7w ) Halo neutron

neutron
neutron

. :Interaction point

e Single event sensitivity : ~108
e Reduction power of established cut : O(1/102)
e Reduction power of O(1/10) must be necessary to reach SM.

e Introducing Both-end reado;)lt system of CsI crystal



Current readout system

) 50cm :
—_— sl PMT
Beam crystal -

- Currently, we readout the signal only by
downstream PMT.
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Setup of the beamiest

I mainly used this “5cm” square crystal

A
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534 mg/ . eliminated by
cm? (lcm) the magnet |
Om 4.18m 5.68m 3(I)m

6 Stacked crystals (125MHz wy/ filter FADC)
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Deposit energy

Deposit energy
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I used Edep > 50 MeV events
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TOF

TOF (PMT- accelerater RF)
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Beam : Pulse beam (Interbal : 500ns, width of a pulse: 200 ps)
—We can be able to discriminate neutrons & y s by using TOF
Speed of neutron & gamma is different in air.
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Rifi 2% (MPPC-PMT, Edep>50MeV)
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(ns)
e Neutrons and y s have diflferent

timing difference
e We can eliminate neutron event
by timing difference.

FlaElZ= (MPPC-PMT)

vy event efficiency : 90 %
—(Cut efliciency of neutron :
35.5 %

Second cluster of halo
neutron events : reacted @
downstream region

—(Cut efliciency of neutron
is estimated less than 10 %



Method of timing difference

e In order to improve the cut efficiency, I will check next
three method

1. All the events (E>50 MeV)
2. Max deposit energy events (E>50 MeV)
3. Energy weighted timing difference (Using all the

crystals (E>50 MeV)
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Cut efficiency (%)

result

Comparison of cut efficiency

50

e Conditionl] : All the events

e Condition2 : Max deposit energy
events

e Condition3 : Energy weighted
timing difference

e Cut efficiency of Energy
weighted timing
difference : best

11



0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

Simulation w/ real KOTO detector

Signal ( K, — 7% )

light yield variation+noise
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h3
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-2.509
0.6372

Halo neutron

neutron
neutron

‘ :Interaction point

Using larger timing difference

X axis : Timing difference (ns)
Y axis : a.u.

Cut efliciency : 5.8 % (KL->piOnunu : 90%)
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Summary

e We did the performance test of Csl readout system w/
392 MeV neutron beam @ RCNP.

e We can eliminate neutron events by timing difference.
e Best cut efficiency : Energy weighted timing difference
e Lstimated the cut efficiency w/ real KOTO detector

e Cut efficiency : less than 10 %
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Prospects

e Detail simulation of halo neutron background
estimation w/ KOTO detector

e correlation w/ established cut.

e Study of the valley in timing difference distribution of
neutron

e Optical photon simulation
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Backup
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# of events

Total deposit energy

Total deposit energy, Neutron Total deposit energy, Gamma
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H DR ZE 54T (50<Edep<100)
Timing difference (MPPC-PMT)
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IRffE] 22 (400-MeV @ H: 1)

Timing difference (CFTime, MPPC-PMT)
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Photon arrival timing distribution (detect at PMT)
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Effect of crystal joint

Timing difference (w/o joint) Timing difference (w/ joint)
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Joint makes the discontinuity for the timing difference distribution
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Halo neutron background estimation

* To know the cut efliciency for the halo neutron
background, I did the gsim simulation w/ KOTO
detectors.

* Checked the cut efficiency w/ different light yields of
MPPC readout

e Light yield of MPPC affect timing resolution (Light
yield worse — timing resolution worse — cut
efficiency worse)
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Halo neutron background

Signal (K; — 7°vw) Halo neutron

neutron
neutron
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Csl group
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e [ grouped Csl crystals in 10cm x 10cm regions
e For both PMT and MPPC, I summed up the waveforms
* The crystal shown in color were not used
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Event selection

e For both halo neutron events & KL->piOnunu, I only
use the event that can be reconstructed piO

e Also cut by COE, Csl total energy, Cluster RMS

e Only using the veto cut for CBAR & CV

e Did not use max shape chi2 & pulse shape
likelihood cut.
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Light yield of PMT & MPPC

Light yield of PMT (p.e. / MeV) Light yield of MPPC (p.e. / MeV)
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e Took the light yield variation btw/ e Standard light yield for
crystals into account. MPPCs = 4 p.e./MeV
e Mean light yield = 8~-9p.e. / MeV e Also tried 2 p.e./MeV
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Event example (Timing difference of the cluster)

Smaller timing difference Larger timing difference
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On this time, I used the larger timing difference for the analysis.
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Timing difference btw/ MPPC & PMT

Light yield : 4 p.e. / MeV Light yield : 2 p.e. / MeV
h2 h2
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: - 0 RMS 1.483 - - 0 RMS 1.757
04 KL%J‘E vv Entries = 3404 0-12: KL%T[: v Entries = 1884
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0.12(— RMS  0.6372 0.1~ RMS  0.7792
o.1;— 0.08-
0.08— -
n 0.06-
0.06{— -
n 0.04
0.04— -
0.02f- 0.02F
0: mem | 0 =l —

X axis : Timing difference (ns)
Y axis : a.u.

Cut efficiency : 5.8 % (KL->piOnunu : 90%) Cut efliciency : 7.7 % (KL->piOnunu : 90%)
Cut efficiency w/ standard light yield is 1.5 times
better than that w/ half light yield (MPPC)

—It must be affect @ standard model region
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Signal ( K; — 7w ) Halo neutron

neutron
neutron
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