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KOTO Experiment ¥ i

MICHIGAN

SM
d - d
o Study K ->1%v decay KL W 170
« Branching ratio (SM): (3.0+0.3) x 101" : — ¢
e observe one event in ~300 billion events 28 " y
e 2013: 24 kW
2015; 24 kW ~ 42 kW V
2016: 42 kW |
2017: 12 KW ~ 42 kW New Physics
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S d
X0
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KOTO Experiment at J-PARC & YoRg =

MICHIGAN

e | ocated at Tokal, lbaraki, Japan

5
50 GeV proton synchrotron Production target(T1) q—-aﬂ "L Phase Il
e Extension
sansasasmsmie

o

& FRE. FPERES

dmn

Hadren Hall Beam dump

Nuclear
Transmutation

(Phase 2)

e

Neutrino to
Kamiokande 3

3 GeV Rapid Cycle

Synch. 50 GeV Main Ring

J-PARC = Japan Proton Accelerator Research Complex
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KOTO Detectors

MICHIGAN

* KL->1OvW signal characteristics:
o 2 photons on Csl calorimeter
e large Pt

Csl calorimeter
FB NCC MB CvV CCo04|1CCo05 ICC06 pld BHCV BHPV BHGC

.!‘illrl |

HINEMOS | BCV LCV OEV | [CCo03 IBPCV New BHCV BPM

— Csl Photon Detector
Photon Veto
Neutron Counter

— Charged Particle Veto
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KOTO Detectors

MICHIGAN

* KL->1OvW signal characteristics:

— 500
< eoE
« 2 photons on Csl calorimeter Ejﬁg_
=350F Signal region
* large Pr £ 300 1 30005000 MM
= 250F '
5233_ Pr:130~250 MeV/c
& 150F Blinded region
100E Zu: 2900~5100 mm
- o] Pr120~260 MeVie

Recn’ Z , [mm]

Csl calorimeter
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KOTO Analysis

MICHIGAN
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K. Scattering * e

MICHIGAN

e (Current reconstruction method reconstruct K. onto the beam line

KL scattered upstream of the detector (vacuum window) allows 2-photon
decays appear to have large Pr

KL->mOvw background candidates with final production of 2-photon decays:
> Kie->vy
» Ke->mtmd

Csl calorimeter
CC04 CC05 CC06 Old BHCV BHPV BHGC

K| i : e e 1 (RN RERERRRRRNRY

J

Vacuum T r T r F 1 F 1 1 f
window / /
HINEMOS BCV LCV OEV  CCo03 BPCV New BHCV BPM
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KL->yy Background ¥ i

MICHIGAN

o Scattered Kpintroduced Ki->yy event

Csl calorimeter
CC04 CC05 CC06 Old BHCV BHPV BHGC

K| et : A e o S =1 NRRRNRERERRRENE

i

vacuum
window

HINEMOS BCV LCV OEV CCo03 BPCV New BHCV BPM
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° Pt [MeV/c]

KL->yy Background ¥ i

MICHIGAN
K .
o POTMC _ BR K Lsmulated< ﬂ
-> X UX
(KL->yy) X Ko Modc BR
- 0 —1
POTpata K; — 37 (1.952 £0.012) x 10
« POT scale factor = 50T Ky — ntn—0 | (1.254 £ 0.005) x 10~
MC K1 — 20 (8.64 £ 0.06) x 10~
Kr — 2y (5.47 +0.04) x 10~*
e BGpata = BGumce x POT scale factor
MC with kinematic cut MC with kinematic cut, veto cut, shape x?2
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KL->m+mrn? Background ¥ it

MICHIGAN

* Scattered Ky introduced Ki->m+mmf event with i+ and - going
down the beam line

Csl calorimeter
FB NCC MB CvV CC04 CCO05 CC06 OldBHCYV BHPV BHGC

Al n EH‘ H |
N —= 1] AR
vacuum I
window

HINEMOS BCV LCV OEV CCo3 BPCYV New BHCV BPM
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K.->mmn? Background

MICHIGAN

e POTyc = KL simulated
BR(KL->11+117110) X KL fluX

POTData
POTwmc

e POT scale factor =

e BGpata = BGume x POT scale factor

MC with kinematic cut MC with kinematic cut, veto cut, x2, and more
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KL Scattering - MC R =

MICHIGAN

* Tag KL across the Z0 Al target and scale to vacuum window

» Al target
thickness: 5 mm, p = 2.699 g/cm?3
»  vacuum window (Kapton)
thickness: 0.125 mm, p = 1.42 g/cm3

Ovac X thicknessyac
Pal X thicknessa,

= 76.03 x scattered K a|

scattered KL vac = scattered K al X

CsI calorimeter
FB NCC MB CvV CC04 CCO05 CC06 OldBHCV BHPV BHGC

/0 Al target

— \nw%

2nd collimator & -
vacuum

window HINEMOS BCV LCV ~ OEV  CCO3 BPCV New BHCV  BPM

Tag
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KL Scattering - MC * e

MICHIGAN

* Tag KL across the Z0 Al target and scale to vacuum window

» Al target
- thickness: 5 mm, p = 2.699 g/cm3
»  vacuum window (Kapton)
- thickness: 0.125 mm, p = 1.42 g/cm3

Ovac X thicknessyac
Pal X thicknessa,

= 76.03 x scattered K a|

scattered KL vac = scattered K al X

2nd collimator

vacuum window
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KL Scattering - MC e

* No cut
e Scatter rate at Al target: 1.17%
e Scatter rate after scaling to vacuum window: 0.022%

next: kinematic constraint

2
Scattered KL PT MC_Al Scatter

. Entries 251

_; Mean 5063

| RMS 5019

Ll Underflow 0

‘5 Overflow 1
S =3

N B A Ilﬁlllllllﬂlllllllll

|
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KL Scattering - Data

MICHIGAN

 Use removable Al targets to obtain scattered K. beam protile with
KL->19m0m0 mode Eom.

~ 600~
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e |deal Pt for K-> is expected to be 0 MeV/c
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KL Scattering - Data * e

MICHIGAN

* Apply kinematic cut on data

* The data agrees with the MC that small number of KL scatter
 DVU Al target
e without DVU Al target

KL Pt (Al vs. no Al)
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KL Scattering - Data

MICHIGAN

with DVU Al Target

N
o
o
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Summary

MICHIGAN

o Scattered KL could allow 2-photon decays to have large apparent Pt and
contribute to background of K ->mo%V signal

KL->vyy

KL->11+77 170

« MC shows 1.17% of KL scatter at Al target

* Preliminary study on Al target data verifies scattered K. can produce large Pr

e [urther study is ongoing

DPF 2017 - Aug. 2nd, 2017 18 Stephanie Su: stephsu@umich.edu



