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Physics on K; — 7w vU
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- Rare:
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» Accurate:
+ theoretical uncertainty < 2%

+ Good probe for New Physics search



Experimental search for KL= m7Ov v

BR(K; — n'wv)
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Search for K; — nviv and K; — 7 X" Decays at the J-PARC
KOTO Experiment

J.K. Ahn et al. (KOTO Collaboration)
Phys. Rev. Lett. 122, 021802 -~ Published 15 January 2019

IS
‘e,
IS
‘.
I

Indirect Timit,_ Bx, -, < 8.1% 107190 % CL)

...... [
..... 114.8 !
.\—l
(| . .
=) 103.6 36 x BSM
L
w924
N\
I 81.2 28 x B,
N
SM 7o
.... O
~,.. k< 58.8 20 x BSM
"""" I 47.6
et <
...... E’ 36.4 13x Bgy,
O...
...... " 25.2 9x B,
....... 14‘—1 5x BSM
) 29| Bgy
— 11
BR(K+ H7T+VV) X 10 + Buras 2014

Standard Model
3

http://wwwlnf.infn.it/wg/vus/content/Krare.html




Experimental principle

KL= 7m0y v decay

Neutral beam line

target

a

proton

‘2 v +Nothing+P¢

Assuming 2y from 79,
Calculate z vertex.

M2(0)=2E1E>(1-cos 6)

Calculate 79 transverse momentum

Rec. Pt




KOTO detector
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KOTO Trigger strategy

(27 In Csl + Nothing)

Ki—=mO%v v decay

KOXAVERRE—F

pa) sy d
Ki—mev 40.6%
Ki—=m u v 27.0%

KL—>3 0O 19.5%

Ki—mm+m-m0 | 12.5%

Ki—mmrev(muv)

. CsllcKRERIXRILF—IEZK(EL) : 430K/spill

. VetolgHgg ICHith %L (Veto) @ T14K/spill

. Csllc227 2 X% —(Clustering) : 2K/spill




KOTO DAQ #Rg[X] (Trigger&mkiEf)
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KOTO DAQ #ifgE] (Fd it UER)
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KOTO FADCs

loch 14bit 125MHz FADCs 125MHz FADC

L2 5t
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KOTO FADCs

Pipeline&tdd U

pipeline depth = 5.2 Us ADC

Feature 5

] i 8

extraction -

I_

> ’ Core
From other N

channels , Analysis > Collect? —1
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Et/VVeto

Peak needs to be within a timing

window.

. 8nsE\ICEtE

Energy = Function( Peak height )

|

. Et=2 (Energy)

Pedestal . =.® ... V... ... .. = o Driven by calibration.
. Veto=OR(Energy>REi{E) —
Peak timing window Optical Fiber Center (OFC)
. Local CDT N
. CratelIDRFADCH S Crate Csl Et &Crate ——=
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. Optical Fiber Center(OFC) & Cratedn S -
. &CratenSOBHELEHSZ 0% FADC DVeto bit :
CDT i X5




Et/VVeto

KOTO Calorimeter KOTO Charge Veto
! L ! l | | | I | | I l | | | l | | I l | | | l | I | . _l | 1 | I | | I | | I | I | | I l | | I | I I | | I I | l_

—
N
I

-
| |

o
(o)

08— b A— E— A—— S
: : .| Fit by erfc( (x-w)/o)

- | Fit by erf( (x-u)/c ) -

o
»
|

.................. u =529.58 + 0.26

i + | 0=26.64+0.44 -

o =46.26 = 0.89

0.6 I — ......................... ........................ , ......................... , ....... u — 220.89 + 0‘88 p—

....................................................................................................

o
N
o

0.4 __ .........................

Online Trigger Efficiency
Online Trigger Acceptance

T I R e R R R e e R R

O
)

0.2 b U W— S S A, S

| | I | | I | | | ! | | | l | | | I | | | O | | | | | | l | | | |

0 400 800 1200 100 300 500
Offline Total Energy [MeV] Offline Max. Energy [KeV]

E:CalorimeterMEfficiencyldT—% ODAENSKSDIemE DL

12



Clustering
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z: Energy
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Clustering

Trigger efficiency

15



Live Ratio
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DAQ performance

Install extra photon
“veto counter

- ~99% (@5 kW) W

i
37kW | 51kW

Final upgrading:
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Trigger menu® X+ v 7> 3w b
Run79 (2018%F6H) : 51kW

. . #Tri
Trigger D& Triggers&ts Zgﬁler/

KL—m v v Trigger Et+Veto+2 cluster 2.0K
Normalization Trigger Et+Veto 0.7K
Minimumbias trigger Et 1.5K

V
4.6 cluster trigger St+Vetot 7.7K

4 or bcluster

V

3 cluster trigger StrVeto + 1.0K
3 cluster

Sum

13K




Future plan

. Event buildingZz LR TITWL. PCTX Dilin &R =175,

Event-building modules

. 2 Gbps
16 xADC || . >

>

|0 Gbps
—

(complete event)

]

(PC farm)

vy

. : 4 Gbps
. \ Lv3-trigger
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