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NAG2&KOTO to measure rare Kaon decay
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Setup and Status
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Setup and Status

Main Target
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Muon g-2,
Muonic Force at NA62
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Muon g-2 and BSM

Effective operator
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Light Muonic Force

'Oéx ~ 1OI 8|
~ g-2 sign v: Vector, Scalar  X: Axial-vector, pseudo-Scalar*

ov B! W VH R yi ¢

l X X\,

‘Simple extension of SM

Gauging Lepton(L) or Baryon(B) numberw
Anomaly free combination
B-L B-3L, L,—-Le L —-Le L,—Li

V can be mediator of sub-GeV DM

1901.02010,1812.03829,
1804.03144, 1801.10448, ...



Light Muonic Force

[M. Bauer, P. Foldenauer, ). Jaeckel ("19)]
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Status of L,-L; gauge boson

Vector Model : L, — L, Gauge Boson 1. BaBaR (my>200MeV)
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Status of L,-L; gauge boson

Vector Model : L, — L, Gauge Boson 1. BaBaR (mv>200MeV)
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Muonic force at NAG62

7, 7,
K™ < K™
______ V —_—————— Py I
' '
Order estimate extra V emission
Br(K* ! u"1)=60% ! (O%/ " 10—8)

Br(KT! pv)" O@)# 10 8
Enough to be probed at NA62 with Nk~1013
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Invisible decay analysis

[G. Krnjaic, G. Marques-Tavares, D. Redigolo, KT (019)
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Visible decay analysis

[G. Krnjaic, G. Marques-Tavares, D. Redigolo, KT (019) optgp v (0 =100)
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Projection

[G. Krnjaic, G. Marques-Tavares, D. Redigolo, KT (019)
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Projection for other scenarios

Vector+DM

Vector Model : L, — L, Gauge Boson + Dark Matter
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Scalar

Scalar Model: Visibly Decaying Scenario
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E137, beam dump [L. Marsicano, M. Battaglieri,
A. Celentano, R. De Vita, Yi-Ming Zhong (‘18)]
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Belle |l Prospect
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Heavy Axion
at KOTO



Strong CP problem and Axion

|

9g‘32 ~ Nas a ~
G G
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Phase promoted to axion field, and settled at minimum
[Peccei, Quinn][Weinberg; Wilczek; Kim-Shifman-Vainshtein-Zakharov; Dine—Fischler—Srednicki—Zhitnitsky]

Axion window

4 x 10°GeV < f, <102 GeV

Constraints(e.g. Astro,SN1987) push to very high f a
*Over DM abundanced&problem in inflation with fs>1012GeV
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Peccei-Quinn symmetry quality problem

\ PQ quality should be extremely good
(global symmetry explicitly broken by gravity or cutoff)

|
|

[S. M. Barr, D. Seckel ('92); M. Kamionkowski, J. March-Russell ('92)]

o4 Na 1 [MalfA a
AVP,Q = Aa A8\74 + h.c. Vo &~ —A‘éCD COS T + 531 A€\74 COS (aA +A?)

Even gravity breaking with A=12 shifts min. (fa~1012GeV)
1''>10-10

* With '<12 operators, strong CP problem is not solved
» Standard scenario requires complex UV

Extended gauge group, discrete symmetry, extra dimension...

[Dine('92); R. Holman et al("92); Randall (‘92); E. Chun and A. Lukas(‘92); HC Cheng, D.E.Kaplan('01),
Dias, Pleitez, Tonasse ("12),... K. Harigaya, et al ('13); M. Redi, R. Sato("16), Fukuda, Ibe, Suzuki(‘17)...]
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spires-search://a%20redi,%20michele
spires-search://a%20sato,%20ryosuke

PQ quality problem motivates Heavy Axion
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PQ quality problem motivates Heavy Axion
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Heavy Axion Model

: 3 [V. Rubakov (O97)..Fukuda, K. Harigaya, M. Ibe, T. T. Yanagida('15);
errOr QCD (QCD X ZZ) S. Dimopoulos, A. Hook, J. Huang, G. Marques-Tavares('16)]
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Heavy Axion EFT=ALP EFT
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if al 2%, KOTO can search with K.
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Heavy Axion hunt at KOTO

Physics target: Kp! #%! 4% and ma<my

Challenges| ¥decay point unknown (only Ecal, no tracker )

¥combinatorics of ™" pairs

1. assumption for reconstruction
m{ ! E1Ep(1" cosfip) # meo

| O 91

KL

2. Require My ! Mk ,

to find a correct pair . -
[G. Perez, S. Gori, KT (Preliminary)]
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Heavy Axion hunt at KOTO

A.N.

KL generator+ detector simulation
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Expected bound on Br(KL.—1a)~10-8
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Benchmark and previous work
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KOTO Projection

Preliminary
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[G. Perez, S. Gori, KT (Preliminary)]
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Nk=10"° Br(Ky! #%)>10-8



Summary

Great potential for BSM physics at NA62 and KOTO
with large number of Nk~1013

NAG2 can probe muonic force in a similar
timescale of new muon g-2 experiment at Fermilab.

KOTO can probe the heavy QCD axion motivated
by the quality problem. This axion is testable.

Similar physics cases can be probed at Belle |l
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