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Charged Lepton Flavor Violation
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Lepton invisible decays in the SM and beyond

Standard Model: Flavor conserving

B(pw — evev,,) ~ 100%
B(r — evevr) = (17.82 £ 0.04)%
B(r — pivy) = (17.39 £ 0.04)% _

~N

> PDG Average

Upper bound: Flavor violating

B(u — 6V€D,u) < 1.2 % 10_2(95% C.L.) Neutrincc|> ?scillation
ala

B(t — e+ inv) < 9 x 1074(95% C.L.)

B(t — p+inv) < 6 x 107%(95% C.L.) _

. Belle data

Aim :
Light Dark Matter phenomenology with in
Dark Sector Effective Field Theory (DSEFT) framework. 3/14



Dark Sector Effective Field Theory (DSEFT)
< Symmetry: SU(3)_ X U(1),, >

Scalar DM:
057" = (€56:)(67¢) OLI = (Tivsti) (8 9),
Oy = T 4:)(61i0,6), (0 O = (L7"15:)(6110,6), ()
Fermion DM:
O = (€56 (%), Oy = (€54 (Xinsx)

Zﬁz (L5iv54:) (X X) C’)gg = (£;754:) (XY5X),
OF% = (G (Xvuv5%): Opi’ = (G9"6:) (Xux): ()
Opt? = (L9 56:) (X7 X)- (X) Opat = (G v5L:) (X1 ¥5X),
O’ = (66" ) (X0 X): (X) 0% = (G;o" ) (RO 5X), (X)

(X) means these operators vanish for real (Majorana) scalar and vector (fermion) DM

AD.B = A(D,B) — (D, A)B
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Dark Sector Effective Field Theory (DSEFT)
Vector DM-Case A:

O = <W-><X1LX“>,
Z(GoMve, (XX, — XTX,),(X)

Oy =
O =
O3ty =
Oy =
Oy =

Vi
C)&X5

Vector DM-Case B:

2

1

5| i Do G (XM XY 4+ XXM,
( ) (X“TXV +XVTX”)

(€5ts)
(7"4:)
(€59l )i0, (XM X"
= (£;7uls)

)euypa

(X7
(X7 ? X¥), (X)

?

- XVIXM), (X)

10, (X X o)™, (X)

AS,Jt
OEXl

NS, Jt
OEXQ

ANT,jg1 __
O£X1 —

(Ll X, XM,
(£6) X}, XM,
i(ejawi)(xg;pxg

- XJ,X7). (X)

X, = 0,X, —

N

0" = (Lrinsli) (X[ XM,

) 1 R v
Oy = éw oy l) (XX, — X5X,), (X)
of% = Uy,ysi Doy (XX + XVEXH),
05 = (Gyuv58) 0, (XM XY 4+ XVTXH),

(

K 0. 37 vpo

Oy = (Gysts) (X0, ) Xo)e 0"
(

TP si) (X9 X V), (X)
Oyls = (Lysli)io, (XHTXY — XVIXH), (X)
(

Ci1u54:)i0, (X X5 )77, (X)

(E_jo-’uy’)%gi)(lele/ T szX}Z)a (X)
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g® distributions
Process: /;(p) = ¢;(k) + DM(k1) + DM(k2)

¢° = (p — k)* = (k1 + k2)? = Invariant squared mass of the invisible particles.
i 1 (dr

dq? ~ Ttot dq?

Normalized differential decay rate:
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Mmax = (M — mj)/2 6/14



g® distributions
Process: it — €+ DM + DM
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g® distributions
Process: 7 — u+ DM + DM
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Process: u — e+ DM + DM
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Process: 7 — e+ DM + DM
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Process: 7 — u+ DM + DM
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Muonium invisible decay

SM Prediction:

B(MS — Vel),) =

F(MS — Vel
L(pt — etr.n,)
~ 6.6 x 10712

MuLan collaboration estimation:

B(M; —inv.) <5.7x107° @90%C.L.

(Gninenko, Krasnikov, Matveev)
( Phys.Rev.D 87 (2013) 015016)

Ortho-muonium Para-muonium
(Spin triplet) (Spin singlet)
<O|,Fwo‘e|Mlg> = i fy M€y ] <O|/_W5€|M5> = —ifpMu,

(O0lao*PelM7) = ifr(eyp” — eyp®) 0|y vse| M) = ifap®
Decay constants at 0)[?

non-relativisic limit are fP — fV — fT = fM — 4|¢( )|

equal. 5 My

p(O)p = e o e

T Me + My, 12/14



B(M — invisible)
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Summary

The DSEFT framework is an adequate way to explain cLFV by
Incorporating particle anti-particle pair.

The g2 distributions of three body decays are pivotal to
distinguish different DSEFT operators and Lorentz structure of
the SM leptonic current.

Due to the dimensionality, (pseudo)scalar operator for scalar
DM possess the most stringent limits on the effective scale.

Invisible decay from the para-muonium can be regarded as a
smoking gun signature of new physics.

Thank you!
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Wilson coefficients for vector DM case A

dFé_}erX ) \/mfA(s m;,m;

){38(82 — 4m®s + 12m*) ((m; + m;)? — s)|C; oY) }

ds 3072m3mAms s
p 2
CsP = X Clb 4= X
(X = 3 (X1,245 = pd
eff eff
2 m
m va o Mmx
Cix1a = 5= Cixse = 13-
(X1,2 A3 Aeff
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