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Muon g-2 anomaly

< Muon g-2: ~3.5 sigma deviation
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Light scalar solution
< scalar (pseudo-scalar) gives rise to positive (negative)

contribution to muon g-2

< Assuming a new scalar with mass of order ~100 MeV
and its coupling to leptons is Yukawa-like
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Bounds from muon g-2

< Assuming )\/“I_f, ~ 0,
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Muon EDM

< Currentsensitivity: ~ 1.9 x 10719 e.cm

< Proposed muon storage ring can reach: ~ 107%* e.cm
[Semertzidis, hep-ph/0012087]
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Muon EDM
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< Muon EDM, for various CP violating phases, assuming
that Aa, agrees with the measured value of muon g-2
within one sigma.



Charged Kaon decay

NA42/2 and NA62 @CERN (103 K+ ) a
+ Belowpionmass( m, ~<145 GeV), LK a
Dominant background: -— b &

Kt — ,LL+I/M7TO,7TO — et

e ‘[S pt
K—l—
e 145 < Mg < 210 MeV v

*

sighal: KT — puvo, ¢ - ete”
Irreducible background: BR(K™ — prete™) = 7.06 = 0.16 £+ 0.26 x 10~°
[BNL E865]

© mg > 2my, ~ 210 MeV

prpo channelopensup. K™ — puveo, ¢ — pp~

Irreduciblebackground: BR(K* — ptoptp™) < 4.1 x 1077



Decays

< Charged Kaon decay (NA48/2,NA62 @CERN)
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B factories
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UV complete Model

— L1 = m¥EXEXY 4 M\ pXi il + N HL XS
-+ ngffeR +HC., {=e,u,T1
% X ¢ vector-like charged leptons carrying ¢/ number, SU(2) singlet
< H, : scalar, SU(2) doublet
< ¢ :complexscalar, SU(2) singlet
< Assume that all new particles X', H;, and ¢ are charged under
U(1)dark

< ¢ can only couple to leptons



Effective operator

< Integrate out vector-like lepton X: dim. 5 operator
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€.9.- <« H; >~ 30 GeV, < ¢ >~ 100 GeV and myx ~ 300 GeV

<+ EW measurements show good agreement with the SM
predictions, which implies that H;has a sub-dominantrolein

EWSB: (H,) < (H).




Effective operator

< Integrate out vector-like lepton X: dim. 5 operator

F ¢
¢HaLupr
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 MA < Hg > yd:>\1>\2<¢>

m x mx

8 < H; >~ 30 GeV, < ¢ >~ 100 GeV and mx ~ 300 GeV

For my ~ 100 MeV, to explain muon g-2 one needs to
have A\~ 107" mip Ajdo ~ 1072




Mis-alignment in

< In our framework, in addition to the SM Higgs
mechanism, there exist other contributions to lepton
masses

< A significant source of muon mass can originate from its
interactions with ¢

< Assuming couplings of Higgs to leptons relative the SM
values is

ke (cos 07 + iy sin 0} )

e.g. observed signal strength of H = 1~ | leads to
LHC Runl: K, = 0.2753

LHC Run Il: 77




Combined limits

< Projected limits from B-physics put strong bounds
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Take home message

+ A dark Higgs may be responsible for the muon g-2
anomaly

+ Proposed muon EDM experiment can have a sensitivity
to this model

+ Strong bounds from charged Kaon decays and B-physics
» Mis-alignment of Higgs decays to leptons is possible



THANK YOU!
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Muon g-2 anomaly

< Muon g-2: ~3.5 sigma deviation
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Muon Decays

<+ Mu3e@Paul Scherrer Institute (PSI)

Large statistics:
* Phasel: 10'°,* decays(2016-2017)
% Phasell: 5.5 x 10'%,,* decays(2018-2019)

< Current limit:
BR(u" — etiveete”) < 3.4 x107°

< Can potentially probe
A& ~107% for mg ~ 20 — 80 MeV




Branching ratio

< light scalar can couple to leptons
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Decays

% Branching ration of # — evv$ and K™ — pFvé
assuming that Aa, agrees with the measured value
within one sigma.
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Other possible channels

< Pion decay (NA62 @CERN) if mg S 30 MeV

e"e” bump hunt: 7t — ptv,0, ¢ — ete”

< Muon capture (Mu2e @Fermilab; Comet @J-Parc):
1017 muons are expected to be stopped in an Al target
where they form g~ Al atoms. Half of them undergo

muon decay in orbit while the other half undergo
capture u~ Al — v, Mg.



light scalar can couple to all fermions
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Lepton flavor violating decays

& BR(u— ep, ¢ = ete™ prompt) < 10712 [PDG, 2014]
which corresponds to limits on |A¢°|

Ml < 1.2x 107 for my =10 MeV,
Mefl < 1.5 x 107 for my =50 MeV,
Mefl < 1.1x 107" for mg = 100 MeV.
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BR(T = e¢, ¢ — ete™ prompt) < 2.7 x 1078
BR(T = e¢, ¢ — uTp~ prompt) < 2.7 x 1078
BR(T — pup, ¢ — ete” prompt) < 1.8 x 1078
BR(T — p¢, ¢ — p*p~ prompt) < 2.1 x 107° [PDG, 2014]

fo Tl
These correspond to limits on |A%| A < 1.0x 1079 for mg =50 MeV,

AY| < 1.2x 1077 for mg =500 MeV,
AY| < 3.5x 107 for mg = 1500 MeV.




