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ºAnomalous muon magnetic moment

ºὫͯτ ψ ρπ & ὓ ὕͯρπMeV when  ὓ ὓ
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Muon g-2 Anomaly

Muon g-2 collaboration, PRL 2021



ºPossible to gauge one of the differences of two lepton-

flavor numbers

·ὒ ὒȟὒ ὒȟὒ ὒ: anomaly free

ºSymmetries including ὒ are strongly constrained

ºNo kinetic mixing between Zô and B @ high-energy

· Kinetic mixing is generated through

·

·
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Leptophilic ὤᴂmodel

Beak, Deshpande, He, Ko,  PRD 2001
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º Two Benchmark Points

ºBPI : ὓ ρρȢυMeV, Ὣ τ ρπ

·Muon g-2 anomaly, Hubble tension

ºBPII: ὓ ρππMeV, Ὣ ψ ρπ

·Muon g-2 anomaly
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Leptophilic ὤᴂmodel



ºMinimum model set-up

· New gauge boson ὤᴂplays a role of messenger particle 

between DM and the SM leptons

ºNew parameters: Ὣȟά ȟὗᴂȟά

· Consider ὤᴂboson only & Ὣͯτ ψ ρπ for the muon 

g-2

ºὫ ρͯπ is too small to get ɱὬ πȢρς
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LeptophilicὤᴂDM model
Beak, Ko, JCAP 2008
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º…Ӷ…ὢὢ ᴼὪ ӶὪ : dominant annihilation channels

·ὓ ςͯὓwith the s-channel ὤᴂresonance gives the correct 

relic density

· Large DM charges
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LeptophilicὤᴂDM model

I. Holst. D. Hooper, G. Krnjaic, PRL 2022 M. Drees,  W. Zhao, PLB 2022

Asai, Okawa, Tsumura,  JHEP



º The required longevity of DM can be guaranteed by a 
symmetry

· If the symmetry is global, it can be broken by gravitational 
effects

º † ρπ ÓÅÃO
ά ὕρπËÅ63ÃÁÌÁÒ
ά ὕρ'Å6&ÅÒÍÉÏÎ

·WIMP DM is unlikely to be stable

· consider a gauge symmetry in dark sector, too 8

Local symmetry in Dark Sector

M. Ackermann et al, PRD 86, 2012

S. Beak, P. Ko, W.I. Park,  JHEP 2013



·We consider both Complex Scalar (ὢ) / Dirac fermion 

fermion (…)

· Physics depends on ὗ ȟὗ and ὗ

ºὗ ςὗ need special cares, since there are extra 

gauge invariant opôs that break Ὗρᴼὤ 9

Ὗρ with dark Higgs



º If dark symmetry is spontaneously broken,

ºὤᴂmass: 

º Two CP-even neutral scalar bosons

·

·

· 3 independent parameters: ὓ ȟὓ ȟίὭὲ‌ 10

LeptophilicὤᴂDM model



ºAfter spontaneous symmetry breakings

· Additional interactions with the dark Higgs

º The dark Higgs decay before 1sec

ºConstraint from ╝▄██@ ╣╒╜║
· If light dark Higgs masses are lighter than Ὕ ρͯMeV

· The light dark Higgs mainly decays into Ὡ ᴼɝὔ π

ºHiggs invisible decay

·"ÒὌ ᴼÉÎÖȢ ρρϷ

· Taking ίὭὲ‌ ρπ 11

Dark Higgs constraints

PDG 2021



SUMMARY

º Take ςὗ ὗ ς

· DM Lagrangian at renormalizable level

-

ºὢὢ ᴼὌὌȟὤὤᴂannihilation
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Local ὤ scalar DM
S. Baek, et al, PLB 2015 

S. Baek, JKK, P.Ko,  PLB 2020 



ºDM-Nucleon scattering

·ɝ
13

Local ὤ scalar DM

ὢὢᴼὤὤᴂὢὢᴼὌὌ



º Take ςὗ ὗ ς

· DM Lagrangian at renormalizable level

ºAfter symmetry breaking Ὗρ ᴼὤ

· Nonzero ώ Ą Dirac fermion …is decomposed into two 

Majorana fermion (…ȟ…

ºDM Largrangian
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Local ὤ fermion DM
P. Ko et al, JHEP 2020

S. Baek, JKK, P.Ko,  PLB 2020 


