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BSM is almost fixed!?Higgs discovery

SUSY particles, extra Higgs, DM, …



Still, the SM is very good…. 

SM predictions are good agreement.

Recently, there was exciting news which could indicate the evidence of NP. 

So far, no SUSY, no extra Higgs and 

no DM have been observed. 

Actual current situation
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(3.7σ)

(4.2σ!!)



Festival on arXiv

・・・

31 papers (8th April)

・SUSY
・Extended Higgs
・WIMP DM
・Axion-like particles
・Extended gauge sym.

…



We need to wait more data and improving the SM calculation.    
But, it would be worth to more seriously consider the anomaly 
as a hint of BSM! 

LQCD

R-ratio

Recent review: 2006.04822

 The deviation is 4.2σ < 5σ, so it is still “anomaly”, not established.
(cf. 750 diphoton excess ~4σ @ATLAS and CMS)

 LQCD result is consistent with experiments … . 

Several issues
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Fermion Mass Hierarchy

Yukawa
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Can we explain the mass hierarchy with O(1) couplings?

Also, can we explain the muon (g-2) anomaly?



 Introduction of “dark sector” to the SM

“Radiative Charged Seesaw”

Dark sector as origin of lepton masses

Dark sector simultaneously explains tiny lepton masses and (g-2)μ anomaly.

SM Sector Dark SectorQuantum effects

Massless fermions VL-fermions + Inert scalars

Dark matter

Muon g-2

<h> γ

μ μ

Lepton masses



Model

Forbid tree level YukawaForbid tree level mixing

 We consider the case with the tree level tau mass and 1-loop induced μ/e masses. 

Forbid LFVs
New particles

Stabilize the DM candidate

 Lagrangian for the lepton sector 

(+,+,+)

(－,－,+)



Charge assignment under SU(2)I×U(1)Y

E. Ma, 1311.3213 (PRL)

 We list the possible sets of the SU(2)I × U(1)Y charge. 

Let us focus on the simplest case with F ~ (1, 0). 

with

Common dark sector contributes to mass

and (g-2)μ → Sign of (g-2)μ is fixed. 



Charged lepton masses

Ml [GeV]

m
l
[M

eV
]

Δm = 100 GeV

50 GeV

30 GeV

Muon mass     → M ~ O(1) TeV

Electron mass → M ~ O(1) PeV

・Case with an O(1) coupling︓



Anomalous magnetic moments

4.2σ

1.6σ

・It gives a positive contribution to (g-2)l .

・The dependence of the new Yukawa couplings does not explicitly appear. 

・The magnitude is mainly determined by (ml/Ml)2 .

Nature, 588 (2020)

FNAL (2021)

For Ml ≫ mΦ1



(g-2)μ (g-2)e

1σ 2σ

1σ

2σ

Anomalous magnetic moments
Cheng-Wei Chiang, KY, 2104.00890 [hep-ph] 



Dark matter

 DM = Re (ΦL
0)

 Annihilation processes
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h
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SM

W/Z

W/Z

F
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e/μ
mDM [GeV]

 Direct searches

N N

h

DM DM

・There are solutions at mDM ~ 63 GeV and 80 GeV.

・We need |λDM|< 10-3 to avoid direct search constraint.  

Kai-Feng Chen, Cheng-Wei Chiang, KY, 2006.07929 (JHEP)

mDM [GeV]
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Yukawa coupling

 Yukawa coupling does not simply obey yf = mf /v .

・The deviation is not suppressed by the loop factor, and it can be sizable. 

For Ml ≫ mΦ1



・Future measurements of the μ-Yukawa:

→ HL-LHC ~ 7%, ILC(250) ~5%

8/9

CMS-PAS-HIG-19-006

Yukawa coupling

 Contours for 

Allowed (95%CL) by the signal strength
for pp → h → μμ.

Excluded by perturbativity bound 
by using 1-loop RGEs. 

ATLAS, 2007.07830 [hep-ex]

Cheng-Wei Chiang, KY, 2104.00890 [hep-ph] 
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Direct searches at the ILC
Cheng-Wei Chiang, Ryomei Obuchi, KY, work in progress 

Rotating by 90°

DM

DM
W-

W+

W-

W+ W+

W-

Z/γSM background

Chirality structure of the initial electron/positron is clearly different.
Beam polarization would be crucially important!



Summary

Radiative charged seesaw scenarios can naturally solve DM and (g-2)μ.

SM Sector Dark SectorQuantum effects

Massless fermions VL-fermions + Inert scalars

Dark matter

Muon g-2

<h> γ

μ μ

Lepton masses

Predictions

(1) Large deviations in the muon Yukawa coupling and 

(2) characteristic chiral structure in the signature at the ILC.

Strong relation


