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Outline 

Motivation 

Summary 

muon g-2 & dark matter 

Benchmark Model 

4th generation lepton, singlet scalar and U(1) extension 

Constraints 

charged lepton decays, Z-boson flavor-changing decay 

Dark Matter Phenomenology 

relic density, elastic scattering w/ nucleon 
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BSM? 

Naturalness “Problem” 

h h

t

h h

t

T

h h

T

(a) (b) (c)

BSM  new particles 
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Where is NP? 
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BSM Here(?)  

projected > 7 σ ,  
if central values of both TH and EXP remain 

currently ~3.6 σ  
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muon g-2  

Aoyama, Hayakawa, Kinoshita and Nio, PRL109(2012),111808 

+  

+  

+  
3.6σ  

Miller, de Rafael, Roberts, Stockinger, Ann. Rev. Nucl. Part Sci. 62 (2112) 237 

Hagiwara, Liao, Martin, Nomura, Teubner, J. Phys. G38(2011) 085003 
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NP & gμ-2  Lautrup, Peterman, de Rafael, Phys. Reports 3C(1972), 193 
Leveille, NPB137(1978), 63 

neutral boson 

charged boson 
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Heavy 
Fermions  

Sequential 4th generation --- chiral fermions    

✔ why not !? 

✔ new CP phases  BAU(?)  Hou, Chin. J. Phys 47 (2009) 134  

✔ accommodate to a heavy Higgs boson     He, Polonsky, Su, PRD64(2001) 053004 

unitary bound:        

Kribs,Plehn, Spannowsky, Tait, PRD76(2007) 075016 
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EWPO & SM4  

✗ “An extra generation of ordinary 
fermions is excluded at the 6σ  level on 
the basis of S parameter alone, …”  

     PDG 2008 

PDG 2018 
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LHC search  

> 880 GeV 

PDG 2018 

> 1169 GeV 

> 350 GeV 

> 420 GeV 

t’  Z t 

t’  W q 

t’  X t 

> 100.8 GeV 



= 9  
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SM4 & Other 
Data 

excluded by   Huo, Feng, hep-ph/0301153 

Hou et al., ICHEP2008  Proceedings 
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4th + 2HDM  

if kb’ = - kt’ (wrong sign) , Mt’ = Mb’  ,  new contribution  0, R  1 

Das, Kundu, Saha, 1707.03000,  
Wang, Shi, Han, 1708.06882 

agree w/ LHC data 

goes to wrong direction Huo, Feng, hep-ph/0301153 

Hou et al., ICHEP2008  Proceedings 
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Non-canonical 
4th Generation  

Langacker and London, PRD 38 (1988), 886 
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Non-canonical 
L4 + 2HD + U(1) 

non-canonical  
4th generation leptons  
w/ dark matter 
+ U(1)x 

2HDM 

dark matter 

CRC, Chiang, Lin, to appear 

Benchmark point 

additional decay mode of 4th generation fermions: 

e.g. q4  Z’ + qSM  or  ϕ + qSM    

L4 ϕ + LSM   
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Non-canonical 
L4    
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Muon g-2 
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Lepton rare 
decay 

e- 

take  
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Z rare decay  

the constraints on f4e and f4τ  are NOT as stringent as the limits from charged  
lepton rare decays.    
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Dark Matter 

Higgs invisible decay 

dark matter annihilation 
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Dark Matter 
Ω h2=0.12±0.0012 

invisible Higgs decay 
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Dark Matter 

dark matter nucleon elastic scattering 
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Dark Matter 

invisible Higgs decay 

Ω h2=0.12±0.0012 
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LHC Pheno 

Z’ production 

flavor non-conserving lepton pair + missing ET 

monjet+ missing ET 

Signals: 
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Summary  

* long-standing discrepancy between TH and EXP in muon g-2 may show the 
hints of BSM. 

* Fourth generation fermions in 2HDM is still possible! 

* The existence of Dark Matter requires BSM   

* With non-canonical charge assignment under SM and an additional U(1), 4th 
generation lepton can provide a possible explanation for muon g-2 anomaly 
and dark matter. 

* LHC phenomenology is worth a detailed study! 
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Backup  
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NP gμ-2  

SUSY (CMSSM) 

Ellis, Olive, Santoso, Spanos, PLB 565(2003) 176 
Olive, Eur, Phys. J. C 59(2009) 269 
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General 2HDM 
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NP gμ-2  

Little Higgs 
Park, Song, PRD 69(2004) 115010 Blanke et al., JHEP 0705(2007) 013 

Sequential SM4 

excluded by   Huo, Feng, hep-ph/0301153 

CMS-PH-EP/2012-251, 1209.1062[hep-ex] 

The existence of 4th generation with mass 
below 685 GeV is excluded @ 95% CL. 
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NP gμ-2  

general 2HDM 

Krawczyk, hep-ph/0512371 
Cheung, Kong, PRD68(2003) 053003 
Wahab El Kaffas, Osland, Magne Ogreid, PRD76(2007) 095001 
Ellis, Hanh, Heinemeyer, Olive, Weiglein, JHEP 0710(2007) 092 

NOTE: 


