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Neutrino Mass Models

• RHN (and Z’) (Type I)

• Higgs Triplet Model (Type II)

• Fermion Triplet Model (Type III)

• MSSM with R-parity/L violation

• Radiative models: Zee-Babu

• …



Three seesaws at TeV
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c) T.Hambye
Y(Δ) =1 Y(Σ) =0
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Type I with U(1)’

RHN mass after U(1)’ breaking at TeV scale: M=h <S>.
RHN production: pp → Z0→ NN.
LNV & LFV: same-sign dileptons, NN→ l+l+W-W-.
Small Yukawa y < 10-7 Displaced vertices.
In case of SUSY, sRHN can be a thermal dark matter.



Z’ models from E6
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Langacker , 0801.1345



EWPT and Tevatron limit
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LHC 
discovery
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CDF di-muon limit
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CMS limit
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CMS-EXO-10-013



B-L models
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Salvioni, Villadoro & Zwirner, 0909.1320 



EWPT
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7 TeV LHC discovery
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EWPT (inside red); Tevatron (inside blue); LHC discovery (outside yellow)
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Light ZB-L and N DM
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~ ~

PB, JCP, EJC, work to appear

• RH sneutrino thermal freeze-out density 
determined by t-channel B-L gaugino 
exchange.

• RH neutrino decay process is important.



Relic abundance of N DM
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~

mν = 0.1 eV mν = 10-3 eV mν = 10-5 eV

Sneutrino mass = 300 GeV



Displaced Higgs 
from cascade
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τ=0.2cm
for mν=10-3eV and mN=200GeV 

Dijet, same-sign dilepton, MET
Dijet, displaced b-jet(s), MET

0.1pb for msquark=1.5 TeV



Type II seesaw

EJChun@KIAS TeV seesaw at colliders 16

EJC, Jung, Park, hep-ph/0304069



5 Physical fields
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Triplet VEV:

Physical basis 
in the limit of ξ<<1:



Mass spectrum
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Note:

f, ξ g

Mass relations:



Doubly charge Higgs Decay
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Maximal decay length
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Neutrino mass matrix 
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Normal Inverted Degenerate

0.05 eV

0.009 eV

> 0.05 eV

Undetermined hierarchy



CP even Hierarchies 

• HI :

• IN1 :

• IN2 :

• DG1 :

• DG2 :

• DG3 :

• DG4 :
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Branching ratios and 
neutrino mass matrix
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~ 0.03

~ (0.1, 1)



Characteristic BRs
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Early LHC study
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Recent LHC studies
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Han, Mukhopadhyaya, Si, Wang, 0706.0441

Perez, Han, Huang, Li, Wang, 0805.3536

Akeroyd, Aoki, hep-ph/0506176 

Garayoa, Schwetz, 0712.1453
Kadastik, Raidal, Rebane, 0712.3912
Akeroyd, Aoki, Sugiyama, 0712.4019



Assuming no tree spliting
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Radiative mass splitting:

Note) Tree splitting



CP phase effect I
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φ1=0~2π

φ2=0~2π



CP phase effect II
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φ1=0, φ2=0~2π φ2=0, φ1=0~2π



LHC H++ production
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Zee-Babu modelHiggs Triplet model



Type III seesaw
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Franceschini et.al. 0805.1613



Production at LHC
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Decay of triplets
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for mν =10-3 eV



Σ0 DM

• Thermal relic abundance suppressed by strong gauge 
interactions. Requires non-standard cosmology.

• mDM>520 GeV, otherwise, annihilation to WW produces 
too much cosmic antiproton.

• Σ+ Σ0 π+ with τ=5.5cm-6.3m depending on the mass 
splitting (tree+loop) slowly-moving and highly-ionizing 
tracks disappearing inside a detector.

• Cascade Higgs from Bino decay: larger than 0.5fb for 
squark/gluino mass below 1 TeV look for Higgs to bb at 
displaced vertices.
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~

EJC, 0909.3408

~ ~

PB, EJC, 1007.2281
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Conclusion

Seesaw is a favorable mechanism to 
explain tiny neutrino masses. 

Supersymmetric TeV seesaw models 
have interesting DM connection.

The model can be tested at LHC by 
observing LNV, LFV and/or  exotic 
signatures associated with seesaw DM.
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