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Minimal SM is not enough!

Problems:

Neutrino mass

Dark matter

Baryon asymmetry

…

New physics beyond SM

New symmetries New particles New interactions



U(1) extensions of the SM
U(1) gauge symmetries New ingredients

Li-Lj No
B-L Right-handed neutrinos
R Right-handed neutrinos
L Vector-like fermions
B Vector-like fermions

B+L Vector-like fermions
PQ…

U(1)B-L share many similarities with U(1)R
The same particle contents

Both may come from left-right or SO(10) GUT



Basic setup of the U(1)R

Fields lL ER NR QL UR DR H S
U(1)R 0 -1 +1 0 +1 -1 1 -2
Z2 + + - + + + + +

Particles and quantum numbers

Anomalies cancellations Scalar sector:

θ



Constraints on the scalar sector
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cos θ > 0.938(1σ),0.865(2σ)



Constraints on the scalar sector
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Vacuum stability
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天道有缺！-⽼⼦ New physics！

JHEP 1208 (2012) 098 



Vacuum stability
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Beta function of Higgs self coupling

New gauge interaction

Effect of s is neglected!
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Z-Z` mixing

No kinematic mixing term

Loop corrections are neglected

Mass matrix of neutral gauge 
bosons:

Mixing matrix:

Mixing angles:

M2
ZR(Z) =

v2

8

⇢
g2 + g02 + 4g2R(1 + �)±

q
�16�(g2 + g02)g2R + [g2 + g02 + 4g2R(1 + �)]2

�

Mass eigenvalues



Z-Z` mixing

PHYSICAL REVIEW D 96, 055040 (2017) 



Z-Z` mixing
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Z-boson mass
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Conclusion:  v�/v > 73.32

↵(MZ)
�1 = 127.918

sin2 ✓W (MZ) = 0.23122
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Inputs

vΦ > 18 TeV



LEP Constraint

Le↵ =
4⇡
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         Effective Lagrangian for Z’ mediated interactions            

MZ0

gR
> 3.71 TeVConclusion:  v� > 1.8 TeV

LEP, Phys.Rept. 352(2013)119



Neutrino masses

Problems relevant to neutrino physics

Absolute mass

     Properties        Mixing and CP
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Neutrino mass generation in the U(1)R model 

Small according to the naturalness criteria of t’Hooft

Active neutrino masses:



Dark matter

Interactions

Relic Density

SI Direct Det.

SD Direct Det

Basic inputs



Dark matter
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Dark matter
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The smallest excluded cross section 
(PRL118.071301) at m=45 GeV: 

⟨σ v⟩ = 4.3 × 10−41 cm2



Collider signature
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Conclusions

A new U(1) gauge symmetry is investigated;

Constraints from Z-Z’ mixing, Z-boson mass 
and collider was studied;
Neutrino mass can be generated via the 
seesaw mechanism;
Dark matter is available at the resonant 
regime or super heavy region;
Collider constraints is stronger than that of 
Z-boson mass for gR<0.121.



Thank you for attention


