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§ Atomki anomalies

Diagram from [Ajzenberg-Selove (1988)]



§ Atomki anomalies
[Krasznahorkay et al (2016)]

• A light vector boson



§§ Needs and constraints

Constraints on couplings [Feng et al (1608.03591)]

• constraints from e.g., the neutral  decay, beam 

dump experiments, e- scatterings.

• Gauge kinetic mixing

• While a naive U(1)B-L model predicts n=, 
with additional vector-like leptons it avoids the 

constraints.



§§ Needs and constraints

Near future double checks [Feng et al (1608.03591)]

• Mu3e (2018~)

• LHCb (2021~)

• …



§ Introduction

• Atomki anomalies (done)

• Dark matter

• Massive neutrinos



§§ Dark matter

• What is dark matter?

•

[ESA]



§§Massive neutrino

• How neutrinos can be massive

1. RH neutrino and tiny Yukawas; Dirac neutrino

2. RH Majorana neutrino and Yukawas; seesaw 
mechanism

3. RH Majorana neutrino and “no” Yukawa;  
radiative seesaw

4. Triplet Higgs field

5. ...
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• How neutrinos can be massive

1. RH neutrino and tiny Yukawas; Dirac neutrino
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mechanism

3. RH Majorana neutrino and “no” Yukawa;  
radiative seesaw

4. Triplet Higgs field

5. ...                                  Dark matter stability

Z2 parity



Examples of radiative seesaw models

• New ingredient :  discrete Z2 parity 

• The Z2 parity guarantees the absence of Dirac 
mass, and provides a dark matter candidate as 
the bonus.

Ma (2006)                Krauss et al (2003)         Aoki et al (2009)



§ Radiative neutrino mass in a 

gauged U(1)B-L model
[Kanemura, OS and Shimomura (2011)]

• Gauge symmetry

• Particle content



§ Radiative neutrino mass in a 

gauged U(1)B-L model
[Kanemura, OS and Shimomura (2011)]

• Interactions



§§ Neutrino masses

• Neutrino mass

• RH neutrino mass

• The LEP bound for a heavy Z'



§§ Dark matter

• Dark matter relic abundance



§Revisit in light of 16 MeV 

vector boson
[OS and Shimomura (2016)]



§§ Radiative neutrino mass in a 

gauged U(1)B-L model

• Additional interactions: gauge kinetic mixing

• The anomalies tell the mass and couplings of 
the vector boson.

• The scale of U(1)B-L breaking

• Mass spectrum



§§ DM relic density revisited

• Annihilation

NR f

H

NR f

• Thermal relic abundance

 h²(mNR, mH, sin)  0.1



§§ DM direct detection

• Cross section with a nucleon for thermal DM

sin=

0.0003

0.0001

0.00003



§§ DM direct detection

• v.s. superCDMS projection [1610.00006]



§ Summary

• Radiative model of neutrino mass 

• U(1)B-L

• Atomki anomalies→ 16 MeV vector boson

• A few GeV mass RH neutrino dark matter

• Prediction: The superCDMS can detect DM.


