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Neutrino Experiment

RENO = Reactor Experiment for Neutrino Oscillation

6th Low Energy Neutrino Physics, November 09-12 2011, SNU 

(For RENO Collaboration)
(Inauguration for RENO Experiment)



• RENO group hope to tell the value of  sin2(2θ13) at the anticip
ated time
- Goal: Neutrino 2012 @ Kyoto  (June, 2012) 

First results on sin2(2θ13) ~0.05 are expected to be available within a half 
year 
- Goal: ~0.07 (end of this yr) 

~0.05 (March, 2012) 



Dark Matter
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Unidentified dark matter 23%
Ω DE h2 = 0.361 +/- 0.008
Ωm h2    = 0.1349 +/- 0.004

ΩB h2  = 0.0226 +/- 0.0008
Ων h2 = 0.0005 ~ 0.0047
ΩDM h2 = 0.1123 +/- 0.0035

Ωr h2 = 2.469x10-5  

WMAP7 + BAO + H0
Komatsu et al. 2010



Why RHsN DM?
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Combines two evidences for physics BSM.
It may be the LSP.
It may be tested at LHC.

clean seesaw signatures:
same-sign dileptons, displaced vertices + MET



SUSY DM
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Large Z0 interaction excluded by direct detection Good DM candidates



The Model: SUSY U(1)’ seesaw at TeV
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U(1)’ = U(1)B-L,  U(1)χ,  or U(1)ψ from GUT.

TeV seesaw: MN ~ 102:3 GeV.

DM:  Right-Handed sNeutrino
LHC: 



LHC pushes up Z’ 
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EWPD and Tevatron
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Langacker,0801.1345



How to produce? Dirac neutrino (I)
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Nonthermal production.
Thermal regeneration. Asaka, et.al., 0512118



How to produce? Dirac neutrino (II)
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U(1)’:

Lee, et.al., 0702223



How to produce? Majorana neutrino (I)
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Too huge thermal regeneration:  
yν ~ 10-7 ΩDM >>1.

Need thermalization:  large Yukawa or gauge.
Large  A term: Arkani-Hamed, et.al., 0006312

Borzumati-Nomura, 0007018



How to produce? Majorana neutrino (II)
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Z’?
RHsN mass splitting:  

Z’:  too heavy,  off-diagonal coupling.

DM



Can U(1)’ gaugino help?
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Yes! How?



U(1)χ model
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New fields and anomaly-free charge assignment: 

Gauge invariant Yukawas:

or



Left-Right Mixing
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L-R mixing (Dirac) mass leads to a small mixing between 
LH neutrino/sneutrino and RH neutrino/sneutrino: 

RH neutrino/sneutrino couples not only to Higgs bosons 
but also to Z/W bosons through mixing:



RHN decays
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U(1)’ gaugino
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U(1)’ gaugino-Higgsino mass matrix:

Gaugino lighter than Z’:  



U(1)’ gauge interactions
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Thermal abundance of RHsN (I)
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RHsN annihilation to RHN; RHN to the usual thermal 
fermions:

Boltzmann equations to solve:



Solution (I): too large!
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Thermal abundance of RHsN (II)
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Include the decay and inverse-decay of RHN: 

Boltzmann equations:



Solution (II)
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Although suppressed by small Yukwas yν ~ 10-6, the decay 
and inverse-decay processes maintain in thermal 
equilibrium longer the RHN and thus also the RHsN.
The RHsN DM relic density can be in the right range 
unless yν is small.
To see a peculiar dependence on yν , define an effective 
neutrino mass: 



Decay/inverse-decay effect
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DM mass dependence
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300 GeV 750 GeV



Dependency on yν
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Dependency on Z’ mass
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Dependency on g’
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LHC signatures
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Discover RHN:  SSD and/or displaced vertices

Probe Majorana nature of neutrino

Similar with large missing ET:

Probe the Higgs channel(s) (with MET)?



Discovery channels
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Displaced vertex
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N decay branching fraction
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15% to Higgs

35% to l+W



Z’ production and decay
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Heavy Higges decoupled

NN
NN



Z’ production and decay at LHC
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Heavy Higges non-decoupled



U(1)’ gaugino production
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Cascade decay from gluinos/squarks: 

Maximied if U(1)’ gaugino is the NLSP.



Cascade production of U(1)’ gaugino

Bethe Forum,  2011-11-11"U(1)' seesaw & RHsN DM"    EJChun@KIAS39



Squark decay to U(1)’ gaugino
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~70%



Discovery prospect: rough numbers
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SSD channel: BR(NN-> l l W W)~12%
Higgs channel: BR(NN-> hν l W)~10% .
For U(1)’ gaugino as NLSP:

Needs a careful background study.

LHC7

LHC14 



Conclusion

Bethe Forum,  2011-11-11"U(1)' seesaw & RHsN DM"    EJChun@KIAS42

RHsN: a good dark matter candidate in U(1)’ seesaw.
Right freeze-out relic density from U(1)’ gaugino
exchange + Z’ scattering, decay and inverse-decay of the 
RHN.
Unique LHC signatures: SSD w/ and w/o MET.
Probe the Higgs channel, h bb, associated with 
lepton+W, in particular, at displaced vertices.
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