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The model
● SU

L
(2) X SU

R
(2)         &         Supersymmetry 

● Unification→ particle content ( No Higgs triplet)
● Radiative neutrino masses →extra symmetry

          
         3 DM candidates
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Particle Content 



  

Superpotential



  

Superpotential

 



  

Bound on Z'



  

Bound on Z'



  

Numerical Value of vevs

MZZ'

MZ' >

MZ



  

Gauge Coupling Unification
M

R
M

X



  

Radiative Neutrino Mass



  

Radiative Neutrino Mass



  

 DM Candidates

1. (- -)   N,N

2. (- +)  n n n

3. (+ -)  h, h, z, z

4. (+ +) c



  

 DM Candidates

1. (- -)   N,N
● Neutrino masses N~100 TeV

2. (- +)  n n n
● n and n large Z coupling

3. (+ -)  h, h, z, z
● <sv>h ~v 
● Gauge coupling z~50 TeV

4. (+ +) c



  

Currents

 



  

Currents

 



  

Neutralino Mass Matrices



  

Neutralino masses



  

Neutralino masses
Is MSSM inside eLRSUSY?



  

No, But...



  

Lightest Neutralino Plots 

0.0 0.5 1.0 1.5 2.0 2.5
0.0

0.2

0.4

0.6

0.8

1.0

L TeV



Neutralino Composition
MB 1.2 TeV, MR  1.2 TeV, ML  1. TeV,  R  5 TeV,    5 TeV

TanL  10, TanR  10, Tan  10, f 1  0.2, f 2  0.7

R2

R1

22

11

L2

L1

WR

WL

B

0.0 0.5 1.0 1.5 2.0 2.5
0.0

0.2

0.4

0.6

0.8

1.0

L TeV



Neutralino Composition
MB 1.2 TeV, MR  1.2 TeV, ML  0.6 TeV,  R  5 TeV,    5 TeV

TanL  10, TanR  10, Tan  10, f 1  0.2, f 2  0.7

R2

R1

22

11

L2

L1

WR

WL

B

0.0 0.5 1.0 1.5 2.0 2.5
0.0

0.2

0.4

0.6

0.8

1.0

L TeV



Neutralino Composition
MB 1 TeV, MR  1.05 TeV, ML  0.55 TeV,  R  3 TeV,    3 TeV

TanL  10, TanR  5, Tan  5, f 1  0.1, f 2  0.05

R2

R1

22

11

L2

L1

WR

WL

B

0.0 0.5 1.0 1.5 2.0 2.5
0.0

0.2

0.4

0.6

0.8

1.0

L TeV



Neutralino Composition
MB 1 TeV, MR  1.05 TeV, ML  0.575 TeV,  R  3 TeV,    3 TeV

TanL  10, TanR  5, Tan  5, f 1  0.1, f 2  0.05

R2

R1

22

11

L2

L1

WR

WL

B



  

Lightest Neutralino Plots 
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Left Wino 



  

Relic abundance
● 2 conserve symmetries  4( -1)=3 candidates: c, n, h
● Assumption: mc<mn<mh   Tc>Tn>Th

(Decoupling from hot soup is independent of interactions 
with each other)

● 1st Assign parameters for MSSM neutralino, find Wc

● 2nd Choose % relic abundance for n and h, Wn > Wh 

● 3rd Find masses and direct detection scattering.

 

 



  

Pair Annihilation of n and hR 



  

Pair Annihilation of n and hR 



  

Relic Abundance- Plots
 



  

Relic Abundance- Plots
 



  

Direct detection



  

Neutralino Abundance and Detection
Relic abundance

Direct detection



  

MSSM Co-annihilation 



  

MSSM Co-annihilation 



  

Wino Neutralino Abundance and Detection 



  

Wino Neutralino Abundance and Detection 



  

Example

0.0 0.5 1.0 1.5 2.0 2.5
0.0

0.2

0.4

0.6

0.8

1.0

L TeV



Neutralino Composition
MB  1.2 TeV, MR  1.2 TeV, ML  0.625 TeV,  R  5 TeV,    5 TeV

TanL  10, TanR  10, Tan  10, f 1  0.2, f 2  0.7

R2

R1

22

11

L2

L1

WR

WL

B



  

Example II



  

Example III



  

Conclusions/more work
● LHC signatures
● Coupled Boltzmann equation
● Messenger sector ( Anomaly mediated)
● Scan over parameter space ( Pheno)
● Alternate DM: mix neutralino, Left Higgsino...



  

Conclusions/more work
● LHC signatures
● Coupled Boltzmann equation
● Messenger sector ( Anomaly mediated)
● Scan over parameter space ( Pheno)
● Alternate DM: mix neutralino, Left Higgsino...

● SUSY ≠ MSSM
● Why 1 DM component?
● Why Seesaw?



  

    Thank You!



  

Lagrangian



  

Soft Breaking Terms

● Gauginos masses
● Scalar masses
● Bilinear Bijfifj 
● Trilinear Aijkfifjfk 

 



  

MSSM Bino
MB  M R  MY



  

MSSM Lightest Neutralino
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