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The E6SSM is “inspired” by the gauge group E6 , breaking to the SM via

where only one linear superposition of the extra U(1) symmetries survives down to low 
energies:

So the E6SSM is really a                                                 gauge theory. 

This combination is required in order to 
keep the right handed neutrinos sterile.

1. Introduction: Leptoquarks and E 6

[S.F. King, S. Moretti, R. Nevzrov, Phys.Rev. D73 (2006) 035009]
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All the SM matter fields are contained in one 27-plet of E6 per generation.
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3 generations of Higgs bosons. Only the third generation gain a VeV, due to the 
large top Yukawa coupling. We call the others “inert Higgs” .

New “exotic quarks” and      . These are colored SU(2) singlets, with charge � 1/3.

Three generations of singlets w.r.t. all SM groups, (gen 3 becomes “Higgs-like”).

Right handed Neutrinos

An additional SU(2) doublet       and antidoublet (discussed by Roman)

An extra gauge boson, Z�. After electroweak symmetry breaking this will become 
massive (after eating the imaginary part of S3)

New States:

Placing each generation in a 27-plet forces us to have new particle states.
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Extra Symmetries:

Potentially have large flavour changing neutral currents (FCNC)

Introduce an extra approximate symmetry, under which all superfields
except the third generation of Higgs bosons and scalars are odd.

This symmetry has to be approximate – if it were exact, the exotic D’s would be stable 
and form colourless bound states we would see in nature.

But an approximate        would then allow proton decay

Introduce       or         symmetries. This works just like R-parity except for the 
slightly surprising result that

(so they are a bit like the Higgs/Higgsinos where the scalar has )
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The superpotential is:

If we impose        (all superfields except leptons are even) then the D’s are diquarks
with                       and  

If we impose        (exotic quarks and leptons are odd) then the D’s are leptoquarks
with              and  
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2. The contribution of E 6SSM leptoquarks to leptogenesis

Luo Rui has already told you all about the contribution of the L4 to leptogenesis.

If the exotic D’s are leptoquarks, they may also contribute to a lepton asymmetry.

This extra asymmetry has 2 sources :

The D’s contribute to one-loop self energies

New channels for right-handed neutrino (and sneutrino) decay

[S.F. King, R. Luo, DJM, R. Nevrozov, JHEP 0812 (2008) 042]
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with

Modifications to one-loop self energies
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To see the effects of these contributions, let’s switch off the L4 (set its couplings to zero) 
and only keep the couplings of third generations exotic D’s.

We also need to know a little bit about the neutrino mass matrix. Let’s assume 
Constrained Sequential Dominance as an example (already described by Ruo Lui).

Set RH Neutrino masses

A and B set by (light) neutrino masses

Assume phases to give maximal asymmetries

Couplings of order 0.1 – 0.01 can produce 
asymmetries of order 10-6 – 10-4
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New asymmetries

can produce 
asymmetries of order 10-6 – 10-4
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3. The constrained E 6SSM and its collider phenomenology

The E6SSM has 43 new parameters compared with the MSSM (14 are phases).

But if we apply constraints at the GUT scale, this is drastically reduced.

Set:

soft scalar masses

gaugino masses

Important parameters:

(at MX)

[P. Athron, S.F. King, DJM, S. Moretti, R. Nevzorov, arXiv:0901.1192]
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We have derived the RGEs, and modified a verison of SoftSuSY [B. Allanach] to run down 
the GUT scale parameters to low energies.

Procedure:
Run in two stages, first for gauge and Yukawa couplings and later for soft parameters

Gauge and Yukawa couplings: (2 loops, already discussed by Roman)

Since the gauge and Yukawa coupling RGEs don’t involve soft SuSy breaking 
parameters, we can evolve these separately once we know the gauge and 
Yukawa couplings.

Use an iterative procedure to ensure compatibility of GUT scale and EW scale 
inputs.

Soft SuSy breaking parameters: (1 loop)

Input Yukawa coulpings into the soft SuSy RGEs

Apply EWSB constraints at low energy.

Renormalisation Group Running
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squarks and gluinos

exotic quarks and squarks                             [HERA]

Inert Higgs and Higgsinos

Insist on neutralino LSP

Experimental restrictions on solutions

To ensure phenomenologically acceptable solutions, we require
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Fix                     and s and allow everything else to vary

Coloured regions are allowed points (for various values of s).

Allowed regions in the m 0 - M½ plane

(inert Higgs)



David J Miller UK Neutrino Network Meeting 15

Particle Spectra

For most allowed scenarios                        , so squarks tend to be heavier than 
the gluino 

Neutralinos, charginos and gluino: Higgs bosons

Exotic quarks have their mass set by

Exotic squarks also have a contribution from the soft SUSY mass

+ mixing and auxiliary D-terms
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Example scenario
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Recall, the        can decay only to SUSY particle (            ) while the         decay 
to SM particles (                 ).    

are pair produced (strongly interacting)  and decay (in this scenario) via 
3-body decays to

excess of

The         can be produced singly but at hadron colliders are mainly pair 
produced via gluon fusion. They decay to     and  

excess of               (no missing energy)

Both of these processes have strong production cross-sections comparable to 
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5. Conclusions and Summary

The E6SSM provides a credible example of a model which could arise from a GUT

It contains many new particles, including exotic coloured       and 

These        may be leptoquarks and contribute to the production of lepton asymmetries 
via a modification of the SM lepton asymmetries in loops, or by opening new decay 
channels.

They can also be fairly light and accessible at the LHC, with large signals.


