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Exceptional SupersymmetricStandard Model
[Phys.Rev. D73 (2006) 035009 , Phys.Lett. B634 (2006) 278-284 S.F.King, S.Moretti& R. Nevzorov]

ÁE6 inspired model with an extra gauged U(1) symmetry

ÁMatter from 3 complete generations of E6

άLƴǎǇƛǊŜŘέ ōȅΥ 

) automatic cancellation of gauge anomalies 

Solves the ¹ -problem!
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All the SM matter fields are contained in one 27-plet of E6 per generation.
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right handed neutrino

3 generations 
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exotic 
quarks



Gauge Coupling Unification

ExcepionalSupersymmetric
Standard Model 

GauginosSU(N) gauge theory

Number of 
fermions

Number of 
scalars

New exotic 
matter!

U(1) gauge 

ÁEvolution changed dramatically!

Á at one loop!

(matter particles in 
fundamental 

representation )

ÁHiggs 2 E6 27plets  ) relics of        
and        , (        and         ) .27

0
270
( for 2step unification without relics see 
R.Howl, S.F. King PLB 652, 331, JHEP 0801:030)

Á2-loop and threshold effects 
important !



üSolution:impose Z2
B or Z2

L symmety.    
Like R-parity but       is odd,      is even.
Z2

B ) leptoquarks ;      Z2
L ) diquarks.

Discrete Symmetries

ÁProblem:  proton decay

ÁProblem: large Flavour      
Changing Neutral Currents,

üSolution: Approximate Z2
H

3rd gen Higgs (H1,3, H2,3 and S3) :  even,  
all others :  odd.



üSolution:impose Z2
B or Z2

L symmety.    
Like R-parity but       is odd,      is even.
Z2

B ) leptoquarks ;      Z2
L ) diquarks.

Discrete Symmetries

ÁProblem:  proton decay

ÁProblem: large Flavour      
Changing Neutral Currents,

üSolution: Approximate Z2
H

3rd gen Higgs (H1,3, H2,3 and S3) :  even,  
all others :  odd.

Dropping suppressed term etc. ..

Superpotential
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[PA, S.F.King, D.J.Miller, S.Moretti, R.Nevzorov,  PRD 80, 035009 (2009), PLB 681, 448-456, (2009)] 

The Constrained E6SSM

Universal Gaugino Mass

Universal trilinear soft mass

ÁAt MX ¼ 1015 GeV

Universal scalar mass

Parameters:

ÁTo connect these high scale conditions with low energies we use RGEs for: 

üGauge and Yukawa couplings (2 loop).
üSoft breaking gaugino and trilinear masses (2 loop).
üSoft scalar masses (1 loop).

Renormalisation Group Equations(RGEs)

ÁUse EWSB Replace soft parameters with   

Free Parameters:

.



inert

Light Z0Scenario   

Scenario with a sub TeV (926 GeV)

Heavy sfermions and light gluino(general prediction)

Light exotic quarks





~t1

~Â0
1

Exotic Signatures 

pp ! t¹tb¹b+ Emi ss
T + X

Enhancement  of

Leptoquarks

pp ! t¹t¿¹¿+ Emi ss
T + X

pp ! b¹b+ Emi ss
T + X

Diquarks

Scalar       similar, but without missing energy from   ~D Â0
1

pp ! t¹t¿¹¿+ Xe.g.

Scalar partners

~Â0
1

~¿1
¿
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ÁSub-TeV not (yet!) ruled out in cE6SSM.   

ü Sfermionsheavy in such scenarios

üLight Exotics - Diquarks/Leptoquarks, singlinosand higgsinos- possible

üObservation from Drell-yanproduction.

üExotic matter could make a detctablecontribution here    

ÁExotic quark production comparable with     

ü Could give striking signature

üMore phenomenological studies important  

Exotic Phenomenology
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ÁObstacle for precision calculations
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Heavy, masses Mi

Full theory 

Light, masses mi

Matching scale 
Matching scale 

Energy

Energy

Light only , masses mi

Effective theory 

Particles:

Couplings:

Couplings:

Particles: 9ǉǳŀǘŜ DǊŜŜƴΩǎ 
Functions

ÁVarying TESSM 10 -15% effect

ÁObstacle for precision calculations

ÁSolution:  include individual 
sparticlethresholds iteratively.

Threshold Corrections  
(In collaboration with DominikStockingerand Alexander Voigt)



Vanishes for DR-bar  
couplings

Integrated out 
fermions

Integrated out 
scalars

Effective coupling

Integrated out 
gauginos





üResidual dependence from Yukawa thresholds (coming soon)

üIndividual sparticlethresholds included  for gauge couplings.

üLarge reduction in threshold scale dependence.

ÁThreshold Corrections important for precision.



Conclusions

ÁE6 / extra U(1) SUSY models, (e.g. cE6SSM) well motivated

ücE6SSM investigated ,parameter space explored.
üGeneral prediction of heavy sfermionsand light gluino

ÁPhenomenology of the cE6SSM:

üIf light exotics can be copiously produced, viable scenarios shown .
ü½Ω Ŏŀƴ ƎƛǾŜ ǊƛǎŜ ǘƻ ǎǘǊƛƪƛƴƎ ǎƛƎƴŀǘǳǊŜǎΦ  LƳǇŀŎǘ ƻŦ ǘƘŜ ŜȄƻǘƛŎǎ ŎƻǳƭŘ ōŜ ǾƛǎƛōƭŜΦ

Sfermionscontribution low in considered point.
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ü[ƻǘǎ ǘƻ ŘƻΧǿƻǊƪ ƛƴ ǇǊƻƎǊŜǎǎΧ

if when E6SSM like signatures are observed





Scenario   (Light exotic fermions and scalars )

With a universal exotic coupling      at the GUT scale
) exotic quarks are always heavy  (                             )

Large      drives electroweak symmetry breaking 

Break     universality and exotic quarks can be light



Caution:It is possible all the exotics are heavy and challenging to detect, e.g. 

Scenario B     (Pessimistic)


