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SUSY with Intermediate Scales

• Physics at scales intermediate between EW and GUT is  
   common in many models:
✓ seesaw mechanism for neutrino masses
✓ multiscale models: Pati-Salam or L-R symmetric groups
✓ FN models with messengers
✓ ...

• If the intermediate scale fields are not singlets ⇒ 
    the running of gauge couplings (and all the parameters) 
    is modified ⇒ modification of the SUSY spectrum
                         ⇒ interesting phenomenological consequences

                 we can test very high scales with the LHC!
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• We assume intermediate scale physics in complete SU(5) repr.
       →   unification is not spoiled and MGUT is the same

• We parametrize intermediate scale physics with 2 par.:
                     MI: intermediate scale
                     Δb: variation of β-function coefficients   (bi+Δb)
• chiral superfields in complete repr.: Δb>0 and “universal”

⇒ gauge couplings grow faster above MI: αU larger

d

dt
gi =

1
16π2

bi g3
i bi > 0

EW GUT
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Δb=5 : a single 24 repr.:
type I+III seesaw   CB, Calibbi ’10

Δb=7 : 15+15bar: type II seesaw   Rossi ’02

Δb=15 : 3x24 reprs.:
type III seesaw   Esteves et al. ’10
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Gaugino Mass running
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This seems a simple rescaling of the parameters (M1/2) 
but this is not the end of the story...
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Scalar Mass running
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A simple rescaling of the parameters (m0,M1/2) is not enough
to recover the same low energy spectrum.

The ratio mscalar/Mgaugino increases with the intermediate scale
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Scalar Mass running
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where                     always mq̃ > M3
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Phenomenological Consequences

•             even more negative ⇒ EWSB easier

•            increases ⇒       more and more     -like
                               ⇒ focus point for DM disfavored

•            increases ⇒     coannihilation region disfavored  

      →  obtaining the correct DM relic density is more difficult
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 ⇒ also the coannihilation region disappears...
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Dark Matter

• Neutralino LSP is not a good DM candidate anymore…

• If DM is discovered in direct searches with properties similar 
   to neutralino LSP ⇒ a large portion of int. scale param. space 
   could be excluded
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Can we test intermediate scales 
physics at the LHC?

YES!

• by measuring sparticles masses and building 
   mass invariants

• by looking at edges in cascade decays

• … other..?                … still work in progress!
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Mass invariants (1)

Mi = AiM1/2
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Mass invariants (2)

Less dependence on MSUSY but more on 2 loops
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ẽR

m2
d̃R
−m2

l̃L

m2
q̃L
−m2

ẽR

m2
q̃L
−m2

ũR
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Kinematic Edges in Cascade Decays
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Kinematic Edges: mll

1. The position of the edges varies with the intermediate scale
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1. The position of the edges varies with the intermediate scale
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Kinematic Edges: maximum number
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Conclusions

• New physics at intermediate scale is common in many SUSY models

• It affects the running of gauge couplings and other parameters:
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Thank you for your attention
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