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Introductory motivations
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message from (the) BSM at the LHC (?)
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Too early to give up on Supersymmetry!
— deep connection between internal and space-time symmetries
— unification with Gravity...

— ubiquity of flat directions of the scalar potential
— potential inflationary sectors.

— In its (next-to-)minimal versions, (N)MSSM, possible relations
between constraints from inflation (prediction of the scalar spectral
index, the power spectrum normalization, etc.), and constraints from
particle physics searches 7

— SUSY DM candidates still viable, even for (relatively) light LSP,
despite direct / indirect search limits and LHC constraints.
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— in the space of 49 complex scalar fields ¢y (squarks, sletons, Higgses).

— one-to-one correspondence with gauge invariant monomials
— The (R,-conserving)MSSM potential has O(300) flat directions!

a promising paradise for Inflation!
BUT...




SUSY flat directions

a flat direction:

o has to be lifted...

o and by not too much — slow-roll/enough e-folding to fit
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— three main lifting sources:
e renormalizable superpotential (MSSM)
e soft SUSY breaking masses (MSSM)

= effective non-renormalizable superpotential (beyond the MSSM)
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a flat direction:

o has to be lifted...

o and by not too much — slow-roll/enough e-folding to fit
observations

— three main lifting sources:
e renormalizable superpotential (MSSM)
e soft SUSY breaking masses (MSSM)
= effective non-renormalizable superpotential (beyond the MSSM)

e.g. — LLe or udd flat directions lifted by

Ehie = (ET (L) resp. it (aidd)(@idd)

A
M; M;
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The saddle point MSSM-Inflation model
Inflation along these directions (Enqvist & collab. '06 +)
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The saddle point MSSM-Inflation model

— relate A to the MSSM soft tri-linear couplings at the SUSY breaking
scale, e.g. Ay =amgs, A= (3+a)mg/ in minimal SUGRA.

— my given by the MSSM soft scalar masses, e.g.
mg = §(m% +m? +ml), running at all scales.

— link between the inflation requirements/constraints and the MSSM
spectrum and SUSY DM.

Boehm et al. '13
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V' (¢0) # 0,V (¢o) = 0 — o extremely fine-tuned: o # 1 and 1 — a < 10-8

Martin, Ringeval, Vennin '13
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There is always a solution!
Richard von Eckardstein & D Zerwas
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The Effective Potential

Improve the Potential — loop corrections — log % resummation.
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The Effective Potential

Improve the Potential — loop corrections — log % resummation.
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The Effective Potential
Improve the Potential — loop corrections — log % resummation.
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The Effective Potential
Improve the Potential — loop corrections — log % resummation.

i sRINES lmz G = A)\—gb6 4= /\2‘;5710
inflation 92 ¢ 6M3 M6

m3 = (9), A A(9), A= X(8), 6 - (0)

ytree _ Yyloop < 'slight’ shape modification

in flation in flation

Might look like RGEs reduce tremendously the fine-tuning

o In fact o should be redefined!
o (Ge

Gilles Weymann-Despres




Implemented in SUSPECT3

o Included Inflation scale

o Included high scale boundary conditions relating A to MSSM soft
breaking couplings.

o Included RGEs for m, A and A for all LLe and udd directions,
including 3rd generation Yukawa effects.

Ready for a full-fledged analyses:

Maur Inflation EWSB My
| | | Boicizes
~ 1016Gev  ~ 104GeV ~ 10%GeV 91GeV




Outlook

o Although (particularly) fine-tuned, the saddle-point MSSM inflation
is an interesting set-up — relates high scale inflation to low scale
particle physics.

o The on-going collaboration: brings together exp & theo/cosmo &
particle, expertise and related analysis tools
(ASPIC/SuSpect3/SFitter)

o Extension to other SUSY scenarios; comparison of theoretical
predictions to future experimental HEP, cosmology and DM
searches.
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o Although (particularly) fine-tuned, the saddle-point MSSM inflation
is an interesting set-up — relates high scale inflation to low scale
particle physics.

o The on-going collaboration: brings together exp & theo/cosmo &
particle, expertise and related analysis tools
(ASPIC/SuSpect3/SFitter)

o Extension to other SUSY scenarios; comparison of theoretical
predictions to future experimental HEP, cosmology and DM
searches.

o The DMLab as a hub is a real opportunity for us: short-term visits,
feedback from experts, the SuSpect/SUSY-HIT project,...
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