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Higgs and Flavour Problem

Higgs Problem: MSSM: mh . mZ | cos 2β|+ rad. corr
But mh ≥ 114.5 GeV −→ fine tuning measured by
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Flavour Problem: Lack of signals in flavour experiments −→
I mq̃1,2 & 800 TeV (no degeneracy nor alignment);
I mq̃1,2 & 12 TeV (degeneracy + alignment O(λc))

⇒ Spectrum:

I mq̃1,2 high (to solve flavour problem)

I mh high (to solve Higgs problem and to control fine tuning)
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The Spectrum
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How to raise the Higgs boson mass?

V (H) = −µ2|H|2 + λ|H|4 ⇒ m2
H ∝ λv2

In SUSY theories:
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⇒ one can raise the Higgs boson mass already at tree level both
via F-terms and D-terms
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Extensions of the MSSM

I U(1) gauge extension : SU(3)× SU(2)L ×U(1)Y ×U(1)X

(Batra, Delgado, Kaplan, Tait, 2004)
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I SU(2) gauge extension :

SU(3)× SU(2)I × SU(2)II ×U(1)Y

(Batra, Delgado, Kaplan, Tait, 2004)
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I λSUSY : W = λSH1H2 + f(S)

(Barbieri, Hall, Nomura, Rychkov, 2006)
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Mass of the Higgs boson
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Naturalness bounds from
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Naturalness bounds from
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λSUSY - EWPT
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LHC phenomenology

Relevant processes:
Gluino pair production pp→ g̃g̃

Gluino decays: g̃ → t̃1,2t, b̃1,2b

{
q̃ → q′χ0,± , q′V, q′S

b̃→ bχ ∼ (mb/mt) tβ
So we end up with a multitop rich final state:

g̃ →


ttX

tbX

bbX

+ g̃ →


ttX

tbX

bbX

⇒ Same sign dileptons with BR ' (2÷ 4)%
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LHC phenomenology: discovery potential at 14 TeV
mg̃ = 800 GeV, mt̃1

= 400 GeV, mt̃2
= 680 GeV, θt = π/8,

µ = 150 GeV, M1 = 600 GeV, M2 = 500 GeV
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Barbieri, Pappadopulo 2009

Main bkg: tt with 1% probability of misidentify the lepton charge

Integrated luminosity = 1 fb−1

Cut at Ht = 1 TeV

}
14 events
1 background
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Dark Matter: the Well Tempered Neutralino
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The Well Tempered Neutralino

µ 'M1 �M2 → Bino-Higgsino LSP

M1 'M2 � µ→ Bino-Wino LSP

Favored by naturalness

Enrico Bertuzzo (In collaboration with R. Barbieri, M. Farina, P. Lodone and D. Pappadopulo)A Non Standard Supersymmetric Spectrum



Bino-Higgsino Dark Matter

MSSM
mh = 120 GeV

tanβ = 10

λSUSY
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Dark blue: CDMS exclusion (now)
Light blue: Xenon100 exclusion (projection)
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Conclusions

I The Higgs boson mass and the flavour problem may be
related and suggest a Non Standard Supersymmetric
Spectrum in which

mh = (200÷ 300) GeV

mf̃1,2
& (20÷ 30) TeV� mf̃3

I This can be achieved at least in λSUSY

I Phenomenology:
I Same sign dileptons from gluino pair production
I ”Golden Higgs boson decay“ h→ ZZ
I DM: no well-temperament
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Backup slides
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λSUSY - EWPT
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Colour conservation

1st, 2nd generation of squarks −→ affects evolution of m2
ũ3
, m2

Q̃3

Colour conservation −→ m2
ũ3
, m2

Q̃3
≥ 0
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