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onsistency

The Standard Model (In)Stability

Vom = —p2HTH + 2 (HTH)Q

o large field values: V ~ \(HTH)?
e RGE: A = A\(Q), where Q ~ H
@ A\ — 0 around Q ~ 109 GeV, new minimum beyond Mpianck
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my, = 125 GeV: metastable electroweak vacuum
metastability: decay time of false vacuum large
instability scale around 101912 GeV

SM sufficiently stable

neutrino masses missing
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| Metastasility of the Standard Model

o my, = 125 GeV: metastable electroweak vacuum
@ metastability: decay time of false vacuum large
e instability scale around 101012 GeV

o SM sufficiently stable

°

neutrino masses missing

Why Supersymmetry?

@ my = 125 GeV: very suitable for light MSSM Higgs
@ metastability — absolute stability

Task: Do not introduce further instabilities!
(generically difficult)




A multi-scalar theory

2 Higgs doublets

2 x 6 scalar quarks, 6 + 3 scalar leptons
12 colored and 18 + 2 charged directions
charged Higgs directions “safe” [Casas et al. 1996]

SM Higgs potential: SO(4) symmetry

large couplings to Higgs doublets (y; and y, comparably large)

large stop contribution (X, A;) to light Higgs mass needed

SUSY threshold corrections for my, influence 1y,
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SM Higgs potential: SO(4) symmetry
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SUSY threshold corrections for my, influence 1y,
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Minimize the potential
V(g) = m?¢? — Agp® + A¢*,
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Minimize the potential
V(¢) = m*¢”* — Ap® + A",
with m? = mj_+ |u|® +m3 +m7, A= —A; and X = 3y7.

Answer:
3A + V9A232\ m?
po=0, o+ = ) :
Condition to be safe from non-standard (i.e. non-trivial) minima:
A2
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Well-known constraints
|Agl? < 3y7 (mi, + |ul?
|Apl? < 3y (miy, + |ul? + @3 + i)

for the limiting cases |tL| = |tr| = |h2| and |bL| = |br| = |h4]!
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 Optimized Charae and Color Breakina

[Gunion, Haber, Sher '88; Casas, Lleyda, Mufioz '96]

The same but different (“ A-parameter bounds”)
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© Closing in on the parameter space Ap = 0GeV
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Ap = 500 GeV
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© Closing in on the parameter space Ap = 1000 GeV
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© Closing in on the parameter space Ap = 1500 GeV
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~ Resort comes dose (increasing MSUSY)
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| Reesort comes dose (inereasine MSUSY) Ay
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X, [Mgysy
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@ constraints on model parameters from theoretical consistency:
global minimum has to be electroweak minimum
@ “heavy” Higgs © 125 GeV: large SUSY corrections

o large A;p and 1 induce squark vevs
o quest for mY = 125GeV generically wants heavy SUSY

"~ True,
but own all
the other days,

we will net.;

Some day,
we will all die,
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" A comment on metastasility and quantum tunneling
Cosmological stability

bounce action

B > 400

< life-time longer than age of the universe

v

Decay probability (per unit volume)

£:Ae_B/h

Vv

[Coleman '77]

Death and doom

@ value of B crucially depends on field space path

e very different conclusions for different 7, «, 8

o independent of SUSY parameter choice

4
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| Contours of the Bounce p =500 GeV, A, = A; = 1500 GeV
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eV,Ap, = A; = 1500 GeV
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