From the eV to the Planck scale:

living on the edge of a precipice
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Motivation

— Perturbativity bound

[ ] Stability bound

[ ] Finite-T metastability bound
B Zero-T metastability bound

Shown are 1o error bands, w/o theoretical errors
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Higgs effective potential
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SM phase diagram
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SM + Neutrinos...

L= ESM + 'iN_R’Yﬂ(BﬂNR) — [N_RYVﬁTL + %N_IgMRNR + h.c.



SM + Neutrinos...

NRY, H'L + %N_gMRNR + h.c.




SM + Neutrinos...

NrY, H'L + %N_,%"MRNR + h.c.

my ~00.1) eV —

{MR%IO“’GeV if Y, ~1

Mp ~ 10" GeV if Y, ~ 1073




SM + Neutrinos...
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E.g.: Cass, Di Clemente, Esposa, uir(;s,
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SM + Neutrinos...

The case of the “Inverse seesaw”
R. N. Mohapatra and J. W. F. Valle, Phys. Rev. D34, 1642 (1986)

= = —— e — s s |
|

2

- _ . 1 1—
Ligg = ESN1+iNR’Y“(6“NR)-I—?:S’)/”(apS)— |:NRYVHTL + —=NrpMgrS + éscﬂss + h.c.



SM + Neutrinos...

The case of the “Inverse seesaw”

keV dark matter?
e.g. Abada and Lucente,
arXiv:1401.1507

Vactive O(I-LS X m2D/M}22) ~ eV




SM + Neutrinos...

The case of the “Inverse seesaw”
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SM + Neutrinos...

The case of the “Inverse seesaw”

Tr(Y!Y,) ~ 036
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SM + Neutrinos...

The case of the “Inverse seesaw”

Tr(Y!Y,) ~ 036

T

o
~

SN—
9, 9, T 3. ‘
(g0t — gt + O ) Yo v ||

| U2
&N
=
=
o
3
o
Q
2
|

O
)

ot
o

17 . 9 . . 3 .
[ -3 _ggr 32 Tr(YJY,,)] "

T 1672 | 20 4 2




SM + Neutrinos...

The case of the “Inverse seesaw”
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SM phase diagram...

>
D)
O
5
=
92
95}
<
g
2
o)
e,
=9
S
F

Stability

122 124 126 128 130 132

Higgs pole mass M), in GeV

arXiv:1307.3536
Buttazzo, Degrassi, Giardino, Giudice, Sala, Salvio, Strumia,



More on stability...
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More on stability...
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More on stability...
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More on stability...
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More on stability...
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More on stability...

Coleman, Phys.Rev.[)15,2929
Callan and Coleman, Phys.Rev.D16,1762



More on stability...
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More on stability...




More on stability...

"False"

(EW) vacuum

~ "True" vacuum



More on stability...




More on stability...
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G. W. Anderson,

Phya. Lett. B 2495 (1990) 265

P. B. Arnold and S. Vokos, | e 8
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Thermal phase diagram
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Inflation

and the reheating temperature
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Inflation

and the reheatlng temperature
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Inflation
and the reheatlng temperature
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V (q)) Once reached, inflation ends,
and the inflaton begins to
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Inflation

and the reheating temperature
V(o) S o
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The kinetic energy of the oscillating
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What are the experimental limits
on the reheating temperature ?
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What are the experimental limits
on the reheating temperature ?

The Hubble parameter at the end of inflation
can be constrained using the Limit on the
tensor-to-scalar ratic of the ampti&ud@.s
praduted during im{ta&iaw




Beyond

instantaneous reheating

R. J. Scherrer and M. S. Turner,
Phys. Rev. D 31 (1985) 681
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Beyond

instantaneous reheating
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What about theory ?

Baryogenesis via leptogenesis:
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What about theory ?

High value of the reheating

te perature protects the Higgs |
field from larqe |
quanbtum fluctuations during |




Prospects
[ Computational side]

PHYSICAL REVIEW D VOLUME 47, NUMBER 8 15 APRIL 1993

Effective potential and first-order phase transitions: Beyond leading order

Peter Arnold
Department of Physics, University of Washington, Seattle, Washington 98195

Olivier Espinosa
Department of Physics, University of Washington, Seattle, Washington 98195
Departimento de Fisica, Universidad Técnica, Federico Santa Maria, Casilla 110-V, Valparaiso, Chile*
(Received 11 December 1992)

Scenarios for electroweak baryogenesis require an understanding of the effective potential at finite
temperature near a first-order electroweak phase transition. Working in the Landau gauge, we present a
calculation of the dominant two-loop corrections to the ring-improved one-loop potential in the formal
limit g*<<A <<g?, where A is the Higgs self-coupling and g is the electroweak coupling. The limit
A <<g? ensures that the phase transition is significantly first order, and the limit g* << allows us to use
high-temperature expansions. We find corrections from 20% to 40% at Higgs-boson masses relevant to
the bound computed for baryogenesis in the minimal standard model. Though our numerical results
seem to still rule out minimal standard model baryogenesis, this conclusion is not airtight because the
loop expansion is only marginal when corrections are as big as 40%. We also discuss why superdaisy ap-
proximations do not correctly compute these corrections.

PACS number(s): 11.15.Kc, 05.70.Fh, 12.15.Cc, 98.80.Cq

NLO Ehermal corrections
potential and kinetic term ()



Prospects
[ Computational side]

(*) NLO thermal corrections
PQ&QM&&L and kinekic kerm
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Prospects
[ Computational side]

(*) NLO thermal corrections
PQ&QM&&L and kinekic kerm

0uo) (0%¢

Neglecting Z introduces a
gauge dependence
(violation of Nielsewnn Eden&iﬁv)
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M. Garny and T. Konstandin, arXiv:1205.3392,

for the analysis in the context of the abelian Higgs model



Prospects
[ Computational side]
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Prospects
[ Interpretational side]
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Conclusions
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