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Higgs inflation at tree level

5= [ty [ R A (T

e Scale invariant at h > Mp/+\/€
e h becomes Goldstone boson & effectively decouples

e SM + Gravity — Non-renormalizable
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Higgs inflation in Einstein-frame
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so far so good...but the night is dark and full of terrors



Hl is non-renormalizable

e Quantum corrections should be introduced by interpreting the theory
as an EFT in which a particular set of higher dim. operators are
included.
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eWe will take a minimalistic approach and add only the higher dimensional
operators generated by radiative corrections (i.e. those needed to make
\ theory finite at every order in PT). y
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{ (Partially) controllable link ]

between the low and high energy parameters of the model

F. Bezrukov, A. Magnin, M. Shaposhnikov, and S. Sibiryakov JHEP 1101 (2011) 016,
See also talks by Andrey Shkerin & Pawel Olszewski



Higgs inflation as an EFT

o (e

V(p) = 2F4(q§) + counterterms to cancel divergencies
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Asymptotics are not modified

10 SM running Chiral SM running
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The RGE potential

V(¢) =

— - FY(9)

A©)
4

1.00

0.95¢
0.90f
Uo 0.85F
0.80F
0.75F
0.70{

o N=56 ¢ N=59

Ao >~ b/16k  dA(¢) — 0

05 10 15 20 25 30
¢/Mp

0 )\0 SJ b/16/€

00 05 10 15 20
¢/Mp

25

30




Sudden threshold approximation

VEF ()
KJMP

Vi(p) = @F‘l(gb) with  A(¢p) = Ao + blog2

For the SM, b = 2.3 x 10~°
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The (quasi-) inflection point
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1-loop threshold approximation

o Assume 6\, ~ O(\?)

e Neglect the running of o)\,
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Collective threshold effects

1.0
e Running of finite parts?
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e Higher order operators? 506
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CONCLUSIONS

\/ Non-critical HI is “fireproof”: it provides
robust & universal predictions

\K:LO]
‘/ Precise predictions in critical Hl must be com- e e

plemented by a particular UV completion of - | -
the Standard Model coupled to gravity | _

1072

The relation of inflationary predictions to LE
observables contains an irreducible
theoretical uncertainty —> UV completion ?
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Slow-roll consistency

In general
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In a slow-roll attractor
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The self-consistent approach

A self-consistent approach is to define the cutoff from the theory itself by
considering all possible reactions between the SM constituents....

.... and add all kind of operators suppressed by these cutoffs...
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1-loop truncation

Finite parts should be promoted to new couplings with own RGE
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The one-loop diagrams associated to the new
counterterms are given by
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The two-loop contributions generated by the
original Lagrangian
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In order to be able to truncate the expansion, the finite parts must be of

the same order (in power counting) than the loops producing them.

X~ O(N,y*)

0y ~ O(y>, yA)

A~ O(y?)




On the edge of stability

e SM remains perturbative all the way up till the inflat./Planck scale
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Non trivial interplay between Higgs self-coupling and top quark Yukawa coupling
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Mh: GeV

Top quark & vac. instability
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Top quark & vac. instability
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Top quark & vac. instability

. —0.1184 M, — 125.03
crit — ().9223 + 0.00118 | & 0.00085
i i ( 00007 )" 0.3

M=172.38+0.66 GeV

127

. Stable' /1 Metastable

126.5 ;—h:f. / \ﬁ _;

Mh’ GeV

' N\
126 F // H /(\ W -
- [ [ I
125.5 F \ / i ! =
: : < ’ .
Nl S .

125 E

C ) _
124.5 | i E
: i CMS 1

124 C 3 o3 g Ny g g 9 1y 4 4 3 1 4 4 4 3 1 4 4 4 4 7

0.91 0.92 0.93 0.94 0.95 0.96
yi(u=173.2 GeV)

See F. Bezrukov, M. Shaposhnikov J.Exp.Theor.Phys. 120 (2015) 335-343 and references therein



Sketch of effective potential

V.

(not to scale!)
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