Higgs-criticality iIn and beyond the
Standard Model
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Tuning™ problems



The hierarchy problem™

SM as an EFT:  mj; = m{y, + 6m”

|/

Typically of order ~ Ajy ~ M,y

= mg < M., . requires cancellations

heavy



Metastability of the electroweak vacuum

|
Higgs Potential at high energies: V.«(H) ~ Z/Ieff(,u = H)H*

0.13

A(U)

(Very unlikely) tunnel eling

Mp, / U

H Very sensitive

M

U =10""2 GeV



Metastability of the electroweak vacuum
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Near-criticality in the SM

1 1
Higgs Potential: V(@) =V, — 5 §ﬁ¢2 + ZﬁeffW

Vo: close to transition “dS”«e”AdS”

mesz: close to transition “SSB”+»"’no SSB”

deff - close to transition “vpyw stable™ e vow unstable”



Near-criticality in the SM

1 1
Higgs Potential: V(@) =V, — 5 §ﬁ¢2 + Z?teff¢4

close to transition|“dS”e»’AdS”

close to transition |“SSB”"+»’no SSB”

close to transition

'Vgw Stable”™e”vgy unstable”

\

“Critical values” “Quantum phase transitions”




Real life
particle physics

problem:
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“Criticality”
acts as attractor

“Self-organized
criticality”
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Analogy =

“Criticality”
acts as attractor

— “Self-organized
criticality”

=) HIgQgs parameters set
dynamically? & o L2

“Vacuum selection”




Dynamical vacuum selection -
Concrete examples




Self-organized localisation

I 2 42 I 4
2105.08617]: Vo) = Vy — —m2p? + —Aoyep

2 4
lNew scalar
V. V= 2 () + — 1
€ff(¢9 U) — Y0 > eff(d)¢ T A eff(0)¢ + ...



Self-organized localisation

I 2 42 I 4
2105.08617]: Vo) = Vy — —m2p? + —Aoyep

2 4
lNew scalar
V. V= 2 () + — 1
€ff(¢9 0) — Y0 > eff(a)¢ T A €ff(0)¢ + ...

m* ~ |5, (u) | /412

\ Inflation

Inflation drives
- ends
fluctuations

Before
Inflation



Landscape statistics

11907.07693]

landscape
= hetwork,

vacuum
= nhode,

tunneling
= links




Landscape statistics

Network computations

I

Funnel preferred

— (early times)
1

Metastable vacuua

1(Iater)

Small Higgs mass




Overview

=) Standard Model Higgs:
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Overview

=) Standard Model Higgs:

Nah/ra:l@ss — (Near-)Criticality?

Our work: effect on BSM physics?

=) Reasonable: BSM physics also near-critical?

“ N\

Phenomenological Investigate quantum phases
consequences more generally



Near-critical BSM model building



Critical BSM physics - toy model

Veff (H)

Simplest scenario: V 4(¢) = V() +

C
O pO+ ..
Aty

2307.10361]
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Critical BSM physics - relevant scales?
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Saddle point near Planck scale— Inflation, PBHs?
General feature! ([2205.04471])



Critical BSM physics - low scales?

Running of 4: f, = (4n)7%(244% — 6y, + ... |

RHN: S, = B, —2Tr(Y'Y Y'Y )/ (4r)*

| 70N 7 7

p, = P, +2Tr(Y}Y,)/(4n)’

EWPD + RHN: u; 2 O(TeV)

AN

12410.xXXXXX]



Understanding quantum phases &
metastability bounds



Metastability bounds - a new phase transition

[1307.3536): |m*| S | By | u?

o \ Hierarchy and

metastability!

Phase transition!
— SOL




Metastability bounds - idea

SM tunings not independent?

l

| Very
One less explanation necessary

/technical

Metastability+SSB = |m*| S | f,(u) |1y < Agy,

T

For any reason!

12108.09315]



Metastability bounds - numerical results
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Metastability bounds - numerical results
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Metastability bounds - idea

SM tunings not independent?

l

| Very
One less explanation necessary

/technical
Metastability.-> |m*| S 1B(up) |y < Agy

T

For any reason!

12108.09315]



Metastability bounds - explaining SSB?
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Metastability bounds - explaining SSB?

0 A%]V

—3/2 2
2 e
AUV | (k) | 1

m2

excluded (metastability)

1 A= 1000 TeV, y m2 /m2

2 2
m- > mcrit.
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Metastability bounds - explaining SSB?

A =1000 TeV, combined bound

2.2 10 TeV uC
uC, FCC-ee
2.0 oo e o oo
. Precision EW" -
P mi<'4081eV.
1.6 m < 20 TeV
m<10 TeV

NEVEIAEIEE Elol=

stabilizing
physics

l

[2410.xxXXXX]
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