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 Motivation



Introduction

KEmpiricaI fact (1): descriptions of nature are self-contained within their \
respective scales

* Empirical fact (2): as we go to smaller scales, these descriptions unify more
\and more into increasingly tightly knit, rigid frameworks J

* This did not have to be so, but appears to be how nature is organised

* The hierarchy problem is a deep conflict between (1) and (2): if the Higgs
emerges from a more fundamental theory, as expected from (2), then it
violates (1) if the scale of new physics is too high



Effective Field Theory

" ‘ 1 . |
L=A+A0% +mO® + O0W ¢ T‘-)OW + FO(M + ...
* Incredibly successful
* Explains many features of our theories
* Natural expectations for sizes of parameters

e Sound reasoning, vindicated many times in the past

* However: hierarchy problem and cosmological constant defy EFT logic



The Hierarchy Problem

* Hierarchy problem is still a problem: (m, )% .. + (M} )% cgiative = (M4)?,

5m§, X mﬁeaw, dmy o< My log (

Mheavy [If Higgs mass is calculable
" in underlying UV theory]

Historical precedent

KEarIiest example of an unnatural, arbitrary feature of a fundamental theory: \

minertial = qgravity

* Classical electromagnetism fine-tuning:

e2

2 2
(meﬂ )Dbs = (mec )bare + AEcoulomb, A Ecoulomb =
dmeqre

KPions, GIM mechanism, etc. /

* Higgs? Expect new physics close to weak scale




Understanding the origin of EWSB

* The SM has many arbitrary features put in by hand which hint at underlying structure

* Pattern of Yukawa couplings, CKM
* QCD Theta term

Neutrino mass

Higgs potential

* Maybe it justis whatitis "\_(/)_/~

* but we would like a deeper understanding i.e. an explanation for why things are the way they are
* e.g. PQ axion for Theta term, see-saw for neutrino mass, Froggat-Nielsen for Yukawas...

* In SM, no understanding of Higgs sector: Higgs potential and couplings put in by hand and unexplained
* We feel there must be some underlying system that explains the origin of EWSB

* In any such theory in which the Higﬁs potential is calculable, there is a UV sensitivity to the Higgs mass (that
is no longer a free parameter) which requires fine-tuned cancellations



Natural electroweak symmetry breaking?

* A priori many ways to break electroweak symmetry

<

"2HOM e Higgs + SUSY * NMSSM

* Composite 2HDM *Twin Higgs

* Technicolor

* Fundamental Scalar * Composite Higgs
(SM Higgs) . Extra » Walking

; ; Technicolor
« Little Higgs Dimensions

* Tension between simplicity and naturalness
* Driven by lack of new physics at weak scale
* How to reconcile this with naturalness?



Natural electroweak symmetry breaking?

* Cosmological evolution may play a key role!

Dark Energy
Accelerated Expansion
V((,b) Afterglow Light
Pattern Dark Ages Development of
\ 375,000 yrs. Galaxies, Planets, etc. o
7 L = = T 'A. o E-:_;fl.:‘.ﬂ -'; . 2 v "
Inflation  g&= E A

bc = —MJe Quantum !
Fiuctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.77 billion years
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* Cosmological Relaxation



Cosmological relaxation S s i

L. F. Abbott, Phys. Lett. B 150
(1985) 427

* Assume Higgs mass is naturally large at cut-off M

LD (M?*+eM@)|h|* + eM>¢ + ... + Ai‘”v” COS (%)
p

* Higgs quadratic term scanned by axion-like field
¢ during inflation

* ¢ protected by shift symmetry, explicitly broken
by small parameter €

Aé—nvn

* Backreaction when < h > ~v stops ¢ evolution e M3
at small electroweak scale v -,
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Cosmological relaxation S s i

L. F. Abbott, Phys. Lett. B 150
(1985) 427

* Assume Higgs mass is naturally large at cut-off M

<hS=0

LD ([MQ j\h|2 m+ +A4 "™ cos (}b) v($)
p

. [Higgs quadratic term]scanned by axion-like field
& during inflation

* ¢ protected by shift symmetry, explicitly broken
by small parameter (€]

4—n . .n
* Backreaction when < h > ~v stops ¢ evolution M3 ~ Ap v
at small electroweak scale v — fp




Cosmological relaxation

* Assume Higgs mass is naturally large at cut-off M

LD (M?+eM¢)|h|* + eM’p + ... + A7"0" cos ( ¢

* Higgs quadratic term scanned by axion-like field

¢ during inflation

* ¢ protected by shift symmetry, explicitly broken

by small parameter €

e Backreaction When{< h > ~vJstops ¢ evolution

at small electroweak scale v

P. W. Graham, D. E. Kaplan and S. Rajendran,
[arXiv:1504.07551]

L. F. Abbott, Phys. Lett. B 150
(1985) 427

CPIC = M/e

Aé—nvn

eM3 ~
Jp




Constraints: H <, classical rolling vs quantum, inflaton energy density

COsmO|OgICa| rE|axat|O dominates relaxion, etc.

. . Very small € and natural scanning range lead to super-planckian field
* Assume Higgs mass is naturally | excursions, exponential e-foldings...

LD (M +eM@)|h]> + eM?¢ + ... + Ay 0" cos (fﬂ) V(@)
p

* Higgs quadratic term scanned by axion-like field
¢ during inflation

* ¢ protected by shift symmetry, explicitly broken
by small parameter €

Af)—nvn

e Backreaction when < h > ~v stops ¢ evolution Ve
at small electroweak scale v fp




Cosmological relaxation

2 2 3 4—n_n Qb
L5 (M + eM@)|hf + M3 + .. +{AL " |cos (f—p)

e n=1 models Graham et al [1504.07551]

* Confining gauge group G=QCD: Need additional ingredients to overcome strong-CP
problem

* New gauge group G: new physics at weak scale + coincidence problem

° n=2 mOdeIS Espinosa et al [1506.09217]
* G can be at higher scales, raises M cut-off too
* Requires second scalar to relax relaxion barriers: double-scanning mechanism

o n=0 mOdels Hook and Marques-Tavares [1607.01786], TY [1701.09167]
* More promising, make use of axial gauge coupling c
* Connection to dark photons pomcie, schmitz, Tv 2108.11205]

1 a
RV pOr Y
_ "}2'}1—2 }(‘ € ‘I"l (‘T;II/GPU
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e Cosmological Self-Organised Criticality



Critical points

* To be at the critical point of a classical phase transition requires tuning

* Living near criticality is highly non-generic!



3 hints for near-criticality of our Universe

* 1) Higgs potential metastability in SM

1205.6497 Degrassi et al
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* Living on critical boundary of two phases coexisting
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3 hints for near-criticality of our Universe

* 2) Higgs mass

* Tuned close to boundary between ordered and disordered phase



3 hints for near-criticality of our Universe

* 2) Higgs mass

* Tuned close to boundary between ordered and disordered phase



3 hints for near-criticality of our Universe

 3) Cosmological constant

* Tuned close to boundary between implosion and explosion



3 hints for near-criticality of our Universe

 3) Cosmological constant

* Tuned close to boundary between implosion and explosion

+M2



3 hints for near-criticality of our Universe

* Why do we appear to live at a special point close to criticality?

* Hints of a new principle beyond EFT expectations at play?



Self-Organised Criticality

* Many systems in nature self-tuned to live near criticality

Prisoner’s dilemma

Rational decision
making

Bounded Game

rationality

Iterative PD

Theory behavior

(D) Social dynamics

Collective intelligence

Self-organized criticality
n-person PD

maee CoOllective
transition Behavior

Irrational

competition

Time series analysis

game theory

Ordinary differential equations

Iterative maps Phase space

Attractors gonl I n?ar asmn::;:i
ynamics
Population dynamics Chaos

Multistability Bifurcation

Coupled map
lattices

Homeostasis

Feedbacks  Self-reference

Goal-oriented/
guided behavior

Sense Systems Entropy
making
Theory Autopoiesis

Computation
theory

Systemdynamics

Cybernetics

Information theory

Bak, Tang and Weisenfeld
(1989)

Complexity
measurement

Wikipedia

C jonversus  Spati
game theory

Evolutionary

Complex Systems

Partial differential equations

Dissipative

structures Pattern 2

Spatial ecology

ork v

Emergence
over scale

S

Genetic

Spatial fractals

Reaction-diffusion systems

Evo-Devo

Evi

© Ant colony optimization
Particle swarm optimization
Swarm behavior
Social network analysis

Community identification

Motifs

Attificial neural networks

Evolutionary computation

i EVOlUtion &
life Adaptation learning

Herd
mentality

Agent-

based
modeling

Scale-free networks

Small-world
networks

Centrality

Graph
Networks theory
caling
Robustness/vulnerability

Systems

biology  Dynamical networks

Adaptive networks

algorithms/programming

Machine

Artificialintelligence

Cellular

Formation auomata
Self-replication
Spatial evolutionary biology

Geomorphology

y robotics

Evolvability




Self-Organised Criticality

* Fundamental self-organised criticality in our universe?

* Need a mechanism for self-organisation of fundamental parameters
determined by scalar fields

e.g. Self-Organized Criticality in eternal inflation landscape: J. Khoury et al [1907.07693,
1912.06706, 2003.12594]

* Self-Organised Localisation (SOL):

* cosmological quantum phase transitions localise fluctuating scalar fields during
inflation at critical points

Giudice, McCullough, TY [2105.08617]



Phase Transitions (PT)

* Classical PT: varying background temperature

* Quantum PT: varying background field

V({W)ls

V = (1/;2 — pz)g + KUY

| >~

=
........




Toy example
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* ¢ triggers 15t order quantum phase transition of another field at
C

* Distribution of ¢ values peaked at critical point:
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Of all the possible parameter
values being scanned by ¢,
the value at the critical point
is the attractor!



Toy example
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@
* ¢ triggers 15t order quantum phase transition of another field at ¢,

* Distribution of ¢ values peaked at critical point:

1.2

Qv
1.0r4 Al : ]
i C f k f

08}, Hi .
Soell o il Of all the possible parameter
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B the value at the critical point

2 ; : is the attractor!
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Toy example

500 05 10
@
* ¢ triggers 15t order quantum phase transition of another field at ¢,
* Distribution of ¢ values peaked at critical point:
1.2
Q*v
1.0"% c i
08 PO
§06 QV Of all the possible parameter
x 0' il values being scanned by ¢,
4 the value at the critical point
il 2R is the attractor!
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Toy example

[

05 00 05 10
0

* ¢ triggers 15t order quantum phase transition of another field at ¢,
* Distribution of ¢ values peaked at critical point:

1.2

Q*V
1.0*;

Qv

values being scanned by ¢,
the value at the critical point
is the attractor!
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Soe P [Of all the possible parameter}
T




Toy example

[

05 00 05 10
0

* ¢ triggers 15t order quantum phase transition of another field at ¢,
* Distribution of ¢ values peaked at critical point:

Of all the possible parameter

ol il values being scanned by ¢,

i Pl the value at the critical point
i Bin [is the attractor! }
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* Cosmological Censorship



Cosmological Censorship

* Weinberg’s anthropic argument: censor all cosmological constant
values leading to expansion rate incompatible with life

* Sliding naturalness: censor all parameter values leading to vacuum

crunch incompatible with life , |
D’Agnolo, Teresi [2106.04591, 2109.13249]

* N-naturalness: censor all Higgs mass values too large to reheat

universe Arkani-Hamed et al [1607.06821]

* Many more ideas, cosmological and non-cosmological...

[Apologies for incomplete references]
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e Conclusion



Conclusion

* Naturalness is an aesthetic argument but an important piece of the
puzzle

 Symmetry-based solutions don’t seem to be enough

* Keep an open mind for new principles e.g. cosmological dynamics,
landscape selection rules, UV-IR mixing...

* Exciting times—may be analogous to early 20t century revolution



Conclusion

e 1900: Almost all data agree spectacularly with the fundamental
framework of the time, no reason to doubt its universal applicability
or completeness.

e 1920s: A combination of precision measurements (Mercury),
aesthetic arguments (relativity) supported by null experimental
results (Michelson-Morley), and theoretical inconsistencies
(Rayleigh-Jeans UV catastrophe) lead to an overhaul of the
fundamental picture at smaller scales and higher energies after
pushing the frontiers of technology and theory into new regimes.



Conclusion

e 2020: Almost all data agree spectacularly with the fundamental
framework of the time, no reason to doubt its universal applicability
or completeness.

e 2050s: A combination of precision measurements (B mesons,
Hubble), aesthetic arguments (naturalness) supported by null
experimental results (LHC), and theoretical inconsistencies (black
hole information paradox) lead to an overhaul of the fundamental
picture at smaller scales and higher energies after pushing the
frontiers of technology and theory into new regimes.



Backup
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* Fokker-Planck Volume (FPV) equation
* FPV dynamics



Fokker-Planck Volume (FPV) equation

* Langevin equation:|classical slow-roll|+|Hubble quantum fluctuations

o(t + At) = o(t) — At + nag(t)

e

* Volume-averaged Langevin trajectories: FPV for volume distribution P (¢, t)

o [ h o(HP) V'P] . 0P H (&)
dp | 812 0o * 3H} U P =5 |

- /‘ \a]t

Quantum Classical drift
) ) Volume term
diffusion term term




Fokker-Planck Volume (FPV) equation

* Langevin equation:|classical slow-roll|+|Hubble quantum fluctuations

o(t + At) = o(t) — At + nag(t)

e

* Volume-averaged Langevin trajectories: FPV for volume distribution P(¢, t)

o [ h O(H¥SP) V'P )
H*P = H§
96 |32 a0 " 3mee| TP “

or
Ot

* Ambiguity in choosing time “gauge” dte/dt = (H/H,)' =



FPV dynamics

* @ is not the inflaton: apeiron field scanning parameters

e Restrict to EFT field range f ¢ = % V =3H2M2 + ¢’ flw(y) , w(p) = Z %w
n=1

* Assume sub-dominant energy density

62 4 10,
* Expand around constant inflationary background H, H(p) ~ Hy (1 + m{g]%))
* FPV becomes ad*P  I(W'P) oP
—— + + fwP = —
2002 ' dp oT
3hH o 3Ef? , _3Hy _aBSs. 8m2 M
= ; ) = ———= LR = — Dds — .
i DT e R= 0212 3¢H, s T hH?
: T
Quantum Classical drift
diffusion Volume




FPV dynamics

* @ is not the inflaton: apeiron field scanning parameters

* Restrict to EFT field range f ¢ = % V =3HgME + g2 f'w(e) . w(p)=)_ %V
* Assume sub-dominant energy density =
. . 62f4 A
* Expand around constant inflationary background H, H(p) ~ Hy (1 + Mg]%))
* FPV becomes ad?P  O(wW'P) OP
—= + + fwP = —
2002 o OT
o= Bﬁﬂj 3 = 3 Efz T = t - 3H[] f},'IBSdS STTQJI}?
Y= . = == = — ., ilp= — = Sgs = '
dm2e2ft U T 22 tr T g2f2 T 3¢H, 5 hH?
» Maximum number of e-folds for non-eternal inflation: N < Su. = *=




FPV dynamics

* Stationary FPV distributions  P(¢,7) =) " e*p(p. ))
A

o
§p”—|—w"p’—|— (W' 4+ Bw—=AN)p=0
_ 3hH; 5= 3&f? T t . 3Hy  «affSys
T e 0 PTonE 0 T T BT 2T 3
a 5 R 9z f 3§ Hy

* Largest eigenvalue )\ = )\,.. inflates most
* Eigenvalue determines peak location

* Note: boundary conditions necessary input for solution

ds —

8T M ﬁ
hH?




FPV dynamics

* Stationary FPV distributions  P(¢,7) =) " eMp(:
A

5, \)

/Discriminant D>0 for
positive solution:

D =uWw?+2a(A — fw—u"
( )

(@7
_p!!+w!p!+(wf!+/8w_/\)pzo #\

2
_ 3hH; o3¢S ot _ 3Hy,  afBSs 82 M2
A2e? f 2 M; tRr g f IEH,, ~ds h H 2

* Largest eigenvalue )\ = )\,.. inflates most
* Eigenvalue determines peak location

* Note: boundary conditions necessary input for solution



FPV dynamics

* Stationary FPV distributions  P(¢,7) =) " e*p(p. )) - ~
\ Discriminant D>0 for
positive solution:
@ ,

E p” —|— w’p! + (w” + /Bw — /\) p — 0 #\D = w'" + 20 (A — Pw —u.;”)

3hHA 3Ef2 t 3H, 35,5 32 V2

o= ‘“ : ﬁz—i , I'=— |, tp= [‘]:&' e g :87_ "UP

Ar2e? f4 2 M? tr g2 f?  3£H, Pds 2

ol 2
e.g. [D=O atp =1 =) )\ = — 35— e J

 Largest eigenvalue )\ = )\,.. inflates most 20

* Eigenvalue determines peak location

* Note: boundary conditions necessary input for solution



FPV dynamics

* Stationary FPV distributions  P(¢,7) =) " e*p(p. )) - ~
\ Discriminant D>0 for
positive solution:
@ ,

E p” -+ w”p’ -+ (w” o ﬁw — /\) D = () #\D = w? + 2a(\ — fw —w”)

3hH{ 3617 t 3H, «fBSy T2\ [2

o= ‘ , p==--— , T=— |, Ip= - = — (S p

Ar2e? f4 2 M? tRr g2 f?  3£H, ds 2

(2
€.8. [D=O atp = 1 ‘ }'lmax =0 — L’;—l}
¥

 Largest eigenvalue )\ = )\,.. inflates most

* Eigenvalue determines peak location

Y

SV (W B —Np=0 = \=Bw(@) +w(P) — 5

202

* Note: boundary conditions necessary input for solution



FPV dynamics

* Stationary FPV distributions  P(¢,7) =) " e*p(p. )) - N
\ Discriminant D>0 for
positive solution:
S/ /! 1 P "
Ep + W p +(w —}—ﬁw—/\)pzo #\D:w —}-Eu'(}.—,dw—w)
3hH{ o 3Ef? t 3Hy «afSy 872 M2
O=E—>- . P=E-T5 Ir=— . lr = —— = = - p
Am2e? f 2 M; tr g f 3EH, ds B 2

 Largest eigenvalue )\ = )\,.. inflates most

e.g. [D=O atp =1 =) )\ =

.l 1,!'2
1
20

* Eigenvalue determines peak location

CH I - Np =0 A= (@) W) — oy —

202

* Note: boundary conditions necessary input for solution




FPV dynamics S PR
1.0f 4 Qv
i C Qv
2' .................. ‘ 08 : E
d f 06/ |
s | r Q |
3 0 | 0.4} & ;
-1} § 0.2} |
2% %5 o0 05 10 0.0-= . I
; 10 -05 00 05 10
@
o ('regime: aff < 1. Peak is located as far down the potential as allowed by boundary
condition.

e QV regime: aff > 1, o8 < 1. Peak is a distance 1/(af) from the top with width

o~ 1/y/B.

o O’V regime: o?f > 1. Peak as close to the top as possible, with a distance compa-
rable to the width o ~ (a/B)/3.



3hH; 3 = 3¢f?

(83

FPV dynamics e
¢ 872 M
S
=
e
=
Sds £
o
ﬁ 0
>
1
No Slow-Roll FP
—1
ds

B _1/9 1/2
Sdsl Sas / 1 Sdé Sds
8
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* FPV + QPT = SOL
* Discontinuity
* Flux conservation



Junctlon cond|t|ons at phase tran5|t|ons

1.2

0.4f Qv
02f ] 1.004 Al A
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08} 0.2} Pl
~1.0t N S
-10  -05 00 0.5 10 0 05 0.0 05 10
@ ¢

* ¢ triggers 15t order quantum phase transition at ¢,
* Discontinuity in V' leads to discontinuous P’

* Requiring continuity of FPV across the critical point gives a junction
condition to satisfy

pete 9 [V p G, AP’ 2AW
: K, H?P)| = -
E}% /f;:"_ dq)@q} 3H 8??2 o ( )} 0 ‘ P(ee) e

£




Junctlon cond|t|ons at phase tran5|t|ons
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* ¢ triggers 15t order quantum phase transition at ¢,
* Discontinuity in V' leads to discontinuous P’

* Requiring continuity of FPV across the critical point gives a junction
condition to satisfy
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Junctlon cond|t|ons at phase tran5|t|ons
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* ¢ triggers 15t order quantum phase transition at ¢,
* Discontinuity in V' leads to discontinuous P’

* Requiring continuity of FPV across the critical point gives a junction
condition to satisfy

pete 9 [V p G, AP’ 2AW
: K, H?P)| = -
E}% /f;:"_ dq)@q} 3H 8??2 o ( )} 0 ‘ P(ee) e

£




Junction conditions at phase transitions

1.0} 107213 P, (o)
/ 0.8 N
Phase h I

3 * §0.6}
< Q 04i )
N o
Q‘\‘a‘f’e 0_2} Pn(®) J \
. 0.0~ .
Qe T Pc Qe Pe QT Pc Pe
@ @

* Coexistence of branches of different phases, require continuity of
Py and Py + P, in FPV at ¢7: flux conservation junction conditions



Junction conditions at phase trans

tions

1.0 10722 P,(p)
/ 0.8; (
Phase h

- Phase v must be in C regime
s 4 $ 0.6
= Q ) - .
. 0.4 ( - Boundary conditions pick out
o 0.2} Pr(@) J \ diffusionless solution over
| 0.0 Gibbs solution
Pe” o @ Pe* P ot @ Pe"
@ @ :
. -Require flux at boundary
Solve FPV: 5" +w'p' + (W' + fw = A)p = 0 wa(p) =0 , wlp)=¢
/ Phase h \ /Phase Vv \
pulpr) =0 prler) =0. pr(ier) = K - WP (-1)=0 , 2)P'(1)=—k
. 3) Pf(er) =Py (¢r) » 4)P(er) =P (1) =k
N (or —er) . (7l —vr) o~
ph(p) = - Kp SN | ———— (¢ > ¢r).
m YE T W¥T @ . + .
Pf(p.A) = €% [ga (N Ai(x) + g; (N Bi(x)] |
\ = o e i . 1 + 2aA — 2a8y
2 (¢f — or)? E

(2a%8)*
/ -
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* SOL solutions
* Metastability
* Higgs mass
e Cosmological constant



Higgs metastability
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Higgs metastability
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Higgs metastability
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Higgs mass naturalness

(hy Kew@ + row? + ... for <0 (unbroken EW: (h) =0)
Vg, (h)) o o . , T
Affil Ale 9 )\ h h4 — = Kew + ri.mg-.a.z +... for 0<p <y, (IR phase: (h)=uv)
V ( } (P l + - —ko + Kuy@ + Kop? + ... for any ¢ (UV phase: (h)=cyM)
0, h) = w(p) —
pJ q? SO 2 4 L w"((]) — wﬁ(m o — Ak L _)\1?\«"(:;1:\-' . C%I\-’
o % Kew = yf , Ro = 295 , Ky = Ro— 4K, Kp= 1 ;. Ruv — H*I-]M\-'_T
- Unbroken to broken transition not sufficient
‘b%e) ] - Use broken IR to broken UV phase transition

vV : j —fBre 3 A3 _3
(('O) _ j:" o, = }BI;{; I vV =¢e 1 AI

- Need lower instability scale A;: ~TeV through
VL fermions

- (Naturalness motivation: scalars and vectors
heavy, only VL fermions at TeV scale)




Higgs mass naturalness

Kew@ + row? + ... for <0 (unbroken EW: (h) =0)
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- Unbroken to broken transition not sufficient

- Use broken IR to broken UV phase transition

—Bre 22 _3
o= v=-e 1/\;

- Need lower instability scale A;: ~TeV through
VL fermions

- (Naturalness motivation: scalars and vectors
heavy, only VL fermions at TeV scale)




Cosmological constant

* Hidden phase: vanishing cosmological constant by R-symmetry
* Visible phase: SOL localises at vacuum degeneracy point

M 6(1— A) 27(6 = 1)
. . : - N W1 — Ay) 2m(@Q — O
g2 | _ ph(@) = Sl !\/ A H, ]
, 2
Ay =1—- ﬁ [’, .
V(¢) | _ 24(f — or)
V; | Phase h
2
] - VIS, o=/=M
(05) I , 0 3£ P
0 =. 1 - .
$Aads O Ge f b2

¢ ) V() = Vi(1- 125);;)

e Solution must be in C regime with appropriate boundary conditions
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* Conclusion
* Measure problem



Take-home message

* Scalar fields undergoing quantum fluctuations during inflation can be localised

at the critical points of quantum phase transitions: SOL

phases

* Measure problem: ambiguous choice of time parametrisation (recall 3 =
* Related to regularisation of infinite reheating surface
* We have not specified the inflaton sector: decoupled from our scalar

e SOL prediction is quantitative but dependent on chosen solution of measure

Kproblem: exponential localisation can remain a feature

* SOL suggests our Universe lives at the critical boundary of coexistence of }
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