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Abstract: | discuss a new approach to the Higgs naturalness problem, where the value of the Higgs massis tied to cosmic stability and the possibility
of alarge observable Universe. The Higgs mixes with the dilaton of a CFT sector whose true ground state has a large negative vacuum energy. If the
Higgs VEV is non-zero and below O(TeV), the CFT also admits a second metastable vacuum, where the expansion history of the Universe is
conventional. As a result, only Hubble patches with unnaturally small values of the Higgs mass support inflation and post-inflationary expansion,
while all other patches rapidly crunch. | will also comment on alternative realizations of the mechanism that do not require a CFT sector and have a
simple perturbative description.
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FINE-TUNING 101

A physical observable can be computed as the sum of multiple
unrelated contributions

O=01+05+...

At least two of them are much larger than its observed value

Oobs < ’01,2‘
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PAST FINE-TUNING PROBLEMS

Mysterium Cosmographicum Electron Self-Energy

THE UNIVERSE IS VAST
AND WE ARE NOT

Both have paradigm-shifting resolutions

irsa: 20100059 Page 4/52



THE HIERARCHY PROBLEM
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EFFECTIVE FIELD THEORIES

In Quantum Field Theory: Systematic way of integrating out high
energy degrees of freedom to obtain a simplified low energy theory

RENORMALIZATION SYMMETRIES FROM COARSE GRAINING
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ONE TOOL FOR MULTIPLE APPLICATIONS

POST-NEWTONIAN EXPANSIONS

LANDAU THEORY OF FERMI LIQUIDS
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THE HIERARCHY PROBLEMS

Take a heavy mass scale [Gravity] and apply this
procedure of infegrating out:

HIGGS BOSON MASS ~ 10" observed




THE HIERARCHY PROBLEMS

Take a heavy mass scale [Gravity] and apply this
procedure of infegrating out:

These answers are
based on something
more fundamental
than the procedure

16
itself: Symmetry I Bisemes




HIGGS MASS EXPLANATIONS

There is only a handful of conceptually distinct ways in which
we know how to solve the problem. All have deep implications
for our understanding of Nature.

Symmetry
Lower the cut-off
Multiverse + Anthropic selection

Nnaturalness [Arkani-Hamed, Cohen, RTD, Hook, Kim, Pinner]
Dynamical Selection

Gravity does not compute in a Wilsonian way
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TODAY’S TALK

[Csaki, RTD, Geller, Ismail] ‘20

Lower the cut-off
+ Anthropic selection

Nnaturalness [Arkani-Hamed, Cohen, RTD, Hook, Kim, Pinner] '16

Gravity does not compute in a Wilsonian way
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BASIC PICTURE

Landscape of Higgs Masses populated by inflation
2 2 2
—Apg <my < Ay
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BASIC PICTURE

After a time
s

All patches where the Higgs
vev (H°) ~ v

(H% = h

Is outside of a certain range

hmin 5 h S hcrit

crunch

(H%) ~ v
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BASIC PICTURE

Only universes with the observed value of the weak scale can live longer than a Planck
time and inflate. Today the multiverse looks like:
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CRUNCHING MECHANISM

5% 1040

New Scalar X

Coupled to the Higgs
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CRUNCHING MECHANISM

5% 1040

True Vacuum

4 2 2 max
|Vinin| > Ay, Mg Hp, A
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CRUNCHING MECHANISM

5x 1040

-0.1 0 0.1
(X — Xeriv) [TeV]

Cosmologically Long-Lived
- (H) =175 GeV (< Hg;) Metastable Vacuum
- (H) = 185 GeV (= Herir) e h
_(H) = 195 GeV (> H.) UL AR SR A

. 40
207 5% 10! 1x 102

X [TeV]
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CRUNCHING MECHANISM

5x 1040

True Vacuum

4 2 2 max
|Vinin| > Ay, Mp Hp, A
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CRUNCHING MECHANISM

5x 1040

-0.1 0 0.1
(X — Xeriv) [TeV]

Cosmologically Long-Lived
- (H) =175 GeV (< Hy) Metastable Vacuum
- (H) = 185 GeV (= Hrio B < h < B
_(H) = 195 GeV (> H.r) LS AR A

. 40
05 5% 10 1x 102

X [TeV]
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CRUNCHING MECHANISM

5x 1040

For this to work:

The Higgs vev affects at O(1) the X potential near
ItS minimum In our universe

This is quite general and is true for most ideas
involving cosmological selection (relaxion, ...)

5x 101 1x10% 1.5 x 10'?
X [TeV]
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CRUNCHING POTENTIAL FROM ADS

2
ds? = (E) (Nuvdzdz” — dz°)

VA

SM
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CRUNCHING POTENTIAL FROM ADS

2
ds? = (E) (Nuvdzdz” — dz°)

VA

SM Einstein’s equations
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CRUNCHING POTENTIAL

V(x, H) = Vaw(x) + Vax(x, H) + Va (H)

Usual GW stabilization of the dilaton

446
X+

k5

Vaw (x) = —2x* + Aaw
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CRUNCHING POTENTIAL

V(x, H) = Vaw(x) + Vax(x, H) + Va (H)

Usual GW stabilization of the dilaton
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CRUNCHING POTENTIAL

V(x, H) = Vaw(x) + Vax(x, H) + Va (H)

Higgs UV brane Potential

Vir(H) = —my|H[* + Ay |H|*

The Higgs mass is scanning in the landscape




CRUNCHING POTENTIAL

V(x, H) = Vaw(x) + Vax(x, H) + Vu (H)

Generation of a metastable minimum around a TeV

24« 24 a+e€ 2cx

X X
— A4|H|4kﬁ

ka

o AH€|H|2 Xk.a—Hs

Interaction
with GW scalar

Vi, (x, H) = Ao|H|?
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CRUNCHING POTENTIAL

V(x, H) = Vaw(x) + Vax(x, H) + Va (H)

SM H(z) ~ P2=VAmER? — 1-a/2
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CRUNCHING POTENTIAL

V(x, H) = Vaw(x) + Vax(x, H) + Va (H)

SM
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CRUNCHING POTENTIAL

V(x, H) = Vaw(x) + Vax(x, H) + Vu (H)

SM |HUV|2X2—I-a

zir = 1/x

Warping Trick: the dilaton is sensitive to the Higgs vev because
loops in the are in the IR



CFT INTERPRETATION

(broken) CFT down to a scale (x)

The SM is not conformal and gets corrections up to Ay
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CFT INTERPRETATION

(broken) CFT down to a scale (x)

The SM is not conformal and gets corrections up to Ay

Ag=3+a/2 SU(2)r Doublet

Ac=4+¢€ SU(2)r Singlet
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POTENTIAL DYNAMICS AND
PHENOMENOLOGY




DYNAMICS OF THE DILATON POTENTIAL
V(x, H) = Vaw(x) + Vax(x, H) + Vu(H)
For simplicity take the GW potential such that at the metastable
minimum
VGW(Xmin) < VHX (Xmin)

Then we need to examine only the cross terms to see if a universe
Is “alive”

24 a+e€ 2cx

_)\4|H|4§€CE

X
k

X

o AHE|H|2 foate

24«
o

Vi, (x, H) = Ao|H|?
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DYNAMICS OF THE DILATON POTENTIAL

V(x, H) = Vaw(x) + Vax(x, H) + Vu (H)

Y 24 a+€

k

X

- AHE|H‘2 Joate

24«
o

VHx(X: H) = AQ’H‘Z

(HY=h=0 Vi, =0 No low energy minimum

h< H,; The minimum is not sensitive to the
™~ Higgs during inflation

2 .
h 2 herit Viayx ~ —=AX™™ No low energy minimum
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DYNAMICS OF THE DILATON POTENTIAL

V(x, H) = Vaw(x) + Vax(x, H) + Va (H)

The critical Higgs vev can be computed exactly

l1—a/2
Pk Ao 4—a? : Ao €(2+ a)
T\ e 2+ €)2 — a2 A 20(2 — o+ €)

€, & Sj 1 = hcrit <k

Interpretation: ¢ — 0 approximate scale invariance
at low energy
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DYNAMICS OF THE DILATON POTENTIAL

V(x, H) = Vaw(x) + Vax(x, H) + Va (H)

The size of the extra dimension depends on the Higgs vev

(R 2a) \TF
Xmin ~ | 22 5 1 o)

So also in this case parametrically

Sl = Ymin <<k
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BARE BONES PREDICTIONS
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PHENOMENOLOGY

Low-energy Extra-Dimension |
but no gluons or fermions)

1/R = {x) = Xmin = h
But not very low-energy (little hierarchy)

h?  2a)\ =
min = > T V
“ (ka (2—!—@))\2) ~ e

Ao ~ 1072\,

(little hierarchy)

h
mx ~ M
X min
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A LIGHT DILATON

@ = 0.05, Agw € (0.5, 1.5) % 107%, N=3

- LHCb

a=0.1,A\gw =2 x 1075 N=8

B decays

S

i

ot LHCb
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A LIGHT DILATON

I IIIIIII| | I P

[ R Y =

Pb, 2.2 nb™!

LEP

IIIJII1 L IIII| I IIIIIII| [ PTLHL

SN1987a
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PHENOMENOLOGY

Low-energy Extra-Dimension
but no gluons or fermions)

1/R = {x) = Xmin = h
But not very low-energy (little hierarchy)

h?  2a)\ =
min = > T V
“ (ka (2+a))\2) ~ 1E

Ao ~ 1072\,

(little hierarchy)

h
mx ~ M
X min
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A LIGHT DILATON

@ = 0.05, Agw € (0.5, 1.5) % 107%, N=3 a=0.1,Acw=2x1075 N=8
|

B decays e ; B decays

- LHCb
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A LIGHT DILATON

I IIIIIII| T ]

Pb, 2.2 nb™!

LEP

IIIJII1 L IIII| I IIIIIII| I 1

SN1987a
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MOVING PARTS
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LOW SCALE SUSY
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LOW SCALE SUSY

Low scale bulk SUSY"?
Note that SUSY is not solving the hierarchy problem
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COSMOLOGY OF THE CRUNCH

When h=0—V, ~ —\x*

The dilaton can be stuck near the origin for a long enough time
that patches with the wrong vev inflate

Solution: new gauge group in the bulk (or QCD)

A_
VHX 2 CX’BAQC%

Below Xx ~ Aqcp

Hard breaking of the CFT and new phase transition
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PERTURBATIVE CRUNCH

[RTD, Teresi] In Preparation

BSM Ingredients:
(b: d)+: Hd

Predictions:

New Higgs below 125 GeV (still alive!)

Two ultralight scalars that can mediate long-
range forces and be dark matter (target for 5th

force searchesl)
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PERTURBATIVE CRUNCH

[RTD, Teresi] In Preparation

EQME 2 / 3 €’ 4
Vo = o“ + € Mo +Z¢' + (keM,¢pH, Hy + h.c.)

2

(H Hz) =0

e &

irsa: 20100059 Page 49/52



PERTURBATIVE CRUNCH

[RTD, Teresi] In Preparation

EQME 2 / 3 €’ 4
Vo = o“ + € Mo +Z¢' + (keM,¢pH, Hy + h.c.)

2

(HyHg) > v?
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PERTURBATIVE CRUNCH

[RTD, Teresi] In Preparation

V(py) =nMloy +n°M;¢5 + (AT HuHg + hec.)

(H Hy) =0
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CONCLUSION

A qualitatively new solution to the hierarchy
problem

Unigque predictions for natural ED models:
, o fermionic (or coloured) KK states

In its perturbative incarnation, unique predictions
for fifth force searches and the LHC




