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Plan

• "Dynamical" solutions to hierarchy problems

• Probability gradients and critical boundaries

• Volume - weighed probabilities

• Local probabilities
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Introduction

δm2
h ∝ Λ2 ← any physics that Higgs 

interacts with

Gauge Hierarchy problem:

e.g.
m2

P

m2
h

∼ 1034
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δm2
h = 0 Λ2 + 𝒪(100GeV)

Single vacuum* approaches:

supersymmetry

Introduction

compositeness

extra dimensions
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m2
h ⊂ (−Λ2, Λ2)

Introduction

Landscape/dynamical approaches:

5



Introduction

Landscape/dynamical approaches:
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Introduction

Landscape/dynamical approaches:

m2
h

m2
h ⊂ (−Λ2, Λ2)

(125/GeV )2

vacuum selection 
mechanism
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Introduction

Landscape/dynamical approaches:

m2
h

m2
h ⊂ (−Λ2, Λ2)

(125/GeV )2

Dvali,Vilenkin 0304043,0410286
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brane nucleation dynamics
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Introduction

Landscape/dynamical approaches:

m2
h

m2
h ⊂ (−Λ2, Λ2)

(125/GeV )2

Graham,Kaplan,Rajendran 1504.07551

pr
ob

ab
ilit
y classical rolling of a scalar

m2
h ∝ − ϕ

ϕ

Vϕ
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Introduction

Landscape/dynamical approaches:

m2
h

m2
h ⊂ (−Λ2, Λ2)

(125/GeV )2

this work

pr
ob

ab
ilit
y vacuum statistics during inflation
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Introduction

Scan both mH and CC. Why?

Preview of the final mechanism
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Introduction

most straightforward approach to the smallness 
of CC is landscape + anthropics

dynamics of the two landscapes generically 
interfere hence it is natural to consider them 
together

m4
P

Λcc(obs)
∼ 10120

Scan both mH and CC. Why?

Preview of the final mechanism
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Introduction

m2
h ∝ ϕ

Λcc ∝ ϕ + χ

Preview of the final mechanism
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P ∝ exp[ − #ϕ] × exp[ − #χ]



Probability measures

What are the probabilities to 
observe different vacua?
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χ ∝ some fundamental parameter, 
e.g. mH



Probability measures

What are the probabilities to 
observe different vacua?

1. standard volume-weighted measure

2. local measures

15



Volume-weighted measures

Probability to observe some 
type of vacuum  

(labeled e.g. by the Higgs 
mass)

∝
overall volume of 
this vacuum at 

some proper time t
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Volume-weighted measures

Probability to observe some 
type of vacuum  

(labeled e.g. by the Higgs 
mass)

∝
overall volume of 
this vacuum at 

some proper time t

17

*Youngness paradox: assumed to be solved by the 
stationary measure prescription



Volume-weighted measures
Probability gradients
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Volume-weighted measures
Probability gradients

ϕ

V

1

2

sink

V

χ
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Volume-weighted measures
Probability gradients

Highest “parent” minimum

·P0 ≃ 3H0P0 P0 = C0 e3H0t

stationary inflation:

ϕ

V

1

2

sink

V

χ

0
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Volume-weighted measures
Probability gradients

Lower vacuum: stationary inflation:

ϕ

V

1

2

sink

V

χ

0
j = 0

1

·P1 ≃ 3H1 P1 + P0 Γ0→1
P1 = C1 e3H0t

C1 =
Γ0→1

3(H0 − H1)
C0
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Probability gradients

Chain rule leads to

Pi =
i

∏
j=1

Γ↓

3(H0 − Hj)
C0e3H0t

HM tunneling (|m|<H):

0

i

22

Volume-weighted measures



Volume-weighted measures
Probability gradients

Chain rule leads to

numeric evol.

HM tunneling (|m|<H):

23

Pi =
i

∏
j=1

Γ↓

3(H0 − Hj)
C0e3H0t



Volume-weighted measures
Stochastic approach

ϕ

V

1

2

sink

V

χ

0

1

HM tunneling
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Volume-weighted measures
Stochastic approach

ϕ

V

1

2

sink

V

χ

0

1

“quantum spread”

arxiv0503203
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Volume-weighted measures
Stochastic approach

ϕ

V

1

2

sink

V

χ

0

1

“quantum spread”

arxiv0503203
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P(χi) → P(χ)



Volume-weighted measures
Stochastic approach

general solution:

eigenmodes of ν ∝ − H2
s + . . .

27



Volume-weighted measures
Matching
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Volume-weighted measures
Matching
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Bϕ → ∞

Volume-weighted measures
Matching

30

(Bϕ)2 ∝
8π2

3
ΔVB

H4



Volume-weighted measures
Matching

|c−/c+ | ∼ e− 8π2
3

ΔVB
H4

P and P’ not tunable unless

31

≪ 1



Volume-weighted measures
Matching

|c−/c+ | ∼ e− 8π2
3

ΔVB
H4

P and P’ not tunable unless

32

+𝒪(ϵ2) (ϵ ∼
H4

m2
pm2 )



Volume-weighted measures
We got the gradients

We need to scan mH and introduce the boundaries
33



Higgs-VEV dependent critical boundary

mH and CC from gradients & boundaries
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mH and CC from gradients & boundaries

P
P

∼
Γϕ

ΓχP(ϕ, χ) ≃ P(ϕ) P(χ)

factorization: → ≫ 1
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Armadillo
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Armadillo
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mH and CC from gradients & boundaries
CC solution?

has to be within
(1)
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mH and CC from gradients & boundaries
CC solution?

In addition,  prefers less tunnelings, hence higher , 
close to the upper anthropic bound

P(χ) Λ

one needs a sufficiently mild grad P(χ)

has to be within

⇒

(1)

(2)
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mH and CC from gradients & boundaries
CC solution?

In addition,  prefers less tunnelings, hence higher , 
close to the upper anthropic bound

P(χ) Λ

one needs a sufficiently mild grad P(χ)

has to be within

⇒

(1)

(2)

We evade (1), (2) by assuming some additional fine-
scanning sector.
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Slow-roll inflation
mH and CC from gradients & boundaries

We assume some slow-roll inflation in the background, 
responsible for eternal inflation at a scale Hs

V�
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∝ H2
s
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mH and CC from gradients & boundaries
Parameter space

42where EW physics is

100 GeV



mH and CC from gradients & boundaries
Parameter space
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mH and CC from gradients & boundaries
Parameter space

Hierarchical suppression over  landscape requires  ϕ

I’m too restrictive here!

Γϕ ∼ exp [−
8π2

3
ΔVB

H4 ] ≪ 1 H ≲

Landscape energy contribution is subdominant in Hs

⇒ ≲ vsm

≲ mPvsm
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Local measures

Extrapolation of black hole complementarity to inflationary 
space.

The physically meaningful description of the universe 
should be confined to a region of space accessible to 

some hypothetical observer.

Motivation
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Local measures
What is P(vac)?

Bousso, 0605263

Time that a worldline spends (or number of times it enters) 
in a given vacuum on its way to AdS
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Local measures
What is P(vac)?

Time that a worldline spends (or number of times it enters) 
in a given vacuum on its way to AdS
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Probability gradients
Local measures
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Probability gradients
Local measures

1. Dominated by initial conditions

e.g. “quantum creation of the universe”

P(t = 0)
49



Probability gradients
Local measures

2. I.C. + Dynamics

t = 0
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Probability gradients
Local measures

2. I.C. + Dynamics

t = 0
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Probability gradients
Local measures

3. Equilibrium independent of I.C. 
(if no sinks)
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Probability gradients
Local measures

3 regimes, end of slow-roll picks the time of 
sampling.

Regime 2 has no probability-vacuum energy 
degeneracy.

* Although the degeneracy can be broken e.g. by 
changing slope after inflation.
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Parameter space:
Local measures

(Other params similar to volume-weighted)
54



Parameter space:
Local measures

Main bounds on Ne: 

55

1) domain walls
2) requirement to erase V-dependent 

initial conditions



All the pheno associated with the relaxion. 

Experimental tests

56

(although param. space is somewhat different)



Conclusions

57

Dynamical solution for the Higgs mass in the presence 
of the CC landscape.



Predictions are uncertain, which doesn’t mean that 
they are not physically significant.

Conclusions

Dynamical solution for the Higgs mass in the presence 
of the CC landscape.

58

A.Guth, 0002188



Predictions are uncertain, which doesn’t mean that 
they are not physically significant.

Conclusions

A.Guth, 0002188

Dynamical solution for the Higgs mass in the presence 
of the CC landscape.

Optimistically: one could infer the correct measure 
from probing the landscape structure. 
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back-up slides
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Volume-weighted measures
“Youngness paradox”
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⇒ eternal inflation driven 
by vacuum 1
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Volume-weighted measures
“Youngness paradox”
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<latexit sha1_base64="dyLmZepedQFArDDupCMqz0BqESA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeuhh3C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNdz43T</latexit>

!
<latexit sha1_base64="dyLmZepedQFArDDupCMqz0BqESA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeuhh3C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNdz43T</latexit>

⇒ eternal inflation driven 
by vacuum 1

⇒ exponentially more 
young universes

old young
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Volume-weighted measures

t
<latexit sha1_base64="Nt0AFX8TJi2ivfrW4834PnqbOAI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePHYgq2FNpTNdtOu3WzC7kQoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+C8e3Mf3ji2ohY3eMk4X5Eh0qEglG0UhP75Ypbdecgq8TLSQVyNPrlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+dkjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsazIQmjOUE0so08LeStiIasrQZlOyIXjLL6+Sdq3qXVRrzctK/SaPowgncArn4MEV1OEOGtACBhye4RXenEfnxXl3PhatBSefOYY/cD5/AN8PjPQ=</latexit>

1<latexit sha1_base64="hOP4X4XKELFri9/RJJ5NjL2Igik=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWanr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8r9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHmDjLE=</latexit>

2<latexit sha1_base64="q3LZskMFFJiISOodpUHoVbAu1ww=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWatb65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtGtV76Jaa15W6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXsHjLI=</latexit>

2<latexit sha1_base64="q3LZskMFFJiISOodpUHoVbAu1ww=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWatb65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtGtV76Jaa15W6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXsHjLI=</latexit>

!
<latexit sha1_base64="dyLmZepedQFArDDupCMqz0BqESA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeuhh3C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNdz43T</latexit>

!
<latexit sha1_base64="dyLmZepedQFArDDupCMqz0BqESA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeuhh3C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNdz43T</latexit>

old young
tyoung

told

“Stationary measure”
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Volume-weighted measures

t
<latexit sha1_base64="Nt0AFX8TJi2ivfrW4834PnqbOAI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePHYgq2FNpTNdtOu3WzC7kQoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+C8e3Mf3ji2ohY3eMk4X5Eh0qEglG0UhP75Ypbdecgq8TLSQVyNPrlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+dkjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsazIQmjOUE0so08LeStiIasrQZlOyIXjLL6+Sdq3qXVRrzctK/SaPowgncArn4MEV1OEOGtACBhye4RXenEfnxXl3PhatBSefOYY/cD5/AN8PjPQ=</latexit>

1<latexit sha1_base64="hOP4X4XKELFri9/RJJ5NjL2Igik=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWanr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1GtNS8r9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHmDjLE=</latexit>

2<latexit sha1_base64="q3LZskMFFJiISOodpUHoVbAu1ww=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWatb65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtGtV76Jaa15W6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXsHjLI=</latexit>

!
<latexit sha1_base64="dyLmZepedQFArDDupCMqz0BqESA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeuhh3C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNdz43T</latexit>

told

young reach stationarity

gist: P are compared at the time of reaching stationarity

tyoung

old reach stationarity

Pyoung ∝ e3H1t

Pold ∝ e3H1t

“Stationary measure”
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Similar approaches

ϕm2
h(SM)

V

V-weighted

assuming non-eternal
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Volume-weighted measures
Stochastic approach

⇒

asymptote:
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Volume-weighted measures
Stochastic approach
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mH and CC from gradients & boundaries

anthropic line:

factorization:

FPV:

P on anthropic line:

peaked at correct mh if:

where
68


