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Landscape/dynamical approaches:
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Landscape/dynamical approaches:
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Landscape/dynamical approaches:

m2
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m2
h ⊂ (−Λ2, Λ2)

see also e.g.  
- Hardy 1507.07525 
- Hook,Marques-Tavares 1607.01786 
- Fonseca,Morgante,Sato,Servant 1911.08473 
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Introduction

Landscapes for 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

Preview of the final mechanism

12

Landscapes for both mH and CC. Why?
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Probability measures

What are the probabilities to 
observe different vacua?

17

χ ∝ some fundamental parameter 

Abbott ‘84

χ

V(χ)

m2
He.g.

+ inflation with V ≫ V(χ)



Probability measures

1. standard volume-weighted measure

2. local measures
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What are the probabilities to 
observe different vacua?



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



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

Highest “parent” minimum

·P0 ≃ 3H0P0
P0 = C0 e3H0t

eternal ‘stationary’ 
inflation:

i = 0
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Volume-weighted measures
Probability gradients

j = 0

i = 1
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Volume-weighted measures
Probability gradients

Lower vacuum:

j = 0

i = 1

·P1 ≃ 3H1 P1 + P0 Γ0→1

P1 = C1 e3H0t
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Volume-weighted measures
Probability gradients
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Volume-weighted measures
Probability gradients

i = 1
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Volume-weighted measures
Probability gradients

i = 1
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Volume-weighted measures
Probability gradients

numerically:

HM tunneling (|m|<H):
28
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Volume-weighted measures
Probability gradients

numerically:

HM tunneling (|m|<H):
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Volume-weighted measures
We got the gradients
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P ∝ exp[ − #ϕ] × exp[ − #χ]



Volume-weighted measures
We got the gradients
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P ∝ exp[ − #ϕ] × exp[ − #χ]

∝ ΔVB(ϕ, χ)
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Volume-weighted measures
We got the gradients

We need to scan mH and introduce the boundaries
32



Higgs-VEV dependent critical boundary

mH and CC from gradients & boundaries
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V(ϕ, h) ⊃ μ2
ϕh2 cos(ϕ/f ) + M2h2 cos(ϕ/F)

V

ϕ

‘inverted’  
GKR relaxion 
1504.07551
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mH and CC from gradients & boundaries
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‘inverted’  
GKR relaxion 
1504.07551

V(ϕ, h) ⊃ μ2
ϕh2 cos(ϕ/f ) + M2h2 cos(ϕ/F)

m2
h = M2 cos(ϕ/F) + ⋯

∼ F

V

ϕ

Higgs-VEV dependent critical boundary
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V

ϕ

Higgs-VEV dependent critical boundary

mH and CC from gradients & boundaries
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V(ϕ, h) ⊃ μ2
ϕh2 cos(ϕ/f ) + M2h2 cos(ϕ/F)

h = 246 GeV

∼ f

AdS

‘inverted’  
GKR relaxion 
1504.07551



mH and CC from gradients & boundaries

P(ϕ, χ) ≃ P(ϕ) P(χ)

factorization: → P
P

∼
Γϕ

Γχ
≫ 1
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Armadillo
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Armadillo
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mH and CC from gradients & boundaries
Parameter space

39~where new EW physics is

H/GeV

100

Mϕ/GeV



mH and CC from gradients & boundaries
Parameter space

40

mϕ ≃ 10−20eV . . .1GeV



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

41



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

Linde, 0611043
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Probability gradients
Local measures

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

Regime 2 has probability defined by      similarly to 
the V-weighted case.
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Γ



All the pheno associated with the relaxion. 

Experimental tests

49

(although param. space is somewhat different)



Experimental tests
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sin θhϕ ∼ μ2v/m2
h f

ϕ × [SM][SM]

V(ϕ, h) ⊃ μ2
ϕh2 cos(ϕ/f )

Come from the “trigger”

other triggers discussed e.g. in Arkani-Hamed, D’Agnolo, Kim 
2012.04652
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Experimental tests
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N

N

N

N

h

h

h

h
L

V(ϕ, h) ⊃ μ2
ϕh2 cos(ϕ/f )

mL ≲ 4πvSM

EW doublet fermion L

EW singlet fermion N

Graham,Kaplan,Rajendran 1504.07551



Experimental tests
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These were only ‘local’ probes:

V(ϕ, h) ≃
1
2

V′ ′ ϕ ϕ2 + V′ ′ ϕh ϕh + …



Experimental tests
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e.g.  displacement by density effects:ϕ

These were only ‘local’ probes:

- Balkin,Serra,Springmann,Stelzl,Weiler 2106.11320
- Hook,Huang 1904.00020

- talk by Javi Serra

Can one probe the global landscape structure?

V(ϕ, h) ≃
1
2

V′ ′ ϕ ϕ2 + V′ ′ ϕh ϕh + …



Conclusions
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Dynamical solution for the Higgs mass in the presence 
of the CC landscape for two “orthogonal” measures.



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

Conclusions
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A.Guth, 0002188

Dynamical solution for the Higgs mass in the presence 
of the CC landscape for two “orthogonal” measures.



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

Conclusions
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A.Guth, 0002188

Dynamical solution for the Higgs mass in the presence 
of the CC landscape for two “orthogonal” measures.

Landscapes & anthropics  giving up on exp 
testablity: potential probes from astrophysics to 

colliders

≠



Thank you!
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Volume-weighted measures
“Youngness paradox”

�
<latexit sha1_base64="SS6CtbBJw00JanWzzGSxRckV7dU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQfFU8OKxgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpne533uiSrNYPppZQn2BJ5KFjGCTS0MSsVG15tbdBdA68QpSgwLtUfVrOI5JKqg0hGOtB56bGD/DyjDC6bwyTDVNMJniCR1YKrGg2s8Wt87RhVXGKIyVLWnQQv09kWGh9UwEtlNgE+lVLxf/8wapCW/8jMkkNVSS5aIw5cjEKH8cjZmixPCZJZgoZm9FJMIKE2PjqdgQvNWX10m3Ufeu6o2HZq11W8RRhjM4h0vw4BpacA9t6ACBCJ7hFd4c4bw4787HsrXkFDOn8AfO5w/+kY4u</latexit>

V�
<latexit sha1_base64="KbKUwPfqAJFqJeR/BQY58y/WvH4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePFYwaaFNpTNdtOu3eyG3Y1QQv+DFw+KePX/ePPfuGlz0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4e+VqmitA2kVyqbog15UzQtmGG026iKI5DTjvh5Db3O09UaSbFg5kmNIjxSLCIEWys5PuDPhmzQbXm1t050CrxClKDAq1B9as/lCSNqTCEY617npuYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DrImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BW355lfiNundRb9xf1po3RRxlOIFTOAcPrqAJd9CCNhB4hGd4hTdHOi/Ou/OxaC05xcwx/IHz+QNeA473</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>

⇒ eternal inflation driven 
by vacuum 1
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Volume-weighted measures
“Youngness paradox”
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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>

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>

⇒ 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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Volume-weighted measures
Stochastic approach

⇒

asymptote:

64



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
66



Similar approaches

ϕm2
h(SM)

V

V-weighted

assuming non-eternal

67



Inflating to the weak scale:

17

Geller,Hochberg,Kuflik 1809.07338

ϕ
⟨h⟩

vSMΛ

Veff
(of highest stable 

point)

maximal Hubble  maximal volume⇒

Add CC landscape, e.g. χ
VCC

χ

V

wrong Higgs VEV, lower Hubble, less volume

for any  giving a correct Higgs mass there will be another 
giving wrong Higgs mass and the same vacuum energy

{ϕ, χ} {ϕ, χ}

Inflating to the weak scale



:Vϕ + Vχ

17

Inflating to the weak scale

χ

for any  giving a correct Higgs mass there will be another 
giving wrong Higgs mass and the same vacuum energy

{ϕ, χ} {ϕ, χ}

ϕ

V = const

h = vSMh ≫ vSM



Volume-weighted measures
Stochastic approach

HM tunneling

70

ϕ

V

1

2

sink

V

χ

ϕ

V

1

2

sink

V

χ

ΔVB



Volume-weighted measures
Stochastic approach

quantum spread

arxiv0503203

71
analogous P distribution

ϕ

V

1

2

sink

V

χ

⇒



Volume-weighted measures
Stochastic approach

general solution:

eigenmodes of ν ∝ − H2
s + . . .

72

× e3Hst

Giudice,McCullough,You, 2105.08617

e3Hst



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

Volume-weighted measures
Matching

75

(Bϕ)2 ∝
8π2

3
ΔVB

H4

≪ 1 ≫ 1



Volume-weighted measures
Matching

|c−/c+ | ∼ e− 8π2
3

ΔVB
H4

P and P’ not tunable unless

76

⋘ 1≪ 1 ≫ 1



Volume-weighted measures
Matching

|c−/c+ | ∼ e− 8π2
3

ΔVB
H4

P and P’ not tunable unless

77

+𝒪(ϵ2) (ϵ ∼
H4

m2
pm2 )

P drop between 2 minima:

i
i + 1



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.

80



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�
<latexit sha1_base64="XJgQVMkeO8wj9u3Xqv7xrAXk10c=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqexWQfFU8OKxgv2AdinZNNuGJtk1yQpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rBztJWCDJUPGIU2Kd1Gn1e4YPJemXK17VmwOvEj8nFcjR6Je/eoOYppIpSwUxput7iQ0yoi2ngk1LvdSwhNAxGbKuo4pIZoJsfu8UnzllgKNYu1IWz9XfExmRxkxk6DolsSOz7M3E/7xuaqPrIOMqSS1TdLEoSgW2MZ49jwdcM2rFxBFCNXe3YjoimlDrIiq5EPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECgKe4RXe0CN6Qe/oY9FaQPnMMfwB+vwB/BqP6A==</latexit>

�
<latexit sha1_base64="5suJXtA+LZKz+tKlbJtZ4n599Qc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQfEU8OIxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj25nffqLaMCUf7CShocBDyWJGsHVSq2fYUOB+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY2vw4zJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVRyIQTLL6+SVq0aXFRr95eV+k0eRxFO4BTOIYArqMMdNKAJBB7hGV7hzVPei/fufSxaC14+cwx/4H3+AJtFjx8=</latexit>

∝ H2
s
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�
<latexit sha1_base64="9Xx9wkHoEicvMeEnFCpsc7iPm50=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQfFU8OKxgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpne533uiSrNYPppZQn2BJ5KFjGCTS8MkYqNqza27C6B14hWkBgXao+rXcByTVFBpCMdaDzw3MX6GlWGE03llmGqaYDLFEzqwVGJBtZ8tbp2jC6uMURgrW9Kghfp7IsNC65kIbKfAJtKrXi7+5w1SE974GZNJaqgky0VhypGJUf44GjNFieEzSzBRzN6KSIQVJsbGU7EheKsvr5Nuo+5d1RsPzVrrtoijDGdwDpfgwTW04B7a0AECETzDK7w5wnlx3p2PZWvJKWZO4Q+czx8Sbo47</latexit>

�
<latexit sha1_base64="SS6CtbBJw00JanWzzGSxRckV7dU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQfFU8OKxgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpne533uiSrNYPppZQn2BJ5KFjGCTS0MSsVG15tbdBdA68QpSgwLtUfVrOI5JKqg0hGOtB56bGD/DyjDC6bwyTDVNMJniCR1YKrGg2s8Wt87RhVXGKIyVLWnQQv09kWGh9UwEtlNgE+lVLxf/8wapCW/8jMkkNVSS5aIw5cjEKH8cjZmixPCZJZgoZm9FJMIKE2PjqdgQvNWX10m3Ufeu6o2HZq11W8RRhjM4h0vw4BpacA9t6ACBCJ7hFd4c4bw4787HsrXkFDOn8AfO5w/+kY4u</latexit>



mH and CC from gradients & boundaries
Parameter space

82
~where new EW physics is

100 GeV Γϕ ∝ exp [−#
ΔVB

H4 ] ∝ exp [−#
v2

SM

H4 ] ≪ 1e.g.



mH and CC from gradients & boundaries
Parameter space
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~where new EW physics is

100 GeV

M2
ϕ ≪ mPH < mPvSM

no  effect on inflation/no domain wallsϕ



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)
85



Parameter space:
Local measures

Main bounds on Ne: 

86

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

initial conditions


