
CAU BSM workshop 
2021. 2. 2

The Weak Scale as a Trigger

Nima Arkani-Hamed,1 Ra↵aele Tito D’Agnolo,2 and Hyung Do Kim3

1School of Natural Sciences, Institute for Advanced Study, Princeton, New Jersey 08540, USA
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Does the value of the Higgs mass parameter a↵ect the expectation value of local operators
in the Standard Model? For essentially all local operators the answer to this question is
“no”, and this is one of the avatars of the hierarchy problem: nothing is “triggered” when
the Higgs mass parameter crosses zero. In this letter, we explore settings in which Higgs
mass parameters can act as a “trigger” for some local operators OT . In the Standard Model,
this happens for OT = Tr(GG̃). We also introduce a “type-0” two Higgs doublet model,
with a Z

4

symmetry, for which OT = H
1

H
2

is triggered by the Higgs masses, demanding the
existence of new Higgs states necessarily comparable to or lighter than the weak scale, with
no wiggle room to decouple them whatsoever. Surprisingly, this model is not yet entirely
excluded by collider searches, and will be incisively probed by the high-luminosity run of the
LHC, as well as future Higgs factories. We also discuss a possibility for using this trigger
to explain the origin of the weak scale, invoking a landscape of extremely light, weakly
interacting scalars �i, with a coupling to OT needed to make it possible to find vacua with
small enough cosmological constant. The weak scale trigger links the tuning of the Higgs
mass to that of the cosmological constant, while coherent oscillations of the �i can constitute
dark matter.
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UV landscape ⇤UV =
M4

⇤
NUV

IR landscape ⇤IR =
⇤UV

NIR

NIR = 2n�

m� . v2

M⇤

Type 0 2HDM

Light scalar dark matter from EWPT

⇠ v4

⇠ v8

M4
⇤



What varies as we change the Higgs mass parameter in the 
SM?

Question #1

All the spectrum of the Standard Model including W and Z 
bosons, 

quarks and leptons and the Higgs boson itself.

Answer to Q#1

Is there any gauge invariant local operator which has a value 
sensitive to the Higgs mass parameter?

Question #2



Answer to Q#2

Oh = h†h

However,        is not calculable in the SM Oh

⇠�h†hProbing by

1

16⇡2
⇠�⇤2

H

1 loop tadpole is 
generated

�
h

⇤H: cutoff of the Higgs loop

hh†hi is independent of m2
h

depends on⇤2
H



Hierarchy Problem

m2
hmaking to be calculable

hh†hi ⇠ m2
SUSY hh†hi ⇠ f2

⇡

Supersymmetry Composite Higgs

Closely related question
hh†hiIs            calculable?

Two calculable examples



OG = trGG̃

SM



Oq = qhuc

yqOq + ⇠�Oq + h.c.
⇠y⇤q

(16⇡2)2
�⇤4

� h

q

uc

Possible operators?

y⇤q
⇠

� : dimensionless (
�

M⇤
)

Massless up quark provides the operator Ou = qhuc

one of the solutions to the strong CP problem but is not viable any longer



OG = @µK
µ

hGG̃i ⇠ ✓(mu +md)⇤
3
QCD

depends on the weak scale and is insensitive to UV

OG = trGG̃

⇤⇤ ⇠ (100 keV)4size is too small strong CP



2HDM
OH = H1H2



Weak scale as a trigger

Type 0 2HDM

We need a symmetry under which the operator is charged 
Otherwise, the operator is UV sensitive (e.g., Yukawa term)

� ! ��
H1H2 ! �H1H2

II. THE WEAK SCALE AS A TRIGGER

As with the examples of h†h, almost all gauge invariant local operators in the SM have UV sensitive expectation
values and are thus independent of m2

h. Consider for example Oq = qhuc with yqOq and ⇠�Oq. Again we have two

loop tadpole diagram and the tadpole ⇠ ⇠yq

(16⇡2)2 �⇤4 for the cuto↵ ⇤. The reason is that every gauge invariant operator
appears in the SM e↵ective Lagrangian and we can close the loops. Said more invariantly, there are no global symmetries
carried by any O in the SM, that is not broken [HD: unclear] by the peace of O in the e↵ective Langrangian. Thus
� is not charged under any symmetries so nothing stops ⇠�⇤n in the action with an integer n power.

The only obvious exception is if � can have a shift symmetry � ! �+c for the constant c, or equivalently, if O = @µV µ

is a total derivative. Then, �O = �@µV µ = @µV µ. So the expectation value of O is indeed UV insensitive, but at the
same time hOi = 0 and it doesn’t work for us.

There is of course one famous loophole to this argument, associated with the operator GG̃, which is the total derivative
of a gauge invariant current, GG̃ = @µKµ, and can be turned on instanton backgrounds which break the shift symmetry
non-perturbatively. Of course GG̃ is parity odd, but hGG̃i can be non-zero with a ✓ term. In pure QCD, we have
hGG̃i ⇠ ✓⇤4

QCD. With light quarks, we can rotate (✓ + ⇠�)GG̃ into the quark mass matrix with an anomalous chiral
rotation and use chiral perturbation theory to get the e↵ective action ⇠ m2

⇡f2
⇡ cos(✓ + ⇠�) ⇠ m2

⇡f2
⇡ + c⇠�m2

⇡f2
⇡ so

hGG̃i ⇠ ✓(mu +md)⇤QCD. This is suppressed by ✓ but is triggered by the weak scale through (mu +md). This triggering
of G̃G̃ is used in the cosmological dynamics of relaxion models. We can also use triggered hGG̃i in conjunction with our
model of low energy landscapes. We defer that discussion and turn to a simpler example of the weak scale as a trigger
in simple 2HDM extensions of the Higgs sectior.

A. Weak Scale as a Trigger in ”type 0” 2HDM

We want the operator H1H2 to be charged under a discrete symmetry which we can probe by coupling to [HD: some] �
with ⇠�H1H2. We have a symmetry under which � ! �� and (H1H2) ! �(H1H2). It is a part of Z4 symmetry consider-
ing Yukawa couplings. Under Z4, H1 ! iH1, H2 ! iH2, � ! ��. More generally, we have H1 ! iei✓H1, H2 ! ie�i✓H2

with ✓ in U(1)Y . The possible Yukawa couplings without Z4 symmetry are qucH⇤
1 , qdcH1, le

ch)1, qucH2, qd
cH⇤

2 , lecH⇤
2 .

So we have 23 charge assignments of ±i for quc, qdc, lec. The case where a single Higgs couples to the quarks will be
phenomenologically safe so we will focus on that. The charge assignment under the Z4 symmetry is then

H1 ! +iH1, H2 ! +iH2,

(H1H2) ! �(H1H2),

(quc) ! +i(quc),

(qdc) ! �i(qdc),

(lec) ! �i(lec).

1 Now

�L � m2
H2

|H2|2 + m2
H1

|H1|2 +
�1

2
|H1|4 +

�2

2
|H2|4

+ �3|H2|2|H1|2 + �4|H1H2|2 + (
�5

2
(H1H2)

2 + h.c.) (4)

Note the absence of the B-term BH1H2 forbidden by the Z4 symmetry. Note also �5(H1H2)2 term which is allowed.
Without this term, the potential would have an accidental Peccei-Quinn (PQ) symmetry and would yield a weak scale

axion. Note also that the B-term gives an m2
1,2 independent contribution to µ2 ⌘ hH1H2i, ⇠ ⇠�B log ⇤2

UV

|m2
1,2|2 .

So it is very important that B = 0. Then µ2(m2
1, m

2
2) will be a UV-insensitive, calculable function of m2

1, m2
2 for

which the weak scale is a trigger. Already at tree level, it is clear that µ2 = 0 unless both m2
1 and m2

2 are negative. If

1 In principle the lepton can have a di↵erent charge assignment such that quarks and leptons can couple to di↵erent Higgs bosons but the
recent confirmation of the SM Higgs to dimuon decay does not allow the alternative option any longer.

3

Z4 symmetry

Bµ is forbidden

TABLE I. PQ and Z
2

transformation properties of 2HDM fields and spurion charges of of 2HDM couplings

PQ Q Z2

H1H2 +1 �
Bµ �1 �
�6 �1 �
�7 �1 �
�5 �2 +
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I. INTRODUCTION

II. THE WEAK SCALE AS A TRIGGER

III. H
1

H
2

AS A TRIGGER

Here we explore the general conditions that allow the simplest BSM trigger to select the weak scale. What we work
out in this Section has interesting phenomenological implications for the LHC and future colliders that we discuss in
Section IV. Imagine that

µ2
S . hH1H2i . µ2

B . (1)

If we want this condition on the vev of H1H2 to select the weak scale, i.e. to select the vev of the SM-like Higgs
that we observe at the LHC, we can consider only specific regions of the general Two Higgs Doublet Model (2HDM)
parameter space. Namely, the explicit breaking of the PQ symmetry from the 2HDM potential must be subdominant
to the spontaneous breaking by the Higgs vevs. To be more precise we have to write the 2HDM potential

�L � m2
H2

|H2|2 + m2
H1

|H1|2 +
�1

2
|H1|4 +

�2

2
|H2|4 + �3|H2|2|H1|2 + �4|H1H2|2 (2)

+
�5

2
(H1H2)

2 + BµH1H2 + �6|H2|2H1H2 + �7|H1|2H1H2 + h.c.

where we have grouped the PQ breaking terms in the second line. In table I we summarize the relevant PQ charges and
transformation properties under a Z2 subgroup of the PQ that simplifies our discussion. From the above potential we
can compute the vev of H1H2,

hH1H2i = v1v2 + B ' v1v2 +
Bµ⇤

16⇡2
+ (�⇤

6 + �⇤
7)

⇤2
H

(16⇡2)2
+ ...

B ⌘ ⇥
Bµ⇤(cb + c3�3L + c4�4L) + Bµc5�

⇤
5L + (c6�

⇤
6 + c7�

⇤
7)⇤

2
H

⇤
L , L(⇤2

H, m2
H) ' 1

16⇡2
log

⇤2
H

m2
H

. (3)

For simplicity we have taken the Higgs masses at a common value mH, absorbed O(1) factors in the coe�cients ci

and written explicitly only leading-log terms. We included the leading two loops corrections to make manifest the
contribution to Z2 breaking sensitive to the cuto↵ of the Higgs sector / (�6 + �7)⇤2

H.
The di↵erent terms in the previous expression can be accounted for by a simple spurion analysis. Bµ, �6 and �7 are

odd under the Z2 (i.e. break PQ by one unit of H1H2 charge) and can directly contribute to hH1H2i. �3, �4 and �5

are even and need an insertion of one of the odd couplings to generate hH1H2i.

2

forbidden 
by Z2



II. THE WEAK SCALE AS A TRIGGER

As with the examples of h†h, almost all gauge invariant local operators in the SM have UV sensitive expectation
values and are thus independent of m2

h. Consider for example Oq = qhuc with yqOq and ⇠�Oq. Again we have two

loop tadpole diagram and the tadpole ⇠ ⇠yq

(16⇡2)2 �⇤4 for the cuto↵ ⇤. The reason is that every gauge invariant operator
appears in the SM e↵ective Lagrangian and we can close the loops. Said more invariantly, there are no global symmetries
carried by any O in the SM, that is not broken [HD: unclear] by the peace of O in the e↵ective Langrangian. Thus
� is not charged under any symmetries so nothing stops ⇠�⇤n in the action with an integer n power.

The only obvious exception is if � can have a shift symmetry � ! �+c for the constant c, or equivalently, if O = @µV µ

is a total derivative. Then, �O = �@µV µ = @µV µ. So the expectation value of O is indeed UV insensitive, but at the
same time hOi = 0 and it doesn’t work for us.

There is of course one famous loophole to this argument, associated with the operator GG̃, which is the total derivative
of a gauge invariant current, GG̃ = @µKµ, and can be turned on instanton backgrounds which break the shift symmetry
non-perturbatively. Of course GG̃ is parity odd, but hGG̃i can be non-zero with a ✓ term. In pure QCD, we have
hGG̃i ⇠ ✓⇤4

QCD. With light quarks, we can rotate (✓ + ⇠�)GG̃ into the quark mass matrix with an anomalous chiral
rotation and use chiral perturbation theory to get the e↵ective action ⇠ m2

⇡f2
⇡ cos(✓ + ⇠�) ⇠ m2

⇡f2
⇡ + c⇠�m2

⇡f2
⇡ so

hGG̃i ⇠ ✓(mu +md)⇤QCD. This is suppressed by ✓ but is triggered by the weak scale through (mu +md). This triggering
of G̃G̃ is used in the cosmological dynamics of relaxion models. We can also use triggered hGG̃i in conjunction with our
model of low energy landscapes. We defer that discussion and turn to a simpler example of the weak scale as a trigger
in simple 2HDM extensions of the Higgs sectior.

A. Weak Scale as a Trigger in ”type 0” 2HDM

We want the operator H1H2 to be charged under a discrete symmetry which we can probe by coupling to [HD: some] �
with ⇠�H1H2. We have a symmetry under which � ! �� and (H1H2) ! �(H1H2). It is a part of Z4 symmetry consider-
ing Yukawa couplings. Under Z4, H1 ! iH1, H2 ! iH2, � ! ��. More generally, we have H1 ! iei✓H1, H2 ! ie�i✓H2

with ✓ in U(1)Y . The possible Yukawa couplings without Z4 symmetry are qucH⇤
1 , qdcH1, le

ch)1, qucH2, qd
cH⇤

2 , lecH⇤
2 .

So we have 23 charge assignments of ±i for quc, qdc, lec. The case where a single Higgs couples to the quarks will be
phenomenologically safe so we will focus on that. The charge assignment under the Z4 symmetry is then

H1 ! +iH1, H2 ! +iH2,

(H1H2) ! �(H1H2),

(quc) ! +i(quc),

(qdc) ! �i(qdc),

(lec) ! �i(lec).

1 Now

�L � m2
H2

|H2|2 + m2
H1

|H1|2 +
�1

2
|H1|4 +

�2

2
|H2|4

+ �3|H2|2|H1|2 + �4|H1H2|2 + (
�5

2
(H1H2)

2 + h.c.) (4)

Note the absence of the B-term BH1H2 forbidden by the Z4 symmetry. Note also �5(H1H2)2 term which is allowed.
Without this term, the potential would have an accidental Peccei-Quinn (PQ) symmetry and would yield a weak scale

axion. Note also that the B-term gives an m2
1,2 independent contribution to µ2 ⌘ hH1H2i, ⇠ ⇠�B log ⇤2

UV

|m2
1,2|2 .

So it is very important that B = 0. Then µ2(m2
1, m

2
2) will be a UV-insensitive, calculable function of m2

1, m2
2 for

which the weak scale is a trigger. Already at tree level, it is clear that µ2 = 0 unless both m2
1 and m2

2 are negative. If

1 In principle the lepton can have a di↵erent charge assignment such that quarks and leptons can couple to di↵erent Higgs bosons but the
recent confirmation of the SM Higgs to dimuon decay does not allow the alternative option any longer.

3

Peccei-Quinn symmetry is explicitly broken

� Bµ
H1

H2

Bµ generates tadpole and should be forbidden

1

16⇡2
⇠�Bµ⇤

log

⇤

2
H

|m2
H1,2

|



Weak scale as a trigger

as a function of m2
h

µ2 ⌘ hOHi ⌘ hH1H2i

⇤

can be small only if µ2
S  µ2  µ2

B⇤

µ2

allowed region

small cc is possible

µ2
S µ2

B
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<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

<latexit sha1_base64="FKKNq5DtG/UkGjAOdknEOBNI7L8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktih6LXnqsYD+kXZdsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDvzO09UaRbLezNJqC/wULKIEWys9CCCrBHUpo+1oFxxq+4caJV4OalAjmZQ/uoPYpIKKg3hWOue5ybGz7AyjHA6LfVTTRNMxnhIe5ZKLKj2s/nBU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJrv2MySQ1VJLFoijlyMRo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwll9eJe1a1busuncXlfpNHkcRTuAUzsGDK6hDA5rQAgICnuEV3hzlvDjvzseiteDkM8fwB87nDzdGkAU=</latexit>

m2
H2

<latexit sha1_base64="H9lOfvZdFAIBqAIfU8ozMa0o8sc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktih6LXnqsYD+kXZdsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDvzO09UaRbLezNJqC/wULKIEWys9CCCrBF408daUK64VXcOtEq8nFQgRzMof/UHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzygBFsbIlDZqrvycyLLSeiNB2CmxGetmbif95vdRE137GZJIaKsliUZRyZGI0+x4NmKLE8IklmChmb0VkhBUmxmZUsiF4yy+vknat6l1W3buLSv0mj6MIJ3AK5+DBFdShAU1oAQEBz/AKb45yXpx352PRWnDymWP4A+fzBzW/kAQ=</latexit>

m2
H1

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>hH1H2i = 0
<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>hH1H2i = 0
<latexit sha1_base64="4kufXAHECIDJsVxjxcj2Uf4tcSo=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJWZQakboeimywr2Ap1xyKRpG5pkxiQjlGkfxY2v4saFIrrTpzG9LLT1wIEv/59Dcv4oYVRpx/myciura+sb+c3C1vbO7p69f9BQcSoxqeOYxbIVIUUYFaSuqWaklUiCeMRIMxpcT/zmA5GKxuJWDxMScNQTtEsx0kYK7bLPkOgxAquha9qDvpydL6Gv7qXORjzMjDe+80Yz9CY4Du2iU3KmBZfBnUMRzKsW2p9+J8YpJ0JjhpRqu06igwxJTTEj44KfKpIgPEA90jYoECcqyKYLjuGJUTqwG0vTQsOp+nsiQ1ypIY/MTY50Xy16E/E/r53q7kWQUZGkmgg8e6ibMqhjOEkLdqgkWLOhAYQlNX+FuI8kwtpkWjAhuIsrL0PDK7nnJefmrFi5mseRB0fgGJwCF5RBBVRBDdQBBo/gGbyCN+vJerHerY/Z1Zw1nzkEf8r6/gE1i6Ju</latexit>

hH1H2i =
q

|m2
H1

||m2
H2

|

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>hH1H2i = 0

<latexit sha1_base64="EU/oKZRopGzx2M7FD3jPsE5Ec4k=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5IURTdC0U2XFewDmhAm02k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuDCmXPu5c49YcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wdDv12w9UKhaLez1OqB/hgWB9RrA2UmAfeRyLAaeoHrimqsiT8/e1E9hlp+LMgJaJm5My5GgE9pfXi0kaUaEJx0p1XSfRfoalZoTTSclLFU0wGeEB7RoqcESVn81umKBTo/RQP5amhEYz9fdEhiOlxlFoOiOsh2rRm4r/ed1U96/8jIkk1VSQ+aJ+ypGO0TQQ1GOSEs3HhmAimfkrIkMsMdEmtpIJwV08eZm0qhX3ouLcnZdrN3kcRTiGEzgDFy6hBnVoQBMIPMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPOICV9Q==</latexit>hH1H2i = 0
<latexit sha1_base64="2UxZA7nZeLYyIah7ZFU+M/7jZW0=">AAACBnicbZDLSgMxFIYzXmu9jboUIVgEV2WmKLosuumygr1AW4dMmmlDk8yYZIQynZUbX8WNC0Xc+gzufBsz7Sy09YfAx3/O4eT8fsSo0o7zbS0tr6yurRc2iptb2zu79t5+U4WxxKSBQxbKto8UYVSQhqaakXYkCeI+Iy1/dJ3VWw9EKhqKWz2OSI+jgaABxUgby7OPuupe6mTCvaTmueldZTLDSoapZ5ecsjMVXAQ3hxLIVffsr24/xDEnQmOGlOq4TqR7CZKaYkbSYjdWJEJ4hAakY1AgTlQvmZ6RwhPj9GEQSvOEhlP390SCuFJj7ptOjvRQzdcy879aJ9bBZS+hIoo1EXi2KIgZ1CHMMoF9KgnWbGwAYUnNXyEeIomwNskVTQju/MmL0KyU3fOyc3NWql7lcRTAITgGp8AFF6AKaqAOGgCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWZ8/pFuZOA==</latexit>q

|m2
H1

||m2
H2

|

<latexit sha1_base64="FKKNq5DtG/UkGjAOdknEOBNI7L8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktih6LXnqsYD+kXZdsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDvzO09UaRbLezNJqC/wULKIEWys9CCCrBHUpo+1oFxxq+4caJV4OalAjmZQ/uoPYpIKKg3hWOue5ybGz7AyjHA6LfVTTRNMxnhIe5ZKLKj2s/nBU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJrv2MySQ1VJLFoijlyMRo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwll9eJe1a1busuncXlfpNHkcRTuAUzsGDK6hDA5rQAgICnuEV3hzlvDjvzseiteDkM8fwB87nDzdGkAU=</latexit>

m2
H2

<latexit sha1_base64="H9lOfvZdFAIBqAIfU8ozMa0o8sc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktih6LXnqsYD+kXZdsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDvzO09UaRbLezNJqC/wULKIEWys9CCCrBF408daUK64VXcOtEq8nFQgRzMof/UHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzygBFsbIlDZqrvycyLLSeiNB2CmxGetmbif95vdRE137GZJIaKsliUZRyZGI0+x4NmKLE8IklmChmb0VkhBUmxmZUsiF4yy+vknat6l1W3buLSv0mj6MIJ3AK5+DBFdShAU1oAQEBz/AKb45yXpx352PRWnDymWP4A+fzBzW/kAQ=</latexit>

m2
H1

<latexit sha1_base64="bZgGpiZyTgniNsU55RP4yay3naE=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqpIKBGNFGTowtBJ9SE2IHMdprdpJsB2kKs0HsPArLAwgxMoHsPE3uI8BWo5k6eicc3V9jxczKpVpfhu5ldW19Y38ZmFre2d3r7h/0JZRIjBp4YhFoushSRgNSUtRxUg3FgRxj5GON6xN/M4DEZJG4a0axcThqB/SgGKktOQWS/aNDvvITW3BYbN2ndnyXqh0zN207lrZXWWc6ZRZNqeAy8SakxKYo+EWv2w/wgknocIMSdmzzFg5KRKKYkaygp1IEiM8RH3S0zREnEgnnR6TwROt+DCIhH6hglP190SKuJQj7ukkR2ogF72J+J/XS1Rw6aQ0jBNFQjxbFCQMqghOmoE+FQQrNtIEYUH1XyEeIIGw0v0VdAnW4snLpF0pW+dls3lWql7N68iDI3AMToEFLkAV1EEDtAAGj+AZvII348l4Md6Nj1k0Z8xnDsEfGJ8/y/2bdg==</latexit>
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<latexit sha1_base64="yNp0erZ2YSeKG65ETyBDCvDLx/I="></latexit>q
|m2

H1
|⇤
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m2
H2
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<latexit sha1_base64="xb4coz1arfBrUYmkvLMdJ17rVhQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQU1F2xLly4aME+oIlhMpm0QyeTMDMRQqi/4saFIm79EHf+jdM2C209MHA451zuneMnjEplWd/G2vrG5tZ2aae8u7d/cGgeHfdknApMujhmsRj4SBJGOekqqhgZJIKgyGek709aM7//SISkMb9XWULcCI04DSlGSkueWXHudDhAXu6ICHZaN9OHumdWrZo1B1wldkGqoEDbM7+cIMZpRLjCDEk5tK1EuTkSimJGpmUnlSRBeIJGZKgpRxGRbj4/fgrPtBLAMBb6cQXn6u+JHEVSZpGvkxFSY7nszcT/vGGqwks3pzxJFeF4sShMGVQxnDUBAyoIVizTBGFB9a0Qj5FAWOm+yroEe/nLq6RXr9mN2lWnUW1eF3WUwAk4BefABhegCW5BG3QBBhl4Bq/gzXgyXox342MRXTOKmQr4A+PzB7LllCw=</latexit>

⇤2
QCD

<latexit sha1_base64="xb4coz1arfBrUYmkvLMdJ17rVhQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQU1F2xLly4aME+oIlhMpm0QyeTMDMRQqi/4saFIm79EHf+jdM2C209MHA451zuneMnjEplWd/G2vrG5tZ2aae8u7d/cGgeHfdknApMujhmsRj4SBJGOekqqhgZJIKgyGek709aM7//SISkMb9XWULcCI04DSlGSkueWXHudDhAXu6ICHZaN9OHumdWrZo1B1wldkGqoEDbM7+cIMZpRLjCDEk5tK1EuTkSimJGpmUnlSRBeIJGZKgpRxGRbj4/fgrPtBLAMBb6cQXn6u+JHEVSZpGvkxFSY7nszcT/vGGqwks3pzxJFeF4sShMGVQxnDUBAyoIVizTBGFB9a0Qj5FAWOm+yroEe/nLq6RXr9mN2lWnUW1eF3WUwAk4BefABhegCW5BG3QBBhl4Bq/gzXgyXox342MRXTOKmQr4A+PzB7LllCw=</latexit>

FIG. 1. Values of hH
1

H
2

i in the landscape. In the left panel we show its classical value while in the right one we include quantum
e↵ects. ⇤

QCD

takes di↵erent values in each slice of the plane, depending on the scale of quark masses. So we implicitly use
⇤

QCD

(v⇤) everywhere, where v⇤ is the largest EW breaking vev (to which quark masses are proportional). So for example in the

yellow panels v⇤ = 0, in the red panels v⇤ =
q

|m2

Hu,d
|. The regions circled in black are the least tuned in each quadrant.

m2
1,2 is negative, we have µ2 = hH1ihH2i. Now if we ignore all the cross quartic couplings, hH1,2i ⇠

r
|m2

1,2|
�1,2

which we

will call
q

|m2
1,2| for �1,2 not too tiny and we will keep this characterization even including cross quartics where m2

1,2

should be interpreted as m2
1,2e↵ which include the quartic coupling dependent contributions.

So, at tree level, we have the possible µ2 as shown in the left plot of Fig.1. The picture is a little more interesting
taking QCD chiral symmetry breaking into account. Let’s work out the picture in more detail. If m2

1,2 > 0, then we
don’t break SU(2) ⇥ U(1). Since all the SU(2) ⇥ U(1) invariants of EM charge �1 involve H � 2, in the low energy
theory after integrating out H1,2, there can be no linear terms in �. So we have to have one or both of m2

1,2 < 0. Next

take m2
2 > 0 and m2

1 < 0. For |m2
1| � m2

2, we have neutral and charged components of H2 = (h0
2, h

+
2 )T in the low energy

theory and the Z2 is not broken. Instead for m2
2 � |m2

1|, after integrating out H � 2, we still have SU(2) ⇥ U(1) but
there is no operator of EM charge �1 (again since all these involve H2). So again, no linear term in � is generated. So,
if m2

2 > 0, for any m2
1, we have µ2 = 0.

Let’s consider m2
2 < 0. First, we consider |m2

1| � ⇤2
QCD. Let’s integrate out H1. If m2

1 < 0, we have µ2 ⇠
p

|m2
1||m2

2|.
If m2

1 > 0, we integrate out H1 and we have ⇠
m2

1
�H2  

c for the fermion  , c. Hence after the chiral symmetry breaking,

we have µ2 ⇠
p

|m2
2|⇤2

QCD

m2
1

. If |m2
1| ⌧ ⇤2

QCD, the H1 VEV is just set by ⇤QCD. Note that the potential for h0
1 is given by

V (h0
1) = ⇤3

QCDh0
1 + m2

1(h
0
1)

2 + �(h0
1)

4. (5)

Even if m2
1 ⌧ ⇤2

QCD, the quartic term dominates and we have hh0
1i ⇠ ⇤QCD

�1/3 ⇠ ⇤QCD for quartic � not too tiny. So the
picture is shown in the right hand side of Fig. 1.

B. Landscape Parametrics

Let us discuss how the landscape is scanned.

V (I) =
X

i

✏2(�2
i � M2

⇤ )2 + ✏M⇤�iH1H2 + V
(I)
H , (6)
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Values of      in the landscape (classical)µ2

(quartic couplings are taken to be order one)



Values of      in the landscape (quantum)µ2

(quartic couplings are taken to be order one)
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Pictures of the (friendly) landscapes
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Two big problems in theoretical physics 

A. Cosmological constant problem 
B. Gauge hierarchy problem

(friendly : only dimensionful parameters scan)
Arkani-Hamed Dimopoulos Kachru hep-th/0501082

10150We need at least vacua to explain two small parameters
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h�i ⇠ M⇤
<latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit>

High Energy Landscape

scansm2
H

<latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit>
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<latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit><latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit><latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit><latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit>

Low Energy Landscape

⇤obs
<latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit>

hhi = 0
<latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit>

hhi � v
<latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit>
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FIG. 4. In our model the landscape includes a high energy sector (left panel) and a low energy sector (right panel). The high
energy sector is generated by fields of mass close to the cuto↵ m
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H to the weak scale. The low energy sector is generated by fields of mass m� ⇠ v2/M⇤ and has a
number of non-degenerate minima dependent on the Higgs vev. When hhi ' v we can scan the CC down to ⇤
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is necessary before non-linear structures form. Therefore Weinberg’s argument provides the bound
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⇢
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' mp

mSM
p

(0.1 meV)4 , (64)

where ⇢eq is the energy density at matter-radiation equality. We have assumed a spectrum of scale invariant perturbations
�⇢/⇢ ⇠ 10�5 and that the baryon energy density has come to dominate over the dark matter energy density, i.e. the
equality in the above formula is valid for universes with ⌘b fixed, our observed dark matter energy density and hhi & 5v.

Eq. (64) immediately shows that in universes where only the Higgs vev changes and everything else is held fixed,
Weinberg’s argument provides a looser upper bound on the CC compared to the usual one. If ⇤⇤ < (M⇤/mSM

p )(0.1 meV)4

then we have a problem, since our multiverse contains universes where galaxies form with a CC and a weak scale larger
than the observed ones.

Simple mechanisms that solve this problem by giving a baryon asymmetry inversely proportional to the Higgs vev
were discussed in [109], one example exploits the decay of a heavy neutrino with mass / hhi and the thermal tail
of electroweak sphalerons. Interestingly, observing di↵erent baryogenesis mechanisms in our universe would strongly
disfavor our idea.

For the same reasons not all dark matter candidates are viable in this setting. For example WIMP-like dark matter
has a much higher energy density in universes with a larger Higgs vev (provided that they are reheated above the WIMP
mass), due to the smaller annihilation cross section from weak interactions: � ⇠ ↵W /hhi2. This relaxes Weinberg’s
bound in the same way as a higher baryon energy density. In the next Section we show that the N2 scalars in the low
energy landscape provide a viable dark matter candidate.

B. A SM Trigger in the Landscape

The simplest trigger OT is already present in the SM. It is given by the familiar G eG operator introduced in Section II
that we now couple to the N2 scalars in the low energy landscape,

VN�G =
1

32⇡2

N2X

i=1

✓
�i

fi
+ ✓

◆
G eG , G eG ⌘ ✏µ⌫⇢�Ga

µ⌫Ga
⇢� . (65)
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FIG. 1. Values of hH
1

H
2

i in the landscape. In the left panel we show its classical value while in the right one we include quantum
e↵ects. ⇤

QCD

takes di↵erent values in each slice of the plane, depending on the scale of quark masses. So we implicitly use
⇤

QCD

(v⇤) everywhere, where v⇤ is the largest EW breaking vev (to which quark masses are proportional). So for example in the

yellow panels v⇤ = 0, in the red panels v⇤ =
q

|m2

Hu,d
|. The regions circled in black are the least tuned in each quadrant.

m2
1,2 is negative, we have µ2 = hH1ihH2i. Now if we ignore all the cross quartic couplings, hH1,2i ⇠

r
|m2

1,2|
�1,2

which we

will call
q

|m2
1,2| for �1,2 not too tiny and we will keep this characterization even including cross quartics where m2

1,2

should be interpreted as m2
1,2e↵ which include the quartic coupling dependent contributions.

So, at tree level, we have the possible µ2 as shown in the left plot of Fig.1. The picture is a little more interesting
taking QCD chiral symmetry breaking into account. Let’s work out the picture in more detail. If m2

1,2 > 0, then we
don’t break SU(2) ⇥ U(1). Since all the SU(2) ⇥ U(1) invariants of EM charge �1 involve H � 2, in the low energy
theory after integrating out H1,2, there can be no linear terms in �. So we have to have one or both of m2

1,2 < 0. Next

take m2
2 > 0 and m2

1 < 0. For |m2
1| � m2

2, we have neutral and charged components of H2 = (h0
2, h

+
2 )T in the low energy

theory and the Z2 is not broken. Instead for m2
2 � |m2

1|, after integrating out H � 2, we still have SU(2) ⇥ U(1) but
there is no operator of EM charge �1 (again since all these involve H2). So again, no linear term in � is generated. So,
if m2

2 > 0, for any m2
1, we have µ2 = 0.

Let’s consider m2
2 < 0. First, we consider |m2

1| � ⇤2
QCD. Let’s integrate out H1. If m2

1 < 0, we have µ2 ⇠
p

|m2
1||m2

2|.
If m2

1 > 0, we integrate out H1 and we have ⇠
m2

1
�H2  

c for the fermion  , c. Hence after the chiral symmetry breaking,

we have µ2 ⇠
p

|m2
2|⇤2

QCD

m2
1

. If |m2
1| ⌧ ⇤2

QCD, the H1 VEV is just set by ⇤QCD. Note that the potential for h0
1 is given by

V (h0
1) = ⇤3

QCDh0
1 + m2

1(h
0
1)

2 + �(h0
1)

4. (5)

Even if m2
1 ⌧ ⇤2

QCD, the quartic term dominates and we have hh0
1i ⇠ ⇤QCD

�1/3 ⇠ ⇤QCD for quartic � not too tiny. So the
picture is shown in the right hand side of Fig. 1.

B. Landscape Parametrics

Let us discuss how the landscape is scanned.

V (I) =
X

i

✏2(�2
i � M2

⇤ )2 + ✏M⇤�iH1H2 + V
(I)
H , (6)

4

where  is parametrically small so that the loop generated � potential ⇠ �i�j✏
22M2

⇤ log ⇤UV/µ is a small perturbation
to V (I) and

V
(I)
H = (m2

1)
(I)|H1|2 + (m2

2)
(I)|H2|2 + quartics + q�uucH⇤

1 + q�dd
cH1 + l�ee

cH1 + ⇤(I). (7)

Here I = 1, · · · , NUV labels vacua in the ”UV”. We imagine that ⇤(I), (m2
1,2)

(I) are uniformly distributed between
(�M4

⇤ , M4
⇤ ), (�⇤2

H , ⇤2
H) where ⇤H is the Higgs cuto↵. Of course it is the simplest choice to assume ⇤2

H ⇠ M2
⇤ but it is

possible to have ⇤2
H ⌧ M2

⇤ as well and on occasion we will consider ⇤H as low as ⇠ 100 TeV.
We will assume NUV ⌧ 10120 ⇥ 1030 ⇠ 10150 as NUV ⇠ 10150 would allow us to tune both the CC (⇤) and the

Higgs mass squared (m2
h) down to the observed values. Here are sample numbers to keep in mind. We could have

⇤H ⇠ M⇤ ⇠ MPl, ✏ ⇠ 10�30 with  ⇠ 1 and NUV ⇠ 10120. [HD: The sample number given here is not
compatible with the constraints which would come later.]

Let’s look at what the universe look like as we scan m2
1 and m2

2. We have already worked out how hH1H2 ⌘ µ2(m2
1, m

2
2)

depends on m2
1,2. Let’s first look at the most natural Higgs mass squared, near the cuto↵. Let us start with m2

1, m
2
2 ⇠

�⇤2
H . Then we have µ2 ⇠ ⇤2

H . As a result the �i potential is fully lifted up and is left with one vacuum for each �i. So

the smallest vacuum energy we can get, ⇤I is of order ( M4
⇤

NUV
) ⌘ ⇤B. For NUV between 1060 ! 1080, the size of Hubble

would be from H�1 ⇠ 1 mm ! 104 km, from mm to the size of the earth. If m2
1, m

2
2 > 0, we also have µ2 = 0 and end

up with the same conclusion on ⇤B .
Let’s now look at the situation where m2

1 ⇠ �⇤2
H and m2

2 ⇠ ⇤2
H . Classically we will have µ2 = 0 ignoring any cross

quartics between H1 and H2. Then we have 2n� degenerate � vacua. Again, the smallest CC we can get is ( M4
⇤

NUV
) ⌘ ⇤B.

The analysis is slightly more interesting if m2
1 ⇠ ⇤2

H and m2
2 ⇠ �⇤2

H since now we have µ2 ⇠ ⇤3
QCD

⇤H
. Now our 2n�

vacua are no longer degenerate and tiny splittings are generated, �V (or�⇤I) ⇠ ✏M2
⇤⇤3

QCD

⇤H
. With our characteristic

numbers, ✏ ⇠ 10�30,  ⇠ 1, M⇤ ⇠ MPl, NUV ⇠ 1060, the splitting �⇤I ⇠ 10�90M4
⇤ ⌧ M4

⇤
NUV

. So the extra 2n� vacua do
not allw us to make the CC any smaller. WE get a minuscule scanning around ⇤B .

Thus we see that when m2
1 and m2

2 are completely natural, we cannot find any vacua with the CC smaller than ⇤B

which corresponds to the the universe with Hubble scale between a millimeter and the size of the earth at the largest
for NUV from 1060 to 1080. As we will see now, by tuning down the Higgs mass squared, it will become possible to
access the 2n� vacua and find universes with much smaller CC (⇤). Thus in this landscape, in any universe which has
the Hubble size larger than the size of the earth, there will also be highly unnatural light Higgses - the tuning on the
Higgs mass squared is tied to su�cient scanning to tune the CC down.

Let’s see how this works. To begin with, let’s look at the case with m2
1,2 < 0 and suppose the magnitudes are much

bigger than the QCD scale, |m2
1|, |m2

2| � ⇤2
QCD. Let’s look at the smallest CC we can get in the whole landscape as a

function of µ2 =
p

|m2
1||m2

2|. Note that since we are scanning ⇤I and (m2
1,2)I in the UV landscape, if we tune down µ,

the smallest CC we we can find would increase as we need more tuning on the Higgs mass squared. Therefore, as we
gradually tune down µ2 starting from µ2 ⇠ ⇤2

H , the smallest CC will be

⇤B(µ) ⇠ M4
⇤

NUV
(

⇤2
H

|m2
1|

)(
⇤2

H

|m2
2|

) ⇠ M4
⇤

NUV

⇤4
H

µ4
(8)

But then at some point, µ2 get small enough that we see two vacua for each �i. This happes when

✏M2
⇤ µ2 ⇠ ✏2M4

⇤ , (9)

!
µ2 ⇠ µ2

B ⌘ ✏


M2

⇤ . (10)

Note that more useful parametrization of the landscape parameters (M⇤, ✏, ) are (M⇤, µB , ) with

epsilon = µ2
B

M2
⇤
. The � vacuum splitting when µ ⇠ µB is then ✏2M4

⇤ ⇠ 2µ4
B . Now if this splitting is much bigger than

⇤B(µB), something dramatic happens such that we scan much more finely for the CC down from ⇤B(µB) by a factor

5
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<latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit><latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit><latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit><latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit>

m� ⇠ M⇤
<latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit><latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit><latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit><latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit>

h�i ⇠ M⇤
<latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit>

High Energy Landscape

scansm2
H

<latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit>
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<latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit><latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit><latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit><latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit>

Low Energy Landscape

⇤obs
<latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit>

hhi = 0
<latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit>

hhi � v
<latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit>

m� ⇠ v2/M⇤ h�i ⇠ M⇤
<latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit><latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit><latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit><latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit>

hhi ' v
<latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit><latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit><latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit><latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit>
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<latexit sha1_base64="PigglsdTLxgfbMgKMsjzdNwaoCI="></latexit>

FIG. 7. In our model the landscape includes a high energy sector (left panel) and a low energy sector (right panel). The high
energy sector is generated by fields of mass close to the cuto↵ m

�

⇠ M⇤ which does not have enough vacua to scan the CC down
to ⇤

obs

' meV4, but scans m2

H to the weak scale. The low energy sector is generated by fields of mass m� ⇠ v2/M⇤ and has a
number of non-degenerate minima dependent on the Higgs vev. When hhi ' v we can scan the CC down to ⇤

obs

.

⇤obs
<latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit>

High Energy Landscape

Low Energy Landscape 

hhi = 0
<latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit>

Values of the Cosmological Constant in the Landscape

hhi < µS

<latexit sha1_base64="2C4hRq5cc0J3H/1O13IOFSLSg+0=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiRtaBVcFN24rGgf0IQwmU7boZNJmJkIJRQ3/oobF4q49Svc+TdO2wgqeuDC4Zx7ufeeMGFUKtv+MBYWl5ZXVgtrxfWNza1tc2e3JeNUYNLEMYtFJ0SSMMpJU1HFSCcRBEUhI+1wdDH127dESBrzGzVOiB+hAad9ipHSUmDuewzxASNwCD0xZ2fQi9LgOjBLtuU61apdgbZlz6CJW67U3Ap0cqUEcjQC893rxTiNCFeYISm7jp0oP0NCUczIpOilkiQIj9CAdDXlKCLSz2YvTOCRVnqwHwtdXMGZ+n0iQ5GU4yjUnRFSQ/nbm4p/ed1U9U/8jPIkVYTj+aJ+yqCK4TQP2KOCYMXGmiAsqL4V4iESCCudWlGH8PUp/J+0ypbjWqdXbql+nsdRAAfgEBwDB9RAHVyCBmgCDO7AA3gCz8a98Wi8GK/z1gUjn9kDP2C8fQIGEJaU</latexit>

hhi ' µS

<latexit sha1_base64="c/zuoQm3yB+LeFD29zzaCp7tu/I=">AAACB3icdVDLSgNBEJz1GeMr6lGQwSB4CrvJkugt6MVjRPOAbAizk04yZGZ2nZkVQsjNi7/ixYMiXv0Fb/6Nk4egogUNRVU33V1hzJk2rvvhLCwuLa+sptbS6xubW9uZnd2ajhJFoUojHqlGSDRwJqFqmOHQiBUQEXKoh4PziV+/BaVZJK/NMIaWID3JuowSY6V25iDgRPY44D4O1IwFmgm4wYFI2lftTNbN+V6x6Bawm3OnsMTPF0p+AXtzJYvmqLQz70EnookAaSgnWjc9NzatEVGGUQ7jdJBoiAkdkB40LZVEgG6Npn+M8ZFVOrgbKVvS4Kn6fWJEhNZDEdpOQUxf//Ym4l9eMzHdk9aIyTgxIOlsUTfh2ER4EgruMAXU8KElhCpmb8W0TxShxkaXtiF8fYr/J7V8zvNzp5d+tnw2jyOF9tEhOkYeKqEyukAVVEUU3aEH9ISenXvn0XlxXmetC858Zg/9gPP2CVuDmQU=</latexit>

hhi � µB

<latexit sha1_base64="FMzLZloUZTzkGrwqbwzKrqF4lNY=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgqiRtaHVX6sZlBfuAJoTJdJoOnUzCzEQooQs3/oobF4q49SPc+TdO2wgqeuDC4Zx7ufeeIGFUKsv6MApr6xubW8Xt0s7u3v6BeXjUk3EqMOnimMViECBJGOWkq6hiZJAIgqKAkX4wvVz4/VsiJI35jZolxItQyOmYYqS05JtllyEeMgIn0BUr5oYhdKPUb/tmxao6dqNh1aFVtZbQxKnVm04d2rlSATk6vvnujmKcRoQrzJCUQ9tKlJchoShmZF5yU0kShKcoJENNOYqI9LLlE3N4qpURHMdCF1dwqX6fyFAk5SwKdGeE1ET+9hbiX94wVeNzL6M8SRXheLVonDKoYrhIBI6oIFixmSYIC6pvhXiCBMJK51bSIXx9Cv8nvVrVdqoX106l1c7jKIIyOAFnwAZN0AJXoAO6AIM78ACewLNxbzwaL8brqrVg5DPH4AeMt0+zBpeF</latexit>

µS . hhi . µB

<latexit sha1_base64="rNSzyqY0Go0YluWzE7sYHDFQrFo=">AAACGHicdVDLSgMxFM34tr5GXboJFsFVnbGDj53oxmVF+4DOMGTS2zY0yQxJRijFz3Djr7hxoYjb7vwb04f4QA8EDuecy809ScaZNp737szMzs0vLC4tF1ZW19Y33M2tmk5zRaFKU56qRkI0cCahapjh0MgUEJFwqCe9i5FfvwWlWSpvTD+DSJCOZG1GibFS7B6EIo+vcchBa82EJUR2OOAuDtWEfVk2eR67Ra8U+EdHXhl7JW8MS4LD8nFQxv5UKaIpKrE7DFspzQVIQznRuul7mYkGRBlGOdwVwlxDRmiPdKBpqSQCdDQYH3aH96zSwu1U2ScNHqvfJwZEaN0XiU0KYrr6tzcS//KauWmfRAMms9yApJNF7Zxjk+JRS7jFFFDD+5YQqpj9K6Zdogg1tsuCLeHzUvw/qR2W/KB0ehUUz86ndSyhHbSL9pGPjtEZukQVVEUU3aNH9IxenAfnyXl13ibRGWc6s41+wBl+AGotoAs=</latexit>

FIG. 8. Values of the Cosmological Constant in our two-sectors landscape. When hhi = 0 the high energy landscape (left panel
of Fig. 7) does not have enough minima to scan the CC from M4

⇤ down to ⇤
obs

' meV4. As we turn on hhi the degeneracy in
the vacua of the low energy landscape (right panel of Fig. 7) is broken and when hhi = v we can scan down to ⇤

obs

. If hhi � v2

the low energy landscape loses all its minima but one and from the point of view of the CC we have the same problem as in the
hhi = 0 situation.
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⇤obs
<latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit>

Values of the CC in the Landscape V�
<latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit><latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit><latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit><latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit>

m� ⇠ M⇤
<latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit><latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit><latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit><latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit>

h�i ⇠ M⇤
<latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit>

High Energy Landscape

scansm2
H

<latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit>
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<latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit><latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit><latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit><latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit>

Low Energy Landscape

⇤obs
<latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit>

hhi = 0
<latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit>

hhi � v
<latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit>

m� ⇠ v2/M⇤ h�i ⇠ M⇤
<latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit><latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit><latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit><latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit>

hhi ' v
<latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit><latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit><latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit><latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit>
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<latexit sha1_base64="PigglsdTLxgfbMgKMsjzdNwaoCI="></latexit>

FIG. 7. In our model the landscape includes a high energy sector (left panel) and a low energy sector (right panel). The high
energy sector is generated by fields of mass close to the cuto↵ m

�

⇠ M⇤ which does not have enough vacua to scan the CC down
to ⇤

obs

' meV4, but scans m2

H to the weak scale. The low energy sector is generated by fields of mass m� ⇠ v2/M⇤ and has a
number of non-degenerate minima dependent on the Higgs vev. When hhi ' v we can scan the CC down to ⇤

obs

.

⇤obs
<latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit>

High Energy Landscape

Low Energy Landscape 

hhi = 0
<latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit>

Values of the Cosmological Constant in the Landscape

hhi < µS

<latexit sha1_base64="2C4hRq5cc0J3H/1O13IOFSLSg+0=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiRtaBVcFN24rGgf0IQwmU7boZNJmJkIJRQ3/oobF4q49Svc+TdO2wgqeuDC4Zx7ufeeMGFUKtv+MBYWl5ZXVgtrxfWNza1tc2e3JeNUYNLEMYtFJ0SSMMpJU1HFSCcRBEUhI+1wdDH127dESBrzGzVOiB+hAad9ipHSUmDuewzxASNwCD0xZ2fQi9LgOjBLtuU61apdgbZlz6CJW67U3Ap0cqUEcjQC893rxTiNCFeYISm7jp0oP0NCUczIpOilkiQIj9CAdDXlKCLSz2YvTOCRVnqwHwtdXMGZ+n0iQ5GU4yjUnRFSQ/nbm4p/ed1U9U/8jPIkVYTj+aJ+yqCK4TQP2KOCYMXGmiAsqL4V4iESCCudWlGH8PUp/J+0ypbjWqdXbql+nsdRAAfgEBwDB9RAHVyCBmgCDO7AA3gCz8a98Wi8GK/z1gUjn9kDP2C8fQIGEJaU</latexit>

hhi ' µS

<latexit sha1_base64="c/zuoQm3yB+LeFD29zzaCp7tu/I=">AAACB3icdVDLSgNBEJz1GeMr6lGQwSB4CrvJkugt6MVjRPOAbAizk04yZGZ2nZkVQsjNi7/ixYMiXv0Fb/6Nk4egogUNRVU33V1hzJk2rvvhLCwuLa+sptbS6xubW9uZnd2ajhJFoUojHqlGSDRwJqFqmOHQiBUQEXKoh4PziV+/BaVZJK/NMIaWID3JuowSY6V25iDgRPY44D4O1IwFmgm4wYFI2lftTNbN+V6x6Bawm3OnsMTPF0p+AXtzJYvmqLQz70EnookAaSgnWjc9NzatEVGGUQ7jdJBoiAkdkB40LZVEgG6Npn+M8ZFVOrgbKVvS4Kn6fWJEhNZDEdpOQUxf//Ym4l9eMzHdk9aIyTgxIOlsUTfh2ER4EgruMAXU8KElhCpmb8W0TxShxkaXtiF8fYr/J7V8zvNzp5d+tnw2jyOF9tEhOkYeKqEyukAVVEUU3aEH9ISenXvn0XlxXmetC858Zg/9gPP2CVuDmQU=</latexit>

hhi � µB

<latexit sha1_base64="FMzLZloUZTzkGrwqbwzKrqF4lNY=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgqiRtaHVX6sZlBfuAJoTJdJoOnUzCzEQooQs3/oobF4q49SPc+TdO2wgqeuDC4Zx7ufeeIGFUKsv6MApr6xubW8Xt0s7u3v6BeXjUk3EqMOnimMViECBJGOWkq6hiZJAIgqKAkX4wvVz4/VsiJI35jZolxItQyOmYYqS05JtllyEeMgIn0BUr5oYhdKPUb/tmxao6dqNh1aFVtZbQxKnVm04d2rlSATk6vvnujmKcRoQrzJCUQ9tKlJchoShmZF5yU0kShKcoJENNOYqI9LLlE3N4qpURHMdCF1dwqX6fyFAk5SwKdGeE1ET+9hbiX94wVeNzL6M8SRXheLVonDKoYrhIBI6oIFixmSYIC6pvhXiCBMJK51bSIXx9Cv8nvVrVdqoX106l1c7jKIIyOAFnwAZN0AJXoAO6AIM78ACewLNxbzwaL8brqrVg5DPH4AeMt0+zBpeF</latexit>

µS . hhi . µB

<latexit sha1_base64="rNSzyqY0Go0YluWzE7sYHDFQrFo=">AAACGHicdVDLSgMxFM34tr5GXboJFsFVnbGDj53oxmVF+4DOMGTS2zY0yQxJRijFz3Djr7hxoYjb7vwb04f4QA8EDuecy809ScaZNp737szMzs0vLC4tF1ZW19Y33M2tmk5zRaFKU56qRkI0cCahapjh0MgUEJFwqCe9i5FfvwWlWSpvTD+DSJCOZG1GibFS7B6EIo+vcchBa82EJUR2OOAuDtWEfVk2eR67Ra8U+EdHXhl7JW8MS4LD8nFQxv5UKaIpKrE7DFspzQVIQznRuul7mYkGRBlGOdwVwlxDRmiPdKBpqSQCdDQYH3aH96zSwu1U2ScNHqvfJwZEaN0XiU0KYrr6tzcS//KauWmfRAMms9yApJNF7Zxjk+JRS7jFFFDD+5YQqpj9K6Zdogg1tsuCLeHzUvw/qR2W/KB0ehUUz86ndSyhHbSL9pGPjtEZukQVVEUU3aNH9IxenAfnyXl13ibRGWc6s41+wBl+AGotoAs=</latexit>

FIG. 8. Values of the Cosmological Constant in our two-sectors landscape. When hhi = 0 the high energy landscape (left panel
of Fig. 7) does not have enough minima to scan the CC from M4

⇤ down to ⇤
obs

' meV4. As we turn on hhi the degeneracy in
the vacua of the low energy landscape (right panel of Fig. 7) is broken and when hhi = v we can scan down to ⇤

obs

. If hhi � v2

the low energy landscape loses all its minima but one and from the point of view of the CC we have the same problem as in the
hhi = 0 situation.
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⇤obs
<latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit>

Values of the CC in the Landscape V�
<latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit><latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit><latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit><latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit>

m� ⇠ M⇤
<latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit><latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit><latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit><latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit>

h�i ⇠ M⇤
<latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit>

High Energy Landscape

scansm2
H

<latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit>
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<latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit><latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit><latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit><latexit sha1_base64="/bCX4DJVJubkXg3a+75sbr6KDs0="></latexit>

Low Energy Landscape

⇤obs
<latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit>

hhi = 0
<latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit>

hhi � v
<latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit><latexit sha1_base64="PnNIMHNKKfzglRJHzyG8dFG4N/c=">AAACAHicdZDNSsNAFIUn9a/Wv6gLF24Gi+CqJKLosujGZQVbC00ok+lNOnQyCTOTQgnd+CpuXCji1sdw59s4aVNQ0QMDh+/ey517gpQzpR3n06osLa+srlXXaxubW9s79u5eRyWZpNCmCU9kNyAKOBPQ1kxz6KYSSBxwuA9G10X9fgxSsUTc6UkKfkwiwUJGiTaobx94nIiIAx5iT86dF0V43LfrTuPcKYSdhrMwJXFLUkelWn37wxskNItBaMqJUj3XSbWfE6kZ5TCteZmClNARiaBnrCAxKD+fHTDFx4YMcJhI84TGM/p9IiexUpM4MJ0x0UP1u1bAv2q9TIeXfs5EmmkQdL4ozDjWCS7SwAMmgWo+MYZQycxfMR0SSag2mdVMCItL8f+mc9pwnYZ7e1ZvXpVxVNEhOkInyEUXqIluUAu1EUVT9Iie0Yv1YD1Zr9bbvLVilTP76Ies9y+kpZXH</latexit>

m� ⇠ v2/M⇤ h�i ⇠ M⇤
<latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit><latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit><latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit><latexit sha1_base64="a0rmWpCmGBmBmyN/Q7UuXB95eEg="></latexit>

hhi ' v
<latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit><latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit><latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit><latexit sha1_base64="enlv4/nTzUp5yd3HEkcFJkGBRHE=">AAACA3icdZDLSsNAFIYn9VbrLepON4NFcBUSUXRZdOOygr1AE8pketIOnUzizKRQSsGNr+LGhSJufQl3vo2TNoKK/jDw851zOHP+MOVMadf9sEoLi0vLK+XVytr6xuaWvb3TVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwMq+3RiAVS8SNHqcQxKQvWMQo0QZ17T2fE9HngAfYl3PnKxbDLR517arrnLq5sOu4X6YgXkGqqFC9a7/7vYRmMQhNOVGq47mpDiZEakY5TCt+piAldEj60DFWkBhUMJndMMWHhvRwlEjzhMYz+n1iQmKlxnFoOmOiB+p3LYd/1TqZjs6DCRNppkHQ+aIo41gnOA8E95gEqvnYGEIlM3/FdEAkodrEVjEhfF2K/zfNY8dzHe/6pFq7KOIoo310gI6Qh85QDV2hOmogiu7QA3pCz9a99Wi9WK/z1pJVzOyiH7LePgEuApc2</latexit>
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<latexit sha1_base64="PigglsdTLxgfbMgKMsjzdNwaoCI="></latexit>

FIG. 7. In our model the landscape includes a high energy sector (left panel) and a low energy sector (right panel). The high
energy sector is generated by fields of mass close to the cuto↵ m

�

⇠ M⇤ which does not have enough vacua to scan the CC down
to ⇤

obs

' meV4, but scans m2

H to the weak scale. The low energy sector is generated by fields of mass m� ⇠ v2/M⇤ and has a
number of non-degenerate minima dependent on the Higgs vev. When hhi ' v we can scan the CC down to ⇤

obs

.

⇤obs
<latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit>

High Energy Landscape

Low Energy Landscape 

hhi = 0
<latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit><latexit sha1_base64="m5N9gKtaXf3tQPFIcXxH8XTZBh0=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuCoZUXQjFN24rGAv0Cklk55pQzOZIckIZSj4Km5cKOLW53Dn25hpp6CiPwR+vnMO5+QPEsG1IeTTWVhcWl5ZLa2V1zc2t7bdnd2mjlPFoMFiEat2QDUILqFhuBHQThTQKBDQCkbXeb11D0rzWN6ZcQLdiA4kDzmjxqKeu+8LKgcC8BD7auYuMem5FVI9I7kwqZK5KYhXkAoqVO+5H34/ZmkE0jBBte54JDHdjCrDmYBJ2U81JJSN6AA61koage5m0/Mn+MiSPg5jZZ80eEq/T2Q00nocBbYzomaof9dy+Fetk5rwoptxmaQGJJstClOBTYzzLHCfK2BGjK2hTHF7K2ZDqigzNrGyDWH+U/y/aZ5UPVL1bk8rtasijhI6QIfoGHnoHNXQDaqjBmIoQ4/oGb04D86T8+q8zVoXnGJmD/2Q8/4FeRKUgA==</latexit>

Values of the Cosmological Constant in the Landscape

hhi < µS

<latexit sha1_base64="2C4hRq5cc0J3H/1O13IOFSLSg+0=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiRtaBVcFN24rGgf0IQwmU7boZNJmJkIJRQ3/oobF4q49Svc+TdO2wgqeuDC4Zx7ufeeMGFUKtv+MBYWl5ZXVgtrxfWNza1tc2e3JeNUYNLEMYtFJ0SSMMpJU1HFSCcRBEUhI+1wdDH127dESBrzGzVOiB+hAad9ipHSUmDuewzxASNwCD0xZ2fQi9LgOjBLtuU61apdgbZlz6CJW67U3Ap0cqUEcjQC893rxTiNCFeYISm7jp0oP0NCUczIpOilkiQIj9CAdDXlKCLSz2YvTOCRVnqwHwtdXMGZ+n0iQ5GU4yjUnRFSQ/nbm4p/ed1U9U/8jPIkVYTj+aJ+yqCK4TQP2KOCYMXGmiAsqL4V4iESCCudWlGH8PUp/J+0ypbjWqdXbql+nsdRAAfgEBwDB9RAHVyCBmgCDO7AA3gCz8a98Wi8GK/z1gUjn9kDP2C8fQIGEJaU</latexit>

hhi ' µS

<latexit sha1_base64="c/zuoQm3yB+LeFD29zzaCp7tu/I=">AAACB3icdVDLSgNBEJz1GeMr6lGQwSB4CrvJkugt6MVjRPOAbAizk04yZGZ2nZkVQsjNi7/ixYMiXv0Fb/6Nk4egogUNRVU33V1hzJk2rvvhLCwuLa+sptbS6xubW9uZnd2ajhJFoUojHqlGSDRwJqFqmOHQiBUQEXKoh4PziV+/BaVZJK/NMIaWID3JuowSY6V25iDgRPY44D4O1IwFmgm4wYFI2lftTNbN+V6x6Bawm3OnsMTPF0p+AXtzJYvmqLQz70EnookAaSgnWjc9NzatEVGGUQ7jdJBoiAkdkB40LZVEgG6Npn+M8ZFVOrgbKVvS4Kn6fWJEhNZDEdpOQUxf//Ym4l9eMzHdk9aIyTgxIOlsUTfh2ER4EgruMAXU8KElhCpmb8W0TxShxkaXtiF8fYr/J7V8zvNzp5d+tnw2jyOF9tEhOkYeKqEyukAVVEUU3aEH9ISenXvn0XlxXmetC858Zg/9gPP2CVuDmQU=</latexit>

hhi � µB

<latexit sha1_base64="FMzLZloUZTzkGrwqbwzKrqF4lNY=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgqiRtaHVX6sZlBfuAJoTJdJoOnUzCzEQooQs3/oobF4q49SPc+TdO2wgqeuDC4Zx7ufeeIGFUKsv6MApr6xubW8Xt0s7u3v6BeXjUk3EqMOnimMViECBJGOWkq6hiZJAIgqKAkX4wvVz4/VsiJI35jZolxItQyOmYYqS05JtllyEeMgIn0BUr5oYhdKPUb/tmxao6dqNh1aFVtZbQxKnVm04d2rlSATk6vvnujmKcRoQrzJCUQ9tKlJchoShmZF5yU0kShKcoJENNOYqI9LLlE3N4qpURHMdCF1dwqX6fyFAk5SwKdGeE1ET+9hbiX94wVeNzL6M8SRXheLVonDKoYrhIBI6oIFixmSYIC6pvhXiCBMJK51bSIXx9Cv8nvVrVdqoX106l1c7jKIIyOAFnwAZN0AJXoAO6AIM78ACewLNxbzwaL8brqrVg5DPH4AeMt0+zBpeF</latexit>

µS . hhi . µB

<latexit sha1_base64="rNSzyqY0Go0YluWzE7sYHDFQrFo=">AAACGHicdVDLSgMxFM34tr5GXboJFsFVnbGDj53oxmVF+4DOMGTS2zY0yQxJRijFz3Djr7hxoYjb7vwb04f4QA8EDuecy809ScaZNp737szMzs0vLC4tF1ZW19Y33M2tmk5zRaFKU56qRkI0cCahapjh0MgUEJFwqCe9i5FfvwWlWSpvTD+DSJCOZG1GibFS7B6EIo+vcchBa82EJUR2OOAuDtWEfVk2eR67Ra8U+EdHXhl7JW8MS4LD8nFQxv5UKaIpKrE7DFspzQVIQznRuul7mYkGRBlGOdwVwlxDRmiPdKBpqSQCdDQYH3aH96zSwu1U2ScNHqvfJwZEaN0XiU0KYrr6tzcS//KauWmfRAMms9yApJNF7Zxjk+JRS7jFFFDD+5YQqpj9K6Zdogg1tsuCLeHzUvw/qR2W/KB0ehUUz86ndSyhHbSL9pGPjtEZukQVVEUU3aNH9IxenAfnyXl13ibRGWc6s41+wBl+AGotoAs=</latexit>

FIG. 8. Values of the Cosmological Constant in our two-sectors landscape. When hhi = 0 the high energy landscape (left panel
of Fig. 7) does not have enough minima to scan the CC from M4

⇤ down to ⇤
obs

' meV4. As we turn on hhi the degeneracy in
the vacua of the low energy landscape (right panel of Fig. 7) is broken and when hhi = v we can scan down to ⇤

obs

. If hhi � v2

the low energy landscape loses all its minima but one and from the point of view of the CC we have the same problem as in the
hhi = 0 situation.
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Low Energy Landscape



Low energy landscape

A set of light scalar fields with degenerate vacua

�O can break the degeneracy

µ2 = hOi
Extra scanning of the cc is triggered by the weak scale 

µ > µB  the other vacuum disappears

µ < µS hyperfine splitting of the scanning 
and it doesn’t help to reduce the cc



⇤obs
<latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit><latexit sha1_base64="5bX6DkK1OgkI76WvQytpnxPZxpQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSi6LLoxoWLCvYBbQiTyaQdOpkJMxOlxH6KGxeKuPVL3Pk3TtoUVPTAwOGcc7l3TpgyqrTrflqVpeWV1bXqem1jc2t7x67vdpTIJCZtLJiQvRApwignbU01I71UEpSEjHTD8WXhd++IVFTwWz1JiZ+gIacxxUgbKbDrg2sTjlCQD2QCRaimgd1wnVO3AHQdd0FKxSuVBijRCuyPQSRwlhCuMUNK9T031X6OpKaYkWltkCmSIjxGQ9I3lKOEKD+fnT6Fh0aJYCykeVzDmfp9IkeJUpMkNMkE6ZH67RXiX14/0/G5n1OeZppwPF8UZwxqAYseYEQlwZpNDEFYUnMrxCMkEdamrZopYfFT+D/pHDue63g3J43mRVlHFeyDA3AEPHAGmuAKtEAbYHAPHsEzeLEerCfr1XqbRytWObMHfsB6/wIw2pPy</latexit>

Values of the CC in the Landscape V�
<latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit><latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit><latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit><latexit sha1_base64="aEE9kz+Em9uOZIoYvPXfpRvoiZQ=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvXisYD+gDWWz3bRLN5u4uxFK6J/w4kERr/4db/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWt3qaUD/CI8FCRrA2Urc9yPrNMZsNSmXHvqhXK14VObbj1NyKm5NKzTv3kGuUHGVYojkovfeHMUkjKjThWKme6yTaz7DUjHA6K/ZTRRNMJnhEe4YKHFHlZ/N7Z+jUKEMUxtKU0Giufp/IcKTUNApMZ4T1WP32cvEvr5fqsO5nTCSppoIsFoUpRzpG+fNoyCQlmk8NwUQycysiYywx0Saiognh61P0P2lXbNex3Ruv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgFpZJA2</latexit>

m� ⇠ M⇤
<latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit><latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit><latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit><latexit sha1_base64="I9Dlek0zyiMD+b7EWa6D3MKmv14=">AAAB+HicdVDLSgMxFM3UV62PVl26CRZBXAwztbR1V3TjRqhgH9AOQybNtKFJZkgyQh36JW5cKOLWT3Hn35hpK6jogQuHc+7l3nuCmFGlHefDyq2srq1v5DcLW9s7u8XS3n5HRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WBymfndOyIVjcStnsbE42gkaEgx0kbyS0XuD1pjCgeKcnjtn/qlsmOfN2qVag06tuPU3YqbkUq9elaFrlEylMESLb/0PhhGOOFEaMyQUn3XibWXIqkpZmRWGCSKxAhP0Ij0DRWIE+Wl88Nn8NgoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Ex02vJSKONFE4MWiMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUwIXx9Cv8nnYrtOrZ7Uy03L5Zx5MEhOAInwAV10ARXoAXaAIMEPIAn8GzdW4/Wi/W6aM1Zy5kD8APW2yfNi5KH</latexit>

h�i ⇠ M⇤
<latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit><latexit sha1_base64="/ROwdN1/mcn7+/cQaW9yIXzUTLs=">AAACBnicdVDLSgMxFM34rPU16lKEYBHERcmMQ1t3RTduhAr2AZ2hZNK0Dc1khiQjlNKVG3/FjQtF3PoN7vwbM20FFT1w4eSce8m9J0w4UxqhD2thcWl5ZTW3ll/f2Nzatnd2GypOJaF1EvNYtkKsKGeC1jXTnLYSSXEUctoMhxeZ37ylUrFY3OhRQoMI9wXrMYK1kTr2gc+x6HMK/dqAQV/OH4pF8Kpz0rELqHhWKbleCaIiQmXHdTLilr1TDzpGyVAAc9Q69rvfjUkaUaEJx0q1HZToYIylZoTTSd5PFU0wGeI+bRsqcERVMJ6eMYFHRunCXixNCQ2n6veJMY6UGkWh6YywHqjfXib+5bVT3asEYyaSVFNBZh/1Ug51DLNMYJdJSjQfGYKJZGZXSAZYYqJNcnkTwtel8H/ScIsOKjrXXqF6Po8jB/bBITgGDiiDKrgENVAHBNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gn8pZgr</latexit>

High Energy Landscape

scansm2
H

<latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit><latexit sha1_base64="JW78xsNkxYX96sAmbZ9N4xCN/xs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaOut6KXHCqYttLFsttt26e4m7G6EEvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXpQwqrTjfFiFtfWNza3idmlnd2//oHx41FZxKjEJcMxi2Y2QIowKEmiqGekmkiAeMdKJpte537knUtFY3OpZQkKOxoKOKEbaSAEfNO+8Qbni2Jf1qudXoWM7Ts313Jx4Nf/Ch65RclTACq1B+b0/jHHKidCYIaV6rpPoMENSU8zIvNRPFUkQnqIx6RkqECcqzBbHzuGZUYZwFEtTQsOF+n0iQ1ypGY9MJ0d6on57ufiX10v1qB5mVCSpJgIvF41SBnUM88/hkEqCNZsZgrCk5laIJ0girE0+JRPC16fwf9L2bNex3Ru/0rhaxVEEJ+AUnAMX1EADNEELBAADCh7AE3i2hPVovVivy9aCtZo5Bj9gvX0CpICOkg==</latexit>
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FIG. 4. In our model the landscape includes a high energy sector (left panel) and a low energy sector (right panel). The high
energy sector is generated by fields of mass close to the cuto↵ m

�
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H to the weak scale. The low energy sector is generated by fields of mass m� ⇠ v2/M⇤ and has a
number of non-degenerate minima dependent on the Higgs vev. When hhi ' v we can scan the CC down to ⇤
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is necessary before non-linear structures form. Therefore Weinberg’s argument provides the bound
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where ⇢eq is the energy density at matter-radiation equality. We have assumed a spectrum of scale invariant perturbations
�⇢/⇢ ⇠ 10�5 and that the baryon energy density has come to dominate over the dark matter energy density, i.e. the
equality in the above formula is valid for universes with ⌘b fixed, our observed dark matter energy density and hhi & 5v.

Eq. (64) immediately shows that in universes where only the Higgs vev changes and everything else is held fixed,
Weinberg’s argument provides a looser upper bound on the CC compared to the usual one. If ⇤⇤ < (M⇤/mSM

p )(0.1 meV)4

then we have a problem, since our multiverse contains universes where galaxies form with a CC and a weak scale larger
than the observed ones.

Simple mechanisms that solve this problem by giving a baryon asymmetry inversely proportional to the Higgs vev
were discussed in [109], one example exploits the decay of a heavy neutrino with mass / hhi and the thermal tail
of electroweak sphalerons. Interestingly, observing di↵erent baryogenesis mechanisms in our universe would strongly
disfavor our idea.

For the same reasons not all dark matter candidates are viable in this setting. For example WIMP-like dark matter
has a much higher energy density in universes with a larger Higgs vev (provided that they are reheated above the WIMP
mass), due to the smaller annihilation cross section from weak interactions: � ⇠ ↵W /hhi2. This relaxes Weinberg’s
bound in the same way as a higher baryon energy density. In the next Section we show that the N2 scalars in the low
energy landscape provide a viable dark matter candidate.

B. A SM Trigger in the Landscape

The simplest trigger OT is already present in the SM. It is given by the familiar G eG operator introduced in Section II
that we now couple to the N2 scalars in the low energy landscape,

VN�G =
1

32⇡2

N2X

i=1

✓
�i

fi
+ ✓

◆
G eG , G eG ⌘ ✏µ⌫⇢�Ga

µ⌫Ga
⇢� . (65)
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FIG. 5. Values of the Cosmological Constant in our two-sectors landscape. When hhi = 0 the high energy landscape (left panel
of Fig. 4) does not have enough minima to scan the CC from M4

⇤ down to ⇤
obs

' meV4. As we turn on hhi the degeneracy in
the vacua of the low energy landscape (right panel of Fig. 4) is broken and when hhi = v we can scan down to ⇤

obs

. If hhi � v2

the low energy landscape loses all its minima but one and from the point of view of the CC we have the same problem as in the
hhi = 0 situation.

In the notation of the previous section

OT = G eG ,
1

fi
=

32⇡2i✏ip
N2M⇤,i

. (66)

We imagine that one of the usual mechanisms solves the strong CP problem, leaving at low energy a residual ✓ angle
smaller than 10�10. We also impose h�ii/fi . 10�10/N2 to avoid re-introducing the problem. After the QCD phase
transition,

VN�G '

8
><

>:

f2
⇡(hhi)m2

⇡(hhi)
⇣P

i
�i

fi
+ ✓

⌘2

+ ... , hhi . ⇤QCD(hhi)
yu

,

⇤4
QCD(hhi)

⇣P
i

�i

fi
+ ✓

⌘2

+ ... , hhi & ⇤QCD(hhi)
yu

.
(67)

In the previous equation we have introduced ⇤QCD(v⇤), which is the chiral condensate with quark masses proportional
to the vev v⇤, as in Eq. (??). Similarly f2

⇡(v⇤) and m2
⇡(v⇤) are the values of these parameters with EW symmetry breaking

at the scale v⇤. Note that the dependence on v⇤ saturates when ⇤QCD(v⇤) � v⇤ and QCD itself becomes the main source
of EW symmetry breaking. In Eq. (67) all quantities are evaluated at the Higgs vev hhi, which outside of our universe
can be di↵erent from the value of the weak scale v ' 246 GeV.

The interaction in Eq. (67) makes the number of minima in the landscape sensitive to the value of the Higgs vev
hhi. Since hG eGi is an increasing function of hhi, when hhi is too large some minima are lost, when it is too small
the minima of Eq. (60) remain almost degenerate. To see why minima are lost when hhi is large consider the limit
⇤4

QCDM⇤/f � ✏2M4
⇤ , where Eq. (67) dominates over the potential in (60). Then at the minimum Eq. (67) is e↵ectively
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I. Type 0 2HDM

The weak scale as a trigger



FIG. 5. Experimental Constraints on the CP-even Higgs H for mH± = mA and di↵erent values of �
345

. From top to
bottom we increase mH± . From left to right we move from 1% tuning (�

345

= 0.01|�
4

+ �
5

|) to natural values of the
quartics (�

345

= |�
4

+ �
5

|). In red we show the bound from e+e� ! Z ! AH at LEP [3] and in yellow from HZ
associated production [3] followed by decays to fermions. In light blue we display the current sensitivity of H ! �� at
LEP and the LHC [23–25] and a projection for the HL-LHC obtained rescaling [25]. In light green we show bounds from
searches for B ! K(⇤)H ! K(⇤)µµ at LHCb [26, 27]. Indirect constraints from Higgs coupling measurements (purple and
blue) are discussed in Section III B 2. The pink shaded area shows the strongest bound point-by-point between searches
for flavor changing processes, mainly b ! s� [7, 8], and LHC searches for t ! H+b [9–12]. Theoretical constraints (in
gray) from low energy Landau poles and the SM Higgs mass are summarized at the beginning of Section III B.

to a few percent. The bound is shown in pink in Fig.s 1 and 5. When the mass di↵erence between H± and A

becomes O(mW ), also the decays H± ! W±A become relevant [29], but we do not consider this parameter
space in our analysis since it is disfavored by bounds on h ! AA and Electroweak precision measurements.
For larger mH± , when top decays are not kinematically allowed, direct searches for H±, that typically target
pp ! t̄bH+ and decays to tb and ⌧⌫, are not yet sensitive to our parameter space [9, 30–37]. To conclude this
brief overview of the charged Higgs, it is interesting to notice that a CMS search for stau pair production [38]
has a sensitivity comparable to LHC searches targeting H+ single production. The latter can be decoupled
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Domain wall from Z2 symmetry of H1
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Scalar dark matter from the 
electroweak phase transition
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FIG. 9. Laboratory and astrophysical constraints on scalars coupled to the Higgs boson via the trilinear interaction
m�

Pn�

i=1

�i|H|2/p
n� (we neglect unimportant O(1) factors introduced by the mixing of the two Higgses). The bounds

include tests of the equivalence principle [142–145], tests of the Newtonian and Casimir potentials (5th force) [146–154],
stellar cooling [155] and black hole superradiance [156, 157]. The pink solid line shows the target given by the scalars
being dark matter. The light pink shaded area at the bottom of the plot is the theoretical constraint on  discussed in
Section IV B. We shaded in gray the region where  > 1 (i.e. ⇤H . TeV).

small scale structure, but the precise lower bound on the DM mass from astrophysics is still the subject of
active research, see for instance [133–139].

We have obtained our previous results neglecting �3 and �4 terms in the potential. These anharmonic
terms are too small to have a measurable impact on structure formation. One conservative way to see this is
to show that the e↵ective Jeans length that they induce [140, 141] is smaller than the typical size of a galaxy
(⇠ Mpc) at all times between today and matter radiation equality. This is satisfied in all our DM parameter
space. Imposing the same requirement on the Jeans length induced by the � mass: LJ(m�) ⇠ (M2

Pl

/⇢�m�)1/2

leads to m� & 6 ⇥ 10�21 eV. This is consistent with observational bounds on the lightest viable DM mass
and comparable to our theoretical lower bound in Eq. (49). As mentioned above, establishing a precise lower
bound on the DM mass is still the subject of active research and goes beyond the scope of this work.

In Fig. 9 we also show laboratory and astrophysical constraints on � DM. They include tests of the
equivalence principle [142–145], tests of the Newtonian and Casimir potentials (5th force) [146–154], stellar
cooling [155] and black hole superradiance [156, 157]. Fifth force and equivalence principle constraints were
translated on bounds on the trilinear coupling of a scalar coupled to the Higgs boson in [158, 159]. The bound
from superradiance is cut o↵ by the quartic ✏2 that at fixed m� and  scales as ✏2 ⇠ m4

�/(v42).
Future laboratory probes of our scalars include torsion balance experiments [158], atom interferome-

try [160], optical/optical clock comparisons and nuclear/optical clock comparisons [141] and resonant mass
detectors (DUAL and SiDUAL [161]). We do not show them in the Figure because they are O(15) orders of
magnitude away from the � dark matter line.

In addition to the laboratory and astrophysical constraints shown in the Figure, Planck’s measurement
of the power spectrum of isocurvature perturbations [162] sets a mild constraint on Hubble during inflation
Hk . 10�5N

2

M⇤(⌦c/⌦�) . 1018 GeV (⌦c/⌦�). The subscript k means that Hubble is evaluated when the
perturbation leaves the horizon k = aH and is subsequently frozen. In quoting the bound we have used the
most constraining scale measured by Planck k

0

= 0.002 Mpc�1 and assumed isocurvature perturbations that
are completely uncorrelated with curvature perturbations.
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Summary
The smallness of the cc and the observed weak scale 
might have a tight connection in the landscape

In the friendly landscape in which only the dimensionful 
parameters scan, the big landscape the cc scan might be sparse

Electroweak symmetry breaking might break the degeneracy of 
light scalar vacua and can further scan the cc down to small one

For the mechanism to work, (type 0) 2HDM is predicted and  
we would expect to discover additional Higgs bosons at the LHC

Lots of light scalars can provide an excellent candidate of 
dark matter from their coherent oscillations  
(misalignment is made at the electroweak phase transition)
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AH production cross section at the Z pole,

gZAH ' � g

2c✓W
(pA + pH) . (18)

This is shown in red in Fig. 5. We do not show this constraint in Fig. 1 since it completely overlaps with other
bounds. LHC searches for BSM and SM Higgses, listed for the CP even Higgs, do not add new constraints to
our parameter space. The only exception are LHC searches for pp ! A ! ZH and pp ! A ! Zh [114–118].
For mA & 220 GeV the LHC is already sensitive to an interesting range of our parameter space [118]. Most of
this region is already excluded by the presence of low energy Landau poles, but a more detailed experimental
study would be interesting.

Finally we can consider a light axion-like A, with mA ⌧ v. However to be consistent with experiment this
possibility requires v

1

⌧ ⇤
QCD

, to suppress the couplings of A to the SM. This forces also H to be light, at
odds with LHC bounds on BR(h ! HH) discussed in the next Section.

2. Indirect Constraints

Measurements of low energy flavor changing processes, such as B ! Xs� and B ! ⌧⌫, are powerful probes
of our charged Higgs [119, 120]. In both cases the charged Higgs contributes at the same order as the leading
SM diagram, given by a W boson exchange. If we include other well-measured processes sensitive to the
charged Higgs (B ! K⇤�, Bs ! µ+µ�, Ds ! ⌧⌫, B ! K(⇤)l+l�, RD, RD⇤ and Bs ! �µ+µ�) [8], we find
the bound in light green in Fig. 1 and in pink in Fig. 5.

The second set of indirect constraints that we need to consider arises from LHC measurements of SM Higgs
couplings. At small v

1

and fixed masses they read

ghV V � gSMhV V
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!
, (19)

so v
1

. v insures that couplings to both vector bosons and fermions are consistent with experiment. As mH

approaches the SM Higgs mass at fixed �
345

, the sensitivity to v
1

/v increases. We also have regions where
�
345

v2 ' m2

h �m2

H and most sensitivity is lost. In Fig. 5 we show in purple projections for the HL-LHC and a
future lepton collider at 1�. We take projected sensitivities from Table 1 in [121]2. To represent future lepton
colliders we use ILC with unpolarized beams and

p
s = 250 GeV. Current bounds from the LHC [122, 123]

are not shown in the Figure. They give the bound v
1

/v . 0.45 ÷ 0.55 and completely overlap with other
constraints. The only exception are new decay modes of the SM Higgs. The new CP-even Higgs H is lighter
than the SM Higgs. So for small enough mH we also have to consider the new decay width �(h ! HH).
Direct searches for decays to four SM particles via two intermediate states, h ! HH ! 4SM [124–129], are
less constraining than the indirect bound set by the dilution of SM branching ratios. LHC measurements of
Higgs couplings give an upper bound on �

345

if mH < mh/2, from Eq. (17). If we consider the latest ATLAS
combination of Higgs couplings measurements [123], we have a global signal strength µ = 1.06 ± 0.07. From
CMS [122] we have µ = 1.02+0.07

�0.06. A very rough combination, assuming uncorrelated Gaussian errors, gives
a 2� error �µ

95%

' 0.1. This implies BR(h ! HH) . 0.1 at 2� and hence �
345

. 10�2. If we restrict
ourselves to the Yukawa couplings in Eq. (12) there is not much that we can do to relax this constraint. For

2 This choice is conservative as it allows the presence of additional new physics that modifies Higgs couplings. In our model alone,
we could have used a more constrained fit with two universal coupling modifiers for fermions and bosons and a free width to
new particles.
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than the SM Higgs. So for small enough mH we also have to consider the new decay width �(h ! HH).
Direct searches for decays to four SM particles via two intermediate states, h ! HH ! 4SM [124–129], are
less constraining than the indirect bound set by the dilution of SM branching ratios. LHC measurements of
Higgs couplings give an upper bound on �
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if mH < mh/2, from Eq. (17). If we consider the latest ATLAS
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345
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ourselves to the Yukawa couplings in Eq. (12) there is not much that we can do to relax this constraint. For
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CP even Higgs H is predicted to be lighter 
than h
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FIG. 1. Experimental Constraints on the type-0 2HDM in the mH± � mH plane (masses of the charged and new CP-
even Higgses). The three panels correspond to three di↵erent choices for the vev of the new Higgs doublet v

1

= hH0

1

i =
(0.2, 0.3, 0.5)v. The mass of the new CP-Odd Higgs mA is fixed to 160 GeV. In all three cases we allow a 10% tuning of
quartics, i.e. we take �

3

+ �
4

+ �
5

= 0.1|�
4

+ �
5

| = 0.2(mH±/v)2. In red we show the bound from H± pair production
at LEP [1, 2] and in yellow from HZ associated production and decays to fermions [3]. In light blue we display the
bound from ElectroWeak Precision Tests [4] on the S, T and U oblique parameters [5, 6]. In light green we show
bounds from searches for B ! Xs� [7, 8]. Indirect constraints from Higgs coupling measurements set an upper bound
on BR(h ! HH) (in blue). The impact of LHC searches for t ! H+b is shown in pink [9–12]. Theoretical constraints
(in gray) from low energy Landau poles and the SM Higgs mass are summarized at the beginning of Section III B. At
high masses there is no solution for the quartics which gives mh = 125 GeV.

but to our great surprise, it is not (yet) entirely excluded by collider searches! Some representative region of
parameter space that is still viable, in the plane of new CP even and charged Higgs masses, is shown in Fig. 1,
and the collider bounds will be discussed at greater length in Section III. There is a reasonable (if admittedly
moderately tuned) region of parameter space where the new Higgs states have thus far escaped detection.
This model will incisively be probed in the high-luminosity run of the LHC, and the new states can also be
copiously produced at Higgs factories. If these new light states are seen, and the associated fingerprint of the
Z
4

symmetry is confirmed, that would give direct experimental evidence for the “weak scale as a trigger”.
Given some operator O triggered by the weak scale, it is natural to try to use this trigger to attack the

hierarchy problem in a new way. For instance, we can look for cosmological vacuum selection scenarios, that
force

µ2 = hOHi, (1)

in the range

µ2

S ⌧ µ2 ⌧ µ2

B, (2)

Using OH = H
1

H
2

of our type-0 2HDM, this would force tuning for light Higgses. We present one such vacuum
selection mechanism in the context of the landscape1. We give a field-theoretic model for the landscape, with
a “UV landscape” containing moderately many vacua, not enough to find vacua with our small cosmological
constant (CC). But we also imagine a separate “IR landscape”, with n� ultra-light, weakly coupled scalars �i,
each with a (spontaneously broken) Z

2

discrete symmetry potentially giving a factor of 2n� more vacua. The
�i also couple to OH . If hOHi is too small, the 2n� vacua of the �i sector are all degenerate and they don’t
help with making smaller vacuum energies possible. If hOHi is too big, the symmetry is broken so badly that
only one vacuum remains for each �i, and there is again no way to find small vacuum energy. The only way to

1 A di↵erent approach to doing this with similar motivations was pursued in [13].

3



FIG. 5. Experimental Constraints on the CP-even Higgs H for mH± = mA and di↵erent values of �
345

. From top to
bottom we increase mH± . From left to right we move from 1% tuning (�

345

= 0.01|�
4

+ �
5

|) to natural values of the
quartics (�

345

= |�
4

+ �
5

|). In red we show the bound from e+e� ! Z ! AH at LEP [3] and in yellow from HZ
associated production [3] followed by decays to fermions. In light blue we display the current sensitivity of H ! �� at
LEP and the LHC [23–25] and a projection for the HL-LHC obtained rescaling [25]. In light green we show bounds from
searches for B ! K(⇤)H ! K(⇤)µµ at LHCb [26, 27]. Indirect constraints from Higgs coupling measurements (purple and
blue) are discussed in Section III B 2. The pink shaded area shows the strongest bound point-by-point between searches
for flavor changing processes, mainly b ! s� [7, 8], and LHC searches for t ! H+b [9–12]. Theoretical constraints (in
gray) from low energy Landau poles and the SM Higgs mass are summarized at the beginning of Section III B.

to a few percent. The bound is shown in pink in Fig.s 1 and 5. When the mass di↵erence between H± and A

becomes O(mW ), also the decays H± ! W±A become relevant [29], but we do not consider this parameter
space in our analysis since it is disfavored by bounds on h ! AA and Electroweak precision measurements.
For larger mH± , when top decays are not kinematically allowed, direct searches for H±, that typically target
pp ! t̄bH+ and decays to tb and ⌧⌫, are not yet sensitive to our parameter space [9, 30–37]. To conclude this
brief overview of the charged Higgs, it is interesting to notice that a CMS search for stau pair production [38]
has a sensitivity comparable to LHC searches targeting H+ single production. The latter can be decoupled
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Scalar dark matter from the 
electroweak phase transition

�̈+ 3H�̇+ V,� + ch�iT hH1H2iT = 0

Misalignment of the light scalar provides a dark 
matter

Misalignment of the light scalar provides a dark matter
1. There is a misalignment of the light scalar after inflation

2. When                            , the scalar starts the oscillationH ⇠ m�

3. Electroweak phase transition also gives a misalignment



Scalar dark matter from the 
electroweak phase transition

�̈+ 3H�̇+ V,� + ch�iT hH1H2iT = 0

Misalignment of the light scalar provides a dark 
matter

The last term provides a kick to the light scalar at EWPT
�� ⇠ O(M⇤)

The relic density is determined from EWPT
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Sketch for the relic abundance
of light scalar dark matter
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FIG. 9. Laboratory and astrophysical constraints on scalars coupled to the Higgs boson via the trilinear interaction
m�

Pn�

i=1

�i|H|2/p
n� (we neglect unimportant O(1) factors introduced by the mixing of the two Higgses). The bounds

include tests of the equivalence principle [142–145], tests of the Newtonian and Casimir potentials (5th force) [146–154],
stellar cooling [155] and black hole superradiance [156, 157]. The pink solid line shows the target given by the scalars
being dark matter. The light pink shaded area at the bottom of the plot is the theoretical constraint on  discussed in
Section IV B. We shaded in gray the region where  > 1 (i.e. ⇤H . TeV).

small scale structure, but the precise lower bound on the DM mass from astrophysics is still the subject of
active research, see for instance [133–139].

We have obtained our previous results neglecting �3 and �4 terms in the potential. These anharmonic
terms are too small to have a measurable impact on structure formation. One conservative way to see this is
to show that the e↵ective Jeans length that they induce [140, 141] is smaller than the typical size of a galaxy
(⇠ Mpc) at all times between today and matter radiation equality. This is satisfied in all our DM parameter
space. Imposing the same requirement on the Jeans length induced by the � mass: LJ(m�) ⇠ (M2

Pl

/⇢�m�)1/2

leads to m� & 6 ⇥ 10�21 eV. This is consistent with observational bounds on the lightest viable DM mass
and comparable to our theoretical lower bound in Eq. (49). As mentioned above, establishing a precise lower
bound on the DM mass is still the subject of active research and goes beyond the scope of this work.

In Fig. 9 we also show laboratory and astrophysical constraints on � DM. They include tests of the
equivalence principle [142–145], tests of the Newtonian and Casimir potentials (5th force) [146–154], stellar
cooling [155] and black hole superradiance [156, 157]. Fifth force and equivalence principle constraints were
translated on bounds on the trilinear coupling of a scalar coupled to the Higgs boson in [158, 159]. The bound
from superradiance is cut o↵ by the quartic ✏2 that at fixed m� and  scales as ✏2 ⇠ m4

�/(v42).
Future laboratory probes of our scalars include torsion balance experiments [158], atom interferome-

try [160], optical/optical clock comparisons and nuclear/optical clock comparisons [141] and resonant mass
detectors (DUAL and SiDUAL [161]). We do not show them in the Figure because they are O(15) orders of
magnitude away from the � dark matter line.

In addition to the laboratory and astrophysical constraints shown in the Figure, Planck’s measurement
of the power spectrum of isocurvature perturbations [162] sets a mild constraint on Hubble during inflation
Hk . 10�5N

2

M⇤(⌦c/⌦�) . 1018 GeV (⌦c/⌦�). The subscript k means that Hubble is evaluated when the
perturbation leaves the horizon k = aH and is subsequently frozen. In quoting the bound we have used the
most constraining scale measured by Planck k

0

= 0.002 Mpc�1 and assumed isocurvature perturbations that
are completely uncorrelated with curvature perturbations.
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