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Figure 1: The allowed values of the four-form energy density are given by the

radius-squared of points in the grid, whose dimension is the number of four-forms

J . The spacing in direction i is qi. The negative of the bare cosmological constant

corresponds to a (J − 1)-dimensional sphere, and cancellation is possible if there

is at least one grid point sufficiently close to the sphere.

An important feature of this result is that that the qi need not be exceed-
ingly small if there are more than two four-form fields. In order to achieve
a small λ, it is sufficient that there be a discrepancy between the magnitude
of λbare and that of the charges. For fixed charges, the task of cancellation
actually becomes easier, the larger the bare cosmological constant. This can
be understood from Fig. 1. The larger the shell, the more points it will
contain.6 The results (2.24) to (2.26) treat the ni as essentially continuous,
and break down if any of the qi exceed J−1/2|2λbare|1/2. In this case the flux
associated with qi should simply be ignored.

6Note, however, that the radius of the shell in Fig. 1 represents not |2λbare|, but the
square root of |2λbare|. This is why one cannot recognize in Fig. 1 the need for the charges
qi to be incommensurate, a fact that is immediately clear from Eq. (2.21). It is also the
reason why increasing |λbare| has no beneficial effect in the case of J = 2. For fixed ∆λ,
the shell gets thinner as one increases its radius. If J = 2, this precisely compensates for
the increase of the shell radius, and the volume remains constant.
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Cosmological Constant Problem
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⇤initial

Symmetry constraint?

NO!

Smooth 
adjustment?

[Weinberg ’89]



• further modifying GR - safest form is f(R)-gravity - not useful:  
 
- f(R)-gravity conformally equivalent to scalar field — Weinberg no-go 
- adding higher curvature invariants - ghosts [Stelle ’77] and/or  
  instabilities (massive gravity)  
 

• example of unimodular gravity is suggestive, yet too simple:  
 
to accommodate a small CC, we need 
 
-  a form of landscape  
-  AND a population mechanism
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F4 = dA3

[Brown-Teitelboim ’87 & ’88] and [Abbott ’85]:

membrane charged under A3

• 1st attempt - couple gravity to a U(1) 4-form gauge field strength:  

• across a membrane 4-form flux jumps:  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) ⇤ = ⇤0 + |F4|2 = ⇤0 +N2Q2
A

• membranes nucleate via tunneling instanton:  
— analogon of 2D Schwinger process 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V = ⇤0 +N2Q2
A , ⇤0 < 0
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NQA

• but then: universe is empty (no entropy production) [Abbott ’85]

• get small CC and long life-time if        very small: 
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Stairway in Heaven
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⇤ = 0

CC is unstable, it decays  …

As long as the gaps are 
wide enough, we can fit the 
“real universe” inside it, all 
60ish efolds of inflation, 
reheating, BBN, etc etc
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⇤initial

to accommodate small CC,  
 
need ≥ 2 stairways 
somewhat out of step  
 
… a landscape

for a single stairway,  
steps too tiny [Abbott ’85]



[Bousso-Polchinski ’00] [Feng, March-Russell,  
      Sethi & Wilczek ’00]
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Figure 1: The allowed values of the four-form energy density are given by the

radius-squared of points in the grid, whose dimension is the number of four-forms

J . The spacing in direction i is qi. The negative of the bare cosmological constant

corresponds to a (J − 1)-dimensional sphere, and cancellation is possible if there

is at least one grid point sufficiently close to the sphere.

An important feature of this result is that that the qi need not be exceed-
ingly small if there are more than two four-form fields. In order to achieve
a small λ, it is sufficient that there be a discrepancy between the magnitude
of λbare and that of the charges. For fixed charges, the task of cancellation
actually becomes easier, the larger the bare cosmological constant. This can
be understood from Fig. 1. The larger the shell, the more points it will
contain.6 The results (2.24) to (2.26) treat the ni as essentially continuous,
and break down if any of the qi exceed J−1/2|2λbare|1/2. In this case the flux
associated with qi should simply be ignored.

6Note, however, that the radius of the shell in Fig. 1 represents not |2λbare|, but the
square root of |2λbare|. This is why one cannot recognize in Fig. 1 the need for the charges
qi to be incommensurate, a fact that is immediately clear from Eq. (2.21). It is also the
reason why increasing |λbare| has no beneficial effect in the case of J = 2. For fixed ∆λ,
the shell gets thinner as one increases its radius. If J = 2, this precisely compensates for
the increase of the shell radius, and the volume remains constant.
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• 2nd attempt - many 4-forms:

• demand small CC — thinnest        - shell containing 1 lattice point: 
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• this toy model has the main features:

- discrete landscape with small enough CC-spacing

- vacua with CC > 0 eternally inflate: infinite amount of space-time  
with high-lying dS space generated

- tunneling transitions from eternally inflating dS space populate vacua 
(both down- and up-tunneling present among dS vacua!)  
— discrete, locally null-energy violating quantum effects — no-go evaded!

- individual membrane 4-form tunneling jumps have large CC-jump:  
 
> no empty universe problem  
> can have scalar-field slow-roll inflation in there



• central question:  
 
- produces a multiverse with all possible CC values!  
 
- why should we observe our tiny one?

• fact - we observe structure formation in our past:

• —  a “weak anthropic” argument [Weinberg ’89]

• works only IF there is a CC landscape WITH population mechanism!
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• alternative - `quintessence’ landscape:  
 
- we can replace the dS vacua from O(100) 4-form fluxes with a    
  landscape of O(100) scalar field potentials with minimum at  
  CC ≤ 0 and slow-roll flat plateaus
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fine-tuned `quintessence’ landscape of quasi-CCs

- there is no true CC > 0 , but if at least one scalar is on the slow-roll  
  plateau — Coleman-deLuccia tunneling + quasi-dS vacuum fluctuations  
  populate all plateaus:



• but:  
 
- here as well you need anthropics to explain observed DE magnitude 
 
 
 
- additionally:  need to explain slow-roll flatness of quintessence scalar  
                     potentials

there is NO anthropic need for this!

… so, double fine-tuning !



need compactification from 10D to 4D:  
 
6 compact extra-dimensions … and there is more

- benefit:   
  string theory is UV complete,  
  all quantum gravity loop contributions to the CC are finite by modular  
  invariance 
 
- problems:  string theory has 6 extra dimensions and SUSY
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• can attempt to embed both toy model classes into string theory:  
 
 
why? - quantum gravity loops are even worsely divergent:



string theory’s 6 compact dimensions:
strings , branes & fluxes + quantum corrections — generate 
scalar potential for:  
- moduli (deformation modes of extra dimensions)  
- axions (zero modes of p-form gauge fields)

the string theory landscape:
many isolated vacua, connected by tunneling

some mountain slopes drive inflation  
or slow-roll dark energy (quintessence)



string theory’s 6 compact dimensions:
strings , branes & fluxes + quantum corrections — generate 
scalar potential for:  
- moduli (deformation modes of extra dimensions)  
- axions (zero modes of p-form gauge fields)

moduli & axions:
light scalars …



• increasingly explicit constructions of dS vacua (minima) in string theory:  
 
- extra dimensions are a Calabi-Yau manifold (Ricci curvature = 0)  
 
  > low-energy SUSY at tree-level  
 

  > stabilization of all moduli needs quantum effects 
 

  > dS vacua possible IF all string corrections and the hierarchy of EFT  
     mass scales are controlled

for reviews see e.g.:  
arXiv:2203.07629  
arXiv:2303.04819

- extra dimensions negatively curved 
 
  > classical contributions from curvature, fluxes, branes and orientifold 
     planes sufficient to generate dS vacua 
 

  > effective action is 10D supergravity — worldsheet string description  
     `ab initio’ is unclear 



• contrast:  
 
- network of conjectural constraints on low-energy EFTs from general  
  properties of semi-classical quantum gravity and/or classes of  
  string theory solutions — Swampland Program

• observation in our context:  
 
in string compactifications with worldsheet description and zero CC  
at tree level (e.g. CYs) …  
 
… no dS vacua exist stabilized by classical contributions only 
— quantum effects seem to be relevant

Study of this asymptotic no-dS conjecture, related 
swampland conjectures & interplay with string dS 
constructions provides lasting challenge for coming years!

conjecture:  
 
there are no dS minima at parametrically extra dimension size 
and/or parametrically weak string coupling
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Cosmology & String Vacua

Our Universe appears to be in a de Sitter (dS) phase with an extremely small cosmological constant.

Can we explain this in a UV complete theory of gravity, i.e. string theory?

On one hand: The Landscape
There are many dS vacua in string theory, from constructions like KKLT.
We live in one that just happens to have certain properties, such as a
small cosmological constant

On the other: The Swampland

The (refined) de Sitter conjecture:
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Metastable dS are not permitted.

[Garg,Krishnan,’18]
[Ooguri, Palti, Shiu, Vafa, ’18]
[Hebecker, Wrase, ’18]

Why postulate this? Number of No-Go Results for dS

JML Heterotic dS 4 / 48

for a review see:  
arXiv:1903.06239



• have we exhausted the possibilities of  
toy model landscapes with population mechanisms?

… one more thing.
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<latexit sha1_base64="SzXTvBzDRIX5eaSUHcHB3lOWc/Q=">AAAB+nicbZDLSsNAFIZPvNZ6q7p0EyyCCymJFnUjVAVxWcFeoA1hMpm0QyeTMDMpltiXcKsrd+LWl3HhuzhNs9DWAwMf/38O58zvxYxKZVlfxsLi0vLKamGtuL6xubVd2tltyigRmDRwxCLR9pAkjHLSUFQx0o4FQaHHSMsb3Ez81pAISSP+oEYxcULU4zSgGCkttW/d6qV/5Z66pbJVsbIy58HOoQx51d3Sd9ePcBISrjBDUnZsK1ZOioSimJFxsZtIEiM8QD3S0chRSOSxP6SxzNBJH7Pbx+ahdn0ziIR+XJmZ+ns6RaGUo9DTnSFSfTnrTcT/vE6iggsnpTxOFOF4uihImKkicxKE6VNBsGIjDQgLqu82cR8JhJWOS+dhz/5+HponFfusUr2vlmvXeTIF2IcDOAIbzqEGd1CHBmBg8Awv8Go8GW/Gu/ExbV0w8pk9+FPG5w/iLpQ2</latexit>

F4 = dA3

enters as a Lagrange 
multiplier scalar field!

compare BP to covariant unimodular GR 
[Henneaux-Teitelboim ’89]:

<latexit sha1_base64="KXK2XOLS5Hmt5IAFuPxpMZt7RRI="></latexit>

�S

�gµ⌫
) Gµ⌫ = � 1

M2
P

(Tµ⌫ + ⇤gµ⌫)

<latexit sha1_base64="bdxJeYvEOPCtn1Y586GbEtfb9M8="></latexit>

�S

�⇤
)

p
�g✏µ⌫⇢� =

1

M2
P

Fµ⌫⇢�

<latexit sha1_base64="D/Hm2Jm7vJlUaPbCneP/KgBp7ug=">AAACDnicbZDLSgMxFIYz9VbrbdSdboKt4ELKTEEUQSi6cSNUsBdoS8mkmTY0lyHJVMtQ8BF8Cre6cidufQUXvovpZaGtPwQ+zn8OJ+cPIka18bwvJ7WwuLS8kl7NrK1vbG652zsVLWOFSRlLJlUtQJowKkjZUMNILVIE8YCRatC7GvnVPlGaSnFnBhFpctQRNKQYGVtquXuhkhwKeQ+lOIe5m1bSUByWhhd+ruVmvbw3FpwHfwpZMFWp5X432hLHnAiDGdK67nuRaSZIGYoZGWYasSYRwj3UIXWLAnGij9t9GukxNpOH8T1DeGjdNgylsk8YOK7+nk4Q13rAA9vJkenqWW9U/M+rxyY8ayZURLEhAk8WhTGDRsJROLBNFcGGDSwgrKj9N8RdpBA2NkKbhz97/TxUCnn/JO/dFrLFy2kyabAPDsAR8MEpKIJrUAJlgMEjeAYv4NV5ct6cd+dj0ppypjO74I+czx8PY5tL</latexit>

from now on: MP = 1



<latexit sha1_base64="3NiO6tgKbf8uhTT1GBre7vfxm1g="></latexit>

S =

Z
d4x

p
�g

M2
P

2
R� ⇤

✓p
�g � 1

M2
P

✏µ⌫⇢�Fµ⌫⇢�

◆�

+ Sboundary � TA
Z

d3⇠
p
�A �QA

Z
A3

<latexit sha1_base64="00WbMonbG17e/3BWBMmEl/6z1FU="></latexit>

�S

�A3
) d⇤ = 0 ) ⇤ = const.

<latexit sha1_base64="SzXTvBzDRIX5eaSUHcHB3lOWc/Q=">AAAB+nicbZDLSsNAFIZPvNZ6q7p0EyyCCymJFnUjVAVxWcFeoA1hMpm0QyeTMDMpltiXcKsrd+LWl3HhuzhNs9DWAwMf/38O58zvxYxKZVlfxsLi0vLKamGtuL6xubVd2tltyigRmDRwxCLR9pAkjHLSUFQx0o4FQaHHSMsb3Ez81pAISSP+oEYxcULU4zSgGCkttW/d6qV/5Z66pbJVsbIy58HOoQx51d3Sd9ePcBISrjBDUnZsK1ZOioSimJFxsZtIEiM8QD3S0chRSOSxP6SxzNBJH7Pbx+ahdn0ziIR+XJmZ+ns6RaGUo9DTnSFSfTnrTcT/vE6iggsnpTxOFOF4uihImKkicxKE6VNBsGIjDQgLqu82cR8JhJWOS+dhz/5+HponFfusUr2vlmvXeTIF2IcDOAIbzqEGd1CHBmBg8Awv8Go8GW/Gu/ExbV0w8pk9+FPG5w/iLpQ2</latexit>

F4 = dA3

enters as a Lagrange 
multiplier scalar field!

membrane charged under A3
<latexit sha1_base64="KXK2XOLS5Hmt5IAFuPxpMZt7RRI="></latexit>

�S

�gµ⌫
) Gµ⌫ = � 1

M2
P

(Tµ⌫ + ⇤gµ⌫)

<latexit sha1_base64="bdxJeYvEOPCtn1Y586GbEtfb9M8="></latexit>

�S

�⇤
)

p
�g✏µ⌫⇢� =

1

M2
P

Fµ⌫⇢�

<latexit sha1_base64="D/Hm2Jm7vJlUaPbCneP/KgBp7ug=">AAACDnicbZDLSgMxFIYz9VbrbdSdboKt4ELKTEEUQSi6cSNUsBdoS8mkmTY0lyHJVMtQ8BF8Cre6cidufQUXvovpZaGtPwQ+zn8OJ+cPIka18bwvJ7WwuLS8kl7NrK1vbG652zsVLWOFSRlLJlUtQJowKkjZUMNILVIE8YCRatC7GvnVPlGaSnFnBhFpctQRNKQYGVtquXuhkhwKeQ+lOIe5m1bSUByWhhd+ruVmvbw3FpwHfwpZMFWp5X432hLHnAiDGdK67nuRaSZIGYoZGWYasSYRwj3UIXWLAnGij9t9GukxNpOH8T1DeGjdNgylsk8YOK7+nk4Q13rAA9vJkenqWW9U/M+rxyY8ayZURLEhAk8WhTGDRsJROLBNFcGGDSwgrKj9N8RdpBA2NkKbhz97/TxUCnn/JO/dFrLFy2kyabAPDsAR8MEpKIJrUAJlgMEjeAYv4NV5ct6cd+dj0ppypjO74I+czx8PY5tL</latexit>

from now on: MP = 1

[Kaloper; Kaloper & AW ’22]



Euclidean Field Eqs
• Bulk:

• Membrane junction conditions:

• 3-form boundary conditions can be neglected since they cancel out

• Bulk solutions are sections of (horo)spheres

<latexit sha1_base64="xh2kZe9nZOFEWd+YtQbyyZ5CcRs="></latexit>

ds2E = dr2 + a2(r) d⌦3 32
eff

⇣�a0

a

�2 � 1

a2

⌘
= �2� = �⇤

<latexit sha1_base64="h431jnBkZQ7YHDKwq9J2pxzVjBA="></latexit>✓
a0

a

◆2

� 1

a2
= �⇤

3

<latexit sha1_base64="C0UyIrU5iWkTaG0lxXGEHeBxC0I=">AAACAHicbVC7TsMwFHXKq5RXgZElokJiQFWCQLAgVbAwFok+pDZUjuO0Vh07sm8qqigLX8EKExti5U8Y+BfctAO0HMny0Tn3yj7HjznT4DhfVmFpeWV1rbhe2tjc2t4p7+41tUwUoQ0iuVRtH2vKmaANYMBpO1YURz6nLX94M/FbI6o0k+IexjH1ItwXLGQEg5EecC+VCWRX5mYi65UrTtXJYS8Sd0YqaIZ6r/zdDSRJIiqAcKx1x3Vi8FKsgBFOs1I30TTGZIj7tGOowBHVJ8GIxTqnXvqYJ8jsI+MGdiiVOQLsXP29neJI63Hkm8kIw0DPexPxP6+TQHjpmWxxAlSQ6UNhwm2Q9qQOO2CKEuBjQzBRzPzbJgOsMAFTmunDnU+/SJqnVfe86tydVWrXs2aK6AAdomPkogtUQ7eojhqIIIWe0Qt6tZ6sN+vd+piOFqzZzj76A+vzB2hnl/w=</latexit>aout = ain

<latexit sha1_base64="e9IQlSR//9exON3AKzk3ItEj080="></latexit>

a0out
a

� a0in
a

= �1

2
TA

<latexit sha1_base64="IOr+Cv8YqDyF08V1Yrd3vT+xV70="></latexit>

⇤out � ⇤in =
1

2
QAhere:

<latexit sha1_base64="yxkt96XltCoRhxNuJxjYwS14J20="></latexit>

⇤out � ⇤in =
1

2
· 2QAQABP/BT:

<latexit sha1_base64="PKs3YjKdaAxF88B0RKhEV8vtGXg=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwISGJsa27qhuXLdoHtKFMJpN26OTBzKRaQj/Bra7ciVu/x4X/4qStoKIHLhzOuZd773FjRoU0jHctt7S8srqWXy9sbG5t7xR391oiSjgmTRyxiHdcJAijIWlKKhnpxJygwGWk7Y6uMr89JlzQKLyVk5g4ARqE1KcYSSXdNPoX/WLJ0M+rZcsuQ0M3jIppmRmxKvapDU2lZCiBBer94kfPi3ASkFBihoTomkYsnRRxSTEj00IvESRGeIQGpKtoiAIiTrwxjcWMOun97OwpPFKuB/2IqwolnKnfp1MUCDEJXNUZIDkUv71M/MvrJtKvOikN40SSEM8X+QmDMoJZBtCjnGDJJoogzKm6G+Ih4ghLlZTK4+tp+D9pWbpZ1s8adql2uUgmDw7AITgGJqiAGrgGddAEGAzAA3gET9qd9qy9aK/z1py2mNkHP6C9fQJm6JLr</latexit>

QA

ambient flux

[Kaloper; Kaloper & AW ’22]

<latexit sha1_base64="BAKvmWcOeKiwAoo6MQ4A/0ztjFM="></latexit>

a(r) = a0 sin(
r + �

a0
) , for ⇤ > 0 ; a(r) = r + � , for ⇤ = 0 ; a(r) = a0 sinh(

r + �

a0
) , for ⇤ < 0

<latexit sha1_base64="BAKvmWcOeKiwAoo6MQ4A/0ztjFM="></latexit>

a(r) = a0 sin(
r + �

a0
) , for ⇤ > 0 ; a(r) = r + � , for ⇤ = 0 ; a(r) = a0 sinh(

r + �

a0
) , for ⇤ < 0



<latexit sha1_base64="xTyoFeY059rvJHvCeTpLkYZoHHo=">AAACBXicbZC7SgNBFIZn4y3GW9RSi8EgWEjYlaCWERsrSSA3yC7L7ORsMmR2dpmZFcKSxsZXsbFQxNZ3sPNtnFwKTfxh4OM/53Dm/EHCmdK2/W3lVlbX1jfym4Wt7Z3dveL+QUvFqaTQpDGPZScgCjgT0NRMc+gkEkgUcGgHw9tJvf0AUrFYNPQoAS8ifcFCRok2ll88zlxKOG6M/ZtzPOO6YewKwLZfLNlleyq8DM4cSmiuml/8cnsxTSMQmnKiVNexE+1lRGpGOYwLbqogIXRI+tA1KEgEysumV4zxqXF6OIyleULjqft7IiORUqMoMJ0R0QO1WJuY/9W6qQ6vvYyJJNUg6GxRmHKsYzyJBPeYBKr5yAChkpm/YjogklBtgiuYEJzFk5ehdVF2LsuVeqVUvZ/HkUdH6ASdIQddoSq6QzXURBQ9omf0it6sJ+vFerc+Zq05az5ziP7I+vwB4faW8A==</latexit>

TA,QA 6= 0
[Kaloper; Kaloper & AW ’22]

Λ > 0

Λ < 0

Λ > 0

Λ < 0

• Bulk sections:

• Junction conditions: massaging the eqs, can rewrite them as

inside outside

<latexit sha1_base64="qTeSQ3b5B/AcIdImGVVIJ9zAVXU="></latexit>

⇣out

r
1� 1

3
⇤outa2 = �TA

4
(1� q) a

<latexit sha1_base64="TPmyAym/tqyhry+SvUqSwo6kT5M="></latexit>

q ⌘ 2QA

3T 2
A

<latexit sha1_base64="chRz7K0gizePZVRZ76bwbcMxcSg="></latexit>

⇣in

r
1� 1

3
⇤ina2 =

TA
4

(1 + q) a



glueing de Sitter Instantons



menu of instantons

<latexit sha1_base64="/I1djXX87aJ0XqXQ3szYriU9JA8=">AAACIHicbVDLSgNBEJz1GeMr6tHLYBA8hd0YjMeoF48JmETIxqV3MqtDZh/M9Aph2U/x4q948aCI3vRrnMQ9+CoYqK7qpqfLT6TQaNvv1tz8wuLScmmlvLq2vrFZ2dru6ThVjHdZLGN16YPmUkS8iwIlv0wUh9CXvO+Pz6Z+/5YrLeLoAicJH4ZwHYlAMEAjeZWmGyhgWZ26Y0gS8DIXkfIgyK8aNHMZSNrJvZM8OyyqC1Nd1XPqVap2zZ6B/iVOQaqkQNurvLmjmKUhj5BJ0Hrg2AkOM1AomOR52U01T4CN4ZoPDI0g5HqYzQ7M6b5RRjSIlXkR0pn6fSKDUOtJ6JvOEPBG//am4n/eIMXgeJiJKEmRR+xrUZBKijGdpkVHQnGGcmIIMCXMXym7AZMYmkzLJgTn98l/Sa9ec45qjU6j2jot4iiRXbJHDohDmqRFzkmbdAkjd+SBPJFn6956tF6s16/WOauY2SE/YH18Ahnkoks=</latexit>

24
effQA

3T 2
A

• white:  kinematically forbidden (no valid j.c. pairing)
• pale gold:  q > 1
• pale green:  q < 1
• crossed-out:  divergent bounce action

[Brown & Teitelboim ’87/’88]

<latexit sha1_base64="TPmyAym/tqyhry+SvUqSwo6kT5M="></latexit>

q ⌘ 2QA

3T 2
A



the crucial difference …
• Junction conditions controlled by 

• in BP/BT ratio q changes with decreasing background QA …  

• here, q is constant - we can choose!

<latexit sha1_base64="ptGY0CaVVhLjQU6TzOeu2S4tyiA="></latexit>⇣
1⌥ 24

effQA

3T 2
A

⌘<latexit sha1_base64="30ZvTWy1jc3182s0BchZ2zUITSk=">AAAB/XicbZDLSgMxFIYzXmu9VV26CRbBhZQZKeqy6MaNUMFeYDqWTCbThuYyJJliGYpP4VZX7sStz+LCdzGddqGtBwIf/38O5+QPE0a1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03tUwVJg0smVTtEGnCqCANQw0j7UQRxENGWuHgeuK3hkRpKsW9GSUk4KgnaEwxMlbyb7tZR3FYHz9Uu6WyW3HzgovgzaAMZlXvlr47kcQpJ8JghrT2PTcxQYaUoZiRcbGTapIgPEA94lsUiBN9Gg1ponMMssf8/DE8tm4EY6nsEwbm6u/pDHGtRzy0nRyZvp73JuJ/np+a+DLIqEhSQwSeLopTBo2EkyxgRBXBho0sIKyovRviPlIIG5uYzcOb//0iNM8q3nmlelct165myRTAITgCJ8ADF6AGbkAdNAAGEjyDF/DqPDlvzrvzMW1dcmYzB+BPOZ8/0yWV6A==</latexit>

M4
P

<latexit sha1_base64="5LTwWy3hItGXpi7CnShRw7FgaPU="></latexit>

24
effQA

3T 2
A

= q > 1 or < 1

<latexit sha1_base64="30ZvTWy1jc3182s0BchZ2zUITSk=">AAAB/XicbZDLSgMxFIYzXmu9VV26CRbBhZQZKeqy6MaNUMFeYDqWTCbThuYyJJliGYpP4VZX7sStz+LCdzGddqGtBwIf/38O5+QPE0a1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03tUwVJg0smVTtEGnCqCANQw0j7UQRxENGWuHgeuK3hkRpKsW9GSUk4KgnaEwxMlbyb7tZR3FYHz9Uu6WyW3HzgovgzaAMZlXvlr47kcQpJ8JghrT2PTcxQYaUoZiRcbGTapIgPEA94lsUiBN9Gg1ponMMssf8/DE8tm4EY6nsEwbm6u/pDHGtRzy0nRyZvp73JuJ/np+a+DLIqEhSQwSeLopTBo2EkyxgRBXBho0sIKyovRviPlIIG5uYzcOb//0iNM8q3nmlelct165myRTAITgCJ8ADF6AGbkAdNAAGEjyDF/DqPDlvzrvzMW1dcmYzB+BPOZ8/0yWV6A==</latexit>

M4
P

<latexit sha1_base64="/+C3aoXHk/cPA7VBWHC6ai7BXdw="></latexit>✓
1⌥ 2M2

P · 2QAQA

3T 2
A

◆
here: BP/BT:

[Kaloper; Kaloper & AW ’22]

q q

<latexit sha1_base64="PKs3YjKdaAxF88B0RKhEV8vtGXg=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwISGJsa27qhuXLdoHtKFMJpN26OTBzKRaQj/Bra7ciVu/x4X/4qStoKIHLhzOuZd773FjRoU0jHctt7S8srqWXy9sbG5t7xR391oiSjgmTRyxiHdcJAijIWlKKhnpxJygwGWk7Y6uMr89JlzQKLyVk5g4ARqE1KcYSSXdNPoX/WLJ0M+rZcsuQ0M3jIppmRmxKvapDU2lZCiBBer94kfPi3ASkFBihoTomkYsnRRxSTEj00IvESRGeIQGpKtoiAIiTrwxjcWMOun97OwpPFKuB/2IqwolnKnfp1MUCDEJXNUZIDkUv71M/MvrJtKvOikN40SSEM8X+QmDMoJZBtCjnGDJJoogzKm6G+Ih4ghLlZTK4+tp+D9pWbpZ1s8adql2uUgmDw7AITgGJqiAGrgGddAEGAzAA3gET9qd9qy9aK/z1py2mNkHP6C9fQJm6JLr</latexit>

QA

ambient flux



BP/BT:
<latexit sha1_base64="QkLY4otwQo+ynKxeJZ+UjKyO69I="></latexit>

V = ⇤0 +N2Q2
A , ⇤0 < 0

<latexit sha1_base64="JCa2VfH5DnVfccUxPd56ZPdOd/o=">AAACA3icbZC7TsMwFIadcivl0gAji0WFxICqBIFgLLAwoVaiF6mNIsdxWquOE9lORRV15ClYYWJDrDwIA++Ck2aAliNZ+vT/58jn/F7MqFSW9WWUVlbX1jfKm5Wt7Z3dqrm335FRIjBp44hFouchSRjlpK2oYqQXC4JCj5GuN77N/O6ECEkj/qCmMXFCNOQ0oBgpLblm9T4dhEiNMGKwNXOvXbNm1a284DLYBdRAUU3X/B74EU5CwhVmSMq+bcXKSZFQFDMyqwwSSWKEx2hI+ho5Cok89Sc0ljk66WN+xAwea9eHQST04wrm6u/pFIVSTkNPd2YLy0UvE//z+okKrpyU8jhRhOP5R0HCoIpglgj0qSBYsakGhAXVe0M8QgJhpXPTediL1y9D56xuX9St1nmtcVMkUwaH4AicABtcgga4A03QBhgk4Bm8gFfjyXgz3o2PeWvJKGYOwJ8yPn8AjjSX6A==</latexit>

NQA

slope:  
ambient flux

<latexit sha1_base64="K+SmvcmXf0KCa4K1eeMr/zEC8ko=">AAACDXicdVDLSsNAFJ34rPUVdSVuBovgQkIivpatblxJC/YBTQiTyaQdOnk4MymWUPwEv8KtrtyJW7/Bhf9ikqZQRQ9cOJxzL/fe40SMCqnrn8rc/MLi0nJppby6tr6xqW5tt0QYc0yaOGQh7zhIEEYD0pRUMtKJOEG+w0jbGVxlfntIuKBhcCtHEbF81AuoRzGSqWSruw27ZpK7mA7hTWL6SPYxYrAxtmu2WjE0PQfUtbMpKZSpVQEF6rb6Zbohjn0SSMyQEF1Dj6SVIC4pZmRcNmNBIoQHqEe6KQ2QT8SRO6SRyKmV3OfvjOFB6rrQC3lagYS5OjudIF+Ike+kndnB4reXiX953Vh6F1ZCgyiWJMCTRV7MoAxhlg10KSdYslFKEOY0vRviPuIIyzTB2Tz+J61jzTjV9MZJpXpZJFMCe2AfHAIDnIMquAZ10AQYPIAn8AxelEflVXlT3ietc0oxswN+QPn4But8m+o=</latexit>

QA ⌘ NQA



BP/BT:
<latexit sha1_base64="QkLY4otwQo+ynKxeJZ+UjKyO69I="></latexit>

V = ⇤0 +N2Q2
A , ⇤0 < 0

<latexit sha1_base64="JCa2VfH5DnVfccUxPd56ZPdOd/o=">AAACA3icbZC7TsMwFIadcivl0gAji0WFxICqBIFgLLAwoVaiF6mNIsdxWquOE9lORRV15ClYYWJDrDwIA++Ck2aAliNZ+vT/58jn/F7MqFSW9WWUVlbX1jfKm5Wt7Z3dqrm335FRIjBp44hFouchSRjlpK2oYqQXC4JCj5GuN77N/O6ECEkj/qCmMXFCNOQ0oBgpLblm9T4dhEiNMGKwNXOvXbNm1a284DLYBdRAUU3X/B74EU5CwhVmSMq+bcXKSZFQFDMyqwwSSWKEx2hI+ho5Cok89Sc0ljk66WN+xAwea9eHQST04wrm6u/pFIVSTkNPd2YLy0UvE//z+okKrpyU8jhRhOP5R0HCoIpglgj0qSBYsakGhAXVe0M8QgJhpXPTediL1y9D56xuX9St1nmtcVMkUwaH4AicABtcgga4A03QBhgk4Bm8gFfjyXgz3o2PeWvJKGYOwJ8yPn8AjjSX6A==</latexit>

NQA

<latexit sha1_base64="EYtUeq63wXHohXF8c8jHxY5H1XU=">AAACDXicbZDLSsNAFIYn9VbrLepK3AwWwYWERCq6bHXjSlqwF2hKmEwn7dDJxZlJsYTiI/gUbnXlTtz6DC58FydpBK0eGPj4/3OYc343YlRI0/zQCguLS8srxdXS2vrG5pa+vdMSYcwxaeKQhbzjIkEYDUhTUslIJ+IE+S4jbXd0mfrtMeGChsGNnESk56NBQD2KkVSSo+81nJpNbmM6hteJ7SM5xIjBxtSpOXrZNMysoGlUviFXrBzKIK+6o3/a/RDHPgkkZkiIrmVGspcgLilmZFqyY0EihEdoQLoKA+QTcdwf00hk2EvusnOm8FC5feiFXL1Awkz9OZ0gX4iJ76rOdGEx76Xif143lt55L6FBFEsS4NlHXsygDGGaDexTTrBkEwUIc6r2hniIOMJSJajysOav/wutE8M6NcxGpVy9yJMpgn1wAI6ABc5AFVyBOmgCDO7BI3gCz9qD9qK9am+z1oKWz+yCX6W9fwHm8Zvn</latexit>

QA ⌘ NQA

slope:  
ambient flux



Bounce Action and Decay Rate
• tunneling rate & bounce action: 

• on-shell bounce action - evaluated at critical radius: 

• rate calculable for instanton menu;  
divergent case are crossed out 

• eq.s identical to Brown-Teitelboim;  
final rates depend on junction condition signs

<latexit sha1_base64="M6az0wUhzEDgEgx2ZjnBPsxl0aw="></latexit>

� ⇠ e�S(bounce) S(bounce) = S(instanton)� S(parent)

<latexit sha1_base64="yr5AUHByB2Acx1HqvCad7J1/7mU="></latexit>

S(bounce) = 2⇡2
n
⇤out

Z a

North Pole
da

⇣a3

a0

⌘

out
� ⇤in

Z a

North Pole
da

⇣a3

a0

⌘

in

o
� ⇡2a3TA

<latexit sha1_base64="aoQVnXeTqVvlhJ0xImlBXZY1CwU="> t71m797bXOj6p7dghD8hDsk888pwck1ekTwaEOZ+cb84P56f72f3u/nJ/r0tdp+65T/4J989fyl4KdQ==</latexit>

2⇡2⇤in/out

Z a

North Pole
da

⇣a3

a0

⌘
= 18⇡2 4

eff

⇤in/out

⇣2
3
� ⇣in/out

�
1�

⇤in/outa
2

32
eff

�1/2
+

⇣in/out
3

�
1�

⇤in/outa
2

32
eff

�3/2⌘
<latexit sha1_base64="30ZvTWy1jc3182s0BchZ2zUITSk=">AAAB/XicbZDLSgMxFIYzXmu9VV26CRbBhZQZKeqy6MaNUMFeYDqWTCbThuYyJJliGYpP4VZX7sStz+LCdzGddqGtBwIf/38O5+QPE0a1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03tUwVJg0smVTtEGnCqCANQw0j7UQRxENGWuHgeuK3hkRpKsW9GSUk4KgnaEwxMlbyb7tZR3FYHz9Uu6WyW3HzgovgzaAMZlXvlr47kcQpJ8JghrT2PTcxQYaUoZiRcbGTapIgPEA94lsUiBN9Gg1ponMMssf8/DE8tm4EY6nsEwbm6u/pDHGtRzy0nRyZvp73JuJ/np+a+DLIqEhSQwSeLopTBo2EkyxgRBXBho0sIKyovRviPlIIG5uYzcOb//0iNM8q3nmlelct165myRTAITgCJ8ADF6AGbkAdNAAGEjyDF/DqPDlvzrvzMW1dcmYzB+BPOZ8/0yWV6A==</latexit>

M4
P

<latexit sha1_base64="30ZvTWy1jc3182s0BchZ2zUITSk=">AAAB/XicbZDLSgMxFIYzXmu9VV26CRbBhZQZKeqy6MaNUMFeYDqWTCbThuYyJJliGYpP4VZX7sStz+LCdzGddqGtBwIf/38O5+QPE0a1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03tUwVJg0smVTtEGnCqCANQw0j7UQRxENGWuHgeuK3hkRpKsW9GSUk4KgnaEwxMlbyb7tZR3FYHz9Uu6WyW3HzgovgzaAMZlXvlr47kcQpJ8JghrT2PTcxQYaUoZiRcbGTapIgPEA94lsUiBN9Gg1ponMMssf8/DE8tm4EY6nsEwbm6u/pDHGtRzy0nRyZvp73JuJ/np+a+DLIqEhSQwSeLopTBo2EkyxgRBXBho0sIKyovRviPlIIG5uYzcOb//0iNM8q3nmlelct165myRTAITgCJ8ADF6AGbkAdNAAGEjyDF/DqPDlvzrvzMW1dcmYzB+BPOZ8/0yWV6A==</latexit>

M4
P

<latexit sha1_base64="30ZvTWy1jc3182s0BchZ2zUITSk=">AAAB/XicbZDLSgMxFIYzXmu9VV26CRbBhZQZKeqy6MaNUMFeYDqWTCbThuYyJJliGYpP4VZX7sStz+LCdzGddqGtBwIf/38O5+QPE0a1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03tUwVJg0smVTtEGnCqCANQw0j7UQRxENGWuHgeuK3hkRpKsW9GSUk4KgnaEwxMlbyb7tZR3FYHz9Uu6WyW3HzgovgzaAMZlXvlr47kcQpJ8JghrT2PTcxQYaUoZiRcbGTapIgPEA94lsUiBN9Gg1ponMMssf8/DE8tm4EY6nsEwbm6u/pDHGtRzy0nRyZvp73JuJ/np+a+DLIqEhSQwSeLopTBo2EkyxgRBXBho0sIKyovRviPlIIG5uYzcOb//0iNM8q3nmlelct165myRTAITgCJ8ADF6AGbkAdNAAGEjyDF/DqPDlvzrvzMW1dcmYzB+BPOZ8/0yWV6A==</latexit>

M4
P



Comparison of Decay Rates

• overshoots              into AdS  
           

• process absent for 

• dependence on parent      persists for dS ⟶ AdS  transitions 
⟶ this “brakes” the evolution  

<latexit sha1_base64="iYzg6n10icayPrsM94W1l4lMZzU="></latexit>

Sbounce '
27⇡2

2

T 4
A

(�⇤)3
' 108⇡2 T 4

A

6Q3
A

for q > 1

<latexit sha1_base64="rMRLV3HbvmM5CeX9ROHkSKnU7Ew=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6kYouHEhUsE+YDqUTCbThmaSIbkjlKGf4caFIm79Gnf+jWk7C209EDiccy6594Sp4AZc99sprayurW+UNytb2zu7e9X9g7ZRmaasRZVQuhsSwwSXrAUcBOummpEkFKwTjm6mfueJacOVfIRxyoKEDCSPOSVgJb93Z6MRwdfY7Vdrbt2dAS8TryA1VKDZr371IkWzhEmgghjje24KQU40cCrYpNLLDEsJHZEB8y2VJGEmyGcrT/CJVSIcK22fBDxTf0/kJDFmnIQ2mRAYmkVvKv7n+RnEV0HOZZoBk3T+UZwJDApP78cR14yCGFtCqOZ2V0yHRBMKtqWKLcFbPHmZtM/q3kX9/OG81rgv6iijI3SMTpGHLlED3aImaiGKFHpGr+jNAefFeXc+5tGSU8wcoj9wPn8At6yQRw==</latexit>

⇤ = 0

<latexit sha1_base64="3gEVyrcBZlSD45i2u4+SsPZV/JQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMZKIpoPSI6wt5kkS/b2zt09IRz5CTYWitj6i+z8N26SKzTxwcDjvRlm5gWx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK6nfvMJleaRfDDjGP2QDiTvc0aNle4fr7xuseSW3RnIMvEyUoIMtW7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NQJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/0k+5jBODks0X9RNBTESmf5MeV8iMGFtCmeL2VsKGVFFmbDoFG4K3+PIyaZyVvfNy5a5Sqt5mceThCI7hFDy4gCrcQA3qwGAAz/AKb45wXpx352PemnOymUP4A+fzB9JSjYs=</latexit>

q < 1

<latexit sha1_base64="wrbn1UVGeJERftftLazl0ByCqPs="></latexit>

Sbounce '
24⇡24

eff

⇤out

⇣
1� 8

3

2
eff⇤out

T 2
A

⌘
for q < 1

<latexit sha1_base64="S+ZlZzNmoteiADjw8Ih9IZ0Spkk=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCGxciFewD2qFkMpk2NJOMSUYoQ3/CjQtF3Po77vwbM+0stPVA4HDOueTeEyScaeO6305pZXVtfaO8Wdna3tndq+4ftLVMFaEtIrlU3QBrypmgLcMMp91EURwHnHaC8XXud56o0kyKBzNJqB/joWARI9hYqdu/tdEQVwbVmlt3Z0DLxCtIDQo0B9WvfihJGlNhCMda9zw3MX6GlWGE02mln2qaYDLGQ9qzVOCYaj+b7TtFJ1YJUSSVfcKgmfp7IsOx1pM4sMkYm5Fe9HLxP6+XmujKz5hIUkMFmX8UpRwZifLjUcgUJYZPLMFEMbsrIiOsMDG2orwEb/HkZdI+q3sX9fP781rjrqijDEdwDKfgwSU04Aaa0AICHJ7hFd6cR+fFeXc+5tGSU8wcwh84nz9I5I+G</latexit>

⇤

<latexit sha1_base64="IvTekI1Vqg3HAqtokNFW5qlalCE=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oWy2k3bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFBE0UaCETqKBqUBCOxjfzvz2E2gj4ugBJwn4ig0jEQrO0EqPWQ+RQhhO++WKW3XnoKvEy0mF5Gj0y1+9QcxTBRFyyYzpem6CfsY0Ci5hWuqlBhLGx2wIXUsjpsD42fzgKT2zyoCGsbYVIZ2rvycypoyZqMB2KoYjs+zNxP+8borhtZ+JKEkRIr5YFKaSYkxn39OB0MBRTixhXAt7K+UjphlHm1HJhuAtv7xKWhdV77Jau69V6jd5HEVyQk7JOfHIFamTO9IgTcKJIs/klbw52nlx3p2PRWvByWeOyR84nz/K5pBq</latexit>

eff

<latexit sha1_base64="30ZvTWy1jc3182s0BchZ2zUITSk=">AAAB/XicbZDLSgMxFIYzXmu9VV26CRbBhZQZKeqy6MaNUMFeYDqWTCbThuYyJJliGYpP4VZX7sStz+LCdzGddqGtBwIf/38O5+QPE0a1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03tUwVJg0smVTtEGnCqCANQw0j7UQRxENGWuHgeuK3hkRpKsW9GSUk4KgnaEwxMlbyb7tZR3FYHz9Uu6WyW3HzgovgzaAMZlXvlr47kcQpJ8JghrT2PTcxQYaUoZiRcbGTapIgPEA94lsUiBN9Gg1ponMMssf8/DE8tm4EY6nsEwbm6u/pDHGtRzy0nRyZvp73JuJ/np+a+DLIqEhSQwSeLopTBo2EkyxgRBXBho0sIKyovRviPlIIG5uYzcOb//0iNM8q3nmlelct165myRTAITgCJ8ADF6AGbkAdNAAGEjyDF/DqPDlvzrvzMW1dcmYzB+BPOZ8/0yWV6A==</latexit>

M4
P

<latexit sha1_base64="Vm1Z117SsSDMMA0LbPHt2siifvQ=">AAAB/XicbZDLSgMxFIYz9VbrrerSTbAILqTMlKIui27cCBXsBaZjyWQybWgmGZJMsQzFp3CrK3fi1mdx4buYTmehrQcCH/9/Dufk92NGlbbtL6uwsrq2vlHcLG1t7+zulfcP2kokEpMWFkzIro8UYZSTlqaakW4sCYp8Rjr+6Hrmd8ZEKir4vZ7ExIvQgNOQYqSN5N72056MYHP6UOuXK3bVzgoug5NDBeTV7Je/e4HASUS4xgwp5Tp2rL0USU0xI9NSL1EkRniEBsQ1yFFE1FkwprHK0Esfs/On8MS4AQyFNI9rmKm/p1MUKTWJfNMZIT1Ui95M/M9zEx1eeinlcaIJx/NFYcKgFnCWBQyoJFiziQGEJTV3QzxEEmFtEjN5OIu/X4Z2reqcV+t39UrjKk+mCI7AMTgFDrgADXADmqAFMBDgGbyAV+vJerPerY95a8HKZw7Bn7I+fwDQB5Xm</latexit>

M2
P

<latexit sha1_base64="ouaUXeBOIy/5Z0y/KyN6EyRyZxA=">AAAB/XicbZDLSgMxFIYz9VbrrerSTbAILqTMSKkui27cCBXsBaZjyWQybWgyGZJMsQzFp3CrK3fi1mdx4buYTmehrQcCH/9/Dufk92NGlbbtL6uwsrq2vlHcLG1t7+zulfcP2kokEpMWFkzIro8UYTQiLU01I91YEsR9Rjr+6Hrmd8ZEKiqiez2JicfRIKIhxUgbyb3tpz3JYXP6UO+XK3bVzgoug5NDBeTV7Je/e4HACSeRxgwp5Tp2rL0USU0xI9NSL1EkRniEBsQ1GCFO1FkwprHK0Esfs/On8MS4AQyFNC/SMFN/T6eIKzXhvunkSA/VojcT//PcRIeXXkqjONEkwvNFYcKgFnCWBQyoJFiziQGEJTV3QzxEEmFtEjN5OIu/X4b2edWpV2t3tUrjKk+mCI7AMTgFDrgADXADmqAFMBDgGbyAV+vJerPerY95a8HKZw7Bn7I+fwDWQ5Xq</latexit>

M6
P

[Kaloper; Kaloper & AW ’22]

[Brown & Teitelboim ’87/’88; Bousso & Polchinski ’00]
gold

green



Cosmological Constant: No Problem!
• Define the problem first 

• So:

• Thus the CC is unstable - BUT - to make it arbitrarily small 
eventually we must either take a tiny membrane charge or fine tune 
initial value

• This is the problem.

<latexit sha1_base64="RBByWtWXzxUO/8IkBWQWWUNHbGA="></latexit>

⇤total = 2
eff

⇣M4
UV

M2
+

V

M2
+ �

⌘
, � = �0 +N

QA

2
,

<latexit sha1_base64="OMIzeOB6HFLovhPjcvuAvN4e+PY="></latexit>

⇤total = 2
eff

⇣ ⇤0

M2
+N

QA

2

⌘
,

<latexit sha1_base64="Vm1Z117SsSDMMA0LbPHt2siifvQ=">AAAB/XicbZDLSgMxFIYz9VbrrerSTbAILqTMlKIui27cCBXsBaZjyWQybWgmGZJMsQzFp3CrK3fi1mdx4buYTmehrQcCH/9/Dufk92NGlbbtL6uwsrq2vlHcLG1t7+zulfcP2kokEpMWFkzIro8UYZSTlqaakW4sCYp8Rjr+6Hrmd8ZEKir4vZ7ExIvQgNOQYqSN5N72056MYHP6UOuXK3bVzgoug5NDBeTV7Je/e4HASUS4xgwp5Tp2rL0USU0xI9NSL1EkRniEBsQ1yFFE1FkwprHK0Esfs/On8MS4AQyFNI9rmKm/p1MUKTWJfNMZIT1Ui95M/M9zEx1eeinlcaIJx/NFYcKgFnCWBQyoJFiziQGEJTV3QzxEEmFtEjN5OIu/X4Z2reqcV+t39UrjKk+mCI7AMTgFDrgADXADmqAFMBDgGbyAV+vJerPerY95a8HKZw7Bn7I+fwDQB5Xm</latexit>

M2
P

<latexit sha1_base64="Vm1Z117SsSDMMA0LbPHt2siifvQ=">AAAB/XicbZDLSgMxFIYz9VbrrerSTbAILqTMlKIui27cCBXsBaZjyWQybWgmGZJMsQzFp3CrK3fi1mdx4buYTmehrQcCH/9/Dufk92NGlbbtL6uwsrq2vlHcLG1t7+zulfcP2kokEpMWFkzIro8UYZSTlqaakW4sCYp8Rjr+6Hrmd8ZEKir4vZ7ExIvQgNOQYqSN5N72056MYHP6UOuXK3bVzgoug5NDBeTV7Je/e4HASUS4xgwp5Tp2rL0USU0xI9NSL1EkRniEBsQ1yFFE1FkwprHK0Esfs/On8MS4AQyFNI9rmKm/p1MUKTWJfNMZIT1Ui95M/M9zEx1eeinlcaIJx/NFYcKgFnCWBQyoJFiziQGEJTV3QzxEEmFtEjN5OIu/X4Z2reqcV+t39UrjKk+mCI7AMTgFDrgADXADmqAFMBDgGbyAV+vJerPerY95a8HKZw7Bn7I+fwDQB5Xm</latexit>

M2
P



The Fix: add  ≥ 1 extra flux & charge

• As a result: 

•          are integers; there exist        ,  such that CC <<< 1

• long tunneling sequences:  
`green’ instantons ‘jump’ CC down as long as CC > 0

• slow-down near zero CC 

<latexit sha1_base64="7g5J/XCUAtL0BNWO6oXIfNhZ0Jo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUY8OIpRDAPTJYwO5lNhszOLjO9Qgj5Cy8eFPHq33jzb5wke9DEgoaiqpvuriCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG5nfuuJayNi9YDjhPsRHSgRCkbRSo+1C9IdUiQ10iuW3LI7B1klXkZKkKHeK351+zFLI66QSWpMx3MT9CdUo2CSTwvd1PCEshEd8I6likbc+JP5xVNyZpU+CWNtSyGZq78nJjQyZhwFtjOiODTL3kz8z+ukGN74E6GSFLlii0VhKgnGZPY+6QvNGcqxJZRpYW8lbEg1ZWhDKtgQvOWXV0nzsuxdlSv3lVK1lsWRhxM4hXPw4BqqcAd1aAADBc/wCm+OcV6cd+dj0Zpzsplj+APn8we8mo+0</latexit>

N, N̂
<latexit sha1_base64="7g5J/XCUAtL0BNWO6oXIfNhZ0Jo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUY8OIpRDAPTJYwO5lNhszOLjO9Qgj5Cy8eFPHq33jzb5wke9DEgoaiqpvuriCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG5nfuuJayNi9YDjhPsRHSgRCkbRSo+1C9IdUiQ10iuW3LI7B1klXkZKkKHeK351+zFLI66QSWpMx3MT9CdUo2CSTwvd1PCEshEd8I6likbc+JP5xVNyZpU+CWNtSyGZq78nJjQyZhwFtjOiODTL3kz8z+ukGN74E6GSFLlii0VhKgnGZPY+6QvNGcqxJZRpYW8lbEg1ZWhDKtgQvOWXV0nzsuxdlSv3lVK1lsWRhxM4hXPw4BqqcAd1aAADBc/wCm+OcV6cd+dj0Zpzsplj+APn8we8mo+0</latexit>

N, N̂

<latexit sha1_base64="aC+b9d9ZdDgRCOu56FG9WH/93G0="></latexit>

Sbounce '
24⇡24

eff

⇤out
! 1 ) � ! 0

<latexit sha1_base64="4sc16VZaXAyiBqYWa0m6q4UOXUI="></latexit>

⇤total = 2
eff

⇣ ⇤0

M2
+

QA

2

�
N + N̂!

�⌘
.

<latexit sha1_base64="Vm1Z117SsSDMMA0LbPHt2siifvQ=">AAAB/XicbZDLSgMxFIYz9VbrrerSTbAILqTMlKIui27cCBXsBaZjyWQybWgmGZJMsQzFp3CrK3fi1mdx4buYTmehrQcCH/9/Dufk92NGlbbtL6uwsrq2vlHcLG1t7+zulfcP2kokEpMWFkzIro8UYZSTlqaakW4sCYp8Rjr+6Hrmd8ZEKir4vZ7ExIvQgNOQYqSN5N72056MYHP6UOuXK3bVzgoug5NDBeTV7Je/e4HASUS4xgwp5Tp2rL0USU0xI9NSL1EkRniEBsQ1yFFE1FkwprHK0Esfs/On8MS4AQyFNI9rmKm/p1MUKTWJfNMZIT1Ui95M/M9zEx1eeinlcaIJx/NFYcKgFnCWBQyoJFiziQGEJTV3QzxEEmFtEjN5OIu/X4Z2reqcV+t39UrjKk+mCI7AMTgFDrgADXADmqAFMBDgGbyAV+vJerPerY95a8HKZw7Bn7I+fwDQB5Xm</latexit>

M2
P

<latexit sha1_base64="30ZvTWy1jc3182s0BchZ2zUITSk=">AAAB/XicbZDLSgMxFIYzXmu9VV26CRbBhZQZKeqy6MaNUMFeYDqWTCbThuYyJJliGYpP4VZX7sStz+LCdzGddqGtBwIf/38O5+QPE0a1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03tUwVJg0smVTtEGnCqCANQw0j7UQRxENGWuHgeuK3hkRpKsW9GSUk4KgnaEwxMlbyb7tZR3FYHz9Uu6WyW3HzgovgzaAMZlXvlr47kcQpJ8JghrT2PTcxQYaUoZiRcbGTapIgPEA94lsUiBN9Gg1ponMMssf8/DE8tm4EY6nsEwbm6u/pDHGtRzy0nRyZvp73JuJ/np+a+DLIqEhSQwSeLopTBo2EkyxgRBXBho0sIKyovRviPlIIG5uYzcOb//0iNM8q3nmlelct165myRTAITgCJ8ADF6AGbkAdNAAGEjyDF/DqPDlvzrvzMW1dcmYzB+BPOZ8/0yWV6A==</latexit>

M4
P

<latexit sha1_base64="qYzm8WrJ8xWvda6PJgzkPEZ4OLA="></latexit>

S = S[g,A] +

Z
d4x

⇤

M2
P

✏µ⌫⇢�F̂µ⌫⇢� � TÂ
Z

d3⇠
p
�Â �QÂ

Z
Â3

[Kaloper & AW ’22]

[Banks, Dine & Seiberg ’88]

<latexit sha1_base64="SWrnu8LNJCDQO0sJtFxzbPAG+XU="></latexit>

QÂ

QA
= ! 2 (nearly)Irrational Numbers



Stairway in Heaven

<latexit sha1_base64="07iT0po92+bKanhNo3gbFs8wzq0=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZIY2roQCm5ciFSwD0hDmUwm7dBJJsxMhBL6GW5cKOLWr3Hn3zhpK6jogYHDOecy954gZVQqy/owSiura+sb5c3K1vbO7l51/6AreSYw6WDOuOgHSBJGE9JRVDHSTwVBccBIL5hcFn7vnghJeXKnpinxYzRKaEQxUlryBtc6GiJ4Aa1htWaZ582649ahZVpWw3bsgjgN98yFtlYK1MAS7WH1fRBynMUkUZghKT3bSpWfI6EoZmRWGWSSpAhP0Ih4miYoJtLP5yvP4IlWQhhxoV+i4Fz9PpGjWMppHOhkjNRY/vYK8S/Py1TU9HOapJkiCV58FGUMKg6L+2FIBcGKTTVBWFC9K8RjJBBWuqWKLuHrUvg/6TqmXTfdW7fWulnWUQZH4BicAhs0QAtcgTboAAw4eABP4NlQxqPxYrwuoiVjOXMIfsB4+wQXypCJ</latexit>

⇤ = 0

<latexit sha1_base64="kqg9rB7yqRq7R3b++otQtavOmA4=">AAAB/nicbVDLSsNAFJ3UV62vqrhyM1gEVyWRoi4LblyIVLAPaEKYTCbt0MkkzNwIJRT8FTcuFHHrd7jzb5y2WWjrgYHDOedy554gFVyDbX9bpZXVtfWN8mZla3tnd6+6f9DRSaYoa9NEJKoXEM0El6wNHATrpYqROBCsG4yup373kSnNE/kA45R5MRlIHnFKwEh+9ci9NeGQ+LkLgLnkwImY+NWaXbdnwMvEKUgNFWj51S83TGgWMwlUEK37jp2ClxMFnAo2qbiZZimhIzJgfUMliZn28tn3J/jUKCGOEmWeBDxTf0/kJNZ6HAcmGRMY6kVvKv7n9TOIrrycyzQDJul8UZQJDAmedoFDrhgFMTaEUGVOp5gOiSIUTGMVU4KzePIy6ZzXnYt6475Ra94VdZTRMTpBZ8hBl6iJblALtRFFOXpGr+jNerJerHfrYx4tWcXMIfoD6/MHZ6OV1A==</latexit>

⇤initial
to dynamically get small CC,  
 
need ≥ 2 stairways 
somewhat out of step  
 
… a landscape  
 
+ jumps stopping  
at zero CC  
(green instantons) 

[Kaloper & AW ’22]



Approximate Density of States
• discrete evolution  ~  Hawking-Baum CC-distro [’84]

• The conclusion is:  
- with irrational charge ratio  or  many  fluxes/charges  
- `green instanton’ dominance  —

<latexit sha1_base64="mjw3+N/JUFFH/3IB0gZ6SuFDavU=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiYGMlEbwkkBxhbzOXLNnbO3f3hBDyG2wsFLH1B9n5b9wkV2jig4HHezPMzAtTwbVx3W+nsLK6tr5R3Cxtbe/s7pX3Dxo6yRRDnyUiUa2QahRcom+4EdhKFdI4FNgMhzdTv/mESvNEPphRikFM+5JHnFFjJf+RXBOvW664VXcGsky8nFQgR71b/ur0EpbFKA0TVOu256YmGFNlOBM4KXUyjSllQ9rHtqWSxqiD8ezYCTmxSo9EibIlDZmpvyfGNNZ6FIe2M6ZmoBe9qfif185MdBWMuUwzg5LNF0WZICYh089JjytkRowsoUxxeythA6ooMzafkg3BW3x5mTTOqt5F9fz+vFK7y+MowhEcwyl4cAk1uIU6+MCAwzO8wpsjnRfn3fmYtxacfOYQ/sD5/AF+0Y3f</latexit>

q < 1

<latexit sha1_base64="RQzB8KRg0VnpqeBm8sPvT9azuo0="></latexit>

⇤

4
eff

! 0 without anthropics!!!<latexit sha1_base64="30ZvTWy1jc3182s0BchZ2zUITSk=">AAAB/XicbZDLSgMxFIYzXmu9VV26CRbBhZQZKeqy6MaNUMFeYDqWTCbThuYyJJliGYpP4VZX7sStz+LCdzGddqGtBwIf/38O5+QPE0a1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03tUwVJg0smVTtEGnCqCANQw0j7UQRxENGWuHgeuK3hkRpKsW9GSUk4KgnaEwxMlbyb7tZR3FYHz9Uu6WyW3HzgovgzaAMZlXvlr47kcQpJ8JghrT2PTcxQYaUoZiRcbGTapIgPEA94lsUiBN9Gg1ponMMssf8/DE8tm4EY6nsEwbm6u/pDHGtRzy0nRyZvp73JuJ/np+a+DLIqEhSQwSeLopTBo2EkyxgRBXBho0sIKyovRviPlIIG5uYzcOb//0iNM8q3nmlelct165myRTAITgCJ8ADF6AGbkAdNAAGEjyDF/DqPDlvzrvzMW1dcmYzB+BPOZ8/0yWV6A==</latexit>

M4
P

<latexit sha1_base64="Y+07FI3zEFPAjtDQ6qbbEeLKrwk="></latexit>

Z =

Z
e�SE ' e�Sclassical =

8
><

>:

e24⇡
2 4

eff
⇤ = e

Ahorizon
4GN , ⇤ > 0 ;

e⇤
R
d4x

p
g = 1 , ⇤ = 0 ;

e�|⇤|
R
d4x

p
g ! 0 , ⇤ < 0 , noncompact .

<latexit sha1_base64="30ZvTWy1jc3182s0BchZ2zUITSk=">AAAB/XicbZDLSgMxFIYzXmu9VV26CRbBhZQZKeqy6MaNUMFeYDqWTCbThuYyJJliGYpP4VZX7sStz+LCdzGddqGtBwIf/38O5+QPE0a1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03tUwVJg0smVTtEGnCqCANQw0j7UQRxENGWuHgeuK3hkRpKsW9GSUk4KgnaEwxMlbyb7tZR3FYHz9Uu6WyW3HzgovgzaAMZlXvlr47kcQpJ8JghrT2PTcxQYaUoZiRcbGTapIgPEA94lsUiBN9Gg1ponMMssf8/DE8tm4EY6nsEwbm6u/pDHGtRzy0nRyZvp73JuJ/np+a+DLIqEhSQwSeLopTBo2EkyxgRBXBho0sIKyovRviPlIIG5uYzcOb//0iNM8q3nmlelct165myRTAITgCJ8ADF6AGbkAdNAAGEjyDF/DqPDlvzrvzMW1dcmYzB+BPOZ8/0yWV6A==</latexit>

M4
P

[Kaloper & AW ’22]



Summary
• Dark energy poses a problem — purest form: CC problem

• The problem is freaking hard! — at the heart of QM vs Gravity

• local, dynamical cancellation mechanisms based on fields in sane 
QFT don’t work

• we are left with accommodation of small dark energy by a 
landscape with population mechanism

• what landscape:    true CC/dS   vs    fine-tuned quintessence  ?  
stay tuned …

• anthropic arguments for small CC in a landscape necessary ? 
maybe not — discrete cancellation mechanism(s)? need more 
research!


