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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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Fuzzy Dark Matter from Strings - w/ M. Cicoli, V. Guidetti & N. Righi ‘21

• will go with 3rd choice — cosmological constant

choose to read current data still as evidence for a small positive CC

eternal de Sitter has problems, so for time being assume ‘central dogma’

-> need to explain 3 features - tasks for string theory:  
 
     - existence of small CC vacua  
        … despite natural scale MS4  
     - why we observe small CC 
     - dS vacua should be meta-stable
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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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F4 = dA3

enters as a Lagrange 
multiplier scalar field!

compare to covariant unimodular GR 
[Henneaux-Teitelboim ’89]:
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from now on: MP = 1
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F4 = dA3

enters as a Lagrange 
multiplier scalar field!

membrane charged under A3
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from now on: MP = 1
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Euclidean Field Eqs
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Euclidean Field Eqs
• Bulk:
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Euclidean Field Eqs
• Bulk:

• Membrane junction conditions:
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Euclidean Field Eqs
• Bulk:

• Membrane junction conditions:
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Euclidean Field Eqs
• Bulk:

• Membrane junction conditions:
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Euclidean Field Eqs
• Bulk:

• Membrane junction conditions:
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Euclidean Field Eqs
• Bulk:

• Membrane junction conditions:
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Euclidean Field Eqs
• Bulk:

• Membrane junction conditions:

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



glueing de Sitter Instantons



glueing de Sitter Instantons



menu of instantons
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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



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



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]
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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.
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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 
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QÂ

QA
= ! 2 (nearly)Irrational Numbers



Stairway in Heaven
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⇤initial
to dynamically get small CC,  
 
need ≥ 2 stairways 
somewhat out of step  
 
… a landscape  
 
+ jumps stopping  
at zero CC  
(green instantons) 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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  —
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Summary
• GR with CC linearly coupled to 4-form fields with membranes 

discharges CC via tunneling jumps;  
 
dynamically stops at CC = 0+  
 

need several almost mutually irrational charges to approach zero CC 
close enough with finitely large CC jumps

• dS is unstable and decays towards Minkowski - this is desirable, since 
it can relax CC  &  removes eternal dS

• small-CC dS may be pretty long lived - a good thing, too

• CC jumps are large — inflation possible in principle: work in progress

• SM parameters may also be subject to such discrete variations, is 
there a connection?



The first term depends on the Kähler deformations of the orientifold while the second
term is a function of the real complex structure deformations and the dilaton. The N = 1
Kähler coordinates are obtained by expanding the complex combinations15

Ωc = C3 + 2iRe(CΩ) , Jc = B̂2 + iJ , (3.49)

in a real harmonic basis of H3
+(Y ) and H(1,1)

− (Y ) respectively. Note that K does not

depend on the scalars arising in the expansion of B̂2 and Ĉ3, such that the Kähler
manifold admits a set of h(1,1)

− + h(2,1) + 1 translational isometries. In other words K
consists of two functionals encoding the dynamics of the two-form J and the real three-
form Re(CΩ).16 Moreover, irrespective of the chosen basis the Kähler potential obeys
the no-scale type conditions (3.35) and (3.43), (C.20).

However, these two statements are violated when further stringy corrections are in-
cluded. K receives additional contributions due to perturbative effects as well as world-
sheet and D2 instantons. It is well-known that the combination Jc = B̂2 + iJ gives
the proper coupling to the string world-sheet such that world-sheet instantons correct
the holomorphic prepotential as f(t) = −1

6Kabctatbtc + O(e−t). Since we divided out the
world-sheet parity these corrections also include non-orientable Riemann surfaces, such
that the prepotential f(t) consists of two parts f(t) = for(t) + funor(t). The function for

counts holomorphic maps from orientable world-sheets to Y , while funor counts holomor-
phic maps from non-orientable world-sheets to Y [49]. In the next section we show that
D2 instantons naturally couple to the complex three-form Ωc and they are expected to
correct KQ.

4 The effective action in the presence of background

fluxes

In this section we derive the effective action of type IIA orientifolds in the presence of
background fluxes. For standard N = 2 Calabi-Yau compactifications of type IIA a
similar analysis is carried out in refs. [36, 24]. In order to do so we need to start from the
ten-dimensional action of massive type IIA supergravity which differs from the action
(2.1) in that the two-form B̂2 is massive. In the Einstein frame it is given by [34]
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, (4.2)
15This combination of forms has also appeared recently in ref. [48] in the discussion of D-instanton

couplings in the A-model. Here they appear as the proper chiral N = 1 variables and as we will see in
the next section they linearize the D-instanton action.

16The functions V [Re(CΩ)] =
∫

Re(CΩ) ∧ ∗Re(CΩ) and V [J ] =
∫

J ∧ J ∧ J are known as Hitchins
functionals [30]. The orientifold constraints (3.2) and (3.3) restricts their domain to J ∈ H2

−(Y ) and
Re(CΩ) ∈ H3

+(Y ).
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background fluxes. For standard N = 2 Calabi-Yau compactifications of type IIA a
similar analysis is carried out in refs. [36, 24]. In order to do so we need to start from the
ten-dimensional action of massive type IIA supergravity which differs from the action
(2.1) in that the two-form B̂2 is massive. In the Einstein frame it is given by [34]

S(10)
MIIA =

∫

−1
2R̂ ∗ 1 − 1

4dφ̂ ∧ ∗dφ̂ − 1
4e

−φ̂Ĥ3 ∧ ∗Ĥ3 − 1
2e

3
2 φ̂F̂2 ∧ ∗F̂2

−1
2e

1
2 φ̂F̂4 ∧ ∗F̂4 − 1

2e
5
2 φ̂ (m0)2 ∗ 1 + Ltop , (4.1)

where

Ltop = −1
2

[

B̂2 ∧ dĈ3 ∧ dĈ3 − (B̂2)
2 ∧ dĈ3 ∧ dÂ1 + 1

3(B̂2)
3 ∧ (dÂ1)

2

−m0

3 (B̂2)
3 ∧ dĈ3 + m0

4 (B̂2)
4 ∧ dÂ1 + (m0)2

20 (B̂2)
5
]

, (4.2)
15This combination of forms has also appeared recently in ref. [48] in the discussion of D-instanton

couplings in the A-model. Here they appear as the proper chiral N = 1 variables and as we will see in
the next section they linearize the D-instanton action.

16The functions V [Re(CΩ)] =
∫

Re(CΩ) ∧ ∗Re(CΩ) and V [J ] =
∫

J ∧ J ∧ J are known as Hitchins
functionals [30]. The orientifold constraints (3.2) and (3.3) restricts their domain to J ∈ H2

−(Y ) and
Re(CΩ) ∈ H3

+(Y ).
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and the field strengths are defined as

Ĥ3 = dB̂2 , F̂2 = dÂ1 + m0B̂2 , F̂4 = dĈ3 − Â1 ∧ Ĥ3 − m0

2 (B̂2)
2 . (4.3)

Compared to the analysis of the previous section we now include non-trivial background
fluxes of the field strengths F2, H3 and F4 on the Calabi-Yau orientifold. We keep the
Bianchi identity and the equation of motion intact and therefore expand F2, H3 and F4

in terms of harmonic forms compatible with the orientifold projection. From (3.6) we
infer that F2 is expanded in harmonic forms of H2

−(Y ), H3 in harmonic forms of H3
−(Y )

and F4 in harmonic forms of H4
+(Y ).17 Explicitly the expansions read

H3 = qλαλ − pk βk , F2 = −maωa , F4 = ea ω̃a , (4.4)

where (qλ, pk) are h(2,1) + 1 real NS flux parameters while (ea, ma) are 2h1,1
− real RR flux

parameters. The harmonic forms (αλ, βk) are the elements of the real symplectic basis

of H3
− introduced in (3.44). The basis ω̃a of H(2,2)

+ is defined to be the dual basis of ωa

while the basis ω̃α denotes a basis of H(2,2)
− dual to ωα.

Inserting (3.10), (3.16) and (4.4) into (4.3) we arrive at

Ĥ3 = dba ∧ ωa + qλαλ − pk βk , F̂2 = (m0ba + ma) ωa , (4.5)

F̂4 = dC3 + dAα ∧ ωα + dξk ∧ αk − dξ̃λ ∧ βλ +
(

bamb − 1
2m

0babb
)

Kabcω̃
c + ea ω̃a ,

where we have used ωa ∧ ωb = Kabc ω̃c. Now we repeat the KK-reduction of the previous
section using the modified field strength (4.5) and the action (4.1) instead of (2.1). This
results in18

S(4) = S(4)
O6 −

∫

g
2 dc3 ∧ ∗dc3 + h dc3 + U ∗ 1 , (4.6)

where S(4)
O6 is given in (3.19). c3 is the four-dimensional part of the ten-dimensional

three-form Ĉ3 defined in (3.16) and its couplings to the scalar fields are given by

g = e−4φ
(K

6

)3
, h = eab

a + ξ̃λq
λ − ξkpk + 1

2ReN0â mâ , (4.7)

where we denoted mâ = (m0, ma). The potential term U of (4.6) is given by

U = 9
K2 e

2φ

∫

Y

H3 ∧ ∗H3 − 18
K2 e

4φImNâb̂ mâmb̂ + 27
K3 e

4φGab(ea −ReNaâ mâ)(eb −ReNbb̂ mb̂),

(4.8)
where

∫

Y

H3 ∧ ∗H3 = −(pk − ReMkλq
λ)(ImM)−1kl(pl − ReMlλq

λ) − ImMκλ qκ qλ . (4.9)

The matrix Nâb̂(t, t̄) is defined to be the corresponding part of the N = 2 gauge-coupling
matrix (A.12) restricted to M̃K by applying (3.20) and (3.21). Similarly the matrices

17As we observed in the previous section there is no Â1 due to the absence of one-forms on the
orientifold. Nevertheless its field strength F2 can be non-trivial on the orientifold since Y generically
possesses non-vanishing harmonic two-forms.

18The action S(4)
O6 is given in (3.19). However, due to the fact that we perform the Kaluza-Klein

reduction in the generic basis introduced in (3.44) the kinetic terms for M̃Q are replaced by (C.3).
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speculation:  

- generate minimum at small VEV for the axions in B2 using NP effects … 
- generates hierarchically smaller coeff.s for (m0)2-terms than for terms linear in m0  
- m0 dC3 provides a ΛF4 coupling, & D8-branes on 6-manifold provide 4D membranes

stringy musings …


