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Microscopic Details of the Universe

Atoms Dark Energy Dark Matter CνB CMB

ν’s: Billion $ Effort

DM: Billion $ Effort

SM: 120 Years, 
10(?) Billion $ Effort

DE: Meh

The Universe Today



Dark Energy: EOS?

w <  - 0.9

Cosmological constant: w = -1
Anything else, there are 

dynamics.

w ≡ p/ρ



Laboratory Probes of Dark Energy?

Similar to laboratory detection of dark matter issues —  

Gravitational Measurements: dark matter is a cold, 
pressureless gas with σ/m < cm2/g 

Does not mean σ = 0. Can probe σ ~ 10-49 cm2 in the lab

Gravitational measurement. Can we do better in the lab?

What are the signatures of dark energy?

−1 ≤ w ≤ − 0.95

Dark Matter

Theory bias:  w = -1



Assumption:  Cosmological 
Constant
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Tµ⌫ = diag(⇢, p, p, p) CC is time-independent 
(normal matter redshifts). 

CC-dominated spacetime 
grows exponentially fast.
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Ht



CC Contributions
The delicateness of the cosmological constant.
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Naive :M4
pl ⇠ 10123⇢D.E.

finite (e.g., me4 ln me)

phase transitions 
(QCD)

g

- “Quantum gravity is weird…” (not at low energies) 
- “How can you calc. when you are in curved space…” (R << Λ) 
- “UV/IR dude…” (well that’s the problem)



Explanation:  It’s Anthropic
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Structure only forms when CC is tiny… (assumes given δρ/ρ)

A ‘historical’ solution



Outline

I. CC Solution - Rolling field 

II. Models of Dark Energy 

III. Detection of Dark Energy



Scan the CC with a light field
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When does this happen?
Why are we here?

Must scan a large range of values!



Our Model:  Summary
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Evolution of the scale factor



• Reheating: kinetic energy converted to 
radiation, φ is stopped 

• Bounce occurs, regular post-inflation 
cosmology afterwards 

• High Hubble scale freezes φ until today,       
CC fixed at small value (set by g)

�

• φ slow rolls (extremely long time), CC drops

• Kinetic energy blue-shifts as universe 
crunches
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L � g3�+ arbitrary CC
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Simplest Model:

• Critical point: at φ~Mpl, φ fast rolls 
through zero, universe starts to crunch

Our Model:  Summary
Evolution of the rolling scalar field



CC Solution: Initial Expansion
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H
3 . V

0
<latexit sha1_base64="IewiTXg53j/E10TLYIlR2f2M5Yk=">AAAB+HicbVBNSwMxEJ31s9aPrnr0Eiyip7KrguKp4KXHCvYD2rVk02wbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Ubz1SpVks7804oYHAA8kiRrCxUs8t1R4uUJdTrTUTqHnac8texZsBLRM/J2XIUe+5X91+TFJBpSEca93xvcQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNjt8gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRdZAxmaSGSjJfFKUcmRhNU0B9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8b2Kf3dZrt7kcRTgCI7hDHy4girUoA4NIJDCM7zCm/PkvDjvzse8dcXJZw7hD5zPH0zPkis=</latexit><latexit sha1_base64="IewiTXg53j/E10TLYIlR2f2M5Yk=">AAAB+HicbVBNSwMxEJ31s9aPrnr0Eiyip7KrguKp4KXHCvYD2rVk02wbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Ubz1SpVks7804oYHAA8kiRrCxUs8t1R4uUJdTrTUTqHnac8texZsBLRM/J2XIUe+5X91+TFJBpSEca93xvcQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNjt8gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRdZAxmaSGSjJfFKUcmRhNU0B9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8b2Kf3dZrt7kcRTgCI7hDHy4girUoA4NIJDCM7zCm/PkvDjvzse8dcXJZw7hD5zPH0zPkis=</latexit><latexit sha1_base64="IewiTXg53j/E10TLYIlR2f2M5Yk=">AAAB+HicbVBNSwMxEJ31s9aPrnr0Eiyip7KrguKp4KXHCvYD2rVk02wbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Ubz1SpVks7804oYHAA8kiRrCxUs8t1R4uUJdTrTUTqHnac8texZsBLRM/J2XIUe+5X91+TFJBpSEca93xvcQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNjt8gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRdZAxmaSGSjJfFKUcmRhNU0B9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8b2Kf3dZrt7kcRTgCI7hDHy4girUoA4NIJDCM7zCm/PkvDjvzse8dcXJZw7hD5zPH0zPkis=</latexit><latexit sha1_base64="IewiTXg53j/E10TLYIlR2f2M5Yk=">AAAB+HicbVBNSwMxEJ31s9aPrnr0Eiyip7KrguKp4KXHCvYD2rVk02wbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Ubz1SpVks7804oYHAA8kiRrCxUs8t1R4uUJdTrTUTqHnac8texZsBLRM/J2XIUe+5X91+TFJBpSEca93xvcQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNjt8gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRdZAxmaSGSjJfFKUcmRhNU0B9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8b2Kf3dZrt7kcRTgCI7hDHy4girUoA4NIJDCM7zCm/PkvDjvzse8dcXJZw7hD5zPH0zPkis=</latexit>

Avoid eternal inflation at top:

➜

g3Mpl ⇠ ⇤4
2

<latexit sha1_base64="7YadqT68aUYQOahZ6JZyE2CLCUU=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTcGtLAI2FgoRDAPyG6W2dlJMmT2wcxdMSxpbfwVGwtFbP0DO//GSbKFJh64cDjn3pl7j58IrsCyvo2l5ZXVtfXCRnFza3tn19zbb6o4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlDy8nfuueScXj6A5GCXND0o94j1MCWvJM3O+e4hvPAfYAWSLG2FE8xM61fiEgXqVb9cySVbamwIvEzkkJ5ah75pcTxDQNWQRUEKU6tpWAmxEJnAo2LjqpYgmhQ9JnHU0jEjLlZtNLxvhYKwHuxVJXBHiq/p7ISKjUKPR1Z0hgoOa9ifif10mhd+5mPEpSYBGdfdRLBYYYT2LBAZeMghhpQqjkeldMB0QSCjq8og7Bnj95kTQrZdsq27fVUu0ij6OADtEROkE2OkM1dIXqqIEoekTP6BW9GU/Gi/FufMxal4x85gD9gfH5AxHkmUM=</latexit><latexit sha1_base64="7YadqT68aUYQOahZ6JZyE2CLCUU=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTcGtLAI2FgoRDAPyG6W2dlJMmT2wcxdMSxpbfwVGwtFbP0DO//GSbKFJh64cDjn3pl7j58IrsCyvo2l5ZXVtfXCRnFza3tn19zbb6o4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlDy8nfuueScXj6A5GCXND0o94j1MCWvJM3O+e4hvPAfYAWSLG2FE8xM61fiEgXqVb9cySVbamwIvEzkkJ5ah75pcTxDQNWQRUEKU6tpWAmxEJnAo2LjqpYgmhQ9JnHU0jEjLlZtNLxvhYKwHuxVJXBHiq/p7ISKjUKPR1Z0hgoOa9ifif10mhd+5mPEpSYBGdfdRLBYYYT2LBAZeMghhpQqjkeldMB0QSCjq8og7Bnj95kTQrZdsq27fVUu0ij6OADtEROkE2OkM1dIXqqIEoekTP6BW9GU/Gi/FufMxal4x85gD9gfH5AxHkmUM=</latexit><latexit sha1_base64="7YadqT68aUYQOahZ6JZyE2CLCUU=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTcGtLAI2FgoRDAPyG6W2dlJMmT2wcxdMSxpbfwVGwtFbP0DO//GSbKFJh64cDjn3pl7j58IrsCyvo2l5ZXVtfXCRnFza3tn19zbb6o4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlDy8nfuueScXj6A5GCXND0o94j1MCWvJM3O+e4hvPAfYAWSLG2FE8xM61fiEgXqVb9cySVbamwIvEzkkJ5ah75pcTxDQNWQRUEKU6tpWAmxEJnAo2LjqpYgmhQ9JnHU0jEjLlZtNLxvhYKwHuxVJXBHiq/p7ISKjUKPR1Z0hgoOa9ifif10mhd+5mPEpSYBGdfdRLBYYYT2LBAZeMghhpQqjkeldMB0QSCjq8og7Bnj95kTQrZdsq27fVUu0ij6OADtEROkE2OkM1dIXqqIEoekTP6BW9GU/Gi/FufMxal4x85gD9gfH5AxHkmUM=</latexit><latexit sha1_base64="7YadqT68aUYQOahZ6JZyE2CLCUU=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTcGtLAI2FgoRDAPyG6W2dlJMmT2wcxdMSxpbfwVGwtFbP0DO//GSbKFJh64cDjn3pl7j58IrsCyvo2l5ZXVtfXCRnFza3tn19zbb6o4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlDy8nfuueScXj6A5GCXND0o94j1MCWvJM3O+e4hvPAfYAWSLG2FE8xM61fiEgXqVb9cySVbamwIvEzkkJ5ah75pcTxDQNWQRUEKU6tpWAmxEJnAo2LjqpYgmhQ9JnHU0jEjLlZtNLxvhYKwHuxVJXBHiq/p7ISKjUKPR1Z0hgoOa9ifif10mhd+5mPEpSYBGdfdRLBYYYT2LBAZeMghhpQqjkeldMB0QSCjq8og7Bnj95kTQrZdsq27fVUu0ij6OADtEROkE2OkM1dIXqqIEoekTP6BW9GU/Gi/FufMxal4x85gD9gfH5AxHkmUM=</latexit>

Fast roll begins:

L � g3�+ arbitrary CC
<latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit>

Simplest Model: +
�

f
F 0F̃ 0

<latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit><latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit><latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit><latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit>

⇤3
1 . ⇤2

2 Mpl
<latexit sha1_base64="ttXHPytTuxZhw9+sKoct+ub39bM=">AAACGHicbVC7SgNBFJ31GeNr1dJmMAgWEnejoIVFwMZCIYKJgey6zE5udMjsg5m7YljyGTb+io2FIrZ2/o2TuIKvAwOHc87lzj1hKoVGx3m3JianpmdmS3Pl+YXFpWV7ZbWlk0xxaPJEJqodMg1SxNBEgRLaqQIWhRIuwv7RyL+4AaVFEp/jIAU/Ylex6AnO0EiBveOdmHCXBe7lLvUkaK1FRL/E2mWNetv0NPAQbjFP5TCwK07VGYP+JW5BKqRAI7DfvG7Cswhi5JJp3XGdFP2cKRRcwrDsZRpSxvvsCjqGxiwC7efjw4Z00yhd2kuUeTHSsfp9ImeR1oMoNMmI4bX+7Y3E/7xOhr0DPxdxmiHE/HNRL5MUEzpqiXaFAo5yYAjjSpi/Un7NFONouiybEtzfJ/8lrVrVdaru2V6lfljUUSLrZINsEZfskzo5Jg3SJJzckQfyRJ6te+vRerFeP6MTVjGzRn7AevsAzJ6e/A==</latexit><latexit sha1_base64="ttXHPytTuxZhw9+sKoct+ub39bM=">AAACGHicbVC7SgNBFJ31GeNr1dJmMAgWEnejoIVFwMZCIYKJgey6zE5udMjsg5m7YljyGTb+io2FIrZ2/o2TuIKvAwOHc87lzj1hKoVGx3m3JianpmdmS3Pl+YXFpWV7ZbWlk0xxaPJEJqodMg1SxNBEgRLaqQIWhRIuwv7RyL+4AaVFEp/jIAU/Ylex6AnO0EiBveOdmHCXBe7lLvUkaK1FRL/E2mWNetv0NPAQbjFP5TCwK07VGYP+JW5BKqRAI7DfvG7Cswhi5JJp3XGdFP2cKRRcwrDsZRpSxvvsCjqGxiwC7efjw4Z00yhd2kuUeTHSsfp9ImeR1oMoNMmI4bX+7Y3E/7xOhr0DPxdxmiHE/HNRL5MUEzpqiXaFAo5yYAjjSpi/Un7NFONouiybEtzfJ/8lrVrVdaru2V6lfljUUSLrZINsEZfskzo5Jg3SJJzckQfyRJ6te+vRerFeP6MTVjGzRn7AevsAzJ6e/A==</latexit><latexit sha1_base64="ttXHPytTuxZhw9+sKoct+ub39bM=">AAACGHicbVC7SgNBFJ31GeNr1dJmMAgWEnejoIVFwMZCIYKJgey6zE5udMjsg5m7YljyGTb+io2FIrZ2/o2TuIKvAwOHc87lzj1hKoVGx3m3JianpmdmS3Pl+YXFpWV7ZbWlk0xxaPJEJqodMg1SxNBEgRLaqQIWhRIuwv7RyL+4AaVFEp/jIAU/Ylex6AnO0EiBveOdmHCXBe7lLvUkaK1FRL/E2mWNetv0NPAQbjFP5TCwK07VGYP+JW5BKqRAI7DfvG7Cswhi5JJp3XGdFP2cKRRcwrDsZRpSxvvsCjqGxiwC7efjw4Z00yhd2kuUeTHSsfp9ImeR1oMoNMmI4bX+7Y3E/7xOhr0DPxdxmiHE/HNRL5MUEzpqiXaFAo5yYAjjSpi/Un7NFONouiybEtzfJ/8lrVrVdaru2V6lfljUUSLrZINsEZfskzo5Jg3SJJzckQfyRJ6te+vRerFeP6MTVjGzRn7AevsAzJ6e/A==</latexit><latexit sha1_base64="ttXHPytTuxZhw9+sKoct+ub39bM=">AAACGHicbVC7SgNBFJ31GeNr1dJmMAgWEnejoIVFwMZCIYKJgey6zE5udMjsg5m7YljyGTb+io2FIrZ2/o2TuIKvAwOHc87lzj1hKoVGx3m3JianpmdmS3Pl+YXFpWV7ZbWlk0xxaPJEJqodMg1SxNBEgRLaqQIWhRIuwv7RyL+4AaVFEp/jIAU/Ylex6AnO0EiBveOdmHCXBe7lLvUkaK1FRL/E2mWNetv0NPAQbjFP5TCwK07VGYP+JW5BKqRAI7DfvG7Cswhi5JJp3XGdFP2cKRRcwrDsZRpSxvvsCjqGxiwC7efjw4Z00yhd2kuUeTHSsfp9ImeR1oMoNMmI4bX+7Y3E/7xOhr0DPxdxmiHE/HNRL5MUEzpqiXaFAo5yYAjjSpi/Un7NFONouiybEtzfJ/8lrVrVdaru2V6lfljUUSLrZINsEZfskzo5Jg3SJJzckQfyRJ6te+vRerFeP6MTVjGzRn7AevsAzJ6e/A==</latexit>

Together ➜

Scale factor a growing 
exponentially

Dynamical relaxation first tried by Abbott (1985) and Banks (1984).  
Suffered from eternal inflation and an empty universe.

So to get today’s CC , can solve the CC problem up to  
— more fields, higher initial scale

Λ2 ∼ meV Λ1 ∼ 10 MeV



CC Solution: Roll to Negative CC
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⇠ �⇤4
2

<latexit sha1_base64="RuAE3t+KXvZHSO+vMIIp+8OKZ7k=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgxjJTCnZZcOPCRQX7gM44ZDKZNjTJDElGLEN/xY0LRdz6I+78G9N2Ftp6IHA45x7uzQlTRpV2nG+rtLG5tb1T3q3s7R8cHtnH1Z5KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR67vcfiVQ0Efd6mhKfo5GgMcVIGymwq56iHF5C79ZkIhQ0HpqBXXPqzgJwnbgFqYECncD+8qIEZ5wIjRlSaug6qfZzJDXFjMwqXqZIivAEjcjQUIE4UX6+uH0Gz40SwTiR5gkNF+rvRI64UlMemkmO9FitenPxP2+Y6bjl51SkmSYCLxfFGYM6gfMiYEQlwZpNDUFYUnMrxGMkEdamroopwV398jrpNequU3fvmrV2q6ijDE7BGbgALrgCbXADOqALMHgCz+AVvFkz68V6tz6WoyWryJyAP7A+fwAfCJMn</latexit><latexit sha1_base64="RuAE3t+KXvZHSO+vMIIp+8OKZ7k=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgxjJTCnZZcOPCRQX7gM44ZDKZNjTJDElGLEN/xY0LRdz6I+78G9N2Ftp6IHA45x7uzQlTRpV2nG+rtLG5tb1T3q3s7R8cHtnH1Z5KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR67vcfiVQ0Efd6mhKfo5GgMcVIGymwq56iHF5C79ZkIhQ0HpqBXXPqzgJwnbgFqYECncD+8qIEZ5wIjRlSaug6qfZzJDXFjMwqXqZIivAEjcjQUIE4UX6+uH0Gz40SwTiR5gkNF+rvRI64UlMemkmO9FitenPxP2+Y6bjl51SkmSYCLxfFGYM6gfMiYEQlwZpNDUFYUnMrxGMkEdamroopwV398jrpNequU3fvmrV2q6ijDE7BGbgALrgCbXADOqALMHgCz+AVvFkz68V6tz6WoyWryJyAP7A+fwAfCJMn</latexit><latexit sha1_base64="RuAE3t+KXvZHSO+vMIIp+8OKZ7k=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgxjJTCnZZcOPCRQX7gM44ZDKZNjTJDElGLEN/xY0LRdz6I+78G9N2Ftp6IHA45x7uzQlTRpV2nG+rtLG5tb1T3q3s7R8cHtnH1Z5KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR67vcfiVQ0Efd6mhKfo5GgMcVIGymwq56iHF5C79ZkIhQ0HpqBXXPqzgJwnbgFqYECncD+8qIEZ5wIjRlSaug6qfZzJDXFjMwqXqZIivAEjcjQUIE4UX6+uH0Gz40SwTiR5gkNF+rvRI64UlMemkmO9FitenPxP2+Y6bjl51SkmSYCLxfFGYM6gfMiYEQlwZpNDUFYUnMrxGMkEdamroopwV398jrpNequU3fvmrV2q6ijDE7BGbgALrgCbXADOqALMHgCz+AVvFkz68V6tz6WoyWryJyAP7A+fwAfCJMn</latexit><latexit sha1_base64="RuAE3t+KXvZHSO+vMIIp+8OKZ7k=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgxjJTCnZZcOPCRQX7gM44ZDKZNjTJDElGLEN/xY0LRdz6I+78G9N2Ftp6IHA45x7uzQlTRpV2nG+rtLG5tb1T3q3s7R8cHtnH1Z5KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR67vcfiVQ0Efd6mhKfo5GgMcVIGymwq56iHF5C79ZkIhQ0HpqBXXPqzgJwnbgFqYECncD+8qIEZ5wIjRlSaug6qfZzJDXFjMwqXqZIivAEjcjQUIE4UX6+uH0Gz40SwTiR5gkNF+rvRI64UlMemkmO9FitenPxP2+Y6bjl51SkmSYCLxfFGYM6gfMiYEQlwZpNDUFYUnMrxGMkEdamroopwV398jrpNequU3fvmrV2q6ijDE7BGbgALrgCbXADOqALMHgCz+AVvFkz68V6tz6WoyWryJyAP7A+fwAfCJMn</latexit>

⇤4
2

<latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit><latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit><latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit><latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit>

⇤4
1

<latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit><latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit><latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit><latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit>

Mpl
<latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit><latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit><latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit><latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit>

g & ⇤2
1

Mpl
<latexit sha1_base64="Lhvm4wfl/mXSZ0cHQYjt3iTjmvw=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahN0gaGERsLFQiGAekF2X2clsMmT2wcxdMSz7DTb+io2FIrZWdv6Nk2QLTTwwcDjnHu7c4yeCK7Csb2NhcWl5ZbW0Vl7f2NzaNnd2WypOJWVNGotYdnyimOARawIHwTqJZCT0BWv7w4ux375nUvE4uoVRwtyQ9CMecEpAS5553MdOH7QfYieQhGbOlQ73iGff1fLs2nOAPUCWiDz3zIpVtSbA88QuSAUVaHjml9OLaRqyCKggSnVtKwE3IxI4FSwvO6liCaFD0mddTSMSMuVmk5NyfKiVHg5iqV8EeKL+TmQkVGoU+noyJDBQs95Y/M/rphCcuRmPkhRYRKeLglRgiPG4H9zjklEQI00IlVz/FdMB0c2AbrGsS7BnT54nrVrVtqr2zUmlfl7UUUL76AAdIRudojq6RA3URBQ9omf0it6MJ+PFeDc+pqMLRpHZQ39gfP4AtGGeHg==</latexit><latexit sha1_base64="Lhvm4wfl/mXSZ0cHQYjt3iTjmvw=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahN0gaGERsLFQiGAekF2X2clsMmT2wcxdMSz7DTb+io2FIrZWdv6Nk2QLTTwwcDjnHu7c4yeCK7Csb2NhcWl5ZbW0Vl7f2NzaNnd2WypOJWVNGotYdnyimOARawIHwTqJZCT0BWv7w4ux375nUvE4uoVRwtyQ9CMecEpAS5553MdOH7QfYieQhGbOlQ73iGff1fLs2nOAPUCWiDz3zIpVtSbA88QuSAUVaHjml9OLaRqyCKggSnVtKwE3IxI4FSwvO6liCaFD0mddTSMSMuVmk5NyfKiVHg5iqV8EeKL+TmQkVGoU+noyJDBQs95Y/M/rphCcuRmPkhRYRKeLglRgiPG4H9zjklEQI00IlVz/FdMB0c2AbrGsS7BnT54nrVrVtqr2zUmlfl7UUUL76AAdIRudojq6RA3URBQ9omf0it6MJ+PFeDc+pqMLRpHZQ39gfP4AtGGeHg==</latexit><latexit sha1_base64="Lhvm4wfl/mXSZ0cHQYjt3iTjmvw=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahN0gaGERsLFQiGAekF2X2clsMmT2wcxdMSz7DTb+io2FIrZWdv6Nk2QLTTwwcDjnHu7c4yeCK7Csb2NhcWl5ZbW0Vl7f2NzaNnd2WypOJWVNGotYdnyimOARawIHwTqJZCT0BWv7w4ux375nUvE4uoVRwtyQ9CMecEpAS5553MdOH7QfYieQhGbOlQ73iGff1fLs2nOAPUCWiDz3zIpVtSbA88QuSAUVaHjml9OLaRqyCKggSnVtKwE3IxI4FSwvO6liCaFD0mddTSMSMuVmk5NyfKiVHg5iqV8EeKL+TmQkVGoU+noyJDBQs95Y/M/rphCcuRmPkhRYRKeLglRgiPG4H9zjklEQI00IlVz/FdMB0c2AbrGsS7BnT54nrVrVtqr2zUmlfl7UUUL76AAdIRudojq6RA3URBQ9omf0it6MJ+PFeDc+pqMLRpHZQ39gfP4AtGGeHg==</latexit><latexit sha1_base64="Lhvm4wfl/mXSZ0cHQYjt3iTjmvw=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahN0gaGERsLFQiGAekF2X2clsMmT2wcxdMSz7DTb+io2FIrZWdv6Nk2QLTTwwcDjnHu7c4yeCK7Csb2NhcWl5ZbW0Vl7f2NzaNnd2WypOJWVNGotYdnyimOARawIHwTqJZCT0BWv7w4ux375nUvE4uoVRwtyQ9CMecEpAS5553MdOH7QfYieQhGbOlQ73iGff1fLs2nOAPUCWiDz3zIpVtSbA88QuSAUVaHjml9OLaRqyCKggSnVtKwE3IxI4FSwvO6liCaFD0mddTSMSMuVmk5NyfKiVHg5iqV8EeKL+TmQkVGoU+noyJDBQs95Y/M/rphCcuRmPkhRYRKeLglRgiPG4H9zjklEQI00IlVz/FdMB0c2AbrGsS7BnT54nrVrVtqr2zUmlfl7UUUL76AAdIRudojq6RA3URBQ9omf0it6MJ+PFeDc+pqMLRpHZQ39gfP4AtGGeHg==</latexit>

H
3 . V

0
<latexit sha1_base64="IewiTXg53j/E10TLYIlR2f2M5Yk=">AAAB+HicbVBNSwMxEJ31s9aPrnr0Eiyip7KrguKp4KXHCvYD2rVk02wbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Ubz1SpVks7804oYHAA8kiRrCxUs8t1R4uUJdTrTUTqHnac8texZsBLRM/J2XIUe+5X91+TFJBpSEca93xvcQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNjt8gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRdZAxmaSGSjJfFKUcmRhNU0B9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8b2Kf3dZrt7kcRTgCI7hDHy4girUoA4NIJDCM7zCm/PkvDjvzse8dcXJZw7hD5zPH0zPkis=</latexit><latexit sha1_base64="IewiTXg53j/E10TLYIlR2f2M5Yk=">AAAB+HicbVBNSwMxEJ31s9aPrnr0Eiyip7KrguKp4KXHCvYD2rVk02wbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Ubz1SpVks7804oYHAA8kiRrCxUs8t1R4uUJdTrTUTqHnac8texZsBLRM/J2XIUe+5X91+TFJBpSEca93xvcQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNjt8gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRdZAxmaSGSjJfFKUcmRhNU0B9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8b2Kf3dZrt7kcRTgCI7hDHy4girUoA4NIJDCM7zCm/PkvDjvzse8dcXJZw7hD5zPH0zPkis=</latexit><latexit sha1_base64="IewiTXg53j/E10TLYIlR2f2M5Yk=">AAAB+HicbVBNSwMxEJ31s9aPrnr0Eiyip7KrguKp4KXHCvYD2rVk02wbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Ubz1SpVks7804oYHAA8kiRrCxUs8t1R4uUJdTrTUTqHnac8texZsBLRM/J2XIUe+5X91+TFJBpSEca93xvcQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNjt8gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRdZAxmaSGSjJfFKUcmRhNU0B9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8b2Kf3dZrt7kcRTgCI7hDHy4girUoA4NIJDCM7zCm/PkvDjvzse8dcXJZw7hD5zPH0zPkis=</latexit><latexit sha1_base64="IewiTXg53j/E10TLYIlR2f2M5Yk=">AAAB+HicbVBNSwMxEJ31s9aPrnr0Eiyip7KrguKp4KXHCvYD2rVk02wbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Ubz1SpVks7804oYHAA8kiRrCxUs8t1R4uUJdTrTUTqHnac8texZsBLRM/J2XIUe+5X91+TFJBpSEca93xvcQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNjt8gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRdZAxmaSGSjJfFKUcmRhNU0B9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8b2Kf3dZrt7kcRTgCI7hDHy4girUoA4NIJDCM7zCm/PkvDjvzse8dcXJZw7hD5zPH0zPkis=</latexit>

Avoid eternal inflation at top:

➜

L � g3�+ arbitrary CC
<latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit>

Simplest Model: +
�

f
F 0F̃ 0

<latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit><latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit><latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit><latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit>

g3Mpl ⇠ ⇤4
2

<latexit sha1_base64="7YadqT68aUYQOahZ6JZyE2CLCUU=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTcGtLAI2FgoRDAPyG6W2dlJMmT2wcxdMSxpbfwVGwtFbP0DO//GSbKFJh64cDjn3pl7j58IrsCyvo2l5ZXVtfXCRnFza3tn19zbb6o4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlDy8nfuueScXj6A5GCXND0o94j1MCWvJM3O+e4hvPAfYAWSLG2FE8xM61fiEgXqVb9cySVbamwIvEzkkJ5ah75pcTxDQNWQRUEKU6tpWAmxEJnAo2LjqpYgmhQ9JnHU0jEjLlZtNLxvhYKwHuxVJXBHiq/p7ISKjUKPR1Z0hgoOa9ifif10mhd+5mPEpSYBGdfdRLBYYYT2LBAZeMghhpQqjkeldMB0QSCjq8og7Bnj95kTQrZdsq27fVUu0ij6OADtEROkE2OkM1dIXqqIEoekTP6BW9GU/Gi/FufMxal4x85gD9gfH5AxHkmUM=</latexit><latexit sha1_base64="7YadqT68aUYQOahZ6JZyE2CLCUU=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTcGtLAI2FgoRDAPyG6W2dlJMmT2wcxdMSxpbfwVGwtFbP0DO//GSbKFJh64cDjn3pl7j58IrsCyvo2l5ZXVtfXCRnFza3tn19zbb6o4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlDy8nfuueScXj6A5GCXND0o94j1MCWvJM3O+e4hvPAfYAWSLG2FE8xM61fiEgXqVb9cySVbamwIvEzkkJ5ah75pcTxDQNWQRUEKU6tpWAmxEJnAo2LjqpYgmhQ9JnHU0jEjLlZtNLxvhYKwHuxVJXBHiq/p7ISKjUKPR1Z0hgoOa9ifif10mhd+5mPEpSYBGdfdRLBYYYT2LBAZeMghhpQqjkeldMB0QSCjq8og7Bnj95kTQrZdsq27fVUu0ij6OADtEROkE2OkM1dIXqqIEoekTP6BW9GU/Gi/FufMxal4x85gD9gfH5AxHkmUM=</latexit><latexit sha1_base64="7YadqT68aUYQOahZ6JZyE2CLCUU=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTcGtLAI2FgoRDAPyG6W2dlJMmT2wcxdMSxpbfwVGwtFbP0DO//GSbKFJh64cDjn3pl7j58IrsCyvo2l5ZXVtfXCRnFza3tn19zbb6o4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlDy8nfuueScXj6A5GCXND0o94j1MCWvJM3O+e4hvPAfYAWSLG2FE8xM61fiEgXqVb9cySVbamwIvEzkkJ5ah75pcTxDQNWQRUEKU6tpWAmxEJnAo2LjqpYgmhQ9JnHU0jEjLlZtNLxvhYKwHuxVJXBHiq/p7ISKjUKPR1Z0hgoOa9ifif10mhd+5mPEpSYBGdfdRLBYYYT2LBAZeMghhpQqjkeldMB0QSCjq8og7Bnj95kTQrZdsq27fVUu0ij6OADtEROkE2OkM1dIXqqIEoekTP6BW9GU/Gi/FufMxal4x85gD9gfH5AxHkmUM=</latexit><latexit sha1_base64="7YadqT68aUYQOahZ6JZyE2CLCUU=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTcGtLAI2FgoRDAPyG6W2dlJMmT2wcxdMSxpbfwVGwtFbP0DO//GSbKFJh64cDjn3pl7j58IrsCyvo2l5ZXVtfXCRnFza3tn19zbb6o4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlDy8nfuueScXj6A5GCXND0o94j1MCWvJM3O+e4hvPAfYAWSLG2FE8xM61fiEgXqVb9cySVbamwIvEzkkJ5ah75pcTxDQNWQRUEKU6tpWAmxEJnAo2LjqpYgmhQ9JnHU0jEjLlZtNLxvhYKwHuxVJXBHiq/p7ISKjUKPR1Z0hgoOa9ifif10mhd+5mPEpSYBGdfdRLBYYYT2LBAZeMghhpQqjkeldMB0QSCjq8og7Bnj95kTQrZdsq27fVUu0ij6OADtEROkE2OkM1dIXqqIEoekTP6BW9GU/Gi/FufMxal4x85gD9gfH5AxHkmUM=</latexit>

Fast roll begins:

⇤3
1 . ⇤2

2 Mpl
<latexit sha1_base64="ttXHPytTuxZhw9+sKoct+ub39bM=">AAACGHicbVC7SgNBFJ31GeNr1dJmMAgWEnejoIVFwMZCIYKJgey6zE5udMjsg5m7YljyGTb+io2FIrZ2/o2TuIKvAwOHc87lzj1hKoVGx3m3JianpmdmS3Pl+YXFpWV7ZbWlk0xxaPJEJqodMg1SxNBEgRLaqQIWhRIuwv7RyL+4AaVFEp/jIAU/Ylex6AnO0EiBveOdmHCXBe7lLvUkaK1FRL/E2mWNetv0NPAQbjFP5TCwK07VGYP+JW5BKqRAI7DfvG7Cswhi5JJp3XGdFP2cKRRcwrDsZRpSxvvsCjqGxiwC7efjw4Z00yhd2kuUeTHSsfp9ImeR1oMoNMmI4bX+7Y3E/7xOhr0DPxdxmiHE/HNRL5MUEzpqiXaFAo5yYAjjSpi/Un7NFONouiybEtzfJ/8lrVrVdaru2V6lfljUUSLrZINsEZfskzo5Jg3SJJzckQfyRJ6te+vRerFeP6MTVjGzRn7AevsAzJ6e/A==</latexit><latexit sha1_base64="ttXHPytTuxZhw9+sKoct+ub39bM=">AAACGHicbVC7SgNBFJ31GeNr1dJmMAgWEnejoIVFwMZCIYKJgey6zE5udMjsg5m7YljyGTb+io2FIrZ2/o2TuIKvAwOHc87lzj1hKoVGx3m3JianpmdmS3Pl+YXFpWV7ZbWlk0xxaPJEJqodMg1SxNBEgRLaqQIWhRIuwv7RyL+4AaVFEp/jIAU/Ylex6AnO0EiBveOdmHCXBe7lLvUkaK1FRL/E2mWNetv0NPAQbjFP5TCwK07VGYP+JW5BKqRAI7DfvG7Cswhi5JJp3XGdFP2cKRRcwrDsZRpSxvvsCjqGxiwC7efjw4Z00yhd2kuUeTHSsfp9ImeR1oMoNMmI4bX+7Y3E/7xOhr0DPxdxmiHE/HNRL5MUEzpqiXaFAo5yYAjjSpi/Un7NFONouiybEtzfJ/8lrVrVdaru2V6lfljUUSLrZINsEZfskzo5Jg3SJJzckQfyRJ6te+vRerFeP6MTVjGzRn7AevsAzJ6e/A==</latexit><latexit sha1_base64="ttXHPytTuxZhw9+sKoct+ub39bM=">AAACGHicbVC7SgNBFJ31GeNr1dJmMAgWEnejoIVFwMZCIYKJgey6zE5udMjsg5m7YljyGTb+io2FIrZ2/o2TuIKvAwOHc87lzj1hKoVGx3m3JianpmdmS3Pl+YXFpWV7ZbWlk0xxaPJEJqodMg1SxNBEgRLaqQIWhRIuwv7RyL+4AaVFEp/jIAU/Ylex6AnO0EiBveOdmHCXBe7lLvUkaK1FRL/E2mWNetv0NPAQbjFP5TCwK07VGYP+JW5BKqRAI7DfvG7Cswhi5JJp3XGdFP2cKRRcwrDsZRpSxvvsCjqGxiwC7efjw4Z00yhd2kuUeTHSsfp9ImeR1oMoNMmI4bX+7Y3E/7xOhr0DPxdxmiHE/HNRL5MUEzpqiXaFAo5yYAjjSpi/Un7NFONouiybEtzfJ/8lrVrVdaru2V6lfljUUSLrZINsEZfskzo5Jg3SJJzckQfyRJ6te+vRerFeP6MTVjGzRn7AevsAzJ6e/A==</latexit><latexit sha1_base64="ttXHPytTuxZhw9+sKoct+ub39bM=">AAACGHicbVC7SgNBFJ31GeNr1dJmMAgWEnejoIVFwMZCIYKJgey6zE5udMjsg5m7YljyGTb+io2FIrZ2/o2TuIKvAwOHc87lzj1hKoVGx3m3JianpmdmS3Pl+YXFpWV7ZbWlk0xxaPJEJqodMg1SxNBEgRLaqQIWhRIuwv7RyL+4AaVFEp/jIAU/Ylex6AnO0EiBveOdmHCXBe7lLvUkaK1FRL/E2mWNetv0NPAQbjFP5TCwK07VGYP+JW5BKqRAI7DfvG7Cswhi5JJp3XGdFP2cKRRcwrDsZRpSxvvsCjqGxiwC7efjw4Z00yhd2kuUeTHSsfp9ImeR1oMoNMmI4bX+7Y3E/7xOhr0DPxdxmiHE/HNRL5MUEzpqiXaFAo5yYAjjSpi/Un7NFONouiybEtzfJ/8lrVrVdaru2V6lfljUUSLrZINsEZfskzo5Jg3SJJzckQfyRJ6te+vRerFeP6MTVjGzRn7AevsAzJ6e/A==</latexit>

Together ➜
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2 =

1

3Mpl
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Hubble decreasing monotonically

Vanishes in a finite roll of φ ~ Mpl

Scale factor a growing 
O(1), H vanishing



CC Solution:  Crunch - K.E. Dom.

�

V

⇤4
2

<latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit><latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit><latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit><latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit>

⇤4
1

<latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit><latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit><latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit><latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit>

Mpl
<latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit><latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit><latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit><latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit>

g & ⇤2
1

Mpl
<latexit sha1_base64="Lhvm4wfl/mXSZ0cHQYjt3iTjmvw=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahN0gaGERsLFQiGAekF2X2clsMmT2wcxdMSz7DTb+io2FIrZWdv6Nk2QLTTwwcDjnHu7c4yeCK7Csb2NhcWl5ZbW0Vl7f2NzaNnd2WypOJWVNGotYdnyimOARawIHwTqJZCT0BWv7w4ux375nUvE4uoVRwtyQ9CMecEpAS5553MdOH7QfYieQhGbOlQ73iGff1fLs2nOAPUCWiDz3zIpVtSbA88QuSAUVaHjml9OLaRqyCKggSnVtKwE3IxI4FSwvO6liCaFD0mddTSMSMuVmk5NyfKiVHg5iqV8EeKL+TmQkVGoU+noyJDBQs95Y/M/rphCcuRmPkhRYRKeLglRgiPG4H9zjklEQI00IlVz/FdMB0c2AbrGsS7BnT54nrVrVtqr2zUmlfl7UUUL76AAdIRudojq6RA3URBQ9omf0it6MJ+PFeDc+pqMLRpHZQ39gfP4AtGGeHg==</latexit><latexit sha1_base64="Lhvm4wfl/mXSZ0cHQYjt3iTjmvw=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahN0gaGERsLFQiGAekF2X2clsMmT2wcxdMSz7DTb+io2FIrZWdv6Nk2QLTTwwcDjnHu7c4yeCK7Csb2NhcWl5ZbW0Vl7f2NzaNnd2WypOJWVNGotYdnyimOARawIHwTqJZCT0BWv7w4ux375nUvE4uoVRwtyQ9CMecEpAS5553MdOH7QfYieQhGbOlQ73iGff1fLs2nOAPUCWiDz3zIpVtSbA88QuSAUVaHjml9OLaRqyCKggSnVtKwE3IxI4FSwvO6liCaFD0mddTSMSMuVmk5NyfKiVHg5iqV8EeKL+TmQkVGoU+noyJDBQs95Y/M/rphCcuRmPkhRYRKeLglRgiPG4H9zjklEQI00IlVz/FdMB0c2AbrGsS7BnT54nrVrVtqr2zUmlfl7UUUL76AAdIRudojq6RA3URBQ9omf0it6MJ+PFeDc+pqMLRpHZQ39gfP4AtGGeHg==</latexit><latexit sha1_base64="Lhvm4wfl/mXSZ0cHQYjt3iTjmvw=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahN0gaGERsLFQiGAekF2X2clsMmT2wcxdMSz7DTb+io2FIrZWdv6Nk2QLTTwwcDjnHu7c4yeCK7Csb2NhcWl5ZbW0Vl7f2NzaNnd2WypOJWVNGotYdnyimOARawIHwTqJZCT0BWv7w4ux375nUvE4uoVRwtyQ9CMecEpAS5553MdOH7QfYieQhGbOlQ73iGff1fLs2nOAPUCWiDz3zIpVtSbA88QuSAUVaHjml9OLaRqyCKggSnVtKwE3IxI4FSwvO6liCaFD0mddTSMSMuVmk5NyfKiVHg5iqV8EeKL+TmQkVGoU+noyJDBQs95Y/M/rphCcuRmPkhRYRKeLglRgiPG4H9zjklEQI00IlVz/FdMB0c2AbrGsS7BnT54nrVrVtqr2zUmlfl7UUUL76AAdIRudojq6RA3URBQ9omf0it6MJ+PFeDc+pqMLRpHZQ39gfP4AtGGeHg==</latexit><latexit sha1_base64="Lhvm4wfl/mXSZ0cHQYjt3iTjmvw=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahN0gaGERsLFQiGAekF2X2clsMmT2wcxdMSz7DTb+io2FIrZWdv6Nk2QLTTwwcDjnHu7c4yeCK7Csb2NhcWl5ZbW0Vl7f2NzaNnd2WypOJWVNGotYdnyimOARawIHwTqJZCT0BWv7w4ux375nUvE4uoVRwtyQ9CMecEpAS5553MdOH7QfYieQhGbOlQ73iGff1fLs2nOAPUCWiDz3zIpVtSbA88QuSAUVaHjml9OLaRqyCKggSnVtKwE3IxI4FSwvO6liCaFD0mddTSMSMuVmk5NyfKiVHg5iqV8EeKL+TmQkVGoU+noyJDBQs95Y/M/rphCcuRmPkhRYRKeLglRgiPG4H9zjklEQI00IlVz/FdMB0c2AbrGsS7BnT54nrVrVtqr2zUmlfl7UUUL76AAdIRudojq6RA3URBQ9omf0it6MJ+PFeDc+pqMLRpHZQ39gfP4AtGGeHg==</latexit>

H
3 . V

0
<latexit sha1_base64="IewiTXg53j/E10TLYIlR2f2M5Yk=">AAAB+HicbVBNSwMxEJ31s9aPrnr0Eiyip7KrguKp4KXHCvYD2rVk02wbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Ubz1SpVks7804oYHAA8kiRrCxUs8t1R4uUJdTrTUTqHnac8texZsBLRM/J2XIUe+5X91+TFJBpSEca93xvcQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNjt8gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRdZAxmaSGSjJfFKUcmRhNU0B9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8b2Kf3dZrt7kcRTgCI7hDHy4girUoA4NIJDCM7zCm/PkvDjvzse8dcXJZw7hD5zPH0zPkis=</latexit><latexit sha1_base64="IewiTXg53j/E10TLYIlR2f2M5Yk=">AAAB+HicbVBNSwMxEJ31s9aPrnr0Eiyip7KrguKp4KXHCvYD2rVk02wbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Ubz1SpVks7804oYHAA8kiRrCxUs8t1R4uUJdTrTUTqHnac8texZsBLRM/J2XIUe+5X91+TFJBpSEca93xvcQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNjt8gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRdZAxmaSGSjJfFKUcmRhNU0B9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8b2Kf3dZrt7kcRTgCI7hDHy4girUoA4NIJDCM7zCm/PkvDjvzse8dcXJZw7hD5zPH0zPkis=</latexit><latexit sha1_base64="IewiTXg53j/E10TLYIlR2f2M5Yk=">AAAB+HicbVBNSwMxEJ31s9aPrnr0Eiyip7KrguKp4KXHCvYD2rVk02wbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Ubz1SpVks7804oYHAA8kiRrCxUs8t1R4uUJdTrTUTqHnac8texZsBLRM/J2XIUe+5X91+TFJBpSEca93xvcQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNjt8gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRdZAxmaSGSjJfFKUcmRhNU0B9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8b2Kf3dZrt7kcRTgCI7hDHy4girUoA4NIJDCM7zCm/PkvDjvzse8dcXJZw7hD5zPH0zPkis=</latexit><latexit sha1_base64="IewiTXg53j/E10TLYIlR2f2M5Yk=">AAAB+HicbVBNSwMxEJ31s9aPrnr0Eiyip7KrguKp4KXHCvYD2rVk02wbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Ubz1SpVks7804oYHAA8kiRrCxUs8t1R4uUJdTrTUTqHnac8texZsBLRM/J2XIUe+5X91+TFJBpSEca93xvcQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNjt8gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRdZAxmaSGSjJfFKUcmRhNU0B9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8b2Kf3dZrt7kcRTgCI7hDHy4girUoA4NIJDCM7zCm/PkvDjvzse8dcXJZw7hD5zPH0zPkis=</latexit>

Avoid eternal inflation at top:

➜

L � g3�+ arbitrary CC
<latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit>

Simplest Model: +
�

f
F 0F̃ 0

<latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit><latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit><latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit><latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit>

g3Mpl ⇠ ⇤4
2

<latexit sha1_base64="7YadqT68aUYQOahZ6JZyE2CLCUU=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTcGtLAI2FgoRDAPyG6W2dlJMmT2wcxdMSxpbfwVGwtFbP0DO//GSbKFJh64cDjn3pl7j58IrsCyvo2l5ZXVtfXCRnFza3tn19zbb6o4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlDy8nfuueScXj6A5GCXND0o94j1MCWvJM3O+e4hvPAfYAWSLG2FE8xM61fiEgXqVb9cySVbamwIvEzkkJ5ah75pcTxDQNWQRUEKU6tpWAmxEJnAo2LjqpYgmhQ9JnHU0jEjLlZtNLxvhYKwHuxVJXBHiq/p7ISKjUKPR1Z0hgoOa9ifif10mhd+5mPEpSYBGdfdRLBYYYT2LBAZeMghhpQqjkeldMB0QSCjq8og7Bnj95kTQrZdsq27fVUu0ij6OADtEROkE2OkM1dIXqqIEoekTP6BW9GU/Gi/FufMxal4x85gD9gfH5AxHkmUM=</latexit><latexit sha1_base64="7YadqT68aUYQOahZ6JZyE2CLCUU=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTcGtLAI2FgoRDAPyG6W2dlJMmT2wcxdMSxpbfwVGwtFbP0DO//GSbKFJh64cDjn3pl7j58IrsCyvo2l5ZXVtfXCRnFza3tn19zbb6o4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlDy8nfuueScXj6A5GCXND0o94j1MCWvJM3O+e4hvPAfYAWSLG2FE8xM61fiEgXqVb9cySVbamwIvEzkkJ5ah75pcTxDQNWQRUEKU6tpWAmxEJnAo2LjqpYgmhQ9JnHU0jEjLlZtNLxvhYKwHuxVJXBHiq/p7ISKjUKPR1Z0hgoOa9ifif10mhd+5mPEpSYBGdfdRLBYYYT2LBAZeMghhpQqjkeldMB0QSCjq8og7Bnj95kTQrZdsq27fVUu0ij6OADtEROkE2OkM1dIXqqIEoekTP6BW9GU/Gi/FufMxal4x85gD9gfH5AxHkmUM=</latexit><latexit sha1_base64="7YadqT68aUYQOahZ6JZyE2CLCUU=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTcGtLAI2FgoRDAPyG6W2dlJMmT2wcxdMSxpbfwVGwtFbP0DO//GSbKFJh64cDjn3pl7j58IrsCyvo2l5ZXVtfXCRnFza3tn19zbb6o4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlDy8nfuueScXj6A5GCXND0o94j1MCWvJM3O+e4hvPAfYAWSLG2FE8xM61fiEgXqVb9cySVbamwIvEzkkJ5ah75pcTxDQNWQRUEKU6tpWAmxEJnAo2LjqpYgmhQ9JnHU0jEjLlZtNLxvhYKwHuxVJXBHiq/p7ISKjUKPR1Z0hgoOa9ifif10mhd+5mPEpSYBGdfdRLBYYYT2LBAZeMghhpQqjkeldMB0QSCjq8og7Bnj95kTQrZdsq27fVUu0ij6OADtEROkE2OkM1dIXqqIEoekTP6BW9GU/Gi/FufMxal4x85gD9gfH5AxHkmUM=</latexit><latexit sha1_base64="7YadqT68aUYQOahZ6JZyE2CLCUU=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTcGtLAI2FgoRDAPyG6W2dlJMmT2wcxdMSxpbfwVGwtFbP0DO//GSbKFJh64cDjn3pl7j58IrsCyvo2l5ZXVtfXCRnFza3tn19zbb6o4lZQ1aCxi2faJYoJHrAEcBGsnkpHQF6zlDy8nfuueScXj6A5GCXND0o94j1MCWvJM3O+e4hvPAfYAWSLG2FE8xM61fiEgXqVb9cySVbamwIvEzkkJ5ah75pcTxDQNWQRUEKU6tpWAmxEJnAo2LjqpYgmhQ9JnHU0jEjLlZtNLxvhYKwHuxVJXBHiq/p7ISKjUKPR1Z0hgoOa9ifif10mhd+5mPEpSYBGdfdRLBYYYT2LBAZeMghhpQqjkeldMB0QSCjq8og7Bnj95kTQrZdsq27fVUu0ij6OADtEROkE2OkM1dIXqqIEoekTP6BW9GU/Gi/FufMxal4x85gD9gfH5AxHkmUM=</latexit>

Fast roll begins:
⇤3
1 . ⇤2

2 Mpl
<latexit sha1_base64="ttXHPytTuxZhw9+sKoct+ub39bM=">AAACGHicbVC7SgNBFJ31GeNr1dJmMAgWEnejoIVFwMZCIYKJgey6zE5udMjsg5m7YljyGTb+io2FIrZ2/o2TuIKvAwOHc87lzj1hKoVGx3m3JianpmdmS3Pl+YXFpWV7ZbWlk0xxaPJEJqodMg1SxNBEgRLaqQIWhRIuwv7RyL+4AaVFEp/jIAU/Ylex6AnO0EiBveOdmHCXBe7lLvUkaK1FRL/E2mWNetv0NPAQbjFP5TCwK07VGYP+JW5BKqRAI7DfvG7Cswhi5JJp3XGdFP2cKRRcwrDsZRpSxvvsCjqGxiwC7efjw4Z00yhd2kuUeTHSsfp9ImeR1oMoNMmI4bX+7Y3E/7xOhr0DPxdxmiHE/HNRL5MUEzpqiXaFAo5yYAjjSpi/Un7NFONouiybEtzfJ/8lrVrVdaru2V6lfljUUSLrZINsEZfskzo5Jg3SJJzckQfyRJ6te+vRerFeP6MTVjGzRn7AevsAzJ6e/A==</latexit><latexit sha1_base64="ttXHPytTuxZhw9+sKoct+ub39bM=">AAACGHicbVC7SgNBFJ31GeNr1dJmMAgWEnejoIVFwMZCIYKJgey6zE5udMjsg5m7YljyGTb+io2FIrZ2/o2TuIKvAwOHc87lzj1hKoVGx3m3JianpmdmS3Pl+YXFpWV7ZbWlk0xxaPJEJqodMg1SxNBEgRLaqQIWhRIuwv7RyL+4AaVFEp/jIAU/Ylex6AnO0EiBveOdmHCXBe7lLvUkaK1FRL/E2mWNetv0NPAQbjFP5TCwK07VGYP+JW5BKqRAI7DfvG7Cswhi5JJp3XGdFP2cKRRcwrDsZRpSxvvsCjqGxiwC7efjw4Z00yhd2kuUeTHSsfp9ImeR1oMoNMmI4bX+7Y3E/7xOhr0DPxdxmiHE/HNRL5MUEzpqiXaFAo5yYAjjSpi/Un7NFONouiybEtzfJ/8lrVrVdaru2V6lfljUUSLrZINsEZfskzo5Jg3SJJzckQfyRJ6te+vRerFeP6MTVjGzRn7AevsAzJ6e/A==</latexit><latexit sha1_base64="ttXHPytTuxZhw9+sKoct+ub39bM=">AAACGHicbVC7SgNBFJ31GeNr1dJmMAgWEnejoIVFwMZCIYKJgey6zE5udMjsg5m7YljyGTb+io2FIrZ2/o2TuIKvAwOHc87lzj1hKoVGx3m3JianpmdmS3Pl+YXFpWV7ZbWlk0xxaPJEJqodMg1SxNBEgRLaqQIWhRIuwv7RyL+4AaVFEp/jIAU/Ylex6AnO0EiBveOdmHCXBe7lLvUkaK1FRL/E2mWNetv0NPAQbjFP5TCwK07VGYP+JW5BKqRAI7DfvG7Cswhi5JJp3XGdFP2cKRRcwrDsZRpSxvvsCjqGxiwC7efjw4Z00yhd2kuUeTHSsfp9ImeR1oMoNMmI4bX+7Y3E/7xOhr0DPxdxmiHE/HNRL5MUEzpqiXaFAo5yYAjjSpi/Un7NFONouiybEtzfJ/8lrVrVdaru2V6lfljUUSLrZINsEZfskzo5Jg3SJJzckQfyRJ6te+vRerFeP6MTVjGzRn7AevsAzJ6e/A==</latexit><latexit sha1_base64="ttXHPytTuxZhw9+sKoct+ub39bM=">AAACGHicbVC7SgNBFJ31GeNr1dJmMAgWEnejoIVFwMZCIYKJgey6zE5udMjsg5m7YljyGTb+io2FIrZ2/o2TuIKvAwOHc87lzj1hKoVGx3m3JianpmdmS3Pl+YXFpWV7ZbWlk0xxaPJEJqodMg1SxNBEgRLaqQIWhRIuwv7RyL+4AaVFEp/jIAU/Ylex6AnO0EiBveOdmHCXBe7lLvUkaK1FRL/E2mWNetv0NPAQbjFP5TCwK07VGYP+JW5BKqRAI7DfvG7Cswhi5JJp3XGdFP2cKRRcwrDsZRpSxvvsCjqGxiwC7efjw4Z00yhd2kuUeTHSsfp9ImeR1oMoNMmI4bX+7Y3E/7xOhr0DPxdxmiHE/HNRL5MUEzpqiXaFAo5yYAjjSpi/Un7NFONouiybEtzfJ/8lrVrVdaru2V6lfljUUSLrZINsEZfskzo5Jg3SJJzckQfyRJ6te+vRerFeP6MTVjGzRn7AevsAzJ6e/A==</latexit>

Scale factor a shrinking 
like a power during crunch

�̇ / 1

a3
<latexit sha1_base64="v3pAPkkdWB4+46Fcw/9aPzLyq8E=">AAACCXicbVDLSgMxFL3js9bXqEs3wSK4KjMq2GXBjcsK9gGdWjJppg3NZEKSEcowWzf+ihsXirj1D9z5N6btLLT1QOBwzr1JzgklZ9p43rezsrq2vrFZ2ipv7+zu7bsHhy2dpIrQJkl4ojoh1pQzQZuGGU47UlEch5y2w/H11G8/UKVZIu7MRNJejIeCRYxgY6W+i4JBYrJAjliOAqkSaRIURAqTzM8zfH+R992KV/VmQMvEL0gFCjT67pe9kqQxFYZwrHXX96TpZVgZRjjNy0GqqcRkjIe0a6nAMdW9bJYkR6dWGaAoUfYIg2bq740Mx1pP4tBOxtiM9KI3Ff/zuqmJar2MCZkaKsj8oSjlyMad1oIGTFFi+MQSTBSzf0VkhG0PxpZXtiX4i5GXSeu86ntV//ayUq8VdZTgGE7gDHy4gjrcQAOaQOARnuEV3pwn58V5dz7moytOsXMEf+B8/gDfNJpk</latexit><latexit sha1_base64="v3pAPkkdWB4+46Fcw/9aPzLyq8E=">AAACCXicbVDLSgMxFL3js9bXqEs3wSK4KjMq2GXBjcsK9gGdWjJppg3NZEKSEcowWzf+ihsXirj1D9z5N6btLLT1QOBwzr1JzgklZ9p43rezsrq2vrFZ2ipv7+zu7bsHhy2dpIrQJkl4ojoh1pQzQZuGGU47UlEch5y2w/H11G8/UKVZIu7MRNJejIeCRYxgY6W+i4JBYrJAjliOAqkSaRIURAqTzM8zfH+R992KV/VmQMvEL0gFCjT67pe9kqQxFYZwrHXX96TpZVgZRjjNy0GqqcRkjIe0a6nAMdW9bJYkR6dWGaAoUfYIg2bq740Mx1pP4tBOxtiM9KI3Ff/zuqmJar2MCZkaKsj8oSjlyMad1oIGTFFi+MQSTBSzf0VkhG0PxpZXtiX4i5GXSeu86ntV//ayUq8VdZTgGE7gDHy4gjrcQAOaQOARnuEV3pwn58V5dz7moytOsXMEf+B8/gDfNJpk</latexit><latexit sha1_base64="v3pAPkkdWB4+46Fcw/9aPzLyq8E=">AAACCXicbVDLSgMxFL3js9bXqEs3wSK4KjMq2GXBjcsK9gGdWjJppg3NZEKSEcowWzf+ihsXirj1D9z5N6btLLT1QOBwzr1JzgklZ9p43rezsrq2vrFZ2ipv7+zu7bsHhy2dpIrQJkl4ojoh1pQzQZuGGU47UlEch5y2w/H11G8/UKVZIu7MRNJejIeCRYxgY6W+i4JBYrJAjliOAqkSaRIURAqTzM8zfH+R992KV/VmQMvEL0gFCjT67pe9kqQxFYZwrHXX96TpZVgZRjjNy0GqqcRkjIe0a6nAMdW9bJYkR6dWGaAoUfYIg2bq740Mx1pP4tBOxtiM9KI3Ff/zuqmJar2MCZkaKsj8oSjlyMad1oIGTFFi+MQSTBSzf0VkhG0PxpZXtiX4i5GXSeu86ntV//ayUq8VdZTgGE7gDHy4gjrcQAOaQOARnuEV3pwn58V5dz7moytOsXMEf+B8/gDfNJpk</latexit><latexit sha1_base64="v3pAPkkdWB4+46Fcw/9aPzLyq8E=">AAACCXicbVDLSgMxFL3js9bXqEs3wSK4KjMq2GXBjcsK9gGdWjJppg3NZEKSEcowWzf+ihsXirj1D9z5N6btLLT1QOBwzr1JzgklZ9p43rezsrq2vrFZ2ipv7+zu7bsHhy2dpIrQJkl4ojoh1pQzQZuGGU47UlEch5y2w/H11G8/UKVZIu7MRNJejIeCRYxgY6W+i4JBYrJAjliOAqkSaRIURAqTzM8zfH+R992KV/VmQMvEL0gFCjT67pe9kqQxFYZwrHXX96TpZVgZRjjNy0GqqcRkjIe0a6nAMdW9bJYkR6dWGaAoUfYIg2bq740Mx1pP4tBOxtiM9KI3Ff/zuqmJar2MCZkaKsj8oSjlyMad1oIGTFFi+MQSTBSzf0VkhG0PxpZXtiX4i5GXSeu86ntV//ayUq8VdZTgGE7gDHy4gjrcQAOaQOARnuEV3pwn58V5dz7moytOsXMEf+B8/gDfNJpk</latexit>

During kinetic energy dominance:

Hubble anti-friction accelerates φ rapidly: �̈+ 3H �̇� g
3
� = 0

<latexit sha1_base64="lrBLnq2kX1Y6BhcvvvkUzkYX8Ls=">AAACHXicbVDLSgMxFM3UV62vqks3F4sgqGXGFuxGKLjpsoJ9QGcsmUzahmYeJBmhDP0RN/6KGxeKuHAj/o3pdBa1eiBwcs69N7nHjTiTyjS/jdzK6tr6Rn6zsLW9s7tX3D9oyzAWhLZIyEPRdbGknAW0pZjitBsJin2X0447vpn5nQcqJAuDOzWJqOPjYcAGjGClpX6xanteqBKwoxGbwhlUoAH2OdgL4gUM7yszMb3DNZj9YsksmyngL7EyUkIZmv3ipx5IYp8GinAsZc8yI+UkWChGOJ0W7FjSCJMxHtKepgH2qXSSdLspnGjFg0Eo9AkUpOpiR4J9KSe+qyt9rEZy2ZuJ/3m9WA1qTsKCKFY0IPOHBjEHFcIsKvCYoETxiSaYCKb/CmSEBSZKB1rQIVjLK/8l7cuyZZat22qpXsviyKMjdIxOkYWuUB01UBO1EEGP6Bm9ojfjyXgx3o2PeWnOyHoO0S8YXz8mp54i</latexit><latexit sha1_base64="lrBLnq2kX1Y6BhcvvvkUzkYX8Ls=">AAACHXicbVDLSgMxFM3UV62vqks3F4sgqGXGFuxGKLjpsoJ9QGcsmUzahmYeJBmhDP0RN/6KGxeKuHAj/o3pdBa1eiBwcs69N7nHjTiTyjS/jdzK6tr6Rn6zsLW9s7tX3D9oyzAWhLZIyEPRdbGknAW0pZjitBsJin2X0447vpn5nQcqJAuDOzWJqOPjYcAGjGClpX6xanteqBKwoxGbwhlUoAH2OdgL4gUM7yszMb3DNZj9YsksmyngL7EyUkIZmv3ipx5IYp8GinAsZc8yI+UkWChGOJ0W7FjSCJMxHtKepgH2qXSSdLspnGjFg0Eo9AkUpOpiR4J9KSe+qyt9rEZy2ZuJ/3m9WA1qTsKCKFY0IPOHBjEHFcIsKvCYoETxiSaYCKb/CmSEBSZKB1rQIVjLK/8l7cuyZZat22qpXsviyKMjdIxOkYWuUB01UBO1EEGP6Bm9ojfjyXgx3o2PeWnOyHoO0S8YXz8mp54i</latexit><latexit sha1_base64="lrBLnq2kX1Y6BhcvvvkUzkYX8Ls=">AAACHXicbVDLSgMxFM3UV62vqks3F4sgqGXGFuxGKLjpsoJ9QGcsmUzahmYeJBmhDP0RN/6KGxeKuHAj/o3pdBa1eiBwcs69N7nHjTiTyjS/jdzK6tr6Rn6zsLW9s7tX3D9oyzAWhLZIyEPRdbGknAW0pZjitBsJin2X0447vpn5nQcqJAuDOzWJqOPjYcAGjGClpX6xanteqBKwoxGbwhlUoAH2OdgL4gUM7yszMb3DNZj9YsksmyngL7EyUkIZmv3ipx5IYp8GinAsZc8yI+UkWChGOJ0W7FjSCJMxHtKepgH2qXSSdLspnGjFg0Eo9AkUpOpiR4J9KSe+qyt9rEZy2ZuJ/3m9WA1qTsKCKFY0IPOHBjEHFcIsKvCYoETxiSaYCKb/CmSEBSZKB1rQIVjLK/8l7cuyZZat22qpXsviyKMjdIxOkYWuUB01UBO1EEGP6Bm9ojfjyXgx3o2PeWnOyHoO0S8YXz8mp54i</latexit><latexit sha1_base64="lrBLnq2kX1Y6BhcvvvkUzkYX8Ls=">AAACHXicbVDLSgMxFM3UV62vqks3F4sgqGXGFuxGKLjpsoJ9QGcsmUzahmYeJBmhDP0RN/6KGxeKuHAj/o3pdBa1eiBwcs69N7nHjTiTyjS/jdzK6tr6Rn6zsLW9s7tX3D9oyzAWhLZIyEPRdbGknAW0pZjitBsJin2X0447vpn5nQcqJAuDOzWJqOPjYcAGjGClpX6xanteqBKwoxGbwhlUoAH2OdgL4gUM7yszMb3DNZj9YsksmyngL7EyUkIZmv3ipx5IYp8GinAsZc8yI+UkWChGOJ0W7FjSCJMxHtKepgH2qXSSdLspnGjFg0Eo9AkUpOpiR4J9KSe+qyt9rEZy2ZuJ/3m9WA1qTsKCKFY0IPOHBjEHFcIsKvCYoETxiSaYCKb/CmSEBSZKB1rQIVjLK/8l7cuyZZat22qpXsviyKMjdIxOkYWuUB01UBO1EEGP6Bm9ojfjyXgx3o2PeWnOyHoO0S8YXz8mp54i</latexit>
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Can crunch to extremely small scales 
while maintaining a small CC!
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CC Solution: Stopping & Reheating
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<latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit><latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit><latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit><latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit>

⇤4
1

<latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit><latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit><latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit><latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit>

Mpl
<latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit><latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit><latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit><latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit>

L � g3�+ arbitrary CC
<latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit>

Simplest Model:

➜ a runaway
dT 4

dt
⇠ �th �̇

2

<latexit sha1_base64="hOTAtxBZzCNNthj5Kt+kz/dPs/U=">AAACH3icbVDLSsQwFE19O75GXboJDoILGVoRdSm40KWC84DpTEnT1AaTtiS34hD6J278FTcuFBF38zdmHgud8UDgcM493NwT5oJrcN2BMze/sLi0vLJaWVvf2Nyqbu80dVYoyho0E5lqh0QzwVPWAA6CtXPFiAwFa4UPl0O/9ciU5ll6B/2cdSW5T3nMKQErBdVTP1aEmgjf9U5KE0GJfc0l9q+IlCTwgT2BgcSqR9iPMjB+nvCydxxUa27dHQHPEm9CamiCm6D6beO0kCwFKojWHc/NoWuIAk4FKyt+oVlO6AO5Zx1LUyKZ7prRfSU+sEqE40zZlwIeqb8Thkit+zK0k5JAoqe9ofif1ykgPu8anuYFsJSOF8WFwJDhYVk44opREH1LCFXc/hXThNjCwFZasSV40yfPkuZx3XPr3u1J7eJ8UscK2kP76BB56AxdoGt0gxqIomf0it7Rh/PivDmfztd4dM6ZZHbRHziDHwwHou8=</latexit><latexit sha1_base64="hOTAtxBZzCNNthj5Kt+kz/dPs/U=">AAACH3icbVDLSsQwFE19O75GXboJDoILGVoRdSm40KWC84DpTEnT1AaTtiS34hD6J278FTcuFBF38zdmHgud8UDgcM493NwT5oJrcN2BMze/sLi0vLJaWVvf2Nyqbu80dVYoyho0E5lqh0QzwVPWAA6CtXPFiAwFa4UPl0O/9ciU5ll6B/2cdSW5T3nMKQErBdVTP1aEmgjf9U5KE0GJfc0l9q+IlCTwgT2BgcSqR9iPMjB+nvCydxxUa27dHQHPEm9CamiCm6D6beO0kCwFKojWHc/NoWuIAk4FKyt+oVlO6AO5Zx1LUyKZ7prRfSU+sEqE40zZlwIeqb8Thkit+zK0k5JAoqe9ofif1ykgPu8anuYFsJSOF8WFwJDhYVk44opREH1LCFXc/hXThNjCwFZasSV40yfPkuZx3XPr3u1J7eJ8UscK2kP76BB56AxdoGt0gxqIomf0it7Rh/PivDmfztd4dM6ZZHbRHziDHwwHou8=</latexit><latexit sha1_base64="hOTAtxBZzCNNthj5Kt+kz/dPs/U=">AAACH3icbVDLSsQwFE19O75GXboJDoILGVoRdSm40KWC84DpTEnT1AaTtiS34hD6J278FTcuFBF38zdmHgud8UDgcM493NwT5oJrcN2BMze/sLi0vLJaWVvf2Nyqbu80dVYoyho0E5lqh0QzwVPWAA6CtXPFiAwFa4UPl0O/9ciU5ll6B/2cdSW5T3nMKQErBdVTP1aEmgjf9U5KE0GJfc0l9q+IlCTwgT2BgcSqR9iPMjB+nvCydxxUa27dHQHPEm9CamiCm6D6beO0kCwFKojWHc/NoWuIAk4FKyt+oVlO6AO5Zx1LUyKZ7prRfSU+sEqE40zZlwIeqb8Thkit+zK0k5JAoqe9ofif1ykgPu8anuYFsJSOF8WFwJDhYVk44opREH1LCFXc/hXThNjCwFZasSV40yfPkuZx3XPr3u1J7eJ8UscK2kP76BB56AxdoGt0gxqIomf0it7Rh/PivDmfztd4dM6ZZHbRHziDHwwHou8=</latexit><latexit sha1_base64="hOTAtxBZzCNNthj5Kt+kz/dPs/U=">AAACH3icbVDLSsQwFE19O75GXboJDoILGVoRdSm40KWC84DpTEnT1AaTtiS34hD6J278FTcuFBF38zdmHgud8UDgcM493NwT5oJrcN2BMze/sLi0vLJaWVvf2Nyqbu80dVYoyho0E5lqh0QzwVPWAA6CtXPFiAwFa4UPl0O/9ciU5ll6B/2cdSW5T3nMKQErBdVTP1aEmgjf9U5KE0GJfc0l9q+IlCTwgT2BgcSqR9iPMjB+nvCydxxUa27dHQHPEm9CamiCm6D6beO0kCwFKojWHc/NoWuIAk4FKyt+oVlO6AO5Zx1LUyKZ7prRfSU+sEqE40zZlwIeqb8Thkit+zK0k5JAoqe9ofif1ykgPu8anuYFsJSOF8WFwJDhYVk44opREH1LCFXc/hXThNjCwFZasSV40yfPkuZx3XPr3u1J7eJ8UscK2kP76BB56AxdoGt0gxqIomf0it7Rh/PivDmfztd4dM6ZZHbRHziDHwwHou8=</latexit>

This friction heats thermal bath further

�̈+ (3H + �th) �̇� g
3
� = 0

<latexit sha1_base64="zKYSloPxEs0KnOuP9RqZXJ/lQ6w="></latexit><latexit sha1_base64="zKYSloPxEs0KnOuP9RqZXJ/lQ6w="></latexit><latexit sha1_base64="zKYSloPxEs0KnOuP9RqZXJ/lQ6w="></latexit><latexit sha1_base64="zKYSloPxEs0KnOuP9RqZXJ/lQ6w="></latexit>

�th ⇠ ↵3T 3

f2
<latexit sha1_base64="lz21orCAxLt3Xuoropr4aejLnys=">AAACF3icbVBNS8NAEN34bf2KevSyWARPJWkFexQ86LFCP4SmLZPtxi7uJmF3IpaQf+HFv+LFgyJe9ea/cVt78OvBwOO9GWbmhakUBj3vw5mbX1hcWl5ZLa2tb2xuuds7bZNkmvEWS2SiL0MwXIqYt1Cg5Jep5qBCyTvh9enE79xwbUQSN3Gc8p6Cq1hEggFaaeBWgjNQCgYB8lvMcVTQwAhFg0gDywOQ6Qj6Ndrs14o86leLgVv2Kt4U9C/xZ6RMZmgM3PdgmLBM8RiZBGO6vpdiLweNgklelILM8BTYNVzxrqUxKG56+fSvgh5YZUijRNuKkU7V7xM5KGPGKrSdCnBkfnsT8T+vm2FU7+UiTjPkMftaFGWSYkInIdGh0JyhHFsCTAt7K2UjsJGgjbJkQ/B/v/yXtKsV36v4F0flk/osjhWyR/bJIfHJMTkh56RBWoSRO/JAnsizc+88Oi/O61frnDOb2SU/4Lx9AvcRn7s=</latexit><latexit sha1_base64="lz21orCAxLt3Xuoropr4aejLnys=">AAACF3icbVBNS8NAEN34bf2KevSyWARPJWkFexQ86LFCP4SmLZPtxi7uJmF3IpaQf+HFv+LFgyJe9ea/cVt78OvBwOO9GWbmhakUBj3vw5mbX1hcWl5ZLa2tb2xuuds7bZNkmvEWS2SiL0MwXIqYt1Cg5Jep5qBCyTvh9enE79xwbUQSN3Gc8p6Cq1hEggFaaeBWgjNQCgYB8lvMcVTQwAhFg0gDywOQ6Qj6Ndrs14o86leLgVv2Kt4U9C/xZ6RMZmgM3PdgmLBM8RiZBGO6vpdiLweNgklelILM8BTYNVzxrqUxKG56+fSvgh5YZUijRNuKkU7V7xM5KGPGKrSdCnBkfnsT8T+vm2FU7+UiTjPkMftaFGWSYkInIdGh0JyhHFsCTAt7K2UjsJGgjbJkQ/B/v/yXtKsV36v4F0flk/osjhWyR/bJIfHJMTkh56RBWoSRO/JAnsizc+88Oi/O61frnDOb2SU/4Lx9AvcRn7s=</latexit><latexit sha1_base64="lz21orCAxLt3Xuoropr4aejLnys=">AAACF3icbVBNS8NAEN34bf2KevSyWARPJWkFexQ86LFCP4SmLZPtxi7uJmF3IpaQf+HFv+LFgyJe9ea/cVt78OvBwOO9GWbmhakUBj3vw5mbX1hcWl5ZLa2tb2xuuds7bZNkmvEWS2SiL0MwXIqYt1Cg5Jep5qBCyTvh9enE79xwbUQSN3Gc8p6Cq1hEggFaaeBWgjNQCgYB8lvMcVTQwAhFg0gDywOQ6Qj6Ndrs14o86leLgVv2Kt4U9C/xZ6RMZmgM3PdgmLBM8RiZBGO6vpdiLweNgklelILM8BTYNVzxrqUxKG56+fSvgh5YZUijRNuKkU7V7xM5KGPGKrSdCnBkfnsT8T+vm2FU7+UiTjPkMftaFGWSYkInIdGh0JyhHFsCTAt7K2UjsJGgjbJkQ/B/v/yXtKsV36v4F0flk/osjhWyR/bJIfHJMTkh56RBWoSRO/JAnsizc+88Oi/O61frnDOb2SU/4Lx9AvcRn7s=</latexit><latexit sha1_base64="lz21orCAxLt3Xuoropr4aejLnys=">AAACF3icbVBNS8NAEN34bf2KevSyWARPJWkFexQ86LFCP4SmLZPtxi7uJmF3IpaQf+HFv+LFgyJe9ea/cVt78OvBwOO9GWbmhakUBj3vw5mbX1hcWl5ZLa2tb2xuuds7bZNkmvEWS2SiL0MwXIqYt1Cg5Jep5qBCyTvh9enE79xwbUQSN3Gc8p6Cq1hEggFaaeBWgjNQCgYB8lvMcVTQwAhFg0gDywOQ6Qj6Ndrs14o86leLgVv2Kt4U9C/xZ6RMZmgM3PdgmLBM8RiZBGO6vpdiLweNgklelILM8BTYNVzxrqUxKG56+fSvgh5YZUijRNuKkU7V7xM5KGPGKrSdCnBkfnsT8T+vm2FU7+UiTjPkMftaFGWSYkInIdGh0JyhHFsCTAt7K2UjsJGgjbJkQ/B/v/yXtKsV36v4F0flk/osjhWyR/bJIfHJMTkh56RBWoSRO/JAnsizc+88Oi/O61frnDOb2SU/4Lx9AvcRn7s=</latexit>

Thermal bath causes extra friction term 
with coupling to pure Yang-Mills

(e.g. Laine & Vuorinen 2017)

⇠ ��1
th

<latexit sha1_base64="dMgBEe9MPqO5hwz3vpFuphMiNy4=">AAACA3icbVDLSgNBEJyNrxhfq970MhgEL4ZdEcwx4EGPEcwDsjHMTibJkJnZZaZXDMuCF3/FiwdFvPoT3vwbJ4+DJhY0FFXddHeFseAGPO/byS0tr6yu5dcLG5tb2zvu7l7dRImmrEYjEelmSAwTXLEacBCsGWtGZChYIxxejv3GPdOGR+oWRjFrS9JXvMcpASt13IPAcImDKyIl6QTAHiCFQXaXnvpZxy16JW8CvEj8GSmiGaod9yvoRjSRTAEVxJiW78XQTokGTgXLCkFiWEzokPRZy1JFJDPtdPJDho+t0sW9SNtSgCfq74mUSGNGMrSdksDAzHtj8T+vlUCv3E65ihNgik4X9RKBIcLjQHCXa0ZBjCwhVHN7K6YDogkFG1vBhuDPv7xI6mcl3yv5N+fFSnkWRx4doiN0gnx0gSroGlVRDVH0iJ7RK3pznpwX5935mLbmnNnMPvoD5/MH+kCXsQ==</latexit><latexit sha1_base64="dMgBEe9MPqO5hwz3vpFuphMiNy4=">AAACA3icbVDLSgNBEJyNrxhfq970MhgEL4ZdEcwx4EGPEcwDsjHMTibJkJnZZaZXDMuCF3/FiwdFvPoT3vwbJ4+DJhY0FFXddHeFseAGPO/byS0tr6yu5dcLG5tb2zvu7l7dRImmrEYjEelmSAwTXLEacBCsGWtGZChYIxxejv3GPdOGR+oWRjFrS9JXvMcpASt13IPAcImDKyIl6QTAHiCFQXaXnvpZxy16JW8CvEj8GSmiGaod9yvoRjSRTAEVxJiW78XQTokGTgXLCkFiWEzokPRZy1JFJDPtdPJDho+t0sW9SNtSgCfq74mUSGNGMrSdksDAzHtj8T+vlUCv3E65ihNgik4X9RKBIcLjQHCXa0ZBjCwhVHN7K6YDogkFG1vBhuDPv7xI6mcl3yv5N+fFSnkWRx4doiN0gnx0gSroGlVRDVH0iJ7RK3pznpwX5935mLbmnNnMPvoD5/MH+kCXsQ==</latexit><latexit sha1_base64="dMgBEe9MPqO5hwz3vpFuphMiNy4=">AAACA3icbVDLSgNBEJyNrxhfq970MhgEL4ZdEcwx4EGPEcwDsjHMTibJkJnZZaZXDMuCF3/FiwdFvPoT3vwbJ4+DJhY0FFXddHeFseAGPO/byS0tr6yu5dcLG5tb2zvu7l7dRImmrEYjEelmSAwTXLEacBCsGWtGZChYIxxejv3GPdOGR+oWRjFrS9JXvMcpASt13IPAcImDKyIl6QTAHiCFQXaXnvpZxy16JW8CvEj8GSmiGaod9yvoRjSRTAEVxJiW78XQTokGTgXLCkFiWEzokPRZy1JFJDPtdPJDho+t0sW9SNtSgCfq74mUSGNGMrSdksDAzHtj8T+vlUCv3E65ihNgik4X9RKBIcLjQHCXa0ZBjCwhVHN7K6YDogkFG1vBhuDPv7xI6mcl3yv5N+fFSnkWRx4doiN0gnx0gSroGlVRDVH0iJ7RK3pznpwX5935mLbmnNnMPvoD5/MH+kCXsQ==</latexit><latexit sha1_base64="dMgBEe9MPqO5hwz3vpFuphMiNy4=">AAACA3icbVDLSgNBEJyNrxhfq970MhgEL4ZdEcwx4EGPEcwDsjHMTibJkJnZZaZXDMuCF3/FiwdFvPoT3vwbJ4+DJhY0FFXddHeFseAGPO/byS0tr6yu5dcLG5tb2zvu7l7dRImmrEYjEelmSAwTXLEacBCsGWtGZChYIxxejv3GPdOGR+oWRjFrS9JXvMcpASt13IPAcImDKyIl6QTAHiCFQXaXnvpZxy16JW8CvEj8GSmiGaod9yvoRjSRTAEVxJiW78XQTokGTgXLCkFiWEzokPRZy1JFJDPtdPJDho+t0sW9SNtSgCfq74mUSGNGMrSdksDAzHtj8T+vlUCv3E65ihNgik4X9RKBIcLjQHCXa0ZBjCwhVHN7K6YDogkFG1vBhuDPv7xI6mcl3yv5N+fFSnkWRx4doiN0gnx0gSroGlVRDVH0iJ7RK3pznpwX5935mLbmnNnMPvoD5/MH+kCXsQ==</latexit>

f2 . ↵3 Treheat Mpl
<latexit sha1_base64="aSEuPcnw79TqdwIvqbCDq2sW2e4=">AAACIHicbZA9SwNBEIb3/DZ+RS1tFoNgIeFOhVgKNjaCgjFCLglzmzmzuPfB7pwYjvwUG/+KjYUi2umvcZNcocYXFl6emWF23iBV0pDrfjpT0zOzc/MLi6Wl5ZXVtfL6xpVJMi2wLhKV6OsADCoZY50kKbxONUIUKGwEtyfDeuMOtZFJfEn9FFsR3MQylALIok65Frb3ua/QGCMj7oNKe9A+4P4ev+z4hPeUa+wh0GCIzgqUqkGnXHGr7kh80niFqbBC553yh99NRBZhTEKBMU3PTamVgyYpFA5KfmYwBXELN9i0NoYITSsfHTjgO5Z0eZho+2LiI/pzIofImH4U2M4IqGf+1obwv1ozo/Colcs4zQhjMV4UZopTwodp8a7UKEj1rQGhpf0rFz3QIMhmWrIheH9PnjRX+1XPrXoXh5XjoyKOBbbFttku81iNHbNTds7qTLAH9sRe2Kvz6Dw7b877uHXKKWY22S85X9/SrKLC</latexit><latexit sha1_base64="aSEuPcnw79TqdwIvqbCDq2sW2e4=">AAACIHicbZA9SwNBEIb3/DZ+RS1tFoNgIeFOhVgKNjaCgjFCLglzmzmzuPfB7pwYjvwUG/+KjYUi2umvcZNcocYXFl6emWF23iBV0pDrfjpT0zOzc/MLi6Wl5ZXVtfL6xpVJMi2wLhKV6OsADCoZY50kKbxONUIUKGwEtyfDeuMOtZFJfEn9FFsR3MQylALIok65Frb3ua/QGCMj7oNKe9A+4P4ev+z4hPeUa+wh0GCIzgqUqkGnXHGr7kh80niFqbBC553yh99NRBZhTEKBMU3PTamVgyYpFA5KfmYwBXELN9i0NoYITSsfHTjgO5Z0eZho+2LiI/pzIofImH4U2M4IqGf+1obwv1ozo/Colcs4zQhjMV4UZopTwodp8a7UKEj1rQGhpf0rFz3QIMhmWrIheH9PnjRX+1XPrXoXh5XjoyKOBbbFttku81iNHbNTds7qTLAH9sRe2Kvz6Dw7b877uHXKKWY22S85X9/SrKLC</latexit><latexit sha1_base64="aSEuPcnw79TqdwIvqbCDq2sW2e4=">AAACIHicbZA9SwNBEIb3/DZ+RS1tFoNgIeFOhVgKNjaCgjFCLglzmzmzuPfB7pwYjvwUG/+KjYUi2umvcZNcocYXFl6emWF23iBV0pDrfjpT0zOzc/MLi6Wl5ZXVtfL6xpVJMi2wLhKV6OsADCoZY50kKbxONUIUKGwEtyfDeuMOtZFJfEn9FFsR3MQylALIok65Frb3ua/QGCMj7oNKe9A+4P4ev+z4hPeUa+wh0GCIzgqUqkGnXHGr7kh80niFqbBC553yh99NRBZhTEKBMU3PTamVgyYpFA5KfmYwBXELN9i0NoYITSsfHTjgO5Z0eZho+2LiI/pzIofImH4U2M4IqGf+1obwv1ozo/Colcs4zQhjMV4UZopTwodp8a7UKEj1rQGhpf0rFz3QIMhmWrIheH9PnjRX+1XPrXoXh5XjoyKOBbbFttku81iNHbNTds7qTLAH9sRe2Kvz6Dw7b877uHXKKWY22S85X9/SrKLC</latexit><latexit sha1_base64="aSEuPcnw79TqdwIvqbCDq2sW2e4=">AAACIHicbZA9SwNBEIb3/DZ+RS1tFoNgIeFOhVgKNjaCgjFCLglzmzmzuPfB7pwYjvwUG/+KjYUi2umvcZNcocYXFl6emWF23iBV0pDrfjpT0zOzc/MLi6Wl5ZXVtfL6xpVJMi2wLhKV6OsADCoZY50kKbxONUIUKGwEtyfDeuMOtZFJfEn9FFsR3MQylALIok65Frb3ua/QGCMj7oNKe9A+4P4ev+z4hPeUa+wh0GCIzgqUqkGnXHGr7kh80niFqbBC553yh99NRBZhTEKBMU3PTamVgyYpFA5KfmYwBXELN9i0NoYITSsfHTjgO5Z0eZho+2LiI/pzIofImH4U2M4IqGf+1obwv1ozo/Colcs4zQhjMV4UZopTwodp8a7UKEj1rQGhpf0rFz3QIMhmWrIheH9PnjRX+1XPrXoXh5XjoyKOBbbFttku81iNHbNTds7qTLAH9sRe2Kvz6Dw7b877uHXKKWY22S85X9/SrKLC</latexit>

Almost all kinetic energy dumped in a time faster than Hubble time ➜
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<latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit><latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit><latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit><latexit sha1_base64="THsk7ZZUOIntXY/+FRw6mOUPyyU=">AAACBnicdVDLSgMxFM34rPU16lKEYJEKQslYbbtwURCKywr2AZ1SMmmmDc08SDJCGWblxl9x40IRt36DO//GTDuCih64cDjnXu69xwk5kwqhD2NhcWl5ZTW3ll/f2NzaNnd22zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTC5Tv3NLhWSBf6OmIe17eOQzlxGstDQwD06g7QpMYjscsyR2k0YxthXjQwobSXFgFlCpgsqoXIWohGZISc2qnFvQypQCyNAcmO/2MCCRR31FOJayZ6FQ9WMsFCOcJnk7kjTEZIJHtKepjz0q+/HsjQQeaWUI3UDo8hWcqd8nYuxJOfUc3elhNZa/vVT8y+tFyq31Y+aHkaI+mS9yIw5VANNM4JAJShSfaoKJYPpWSMZYp6J0cnkdwten8H/SPi1ZqGRdnxXqF1kcObAPDsExsEAV1MEVaIIWIOAOPIAn8GzcG4/Gi/E6b10wspk98APG2yePSZiF</latexit>

+ coupling btwn groups

What starts the runaway? Ä0
± +

 
m2

A0 + k2 ⌥ �̇

f
k

!
A0

± = 0
<latexit sha1_base64="GL4Nni5dC0eyU5oYAPAotGLyEwM="></latexit><latexit sha1_base64="GL4Nni5dC0eyU5oYAPAotGLyEwM="></latexit><latexit sha1_base64="GL4Nni5dC0eyU5oYAPAotGLyEwM="></latexit><latexit sha1_base64="GL4Nni5dC0eyU5oYAPAotGLyEwM="></latexit>

For small H, e.o.m. is Anber & Sorbo (2009)
�̇

f
& mA0

<latexit sha1_base64="lvIehZlu8AWVL3UuJosncinpJic=">AAACDHicbVDLSgMxFM34rPVVdekmWERXZUZEXVbcuKxgH9AZSibNtKHJzJDcEUqYD3Djr7hxoYhbP8Cdf2PazkJbDwQO55yb5J4wFVyD6347S8srq2vrpY3y5tb2zm5lb7+lk0xR1qSJSFQnJJoJHrMmcBCskypGZChYOxzdTPz2A1OaJ/E9jFMWSDKIecQpASv1KlU/UoQav5+A8dMhz3MT5dgfgB2RWPbM9UluU27NnQIvEq8gVVSg0at82ftoJlkMVBCtu56bQmCIAk4Fy8t+pllK6IgMWNfSmEimAzNdJsfHVunjKFH2xICn6u8JQ6TWYxnapCQw1PPeRPzP62YQXQWGx2kGLKazh6JMYEjwpBnc54pREGNLCFXc/hXTIbHtgO2vbEvw5ldeJK2zmufWvLvzav2iqKOEDtEROkUeukR1dIsaqIkoekTP6BW9OU/Oi/PufMyiS04xc4D+wPn8AZRVm+E=</latexit><latexit sha1_base64="lvIehZlu8AWVL3UuJosncinpJic=">AAACDHicbVDLSgMxFM34rPVVdekmWERXZUZEXVbcuKxgH9AZSibNtKHJzJDcEUqYD3Djr7hxoYhbP8Cdf2PazkJbDwQO55yb5J4wFVyD6347S8srq2vrpY3y5tb2zm5lb7+lk0xR1qSJSFQnJJoJHrMmcBCskypGZChYOxzdTPz2A1OaJ/E9jFMWSDKIecQpASv1KlU/UoQav5+A8dMhz3MT5dgfgB2RWPbM9UluU27NnQIvEq8gVVSg0at82ftoJlkMVBCtu56bQmCIAk4Fy8t+pllK6IgMWNfSmEimAzNdJsfHVunjKFH2xICn6u8JQ6TWYxnapCQw1PPeRPzP62YQXQWGx2kGLKazh6JMYEjwpBnc54pREGNLCFXc/hXTIbHtgO2vbEvw5ldeJK2zmufWvLvzav2iqKOEDtEROkUeukR1dIsaqIkoekTP6BW9OU/Oi/PufMyiS04xc4D+wPn8AZRVm+E=</latexit><latexit sha1_base64="lvIehZlu8AWVL3UuJosncinpJic=">AAACDHicbVDLSgMxFM34rPVVdekmWERXZUZEXVbcuKxgH9AZSibNtKHJzJDcEUqYD3Djr7hxoYhbP8Cdf2PazkJbDwQO55yb5J4wFVyD6347S8srq2vrpY3y5tb2zm5lb7+lk0xR1qSJSFQnJJoJHrMmcBCskypGZChYOxzdTPz2A1OaJ/E9jFMWSDKIecQpASv1KlU/UoQav5+A8dMhz3MT5dgfgB2RWPbM9UluU27NnQIvEq8gVVSg0at82ftoJlkMVBCtu56bQmCIAk4Fy8t+pllK6IgMWNfSmEimAzNdJsfHVunjKFH2xICn6u8JQ6TWYxnapCQw1PPeRPzP62YQXQWGx2kGLKazh6JMYEjwpBnc54pREGNLCFXc/hXTIbHtgO2vbEvw5ldeJK2zmufWvLvzav2iqKOEDtEROkUeukR1dIsaqIkoekTP6BW9OU/Oi/PufMyiS04xc4D+wPn8AZRVm+E=</latexit><latexit sha1_base64="lvIehZlu8AWVL3UuJosncinpJic=">AAACDHicbVDLSgMxFM34rPVVdekmWERXZUZEXVbcuKxgH9AZSibNtKHJzJDcEUqYD3Djr7hxoYhbP8Cdf2PazkJbDwQO55yb5J4wFVyD6347S8srq2vrpY3y5tb2zm5lb7+lk0xR1qSJSFQnJJoJHrMmcBCskypGZChYOxzdTPz2A1OaJ/E9jFMWSDKIecQpASv1KlU/UoQav5+A8dMhz3MT5dgfgB2RWPbM9UluU27NnQIvEq8gVVSg0at82ftoJlkMVBCtu56bQmCIAk4Fy8t+pllK6IgMWNfSmEimAzNdJsfHVunjKFH2xICn6u8JQ6TWYxnapCQw1PPeRPzP62YQXQWGx2kGLKazh6JMYEjwpBnc54pREGNLCFXc/hXTIbHtgO2vbEvw5ldeJK2zmufWvLvzav2iqKOEDtEROkUeukR1dIsaqIkoekTP6BW9OU/Oi/PufMyiS04xc4D+wPn8AZRVm+E=</latexit>

A0
+

<latexit sha1_base64="ucJrTg3oocK6ur6SQLJ0wSSa2Ro=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBZREEoioh4rXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfJf77SeqNIvlo5kkNBB4KFnECDa5dHvaP++7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQTZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0Lmq+V/MfLqv1qyKOMhzBMZyBD9dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AC8WNiA==</latexit><latexit sha1_base64="ucJrTg3oocK6ur6SQLJ0wSSa2Ro=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBZREEoioh4rXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfJf77SeqNIvlo5kkNBB4KFnECDa5dHvaP++7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQTZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0Lmq+V/MfLqv1qyKOMhzBMZyBD9dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AC8WNiA==</latexit><latexit sha1_base64="ucJrTg3oocK6ur6SQLJ0wSSa2Ro=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBZREEoioh4rXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfJf77SeqNIvlo5kkNBB4KFnECDa5dHvaP++7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQTZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0Lmq+V/MfLqv1qyKOMhzBMZyBD9dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AC8WNiA==</latexit><latexit sha1_base64="ucJrTg3oocK6ur6SQLJ0wSSa2Ro=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBZREEoioh4rXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfJf77SeqNIvlo5kkNBB4KFnECDa5dHvaP++7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQTZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwV98eZm0Lmq+V/MfLqv1qyKOMhzBMZyBD9dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AC8WNiA==</latexit>

Once , then modes become unstable
➜ Coupling between groups causes reheating

all   ’s kinetic energy rapidly heats that sector once     large ➜ 
motion of     stops, CC is fixed

�̇
<latexit sha1_base64="eApJkfrPFSJYdYn0+yhCT2jfYyY=">AAAB8XicdVBNSwMxFMzWr1q/qh69BIvgaclabXssePFYwdZiu5Rsmrah2eySvBXK0n/hxYMiXv033vw3ZtsVVHQgMMy8Ie9NEEthgJAPp7Cyura+UdwsbW3v7O6V9w86Jko0420WyUh3A2q4FIq3QYDk3VhzGgaS3wbTy8y/vefaiEjdwCzmfkjHSowEo2Clu/4wgrQfT8R8UK4Qt0aqpFrHxCULZKTh1S487OVKBeVoDcrvNsySkCtgkhrT80gMfko1CCb5vNRPDI8pm9Ix71mqaMiNny42nuMTqwzxKNL2KcAL9XsipaExszCwkyGFifntZeJfXi+BUcNPhYoT4IotPxolEkOEs/PxUGjOQM4soUwLuytmE6opA1tSyZbwdSn+n3TOXI+43vV5pVnL6yiiI3SMTpGH6qiJrlALtRFDCj2gJ/TsGOfReXFel6MFJ88coh9w3j4BKqqRMg==</latexit><latexit sha1_base64="eApJkfrPFSJYdYn0+yhCT2jfYyY=">AAAB8XicdVBNSwMxFMzWr1q/qh69BIvgaclabXssePFYwdZiu5Rsmrah2eySvBXK0n/hxYMiXv033vw3ZtsVVHQgMMy8Ie9NEEthgJAPp7Cyura+UdwsbW3v7O6V9w86Jko0420WyUh3A2q4FIq3QYDk3VhzGgaS3wbTy8y/vefaiEjdwCzmfkjHSowEo2Clu/4wgrQfT8R8UK4Qt0aqpFrHxCULZKTh1S487OVKBeVoDcrvNsySkCtgkhrT80gMfko1CCb5vNRPDI8pm9Ix71mqaMiNny42nuMTqwzxKNL2KcAL9XsipaExszCwkyGFifntZeJfXi+BUcNPhYoT4IotPxolEkOEs/PxUGjOQM4soUwLuytmE6opA1tSyZbwdSn+n3TOXI+43vV5pVnL6yiiI3SMTpGH6qiJrlALtRFDCj2gJ/TsGOfReXFel6MFJ88coh9w3j4BKqqRMg==</latexit><latexit sha1_base64="eApJkfrPFSJYdYn0+yhCT2jfYyY=">AAAB8XicdVBNSwMxFMzWr1q/qh69BIvgaclabXssePFYwdZiu5Rsmrah2eySvBXK0n/hxYMiXv033vw3ZtsVVHQgMMy8Ie9NEEthgJAPp7Cyura+UdwsbW3v7O6V9w86Jko0420WyUh3A2q4FIq3QYDk3VhzGgaS3wbTy8y/vefaiEjdwCzmfkjHSowEo2Clu/4wgrQfT8R8UK4Qt0aqpFrHxCULZKTh1S487OVKBeVoDcrvNsySkCtgkhrT80gMfko1CCb5vNRPDI8pm9Ix71mqaMiNny42nuMTqwzxKNL2KcAL9XsipaExszCwkyGFifntZeJfXi+BUcNPhYoT4IotPxolEkOEs/PxUGjOQM4soUwLuytmE6opA1tSyZbwdSn+n3TOXI+43vV5pVnL6yiiI3SMTpGH6qiJrlALtRFDCj2gJ/TsGOfReXFel6MFJ88coh9w3j4BKqqRMg==</latexit><latexit sha1_base64="eApJkfrPFSJYdYn0+yhCT2jfYyY=">AAAB8XicdVBNSwMxFMzWr1q/qh69BIvgaclabXssePFYwdZiu5Rsmrah2eySvBXK0n/hxYMiXv033vw3ZtsVVHQgMMy8Ie9NEEthgJAPp7Cyura+UdwsbW3v7O6V9w86Jko0420WyUh3A2q4FIq3QYDk3VhzGgaS3wbTy8y/vefaiEjdwCzmfkjHSowEo2Clu/4wgrQfT8R8UK4Qt0aqpFrHxCULZKTh1S487OVKBeVoDcrvNsySkCtgkhrT80gMfko1CCb5vNRPDI8pm9Ix71mqaMiNny42nuMTqwzxKNL2KcAL9XsipaExszCwkyGFifntZeJfXi+BUcNPhYoT4IotPxolEkOEs/PxUGjOQM4soUwLuytmE6opA1tSyZbwdSn+n3TOXI+43vV5pVnL6yiiI3SMTpGH6qiJrlALtRFDCj2gJ/TsGOfReXFel6MFJ88coh9w3j4BKqqRMg==</latexit>

�
<latexit sha1_base64="CV5r3yXMcaCJurmmrDj41Gv1neU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJW2y4LblxWsA9oh5JJM53QJDMkGaEM/QU3LhRx6w+582/MtCOo6IELh3Pu5d57goQzbRD6cEpr6xubW+Xtys7u3v5B9fCop+NUEdolMY/VIMCaciZp1zDD6SBRFIuA034wu879/j1VmsXyzswT6gs8lSxkBJtcGiURG1dryG2gOqo3IXLREjlpeY0rD3qFUgMFOuPq+2gSk1RQaQjHWg89lBg/w8owwumiMko1TTCZ4SkdWiqxoNrPlrcu4JlVJjCMlS1p4FL9PpFhofVcBLZTYBPp314u/uUNUxO2/IzJJDVUktWiMOXQxDB/HE6YosTwuSWYKGZvhSTCChNj46nYEL4+hf+T3oXrIde7vay1G0UcZXACTsE58EATtMEN6IAuICACD+AJPDvCeXRenNdVa8kpZo7BDzhvn0m4jls=</latexit><latexit sha1_base64="CV5r3yXMcaCJurmmrDj41Gv1neU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJW2y4LblxWsA9oh5JJM53QJDMkGaEM/QU3LhRx6w+582/MtCOo6IELh3Pu5d57goQzbRD6cEpr6xubW+Xtys7u3v5B9fCop+NUEdolMY/VIMCaciZp1zDD6SBRFIuA034wu879/j1VmsXyzswT6gs8lSxkBJtcGiURG1dryG2gOqo3IXLREjlpeY0rD3qFUgMFOuPq+2gSk1RQaQjHWg89lBg/w8owwumiMko1TTCZ4SkdWiqxoNrPlrcu4JlVJjCMlS1p4FL9PpFhofVcBLZTYBPp314u/uUNUxO2/IzJJDVUktWiMOXQxDB/HE6YosTwuSWYKGZvhSTCChNj46nYEL4+hf+T3oXrIde7vay1G0UcZXACTsE58EATtMEN6IAuICACD+AJPDvCeXRenNdVa8kpZo7BDzhvn0m4jls=</latexit><latexit sha1_base64="CV5r3yXMcaCJurmmrDj41Gv1neU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJW2y4LblxWsA9oh5JJM53QJDMkGaEM/QU3LhRx6w+582/MtCOo6IELh3Pu5d57goQzbRD6cEpr6xubW+Xtys7u3v5B9fCop+NUEdolMY/VIMCaciZp1zDD6SBRFIuA034wu879/j1VmsXyzswT6gs8lSxkBJtcGiURG1dryG2gOqo3IXLREjlpeY0rD3qFUgMFOuPq+2gSk1RQaQjHWg89lBg/w8owwumiMko1TTCZ4SkdWiqxoNrPlrcu4JlVJjCMlS1p4FL9PpFhofVcBLZTYBPp314u/uUNUxO2/IzJJDVUktWiMOXQxDB/HE6YosTwuSWYKGZvhSTCChNj46nYEL4+hf+T3oXrIde7vay1G0UcZXACTsE58EATtMEN6IAuICACD+AJPDvCeXRenNdVa8kpZo7BDzhvn0m4jls=</latexit><latexit sha1_base64="CV5r3yXMcaCJurmmrDj41Gv1neU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJW2y4LblxWsA9oh5JJM53QJDMkGaEM/QU3LhRx6w+582/MtCOo6IELh3Pu5d57goQzbRD6cEpr6xubW+Xtys7u3v5B9fCop+NUEdolMY/VIMCaciZp1zDD6SBRFIuA034wu879/j1VmsXyzswT6gs8lSxkBJtcGiURG1dryG2gOqo3IXLREjlpeY0rD3qFUgMFOuPq+2gSk1RQaQjHWg89lBg/w8owwumiMko1TTCZ4SkdWiqxoNrPlrcu4JlVJjCMlS1p4FL9PpFhofVcBLZTYBPp314u/uUNUxO2/IzJJDVUktWiMOXQxDB/HE6YosTwuSWYKGZvhSTCChNj46nYEL4+hf+T3oXrIde7vay1G0UcZXACTsE58EATtMEN6IAuICACD+AJPDvCeXRenNdVa8kpZo7BDzhvn0m4jls=</latexit>

�
<latexit sha1_base64="CV5r3yXMcaCJurmmrDj41Gv1neU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJW2y4LblxWsA9oh5JJM53QJDMkGaEM/QU3LhRx6w+582/MtCOo6IELh3Pu5d57goQzbRD6cEpr6xubW+Xtys7u3v5B9fCop+NUEdolMY/VIMCaciZp1zDD6SBRFIuA034wu879/j1VmsXyzswT6gs8lSxkBJtcGiURG1dryG2gOqo3IXLREjlpeY0rD3qFUgMFOuPq+2gSk1RQaQjHWg89lBg/w8owwumiMko1TTCZ4SkdWiqxoNrPlrcu4JlVJjCMlS1p4FL9PpFhofVcBLZTYBPp314u/uUNUxO2/IzJJDVUktWiMOXQxDB/HE6YosTwuSWYKGZvhSTCChNj46nYEL4+hf+T3oXrIde7vay1G0UcZXACTsE58EATtMEN6IAuICACD+AJPDvCeXRenNdVa8kpZo7BDzhvn0m4jls=</latexit><latexit sha1_base64="CV5r3yXMcaCJurmmrDj41Gv1neU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJW2y4LblxWsA9oh5JJM53QJDMkGaEM/QU3LhRx6w+582/MtCOo6IELh3Pu5d57goQzbRD6cEpr6xubW+Xtys7u3v5B9fCop+NUEdolMY/VIMCaciZp1zDD6SBRFIuA034wu879/j1VmsXyzswT6gs8lSxkBJtcGiURG1dryG2gOqo3IXLREjlpeY0rD3qFUgMFOuPq+2gSk1RQaQjHWg89lBg/w8owwumiMko1TTCZ4SkdWiqxoNrPlrcu4JlVJjCMlS1p4FL9PpFhofVcBLZTYBPp314u/uUNUxO2/IzJJDVUktWiMOXQxDB/HE6YosTwuSWYKGZvhSTCChNj46nYEL4+hf+T3oXrIde7vay1G0UcZXACTsE58EATtMEN6IAuICACD+AJPDvCeXRenNdVa8kpZo7BDzhvn0m4jls=</latexit><latexit sha1_base64="CV5r3yXMcaCJurmmrDj41Gv1neU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJW2y4LblxWsA9oh5JJM53QJDMkGaEM/QU3LhRx6w+582/MtCOo6IELh3Pu5d57goQzbRD6cEpr6xubW+Xtys7u3v5B9fCop+NUEdolMY/VIMCaciZp1zDD6SBRFIuA034wu879/j1VmsXyzswT6gs8lSxkBJtcGiURG1dryG2gOqo3IXLREjlpeY0rD3qFUgMFOuPq+2gSk1RQaQjHWg89lBg/w8owwumiMko1TTCZ4SkdWiqxoNrPlrcu4JlVJjCMlS1p4FL9PpFhofVcBLZTYBPp314u/uUNUxO2/IzJJDVUktWiMOXQxDB/HE6YosTwuSWYKGZvhSTCChNj46nYEL4+hf+T3oXrIde7vay1G0UcZXACTsE58EATtMEN6IAuICACD+AJPDvCeXRenNdVa8kpZo7BDzhvn0m4jls=</latexit><latexit sha1_base64="CV5r3yXMcaCJurmmrDj41Gv1neU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJW2y4LblxWsA9oh5JJM53QJDMkGaEM/QU3LhRx6w+582/MtCOo6IELh3Pu5d57goQzbRD6cEpr6xubW+Xtys7u3v5B9fCop+NUEdolMY/VIMCaciZp1zDD6SBRFIuA034wu879/j1VmsXyzswT6gs8lSxkBJtcGiURG1dryG2gOqo3IXLREjlpeY0rD3qFUgMFOuPq+2gSk1RQaQjHWg89lBg/w8owwumiMko1TTCZ4SkdWiqxoNrPlrcu4JlVJjCMlS1p4FL9PpFhofVcBLZTYBPp314u/uUNUxO2/IzJJDVUktWiMOXQxDB/HE6YosTwuSWYKGZvhSTCChNj46nYEL4+hf+T3oXrIde7vay1G0UcZXACTsE58EATtMEN6IAuICACD+AJPDvCeXRenNdVa8kpZo7BDzhvn0m4jls=</latexit>
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Reheating Details
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<latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit><latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit><latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit><latexit sha1_base64="H5ZYNgpbwh6A1H0AN+et6dRUZKc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYU7LLgxoWLCvYB07FkMpk2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6387G5tb2zm5pr7x/cHh0XDk57RqVaco6VAml+yExTHDJOsBBsH6qGUlCwXrh5Gbu956YNlzJB5imLEjISPKYUwJW8gd3NhqRYf2xMaxU3Zq7AF4nXkGqqEB7WPkaRIpmCZNABTHG99wUgpxo4FSwWXmQGZYSOiEj5lsqScJMkC9WnuFLq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWyLcFbPXmddOs1z615941qq1nUUULn6AJdIQ9doxa6RW3UQRQp9Ixe0ZsDzovz7nwsoxtOMXOG/sD5/AFh7JCe</latexit>
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<latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit><latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit><latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit><latexit sha1_base64="RSmhLMEXwT+pXq+iBN4lgtQKOMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSsMuCGxcuKtgHTMeSyWTa0EwyJHeEMvQz3LhQxK1f486/MW1noa0HAodzziX3njAV3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq05R1qBJK90NimOCSdYCDYP1UM5KEgvXCyc3c7z0xbbiSDzBNWZCQkeQxpwSs5A/ubDQiQ++xMazW3Lq7AF4nXkFqqEB7WP0aRIpmCZNABTHG99wUgpxo4FSwWWWQGZYSOiEj5lsqScJMkC9WnuELq0Q4Vto+CXih/p7ISWLMNAltMiEwNqveXPzP8zOIm0HOZZoBk3T5UZwJDArP78cR14yCmFpCqOZ2V0zHRBMKtqWKLcFbPXmddK/qnlv37hu1VrOoo4zO0Dm6RB66Ri10i9qogyhS6Bm9ojcHnBfn3flYRktOMXOK/sD5/AFgZpCd</latexit>

Mpl
<latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit><latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit><latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit><latexit sha1_base64="ABO3qn5qipwZ3Lk5YptXySHo8Ac=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokI9ljw4kWoYD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLxzczvPII2IlEPOEkhiNlQiUhwhlby7/o9hCfMUzntV6puzZ2DrhKvIFVSoNmvfPUGCc9iUMglM8b33BSDnGkUXMK03MsMpIyP2RB8SxWLwQT5/OQpPbfKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//P8DKN6kAuVZgiKLxZFmaSY0Nn/dCA0cJQTSxjXwt5K+YhpxtGmVLYheMsvr5L2Zc1za979VbVRL+IokVNyRi6IR65Jg9ySJmkRThLyTF7Jm4POi/PufCxa15xi5oT8gfP5A7i9kX8=</latexit>

L � g3�+ arbitrary CC
<latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit><latexit sha1_base64="L+knCgB6OLbmiF+oS4WD3n1lP+c=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSAIQtxVQQuLQBoLiwjmAdkYZic3yZDZBzN3xbDsZ9j4KzYWitim82+cPApNPHDhcM69M/ceL5JCo21/W5ml5ZXVtex6bmNza3snv7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9QHvv1R1BahME9DiNo+awXiK7gDI3Uzp8mLmeS3qbU1XGkAWnv4Zy6UV/QE+oiPGHClCdQMTWk5XLazhfsoj0BXSTOjBTIDJV2fuR2Qh77ECCXTOumY0fYMo+i4BLSnBtriBgfsB40DQ2YD7qVTA5L6ZFROrQbKlMB0on6eyJhvtZD3zOdPsO+nvfG4n9eM8buVSsRQRQjBHz6UTeWFEM6Tol2hAKOcmgI40qYXSnvM8U4mixzJgRn/uRFUjsrOnbRubsolK5ncWTJATkkx8Qhl6REbkiFVAknz+SVvJMP68V6sz6tr2lrxprN7JM/sEY/Zv2fWg==</latexit>

Simplest Model:

Last step — reheat the 
standard model!
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Scale factor a expanding

Can add mixing with 
photon (hypercharge):

L � ✏F 0
µ⌫F

µ⌫

�decay ⇠ ↵✏2mA0

✏2(�/f)Fµ⌫ F̃
µ⌫

Will cause decays of new 
sector into SM with rate:

This sets the Hubble time of 
decay, and temperature:

Td ⇠ ↵1/2✏
p

mA0Mp

Also produces a direct 
coupling to photons:

f > ✏2MpIf                  , then dynamics don’t change.  
However, possible to produce a similar story 

with photons directly!



The Bounce



Bouncing Cosmology

Singularity not removed 
by inflation

Infinite Past?

Independently Motivated

Why not?



Generic Requirement?
Need converging geodesics to diverge

t Collapsing matter, gravity gets stronger

Can matter never escape strong gravity?

Black Hole 
Evaporation

Key Point: Matter could escape gravitational singularities

Singular Bounce likely possible. Non singular bounce?

Bouncing Cosmology



Generic Requirement?
Need converging geodesics to diverge

t

d✓̂

d�
= �1

2
✓̂2 � 2�̂2 + 2!̂2 � Tµ⌫U

µU⌫

Raychaudhuri’s Equation

Divergence =) d✓̂

d�
> 0

Tµ⌫U
µU⌫ < 0 or !̂ 6= 0

Null Energy 
Violation

Vorticity

Bouncing Cosmology



Vorticity
d✓̂

d�
= �1

2
✓̂2 � 2�̂2 + 2!̂2 � Tµ⌫U

µU⌫

Combat attractive gravity with centrifugal motion

Why not use this term?

To avoid Null Energy violation, need global vorticity



Godel Universe
ds2 =

2

!2

⇣
�dt2 + dr2 + dy2 �

�
sinh4 r � sinh2 r

�
d�2 � 2

p
2 sinh2 rd�dt

⌘

Cosmological Constant + 
Spinning Dust

Static Universe: Gravity 
balanced by rotation

Closed time-like curves for r > 1

Does not describe region of space-time where we live



The Born Again Universe
Have vorticity everywhere, without closed time-like curves?

 Distant points rotate -> Closed time-like curve 

To avoid singularity, just need rotation everywhere

Rotate into compact extra-dimensions! 

Space-Time: R4 x T3



The Metric
Space-Time: R4 X T3

ds2 = �dt2 + a (t)2 d~x2 + b2
�
d✓2 + d�2

1 + d�2
2

�
� 2✏b (sin ✓ dtd�1 + cos ✓ dtd�2)

Standard 
FRW

Vorticity
Geodesics along 

 R4 forced to move into  
extra-dimensions

Plug in for a(t), use Einstein’s Equations to get stress-tensor

Have Shown: Non-singular Bounce Possible without closed time-like curves

Matter: Positive tension brane gas + stable NEC violating Casimir



Why Relaxing/Bouncing for the 
Cosmological Constant?

So far, the above model (with a bounce) naturally produces a 
small negative cosmological constant -(meV)4 and big-bang 

cosmology from a larger, (10 MeV)4 

It is easy to raise the starting point with additional friction 
(few GeV4) and an additional field (TeV4).  It is also 

possible to flip the sign of the CC making it positive with a 
phase transition or other field.

It is not possible to have this model without a rolling field 
existing today…



A Positive CC Model

V

�

Add another field (e.g. an axion) with two minima split by ~ meV 

this scale is what actually sets today’s CC

As universe heats during contraction, temperature gets arbitrarily high 

resets field which can then naturally settle later in higher minima

Still preliminary:  Ugly scalar field theories work, possibly confining YM



Models of Dark Energy

I. Rolling φ 

II. Rolling φ coupled to SM 

III. Dark Radiation



Rolling φ
CC solution suggests a field still rolling today

Simple rolling scalar: Quintessence

<latexit sha1_base64="miG6K6vhU4UBmQwdudIL9HmfbnQ="></latexit>

w =
�̇2

2 � V
�̇2

2 + V

φ

Lagrangian for this scalar field?
<latexit sha1_base64="s9IgACwzv64P/qQ4leG42HNohBw="></latexit>

m / H = 10�43 GeV

Ultra-light field. Demand technical naturalness => axion-like, 
derivative interactions

Kinetic Energy of Dark Energy < meV2

Direct Detection 

<latexit sha1_base64="F3sbAAAp/Paxxl5K5+oE3/7uky0="></latexit>
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Signatures: Dark Energy E.O.S.
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<latexit sha1_base64="rC9xaNEFkp29jGDSxNbWCiuLulg="></latexit><latexit sha1_base64="rC9xaNEFkp29jGDSxNbWCiuLulg="></latexit><latexit sha1_base64="rC9xaNEFkp29jGDSxNbWCiuLulg="></latexit><latexit sha1_base64="rC9xaNEFkp29jGDSxNbWCiuLulg="></latexit>
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<latexit sha1_base64="8rkh0qrmR9pgwS/arYHAkLiCwUg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTDJtMCaU7ETUouMSm5VZgJ9VIk0hgOxrfzv32E2rDlXywkxTDhA4ljzmj1kmtnh6pvt8vV/yqvwBZJ0FOKpCj0S9/9QaKZQlKywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrqKQJmnC6uHZGLpwyILHSrqQlC/X3xJQmxkySyHUm1I7MqjcX//O6mY1r4ZTLNLMo2XJRnAliFZm/TgZcI7Ni4ghlmrtbCRtRTZl1AZVcCMHqy+ukdVUN/Gpwf12p1/I4inAG53AJAdxAHe6gAU1g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHQvSO4A==</latexit><latexit sha1_base64="8rkh0qrmR9pgwS/arYHAkLiCwUg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTDJtMCaU7ETUouMSm5VZgJ9VIk0hgOxrfzv32E2rDlXywkxTDhA4ljzmj1kmtnh6pvt8vV/yqvwBZJ0FOKpCj0S9/9QaKZQlKywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrqKQJmnC6uHZGLpwyILHSrqQlC/X3xJQmxkySyHUm1I7MqjcX//O6mY1r4ZTLNLMo2XJRnAliFZm/TgZcI7Ni4ghlmrtbCRtRTZl1AZVcCMHqy+ukdVUN/Gpwf12p1/I4inAG53AJAdxAHe6gAU1g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHQvSO4A==</latexit><latexit sha1_base64="8rkh0qrmR9pgwS/arYHAkLiCwUg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTDJtMCaU7ETUouMSm5VZgJ9VIk0hgOxrfzv32E2rDlXywkxTDhA4ljzmj1kmtnh6pvt8vV/yqvwBZJ0FOKpCj0S9/9QaKZQlKywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrqKQJmnC6uHZGLpwyILHSrqQlC/X3xJQmxkySyHUm1I7MqjcX//O6mY1r4ZTLNLMo2XJRnAliFZm/TgZcI7Ni4ghlmrtbCRtRTZl1AZVcCMHqy+ukdVUN/Gpwf12p1/I4inAG53AJAdxAHe6gAU1g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHQvSO4A==</latexit><latexit sha1_base64="8rkh0qrmR9pgwS/arYHAkLiCwUg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTDJtMCaU7ETUouMSm5VZgJ9VIk0hgOxrfzv32E2rDlXywkxTDhA4ljzmj1kmtnh6pvt8vV/yqvwBZJ0FOKpCj0S9/9QaKZQlKywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrqKQJmnC6uHZGLpwyILHSrqQlC/X3xJQmxkySyHUm1I7MqjcX//O6mY1r4ZTLNLMo2XJRnAliFZm/TgZcI7Ni4ghlmrtbCRtRTZl1AZVcCMHqy+ukdVUN/Gpwf12p1/I4inAG53AJAdxAHe6gAU1g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHQvSO4A==</latexit>
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<latexit sha1_base64="rL+QnM45S6L8TnGJTbHdlr8Omsc=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSlJEXRbcuBEq2Ac0JUymk3boJBNmbsQSsnbjr7hxoYhbv8Cdf+O0zUJbD1zu4Zx7mbknSATX4Djf1tLyyuraemmjvLm1vbNr7+23tEwVZU0qhVSdgGgmeMyawEGwTqIYiQLB2sHoauK375nSXMZ3ME5YLyKDmIecEjCSbx/d+B6wB8gSkWMvVIRmnhpK38lnvZb7dsWpOlPgReIWpIIKNHz7y+tLmkYsBiqI1l3XSaCXEQWcCpaXvVSzhNARGbCuoTGJmO5l01NyfGKUPg6lMhUDnqq/NzISaT2OAjMZERjqeW8i/ud1UwgvexmPkxRYTGcPhanAIPEkF9znilEQY0MIVdz8FdMhMXmASa9sQnDnT14krVrVdaru7Vmlfl7EUUKH6BidIhddoDq6Rg3URBQ9omf0it6sJ+vFerc+ZqNLVrFzgP7A+vwB616a/A==</latexit><latexit sha1_base64="rL+QnM45S6L8TnGJTbHdlr8Omsc=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSlJEXRbcuBEq2Ac0JUymk3boJBNmbsQSsnbjr7hxoYhbv8Cdf+O0zUJbD1zu4Zx7mbknSATX4Djf1tLyyuraemmjvLm1vbNr7+23tEwVZU0qhVSdgGgmeMyawEGwTqIYiQLB2sHoauK375nSXMZ3ME5YLyKDmIecEjCSbx/d+B6wB8gSkWMvVIRmnhpK38lnvZb7dsWpOlPgReIWpIIKNHz7y+tLmkYsBiqI1l3XSaCXEQWcCpaXvVSzhNARGbCuoTGJmO5l01NyfGKUPg6lMhUDnqq/NzISaT2OAjMZERjqeW8i/ud1UwgvexmPkxRYTGcPhanAIPEkF9znilEQY0MIVdz8FdMhMXmASa9sQnDnT14krVrVdaru7Vmlfl7EUUKH6BidIhddoDq6Rg3URBQ9omf0it6sJ+vFerc+ZqNLVrFzgP7A+vwB616a/A==</latexit><latexit sha1_base64="rL+QnM45S6L8TnGJTbHdlr8Omsc=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSlJEXRbcuBEq2Ac0JUymk3boJBNmbsQSsnbjr7hxoYhbv8Cdf+O0zUJbD1zu4Zx7mbknSATX4Djf1tLyyuraemmjvLm1vbNr7+23tEwVZU0qhVSdgGgmeMyawEGwTqIYiQLB2sHoauK375nSXMZ3ME5YLyKDmIecEjCSbx/d+B6wB8gSkWMvVIRmnhpK38lnvZb7dsWpOlPgReIWpIIKNHz7y+tLmkYsBiqI1l3XSaCXEQWcCpaXvVSzhNARGbCuoTGJmO5l01NyfGKUPg6lMhUDnqq/NzISaT2OAjMZERjqeW8i/ud1UwgvexmPkxRYTGcPhanAIPEkF9znilEQY0MIVdz8FdMhMXmASa9sQnDnT14krVrVdaru7Vmlfl7EUUKH6BidIhddoDq6Rg3URBQ9omf0it6sJ+vFerc+ZqNLVrFzgP7A+vwB616a/A==</latexit><latexit sha1_base64="rL+QnM45S6L8TnGJTbHdlr8Omsc=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSlJEXRbcuBEq2Ac0JUymk3boJBNmbsQSsnbjr7hxoYhbv8Cdf+O0zUJbD1zu4Zx7mbknSATX4Djf1tLyyuraemmjvLm1vbNr7+23tEwVZU0qhVSdgGgmeMyawEGwTqIYiQLB2sHoauK375nSXMZ3ME5YLyKDmIecEjCSbx/d+B6wB8gSkWMvVIRmnhpK38lnvZb7dsWpOlPgReIWpIIKNHz7y+tLmkYsBiqI1l3XSaCXEQWcCpaXvVSzhNARGbCuoTGJmO5l01NyfGKUPg6lMhUDnqq/NzISaT2OAjMZERjqeW8i/ud1UwgvexmPkxRYTGcPhanAIPEkF9znilEQY0MIVdz8FdMhMXmASa9sQnDnT14krVrVdaru7Vmlfl7EUUKH6BidIhddoDq6Rg3URBQ9omf0it6sJ+vFerc+ZqNLVrFzgP7A+vwB616a/A==</latexit>

⇢0
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= measured CC today

⇢2
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= fast-roll energy scale       .

The equation of state, w, will depend on how much was added to make CC positive

Many upcoming experiments will measure w better, e.g. WFIRST, Euclid, gravitational waves… 

Could make a discovery, hard to rule out parameter space

Currently constrained at 
the 5-10% level



Rolling φ Coupled to CMB
<latexit sha1_base64="LEEB5nkKlnCKasq9cLZrDkaj7bg="></latexit>
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�̇ =) Rotation of polarization of light

φ

The polarization of the 
CMB rotates as φ rolls
(Homogeneous scalar)

E-mode => B-mode
<latexit sha1_base64="B4k4bSewyFdFX19BNi3ZBAYYNlI="></latexit>
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Current CMB Measurements already very constraining!

Future CMB polarization measurements (e.g., CMB-S4, etc): 

Pogosian, Shimon, Mewes, Keating (2019)



Rolling φ Coupled to Fermions:  Spin Precession
<latexit sha1_base64="ipEJXKpveRXi0VGBPIclXjNkVMQ="></latexit>
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Relative Motion between the dark energy and spin

Think of it as a new dark magnetic field

Like magnetic field, spin precesses about the direction of motion 

<latexit sha1_base64="zuh/N1uIt5/tDZjvzBv2aiJpMYQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7k2QZZNZv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3voZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1atV3cfrSv0uj6MIZ3AOl+DBDdThARrQBAZjeIZXeHMS58V5dz6WrQUnnzmFP3A+fwCwK4/M</latexit>

~v
<latexit sha1_base64="lCbiu+TigL6w82RdaU5VDCPhHO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WTmSToR3QgecgZNVZqdcfIssdpr1xxq+4cZJV4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4LXVTjQllIzrAjqWSRqj9bH7ulJxZpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jvpc4XMiIkllClubyVsSBVlxiZUsiF4yy+vkuZF1buqug+XldptHkcRTuAUzsGDa6jBPdShAQxG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gB6/I+p</latexit>

~S

Measure Spin Precession - similar to axion dark 
matter searches (CASPER)

Challenges:  Signal is DC - need to combat low frequency noise,
Dark energy is less abundant in galaxy than dark matter

Advantage:  Signal is coherent forever

H =
~r�

f
· ~� 



Spin Precession
Many experiments look for Lorentz Violation

SQUID

Dual Species Magnetometry
(Xe/He, Xe/K, Xe/Rb)

Measure Differential Precession Rate

In general, ratio of magnetic moments 
different from ratio of dark energy 

couplings

Anomalous relative precession indicative of dark energy

<latexit sha1_base64="C3jRUfbACXgV5eXViJCStXUtFoM=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAILqQkouiy1I3LCvYCbQiT6bQdOpmEmUmxhLyKGxeKuPVF3Pk2TtMstPWHgY//nMM58wcxZ0o7zre1tr6xubVd2inv7u0fHNpHlbaKEkloi0Q8kt0AK8qZoC3NNKfdWFIcBpx2gsndvN6ZUqlYJB71LKZeiEeCDRnB2li+XelPKUkbvpNdoBynmW9XnZqTC62CW0AVCjV9+6s/iEgSUqEJx0r1XCfWXoqlZoTTrNxPFI0xmeAR7RkUOKTKS/PbM3RmnAEaRtI8oVHu/p5IcajULAxMZ4j1WC3X5uZ/tV6ih7deykScaCrIYtEw4UhHaB4EGjBJieYzA5hIZm5FZIwlJtrEVTYhuMtfXoX2Zc29rjkPV9V6o4ijBCdwCufgwg3U4R6a0AICT/AMr/BmZdaL9W59LFrXrGLmGP7I+vwBg3GUGg==</latexit>

~B0,~v



φ has non-gravitational couplings — could couple to SM fermions
@µ�

f
 ̄�µ�5 

<latexit sha1_base64="xz03eYEZio7+qBYIWAlSO4p8Ti8="></latexit><latexit sha1_base64="xz03eYEZio7+qBYIWAlSO4p8Ti8="></latexit><latexit sha1_base64="xz03eYEZio7+qBYIWAlSO4p8Ti8="></latexit><latexit sha1_base64="xz03eYEZio7+qBYIWAlSO4p8Ti8="></latexit>

Spatial gradient of axion field ➜ 
spin precession in ‘axion wind’

Cosmological axion field dominantly 
homogeneous, but can use a highly 

boosted experiment!
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Spin fixed to be radial at magic 
momentum without signal.
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         acts as an effective magnetic 
field acting on the spin causing 

precession out of the plane

~r�

Signatures: Spin Precession



Spin Precession

Storage Ring EDM Experiment: 
Look for anomalous precession 

induced by EDM of proton

Systematics well understood
Development underway 

(Brookhaven, Fermilab, IBS Korea)

Same setup can be used - but 
orient spin radially, so that it 
precesses out of the plane

Use counter-propagating beams to combat systematics
Relativistic Beam Velocity increases signal

P Graham, S Hacıömeroğlu, Z Omarov, S Rajendran, Y Semertzidis - 2005.11867



Projected Sensitivity
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Lorentz Violation experiments also have comparable sensitivity

Stores protons for ~1000 s

Measure spin precession to 10-6 rad



Dark Radiation
··ϕ + 3H ·ϕ + Υ ·ϕ = g3
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New source of friction



Dark Radiation
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2g2
Tr GμνGμν +
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∂μϕ∂μϕ +
ϕ
f

Tr GμνG̃μν

16π2
− g3ϕ

NCS(t) ≡ ∫
t

0
dt∫ d3x

1
16π2

Tr GμνG̃μν = ∫ d3x K0

Coupling rolling φ to pure YM

1
16π2

Tr GμνG̃μν = ∂μKμthe pure derivative coupling:

is natural and related to CS number:

So  is a source for NCS in the action — in Euclidean 
space it is a chemical potential, μ(t).

·ϕ/f



Now, the scalar EOM:  ··ϕ = g3 +
Tr GμνG̃μν

16π2f

⟨N2
CS⟩ ≃ VtΓsph

Γsph ∼ N5
c α5T4

Dark Radiation

We want the last (source) term in a thermal background.

Without the scalar field, there are sphaleron transitions 
which fluctuate:

The sphaleron rate, from dim anal, should go as T4 
More accurately:



Dark Radiation
The fluctuation-dissipation theorem relates fluctuations of NCS  to 

response to the μ(t) source.

For a system with a driving source Ĥ → Ĥ(t) = Ĥ − μ(t)N̂(t)

If the system is in a thermal bath, and the source turns on at some time:

⟨N(t)⟩non−eq = Tr [ρ(t)N(t)] ≃ i∫
t

−∞
μ(t′�)Tr [[N(t′�), ρ(−∞)] N(t)] = i∫

t

−∞
μ(t′ �)⟨[N(t), N(t′�)]⟩eq

A time-derivative of the left side give the expectation value we 
want and relates it to the fluctuations in N:

⟨
Tr GμνG̃μν

16π2 ⟩ =
Γsph

2T (
·ϕ
f )



Dark Radiation
Thus a thermal bath of YM produces a new source of 

friction for a rolling scalar field:

Υ ∼ (Ncα)5 T3

f 2
··φ + 3H ·φ + Υ ·φ = g3 with

If , the friction extracts energy from the rolling field and 
dumps it into the thermal bath:

Υ ≫ H

·ρDR = − 4HρDR + Υ ·φ2

Assuming roughly steady state behavior ( , ):·T = 0 ··ϕ = 0

·ϕ ≃
g3

Υ
and T ∼ ( g6 f 2

Hg*N5
c α5 )

1/7



Dark Radiation
·ϕ ≃

g3

Υ
andT ∼ ( g6 f 2

Hg*N5
c α5 )

1/7
·ϕ2 ∼

H
Υ

ρDR

Thus, if , the dark radiation can be a significant component 
of dark energy while the kinetic energy is negligible.
Υ ≫ H

Coupling needs to be strong enough (low enough scale) — for 
example, if  today, then  means  

(hidden sector).
T ∼ meV Υ ≫ H f ≪ T T/H0 ∼ TeV

This solution has a large basin of attraction - even for zero T at 
early times, a finite T will be generated via scattering and 

tachyonic instability



Cosmological Effects

Significantly different from quintessence

Dark radiation does not affect CMB — large today, but 
meV vs. eV at recombination.
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 ̄ G2

⇤3

Direct coupling to the Standard Model 
is dimension 7.  Hard to probe

But dark sector doesn’t have to be pure YM:
<latexit sha1_base64="zxT/lWHkUwMqWjrUmdgz3fonxwA="></latexit>

L �  ̄ (�µDµ +m) 

Fermions become milli-charged under E&M, while 
fundamental representation of non-abelian sector.  

Also hot gas of hidden photons.

Direct Detection

Fermions and hidden photons:

Hidden photon mixing with our photon: ϵFμνF′�μν



Right Handed Neutrinos
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G

Efficient (i.e. during the current age of 
the universe)  conversion of energy 

from dark glue into right handed 
neutrino

Thermalized population of right handed 
neutrinos at meV energies
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N

At low energy (meV), conversion of N 
to neutrino is not suppressed! So N 

behaves like a thermalized population 
of neutrinos - at meV temperatures!

10x the temperature of CνB

<latexit sha1_base64="OEbJNxSQpOnuhn2COSwzKcwdMHY="></latexit>
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Challenge: Detect meV scale milli-charged particles

No existing experiments - but plenty of upcoming ideas  
(e.g. using EM cavities to search for milli-charged 

particles)

Challenge: Detect meV scale hidden photons.

For neutrinos, this signal is significantly bigger than what 
PTOLEMY (tritium end point to detect CνB)  looks for - but 

PLOLEMY is a very hard experiment

Interesting challenge for detection community!

Leverage work done for single IR photon detection, use 
work done for dark matter detection in this mass range

Direct Detection



Thank you!


