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Why does the Hubble tension imply 
new physics at the eV scale?



The Hubble tension

Model-dependent statement:

• Planck and SH0ES incompatible 

Model-independent statement:

• BAO+SN: 

rs =

Z 1

z⇤

cs(z)

H(z)
dz
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H0rs ⇡ const
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Where 

depends on early time physics 

Modification of ΛCDM 
raising H0 while lowering rs

Modification of ΛCDM just before 
recombination

[Knox, Miller; 2019]



Evidence for Dark MatterPre-recombination modifications

• Assume new hypothetical matter component is present before recombination 


➡ Increase in H before recombination


➡ Lowering the sound horizon

H(z)

H0
=

p
⌦⇤ + ⌦m(1 + z)3 + ⌦r(1 + z)4 + ⌦X(z)
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Evidence for Dark MatterDark radiation

• Extra relativistic degree of freedom

⌦X(z) = ⌦DR(1 + z)4
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➡ Reduces the tension only slightly (~ 4 σ)
 [Planck 2018+BAO

+Pantheon+BBN]

[Niedermann, MSS; 2020]

• Does not redshift away fast enough!

H0 = 69.49 ± 0.0085
km

s Mpc
<latexit sha1_base64="j2Wb577CdukiPAEnDTXzh3cxwew="></latexit>



Evidence for Dark MatterEarly Dark Energy
Scalar field model w. slow-roll down potential

[Poulin et al., 2018]

[e.g. Karwal et al., 
2016]

➡  How to make shallow anharmonic potentials natural…?

➡  Not very well motivated from a microphysical viewpoint… 

[Kaloper, 2019]

n = 3
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(ii)
(i)⌦X(z) ⇡

(
⌦EDE ; z � zc
⌦EDE(

1+z
1+zd

)↵�4 ; z ⌧ zc
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�4
<latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit>

↵ = 3

✓
1 +

n� 1

n+ 1

◆

<latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit><latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit><latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit><latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit>

V (n)(�) = ⇤4
a [1� cos(�/fa)]

n

<latexit sha1_base64="2Mt7nDKqVAI7Y+srHfaR78ec4zE="></latexit>

zc ⇡ 4000

<latexit sha1_base64="fzER8lx4XTt6+bStSzZtUTTKCnY=">AAAB+HicdZDLSsNAFIYn9VbrpVGXbgaL4CpMNNS4K7pxWcFeoA1hMp20QycXZiZiG/okblwo4tZHcefbOGkrqOgPAz/fOYdz5g9SzqRC6MMorayurW+UNytb2zu7VXNvvy2TTBDaIglPRDfAknIW05ZiitNuKiiOAk47wfiqqHfuqJAsiW/VJKVehIcxCxnBSiPfrE590sdpKpJ76CCEfLOGLLd+5jp1WBjNXLggqA5tC81VA0s1ffO9P0hIFtFYEY6l7NkoVV6OhWKE01mln0maYjLGQ9rTNsYRlV4+P3wGjzUZwDAR+sUKzun3iRxHUk6iQHdGWI3k71oB/6r1MhW6Xs7iNFM0JotFYcahSmCRAhwwQYniE20wEUzfCskIC0yUzqqiQ/j6KfzftE8t27Eubpxa43IZRxkcgiNwAmxwDhrgGjRBCxCQgQfwBJ6NqfFovBivi9aSsZw5AD9kvH0CFYySvw==</latexit>

H0 = 71.4± 1km/s/Mpc

<latexit sha1_base64="kR2LD6rh8wsbV1rgDvmet/0ovv8="></latexit>

Problem: decay of EDE needs to be fast:



How does a NEDE Phase Transition 
resolve this?



New Early Dark EnergyNew Early Dark Energy

NEDE is a fast triggered phase transition in the dark sector

Simple effective cosmological model: 

• Instant decay of New Early Dark Energy component just before recombination

arXiv: 1910.10739, 2006.06686 w. Florian Niedermann



• Cold NEDE:  
1st order PT triggered by a second “trigger” scalar field 

• Hot NEDE: 
1st order PT triggered by a non-vanishing  
temperature of the dark sector 

• Hybrid NEDE: 
   2nd order PT triggered by a second “trigger” scalar field 

}
Some microphysical examples are:

arXiv: 1910.10739, 2006.06686 w. Florian Niedermann

arXiv:2112.00759, 2112.00770  w. Florian Niedermann

arXiv:2006.06686 w. Florian Niedermann

Focus this talk: 
1st order 
Phase Transitions

New Early Dark Energy

(Similar end of inflation)

(Similar to electroweak phase transition,  
QCD phase transition, and recombination)

(Similar to end of inflation in “hybrid inflation" )



What is the effective  
cosmological model?



Effective cosmological model

 Background picture: Assume that all liberated vacuum 
energy is converted to a fluid with fixed e.o.s. 

Sudden transition at time    : 

NEDE fluid:

t⇤<latexit sha1_base64="PiMPVqK5pMtjEPwbHaBHgnZoPbk=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2EmCUZvQS8eI5oFkiH0dHqSJj0L3TVCCPkELx4U8eoXefNv7CyC64OCx3tVVNXzEyk0Os67lVlaXlldy67nNja3tnfyu3sNHaeK8TqLZaxaPtVciojXUaDkrURxGvqSN/3h5dRv3nGlRRzd4ijhXkj7kQgEo2ikG+yedPMFxy5ViuXTc/KbuLYzQwEWqHXzb51ezNKQR8gk1brtOgl6Y6pQMMknuU6qeULZkPZ529CIhlx749mpE3JklB4JYmUqQjJTv06Maaj1KPRNZ0hxoH96U/Evr51icOaNRZSkyCM2XxSkkmBMpn+TnlCcoRwZQpkS5lbCBlRRhiadnAnh81PyP2kUbbdkF6/LherFIo4sHMAhHIMLFajCFdSgDgz6cA+P8GRJ68F6tl7mrRlrMbMP32C9fgCCt432</latexit>

⇢̄NEDE(t) = ⇢̄⇤NEDE

✓
a⇤
a(t)

◆3[1+wNEDE]

<latexit sha1_base64="CgzJkkwHYqivsVNKGD8tBylDp0M="></latexit>



Cosmological perturbations

 The phase transition affects perturbations in different ways:

• Perturbations feel the change in the effective e.o.s.

• Transition is triggered at different places at different times due 
to fluctuations in trigger dynamics

relevant for 
CMB

relevant for 
CMB



Cosmological perturbations
 We use Israel junction conditions to match fluctuations across transition 
surface. [Deruelle, Mukhanov, 1995]

space like transition surface      ⌃
<latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit><latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit><latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit><latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit>

synchronous gauge:

ds2 = �dt2 + a(t)2 (�ij + hij) dx
idxj ,

<latexit sha1_base64="7lapoKR30ILD5VCE/2UdMYc44ik="></latexit><latexit sha1_base64="7lapoKR30ILD5VCE/2UdMYc44ik="></latexit><latexit sha1_base64="7lapoKR30ILD5VCE/2UdMYc44ik="></latexit><latexit sha1_base64="7lapoKR30ILD5VCE/2UdMYc44ik="></latexit>

where hij =
kikj
k2

h+

✓
kikj
k2

� 1

3
�ij

◆
⌘ ,

<latexit sha1_base64="UTGVKn7VBxHa7vLN+TqCJRjzq4U="></latexit><latexit sha1_base64="UTGVKn7VBxHa7vLN+TqCJRjzq4U="></latexit><latexit sha1_base64="UTGVKn7VBxHa7vLN+TqCJRjzq4U="></latexit><latexit sha1_base64="UTGVKn7VBxHa7vLN+TqCJRjzq4U="></latexit>

⌃
<latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit><latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit><latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit><latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit>

t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

wNEDE = �1
<latexit sha1_base64="yuLBomZ/VLNmNfZ5YlutRa5A71E=">AAAB8nicjVBNSwMxEM3Wr1q/qh69BIvgxbJbBb0IRS14kgq2FrZLyabZNjSbLMmsUpb+DC8eFPHqr/HmvzH9OKgo+GDg8d4MM/PCRHADrvvh5ObmFxaX8suFldW19Y3i5lbTqFRT1qBKKN0KiWGCS9YADoK1Es1IHAp2Gw7Ox/7tHdOGK3kDw4QFMelJHnFKwEr+fSe7ql3URqcHXqdY8sruBPhvUkIz1DvF93ZX0TRmEqggxviem0CQEQ2cCjYqtFPDEkIHpMd8SyWJmQmyyckjvGeVLo6UtiUBT9SvExmJjRnGoe2MCfTNT28s/ub5KUQnQcZlkgKTdLooSgUGhcf/4y7XjIIYWkKo5vZWTPtEEwo2pcL/QmhWyt5huXJ9VKqezeLIox20i/aRh45RFV2iOmogihR6QE/o2QHn0XlxXqetOWc2s42+wXn7BBFmkHQ=</latexit>

wNEDE � 1/3
<latexit sha1_base64="izu5YJu2G9Ts+G7+68MvHM1UTko=">AAAB+XicjVDLSsNAFJ34rPUVdelmsAiuatIKuixqwZVUsA9oQ5hMb9qhk0mcmVRK6J+4caGIW//EnX/j9LFQUfDAhcM593IPJ0g4U9pxPqyFxaXlldXcWn59Y3Nr297Zbag4lRTqNOaxbAVEAWcC6pppDq1EAokCDs1gcDHxm0OQisXiVo8S8CLSEyxklGgj+bZ972fX1cvquNODO+wel3274BadKfDfpIDmqPn2e6cb0zQCoSknSrVdJ9FeRqRmlMM430kVJIQOSA/ahgoSgfKyafIxPjRKF4exNCM0nqpfLzISKTWKArMZEd1XP72J+JvXTnV45mVMJKkGQWePwpRjHeNJDbjLJFDNR4YQKpnJimmfSEK1KSv/vxIapaJbLpZuTgqV83kdObSPDtARctEpqqArVEN1RNEQPaAn9Gxl1qP1Yr3OVhes+c0e+gbr7RPqHpKI</latexit>

 This allows us to implement our model in a Boltzmann code 
“Trigger-CLASS”.

  

has two metric perturbations 

arXiv:2006.06686 w. Florian Niedermannhttps://github.com/flo1984/TriggerCLASS 



Cosmological perturbationsCosmological perturbationsCosmological perturbationCosmological perturbations

➡The initial condition for perturbations after the phase-
transition depends on the choice of the trigger


➡ The perturbations depend on the microphysical 
realization of NEDE


•  CMB anisotropies and LSS depends on initial 
perturbations


➡ We can discriminate both between different EDE 
and between different NEDE microphysical models 
using CMB and LSS! 

EDE 6= Cold NEDE 6= Hot NEDE
<latexit sha1_base64="spamdNcJ73QeboDYqIhAY9OVQNY=">AAACJHicdZBLSwMxFIUzvq2vUZdugkVwJTNVqOBG1EJXomAf0JaSSW81mMmMyR2xDP0xbvwrblz4wIUbf4vpQ6yvA4HDd+4lyQliKQx63pszNj4xOTU9M5uZm19YXHKXV8omSjSHEo9kpKsBMyCFghIKlFCNNbAwkFAJLg97eeUatBGROsNODI2QnSvRFpyhRU13r45wgzpMC0eFLq0ruKKfxC636PFvXoxwgJtu1t/y+qLel/G3c3k/Rz+jLBnqpOk+11sRT0JQyCUzpuZ7MTZSplFwCd1MPTEQM37JzqFmrWIhmEba/2SXbljSou1I26OQ9unoRspCYzphYCdDhhfmZ9aDf2W1BNu7jVSoOEFQfHBRO5EUI9prjLaEBo6yYw3jWti3Un7BNONoe82MlvC/KedsLVu5053s/sGwjhmyRtbJJvFJnuyTIjkhJcLJLbknj+TJuXMenBfndTA65gx3Vsk3Oe8fcG2kqQ==</latexit>



Cold NEDE



Cold New Early Dark Energy

Scalar field model w. first order phase transition 
[Niedermann, MSS; 2019, 2020]

qualitative picture:

vacuum bubbles 

NEDE 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

• Vacuum energy decays

• Free energy converted to anisotropic stress

• Anisotropic stress partially sources gravitational radiation

• Remaining anisotropic stress decays like a stiff fluid

w = �1 ! 1/3 < w < 1

<latexit sha1_base64="2D2E529V8Lfy0i4LSkes1S6jizk=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ31okWVKhQdOOygn1AZyiZTKYNzWSmScZSSj/Ajb/ixoUibv0Ad/6NaTsLbT0QOJxzLjf3eDFnStv2t7WwuLS8sppZy65vbG5t53Z2aypKJKFVEvFINjysKGeCVjXTnDZiSXHocVr3ujdjv/5ApWKRuNeDmLohbgsWMIK1kVq5fB9ewWPk9HoJ9qGjI5hSiE7OYKkPSxCZlF2wJ4DzBKUkD1JUWrkvx49IElKhCcdKNZEda3eIpWaE01HWSRSNMeniNm0aKnBIlTucHDOCh0bxYRBJ84SGE/X3xBCHSg1CzyRDrDtq1huL/3nNRAcX7pCJONFUkOmiIOHQ3DxuBvpMUqL5wBBMJDN/haSDJSba9Jc1JaDZk+dJ7bSAioXLu2K+fJ3WkQH74AAcAQTOQRncggqoAgIewTN4BW/Wk/VivVsf0+iClc7sgT+wPn8Al2OYKQ==</latexit>



Evidence for Dark Matter
➡ Introduce a trigger field for the decay

(i) for � ⇡ �ini
<latexit sha1_base64="ohVML+TNWgQ+zBvJ4Cxo7w5/THY=">AAACAHicdVDNS8MwHE39nPOr6sGDl+AQPJVWRN1t6MXjBPcBaylplm5haRqSVBylF/8VLx4U8eqf4c3/xnSb4OeDwMt7vx/Je5FgVGnXfbfm5hcWl5YrK9XVtfWNTXtru63STGLSwilLZTdCijDKSUtTzUhXSIKSiJFONLoo/c4NkYqm/FqPBQkSNOA0phhpI4X2ri+GFPpICJnewvIS5pTTIrRrrlN3vfqJB38Tz3EnqIEZmqH95vdTnCWEa8yQUj3PFTrIkdQUM1JU/UwRgfAIDUjPUI4SooJ8EqCAB0bpwziV5nANJ+rXjRwlSo2TyEwmSA/VT68U//J6mY7PAhNIZJpwPH0ozhjUKSzbgH0qCdZsbAjCkpq/QjxEEmFtOquaEj6Twv9J+8jxXMe7Oq41zmd1VMAe2AeHwAOnoAEuQRO0AAYFuAeP4Mm6sx6sZ+tlOjpnzXZ2wDdYrx9W5Jbm</latexit><latexit sha1_base64="ohVML+TNWgQ+zBvJ4Cxo7w5/THY=">AAACAHicdVDNS8MwHE39nPOr6sGDl+AQPJVWRN1t6MXjBPcBaylplm5haRqSVBylF/8VLx4U8eqf4c3/xnSb4OeDwMt7vx/Je5FgVGnXfbfm5hcWl5YrK9XVtfWNTXtru63STGLSwilLZTdCijDKSUtTzUhXSIKSiJFONLoo/c4NkYqm/FqPBQkSNOA0phhpI4X2ri+GFPpICJnewvIS5pTTIrRrrlN3vfqJB38Tz3EnqIEZmqH95vdTnCWEa8yQUj3PFTrIkdQUM1JU/UwRgfAIDUjPUI4SooJ8EqCAB0bpwziV5nANJ+rXjRwlSo2TyEwmSA/VT68U//J6mY7PAhNIZJpwPH0ozhjUKSzbgH0qCdZsbAjCkpq/QjxEEmFtOquaEj6Twv9J+8jxXMe7Oq41zmd1VMAe2AeHwAOnoAEuQRO0AAYFuAeP4Mm6sx6sZ+tlOjpnzXZ2wDdYrx9W5Jbm</latexit><latexit sha1_base64="ohVML+TNWgQ+zBvJ4Cxo7w5/THY=">AAACAHicdVDNS8MwHE39nPOr6sGDl+AQPJVWRN1t6MXjBPcBaylplm5haRqSVBylF/8VLx4U8eqf4c3/xnSb4OeDwMt7vx/Je5FgVGnXfbfm5hcWl5YrK9XVtfWNTXtru63STGLSwilLZTdCijDKSUtTzUhXSIKSiJFONLoo/c4NkYqm/FqPBQkSNOA0phhpI4X2ri+GFPpICJnewvIS5pTTIrRrrlN3vfqJB38Tz3EnqIEZmqH95vdTnCWEa8yQUj3PFTrIkdQUM1JU/UwRgfAIDUjPUI4SooJ8EqCAB0bpwziV5nANJ+rXjRwlSo2TyEwmSA/VT68U//J6mY7PAhNIZJpwPH0ozhjUKSzbgH0qCdZsbAjCkpq/QjxEEmFtOquaEj6Twv9J+8jxXMe7Oq41zmd1VMAe2AeHwAOnoAEuQRO0AAYFuAeP4Mm6sx6sZ+tlOjpnzXZ2wDdYrx9W5Jbm</latexit><latexit sha1_base64="ohVML+TNWgQ+zBvJ4Cxo7w5/THY=">AAACAHicdVDNS8MwHE39nPOr6sGDl+AQPJVWRN1t6MXjBPcBaylplm5haRqSVBylF/8VLx4U8eqf4c3/xnSb4OeDwMt7vx/Je5FgVGnXfbfm5hcWl5YrK9XVtfWNTXtru63STGLSwilLZTdCijDKSUtTzUhXSIKSiJFONLoo/c4NkYqm/FqPBQkSNOA0phhpI4X2ri+GFPpICJnewvIS5pTTIrRrrlN3vfqJB38Tz3EnqIEZmqH95vdTnCWEa8yQUj3PFTrIkdQUM1JU/UwRgfAIDUjPUI4SooJ8EqCAB0bpwziV5nANJ+rXjRwlSo2TyEwmSA/VT68U//J6mY7PAhNIZJpwPH0ozhjUKSzbgH0qCdZsbAjCkpq/QjxEEmFtOquaEj6Twv9J+8jxXMe7Oq41zmd1VMAe2AeHwAOnoAEuQRO0AAYFuAeP4Mm6sx6sZ+tlOjpnzXZ2wDdYrx9W5Jbm</latexit>

H � m :
<latexit sha1_base64="85yXuZYUuoUsZMWQ8w7dOBLK1Q0=">AAAB8HicdVDJSgNBEK1xjXGLevTSGARPw4yIGk9BLzlGMIskQ+jp9EyadPcM3T1CGPIVXjwo4tXP8ebf2FkE1wcFj/eqqKoXppxp43nvzsLi0vLKamGtuL6xubVd2tlt6iRThDZIwhPVDrGmnEnaMMxw2k4VxSLktBUOryZ+644qzRJ5Y0YpDQSOJYsYwcZKtzXUjWMk0EWvVPbciudXTn30m/iuN0UZ5qj3Sm/dfkIyQaUhHGvd8b3UBDlWhhFOx8VupmmKyRDHtGOpxILqIJ8ePEaHVumjKFG2pEFT9etEjoXWIxHaToHNQP/0JuJfXicz0XmQM5lmhkoyWxRlHJkETb5HfaYoMXxkCSaK2VsRGWCFibEZFW0In5+i/0nz2PU9178+KVcv53EUYB8O4Ah8OIMq1KAODSAg4B4e4clRzoPz7LzMWhec+cwefIPz+gGSmY+b</latexit><latexit sha1_base64="85yXuZYUuoUsZMWQ8w7dOBLK1Q0=">AAAB8HicdVDJSgNBEK1xjXGLevTSGARPw4yIGk9BLzlGMIskQ+jp9EyadPcM3T1CGPIVXjwo4tXP8ebf2FkE1wcFj/eqqKoXppxp43nvzsLi0vLKamGtuL6xubVd2tlt6iRThDZIwhPVDrGmnEnaMMxw2k4VxSLktBUOryZ+644qzRJ5Y0YpDQSOJYsYwcZKtzXUjWMk0EWvVPbciudXTn30m/iuN0UZ5qj3Sm/dfkIyQaUhHGvd8b3UBDlWhhFOx8VupmmKyRDHtGOpxILqIJ8ePEaHVumjKFG2pEFT9etEjoXWIxHaToHNQP/0JuJfXicz0XmQM5lmhkoyWxRlHJkETb5HfaYoMXxkCSaK2VsRGWCFibEZFW0In5+i/0nz2PU9178+KVcv53EUYB8O4Ah8OIMq1KAODSAg4B4e4clRzoPz7LzMWhec+cwefIPz+gGSmY+b</latexit><latexit sha1_base64="85yXuZYUuoUsZMWQ8w7dOBLK1Q0=">AAAB8HicdVDJSgNBEK1xjXGLevTSGARPw4yIGk9BLzlGMIskQ+jp9EyadPcM3T1CGPIVXjwo4tXP8ebf2FkE1wcFj/eqqKoXppxp43nvzsLi0vLKamGtuL6xubVd2tlt6iRThDZIwhPVDrGmnEnaMMxw2k4VxSLktBUOryZ+644qzRJ5Y0YpDQSOJYsYwcZKtzXUjWMk0EWvVPbciudXTn30m/iuN0UZ5qj3Sm/dfkIyQaUhHGvd8b3UBDlWhhFOx8VupmmKyRDHtGOpxILqIJ8ePEaHVumjKFG2pEFT9etEjoXWIxHaToHNQP/0JuJfXicz0XmQM5lmhkoyWxRlHJkETb5HfaYoMXxkCSaK2VsRGWCFibEZFW0In5+i/0nz2PU9178+KVcv53EUYB8O4Ah8OIMq1KAODSAg4B4e4clRzoPz7LzMWhec+cwefIPz+gGSmY+b</latexit><latexit sha1_base64="85yXuZYUuoUsZMWQ8w7dOBLK1Q0=">AAAB8HicdVDJSgNBEK1xjXGLevTSGARPw4yIGk9BLzlGMIskQ+jp9EyadPcM3T1CGPIVXjwo4tXP8ebf2FkE1wcFj/eqqKoXppxp43nvzsLi0vLKamGtuL6xubVd2tlt6iRThDZIwhPVDrGmnEnaMMxw2k4VxSLktBUOryZ+644qzRJ5Y0YpDQSOJYsYwcZKtzXUjWMk0EWvVPbciudXTn30m/iuN0UZ5qj3Sm/dfkIyQaUhHGvd8b3UBDlWhhFOx8VupmmKyRDHtGOpxILqIJ8ePEaHVumjKFG2pEFT9etEjoXWIxHaToHNQP/0JuJfXicz0XmQM5lmhkoyWxRlHJkETb5HfaYoMXxkCSaK2VsRGWCFibEZFW0In5+i/0nz2PU9178+KVcv53EUYB8O4Ah8OIMq1KAODSAg4B4e4clRzoPz7LzMWhec+cwefIPz+gGSmY+b</latexit>

(ii) for  H ⇡ m :
<latexit sha1_base64="7PqoQsirKQJsIqXg8f1xAaOUvZ8=">AAAB9HicdVDJSgNBEO1xjXGLevTSGARPw4yIGk9BLzlGMAskQ+jp9CRNerO7JxiGfIcXD4p49WO8+Td2FsH1QcHjvSqq6sWKUWOD4N1bWFxaXlnNreXXNza3tgs7u3UjU41JDUsmdTNGhjAqSM1Sy0hTaYJ4zEgjHlxN/MaQaEOluLEjRSKOeoImFCPrpKgC20gpLe8ghxedQjHwS0FYOg3hbxL6wRRFMEe1U3hrdyVOOREWM2RMKwyUjTKkLcWMjPPt1BCF8AD1SMtRgTgxUTY9egwPndKFidSuhIVT9etEhrgxIx67To5s3/z0JuJfXiu1yXmUUaFSSwSeLUpSBq2EkwRgl2qCLRs5grCm7laI+0gjbF1OeRfC56fwf1I/9sPAD69PiuXLeRw5sA8OwBEIwRkogwqoghrA4Bbcg0fw5A29B+/Ze5m1LnjzmT3wDd7rB+/zkY8=</latexit><latexit sha1_base64="7PqoQsirKQJsIqXg8f1xAaOUvZ8=">AAAB9HicdVDJSgNBEO1xjXGLevTSGARPw4yIGk9BLzlGMAskQ+jp9CRNerO7JxiGfIcXD4p49WO8+Td2FsH1QcHjvSqq6sWKUWOD4N1bWFxaXlnNreXXNza3tgs7u3UjU41JDUsmdTNGhjAqSM1Sy0hTaYJ4zEgjHlxN/MaQaEOluLEjRSKOeoImFCPrpKgC20gpLe8ghxedQjHwS0FYOg3hbxL6wRRFMEe1U3hrdyVOOREWM2RMKwyUjTKkLcWMjPPt1BCF8AD1SMtRgTgxUTY9egwPndKFidSuhIVT9etEhrgxIx67To5s3/z0JuJfXiu1yXmUUaFSSwSeLUpSBq2EkwRgl2qCLRs5grCm7laI+0gjbF1OeRfC56fwf1I/9sPAD69PiuXLeRw5sA8OwBEIwRkogwqoghrA4Bbcg0fw5A29B+/Ze5m1LnjzmT3wDd7rB+/zkY8=</latexit><latexit sha1_base64="7PqoQsirKQJsIqXg8f1xAaOUvZ8=">AAAB9HicdVDJSgNBEO1xjXGLevTSGARPw4yIGk9BLzlGMAskQ+jp9CRNerO7JxiGfIcXD4p49WO8+Td2FsH1QcHjvSqq6sWKUWOD4N1bWFxaXlnNreXXNza3tgs7u3UjU41JDUsmdTNGhjAqSM1Sy0hTaYJ4zEgjHlxN/MaQaEOluLEjRSKOeoImFCPrpKgC20gpLe8ghxedQjHwS0FYOg3hbxL6wRRFMEe1U3hrdyVOOREWM2RMKwyUjTKkLcWMjPPt1BCF8AD1SMtRgTgxUTY9egwPndKFidSuhIVT9etEhrgxIx67To5s3/z0JuJfXiu1yXmUUaFSSwSeLUpSBq2EkwRgl2qCLRs5grCm7laI+0gjbF1OeRfC56fwf1I/9sPAD69PiuXLeRw5sA8OwBEIwRkogwqoghrA4Bbcg0fw5A29B+/Ze5m1LnjzmT3wDd7rB+/zkY8=</latexit><latexit sha1_base64="7PqoQsirKQJsIqXg8f1xAaOUvZ8=">AAAB9HicdVDJSgNBEO1xjXGLevTSGARPw4yIGk9BLzlGMAskQ+jp9CRNerO7JxiGfIcXD4p49WO8+Td2FsH1QcHjvSqq6sWKUWOD4N1bWFxaXlnNreXXNza3tgs7u3UjU41JDUsmdTNGhjAqSM1Sy0hTaYJ4zEgjHlxN/MaQaEOluLEjRSKOeoImFCPrpKgC20gpLe8ghxedQjHwS0FYOg3hbxL6wRRFMEe1U3hrdyVOOREWM2RMKwyUjTKkLcWMjPPt1BCF8AD1SMtRgTgxUTY9egwPndKFidSuhIVT9etEhrgxIx67To5s3/z0JuJfXiu1yXmUUaFSSwSeLUpSBq2EkwRgl2qCLRs5grCm7laI+0gjbF1OeRfC56fwf1I/9sPAD69PiuXLeRw5sA8OwBEIwRkogwqoghrA4Bbcg0fw5A29B+/Ze5m1LnjzmT3wDd7rB+/zkY8=</latexit>

�
<latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit>

starts evolving

(iii) blue dot: inflection point  

(iv) orange dot:  

(v) red dot:  � = �max
<latexit sha1_base64="QdApTV+T9x01+qyJk5zbMnLM3W4=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCq2FGRO1CKLrQZQX7gHYY7qRpG5rMDElGrEPxV9y4UMSt/+HOvzF9CD4PXO7hnHvJzQkTzpR23XcrNzM7N7+QXywsLa+srtnrGzUVp5LQKol5LBshKMpZRKuaaU4biaQgQk7rYf9s5NevqVQsjq70IKG+gG7EOoyANlJgb7XOQQjAJ5MeZAJuhoFddJ2S65UOPfybeI47RhFNUQnst1Y7JqmgkSYclGp6bqL9DKRmhNNhoZUqmgDpQ5c2DY1AUOVn4+uHeNcobdyJpalI47H6dSMDodRAhGZSgO6pn95I/Mtrprpz7GcsSlJNIzJ5qJNyrGM8igK3maRE84EhQCQzt2LSAwlEm8AKJoTPn+L/SW3f8VzHuzwolk+nceTRNtpBe8hDR6iMLlAFVRFBt+gePaIn6856sJ6tl8lozprubKJvsF4/AGz4lTk=</latexit><latexit sha1_base64="QdApTV+T9x01+qyJk5zbMnLM3W4=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCq2FGRO1CKLrQZQX7gHYY7qRpG5rMDElGrEPxV9y4UMSt/+HOvzF9CD4PXO7hnHvJzQkTzpR23XcrNzM7N7+QXywsLa+srtnrGzUVp5LQKol5LBshKMpZRKuaaU4biaQgQk7rYf9s5NevqVQsjq70IKG+gG7EOoyANlJgb7XOQQjAJ5MeZAJuhoFddJ2S65UOPfybeI47RhFNUQnst1Y7JqmgkSYclGp6bqL9DKRmhNNhoZUqmgDpQ5c2DY1AUOVn4+uHeNcobdyJpalI47H6dSMDodRAhGZSgO6pn95I/Mtrprpz7GcsSlJNIzJ5qJNyrGM8igK3maRE84EhQCQzt2LSAwlEm8AKJoTPn+L/SW3f8VzHuzwolk+nceTRNtpBe8hDR6iMLlAFVRFBt+gePaIn6856sJ6tl8lozprubKJvsF4/AGz4lTk=</latexit><latexit sha1_base64="QdApTV+T9x01+qyJk5zbMnLM3W4=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCq2FGRO1CKLrQZQX7gHYY7qRpG5rMDElGrEPxV9y4UMSt/+HOvzF9CD4PXO7hnHvJzQkTzpR23XcrNzM7N7+QXywsLa+srtnrGzUVp5LQKol5LBshKMpZRKuaaU4biaQgQk7rYf9s5NevqVQsjq70IKG+gG7EOoyANlJgb7XOQQjAJ5MeZAJuhoFddJ2S65UOPfybeI47RhFNUQnst1Y7JqmgkSYclGp6bqL9DKRmhNNhoZUqmgDpQ5c2DY1AUOVn4+uHeNcobdyJpalI47H6dSMDodRAhGZSgO6pn95I/Mtrprpz7GcsSlJNIzJ5qJNyrGM8igK3maRE84EhQCQzt2LSAwlEm8AKJoTPn+L/SW3f8VzHuzwolk+nceTRNtpBe8hDR6iMLlAFVRFBt+gePaIn6856sJ6tl8lozprubKJvsF4/AGz4lTk=</latexit><latexit sha1_base64="QdApTV+T9x01+qyJk5zbMnLM3W4=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCq2FGRO1CKLrQZQX7gHYY7qRpG5rMDElGrEPxV9y4UMSt/+HOvzF9CD4PXO7hnHvJzQkTzpR23XcrNzM7N7+QXywsLa+srtnrGzUVp5LQKol5LBshKMpZRKuaaU4biaQgQk7rYf9s5NevqVQsjq70IKG+gG7EOoyANlJgb7XOQQjAJ5MeZAJuhoFddJ2S65UOPfybeI47RhFNUQnst1Y7JqmgkSYclGp6bqL9DKRmhNNhoZUqmgDpQ5c2DY1AUOVn4+uHeNcobdyJpalI47H6dSMDodRAhGZSgO6pn95I/Mtrprpz7GcsSlJNIzJ5qJNyrGM8igK3maRE84EhQCQzt2LSAwlEm8AKJoTPn+L/SW3f8VzHuzwolk+nceTRNtpBe8hDR6iMLlAFVRFBt+gePaIn6856sJ6tl8lozprubKJvsF4/AGz4lTk=</latexit>

� = 0, �̇ > 0
<latexit sha1_base64="3pkQCXDwoEl32cRbAey8K9prNGY=">AAACBnicdVBLSwMxGMzWV62vVY8iBIvgoSxZEbUHpehBjxXsA7pLyaZpG5rsLklWKEtPXvwrXjwo4tXf4M1/Y9qu4HMgYZj5huSbIOZMaYTerdzM7Nz8Qn6xsLS8srpmr2/UVZRIQmsk4pFsBlhRzkJa00xz2owlxSLgtBEMzsd+44ZKxaLwWg9j6gvcC1mXEayN1La3vQssBIYnqAS9kmeuTqQz7RS17SJyysgtH7rwN3EdNEERZKi27TeTJ4mgoSYcK9VyUaz9FEvNCKejgpcoGmMywD3aMjTEgio/nawxgrtG6cBuJM0JNZyoXxMpFkoNRWAmBdZ99dMbi395rUR3j/2UhXGiaUimD3UTDnUEx53ADpOUaD40BBPJzF8h6WOJiTbNFUwJn5vC/0l933GR414dFCtnWR15sAV2wB5wwRGogEtQBTVAwC24B4/gybqzHqxn62U6mrOyzCb4Buv1A9hlltM=</latexit><latexit sha1_base64="3pkQCXDwoEl32cRbAey8K9prNGY=">AAACBnicdVBLSwMxGMzWV62vVY8iBIvgoSxZEbUHpehBjxXsA7pLyaZpG5rsLklWKEtPXvwrXjwo4tXf4M1/Y9qu4HMgYZj5huSbIOZMaYTerdzM7Nz8Qn6xsLS8srpmr2/UVZRIQmsk4pFsBlhRzkJa00xz2owlxSLgtBEMzsd+44ZKxaLwWg9j6gvcC1mXEayN1La3vQssBIYnqAS9kmeuTqQz7RS17SJyysgtH7rwN3EdNEERZKi27TeTJ4mgoSYcK9VyUaz9FEvNCKejgpcoGmMywD3aMjTEgio/nawxgrtG6cBuJM0JNZyoXxMpFkoNRWAmBdZ99dMbi395rUR3j/2UhXGiaUimD3UTDnUEx53ADpOUaD40BBPJzF8h6WOJiTbNFUwJn5vC/0l933GR414dFCtnWR15sAV2wB5wwRGogEtQBTVAwC24B4/gybqzHqxn62U6mrOyzCb4Buv1A9hlltM=</latexit><latexit sha1_base64="3pkQCXDwoEl32cRbAey8K9prNGY=">AAACBnicdVBLSwMxGMzWV62vVY8iBIvgoSxZEbUHpehBjxXsA7pLyaZpG5rsLklWKEtPXvwrXjwo4tXf4M1/Y9qu4HMgYZj5huSbIOZMaYTerdzM7Nz8Qn6xsLS8srpmr2/UVZRIQmsk4pFsBlhRzkJa00xz2owlxSLgtBEMzsd+44ZKxaLwWg9j6gvcC1mXEayN1La3vQssBIYnqAS9kmeuTqQz7RS17SJyysgtH7rwN3EdNEERZKi27TeTJ4mgoSYcK9VyUaz9FEvNCKejgpcoGmMywD3aMjTEgio/nawxgrtG6cBuJM0JNZyoXxMpFkoNRWAmBdZ99dMbi395rUR3j/2UhXGiaUimD3UTDnUEx53ADpOUaD40BBPJzF8h6WOJiTbNFUwJn5vC/0l933GR414dFCtnWR15sAV2wB5wwRGogEtQBTVAwC24B4/gybqzHqxn62U6mrOyzCb4Buv1A9hlltM=</latexit><latexit sha1_base64="3pkQCXDwoEl32cRbAey8K9prNGY=">AAACBnicdVBLSwMxGMzWV62vVY8iBIvgoSxZEbUHpehBjxXsA7pLyaZpG5rsLklWKEtPXvwrXjwo4tXf4M1/Y9qu4HMgYZj5huSbIOZMaYTerdzM7Nz8Qn6xsLS8srpmr2/UVZRIQmsk4pFsBlhRzkJa00xz2owlxSLgtBEMzsd+44ZKxaLwWg9j6gvcC1mXEayN1La3vQssBIYnqAS9kmeuTqQz7RS17SJyysgtH7rwN3EdNEERZKi27TeTJ4mgoSYcK9VyUaz9FEvNCKejgpcoGmMywD3aMjTEgio/nawxgrtG6cBuJM0JNZyoXxMpFkoNRWAmBdZ99dMbi395rUR3j/2UhXGiaUimD3UTDnUEx53ADpOUaD40BBPJzF8h6WOJiTbNFUwJn5vC/0l933GR414dFCtnWR15sAV2wB5wwRGogEtQBTVAwC24B4/gybqzHqxn62U6mrOyzCb4Buv1A9hlltM=</latexit>

field theory model:
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<latexit sha1_base64="D+Z6uOqZ/xmk6F8h/oy/klmUBOI="></latexit><latexit sha1_base64="D+Z6uOqZ/xmk6F8h/oy/klmUBOI="></latexit><latexit sha1_base64="D+Z6uOqZ/xmk6F8h/oy/klmUBOI="></latexit><latexit sha1_base64="D+Z6uOqZ/xmk6F8h/oy/klmUBOI="></latexit>

New Early Dark Energy Clock ‘CC tuning’

hierarchy: M ⇠ eV
<latexit sha1_base64="Q9p/Agn/Fcs+JCKcpxl5Dnz1Juo=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiehhkRNbegFy9CBLNAZgg9nUrSpGehuyYYhvyJFw+KePVPvPk3dhbB9UHB470qquqFqRQaXffdWlhcWl5ZLawV1zc2t7btnd26TjLFocYTmahmyDRIEUMNBUpopgpYFEpohIPLid8YgtIiiW9xlEIQsV4suoIzNFLbtq+pr0VEfYQ7zKE+btsl1ym7XvnUo7+J57hTlMgc1bb95ncSnkUQI5dM65bnphjkTKHgEsZFP9OQMj5gPWgZGrMIdJBPLx/TQ6N0aDdRpmKkU/XrRM4irUdRaDojhn3905uIf3mtDLvnQS7iNEOI+WxRN5MUEzqJgXaEAo5yZAjjSphbKe8zxTiasIomhM9P6f+kfux4ruPdnJQqF/M4CmSfHJAj4pEzUiFXpEpqhJMhuSeP5MnKrQfr2XqZtS5Y85k98g3W6weOepOf</latexit><latexit sha1_base64="Q9p/Agn/Fcs+JCKcpxl5Dnz1Juo=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiehhkRNbegFy9CBLNAZgg9nUrSpGehuyYYhvyJFw+KePVPvPk3dhbB9UHB470qquqFqRQaXffdWlhcWl5ZLawV1zc2t7btnd26TjLFocYTmahmyDRIEUMNBUpopgpYFEpohIPLid8YgtIiiW9xlEIQsV4suoIzNFLbtq+pr0VEfYQ7zKE+btsl1ym7XvnUo7+J57hTlMgc1bb95ncSnkUQI5dM65bnphjkTKHgEsZFP9OQMj5gPWgZGrMIdJBPLx/TQ6N0aDdRpmKkU/XrRM4irUdRaDojhn3905uIf3mtDLvnQS7iNEOI+WxRN5MUEzqJgXaEAo5yZAjjSphbKe8zxTiasIomhM9P6f+kfux4ruPdnJQqF/M4CmSfHJAj4pEzUiFXpEpqhJMhuSeP5MnKrQfr2XqZtS5Y85k98g3W6weOepOf</latexit><latexit sha1_base64="Q9p/Agn/Fcs+JCKcpxl5Dnz1Juo=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiehhkRNbegFy9CBLNAZgg9nUrSpGehuyYYhvyJFw+KePVPvPk3dhbB9UHB470qquqFqRQaXffdWlhcWl5ZLawV1zc2t7btnd26TjLFocYTmahmyDRIEUMNBUpopgpYFEpohIPLid8YgtIiiW9xlEIQsV4suoIzNFLbtq+pr0VEfYQ7zKE+btsl1ym7XvnUo7+J57hTlMgc1bb95ncSnkUQI5dM65bnphjkTKHgEsZFP9OQMj5gPWgZGrMIdJBPLx/TQ6N0aDdRpmKkU/XrRM4irUdRaDojhn3905uIf3mtDLvnQS7iNEOI+WxRN5MUEzqJgXaEAo5yZAjjSphbKe8zxTiasIomhM9P6f+kfux4ruPdnJQqF/M4CmSfHJAj4pEzUiFXpEpqhJMhuSeP5MnKrQfr2XqZtS5Y85k98g3W6weOepOf</latexit><latexit sha1_base64="Q9p/Agn/Fcs+JCKcpxl5Dnz1Juo=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiehhkRNbegFy9CBLNAZgg9nUrSpGehuyYYhvyJFw+KePVPvPk3dhbB9UHB470qquqFqRQaXffdWlhcWl5ZLawV1zc2t7btnd26TjLFocYTmahmyDRIEUMNBUpopgpYFEpohIPLid8YgtIiiW9xlEIQsV4suoIzNFLbtq+pr0VEfYQ7zKE+btsl1ym7XvnUo7+J57hTlMgc1bb95ncSnkUQI5dM65bnphjkTKHgEsZFP9OQMj5gPWgZGrMIdJBPLx/TQ6N0aDdRpmKkU/XrRM4irUdRaDojhn3905uIf3mtDLvnQS7iNEOI+WxRN5MUEzqJgXaEAo5yZAjjSphbKe8zxTiasIomhM9P6f+kfux4ruPdnJQqF/M4CmSfHJAj4pEzUiFXpEpqhJMhuSeP5MnKrQfr2XqZtS5Y85k98g3W6weOepOf</latexit>

m ⇠ 10�27eV
<latexit sha1_base64="DNRTWbxmJQvo3P6cmZGg2RXEYuI=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCF8NuEB+3oBePCiYKyRpmJ51kcGZ3mekVw7J48Ve8eFDEq1/hzb9xEiP4LGgoqrrp7goTKQx63pszNj4xOTVdmCnOzs0vLLpLy3UTp5pDjccy1uchMyBFBDUUKOE80cBUKOEsvDwc+GdXoI2Io1PsJxAo1o1ER3CGVmq5q4o2jVDU9y6yrcpuTpsI15hBPW+5Ja+87/n7Oz79TfyyN0SJjHDccl+b7ZinCiLkkhnT8L0Eg4xpFFxCXmymBhLGL1kXGpZGTIEJsuELOd2wSpt2Ym0rQjpUv05kTBnTV6HtVAx75qc3EP/yGil29oJMREmKEPGPRZ1UUozpIA/aFho4yr4ljGthb6W8xzTjaFMr2hA+P6X/k3ql7Htl/2S7VD0YxVEga2SdbBKf7JIqOSLHpEY4uSF35IE8OrfOvfPkPH+0jjmjmRXyDc7LO/EploY=</latexit><latexit sha1_base64="DNRTWbxmJQvo3P6cmZGg2RXEYuI=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCF8NuEB+3oBePCiYKyRpmJ51kcGZ3mekVw7J48Ve8eFDEq1/hzb9xEiP4LGgoqrrp7goTKQx63pszNj4xOTVdmCnOzs0vLLpLy3UTp5pDjccy1uchMyBFBDUUKOE80cBUKOEsvDwc+GdXoI2Io1PsJxAo1o1ER3CGVmq5q4o2jVDU9y6yrcpuTpsI15hBPW+5Ja+87/n7Oz79TfyyN0SJjHDccl+b7ZinCiLkkhnT8L0Eg4xpFFxCXmymBhLGL1kXGpZGTIEJsuELOd2wSpt2Ym0rQjpUv05kTBnTV6HtVAx75qc3EP/yGil29oJMREmKEPGPRZ1UUozpIA/aFho4yr4ljGthb6W8xzTjaFMr2hA+P6X/k3ql7Htl/2S7VD0YxVEga2SdbBKf7JIqOSLHpEY4uSF35IE8OrfOvfPkPH+0jjmjmRXyDc7LO/EploY=</latexit><latexit sha1_base64="DNRTWbxmJQvo3P6cmZGg2RXEYuI=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCF8NuEB+3oBePCiYKyRpmJ51kcGZ3mekVw7J48Ve8eFDEq1/hzb9xEiP4LGgoqrrp7goTKQx63pszNj4xOTVdmCnOzs0vLLpLy3UTp5pDjccy1uchMyBFBDUUKOE80cBUKOEsvDwc+GdXoI2Io1PsJxAo1o1ER3CGVmq5q4o2jVDU9y6yrcpuTpsI15hBPW+5Ja+87/n7Oz79TfyyN0SJjHDccl+b7ZinCiLkkhnT8L0Eg4xpFFxCXmymBhLGL1kXGpZGTIEJsuELOd2wSpt2Ym0rQjpUv05kTBnTV6HtVAx75qc3EP/yGil29oJMREmKEPGPRZ1UUozpIA/aFho4yr4ljGthb6W8xzTjaFMr2hA+P6X/k3ql7Htl/2S7VD0YxVEga2SdbBKf7JIqOSLHpEY4uSF35IE8OrfOvfPkPH+0jjmjmRXyDc7LO/EploY=</latexit><latexit sha1_base64="DNRTWbxmJQvo3P6cmZGg2RXEYuI=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCF8NuEB+3oBePCiYKyRpmJ51kcGZ3mekVw7J48Ve8eFDEq1/hzb9xEiP4LGgoqrrp7goTKQx63pszNj4xOTVdmCnOzs0vLLpLy3UTp5pDjccy1uchMyBFBDUUKOE80cBUKOEsvDwc+GdXoI2Io1PsJxAo1o1ER3CGVmq5q4o2jVDU9y6yrcpuTpsI15hBPW+5Ja+87/n7Oz79TfyyN0SJjHDccl+b7ZinCiLkkhnT8L0Eg4xpFFxCXmymBhLGL1kXGpZGTIEJsuELOd2wSpt2Ym0rQjpUv05kTBnTV6HtVAx75qc3EP/yGil29oJMREmKEPGPRZ1UUozpIA/aFho4yr4ljGthb6W8xzTjaFMr2hA+P6X/k3ql7Htl/2S7VD0YxVEga2SdbBKf7JIqOSLHpEY4uSF35IE8OrfOvfPkPH+0jjmjmRXyDc7LO/EploY=</latexit>�

<latexit sha1_base64="NOaPF9baW0WO5hrKKvnm4eF0F90=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMLevEY0ZhAsoTZyexmyOzsMtMrhJBP8OJBEa9+kTf/xslD8FnQUFR1090VZlIY9Lx3p7CwuLS8Ulwtra1vbG6Vt3duTZprxhsslaluhdRwKRRvoEDJW5nmNAklb4aDi4nfvOPaiFTd4DDjQUJjJSLBKFrpuhPH3XLFc6ueXz3xyW/iu94UFZij3i2/dXopyxOukElqTNv3MgxGVKNgko9LndzwjLIBjXnbUkUTboLR9NQxObBKj0SptqWQTNWvEyOaGDNMQtuZUOybn95E/Mtr5xidBSOhshy5YrNFUS4JpmTyN+kJzRnKoSWUaWFvJaxPNWVo0ynZED4/Jf+T2yPX91z/6rhSO5/HUYQ92IdD8OEUanAJdWgAgxju4RGeHOk8OM/Oy6y14MxnduEbnNcPsACOEA==</latexit><latexit sha1_base64="NOaPF9baW0WO5hrKKvnm4eF0F90=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMLevEY0ZhAsoTZyexmyOzsMtMrhJBP8OJBEa9+kTf/xslD8FnQUFR1090VZlIY9Lx3p7CwuLS8Ulwtra1vbG6Vt3duTZprxhsslaluhdRwKRRvoEDJW5nmNAklb4aDi4nfvOPaiFTd4DDjQUJjJSLBKFrpuhPH3XLFc6ueXz3xyW/iu94UFZij3i2/dXopyxOukElqTNv3MgxGVKNgko9LndzwjLIBjXnbUkUTboLR9NQxObBKj0SptqWQTNWvEyOaGDNMQtuZUOybn95E/Mtr5xidBSOhshy5YrNFUS4JpmTyN+kJzRnKoSWUaWFvJaxPNWVo0ynZED4/Jf+T2yPX91z/6rhSO5/HUYQ92IdD8OEUanAJdWgAgxju4RGeHOk8OM/Oy6y14MxnduEbnNcPsACOEA==</latexit><latexit sha1_base64="NOaPF9baW0WO5hrKKvnm4eF0F90=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMLevEY0ZhAsoTZyexmyOzsMtMrhJBP8OJBEa9+kTf/xslD8FnQUFR1090VZlIY9Lx3p7CwuLS8Ulwtra1vbG6Vt3duTZprxhsslaluhdRwKRRvoEDJW5nmNAklb4aDi4nfvOPaiFTd4DDjQUJjJSLBKFrpuhPH3XLFc6ueXz3xyW/iu94UFZij3i2/dXopyxOukElqTNv3MgxGVKNgko9LndzwjLIBjXnbUkUTboLR9NQxObBKj0SptqWQTNWvEyOaGDNMQtuZUOybn95E/Mtr5xidBSOhshy5YrNFUS4JpmTyN+kJzRnKoSWUaWFvJaxPNWVo0ynZED4/Jf+T2yPX91z/6rhSO5/HUYQ92IdD8OEUanAJdWgAgxju4RGeHOk8OM/Oy6y14MxnduEbnNcPsACOEA==</latexit><latexit sha1_base64="NOaPF9baW0WO5hrKKvnm4eF0F90=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMLevEY0ZhAsoTZyexmyOzsMtMrhJBP8OJBEa9+kTf/xslD8FnQUFR1090VZlIY9Lx3p7CwuLS8Ulwtra1vbG6Vt3duTZprxhsslaluhdRwKRRvoEDJW5nmNAklb4aDi4nfvOPaiFTd4DDjQUJjJSLBKFrpuhPH3XLFc6ueXz3xyW/iu94UFZij3i2/dXopyxOukElqTNv3MgxGVKNgko9LndzwjLIBjXnbUkUTboLR9NQxObBKj0SptqWQTNWvEyOaGDNMQtuZUOybn95E/Mtr5xidBSOhshy5YrNFUS4JpmTyN+kJzRnKoSWUaWFvJaxPNWVo0ynZED4/Jf+T2yPX91z/6rhSO5/HUYQ92IdD8OEUanAJdWgAgxju4RGeHOk8OM/Oy6y14MxnduEbnNcPsACOEA==</latexit>

ultra-light physics

↵,�,� = O(1)
<latexit sha1_base64="w6w8kowAE1lxUvqx7Yth2DS94TU=">AAACEHicdVDLSgMxFM3UV62vUZdugkWsIGVGRO1CKLpxZwX7gM5Q7mTSNjTzIMkIZegnuPFX3LhQxK1Ld/6NmbaCzwshh3Pu4d57vJgzqSzr3cjNzM7NL+QXC0vLK6tr5vpGQ0aJILROIh6JlgeSchbSumKK01YsKAQep01vcJ7pzRsqJIvCazWMqRtAL2RdRkBpqmPuOsDjPuxjx6Mq+7j2+oBPsROA6hPg6eWoZO91zKJVrlh25cjGv4FdtsZVRNOqdcw3x49IEtBQEQ5Stm0rVm4KQjHC6ajgJJLGQAbQo20NQwiodNPxQSO8oxkfdyOhX6jwmP3qSCGQchh4ujPbUv7UMvIvrZ2o7ombsjBOFA3JZFA34VhFOEsH+0xQovhQAyCC6V0x6YMAonSGBR3C56X4f9A4KNtW2b46LFbPpnHk0RbaRiVko2NURReohuqIoFt0jx7Rk3FnPBjPxsukNWdMPZvoWxmvH5BPm6o=</latexit><latexit sha1_base64="w6w8kowAE1lxUvqx7Yth2DS94TU=">AAACEHicdVDLSgMxFM3UV62vUZdugkWsIGVGRO1CKLpxZwX7gM5Q7mTSNjTzIMkIZegnuPFX3LhQxK1Ld/6NmbaCzwshh3Pu4d57vJgzqSzr3cjNzM7NL+QXC0vLK6tr5vpGQ0aJILROIh6JlgeSchbSumKK01YsKAQep01vcJ7pzRsqJIvCazWMqRtAL2RdRkBpqmPuOsDjPuxjx6Mq+7j2+oBPsROA6hPg6eWoZO91zKJVrlh25cjGv4FdtsZVRNOqdcw3x49IEtBQEQ5Stm0rVm4KQjHC6ajgJJLGQAbQo20NQwiodNPxQSO8oxkfdyOhX6jwmP3qSCGQchh4ujPbUv7UMvIvrZ2o7ombsjBOFA3JZFA34VhFOEsH+0xQovhQAyCC6V0x6YMAonSGBR3C56X4f9A4KNtW2b46LFbPpnHk0RbaRiVko2NURReohuqIoFt0jx7Rk3FnPBjPxsukNWdMPZvoWxmvH5BPm6o=</latexit><latexit sha1_base64="w6w8kowAE1lxUvqx7Yth2DS94TU=">AAACEHicdVDLSgMxFM3UV62vUZdugkWsIGVGRO1CKLpxZwX7gM5Q7mTSNjTzIMkIZegnuPFX3LhQxK1Ld/6NmbaCzwshh3Pu4d57vJgzqSzr3cjNzM7NL+QXC0vLK6tr5vpGQ0aJILROIh6JlgeSchbSumKK01YsKAQep01vcJ7pzRsqJIvCazWMqRtAL2RdRkBpqmPuOsDjPuxjx6Mq+7j2+oBPsROA6hPg6eWoZO91zKJVrlh25cjGv4FdtsZVRNOqdcw3x49IEtBQEQ5Stm0rVm4KQjHC6ajgJJLGQAbQo20NQwiodNPxQSO8oxkfdyOhX6jwmP3qSCGQchh4ujPbUv7UMvIvrZ2o7ombsjBOFA3JZFA34VhFOEsH+0xQovhQAyCC6V0x6YMAonSGBR3C56X4f9A4KNtW2b46LFbPpnHk0RbaRiVko2NURReohuqIoFt0jx7Rk3FnPBjPxsukNWdMPZvoWxmvH5BPm6o=</latexit><latexit sha1_base64="w6w8kowAE1lxUvqx7Yth2DS94TU=">AAACEHicdVDLSgMxFM3UV62vUZdugkWsIGVGRO1CKLpxZwX7gM5Q7mTSNjTzIMkIZegnuPFX3LhQxK1Ld/6NmbaCzwshh3Pu4d57vJgzqSzr3cjNzM7NL+QXC0vLK6tr5vpGQ0aJILROIh6JlgeSchbSumKK01YsKAQep01vcJ7pzRsqJIvCazWMqRtAL2RdRkBpqmPuOsDjPuxjx6Mq+7j2+oBPsROA6hPg6eWoZO91zKJVrlh25cjGv4FdtsZVRNOqdcw3x49IEtBQEQ5Stm0rVm4KQjHC6ajgJJLGQAbQo20NQwiodNPxQSO8oxkfdyOhX6jwmP3qSCGQchh4ujPbUv7UMvIvrZ2o7ombsjBOFA3JZFA34VhFOEsH+0xQovhQAyCC6V0x6YMAonSGBR3C56X4f9A4KNtW2b46LFbPpnHk0RbaRiVko2NURReohuqIoFt0jx7Rk3FnPBjPxsukNWdMPZvoWxmvH5BPm6o=</latexit>

initial condition:  = 0
<latexit sha1_base64="XUhvgd2w1QnlcHROGBnJl03MRKM=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasiIqF0IRTcuK1hbaIeSSTNtaCYTkoxQhn6EGxeKuPV73Pk3pg/B54ELh3Pu5d57IiW4sRi/e4WFxaXlleJqaW19Y3OrvL1za9JMU9agqUh1KyKGCS5Zw3IrWEtpRpJIsGY0vJz4zTumDU/ljR0pFiakL3nMKbFOanaU4egcd8sV7FdxUD0J0G8S+HiKCsxR75bfOr2UZgmTlgpiTDvAyoY50ZZTwcalTmaYInRI+qztqCQJM2E+PXeMDpzSQ3GqXUmLpurXiZwkxoySyHUmxA7MT28i/uW1MxufhTmXKrNM0tmiOBPIpmjyO+pxzagVI0cI1dzdiuiAaEKtS6jkQvj8FP1Pbo/8APvB9XGldjGPowh7sA+HEMAp1OAK6tAACkO4h0d48pT34D17L7PWgjef2YVv8F4/AN8zj0M=</latexit><latexit sha1_base64="XUhvgd2w1QnlcHROGBnJl03MRKM=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasiIqF0IRTcuK1hbaIeSSTNtaCYTkoxQhn6EGxeKuPV73Pk3pg/B54ELh3Pu5d57IiW4sRi/e4WFxaXlleJqaW19Y3OrvL1za9JMU9agqUh1KyKGCS5Zw3IrWEtpRpJIsGY0vJz4zTumDU/ljR0pFiakL3nMKbFOanaU4egcd8sV7FdxUD0J0G8S+HiKCsxR75bfOr2UZgmTlgpiTDvAyoY50ZZTwcalTmaYInRI+qztqCQJM2E+PXeMDpzSQ3GqXUmLpurXiZwkxoySyHUmxA7MT28i/uW1MxufhTmXKrNM0tmiOBPIpmjyO+pxzagVI0cI1dzdiuiAaEKtS6jkQvj8FP1Pbo/8APvB9XGldjGPowh7sA+HEMAp1OAK6tAACkO4h0d48pT34D17L7PWgjef2YVv8F4/AN8zj0M=</latexit><latexit sha1_base64="XUhvgd2w1QnlcHROGBnJl03MRKM=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasiIqF0IRTcuK1hbaIeSSTNtaCYTkoxQhn6EGxeKuPV73Pk3pg/B54ELh3Pu5d57IiW4sRi/e4WFxaXlleJqaW19Y3OrvL1za9JMU9agqUh1KyKGCS5Zw3IrWEtpRpJIsGY0vJz4zTumDU/ljR0pFiakL3nMKbFOanaU4egcd8sV7FdxUD0J0G8S+HiKCsxR75bfOr2UZgmTlgpiTDvAyoY50ZZTwcalTmaYInRI+qztqCQJM2E+PXeMDpzSQ3GqXUmLpurXiZwkxoySyHUmxA7MT28i/uW1MxufhTmXKrNM0tmiOBPIpmjyO+pxzagVI0cI1dzdiuiAaEKtS6jkQvj8FP1Pbo/8APvB9XGldjGPowh7sA+HEMAp1OAK6tAACkO4h0d48pT34D17L7PWgjef2YVv8F4/AN8zj0M=</latexit><latexit sha1_base64="XUhvgd2w1QnlcHROGBnJl03MRKM=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasiIqF0IRTcuK1hbaIeSSTNtaCYTkoxQhn6EGxeKuPV73Pk3pg/B54ELh3Pu5d57IiW4sRi/e4WFxaXlleJqaW19Y3OrvL1za9JMU9agqUh1KyKGCS5Zw3IrWEtpRpJIsGY0vJz4zTumDU/ljR0pFiakL3nMKbFOanaU4egcd8sV7FdxUD0J0G8S+HiKCsxR75bfOr2UZgmTlgpiTDvAyoY50ZZTwcalTmaYInRI+qztqCQJM2E+PXeMDpzSQ3GqXUmLpurXiZwkxoySyHUmxA7MT28i/uW1MxufhTmXKrNM0tmiOBPIpmjyO+pxzagVI0cI1dzdiuiAaEKtS6jkQvj8FP1Pbo/8APvB9XGldjGPowh7sA+HEMAp1OAK6tAACkO4h0d48pT34D17L7PWgjef2YVv8F4/AN8zj0M=</latexit>

�ini ⌧ Mpl
<latexit sha1_base64="2fZCXTiJXHFlBoeZRDQ9qDdM++w=">AAAB/nicdVDLSsNAFL3xWesrKq7cDBbBVUhE1O6KbtwIFewDmhAm00k7dDIJMxOhhIK/4saFIm79Dnf+jdOH4PPAhcM593LvPVHGmdKu+27NzS8sLi2XVsqra+sbm/bWdlOluSS0QVKeynaEFeVM0IZmmtN2JilOIk5b0eBi7LduqVQsFTd6mNEgwT3BYkawNlJo7/pZn4UFE2yEfM7RVVhkfBTaFdepul71xEO/iee4E1Rghnpov/ndlOQJFZpwrFTHczMdFFhqRjgdlf1c0QyTAe7RjqECJ1QFxeT8ETowShfFqTQlNJqoXycKnCg1TCLTmWDdVz+9sfiX18l1fBaY37JcU0Gmi+KcI52icRaoyyQlmg8NwUQycysifSwx0Saxsgnh81P0P2keOZ7reNfHldr5LI4S7ME+HIIHp1CDS6hDAwgUcA+P8GTdWQ/Ws/UybZ2zZjM78A3W6wesc5Xz</latexit><latexit sha1_base64="2fZCXTiJXHFlBoeZRDQ9qDdM++w=">AAAB/nicdVDLSsNAFL3xWesrKq7cDBbBVUhE1O6KbtwIFewDmhAm00k7dDIJMxOhhIK/4saFIm79Dnf+jdOH4PPAhcM593LvPVHGmdKu+27NzS8sLi2XVsqra+sbm/bWdlOluSS0QVKeynaEFeVM0IZmmtN2JilOIk5b0eBi7LduqVQsFTd6mNEgwT3BYkawNlJo7/pZn4UFE2yEfM7RVVhkfBTaFdepul71xEO/iee4E1Rghnpov/ndlOQJFZpwrFTHczMdFFhqRjgdlf1c0QyTAe7RjqECJ1QFxeT8ETowShfFqTQlNJqoXycKnCg1TCLTmWDdVz+9sfiX18l1fBaY37JcU0Gmi+KcI52icRaoyyQlmg8NwUQycysifSwx0Saxsgnh81P0P2keOZ7reNfHldr5LI4S7ME+HIIHp1CDS6hDAwgUcA+P8GTdWQ/Ws/UybZ2zZjM78A3W6wesc5Xz</latexit><latexit sha1_base64="2fZCXTiJXHFlBoeZRDQ9qDdM++w=">AAAB/nicdVDLSsNAFL3xWesrKq7cDBbBVUhE1O6KbtwIFewDmhAm00k7dDIJMxOhhIK/4saFIm79Dnf+jdOH4PPAhcM593LvPVHGmdKu+27NzS8sLi2XVsqra+sbm/bWdlOluSS0QVKeynaEFeVM0IZmmtN2JilOIk5b0eBi7LduqVQsFTd6mNEgwT3BYkawNlJo7/pZn4UFE2yEfM7RVVhkfBTaFdepul71xEO/iee4E1Rghnpov/ndlOQJFZpwrFTHczMdFFhqRjgdlf1c0QyTAe7RjqECJ1QFxeT8ETowShfFqTQlNJqoXycKnCg1TCLTmWDdVz+9sfiX18l1fBaY37JcU0Gmi+KcI52icRaoyyQlmg8NwUQycysifSwx0Saxsgnh81P0P2keOZ7reNfHldr5LI4S7ME+HIIHp1CDS6hDAwgUcA+P8GTdWQ/Ws/UybZ2zZjM78A3W6wesc5Xz</latexit><latexit sha1_base64="2fZCXTiJXHFlBoeZRDQ9qDdM++w=">AAAB/nicdVDLSsNAFL3xWesrKq7cDBbBVUhE1O6KbtwIFewDmhAm00k7dDIJMxOhhIK/4saFIm79Dnf+jdOH4PPAhcM593LvPVHGmdKu+27NzS8sLi2XVsqra+sbm/bWdlOluSS0QVKeynaEFeVM0IZmmtN2JilOIk5b0eBi7LduqVQsFTd6mNEgwT3BYkawNlJo7/pZn4UFE2yEfM7RVVhkfBTaFdepul71xEO/iee4E1Rghnpov/ndlOQJFZpwrFTHczMdFFhqRjgdlf1c0QyTAe7RjqECJ1QFxeT8ETowShfFqTQlNJqoXycKnCg1TCLTmWDdVz+9sfiX18l1fBaY37JcU0Gmi+KcI52icRaoyyQlmg8NwUQycysifSwx0Saxsgnh81P0P2keOZ7reNfHldr5LI4S7ME+HIIHp1CDS6hDAwgUcA+P8GTdWQ/Ws/UybZ2zZjM78A3W6wesc5Xz</latexit>

sub-dominant trigger:



Bubble CoalescenceBubble Coalescence

Upshot: One burst of nucleation (when phi crosses zero) is 
enough to fill all of space with bubbles of true vacuum.
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 Bubble collision and dissipation is complicated. 
Generally free energy converted to anisotropic stress 
sourcing  gravitational waves.

Assume mixture of radiation and small scale 
anisotropic stress after transition

 Important result: From a cosmological perspective the phase 
transition can be treated as an instantaneous process.

 Bubbles collide long before they reach cosmological size.

[Liddle, Wands, 1991]

[Hawking, Moss, Stewart, 1982]
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values of s because the field equations are invariant
under these symmetries.
Let S' be the vector 8/Bs, i.e., the unit vector

normal to the surface s=const and let X' be the
vector 8/Bx, i.e., the unit vector normal to the sur-
face x=const. Then

f T' S,dXb —f T' S,dXb = f (T' S, ).bdv,
(10)

where V is the region between the s=const sur-
faces X~ and Xz. From this it follows that

—(s f T'S,Sbdx)= —s f T~ S,.bdxBs

=—s f T' k,bdx, (11)

where k,~——g,~+S,S~ —X,X~ is the projection
operator into the two-space orthogonal to S' and
X'. One can regard Eq. (11) as the expression of
the conservation of energy, the component T' S,Sb
in the coordinate system s,x,1(,8. The factor of s
on the left-hand side represents the fact that the
energy is diluted by being spread out over a larger
surface while the term sT'—k,b represents the
work done by the pressure forces because of the ex-
pansion of the coordinate system in the directions
spanned by k,~.
Because of the reflection symmetry (9) it is suffi-

cient to consider only the region x &0. If one
adopts the thin-wall approximation to the bubble,
then up until the time that the bubbles collide the
energy-momentum tensor in the region 0&x (b
can be represented as

T'"=—e g' 8(x(s)—x)—o(g' —V'V )[1+(V') ] ' 5(x(x)—x) . (12)

V'= —x'(s) I 1—[x'(s)] I

V"=—I 1
—[ '( )]

Using (12) and (13) in (11), one finds

(13)

osx"=—2ox'(1—x' )—se (1—x' ) i . (14)

The first term represents the vacuum energy-
momentum in the old phase outside the wall of the
right-hand bubble which is at x(s). The second
term is the energy-momentum of the wall regarded
as a thin shell where V' is the unit vector in the sx
plane orthogonal to the wall and 0. is the energy
density per unit area of the wall. Because V' is
orthogonal to the wall of the bubble

I

bubble accelerates towards the left with a uniform
acceleration of e /30. . By the reflection symmetry
(9) the right-hand wall of the left-hand bubble will
be accelerated towards the right in a similar way
(Fig. 1). They will collide at x=0 when s =s&. If
the separation of the bubbles, 2b, is large compared
to their radius, 3o/e, the walls will be highly rela-
tivistic when they collide and will have a y factor
e b/3cr The kine. tic energy of the walls will be
concentrated in a small region around the x axis of
thickness , v /be, —the proper thickness of the wall
-v /2o. divided by the y factor because of the
Lorentz contraction.
Consider first the case where a=0 (in which the

Equation (14) can be integrated to give

x =+—(g2+g2)1/2
where

30 S
4 3 3E sp —s (16)

and sp is a constant of integration. In the interval
0&s &s~——[b —(3cr/e ) ]' the solution has
sp ——0, a=30./e, and

broken ken phase

-b b

FIG. 1. The collision of two bubbles in the case
a=O. The dashed region denotes the old, symmetric
phase outside the bubbles which nucleate at x =b and
x =—b on s=O.

(17)(x b) s=(3o./e )— —
This corresponds to the usual single-bubble solu-
tion in which the left-hand wall of the right-hand

`bubble < 10h�1Mpc/(z⇤ + 1)
<latexit sha1_base64="mkQcBLNaSGHiH6FGtO14GEou32M="></latexit><latexit sha1_base64="mkQcBLNaSGHiH6FGtO14GEou32M="></latexit><latexit sha1_base64="mkQcBLNaSGHiH6FGtO14GEou32M="></latexit><latexit sha1_base64="mkQcBLNaSGHiH6FGtO14GEou32M="></latexit>

Bubble CoalescenceBubble Coalescence



Cold NEDE: Cosmological perturbations

 The phase transition affects perturbations in different ways:

• Perturbations feel the change in the effective e.o.s.

• Transition is triggered at different places at different times due to fluctuations in trigger 
field phi.

• The bubbles generate perturbations on scales comparable to their size.

relevant for CMB

relevant for CMB

irrelevant for CMB
 We use Israel junction conditions to match fluctuations across transition surface.

[Deruelle, Mukhanov, 1995]

space like transition surface     : �(t⇤,x)|⌃ = const .
<latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit>

⌃
<latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit><latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit><latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit><latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit>

synchronous gauge:

ds2 = �dt2 + a(t)2 (�ij + hij) dx
idxj ,

<latexit sha1_base64="7lapoKR30ILD5VCE/2UdMYc44ik="></latexit><latexit sha1_base64="7lapoKR30ILD5VCE/2UdMYc44ik="></latexit><latexit sha1_base64="7lapoKR30ILD5VCE/2UdMYc44ik="></latexit><latexit sha1_base64="7lapoKR30ILD5VCE/2UdMYc44ik="></latexit>

where hij =
kikj
k2

h+

✓
kikj
k2

� 1

3
�ij

◆
⌘ ,

<latexit sha1_base64="UTGVKn7VBxHa7vLN+TqCJRjzq4U="></latexit><latexit sha1_base64="UTGVKn7VBxHa7vLN+TqCJRjzq4U="></latexit><latexit sha1_base64="UTGVKn7VBxHa7vLN+TqCJRjzq4U="></latexit><latexit sha1_base64="UTGVKn7VBxHa7vLN+TqCJRjzq4U="></latexit>

⌃
<latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit><latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit><latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit><latexit sha1_base64="vfo+7hkEgXpFkqvQndRsw90ag98=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVieYW9OIxonlAsoTZyWwyZGZ2mZkVwpKP8OJBEa9+jzf/xtkkgs+ChqKqm+6uMOFMG897dwpLyyura8X10sbm1vZOeXevpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsz99h1VmsXy1kwSGgg8lCxiBBsrtXs3bChwqV+ueG7N82tVH/0mvuvNUIEFGv3yW28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzc6doiOrDFAUK1vSoJn6dSLDQuuJCG2nwGakf3q5+JfXTU10HmRMJqmhkswXRSlHJkb572jAFCWGTyzBRDF7KyIjrDAxNqE8hM9P0f+kdeL6nutfn1bqF4s4inAAh3AMPpxBHa6gAU0gMIZ7eIQnJ3EenGfnZd5acBYz+/ANzusHEsmPZQ==</latexit>

t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

wEDE = �1
<latexit sha1_base64="Lm1S2WADKCEoDvTEa14naMjGoPs=">AAAB83icdVDJSgNBEK2JW4xb1KOXxiB4cZgWUXMQghrwGMEskAyhp9NJmvT0DN09ShjyG148KOLVn/Hm39hZBNcHBY/3qqiqF8SCa+N5705mbn5hcSm7nFtZXVvfyG9u1XSUKMqqNBKRagREM8ElqxpuBGvEipEwEKweDC7Gfv2WKc0jeWOGMfND0pO8yykxVmrdtdPyZXmEztABbucLnlv0cPEYo98Eu94EBZih0s6/tToRTUImDRVE6yb2YuOnRBlOBRvlWolmMaED0mNNSyUJmfbTyc0jtGeVDupGypY0aKJ+nUhJqPUwDGxnSExf//TG4l9eMzHdUz/lMk4Mk3S6qJsIZCI0DgB1uGLUiKElhCpub0W0TxShxsaUsyF8for+J7VDF3suvj4qlM5ncWRhB3ZhHzCcQAmuoAJVoBDDPTzCk5M4D86z8zJtzTizmW34Buf1A48tkLc=</latexit><latexit sha1_base64="Lm1S2WADKCEoDvTEa14naMjGoPs=">AAAB83icdVDJSgNBEK2JW4xb1KOXxiB4cZgWUXMQghrwGMEskAyhp9NJmvT0DN09ShjyG148KOLVn/Hm39hZBNcHBY/3qqiqF8SCa+N5705mbn5hcSm7nFtZXVvfyG9u1XSUKMqqNBKRagREM8ElqxpuBGvEipEwEKweDC7Gfv2WKc0jeWOGMfND0pO8yykxVmrdtdPyZXmEztABbucLnlv0cPEYo98Eu94EBZih0s6/tToRTUImDRVE6yb2YuOnRBlOBRvlWolmMaED0mNNSyUJmfbTyc0jtGeVDupGypY0aKJ+nUhJqPUwDGxnSExf//TG4l9eMzHdUz/lMk4Mk3S6qJsIZCI0DgB1uGLUiKElhCpub0W0TxShxsaUsyF8for+J7VDF3suvj4qlM5ncWRhB3ZhHzCcQAmuoAJVoBDDPTzCk5M4D86z8zJtzTizmW34Buf1A48tkLc=</latexit><latexit sha1_base64="Lm1S2WADKCEoDvTEa14naMjGoPs=">AAAB83icdVDJSgNBEK2JW4xb1KOXxiB4cZgWUXMQghrwGMEskAyhp9NJmvT0DN09ShjyG148KOLVn/Hm39hZBNcHBY/3qqiqF8SCa+N5705mbn5hcSm7nFtZXVvfyG9u1XSUKMqqNBKRagREM8ElqxpuBGvEipEwEKweDC7Gfv2WKc0jeWOGMfND0pO8yykxVmrdtdPyZXmEztABbucLnlv0cPEYo98Eu94EBZih0s6/tToRTUImDRVE6yb2YuOnRBlOBRvlWolmMaED0mNNSyUJmfbTyc0jtGeVDupGypY0aKJ+nUhJqPUwDGxnSExf//TG4l9eMzHdUz/lMk4Mk3S6qJsIZCI0DgB1uGLUiKElhCpub0W0TxShxsaUsyF8for+J7VDF3suvj4qlM5ncWRhB3ZhHzCcQAmuoAJVoBDDPTzCk5M4D86z8zJtzTizmW34Buf1A48tkLc=</latexit><latexit sha1_base64="Lm1S2WADKCEoDvTEa14naMjGoPs=">AAAB83icdVDJSgNBEK2JW4xb1KOXxiB4cZgWUXMQghrwGMEskAyhp9NJmvT0DN09ShjyG148KOLVn/Hm39hZBNcHBY/3qqiqF8SCa+N5705mbn5hcSm7nFtZXVvfyG9u1XSUKMqqNBKRagREM8ElqxpuBGvEipEwEKweDC7Gfv2WKc0jeWOGMfND0pO8yykxVmrdtdPyZXmEztABbucLnlv0cPEYo98Eu94EBZih0s6/tToRTUImDRVE6yb2YuOnRBlOBRvlWolmMaED0mNNSyUJmfbTyc0jtGeVDupGypY0aKJ+nUhJqPUwDGxnSExf//TG4l9eMzHdUz/lMk4Mk3S6qJsIZCI0DgB1uGLUiKElhCpub0W0TxShxsaUsyF8for+J7VDF3suvj4qlM5ncWRhB3ZhHzCcQAmuoAJVoBDDPTzCk5M4D86z8zJtzTizmW34Buf1A48tkLc=</latexit>

wEDE = 1/3
<latexit sha1_base64="xN1ghe32bstMckXqAI0S7P35FcE=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GqdV1ByEoAY8RjAxkAyhp9OTNOlZ7O6JhCHf4cWDIl79GG/+jZ1FcH1Q8Hiviqp6Xiy40o7zbmVmZufmF7KLuaXlldW1/PpGTUWJpKxKIxHJukcUEzxkVc21YPVYMhJ4gt14vfORf9NnUvEovNaDmLkB6YTc55RoI7l3rbR8UR6iU4T3Dlr5gmMXHVw8wug3wbYzRgGmqLTyb812RJOAhZoKolQDO7F2UyI1p4INc81EsZjQHumwhqEhCZhy0/HRQ7RjlDbyI2kq1Gisfp1ISaDUIPBMZ0B0V/30RuJfXiPR/omb8jBONAvpZJGfCKQjNEoAtblkVIuBIYRKbm5FtEskodrklDMhfH6K/ie1fRs7Nr46LJTOpnFkYQu2YRcwHEMJLqECVaBwC/fwCE9W33qwnq2XSWvGms5swjdYrx8IB5D2</latexit><latexit sha1_base64="xN1ghe32bstMckXqAI0S7P35FcE=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GqdV1ByEoAY8RjAxkAyhp9OTNOlZ7O6JhCHf4cWDIl79GG/+jZ1FcH1Q8Hiviqp6Xiy40o7zbmVmZufmF7KLuaXlldW1/PpGTUWJpKxKIxHJukcUEzxkVc21YPVYMhJ4gt14vfORf9NnUvEovNaDmLkB6YTc55RoI7l3rbR8UR6iU4T3Dlr5gmMXHVw8wug3wbYzRgGmqLTyb812RJOAhZoKolQDO7F2UyI1p4INc81EsZjQHumwhqEhCZhy0/HRQ7RjlDbyI2kq1Gisfp1ISaDUIPBMZ0B0V/30RuJfXiPR/omb8jBONAvpZJGfCKQjNEoAtblkVIuBIYRKbm5FtEskodrklDMhfH6K/ie1fRs7Nr46LJTOpnFkYQu2YRcwHEMJLqECVaBwC/fwCE9W33qwnq2XSWvGms5swjdYrx8IB5D2</latexit><latexit sha1_base64="xN1ghe32bstMckXqAI0S7P35FcE=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GqdV1ByEoAY8RjAxkAyhp9OTNOlZ7O6JhCHf4cWDIl79GG/+jZ1FcH1Q8Hiviqp6Xiy40o7zbmVmZufmF7KLuaXlldW1/PpGTUWJpKxKIxHJukcUEzxkVc21YPVYMhJ4gt14vfORf9NnUvEovNaDmLkB6YTc55RoI7l3rbR8UR6iU4T3Dlr5gmMXHVw8wug3wbYzRgGmqLTyb812RJOAhZoKolQDO7F2UyI1p4INc81EsZjQHumwhqEhCZhy0/HRQ7RjlDbyI2kq1Gisfp1ISaDUIPBMZ0B0V/30RuJfXiPR/omb8jBONAvpZJGfCKQjNEoAtblkVIuBIYRKbm5FtEskodrklDMhfH6K/ie1fRs7Nr46LJTOpnFkYQu2YRcwHEMJLqECVaBwC/fwCE9W33qwnq2XSWvGms5swjdYrx8IB5D2</latexit><latexit sha1_base64="xN1ghe32bstMckXqAI0S7P35FcE=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GqdV1ByEoAY8RjAxkAyhp9OTNOlZ7O6JhCHf4cWDIl79GG/+jZ1FcH1Q8Hiviqp6Xiy40o7zbmVmZufmF7KLuaXlldW1/PpGTUWJpKxKIxHJukcUEzxkVc21YPVYMhJ4gt14vfORf9NnUvEovNaDmLkB6YTc55RoI7l3rbR8UR6iU4T3Dlr5gmMXHVw8wug3wbYzRgGmqLTyb812RJOAhZoKolQDO7F2UyI1p4INc81EsZjQHumwhqEhCZhy0/HRQ7RjlDbyI2kq1Gisfp1ISaDUIPBMZ0B0V/30RuJfXiPR/omb8jBONAvpZJGfCKQjNEoAtblkVIuBIYRKbm5FtEskodrklDMhfH6K/ie1fRs7Nr46LJTOpnFkYQu2YRcwHEMJLqECVaBwC/fwCE9W33qwnq2XSWvGms5swjdYrx8IB5D2</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

 Two metric perturbations: h(t, k) & ⌘(t, k)
<latexit sha1_base64="4eilsJqxP7EsHnNrvPScKiM26gw=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqSAlEUGXRTcuK9gLNKFMJpN26OTizIlQSpdufBU3LhRx6yO4822cphG09cDAx/+fw5nze4ngCizryygsLC4trxRXS2vrG5tb5vZOU8WppKxBYxHLtkcUEzxiDeAgWDuRjISeYC1vcDXxW/dMKh5HtzBMmBuSXsQDTgloqWvu9ytwMjjGzl1KfOwc/QADkhlds2xVrazwPNg5lFFe9a756fgxTUMWARVEqY5tJeCOiAROBRuXnFSxhNAB6bGOxoiETLmj7JAxPtSKj4NY6hcBztTfEyMSKjUMPd0ZEuirWW8i/ud1Uggu3BGPkhRYRKeLglRgiPEkFexzySiIoQZCJdd/xbRPJKGgsyvpEOzZk+eheVq1rap9c1auXeZxFNEeOkAVZKNzVEPXqI4aiKIH9IRe0KvxaDwbb8b7tLVg5DO76E8ZH99i7Zen</latexit><latexit sha1_base64="4eilsJqxP7EsHnNrvPScKiM26gw=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqSAlEUGXRTcuK9gLNKFMJpN26OTizIlQSpdufBU3LhRx6yO4822cphG09cDAx/+fw5nze4ngCizryygsLC4trxRXS2vrG5tb5vZOU8WppKxBYxHLtkcUEzxiDeAgWDuRjISeYC1vcDXxW/dMKh5HtzBMmBuSXsQDTgloqWvu9ytwMjjGzl1KfOwc/QADkhlds2xVrazwPNg5lFFe9a756fgxTUMWARVEqY5tJeCOiAROBRuXnFSxhNAB6bGOxoiETLmj7JAxPtSKj4NY6hcBztTfEyMSKjUMPd0ZEuirWW8i/ud1Uggu3BGPkhRYRKeLglRgiPEkFexzySiIoQZCJdd/xbRPJKGgsyvpEOzZk+eheVq1rap9c1auXeZxFNEeOkAVZKNzVEPXqI4aiKIH9IRe0KvxaDwbb8b7tLVg5DO76E8ZH99i7Zen</latexit><latexit sha1_base64="4eilsJqxP7EsHnNrvPScKiM26gw=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqSAlEUGXRTcuK9gLNKFMJpN26OTizIlQSpdufBU3LhRx6yO4822cphG09cDAx/+fw5nze4ngCizryygsLC4trxRXS2vrG5tb5vZOU8WppKxBYxHLtkcUEzxiDeAgWDuRjISeYC1vcDXxW/dMKh5HtzBMmBuSXsQDTgloqWvu9ytwMjjGzl1KfOwc/QADkhlds2xVrazwPNg5lFFe9a756fgxTUMWARVEqY5tJeCOiAROBRuXnFSxhNAB6bGOxoiETLmj7JAxPtSKj4NY6hcBztTfEyMSKjUMPd0ZEuirWW8i/ud1Uggu3BGPkhRYRKeLglRgiPEkFexzySiIoQZCJdd/xbRPJKGgsyvpEOzZk+eheVq1rap9c1auXeZxFNEeOkAVZKNzVEPXqI4aiKIH9IRe0KvxaDwbb8b7tLVg5DO76E8ZH99i7Zen</latexit><latexit sha1_base64="4eilsJqxP7EsHnNrvPScKiM26gw=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqSAlEUGXRTcuK9gLNKFMJpN26OTizIlQSpdufBU3LhRx6yO4822cphG09cDAx/+fw5nze4ngCizryygsLC4trxRXS2vrG5tb5vZOU8WppKxBYxHLtkcUEzxiDeAgWDuRjISeYC1vcDXxW/dMKh5HtzBMmBuSXsQDTgloqWvu9ytwMjjGzl1KfOwc/QADkhlds2xVrazwPNg5lFFe9a756fgxTUMWARVEqY5tJeCOiAROBRuXnFSxhNAB6bGOxoiETLmj7JAxPtSKj4NY6hcBztTfEyMSKjUMPd0ZEuirWW8i/ud1Uggu3BGPkhRYRKeLglRgiPEkFexzySiIoQZCJdd/xbRPJKGgsyvpEOzZk+eheVq1rap9c1auXeZxFNEeOkAVZKNzVEPXqI4aiKIH9IRe0KvxaDwbb8b7tLVg5DO76E8ZH99i7Zen</latexit>



Does it work?



The answer is so far, yes; for details, see latest updated data analysis in 
arXiv:2209.02708 





Hot NEDE



Hot New Early Dark Energy

Again we use a scalar field model w. first order phase transition

qualitative picture:

vacuum bubbles 

NEDE 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

w = �1 ! 1/3 < w < 1

<latexit sha1_base64="2D2E529V8Lfy0i4LSkes1S6jizk=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ31okWVKhQdOOygn1AZyiZTKYNzWSmScZSSj/Ajb/ixoUibv0Ad/6NaTsLbT0QOJxzLjf3eDFnStv2t7WwuLS8sppZy65vbG5t53Z2aypKJKFVEvFINjysKGeCVjXTnDZiSXHocVr3ujdjv/5ApWKRuNeDmLohbgsWMIK1kVq5fB9ewWPk9HoJ9qGjI5hSiE7OYKkPSxCZlF2wJ4DzBKUkD1JUWrkvx49IElKhCcdKNZEda3eIpWaE01HWSRSNMeniNm0aKnBIlTucHDOCh0bxYRBJ84SGE/X3xBCHSg1CzyRDrDtq1huL/3nNRAcX7pCJONFUkOmiIOHQ3DxuBvpMUqL5wBBMJDN/haSDJSba9Jc1JaDZk+dJ7bSAioXLu2K+fJ3WkQH74AAcAQTOQRncggqoAgIewTN4BW/Wk/VivVsf0+iClc7sgT+wPn8Al2OYKQ==</latexit>



Hot New Early Dark Energy

•But the trigger is now given by the temperature corrections to 
the potential


• The thermal trigger removes the need for an extra trigger 
mass scale.


➡Only mass scale is O(eV) i.e. the neutrino mass scale

Is the Hubble tension a signature of  
how neutrinos got their mass?



Hot New Early Dark Energy

Phenomenological d.o.f. Microscopic d.o.f.

Fraction of NEDE:

Decay time:

Number of eff. rel. d.o.f.:

Critical temp.:

Dark sector temp.:


# of dark gauge bosons and coupling:

Parameter of dim. less potential:

Dark Matter drag force:

New in Hot NEDE

�Ne↵
<latexit sha1_base64="6FNj65aA0AY7bPVk4DBVcnQ6EV8=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYBXuoqBlUAsriWA+IAlhbzOXLNn7YHdODMc1/hUbC0Vs/Rl2/hs3yRWa+GDg8d4MM/PcSAqNtv1t5ZaWV1bX8uuFjc2t7Z3i7l5Dh7HiUOehDFXLZRqkCKCOAiW0IgXMdyU03dHVxG8+gNIiDO5xHEHXZ4NAeIIzNFKveNC5BomM3vaSDsIjKj8Bz0vTXrFkl+0p6CJxMlIiGWq94lenH/LYhwC5ZFq3HTvCbsIUCi4hLXRiDRHjIzaAtqEB80F3k+kDKT02Sp96oTIVIJ2qvycS5ms99l3T6TMc6nlvIv7ntWP0LrqJCKIYIeCzRV4sKYZ0kgbtCwUc5dgQxpUwt1I+ZIpxNJkVTAjO/MuLpFEpO6flyt1ZqXqZxZEnh+SInBCHnJMquSE1UiecpOSZvJI368l6sd6tj1lrzspm9skfWJ8/KtCWyQ==</latexit>

�DM-DR
<latexit sha1_base64="fK3BlMKyFt86eMvT03W/4Pxxqfc=">AAACAHicbVBNS8NAEN34WetX1IMHL8EieLEkVdBj0YJehCr2A5pYNtttu3Q3CbsTsYRc/CtePCji1Z/hzX/jts1BWx8MPN6bYWaeH3GmwLa/jbn5hcWl5dxKfnVtfWPT3NquqzCWhNZIyEPZ9LGinAW0Bgw4bUaSYuFz2vAHFyO/8UClYmFwB8OIegL3AtZlBIOW2uaue4mFwPeJC/QRpEgq10eV2zRtmwW7aI9hzRInIwWUodo2v9xOSGJBAyAcK9Vy7Ai8BEtghNM078aKRpgMcI+2NA2woMpLxg+k1oFWOlY3lLoCsMbq74kEC6WGwtedAkNfTXsj8T+vFUP3zEtYEMVAAzJZ1I25BaE1SsPqMEkJ8KEmmEimb7VIH0tMQGeW1yE40y/Pknqp6BwXSzcnhfJ5FkcO7aF9dIgcdIrK6ApVUQ0RlKJn9IrejCfjxXg3Piatc0Y2s4P+wPj8AbAslnY=</latexit>

z⇤<latexit sha1_base64="x+Kp/72tauzJAzkEf1OQHprgNi4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsJuFPQY9OIxonlAsoTZySQZMju7zPQKccknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSrYAaLoXidRQoeSvWnIaB5M1gdDP1m49cGxGpBxzH3A/pQIm+YBStdP/UPesWS27ZnYEsEy8jJchQ6xa/Or2IJSFXyCQ1pu25Mfop1SiY5JNCJzE8pmxEB7xtqaIhN346O3VCTqzSI/1I21JIZurviZSGxozDwHaGFIdm0ZuK/3ntBPtXfipUnCBXbL6on0iCEZn+TXpCc4ZybAllWthbCRtSTRnadAo2BG/x5WXSqJS983Ll7qJUvc7iyMMRHMMpeHAJVbiFGtSBwQCe4RXeHOm8OO/Ox7w152Qzh/AHzucPBW6Nnw==</latexit>

fNEDE
<latexit sha1_base64="XNfwXRWtuy+7yeoqZZ4wc+qCRlU=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KkkV9FjUgiepYD+gDWGz3bRLN5uwO1FLzE/x4kERr/4Sb/4bt20O2vpg4PHeDDPz/JgzBbb9bSwtr6yurRc2iptb2zu7ZmmvpaJEEtokEY9kx8eKciZoExhw2oklxaHPadsfXU789j2VikXiDsYxdUM8ECxgBIOWPLMUeGkP6CPIML2pX9WzzDPLdsWewlokTk7KKEfDM796/YgkIRVAOFaq69gxuCmWwAinWbGXKBpjMsID2tVU4JAqN52enllHWulbQSR1CbCm6u+JFIdKjUNfd4YYhmrem4j/ed0EgnM3ZSJOgAoyWxQk3ILImuRg9ZmkBPhYE0wk07daZIglJqDTKuoQnPmXF0mrWnFOKtXb03LtIo+jgA7QITpGDjpDNXSNGqiJCHpAz+gVvRlPxovxbnzMWpeMfGYf/YHx+QOGDZQq</latexit>

with

with

[Buen-Abad, G. Marques-Tavares, and M. Schmaltz; 2015] [J. Lesgourgues, G. Marques-Tavares, and M. Schmaltz; 2015] 

arXiv:2112.00759, 2112.00770  w. Florian Niedermann

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

T0
<latexit sha1_base64="movfb9dd3/Q3Lp3VTbeqlLztegU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rFiv6ANZbOdtEs3m7C7EUroT/DiQRGv/iJv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77CZXmsWyYSYJ+RIeSh5xRY6XHRt/tl8puxZ2DrBIvJ2XIUe+XvnqDmKURSsME1brruYnxM6oMZwKnxV6qMaFsTIfYtVTSCLWfzU+dknOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCGz/jMkkNSrZYFKaCmJjM/iYDrpAZMbGEMsXtrYSNqKLM2HSKNgRv+eVV0qpWvMtK9eGqXLvN4yjAKZzBBXhwDTW4hzo0gcEQnuEV3hzhvDjvzseidc3JZ07gD5zPH9STjX8=</latexit>

Nd
<latexit sha1_base64="Z0acQE0NFZszZnyS2qlKt/ZvUW4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kkq2g9oQ9lsJu3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6AaBZfYMNwIbKcKaRwIbAXDm6nfekKleSIfzShFP6Z9ySPOqLHSw10v7JXKbsWdgSwTLydlyFHvlb66YcKyGKVhgmrd8dzU+GOqDGcCJ8VupjGlbEj72LFU0hi1P56dOiGnVglJlChb0pCZ+ntiTGOtR3FgO2NqBnrRm4r/eZ3MRFf+mMs0MyjZfFGUCWISMv2bhFwhM2JkCWWK21sJG1BFmbHpFG0I3uLLy6RZrXjnler9Rbl2ncdRgGM4gTPw4BJqcAt1aACDPjzDK7w5wnlx3p2PeeuKk88cwR84nz8aTo2t</latexit>

Gives potential to also 
solve LSS tension

↵d
<latexit sha1_base64="8rN/Arjn/rulfKN3FrSearSp7EY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oUw2m3bpZhN3N0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmKGvSRCSqE6BmgkvWNNwI1kkVwzgQrB2Mbmd++4kpzRP5YMYp82McSB5xisZKnR6KdIj9sF+uuFV3DrJKvJxUIEejX/7qhQnNYiYNFah113NT409QGU4Fm5Z6mWYp0hEOWNdSiTHT/mR+75ScWSUkUaJsSUPm6u+JCcZaj+PAdsZohnrZm4n/ed3MRNf+hMs0M0zSxaIoE8QkZPY8Cbli1IixJUgVt7cSOkSF1NiISjYEb/nlVdKqVb2Lau3+slK/yeMowgmcwjl4cAV1uIMGNIGCgGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Deo/z</latexit>



How does Hot NEDE explain 
neutrino masses?



Hot NEDE and neutrino mass

• The NEDE scalar field,   , acquires a v.e.v. ~ O(eV) in the P.T.


➡ May give mass to neutrinos


• Inverse seesaw can explain the observed neutrino mass and oscillation 
patterns and involves two new scales; a TeV and an eV scales


 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

[A. Abada and M. Lucente; 2014]

active left-handed right-handed sterile

EW scale

New UV scale

New IR scale

We assume dark symmetry group of form:

GD x GNEDE



Hot NEDE and neutrino mass

�
<latexit sha1_base64="xt5bG+WnUadgIXK6MKU8QYFtA0k=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUG+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6XKcCZwVuqlGhPKxnSIXUsljVD70/mtM3JmlQEJY2VLGjJXf09MaaT1JApsZ0TNSC97mfif101NeO1PuUxSg5ItFoWpICYm2eNkwBUyIyaWUKa4vZWwEVWUGRtPyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsTOS/Ou/OxaC04+cwx/IHz+QMOsY4/</latexit>

1. GD is broken at a new UV scale n   1 TeV by new dark Higgs field


vH = 246GeV
<latexit sha1_base64="aT5M0REXb3StNqosXhfcHB829S8=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB8BR2Y1AvQtCDOUYwiZCEMDvpJENmH8z0BsOag7/ixYMiXv0Nb/6Nk8dBEwsaiqpuuru8SAqNjvNtpZaWV1bX0uuZjc2t7R17d6+qw1hxqPBQhureYxqkCKCCAiXcRwqY70moef3rsV8bgNIiDO5wGEHTZ91AdARnaKSWfTBoleglzRfOaAPhAZWf3EB11LKzTs6ZgC4Sd0ayZIZyy/5qtEMe+xAgl0zruutE2EyYQsEljDKNWEPEeJ91oW5owHzQzWRy/4geG6VNO6EyFSCdqL8nEuZrPfQ90+kz7Ol5byz+59Vj7Fw0ExFEMULAp4s6saQY0nEYtC0UcJRDQxhXwtxKeY8pxtFEljEhuPMvL5JqPuee5vK3hWzxahZHmhySI3JCXHJOiqREyqRCOHkkz+SVvFlP1ov1bn1MW1PWbGaf/IH1+QMNFJTb</latexit>

2. Subsequently, we have the EW breaking leading to 

3. Finally GNEDE is broken at the new IR scale ~ eV by NEDE  P.T.

•We assume the dark symmetry group of the form: GD x GNEDE



Hot NEDE and neutrino mass



• NEDE offers a compelling solution for the Hubble tension


• NEDE offers a framework for a new concordance model of 
cosmology integrating dark and visible sectors 

Conclusions



The Hubble tension and new physics at the eV scale: 
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Backup slides



Effective cosmological model

�̄�1
<latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit><latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit><latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit><latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit>

t⇤<latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit>

+ gravitational waves

t⇤ + �̄�1
<latexit sha1_base64="/YNX5G+fD84fatA3s2vSVpGT3uI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARRLEkIuiy6MZlBfuAJobJdNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBFdgWd9GaWFxaXmlvFpZW9/Y3DK3d1oqTiVlTRqLWHZ8opjgEWsCB8E6iWQk9AVr+8Prsd9+YFLxOLqDUcLckPQjHnBKQEueuQfeMT7Bjk9k5vgMSH6fndq5Z1atmjUBnid2QaqoQMMzv5xeTNOQRUAFUaprWwm4GZHAqWB5xUkVSwgdkj7rahqRkCk3m9yf40Ot9HAQS10R4In6eyIjoVKj0NedIYGBmvXG4n9eN4Xg0s14lKTAIjpdFKQCQ4zHYeAel4yCGGlCqOT6VkwHRBIKOrKKDsGefXmetM5qtlWzb8+r9asijjLaRwfoCNnoAtXRDWqgJqLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MHhxSVJA==</latexit><latexit sha1_base64="/YNX5G+fD84fatA3s2vSVpGT3uI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARRLEkIuiy6MZlBfuAJobJdNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBFdgWd9GaWFxaXmlvFpZW9/Y3DK3d1oqTiVlTRqLWHZ8opjgEWsCB8E6iWQk9AVr+8Prsd9+YFLxOLqDUcLckPQjHnBKQEueuQfeMT7Bjk9k5vgMSH6fndq5Z1atmjUBnid2QaqoQMMzv5xeTNOQRUAFUaprWwm4GZHAqWB5xUkVSwgdkj7rahqRkCk3m9yf40Ot9HAQS10R4In6eyIjoVKj0NedIYGBmvXG4n9eN4Xg0s14lKTAIjpdFKQCQ4zHYeAel4yCGGlCqOT6VkwHRBIKOrKKDsGefXmetM5qtlWzb8+r9asijjLaRwfoCNnoAtXRDWqgJqLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MHhxSVJA==</latexit><latexit sha1_base64="/YNX5G+fD84fatA3s2vSVpGT3uI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARRLEkIuiy6MZlBfuAJobJdNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBFdgWd9GaWFxaXmlvFpZW9/Y3DK3d1oqTiVlTRqLWHZ8opjgEWsCB8E6iWQk9AVr+8Prsd9+YFLxOLqDUcLckPQjHnBKQEueuQfeMT7Bjk9k5vgMSH6fndq5Z1atmjUBnid2QaqoQMMzv5xeTNOQRUAFUaprWwm4GZHAqWB5xUkVSwgdkj7rahqRkCk3m9yf40Ot9HAQS10R4In6eyIjoVKj0NedIYGBmvXG4n9eN4Xg0s14lKTAIjpdFKQCQ4zHYeAel4yCGGlCqOT6VkwHRBIKOrKKDsGefXmetM5qtlWzb8+r9asijjLaRwfoCNnoAtXRDWqgJqLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MHhxSVJA==</latexit><latexit sha1_base64="/YNX5G+fD84fatA3s2vSVpGT3uI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARRLEkIuiy6MZlBfuAJobJdNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBFdgWd9GaWFxaXmlvFpZW9/Y3DK3d1oqTiVlTRqLWHZ8opjgEWsCB8E6iWQk9AVr+8Prsd9+YFLxOLqDUcLckPQjHnBKQEueuQfeMT7Bjk9k5vgMSH6fndq5Z1atmjUBnid2QaqoQMMzv5xeTNOQRUAFUaprWwm4GZHAqWB5xUkVSwgdkj7rahqRkCk3m9yf40Ot9HAQS10R4In6eyIjoVKj0NedIYGBmvXG4n9eN4Xg0s14lKTAIjpdFKQCQ4zHYeAel4yCGGlCqOT6VkwHRBIKOrKKDsGefXmetM5qtlWzb8+r9asijjLaRwfoCNnoAtXRDWqgJqLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MHhxSVJA==</latexit>

+ other channels

Effective model: 

 We demand phase transition to be short on cosmological time scales.

�̄ =
dSE

dt
' �̇

�
<latexit sha1_base64="TlVkaOTNaU04e60LN1zaUWaL+94="></latexit><latexit sha1_base64="TlVkaOTNaU04e60LN1zaUWaL+94="></latexit><latexit sha1_base64="TlVkaOTNaU04e60LN1zaUWaL+94="></latexit><latexit sha1_base64="TlVkaOTNaU04e60LN1zaUWaL+94="></latexit>

short transition: inv. duration: H�̄
�1

< 1
<latexit sha1_base64="zfe0xzFKeCP7C+l+12MG+JWf71w=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCG0NGRC24KLrpsoJ9QBPLZDpph04mYWYilJiFv+LGhSJu/Q13/o3Th+DzwIXDOfdy7z1BwpnSrvtuzczOzS8sFpaKyyura+v2xmZDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgYuQ3b6hULBZXephQP8I9wUJGsDZSx96uQi/AMvMCqnF+nR2gHJ5B1LFLrlN2UfkYwd8EOe4YJTBFrWO/ed2YpBEVmnCsVBu5ifYzLDUjnOZFL1U0wWSAe7RtqMARVX42vj+He0bpwjCWpoSGY/XrRIYjpYZRYDojrPvqpzcS//LaqQ5P/YyJJNVUkMmiMOVQx3AUBuwySYnmQ0MwkczcCkkfS0y0iaxoQvj8FP5PGocOch10eVSqnE/jKIAdsAv2AQInoAKqoAbqgIBbcA8ewZN1Zz1Yz9bLpHXGms5sgW+wXj8AgUuVHw==</latexit><latexit sha1_base64="zfe0xzFKeCP7C+l+12MG+JWf71w=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCG0NGRC24KLrpsoJ9QBPLZDpph04mYWYilJiFv+LGhSJu/Q13/o3Th+DzwIXDOfdy7z1BwpnSrvtuzczOzS8sFpaKyyura+v2xmZDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgYuQ3b6hULBZXephQP8I9wUJGsDZSx96uQi/AMvMCqnF+nR2gHJ5B1LFLrlN2UfkYwd8EOe4YJTBFrWO/ed2YpBEVmnCsVBu5ifYzLDUjnOZFL1U0wWSAe7RtqMARVX42vj+He0bpwjCWpoSGY/XrRIYjpYZRYDojrPvqpzcS//LaqQ5P/YyJJNVUkMmiMOVQx3AUBuwySYnmQ0MwkczcCkkfS0y0iaxoQvj8FP5PGocOch10eVSqnE/jKIAdsAv2AQInoAKqoAbqgIBbcA8ewZN1Zz1Yz9bLpHXGms5sgW+wXj8AgUuVHw==</latexit><latexit sha1_base64="zfe0xzFKeCP7C+l+12MG+JWf71w=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCG0NGRC24KLrpsoJ9QBPLZDpph04mYWYilJiFv+LGhSJu/Q13/o3Th+DzwIXDOfdy7z1BwpnSrvtuzczOzS8sFpaKyyura+v2xmZDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgYuQ3b6hULBZXephQP8I9wUJGsDZSx96uQi/AMvMCqnF+nR2gHJ5B1LFLrlN2UfkYwd8EOe4YJTBFrWO/ed2YpBEVmnCsVBu5ifYzLDUjnOZFL1U0wWSAe7RtqMARVX42vj+He0bpwjCWpoSGY/XrRIYjpYZRYDojrPvqpzcS//LaqQ5P/YyJJNVUkMmiMOVQx3AUBuwySYnmQ0MwkczcCkkfS0y0iaxoQvj8FP5PGocOch10eVSqnE/jKIAdsAv2AQInoAKqoAbqgIBbcA8ewZN1Zz1Yz9bLpHXGms5sgW+wXj8AgUuVHw==</latexit><latexit sha1_base64="zfe0xzFKeCP7C+l+12MG+JWf71w=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCG0NGRC24KLrpsoJ9QBPLZDpph04mYWYilJiFv+LGhSJu/Q13/o3Th+DzwIXDOfdy7z1BwpnSrvtuzczOzS8sFpaKyyura+v2xmZDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgYuQ3b6hULBZXephQP8I9wUJGsDZSx96uQi/AMvMCqnF+nR2gHJ5B1LFLrlN2UfkYwd8EOe4YJTBFrWO/ed2YpBEVmnCsVBu5ifYzLDUjnOZFL1U0wWSAe7RtqMARVX42vj+He0bpwjCWpoSGY/XrRIYjpYZRYDojrPvqpzcS//LaqQ5P/YyJJNVUkMmiMOVQx3AUBuwySYnmQ0MwkczcCkkfS0y0iaxoQvj8FP5PGocOch10eVSqnE/jKIAdsAv2AQInoAKqoAbqgIBbcA8ewZN1Zz1Yz9bLpHXGms5sgW+wXj8AgUuVHw==</latexit>

1/3 < w⇤
NEDE < 1

<latexit sha1_base64="XVBEmvv5YTCbL6/hjbKsIY/mxho=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgLmrSCrrooqgFV1LBPqCNYTKdtEMnkzAzUUqov+LGhSJu/RB3/o3TNgttPXDhcM693HuPFzEqlWV9G5ml5ZXVtex6bmNza3vH3N1ryjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXk781gMRkob8To0i4gSoz6lPMVJacs28fVKGFfh4f+wmN7Wr2hhWbNcsWEVrCrhI7JQUQIq6a351eyGOA8IVZkjKjm1FykmQUBQzMs51Y0kihIeoTzqachQQ6STT48fwUCs96IdCF1dwqv6eSFAg5SjwdGeA1EDOexPxP68TK//cSSiPYkU4ni3yYwZVCCdJwB4VBCs20gRhQfWtEA+QQFjpvHI6BHv+5UXSLBXtcrF0e1qoXqRxZME+OABHwAZnoAquQR00AAYj8AxewZvxZLwY78bHrDVjpDN58AfG5w8YBJJ7</latexit>



Gravitational waves
 First order phase transitions (PT) act as source of gravitational waves.

/ f3
<latexit sha1_base64="oHO8H1uYP6aq13GlcdR1hHxVKik=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjLtYDu7ohuXFewDpmPJpJk2NDMZkoxQhn6GGxeKuPVr3Pk3pg9BRQ8EDufcS+45YcqZ0gh9WIW19Y3NreJ2aWd3b/+gfHjUUSKThLaJ4EL2QqwoZwlta6Y57aWS4jjktBtOruZ+955KxURyq6cpDWI8SljECNZG8vupFKkWMLqrDcoVZHuNhodciGwXIbdeNaTmed4Fgo6NFqiAFVqD8nt/KEgW00QTjpXyHZTqIMdSM8LprNTPFE0xmeAR9Q1NcExVkC9OnsEzowxhJKR5iYYL9ftGjmOlpnFoJmOsx+q3Nxf/8vxMR40gZ0maaZqQ5UdRxqEJOc8Ph0xSovnUEEwkM7dCMsYSE21aKpkSvpLC/0mnajvIdm7cSvNyVUcRnIBTcA4cUAdNcA1aoA0IEOABPIFnS1uP1ov1uhwtWKudY/AD1tsnbxyRWg==</latexit><latexit sha1_base64="oHO8H1uYP6aq13GlcdR1hHxVKik=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjLtYDu7ohuXFewDpmPJpJk2NDMZkoxQhn6GGxeKuPVr3Pk3pg9BRQ8EDufcS+45YcqZ0gh9WIW19Y3NreJ2aWd3b/+gfHjUUSKThLaJ4EL2QqwoZwlta6Y57aWS4jjktBtOruZ+955KxURyq6cpDWI8SljECNZG8vupFKkWMLqrDcoVZHuNhodciGwXIbdeNaTmed4Fgo6NFqiAFVqD8nt/KEgW00QTjpXyHZTqIMdSM8LprNTPFE0xmeAR9Q1NcExVkC9OnsEzowxhJKR5iYYL9ftGjmOlpnFoJmOsx+q3Nxf/8vxMR40gZ0maaZqQ5UdRxqEJOc8Ph0xSovnUEEwkM7dCMsYSE21aKpkSvpLC/0mnajvIdm7cSvNyVUcRnIBTcA4cUAdNcA1aoA0IEOABPIFnS1uP1ov1uhwtWKudY/AD1tsnbxyRWg==</latexit><latexit sha1_base64="oHO8H1uYP6aq13GlcdR1hHxVKik=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjLtYDu7ohuXFewDpmPJpJk2NDMZkoxQhn6GGxeKuPVr3Pk3pg9BRQ8EDufcS+45YcqZ0gh9WIW19Y3NreJ2aWd3b/+gfHjUUSKThLaJ4EL2QqwoZwlta6Y57aWS4jjktBtOruZ+955KxURyq6cpDWI8SljECNZG8vupFKkWMLqrDcoVZHuNhodciGwXIbdeNaTmed4Fgo6NFqiAFVqD8nt/KEgW00QTjpXyHZTqIMdSM8LprNTPFE0xmeAR9Q1NcExVkC9OnsEzowxhJKR5iYYL9ftGjmOlpnFoJmOsx+q3Nxf/8vxMR40gZ0maaZqQ5UdRxqEJOc8Ph0xSovnUEEwkM7dCMsYSE21aKpkSvpLC/0mnajvIdm7cSvNyVUcRnIBTcA4cUAdNcA1aoA0IEOABPIFnS1uP1ov1uhwtWKudY/AD1tsnbxyRWg==</latexit><latexit sha1_base64="oHO8H1uYP6aq13GlcdR1hHxVKik=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjLtYDu7ohuXFewDpmPJpJk2NDMZkoxQhn6GGxeKuPVr3Pk3pg9BRQ8EDufcS+45YcqZ0gh9WIW19Y3NreJ2aWd3b/+gfHjUUSKThLaJ4EL2QqwoZwlta6Y57aWS4jjktBtOruZ+955KxURyq6cpDWI8SljECNZG8vupFKkWMLqrDcoVZHuNhodciGwXIbdeNaTmed4Fgo6NFqiAFVqD8nt/KEgW00QTjpXyHZTqIMdSM8LprNTPFE0xmeAR9Q1NcExVkC9OnsEzowxhJKR5iYYL9ftGjmOlpnFoJmOsx+q3Nxf/8vxMR40gZ0maaZqQ5UdRxqEJOc8Ph0xSovnUEEwkM7dCMsYSE21aKpkSvpLC/0mnajvIdm7cSvNyVUcRnIBTcA4cUAdNcA1aoA0IEOABPIFnS1uP1ov1uhwtWKudY/AD1tsnbxyRWg==</latexit> / f�1

<latexit sha1_base64="Pgq/BlX5j+NUu1I+dXbaXt6aDcg=">AAAB9XicdVBNTwIxEO3iF+IX6tFLIzHxIukSELgRvXjERIQEFtItXWjotpu2qyEb/ocXDxrj1f/izX9jFzBRoy+Z5OW9mczM8yPOtEHow8msrK6tb2Q3c1vbO7t7+f2DWy1jRWiLSC5Vx8eaciZoyzDDaSdSFIc+p21/cpn67TuqNJPixkwj6oV4JFjACDZW6vciJSMjYdBPztzZIF9AxVIF1as1iIoV5NbLJUsQqtXPEXQtSVEASzQH+ffeUJI4pMIQjrXuuigyXoKVYYTTWa4XaxphMsEj2rVU4JBqL5lfPYMnVhnCQCpbwsC5+n0iwaHW09C3nSE2Y/3bS8W/vG5sgpqXMBHFhgqyWBTEHNo/0wjgkClKDJ9agoli9lZIxlhhYmxQORvC16fwf3JbKrqo6F6XC42LZRxZcASOwSlwQRU0wBVoghYgQIEH8ASenXvn0XlxXhetGWc5cwh+wHn7BI2rkos=</latexit><latexit sha1_base64="Pgq/BlX5j+NUu1I+dXbaXt6aDcg=">AAAB9XicdVBNTwIxEO3iF+IX6tFLIzHxIukSELgRvXjERIQEFtItXWjotpu2qyEb/ocXDxrj1f/izX9jFzBRoy+Z5OW9mczM8yPOtEHow8msrK6tb2Q3c1vbO7t7+f2DWy1jRWiLSC5Vx8eaciZoyzDDaSdSFIc+p21/cpn67TuqNJPixkwj6oV4JFjACDZW6vciJSMjYdBPztzZIF9AxVIF1as1iIoV5NbLJUsQqtXPEXQtSVEASzQH+ffeUJI4pMIQjrXuuigyXoKVYYTTWa4XaxphMsEj2rVU4JBqL5lfPYMnVhnCQCpbwsC5+n0iwaHW09C3nSE2Y/3bS8W/vG5sgpqXMBHFhgqyWBTEHNo/0wjgkClKDJ9agoli9lZIxlhhYmxQORvC16fwf3JbKrqo6F6XC42LZRxZcASOwSlwQRU0wBVoghYgQIEH8ASenXvn0XlxXhetGWc5cwh+wHn7BI2rkos=</latexit><latexit sha1_base64="Pgq/BlX5j+NUu1I+dXbaXt6aDcg=">AAAB9XicdVBNTwIxEO3iF+IX6tFLIzHxIukSELgRvXjERIQEFtItXWjotpu2qyEb/ocXDxrj1f/izX9jFzBRoy+Z5OW9mczM8yPOtEHow8msrK6tb2Q3c1vbO7t7+f2DWy1jRWiLSC5Vx8eaciZoyzDDaSdSFIc+p21/cpn67TuqNJPixkwj6oV4JFjACDZW6vciJSMjYdBPztzZIF9AxVIF1as1iIoV5NbLJUsQqtXPEXQtSVEASzQH+ffeUJI4pMIQjrXuuigyXoKVYYTTWa4XaxphMsEj2rVU4JBqL5lfPYMnVhnCQCpbwsC5+n0iwaHW09C3nSE2Y/3bS8W/vG5sgpqXMBHFhgqyWBTEHNo/0wjgkClKDJ9agoli9lZIxlhhYmxQORvC16fwf3JbKrqo6F6XC42LZRxZcASOwSlwQRU0wBVoghYgQIEH8ASenXvn0XlxXhetGWc5cwh+wHn7BI2rkos=</latexit><latexit sha1_base64="Pgq/BlX5j+NUu1I+dXbaXt6aDcg=">AAAB9XicdVBNTwIxEO3iF+IX6tFLIzHxIukSELgRvXjERIQEFtItXWjotpu2qyEb/ocXDxrj1f/izX9jFzBRoy+Z5OW9mczM8yPOtEHow8msrK6tb2Q3c1vbO7t7+f2DWy1jRWiLSC5Vx8eaciZoyzDDaSdSFIc+p21/cpn67TuqNJPixkwj6oV4JFjACDZW6vciJSMjYdBPztzZIF9AxVIF1as1iIoV5NbLJUsQqtXPEXQtSVEASzQH+ffeUJI4pMIQjrXuuigyXoKVYYTTWa4XaxphMsEj2rVU4JBqL5lfPYMnVhnCQCpbwsC5+n0iwaHW09C3nSE2Y/3bS8W/vG5sgpqXMBHFhgqyWBTEHNo/0wjgkClKDJ9agoli9lZIxlhhYmxQORvC16fwf3JbKrqo6F6XC42LZRxZcASOwSlwQRU0wBVoghYgQIEH8ASenXvn0XlxXhetGWc5cwh+wHn7BI2rkos=</latexit>

h2⌦GW
<latexit sha1_base64="D5o4ViYnYDHqdJ+V2i34c/lCSzo=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5AUUbsrutCdFewD2hgm09t26EwSZiZCDf0SNy4UceunuPNvnD4EnwcuHM65l3vvCRPOlHbddyu3sLi0vJJfLaytb2wW7a3thopTSaFOYx7LVkgUcBZBXTPNoZVIICLk0AyHZxO/eQtSsTi61qMEfEH6EesxSrSRArs4uCnjzqWAPgmy8+Y4sEuuU3G9ypGHfxPPcacooTlqgf3W6cY0FRBpyolSbc9NtJ8RqRnlMC50UgUJoUPSh7ahERGg/Gx6+BjvG6WLe7E0FWk8Vb9OZEQoNRKh6RRED9RPbyL+5bVT3TvxMxYlqYaIzhb1Uo51jCcp4C6TQDUfGUKoZOZWTAdEEqpNVgUTwuen+H/SKDue63hXh6Xq6TyOPNpFe+gAeegYVdEFqqE6oihF9+gRPVl31oP1bL3MWnPWfGYHfYP1+gFR+pLh</latexit><latexit sha1_base64="D5o4ViYnYDHqdJ+V2i34c/lCSzo=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5AUUbsrutCdFewD2hgm09t26EwSZiZCDf0SNy4UceunuPNvnD4EnwcuHM65l3vvCRPOlHbddyu3sLi0vJJfLaytb2wW7a3thopTSaFOYx7LVkgUcBZBXTPNoZVIICLk0AyHZxO/eQtSsTi61qMEfEH6EesxSrSRArs4uCnjzqWAPgmy8+Y4sEuuU3G9ypGHfxPPcacooTlqgf3W6cY0FRBpyolSbc9NtJ8RqRnlMC50UgUJoUPSh7ahERGg/Gx6+BjvG6WLe7E0FWk8Vb9OZEQoNRKh6RRED9RPbyL+5bVT3TvxMxYlqYaIzhb1Uo51jCcp4C6TQDUfGUKoZOZWTAdEEqpNVgUTwuen+H/SKDue63hXh6Xq6TyOPNpFe+gAeegYVdEFqqE6oihF9+gRPVl31oP1bL3MWnPWfGYHfYP1+gFR+pLh</latexit><latexit sha1_base64="D5o4ViYnYDHqdJ+V2i34c/lCSzo=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5AUUbsrutCdFewD2hgm09t26EwSZiZCDf0SNy4UceunuPNvnD4EnwcuHM65l3vvCRPOlHbddyu3sLi0vJJfLaytb2wW7a3thopTSaFOYx7LVkgUcBZBXTPNoZVIICLk0AyHZxO/eQtSsTi61qMEfEH6EesxSrSRArs4uCnjzqWAPgmy8+Y4sEuuU3G9ypGHfxPPcacooTlqgf3W6cY0FRBpyolSbc9NtJ8RqRnlMC50UgUJoUPSh7ahERGg/Gx6+BjvG6WLe7E0FWk8Vb9OZEQoNRKh6RRED9RPbyL+5bVT3TvxMxYlqYaIzhb1Uo51jCcp4C6TQDUfGUKoZOZWTAdEEqpNVgUTwuen+H/SKDue63hXh6Xq6TyOPNpFe+gAeegYVdEFqqE6oihF9+gRPVl31oP1bL3MWnPWfGYHfYP1+gFR+pLh</latexit><latexit sha1_base64="D5o4ViYnYDHqdJ+V2i34c/lCSzo=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5AUUbsrutCdFewD2hgm09t26EwSZiZCDf0SNy4UceunuPNvnD4EnwcuHM65l3vvCRPOlHbddyu3sLi0vJJfLaytb2wW7a3thopTSaFOYx7LVkgUcBZBXTPNoZVIICLk0AyHZxO/eQtSsTi61qMEfEH6EesxSrSRArs4uCnjzqWAPgmy8+Y4sEuuU3G9ypGHfxPPcacooTlqgf3W6cY0FRBpyolSbc9NtJ8RqRnlMC50UgUJoUPSh7ahERGg/Gx6+BjvG6WLe7E0FWk8Vb9OZEQoNRKh6RRED9RPbyL+5bVT3TvxMxYlqYaIzhb1Uo51jCcp4C6TQDUfGUKoZOZWTAdEEqpNVgUTwuen+H/SKDue63hXh6Xq6TyOPNpFe+gAeegYVdEFqqE6oihF9+gRPVl31oP1bL3MWnPWfGYHfYP1+gFR+pLh</latexit>

f
<latexit sha1_base64="wfi9MGQemRqwaA/8IMiapB3l4wk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqUbdY8tyy55fPfPKb+K43QwkWqHaLb51ewrIYpWGCat32vdQEY6oMZwInhU6mMaVsSPvYtlTSGHUwnh06IUdW6ZEoUbakITP168SYxlqP4tB2xtQM9E9vKv7ltTMTXQRjLtPMoGTzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2mYEP4/JT8Txonru+5fu20VLlcxJGHAziEY/DhHCpwDVWoAwOEe3iEJ+fWeXCenZd5a85ZzOzDNzivHzv4jTg=</latexit><latexit sha1_base64="wfi9MGQemRqwaA/8IMiapB3l4wk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqUbdY8tyy55fPfPKb+K43QwkWqHaLb51ewrIYpWGCat32vdQEY6oMZwInhU6mMaVsSPvYtlTSGHUwnh06IUdW6ZEoUbakITP168SYxlqP4tB2xtQM9E9vKv7ltTMTXQRjLtPMoGTzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2mYEP4/JT8Txonru+5fu20VLlcxJGHAziEY/DhHCpwDVWoAwOEe3iEJ+fWeXCenZd5a85ZzOzDNzivHzv4jTg=</latexit><latexit sha1_base64="wfi9MGQemRqwaA/8IMiapB3l4wk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqUbdY8tyy55fPfPKb+K43QwkWqHaLb51ewrIYpWGCat32vdQEY6oMZwInhU6mMaVsSPvYtlTSGHUwnh06IUdW6ZEoUbakITP168SYxlqP4tB2xtQM9E9vKv7ltTMTXQRjLtPMoGTzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2mYEP4/JT8Txonru+5fu20VLlcxJGHAziEY/DhHCpwDVWoAwOEe3iEJ+fWeXCenZd5a85ZzOzDNzivHzv4jTg=</latexit><latexit sha1_base64="wfi9MGQemRqwaA/8IMiapB3l4wk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqUbdY8tyy55fPfPKb+K43QwkWqHaLb51ewrIYpWGCat32vdQEY6oMZwInhU6mMaVsSPvYtlTSGHUwnh06IUdW6ZEoUbakITP168SYxlqP4tB2xtQM9E9vKv7ltTMTXQRjLtPMoGTzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2mYEP4/JT8Txonru+5fu20VLlcxJGHAziEY/DhHCpwDVWoAwOEe3iEJ+fWeXCenZd5a85ZzOzDNzivHzv4jTg=</latexit>f⇤
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1/f regime:

single dial

 Best prospects of detection with pulsar timing arrays.

 Square Kilometer Array, sensitivity: h2⌦GW ⇠ 10�15
<latexit sha1_base64="FvxngIgQ8+LKCHmqsC98S2Sq+MQ=">AAACBnicdVDLSgMxFM3UV62vqksRgkVw4zApvrorutCdFewDOtMhk6ZtaDIzJBmhDF258VfcuFDErd/gzr8xfQg+D1w4nHMv994TxJwp7TjvVmZmdm5+IbuYW1peWV3Lr2/UVJRIQqsk4pFsBFhRzkJa1Uxz2oglxSLgtB70z0Z+/YZKxaLwWg9i6gncDVmHEayN5Oe3e60idC8F7WI/Pa8PoauYgMhppfvocOjnC45dclDpCMHfBNnOGAUwRcXPv7ntiCSChppwrFQTObH2Uiw1I5wOc26iaIxJH3dp09AQC6q8dPzGEO4apQ07kTQVajhWv06kWCg1EIHpFFj31E9vJP7lNRPdOfFSFsaJpiGZLOokHOoIjjKBbSYp0XxgCCaSmVsh6WGJiTbJ5UwIn5/C/0mtaCPHRlcHhfLpNI4s2AI7YA8gcAzK4AJUQBUQcAvuwSN4su6sB+vZepm0ZqzpzCb4Buv1AxfIl5w=</latexit><latexit sha1_base64="FvxngIgQ8+LKCHmqsC98S2Sq+MQ=">AAACBnicdVDLSgMxFM3UV62vqksRgkVw4zApvrorutCdFewDOtMhk6ZtaDIzJBmhDF258VfcuFDErd/gzr8xfQg+D1w4nHMv994TxJwp7TjvVmZmdm5+IbuYW1peWV3Lr2/UVJRIQqsk4pFsBFhRzkJa1Uxz2oglxSLgtB70z0Z+/YZKxaLwWg9i6gncDVmHEayN5Oe3e60idC8F7WI/Pa8PoauYgMhppfvocOjnC45dclDpCMHfBNnOGAUwRcXPv7ntiCSChppwrFQTObH2Uiw1I5wOc26iaIxJH3dp09AQC6q8dPzGEO4apQ07kTQVajhWv06kWCg1EIHpFFj31E9vJP7lNRPdOfFSFsaJpiGZLOokHOoIjjKBbSYp0XxgCCaSmVsh6WGJiTbJ5UwIn5/C/0mtaCPHRlcHhfLpNI4s2AI7YA8gcAzK4AJUQBUQcAvuwSN4su6sB+vZepm0ZqzpzCb4Buv1AxfIl5w=</latexit><latexit sha1_base64="FvxngIgQ8+LKCHmqsC98S2Sq+MQ=">AAACBnicdVDLSgMxFM3UV62vqksRgkVw4zApvrorutCdFewDOtMhk6ZtaDIzJBmhDF258VfcuFDErd/gzr8xfQg+D1w4nHMv994TxJwp7TjvVmZmdm5+IbuYW1peWV3Lr2/UVJRIQqsk4pFsBFhRzkJa1Uxz2oglxSLgtB70z0Z+/YZKxaLwWg9i6gncDVmHEayN5Oe3e60idC8F7WI/Pa8PoauYgMhppfvocOjnC45dclDpCMHfBNnOGAUwRcXPv7ntiCSChppwrFQTObH2Uiw1I5wOc26iaIxJH3dp09AQC6q8dPzGEO4apQ07kTQVajhWv06kWCg1EIHpFFj31E9vJP7lNRPdOfFSFsaJpiGZLOokHOoIjjKBbSYp0XxgCCaSmVsh6WGJiTbJ5UwIn5/C/0mtaCPHRlcHhfLpNI4s2AI7YA8gcAzK4AJUQBUQcAvuwSN4su6sB+vZepm0ZqzpzCb4Buv1AxfIl5w=</latexit><latexit sha1_base64="FvxngIgQ8+LKCHmqsC98S2Sq+MQ=">AAACBnicdVDLSgMxFM3UV62vqksRgkVw4zApvrorutCdFewDOtMhk6ZtaDIzJBmhDF258VfcuFDErd/gzr8xfQg+D1w4nHMv994TxJwp7TjvVmZmdm5+IbuYW1peWV3Lr2/UVJRIQqsk4pFsBFhRzkJa1Uxz2oglxSLgtB70z0Z+/YZKxaLwWg9i6gncDVmHEayN5Oe3e60idC8F7WI/Pa8PoauYgMhppfvocOjnC45dclDpCMHfBNnOGAUwRcXPv7ntiCSChppwrFQTObH2Uiw1I5wOc26iaIxJH3dp09AQC6q8dPzGEO4apQ07kTQVajhWv06kWCg1EIHpFFj31E9vJP7lNRPdOfFSFsaJpiGZLOokHOoIjjKBbSYp0XxgCCaSmVsh6WGJiTbJ5UwIn5/C/0mtaCPHRlcHhfLpNI4s2AI7YA8gcAzK4AJUQBUQcAvuwSN4su6sB+vZepm0ZqzpzCb4Buv1AxfIl5w=</latexit>

window for detection: 10�3
< H�̄

�1 . 1
<latexit sha1_base64="uKk0VlCTZqLWadmPlxQFySpqM8U="></latexit><latexit sha1_base64="uKk0VlCTZqLWadmPlxQFySpqM8U="></latexit><latexit sha1_base64="uKk0VlCTZqLWadmPlxQFySpqM8U="></latexit><latexit sha1_base64="uKk0VlCTZqLWadmPlxQFySpqM8U="></latexit>



Gravitational waves



Cold NEDE: Cosmological perturbations

 The phase transition affects perturbations in different ways:

• Perturbations feel the change in the effective e.o.s.

• Transition is triggered at different places at different times due to fluctuations in trigger 
field phi.

• The bubbles generate perturbations on scales comparable to their size.

relevant for CMB

relevant for CMB

irrelevant for CMB
 We use Israel junction conditions to match fluctuations across transition surface.

[Deruelle, Mukhanov, 1995]

space like transition surface     : �(t⇤,x)|⌃ = const .
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<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

wEDE = �1
<latexit sha1_base64="Lm1S2WADKCEoDvTEa14naMjGoPs=">AAAB83icdVDJSgNBEK2JW4xb1KOXxiB4cZgWUXMQghrwGMEskAyhp9NJmvT0DN09ShjyG148KOLVn/Hm39hZBNcHBY/3qqiqF8SCa+N5705mbn5hcSm7nFtZXVvfyG9u1XSUKMqqNBKRagREM8ElqxpuBGvEipEwEKweDC7Gfv2WKc0jeWOGMfND0pO8yykxVmrdtdPyZXmEztABbucLnlv0cPEYo98Eu94EBZih0s6/tToRTUImDRVE6yb2YuOnRBlOBRvlWolmMaED0mNNSyUJmfbTyc0jtGeVDupGypY0aKJ+nUhJqPUwDGxnSExf//TG4l9eMzHdUz/lMk4Mk3S6qJsIZCI0DgB1uGLUiKElhCpub0W0TxShxsaUsyF8for+J7VDF3suvj4qlM5ncWRhB3ZhHzCcQAmuoAJVoBDDPTzCk5M4D86z8zJtzTizmW34Buf1A48tkLc=</latexit><latexit sha1_base64="Lm1S2WADKCEoDvTEa14naMjGoPs=">AAAB83icdVDJSgNBEK2JW4xb1KOXxiB4cZgWUXMQghrwGMEskAyhp9NJmvT0DN09ShjyG148KOLVn/Hm39hZBNcHBY/3qqiqF8SCa+N5705mbn5hcSm7nFtZXVvfyG9u1XSUKMqqNBKRagREM8ElqxpuBGvEipEwEKweDC7Gfv2WKc0jeWOGMfND0pO8yykxVmrdtdPyZXmEztABbucLnlv0cPEYo98Eu94EBZih0s6/tToRTUImDRVE6yb2YuOnRBlOBRvlWolmMaED0mNNSyUJmfbTyc0jtGeVDupGypY0aKJ+nUhJqPUwDGxnSExf//TG4l9eMzHdUz/lMk4Mk3S6qJsIZCI0DgB1uGLUiKElhCpub0W0TxShxsaUsyF8for+J7VDF3suvj4qlM5ncWRhB3ZhHzCcQAmuoAJVoBDDPTzCk5M4D86z8zJtzTizmW34Buf1A48tkLc=</latexit><latexit sha1_base64="Lm1S2WADKCEoDvTEa14naMjGoPs=">AAAB83icdVDJSgNBEK2JW4xb1KOXxiB4cZgWUXMQghrwGMEskAyhp9NJmvT0DN09ShjyG148KOLVn/Hm39hZBNcHBY/3qqiqF8SCa+N5705mbn5hcSm7nFtZXVvfyG9u1XSUKMqqNBKRagREM8ElqxpuBGvEipEwEKweDC7Gfv2WKc0jeWOGMfND0pO8yykxVmrdtdPyZXmEztABbucLnlv0cPEYo98Eu94EBZih0s6/tToRTUImDRVE6yb2YuOnRBlOBRvlWolmMaED0mNNSyUJmfbTyc0jtGeVDupGypY0aKJ+nUhJqPUwDGxnSExf//TG4l9eMzHdUz/lMk4Mk3S6qJsIZCI0DgB1uGLUiKElhCpub0W0TxShxsaUsyF8for+J7VDF3suvj4qlM5ncWRhB3ZhHzCcQAmuoAJVoBDDPTzCk5M4D86z8zJtzTizmW34Buf1A48tkLc=</latexit><latexit sha1_base64="Lm1S2WADKCEoDvTEa14naMjGoPs=">AAAB83icdVDJSgNBEK2JW4xb1KOXxiB4cZgWUXMQghrwGMEskAyhp9NJmvT0DN09ShjyG148KOLVn/Hm39hZBNcHBY/3qqiqF8SCa+N5705mbn5hcSm7nFtZXVvfyG9u1XSUKMqqNBKRagREM8ElqxpuBGvEipEwEKweDC7Gfv2WKc0jeWOGMfND0pO8yykxVmrdtdPyZXmEztABbucLnlv0cPEYo98Eu94EBZih0s6/tToRTUImDRVE6yb2YuOnRBlOBRvlWolmMaED0mNNSyUJmfbTyc0jtGeVDupGypY0aKJ+nUhJqPUwDGxnSExf//TG4l9eMzHdUz/lMk4Mk3S6qJsIZCI0DgB1uGLUiKElhCpub0W0TxShxsaUsyF8for+J7VDF3suvj4qlM5ncWRhB3ZhHzCcQAmuoAJVoBDDPTzCk5M4D86z8zJtzTizmW34Buf1A48tkLc=</latexit>

wEDE = 1/3
<latexit sha1_base64="xN1ghe32bstMckXqAI0S7P35FcE=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GqdV1ByEoAY8RjAxkAyhp9OTNOlZ7O6JhCHf4cWDIl79GG/+jZ1FcH1Q8Hiviqp6Xiy40o7zbmVmZufmF7KLuaXlldW1/PpGTUWJpKxKIxHJukcUEzxkVc21YPVYMhJ4gt14vfORf9NnUvEovNaDmLkB6YTc55RoI7l3rbR8UR6iU4T3Dlr5gmMXHVw8wug3wbYzRgGmqLTyb812RJOAhZoKolQDO7F2UyI1p4INc81EsZjQHumwhqEhCZhy0/HRQ7RjlDbyI2kq1Gisfp1ISaDUIPBMZ0B0V/30RuJfXiPR/omb8jBONAvpZJGfCKQjNEoAtblkVIuBIYRKbm5FtEskodrklDMhfH6K/ie1fRs7Nr46LJTOpnFkYQu2YRcwHEMJLqECVaBwC/fwCE9W33qwnq2XSWvGms5swjdYrx8IB5D2</latexit><latexit sha1_base64="xN1ghe32bstMckXqAI0S7P35FcE=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GqdV1ByEoAY8RjAxkAyhp9OTNOlZ7O6JhCHf4cWDIl79GG/+jZ1FcH1Q8Hiviqp6Xiy40o7zbmVmZufmF7KLuaXlldW1/PpGTUWJpKxKIxHJukcUEzxkVc21YPVYMhJ4gt14vfORf9NnUvEovNaDmLkB6YTc55RoI7l3rbR8UR6iU4T3Dlr5gmMXHVw8wug3wbYzRgGmqLTyb812RJOAhZoKolQDO7F2UyI1p4INc81EsZjQHumwhqEhCZhy0/HRQ7RjlDbyI2kq1Gisfp1ISaDUIPBMZ0B0V/30RuJfXiPR/omb8jBONAvpZJGfCKQjNEoAtblkVIuBIYRKbm5FtEskodrklDMhfH6K/ie1fRs7Nr46LJTOpnFkYQu2YRcwHEMJLqECVaBwC/fwCE9W33qwnq2XSWvGms5swjdYrx8IB5D2</latexit><latexit sha1_base64="xN1ghe32bstMckXqAI0S7P35FcE=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GqdV1ByEoAY8RjAxkAyhp9OTNOlZ7O6JhCHf4cWDIl79GG/+jZ1FcH1Q8Hiviqp6Xiy40o7zbmVmZufmF7KLuaXlldW1/PpGTUWJpKxKIxHJukcUEzxkVc21YPVYMhJ4gt14vfORf9NnUvEovNaDmLkB6YTc55RoI7l3rbR8UR6iU4T3Dlr5gmMXHVw8wug3wbYzRgGmqLTyb812RJOAhZoKolQDO7F2UyI1p4INc81EsZjQHumwhqEhCZhy0/HRQ7RjlDbyI2kq1Gisfp1ISaDUIPBMZ0B0V/30RuJfXiPR/omb8jBONAvpZJGfCKQjNEoAtblkVIuBIYRKbm5FtEskodrklDMhfH6K/ie1fRs7Nr46LJTOpnFkYQu2YRcwHEMJLqECVaBwC/fwCE9W33qwnq2XSWvGms5swjdYrx8IB5D2</latexit><latexit sha1_base64="xN1ghe32bstMckXqAI0S7P35FcE=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GqdV1ByEoAY8RjAxkAyhp9OTNOlZ7O6JhCHf4cWDIl79GG/+jZ1FcH1Q8Hiviqp6Xiy40o7zbmVmZufmF7KLuaXlldW1/PpGTUWJpKxKIxHJukcUEzxkVc21YPVYMhJ4gt14vfORf9NnUvEovNaDmLkB6YTc55RoI7l3rbR8UR6iU4T3Dlr5gmMXHVw8wug3wbYzRgGmqLTyb812RJOAhZoKolQDO7F2UyI1p4INc81EsZjQHumwhqEhCZhy0/HRQ7RjlDbyI2kq1Gisfp1ISaDUIPBMZ0B0V/30RuJfXiPR/omb8jBONAvpZJGfCKQjNEoAtblkVIuBIYRKbm5FtEskodrklDMhfH6K/ie1fRs7Nr46LJTOpnFkYQu2YRcwHEMJLqECVaBwC/fwCE9W33qwnq2XSWvGms5swjdYrx8IB5D2</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

 Two metric perturbations: h(t, k) & ⌘(t, k)
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Cold NEDE: Cosmological perturbations
 Perturbations in EDE fluid:

• Before transition EDE behaves as a non-fluctuating cosmological constant.

• After transition perturbations in dark fluid need to be initialised.

Israel’s junction conditions:
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‘initial’ conditions

density pert.

divergence fluid velocityEinstein eqs.

valid for super- and sub-horizon modes

• Fluctuations in (adiabatic) trigger field provide initial conditions for EDE perts.

• To close differential system assume vanishing shear stress 

Two-parameter 
extension of LCDM

 This allows us to implement our model in a Boltzmann code: “Trigger-CLASS”.

(i) fraction of EDE before decay: fEDE =
⇢̄⇤EDE

⇢̄⇤
<latexit sha1_base64="J22jNOxRz4s2V1INlzTwsYAErVc=">AAACGnicdVDLSsNAFJ34rPUVdelmsAjiImRE1C6EohZcVrAPaGKYTCft0MmDmYlQQr7Djb/ixoUi7sSNf+P0IVgfBy4czrmXe+/xE86ksu0PY2Z2bn5hsbBUXF5ZXVs3NzYbMk4FoXUS81i0fCwpZxGtK6Y4bSWC4tDntOn3z4d+85YKyeLoWg0S6oa4G7GAEay05Jko8LLqRTWHp9AJBCaZ42OROaIX5zf7Yyuf0nLPLNlW2UblIwR/E2TZI5TABDXPfHM6MUlDGinCsZRtZCfKzbBQjHCaF51U0gSTPu7StqYRDql0s9FrOdzVSgcGsdAVKThSv09kOJRyEPq6M8SqJ396Q/Evr52q4MTNWJSkikZkvChIOVQxHOYEO0xQovhAE0wE07dC0sM6IaXTLOoQvj6F/5PGgYVsC10dlipnkzgKYBvsgD2AwDGogEtQA3VAwB14AE/g2bg3Ho0X43XcOmNMZrbAFIz3T8sDoWQ=</latexit><latexit sha1_base64="J22jNOxRz4s2V1INlzTwsYAErVc=">AAACGnicdVDLSsNAFJ34rPUVdelmsAjiImRE1C6EohZcVrAPaGKYTCft0MmDmYlQQr7Djb/ixoUi7sSNf+P0IVgfBy4czrmXe+/xE86ksu0PY2Z2bn5hsbBUXF5ZXVs3NzYbMk4FoXUS81i0fCwpZxGtK6Y4bSWC4tDntOn3z4d+85YKyeLoWg0S6oa4G7GAEay05Jko8LLqRTWHp9AJBCaZ42OROaIX5zf7Yyuf0nLPLNlW2UblIwR/E2TZI5TABDXPfHM6MUlDGinCsZRtZCfKzbBQjHCaF51U0gSTPu7StqYRDql0s9FrOdzVSgcGsdAVKThSv09kOJRyEPq6M8SqJ396Q/Evr52q4MTNWJSkikZkvChIOVQxHOYEO0xQovhAE0wE07dC0sM6IaXTLOoQvj6F/5PGgYVsC10dlipnkzgKYBvsgD2AwDGogEtQA3VAwB14AE/g2bg3Ho0X43XcOmNMZrbAFIz3T8sDoWQ=</latexit><latexit sha1_base64="J22jNOxRz4s2V1INlzTwsYAErVc=">AAACGnicdVDLSsNAFJ34rPUVdelmsAjiImRE1C6EohZcVrAPaGKYTCft0MmDmYlQQr7Djb/ixoUi7sSNf+P0IVgfBy4czrmXe+/xE86ksu0PY2Z2bn5hsbBUXF5ZXVs3NzYbMk4FoXUS81i0fCwpZxGtK6Y4bSWC4tDntOn3z4d+85YKyeLoWg0S6oa4G7GAEay05Jko8LLqRTWHp9AJBCaZ42OROaIX5zf7Yyuf0nLPLNlW2UblIwR/E2TZI5TABDXPfHM6MUlDGinCsZRtZCfKzbBQjHCaF51U0gSTPu7StqYRDql0s9FrOdzVSgcGsdAVKThSv09kOJRyEPq6M8SqJ396Q/Evr52q4MTNWJSkikZkvChIOVQxHOYEO0xQovhAE0wE07dC0sM6IaXTLOoQvj6F/5PGgYVsC10dlipnkzgKYBvsgD2AwDGogEtQA3VAwB14AE/g2bg3Ho0X43XcOmNMZrbAFIz3T8sDoWQ=</latexit><latexit sha1_base64="J22jNOxRz4s2V1INlzTwsYAErVc=">AAACGnicdVDLSsNAFJ34rPUVdelmsAjiImRE1C6EohZcVrAPaGKYTCft0MmDmYlQQr7Djb/ixoUi7sSNf+P0IVgfBy4czrmXe+/xE86ksu0PY2Z2bn5hsbBUXF5ZXVs3NzYbMk4FoXUS81i0fCwpZxGtK6Y4bSWC4tDntOn3z4d+85YKyeLoWg0S6oa4G7GAEay05Jko8LLqRTWHp9AJBCaZ42OROaIX5zf7Yyuf0nLPLNlW2UblIwR/E2TZI5TABDXPfHM6MUlDGinCsZRtZCfKzbBQjHCaF51U0gSTPu7StqYRDql0s9FrOdzVSgcGsdAVKThSv09kOJRyEPq6M8SqJ396Q/Evr52q4MTNWJSkikZkvChIOVQxHOYEO0xQovhAE0wE07dC0sM6IaXTLOoQvj6F/5PGgYVsC10dlipnkzgKYBvsgD2AwDGogEtQA3VAwB14AE/g2bg3Ho0X43XcOmNMZrbAFIz3T8sDoWQ=</latexit>

(ii) mass trigger field: m
<latexit sha1_base64="nVQy1KPm1dyj5aScie74x/KJPk0=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUnadM8M3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUoeIx1w43AVqqQylBgMxxeTf3mHSrNk/jGjFIMJO3HPOKMGivVZLdY8tyy55fPfPKb+K43QwkWqHaLb51ewjKJsWGCat32vdQEY6oMZwInhU6mMaVsSPvYtjSmEnUwnh06IUdW6ZEoUbZiQ2bq14kxlVqPZGg7JTUD/dObin957cxEF8GYx2lmMGbzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2mYEP4/JT8Txonru+5fu20VLlcxJGHAziEY/DhHCpwDVWoAwOEe3iEJ+fWeXCenZd5a85ZzOzDNzivH0aUjT8=</latexit><latexit sha1_base64="nVQy1KPm1dyj5aScie74x/KJPk0=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUnadM8M3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUoeIx1w43AVqqQylBgMxxeTf3mHSrNk/jGjFIMJO3HPOKMGivVZLdY8tyy55fPfPKb+K43QwkWqHaLb51ewjKJsWGCat32vdQEY6oMZwInhU6mMaVsSPvYtjSmEnUwnh06IUdW6ZEoUbZiQ2bq14kxlVqPZGg7JTUD/dObin957cxEF8GYx2lmMGbzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2mYEP4/JT8Txonru+5fu20VLlcxJGHAziEY/DhHCpwDVWoAwOEe3iEJ+fWeXCenZd5a85ZzOzDNzivH0aUjT8=</latexit><latexit sha1_base64="nVQy1KPm1dyj5aScie74x/KJPk0=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUnadM8M3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUoeIx1w43AVqqQylBgMxxeTf3mHSrNk/jGjFIMJO3HPOKMGivVZLdY8tyy55fPfPKb+K43QwkWqHaLb51ewjKJsWGCat32vdQEY6oMZwInhU6mMaVsSPvYtjSmEnUwnh06IUdW6ZEoUbZiQ2bq14kxlVqPZGg7JTUD/dObin957cxEF8GYx2lmMGbzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2mYEP4/JT8Txonru+5fu20VLlcxJGHAziEY/DhHCpwDVWoAwOEe3iEJ+fWeXCenZd5a85ZzOzDNzivH0aUjT8=</latexit><latexit sha1_base64="nVQy1KPm1dyj5aScie74x/KJPk0=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUnadM8M3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUoeIx1w43AVqqQylBgMxxeTf3mHSrNk/jGjFIMJO3HPOKMGivVZLdY8tyy55fPfPKb+K43QwkWqHaLb51ewjKJsWGCat32vdQEY6oMZwInhU6mMaVsSPvYtjSmEnUwnh06IUdW6ZEoUbZiQ2bq14kxlVqPZGg7JTUD/dObin957cxEF8GYx2lmMGbzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2mYEP4/JT8Txonru+5fu20VLlcxJGHAziEY/DhHCpwDVWoAwOEe3iEJ+fWeXCenZd5a85ZzOzDNzivH0aUjT8=</latexit>

fixes t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

arXiv:2006.06686 w. Florian Niedermann












