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let’s assume that

dark matter has only gravitational coupling with us
and see how far we can progress

Dark Matter

the main challenge is to explain DM abundance (25% of the budget)

if not coupled how does it get produced?

<latexit sha1_base64="ZPZjBr7IdGyIhRIcCx/boy5x/6o=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5J0oS6LblxWsA9IQphMJ+3QmUmYh1BDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufeeJGdUac/7diobm1vbO9Xd2t7+wWHdPTruqcxITLo4Y5kcJEgRRgXpaqoZGeSSIJ4w0k8mt3O//0ikopl40NOcRByNBE0pRtpKsVsPAziOi5CbUJhZGMVuw2t6C8B14pekAUp0YvcrHGbYcCI0ZkipwPdyHRVIaooZmdVCo0iO8ASNSGCpQJyoqFgcPoPnVhnCNJO2hIYL9fdEgbhSU57YTo70WK16c/E/LzA6vY4KKnKjicDLRalhUGdwngIcUkmwZlNLEJbU3grxGEmEtc2qZkPwV19eJ71W079s+vetRvumjKMKTsEZuAA+uAJtcAc6oAswMOAZvII358l5cd6dj2VrxSlnTsAfOJ8/nuOTEQ==</latexit>

hµ⌫



‘standard cosmology’

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="tyv7oh9UtSg3vUdrK+rpfJQUPkg=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0l6UI9FLx4rmLbQhrLZbNqlm92wOxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwA6777VQ2Nre2d6q7tb39g8Oj+vFJ16hMU+ZTJZTuh8QwwSXzgYNg/VQzkoSC9cLp3dzvPTFtuJKPkKcsSMhY8phTAlbyQUUkH9UbbtNdAK8TryQNVKIzqn8NI0WzhEmgghgz8NwUgoJo4FSwWW2YGZYSOiVjNrBUkoSZoFgcO8MXVolwrLQtCXih/p4oSGJMnoS2MyEwMaveXPzPG2QQ3wQFl2kGTNLlojgTGBSef44jrhkFkVtCqOb2VkwnRBMKNp+aDcFbfXmddFtN76rpPbQa7dsyjio6Q+foEnnoGrXRPeogH1HE0TN6RW+OdF6cd+dj2VpxyplT9AfO5w8D047R</latexit>

tod
ay

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
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n
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ts
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reconstructed by measuring 1-point and 2-point function of energy densities today

<latexit sha1_base64="Sd7PlY/vrTGVTBRXKKws3UOexU0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQQsuI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57SeujYjVI04S7kd0qEQoGEUrPdwmrF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5F1buvVerXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEn/422</latexit>

Gpc

<latexit sha1_base64="B2A3iPKS0FtY+pZ/hiTG5NfkkOw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQxkaIaD4gOcLeZi9Zsrd37M4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeIk4X5Eh0qEglG00sNdwvrlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5JWrepdVL37WqV+ncdRhBM4hXPw4BLqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx8xI428</latexit>

Mpc



‘standard cosmology’

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="yuQLYVSA6bF/hC8Awzhw037yWII=">AAACB3icbVDLSsNAFJ34rPVVdSlIsAhuLEkX6rLopssK9gFJDJPpbTt08mDmRiwhOzf+ihsXirj1F9z5N04fC209cOFwzr1z554gEVyhZX0bS8srq2vrhY3i5tb2zm5pb7+l4lQyaLJYxLITUAWCR9BEjgI6iQQaBgLawfB67LfvQSoeR7c4SsALaT/iPc4oaskvHbmOi/CAk5eyQKSQZ3XfusvO7Dx3Pb9UtirWBOYisWekTGZo+KUvtxuzNIQImaBKObaVoJdRiZwJyItuqiChbEj74Gga0RCUl0225+aJVrpmL5a6IjQn6u+JjIZKjcJAd4YUB2reG4v/eU6KvUsv41GSIkRsuqiXChNjcxyK2eUSGIqRJpRJrv9qsgGVlKGOrqhDsOdPXiStasU+r9g31XLtahZHgRySY3JKbHJBaqROGqRJGHkkz+SVvBlPxovxbnxMW5eM2cwB+QPj8wd555mu</latexit>

H
�1
0

<latexit sha1_base64="2Q6TxvYLdr3tob+3SuBHnxwL3HE=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkJKCiI7BVBG0KQMEnlItonWl3NyyvmhuzMoMvkUGgoQouVL6PgbLokLSBhppdHMrnZ3/IQzqSzr21hb39jc2i7sFHf39g8OzdJRR8apILRNYh6Lng+SchbRtmKK014iKIQ+p11/fDPzuw9USBZHd2qSUC+EYcQCRkBpqW+WXKcCuFmBavU+O7enrtc3y1bNmgOvEjsnZZSj1Te/3EFM0pBGinCQ0rGtRHkZCMUIp9Oim0qaABnDkDqaRhBS6WXz06f4TCsDHMRCV6TwXP09kUEo5ST0dWcIaiSXvZn4n+ekKrjyMhYlqaIRWSwKUo5VjGc54AETlCg+0QSIYPpWTEYggCidVlGHYC+/vEo69Zp9UbNv6+XGdR5HAZ2gU1RBNrpEDdRELdRGBD2iZ/SK3own48V4Nz4WrWtGPnOM/sD4/AGajJJJ</latexit>

(aH(a))�1

<latexit sha1_base64="tyv7oh9UtSg3vUdrK+rpfJQUPkg=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0l6UI9FLx4rmLbQhrLZbNqlm92wOxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwA6777VQ2Nre2d6q7tb39g8Oj+vFJ16hMU+ZTJZTuh8QwwSXzgYNg/VQzkoSC9cLp3dzvPTFtuJKPkKcsSMhY8phTAlbyQUUkH9UbbtNdAK8TryQNVKIzqn8NI0WzhEmgghgz8NwUgoJo4FSwWW2YGZYSOiVjNrBUkoSZoFgcO8MXVolwrLQtCXih/p4oSGJMnoS2MyEwMaveXPzPG2QQ3wQFl2kGTNLlojgTGBSef44jrhkFkVtCqOb2VkwnRBMKNp+aDcFbfXmddFtN76rpPbQa7dsyjio6Q+foEnnoGrXRPeogH1HE0TN6RW+OdF6cd+dj2VpxyplT9AfO5w8D047R</latexit>

tod
ay

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
1/

k

[2011]

reconstructed by measuring 1-point and 2-point function of energy densities today

<latexit sha1_base64="Sd7PlY/vrTGVTBRXKKws3UOexU0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQQsuI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57SeujYjVI04S7kd0qEQoGEUrPdwmrF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5F1buvVerXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEn/422</latexit>

Gpc

<latexit sha1_base64="B2A3iPKS0FtY+pZ/hiTG5NfkkOw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQxkaIaD4gOcLeZi9Zsrd37M4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeIk4X5Eh0qEglG00sNdwvrlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5JWrepdVL37WqV+ncdRhBM4hXPw4BLqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx8xI428</latexit>

Mpc



‘standard cosmology’

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="yuQLYVSA6bF/hC8Awzhw037yWII=">AAACB3icbVDLSsNAFJ34rPVVdSlIsAhuLEkX6rLopssK9gFJDJPpbTt08mDmRiwhOzf+ihsXirj1F9z5N04fC209cOFwzr1z554gEVyhZX0bS8srq2vrhY3i5tb2zm5pb7+l4lQyaLJYxLITUAWCR9BEjgI6iQQaBgLawfB67LfvQSoeR7c4SsALaT/iPc4oaskvHbmOi/CAk5eyQKSQZ3XfusvO7Dx3Pb9UtirWBOYisWekTGZo+KUvtxuzNIQImaBKObaVoJdRiZwJyItuqiChbEj74Gga0RCUl0225+aJVrpmL5a6IjQn6u+JjIZKjcJAd4YUB2reG4v/eU6KvUsv41GSIkRsuqiXChNjcxyK2eUSGIqRJpRJrv9qsgGVlKGOrqhDsOdPXiStasU+r9g31XLtahZHgRySY3JKbHJBaqROGqRJGHkkz+SVvBlPxovxbnxMW5eM2cwB+QPj8wd555mu</latexit>

H
�1
0

<latexit sha1_base64="2Q6TxvYLdr3tob+3SuBHnxwL3HE=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkJKCiI7BVBG0KQMEnlItonWl3NyyvmhuzMoMvkUGgoQouVL6PgbLokLSBhppdHMrnZ3/IQzqSzr21hb39jc2i7sFHf39g8OzdJRR8apILRNYh6Lng+SchbRtmKK014iKIQ+p11/fDPzuw9USBZHd2qSUC+EYcQCRkBpqW+WXKcCuFmBavU+O7enrtc3y1bNmgOvEjsnZZSj1Te/3EFM0pBGinCQ0rGtRHkZCMUIp9Oim0qaABnDkDqaRhBS6WXz06f4TCsDHMRCV6TwXP09kUEo5ST0dWcIaiSXvZn4n+ekKrjyMhYlqaIRWSwKUo5VjGc54AETlCg+0QSIYPpWTEYggCidVlGHYC+/vEo69Zp9UbNv6+XGdR5HAZ2gU1RBNrpEDdRELdRGBD2iZ/SK3own48V4Nz4WrWtGPnOM/sD4/AGajJJJ</latexit>

(aH(a))�1

<latexit sha1_base64="tyv7oh9UtSg3vUdrK+rpfJQUPkg=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0l6UI9FLx4rmLbQhrLZbNqlm92wOxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwA6777VQ2Nre2d6q7tb39g8Oj+vFJ16hMU+ZTJZTuh8QwwSXzgYNg/VQzkoSC9cLp3dzvPTFtuJKPkKcsSMhY8phTAlbyQUUkH9UbbtNdAK8TryQNVKIzqn8NI0WzhEmgghgz8NwUgoJo4FSwWW2YGZYSOiVjNrBUkoSZoFgcO8MXVolwrLQtCXih/p4oSGJMnoS2MyEwMaveXPzPG2QQ3wQFl2kGTNLlojgTGBSef44jrhkFkVtCqOb2VkwnRBMKNp+aDcFbfXmddFtN76rpPbQa7dsyjio6Q+foEnnoGrXRPeogH1HE0TN6RW+OdF6cd+dj2VpxyplT9AfO5w8D047R</latexit>

tod
ay

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
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ts
–
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k

[2011]

reconstructed by measuring 1-point and 2-point function of energy densities today

<latexit sha1_base64="00CNAVVzrXVx0N/0plcdRx4FWOQ=">AAAB8nicbVC7TsMwFHXKq5RXgZHFokJiipIOwFjBwlgk+pDSqHKcm9aqY0e2g1RF/QwWBhBi5WvY+BvcNgO0HMnS0Tn3yueeKONMG8/7diobm1vbO9Xd2t7+weFR/fikq2WuKHSo5FL1I6KBMwEdwwyHfqaApBGHXjS5m/u9J1CaSfFophmEKRkJljBKjJWClBgDCscydYf1hud6C+B14pekgUq0h/WvQSxpnoIwlBOtA9/LTFgQZRjlMKsNcg0ZoRMygsBSQVLQYbGIPMMXVolxIpV9wuCF+nujIKnW0zSykzbjWK96c/E/L8hNchMWTGS5AUGXHyU5x0bi+f04Zgqo4VNLCFXMZsV0TBShtgddsyX4qyevk27T9a9c/6HZaN2WdVTRGTpHl8hH16iF7lEbdRBFEj2jV/TmGOfFeXc+lqMVp9w5RX/gfP4A8k6RBw==</latexit>

matte
r do

m.

<latexit sha1_base64="gaBuq8zsR4YieqcI9CVgG+2V/EY=">AAAB9XicbZC7TsMwFIZPyq2UW4GRxaJCYoqSDsBYwcJYJHqR2lA5jtNatZ3IdkBV1PdgYQAhVt6FjbfBbTNAyy9Z+vSfc3SO/zDlTBvP+3ZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOL6Z1TuPVGmWyHszSWkg8FCymBFsrPWgcMTmhKJEuINqzXO9udAq+AXUoFBzUP3qRwnJBJWGcKx1z/dSE+RYGUY4nVb6maYpJmM8pD2LEguqg3x+9RSdWSdCcaLskwbN3d8TORZaT0RoOwU2I71cm5n/1XqZia+CnMk0M1SSxaI448gkaBYBipiixPCJBUwUs7ciMsIKE2ODqtgQ/OUvr0K77voXrn9XrzWuizjKcAKncA4+XEIDbqEJLSCg4Ble4c15cl6cd+dj0Vpyiplj+CPn8wc5dpJT</latexit> ra
di
at
io
n
do
m
.

<latexit sha1_base64="Sd7PlY/vrTGVTBRXKKws3UOexU0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQQsuI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57SeujYjVI04S7kd0qEQoGEUrPdwmrF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5F1buvVerXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEn/422</latexit>

Gpc

<latexit sha1_base64="B2A3iPKS0FtY+pZ/hiTG5NfkkOw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQxkaIaD4gOcLeZi9Zsrd37M4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeIk4X5Eh0qEglG00sNdwvrlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5JWrepdVL37WqV+ncdRhBM4hXPw4BLqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx8xI428</latexit>

Mpc



‘standard cosmology’

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="yuQLYVSA6bF/hC8Awzhw037yWII=">AAACB3icbVDLSsNAFJ34rPVVdSlIsAhuLEkX6rLopssK9gFJDJPpbTt08mDmRiwhOzf+ihsXirj1F9z5N04fC209cOFwzr1z554gEVyhZX0bS8srq2vrhY3i5tb2zm5pb7+l4lQyaLJYxLITUAWCR9BEjgI6iQQaBgLawfB67LfvQSoeR7c4SsALaT/iPc4oaskvHbmOi/CAk5eyQKSQZ3XfusvO7Dx3Pb9UtirWBOYisWekTGZo+KUvtxuzNIQImaBKObaVoJdRiZwJyItuqiChbEj74Gga0RCUl0225+aJVrpmL5a6IjQn6u+JjIZKjcJAd4YUB2reG4v/eU6KvUsv41GSIkRsuqiXChNjcxyK2eUSGIqRJpRJrv9qsgGVlKGOrqhDsOdPXiStasU+r9g31XLtahZHgRySY3JKbHJBaqROGqRJGHkkz+SVvBlPxovxbnxMW5eM2cwB+QPj8wd555mu</latexit>

H
�1
0

<latexit sha1_base64="2Q6TxvYLdr3tob+3SuBHnxwL3HE=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkJKCiI7BVBG0KQMEnlItonWl3NyyvmhuzMoMvkUGgoQouVL6PgbLokLSBhppdHMrnZ3/IQzqSzr21hb39jc2i7sFHf39g8OzdJRR8apILRNYh6Lng+SchbRtmKK014iKIQ+p11/fDPzuw9USBZHd2qSUC+EYcQCRkBpqW+WXKcCuFmBavU+O7enrtc3y1bNmgOvEjsnZZSj1Te/3EFM0pBGinCQ0rGtRHkZCMUIp9Oim0qaABnDkDqaRhBS6WXz06f4TCsDHMRCV6TwXP09kUEo5ST0dWcIaiSXvZn4n+ekKrjyMhYlqaIRWSwKUo5VjGc54AETlCg+0QSIYPpWTEYggCidVlGHYC+/vEo69Zp9UbNv6+XGdR5HAZ2gU1RBNrpEDdRELdRGBD2iZ/SK3own48V4Nz4WrWtGPnOM/sD4/AGajJJJ</latexit>

(aH(a))�1

<latexit sha1_base64="tyv7oh9UtSg3vUdrK+rpfJQUPkg=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0l6UI9FLx4rmLbQhrLZbNqlm92wOxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwA6777VQ2Nre2d6q7tb39g8Oj+vFJ16hMU+ZTJZTuh8QwwSXzgYNg/VQzkoSC9cLp3dzvPTFtuJKPkKcsSMhY8phTAlbyQUUkH9UbbtNdAK8TryQNVKIzqn8NI0WzhEmgghgz8NwUgoJo4FSwWW2YGZYSOiVjNrBUkoSZoFgcO8MXVolwrLQtCXih/p4oSGJMnoS2MyEwMaveXPzPG2QQ3wQFl2kGTNLlojgTGBSef44jrhkFkVtCqOb2VkwnRBMKNp+aDcFbfXmddFtN76rpPbQa7dsyjio6Q+foEnnoGrXRPeogH1HE0TN6RW+OdF6cd+dj2VpxyplT9AfO5w8D047R</latexit>

tod
ay

<latexit sha1_base64="ccLeYwcLCEmG+dlkxeF3VPrRkIU=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKczuISa3oBePEfKC3SXMTmaTIbMPZmaFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dQSq40hh/WKWNza3tnfJuZW//4PCoenzSV0kmKevRRCRyGBDFBI9ZT3Mt2DCVjESBYINgdlP4g3smFU/irp6nzI/IJOYhp0QbaeC53RH2/FG1huvYoNFABbGb2Dak1Wo6TgvZSwvjGqzRGVXfvXFCs4jFmgqilGvjVPs5kZpTwRYVL1MsJXRGJsw1NCYRU36+PHeBLowyRmEiTcUaLdXvEzmJlJpHgemMiJ6q314h/uW5mQ6bfs7jNNMspqtFYSaQTlDxOxpzyagWc0MIldzciuiUSEK1SahiQvj6FP1P+k7dbtTtO6fWvl7HUYYzOIdLsOEK2nALHegBhRk8wBM8W6n1aL1Yr6vWkrWeOYUfsN4+AfOMj1Q=</latexit>

T0

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
1/

k

[2011] [1978]
<latexit sha1_base64="7/fxxzmhOew4u24xH3Jnx+CBfpw=">AAAB9HicbVC7TgJBFL2LL8QXamkzkZhYkV0KtSTaWGIijwQ2ZHaYhQnzWGdmSQjhO2wsNMbWj7HzbxyWLRQ8ySRnzrk3994TJZwZ6/vfXmFjc2t7p7hb2ts/ODwqH5+0jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4buG3J1QbpuSjnSY0FHgoWcwItk4KNSVKRExmv3654lf9DGidBDmpQI5Gv/zVGyiSCiot4diYbuAnNpxhbRnhdF7qpYYmmIzxkHYdlVhQE86ypefowikDFCvtnrQoU393zLAwZioiVymwHZlVbyH+53VTG9+EMyaT1FJJloPilCOr0CIBNGDuasunjmCimdsVkRHWmFiXU8mFEKyevE5atWpwVQ0eapX6bR5HEc7gHC4hgGuowz00oAkEnuAZXuHNm3gv3rv3sSwteHnPKfyB9/kDQmqSag==</latexit> re
co
m
b
in
at
io
n

reconstructed by measuring 1-point and 2-point function of energy densities today

<latexit sha1_base64="00CNAVVzrXVx0N/0plcdRx4FWOQ=">AAAB8nicbVC7TsMwFHXKq5RXgZHFokJiipIOwFjBwlgk+pDSqHKcm9aqY0e2g1RF/QwWBhBi5WvY+BvcNgO0HMnS0Tn3yueeKONMG8/7diobm1vbO9Xd2t7+weFR/fikq2WuKHSo5FL1I6KBMwEdwwyHfqaApBGHXjS5m/u9J1CaSfFophmEKRkJljBKjJWClBgDCscydYf1hud6C+B14pekgUq0h/WvQSxpnoIwlBOtA9/LTFgQZRjlMKsNcg0ZoRMygsBSQVLQYbGIPMMXVolxIpV9wuCF+nujIKnW0zSykzbjWK96c/E/L8hNchMWTGS5AUGXHyU5x0bi+f04Zgqo4VNLCFXMZsV0TBShtgddsyX4qyevk27T9a9c/6HZaN2WdVTRGTpHl8hH16iF7lEbdRBFEj2jV/TmGOfFeXc+lqMVp9w5RX/gfP4A8k6RBw==</latexit>

matte
r do

m.

<latexit sha1_base64="gaBuq8zsR4YieqcI9CVgG+2V/EY=">AAAB9XicbZC7TsMwFIZPyq2UW4GRxaJCYoqSDsBYwcJYJHqR2lA5jtNatZ3IdkBV1PdgYQAhVt6FjbfBbTNAyy9Z+vSfc3SO/zDlTBvP+3ZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOL6Z1TuPVGmWyHszSWkg8FCymBFsrPWgcMTmhKJEuINqzXO9udAq+AXUoFBzUP3qRwnJBJWGcKx1z/dSE+RYGUY4nVb6maYpJmM8pD2LEguqg3x+9RSdWSdCcaLskwbN3d8TORZaT0RoOwU2I71cm5n/1XqZia+CnMk0M1SSxaI448gkaBYBipiixPCJBUwUs7ciMsIKE2ODqtgQ/OUvr0K77voXrn9XrzWuizjKcAKncA4+XEIDbqEJLSCg4Ble4c15cl6cd+dj0Vpyiplj+CPn8wc5dpJT</latexit> ra
di
at
io
n
do
m
.

<latexit sha1_base64="Sd7PlY/vrTGVTBRXKKws3UOexU0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQQsuI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57SeujYjVI04S7kd0qEQoGEUrPdwmrF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5F1buvVerXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEn/422</latexit>

Gpc

<latexit sha1_base64="B2A3iPKS0FtY+pZ/hiTG5NfkkOw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQxkaIaD4gOcLeZi9Zsrd37M4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeIk4X5Eh0qEglG00sNdwvrlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5JWrepdVL37WqV+ncdRhBM4hXPw4BLqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx8xI428</latexit>

Mpc



‘standard cosmology’

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="yuQLYVSA6bF/hC8Awzhw037yWII=">AAACB3icbVDLSsNAFJ34rPVVdSlIsAhuLEkX6rLopssK9gFJDJPpbTt08mDmRiwhOzf+ihsXirj1F9z5N04fC209cOFwzr1z554gEVyhZX0bS8srq2vrhY3i5tb2zm5pb7+l4lQyaLJYxLITUAWCR9BEjgI6iQQaBgLawfB67LfvQSoeR7c4SsALaT/iPc4oaskvHbmOi/CAk5eyQKSQZ3XfusvO7Dx3Pb9UtirWBOYisWekTGZo+KUvtxuzNIQImaBKObaVoJdRiZwJyItuqiChbEj74Gga0RCUl0225+aJVrpmL5a6IjQn6u+JjIZKjcJAd4YUB2reG4v/eU6KvUsv41GSIkRsuqiXChNjcxyK2eUSGIqRJpRJrv9qsgGVlKGOrqhDsOdPXiStasU+r9g31XLtahZHgRySY3JKbHJBaqROGqRJGHkkz+SVvBlPxovxbnxMW5eM2cwB+QPj8wd555mu</latexit>

H
�1
0

<latexit sha1_base64="2Q6TxvYLdr3tob+3SuBHnxwL3HE=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkJKCiI7BVBG0KQMEnlItonWl3NyyvmhuzMoMvkUGgoQouVL6PgbLokLSBhppdHMrnZ3/IQzqSzr21hb39jc2i7sFHf39g8OzdJRR8apILRNYh6Lng+SchbRtmKK014iKIQ+p11/fDPzuw9USBZHd2qSUC+EYcQCRkBpqW+WXKcCuFmBavU+O7enrtc3y1bNmgOvEjsnZZSj1Te/3EFM0pBGinCQ0rGtRHkZCMUIp9Oim0qaABnDkDqaRhBS6WXz06f4TCsDHMRCV6TwXP09kUEo5ST0dWcIaiSXvZn4n+ekKrjyMhYlqaIRWSwKUo5VjGc54AETlCg+0QSIYPpWTEYggCidVlGHYC+/vEo69Zp9UbNv6+XGdR5HAZ2gU1RBNrpEDdRELdRGBD2iZ/SK3own48V4Nz4WrWtGPnOM/sD4/AGajJJJ</latexit>

(aH(a))�1

<latexit sha1_base64="tyv7oh9UtSg3vUdrK+rpfJQUPkg=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0l6UI9FLx4rmLbQhrLZbNqlm92wOxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwA6777VQ2Nre2d6q7tb39g8Oj+vFJ16hMU+ZTJZTuh8QwwSXzgYNg/VQzkoSC9cLp3dzvPTFtuJKPkKcsSMhY8phTAlbyQUUkH9UbbtNdAK8TryQNVKIzqn8NI0WzhEmgghgz8NwUgoJo4FSwWW2YGZYSOiVjNrBUkoSZoFgcO8MXVolwrLQtCXih/p4oSGJMnoS2MyEwMaveXPzPG2QQ3wQFl2kGTNLlojgTGBSef44jrhkFkVtCqOb2VkwnRBMKNp+aDcFbfXmddFtN76rpPbQa7dsyjio6Q+foEnnoGrXRPeogH1HE0TN6RW+OdF6cd+dj2VpxyplT9AfO5w8D047R</latexit>

tod
ay

<latexit sha1_base64="ccLeYwcLCEmG+dlkxeF3VPrRkIU=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKczuISa3oBePEfKC3SXMTmaTIbMPZmaFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dQSq40hh/WKWNza3tnfJuZW//4PCoenzSV0kmKevRRCRyGBDFBI9ZT3Mt2DCVjESBYINgdlP4g3smFU/irp6nzI/IJOYhp0QbaeC53RH2/FG1huvYoNFABbGb2Dak1Wo6TgvZSwvjGqzRGVXfvXFCs4jFmgqilGvjVPs5kZpTwRYVL1MsJXRGJsw1NCYRU36+PHeBLowyRmEiTcUaLdXvEzmJlJpHgemMiJ6q314h/uW5mQ6bfs7jNNMspqtFYSaQTlDxOxpzyagWc0MIldzciuiUSEK1SahiQvj6FP1P+k7dbtTtO6fWvl7HUYYzOIdLsOEK2nALHegBhRk8wBM8W6n1aL1Yr6vWkrWeOYUfsN4+AfOMj1Q=</latexit>

T0

<latexit sha1_base64="ylLO+lssQ47QLrh5Y+mN57vLmIc=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFWTIuqy6KbLCvYCSSyT6aQdOpOEmYlQQpZufBU3LhRx6yO4822ctEG09YeBj/+cw5zz+zGjUlnWl1FaWl5ZXSuvVzY2t7Z3zN29jowSgUkbRywSPR9JwmhI2ooqRnqxIIj7jHT98XVe794TIWkU3qpJTDyOhiENKEZKW33z0HXgXXqWuRypkeBpk2SnP5y5Xt+sWjVrKrgIdgFVUKjVNz/dQYQTTkKFGZLSsa1YeSkSimJGsoqbSBIjPEZD4mgMESfSS6eHZPBYOwMYREK/UMGp+3siRVzKCfd1Z76jnK/l5n81J1HBpZfSME4UCfHsoyBhUEUwTwUOqCBYsYkGhAXVu0I8QgJhpbOr6BDs+ZMXoVOv2ec1+6ZebVwVcZTBATgCJ8AGF6ABmqAF2gCDB/AEXsCr8Wg8G2/G+6y1ZBQz++CPjI9v1RGZ3Q==</latexit>

4
He/H

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
1/

k

[2011] [1978]
<latexit sha1_base64="7/fxxzmhOew4u24xH3Jnx+CBfpw=">AAAB9HicbVC7TgJBFL2LL8QXamkzkZhYkV0KtSTaWGIijwQ2ZHaYhQnzWGdmSQjhO2wsNMbWj7HzbxyWLRQ8ySRnzrk3994TJZwZ6/vfXmFjc2t7p7hb2ts/ODwqH5+0jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4buG3J1QbpuSjnSY0FHgoWcwItk4KNSVKRExmv3654lf9DGidBDmpQI5Gv/zVGyiSCiot4diYbuAnNpxhbRnhdF7qpYYmmIzxkHYdlVhQE86ypefowikDFCvtnrQoU393zLAwZioiVymwHZlVbyH+53VTG9+EMyaT1FJJloPilCOr0CIBNGDuasunjmCimdsVkRHWmFiXU8mFEKyevE5atWpwVQ0eapX6bR5HEc7gHC4hgGuowz00oAkEnuAZXuHNm3gv3rv3sSwteHnPKfyB9/kDQmqSag==</latexit> re
co
m
b
in
at
io
n

<latexit sha1_base64="csN8T3vTrqHySjXh+Cf7mdiI+fE=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0KtQyxsZKI5gOSI+xt5pIle3vH7p4QjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz321lb39jc2i7sFHf39g8OS0fHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD/X6Xb9UdivuHGSVeDkpQ45Gv/TVG8QsjVAaJqjWXc9NjJ9RZTgTOC32Uo0JZWM6xK6lkkao/Wx+6pScW2VAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7QheMsvr5JWteJdVrz7arlWz+MowCmcwQV4cAU1uIUGNIHBEJ7hFd4c4bw4787HonXNyWdO4A+czx+6mI1u</latexit> B
B
N

reconstructed by measuring 1-point and 2-point function of energy densities today

<latexit sha1_base64="00CNAVVzrXVx0N/0plcdRx4FWOQ=">AAAB8nicbVC7TsMwFHXKq5RXgZHFokJiipIOwFjBwlgk+pDSqHKcm9aqY0e2g1RF/QwWBhBi5WvY+BvcNgO0HMnS0Tn3yueeKONMG8/7diobm1vbO9Xd2t7+weFR/fikq2WuKHSo5FL1I6KBMwEdwwyHfqaApBGHXjS5m/u9J1CaSfFophmEKRkJljBKjJWClBgDCscydYf1hud6C+B14pekgUq0h/WvQSxpnoIwlBOtA9/LTFgQZRjlMKsNcg0ZoRMygsBSQVLQYbGIPMMXVolxIpV9wuCF+nujIKnW0zSykzbjWK96c/E/L8hNchMWTGS5AUGXHyU5x0bi+f04Zgqo4VNLCFXMZsV0TBShtgddsyX4qyevk27T9a9c/6HZaN2WdVTRGTpHl8hH16iF7lEbdRBFEj2jV/TmGOfFeXc+lqMVp9w5RX/gfP4A8k6RBw==</latexit>

matte
r do

m.

<latexit sha1_base64="gaBuq8zsR4YieqcI9CVgG+2V/EY=">AAAB9XicbZC7TsMwFIZPyq2UW4GRxaJCYoqSDsBYwcJYJHqR2lA5jtNatZ3IdkBV1PdgYQAhVt6FjbfBbTNAyy9Z+vSfc3SO/zDlTBvP+3ZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOL6Z1TuPVGmWyHszSWkg8FCymBFsrPWgcMTmhKJEuINqzXO9udAq+AXUoFBzUP3qRwnJBJWGcKx1z/dSE+RYGUY4nVb6maYpJmM8pD2LEguqg3x+9RSdWSdCcaLskwbN3d8TORZaT0RoOwU2I71cm5n/1XqZia+CnMk0M1SSxaI448gkaBYBipiixPCJBUwUs7ciMsIKE2ODqtgQ/OUvr0K77voXrn9XrzWuizjKcAKncA4+XEIDbqEJLSCg4Ble4c15cl6cd+dj0Vpyiplj+CPn8wc5dpJT</latexit> ra
di
at
io
n
do
m
.

<latexit sha1_base64="Sd7PlY/vrTGVTBRXKKws3UOexU0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQQsuI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57SeujYjVI04S7kd0qEQoGEUrPdwmrF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5F1buvVerXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEn/422</latexit>

Gpc

<latexit sha1_base64="B2A3iPKS0FtY+pZ/hiTG5NfkkOw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQxkaIaD4gOcLeZi9Zsrd37M4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeIk4X5Eh0qEglG00sNdwvrlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5JWrepdVL37WqV+ncdRhBM4hXPw4BLqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx8xI428</latexit>

Mpc



‘standard cosmology’

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="yuQLYVSA6bF/hC8Awzhw037yWII=">AAACB3icbVDLSsNAFJ34rPVVdSlIsAhuLEkX6rLopssK9gFJDJPpbTt08mDmRiwhOzf+ihsXirj1F9z5N04fC209cOFwzr1z554gEVyhZX0bS8srq2vrhY3i5tb2zm5pb7+l4lQyaLJYxLITUAWCR9BEjgI6iQQaBgLawfB67LfvQSoeR7c4SsALaT/iPc4oaskvHbmOi/CAk5eyQKSQZ3XfusvO7Dx3Pb9UtirWBOYisWekTGZo+KUvtxuzNIQImaBKObaVoJdRiZwJyItuqiChbEj74Gga0RCUl0225+aJVrpmL5a6IjQn6u+JjIZKjcJAd4YUB2reG4v/eU6KvUsv41GSIkRsuqiXChNjcxyK2eUSGIqRJpRJrv9qsgGVlKGOrqhDsOdPXiStasU+r9g31XLtahZHgRySY3JKbHJBaqROGqRJGHkkz+SVvBlPxovxbnxMW5eM2cwB+QPj8wd555mu</latexit>

H
�1
0

<latexit sha1_base64="2Q6TxvYLdr3tob+3SuBHnxwL3HE=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkJKCiI7BVBG0KQMEnlItonWl3NyyvmhuzMoMvkUGgoQouVL6PgbLokLSBhppdHMrnZ3/IQzqSzr21hb39jc2i7sFHf39g8OzdJRR8apILRNYh6Lng+SchbRtmKK014iKIQ+p11/fDPzuw9USBZHd2qSUC+EYcQCRkBpqW+WXKcCuFmBavU+O7enrtc3y1bNmgOvEjsnZZSj1Te/3EFM0pBGinCQ0rGtRHkZCMUIp9Oim0qaABnDkDqaRhBS6WXz06f4TCsDHMRCV6TwXP09kUEo5ST0dWcIaiSXvZn4n+ekKrjyMhYlqaIRWSwKUo5VjGc54AETlCg+0QSIYPpWTEYggCidVlGHYC+/vEo69Zp9UbNv6+XGdR5HAZ2gU1RBNrpEDdRELdRGBD2iZ/SK3own48V4Nz4WrWtGPnOM/sD4/AGajJJJ</latexit>

(aH(a))�1

<latexit sha1_base64="tyv7oh9UtSg3vUdrK+rpfJQUPkg=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0l6UI9FLx4rmLbQhrLZbNqlm92wOxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwA6777VQ2Nre2d6q7tb39g8Oj+vFJ16hMU+ZTJZTuh8QwwSXzgYNg/VQzkoSC9cLp3dzvPTFtuJKPkKcsSMhY8phTAlbyQUUkH9UbbtNdAK8TryQNVKIzqn8NI0WzhEmgghgz8NwUgoJo4FSwWW2YGZYSOiVjNrBUkoSZoFgcO8MXVolwrLQtCXih/p4oSGJMnoS2MyEwMaveXPzPG2QQ3wQFl2kGTNLlojgTGBSef44jrhkFkVtCqOb2VkwnRBMKNp+aDcFbfXmddFtN76rpPbQa7dsyjio6Q+foEnnoGrXRPeogH1HE0TN6RW+OdF6cd+dj2VpxyplT9AfO5w8D047R</latexit>

tod
ay

<latexit sha1_base64="ccLeYwcLCEmG+dlkxeF3VPrRkIU=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKczuISa3oBePEfKC3SXMTmaTIbMPZmaFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dQSq40hh/WKWNza3tnfJuZW//4PCoenzSV0kmKevRRCRyGBDFBI9ZT3Mt2DCVjESBYINgdlP4g3smFU/irp6nzI/IJOYhp0QbaeC53RH2/FG1huvYoNFABbGb2Dak1Wo6TgvZSwvjGqzRGVXfvXFCs4jFmgqilGvjVPs5kZpTwRYVL1MsJXRGJsw1NCYRU36+PHeBLowyRmEiTcUaLdXvEzmJlJpHgemMiJ6q314h/uW5mQ6bfs7jNNMspqtFYSaQTlDxOxpzyagWc0MIldzciuiUSEK1SahiQvj6FP1P+k7dbtTtO6fWvl7HUYYzOIdLsOEK2nALHegBhRk8wBM8W6n1aL1Yr6vWkrWeOYUfsN4+AfOMj1Q=</latexit>

T0

<latexit sha1_base64="ylLO+lssQ47QLrh5Y+mN57vLmIc=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFWTIuqy6KbLCvYCSSyT6aQdOpOEmYlQQpZufBU3LhRx6yO4822ctEG09YeBj/+cw5zz+zGjUlnWl1FaWl5ZXSuvVzY2t7Z3zN29jowSgUkbRywSPR9JwmhI2ooqRnqxIIj7jHT98XVe794TIWkU3qpJTDyOhiENKEZKW33z0HXgXXqWuRypkeBpk2SnP5y5Xt+sWjVrKrgIdgFVUKjVNz/dQYQTTkKFGZLSsa1YeSkSimJGsoqbSBIjPEZD4mgMESfSS6eHZPBYOwMYREK/UMGp+3siRVzKCfd1Z76jnK/l5n81J1HBpZfSME4UCfHsoyBhUEUwTwUOqCBYsYkGhAXVu0I8QgJhpbOr6BDs+ZMXoVOv2ec1+6ZebVwVcZTBATgCJ8AGF6ABmqAF2gCDB/AEXsCr8Wg8G2/G+6y1ZBQz++CPjI9v1RGZ3Q==</latexit>

4
He/H

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
1/

k

[2011] [1978]
<latexit sha1_base64="7/fxxzmhOew4u24xH3Jnx+CBfpw=">AAAB9HicbVC7TgJBFL2LL8QXamkzkZhYkV0KtSTaWGIijwQ2ZHaYhQnzWGdmSQjhO2wsNMbWj7HzbxyWLRQ8ySRnzrk3994TJZwZ6/vfXmFjc2t7p7hb2ts/ODwqH5+0jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4buG3J1QbpuSjnSY0FHgoWcwItk4KNSVKRExmv3654lf9DGidBDmpQI5Gv/zVGyiSCiot4diYbuAnNpxhbRnhdF7qpYYmmIzxkHYdlVhQE86ypefowikDFCvtnrQoU393zLAwZioiVymwHZlVbyH+53VTG9+EMyaT1FJJloPilCOr0CIBNGDuasunjmCimdsVkRHWmFiXU8mFEKyevE5atWpwVQ0eapX6bR5HEc7gHC4hgGuowz00oAkEnuAZXuHNm3gv3rv3sSwteHnPKfyB9/kDQmqSag==</latexit> re
co
m
b
in
at
io
n

<latexit sha1_base64="csN8T3vTrqHySjXh+Cf7mdiI+fE=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0KtQyxsZKI5gOSI+xt5pIle3vH7p4QjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz321lb39jc2i7sFHf39g8OS0fHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD/X6Xb9UdivuHGSVeDkpQ45Gv/TVG8QsjVAaJqjWXc9NjJ9RZTgTOC32Uo0JZWM6xK6lkkao/Wx+6pScW2VAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7QheMsvr5JWteJdVrz7arlWz+MowCmcwQV4cAU1uIUGNIHBEJ7hFd4c4bw4787HonXNyWdO4A+czx+6mI1u</latexit> B
B
N

reconstructed by measuring 1-point and 2-point function of energy densities today

<latexit sha1_base64="SffTMrZPjlyH/EpDYXxFQUjPtbo=">AAACCHicdZDLSsNAFIYnXmu9RV26cLAIrkqSalt3RTfurGAvkIQymU7aoZNJmJkIJXTpxldx40IRtz6CO9/GSVtBRX8Y+PnOOcw5f5AwKpVlfRgLi0vLK6uFteL6xubWtrmz25ZxKjBp4ZjFohsgSRjlpKWoYqSbCIKigJFOMLrI651bIiSN+Y0aJ8SP0IDTkGKkNOqZB57rMcQHjEAvQmqIEcuuJtATU+b5PbNklc/qVefUgVbZsmpOpZobp3biVKCtSa4SmKvZM9+9fozTiHCFGZLSta1E+RkSimJGJkUvlSRBeIQGxNWWo4hIP5seMoFHmvRhGAv9uIJT+n0iQ5GU4yjQnfmy8ncth3/V3FSFdT+jPEkV4Xj2UZgyqGKYpwL7VBCs2FgbhAXVu0I8RAJhpbMr6hC+LoX/m7ZTtqtl+9opNc7ncRTAPjgEx8AGNdAAl6AJWgCDO/AAnsCzcW88Gi/G66x1wZjP7IEfMt4+Af7Gmfo=</latexit>

hOi

<latexit sha1_base64="00CNAVVzrXVx0N/0plcdRx4FWOQ=">AAAB8nicbVC7TsMwFHXKq5RXgZHFokJiipIOwFjBwlgk+pDSqHKcm9aqY0e2g1RF/QwWBhBi5WvY+BvcNgO0HMnS0Tn3yueeKONMG8/7diobm1vbO9Xd2t7+weFR/fikq2WuKHSo5FL1I6KBMwEdwwyHfqaApBGHXjS5m/u9J1CaSfFophmEKRkJljBKjJWClBgDCscydYf1hud6C+B14pekgUq0h/WvQSxpnoIwlBOtA9/LTFgQZRjlMKsNcg0ZoRMygsBSQVLQYbGIPMMXVolxIpV9wuCF+nujIKnW0zSykzbjWK96c/E/L8hNchMWTGS5AUGXHyU5x0bi+f04Zgqo4VNLCFXMZsV0TBShtgddsyX4qyevk27T9a9c/6HZaN2WdVTRGTpHl8hH16iF7lEbdRBFEj2jV/TmGOfFeXc+lqMVp9w5RX/gfP4A8k6RBw==</latexit>

matte
r do

m.

<latexit sha1_base64="gaBuq8zsR4YieqcI9CVgG+2V/EY=">AAAB9XicbZC7TsMwFIZPyq2UW4GRxaJCYoqSDsBYwcJYJHqR2lA5jtNatZ3IdkBV1PdgYQAhVt6FjbfBbTNAyy9Z+vSfc3SO/zDlTBvP+3ZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOL6Z1TuPVGmWyHszSWkg8FCymBFsrPWgcMTmhKJEuINqzXO9udAq+AXUoFBzUP3qRwnJBJWGcKx1z/dSE+RYGUY4nVb6maYpJmM8pD2LEguqg3x+9RSdWSdCcaLskwbN3d8TORZaT0RoOwU2I71cm5n/1XqZia+CnMk0M1SSxaI448gkaBYBipiixPCJBUwUs7ciMsIKE2ODqtgQ/OUvr0K77voXrn9XrzWuizjKcAKncA4+XEIDbqEJLSCg4Ble4c15cl6cd+dj0Vpyiplj+CPn8wc5dpJT</latexit> ra
di
at
io
n
do
m
.

<latexit sha1_base64="Sd7PlY/vrTGVTBRXKKws3UOexU0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQQsuI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57SeujYjVI04S7kd0qEQoGEUrPdwmrF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5F1buvVerXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEn/422</latexit>

Gpc

<latexit sha1_base64="B2A3iPKS0FtY+pZ/hiTG5NfkkOw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQxkaIaD4gOcLeZi9Zsrd37M4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeIk4X5Eh0qEglG00sNdwvrlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5JWrepdVL37WqV+ncdRhBM4hXPw4BLqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx8xI428</latexit>

Mpc



‘standard cosmology’

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="yuQLYVSA6bF/hC8Awzhw037yWII=">AAACB3icbVDLSsNAFJ34rPVVdSlIsAhuLEkX6rLopssK9gFJDJPpbTt08mDmRiwhOzf+ihsXirj1F9z5N04fC209cOFwzr1z554gEVyhZX0bS8srq2vrhY3i5tb2zm5pb7+l4lQyaLJYxLITUAWCR9BEjgI6iQQaBgLawfB67LfvQSoeR7c4SsALaT/iPc4oaskvHbmOi/CAk5eyQKSQZ3XfusvO7Dx3Pb9UtirWBOYisWekTGZo+KUvtxuzNIQImaBKObaVoJdRiZwJyItuqiChbEj74Gga0RCUl0225+aJVrpmL5a6IjQn6u+JjIZKjcJAd4YUB2reG4v/eU6KvUsv41GSIkRsuqiXChNjcxyK2eUSGIqRJpRJrv9qsgGVlKGOrqhDsOdPXiStasU+r9g31XLtahZHgRySY3JKbHJBaqROGqRJGHkkz+SVvBlPxovxbnxMW5eM2cwB+QPj8wd555mu</latexit>

H
�1
0

<latexit sha1_base64="2Q6TxvYLdr3tob+3SuBHnxwL3HE=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkJKCiI7BVBG0KQMEnlItonWl3NyyvmhuzMoMvkUGgoQouVL6PgbLokLSBhppdHMrnZ3/IQzqSzr21hb39jc2i7sFHf39g8OzdJRR8apILRNYh6Lng+SchbRtmKK014iKIQ+p11/fDPzuw9USBZHd2qSUC+EYcQCRkBpqW+WXKcCuFmBavU+O7enrtc3y1bNmgOvEjsnZZSj1Te/3EFM0pBGinCQ0rGtRHkZCMUIp9Oim0qaABnDkDqaRhBS6WXz06f4TCsDHMRCV6TwXP09kUEo5ST0dWcIaiSXvZn4n+ekKrjyMhYlqaIRWSwKUo5VjGc54AETlCg+0QSIYPpWTEYggCidVlGHYC+/vEo69Zp9UbNv6+XGdR5HAZ2gU1RBNrpEDdRELdRGBD2iZ/SK3own48V4Nz4WrWtGPnOM/sD4/AGajJJJ</latexit>

(aH(a))�1

<latexit sha1_base64="tyv7oh9UtSg3vUdrK+rpfJQUPkg=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0l6UI9FLx4rmLbQhrLZbNqlm92wOxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwA6777VQ2Nre2d6q7tb39g8Oj+vFJ16hMU+ZTJZTuh8QwwSXzgYNg/VQzkoSC9cLp3dzvPTFtuJKPkKcsSMhY8phTAlbyQUUkH9UbbtNdAK8TryQNVKIzqn8NI0WzhEmgghgz8NwUgoJo4FSwWW2YGZYSOiVjNrBUkoSZoFgcO8MXVolwrLQtCXih/p4oSGJMnoS2MyEwMaveXPzPG2QQ3wQFl2kGTNLlojgTGBSef44jrhkFkVtCqOb2VkwnRBMKNp+aDcFbfXmddFtN76rpPbQa7dsyjio6Q+foEnnoGrXRPeogH1HE0TN6RW+OdF6cd+dj2VpxyplT9AfO5w8D047R</latexit>

tod
ay

<latexit sha1_base64="ccLeYwcLCEmG+dlkxeF3VPrRkIU=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKczuISa3oBePEfKC3SXMTmaTIbMPZmaFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dQSq40hh/WKWNza3tnfJuZW//4PCoenzSV0kmKevRRCRyGBDFBI9ZT3Mt2DCVjESBYINgdlP4g3smFU/irp6nzI/IJOYhp0QbaeC53RH2/FG1huvYoNFABbGb2Dak1Wo6TgvZSwvjGqzRGVXfvXFCs4jFmgqilGvjVPs5kZpTwRYVL1MsJXRGJsw1NCYRU36+PHeBLowyRmEiTcUaLdXvEzmJlJpHgemMiJ6q314h/uW5mQ6bfs7jNNMspqtFYSaQTlDxOxpzyagWc0MIldzciuiUSEK1SahiQvj6FP1P+k7dbtTtO6fWvl7HUYYzOIdLsOEK2nALHegBhRk8wBM8W6n1aL1Yr6vWkrWeOYUfsN4+AfOMj1Q=</latexit>

T0

<latexit sha1_base64="ylLO+lssQ47QLrh5Y+mN57vLmIc=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFWTIuqy6KbLCvYCSSyT6aQdOpOEmYlQQpZufBU3LhRx6yO4822ctEG09YeBj/+cw5zz+zGjUlnWl1FaWl5ZXSuvVzY2t7Z3zN29jowSgUkbRywSPR9JwmhI2ooqRnqxIIj7jHT98XVe794TIWkU3qpJTDyOhiENKEZKW33z0HXgXXqWuRypkeBpk2SnP5y5Xt+sWjVrKrgIdgFVUKjVNz/dQYQTTkKFGZLSsa1YeSkSimJGsoqbSBIjPEZD4mgMESfSS6eHZPBYOwMYREK/UMGp+3siRVzKCfd1Z76jnK/l5n81J1HBpZfSME4UCfHsoyBhUEUwTwUOqCBYsYkGhAXVu0I8QgJhpbOr6BDs+ZMXoVOv2ec1+6ZebVwVcZTBATgCJ8AGF6ABmqAF2gCDB/AEXsCr8Wg8G2/G+6y1ZBQz++CPjI9v1RGZ3Q==</latexit>

4
He/H

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
1/

k

[2011] [1978]
<latexit sha1_base64="7/fxxzmhOew4u24xH3Jnx+CBfpw=">AAAB9HicbVC7TgJBFL2LL8QXamkzkZhYkV0KtSTaWGIijwQ2ZHaYhQnzWGdmSQjhO2wsNMbWj7HzbxyWLRQ8ySRnzrk3994TJZwZ6/vfXmFjc2t7p7hb2ts/ODwqH5+0jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4buG3J1QbpuSjnSY0FHgoWcwItk4KNSVKRExmv3654lf9DGidBDmpQI5Gv/zVGyiSCiot4diYbuAnNpxhbRnhdF7qpYYmmIzxkHYdlVhQE86ypefowikDFCvtnrQoU393zLAwZioiVymwHZlVbyH+53VTG9+EMyaT1FJJloPilCOr0CIBNGDuasunjmCimdsVkRHWmFiXU8mFEKyevE5atWpwVQ0eapX6bR5HEc7gHC4hgGuowz00oAkEnuAZXuHNm3gv3rv3sSwteHnPKfyB9/kDQmqSag==</latexit> re
co
m
b
in
at
io
n

<latexit sha1_base64="csN8T3vTrqHySjXh+Cf7mdiI+fE=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0KtQyxsZKI5gOSI+xt5pIle3vH7p4QjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz321lb39jc2i7sFHf39g8OS0fHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD/X6Xb9UdivuHGSVeDkpQ45Gv/TVG8QsjVAaJqjWXc9NjJ9RZTgTOC32Uo0JZWM6xK6lkkao/Wx+6pScW2VAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7QheMsvr5JWteJdVrz7arlWz+MowCmcwQV4cAU1uIUGNIHBEJ7hFd4c4bw4787HonXNyWdO4A+czx+6mI1u</latexit> B
B
N

[2006]

reconstructed by measuring 1-point and 2-point function of energy densities today

<latexit sha1_base64="SffTMrZPjlyH/EpDYXxFQUjPtbo=">AAACCHicdZDLSsNAFIYnXmu9RV26cLAIrkqSalt3RTfurGAvkIQymU7aoZNJmJkIJXTpxldx40IRtz6CO9/GSVtBRX8Y+PnOOcw5f5AwKpVlfRgLi0vLK6uFteL6xubWtrmz25ZxKjBp4ZjFohsgSRjlpKWoYqSbCIKigJFOMLrI651bIiSN+Y0aJ8SP0IDTkGKkNOqZB57rMcQHjEAvQmqIEcuuJtATU+b5PbNklc/qVefUgVbZsmpOpZobp3biVKCtSa4SmKvZM9+9fozTiHCFGZLSta1E+RkSimJGJkUvlSRBeIQGxNWWo4hIP5seMoFHmvRhGAv9uIJT+n0iQ5GU4yjQnfmy8ncth3/V3FSFdT+jPEkV4Xj2UZgyqGKYpwL7VBCs2FgbhAXVu0I8RAJhpbMr6hC+LoX/m7ZTtqtl+9opNc7ncRTAPjgEx8AGNdAAl6AJWgCDO/AAnsCzcW88Gi/G66x1wZjP7IEfMt4+Af7Gmfo=</latexit>

hOi

<latexit sha1_base64="upttM3dFJeVLVloqEm/ZJo38LcI="></latexit>

hO(k)O(k0)i

<latexit sha1_base64="2GspSnB+A3EGYgp8N1usSmxkupY=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hd0c1GNILl6ECOYByRJmZ3uTIbMPZ3oDYcl3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eYkUGm3729rY3Nre2S3sFfcPDo+OSyenbR2nikOLxzJWXY9pkCKCFgqU0E0UsNCT0PHGjbnfmYDSIo4ecZqAG7JhJALBGRrJRdAIPvWmtHFfH5TKdsVegK4TJydlkqM5KH31/ZinIUTIJdO659gJuhlTKLiEWbGfakgYH7Mh9AyNWAjazRZHz+ilUXwaxMpUhHSh/p7IWKj1NPRMZ8hwpFe9ufif10sxuHUzESUpQsSXi4JUUozpPAHqCwUc5dQQxpUwt1I+YopxNDkVTQjO6svrpF2tONcV56FartXzOArknFyQK+KQG1Ijd6RJWoSTJ/JMXsmbNbFerHfrY9m6YeUzZ+QPrM8fzjORdg==</latexit>

tested by CMB
<latexit sha1_base64="00CNAVVzrXVx0N/0plcdRx4FWOQ=">AAAB8nicbVC7TsMwFHXKq5RXgZHFokJiipIOwFjBwlgk+pDSqHKcm9aqY0e2g1RF/QwWBhBi5WvY+BvcNgO0HMnS0Tn3yueeKONMG8/7diobm1vbO9Xd2t7+weFR/fikq2WuKHSo5FL1I6KBMwEdwwyHfqaApBGHXjS5m/u9J1CaSfFophmEKRkJljBKjJWClBgDCscydYf1hud6C+B14pekgUq0h/WvQSxpnoIwlBOtA9/LTFgQZRjlMKsNcg0ZoRMygsBSQVLQYbGIPMMXVolxIpV9wuCF+nujIKnW0zSykzbjWK96c/E/L8hNchMWTGS5AUGXHyU5x0bi+f04Zgqo4VNLCFXMZsV0TBShtgddsyX4qyevk27T9a9c/6HZaN2WdVTRGTpHl8hH16iF7lEbdRBFEj2jV/TmGOfFeXc+lqMVp9w5RX/gfP4A8k6RBw==</latexit>

matte
r do

m.

<latexit sha1_base64="gaBuq8zsR4YieqcI9CVgG+2V/EY=">AAAB9XicbZC7TsMwFIZPyq2UW4GRxaJCYoqSDsBYwcJYJHqR2lA5jtNatZ3IdkBV1PdgYQAhVt6FjbfBbTNAyy9Z+vSfc3SO/zDlTBvP+3ZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOL6Z1TuPVGmWyHszSWkg8FCymBFsrPWgcMTmhKJEuINqzXO9udAq+AXUoFBzUP3qRwnJBJWGcKx1z/dSE+RYGUY4nVb6maYpJmM8pD2LEguqg3x+9RSdWSdCcaLskwbN3d8TORZaT0RoOwU2I71cm5n/1XqZia+CnMk0M1SSxaI448gkaBYBipiixPCJBUwUs7ciMsIKE2ODqtgQ/OUvr0K77voXrn9XrzWuizjKcAKncA4+XEIDbqEJLSCg4Ble4c15cl6cd+dj0Vpyiplj+CPn8wc5dpJT</latexit> ra
di
at
io
n
do
m
.

<latexit sha1_base64="Sd7PlY/vrTGVTBRXKKws3UOexU0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQQsuI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57SeujYjVI04S7kd0qEQoGEUrPdwmrF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5F1buvVerXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEn/422</latexit>

Gpc

<latexit sha1_base64="B2A3iPKS0FtY+pZ/hiTG5NfkkOw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQxkaIaD4gOcLeZi9Zsrd37M4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeIk4X5Eh0qEglG00sNdwvrlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5JWrepdVL37WqV+ncdRhBM4hXPw4BLqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx8xI428</latexit>

Mpc



‘standard cosmology’

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="yuQLYVSA6bF/hC8Awzhw037yWII=">AAACB3icbVDLSsNAFJ34rPVVdSlIsAhuLEkX6rLopssK9gFJDJPpbTt08mDmRiwhOzf+ihsXirj1F9z5N04fC209cOFwzr1z554gEVyhZX0bS8srq2vrhY3i5tb2zm5pb7+l4lQyaLJYxLITUAWCR9BEjgI6iQQaBgLawfB67LfvQSoeR7c4SsALaT/iPc4oaskvHbmOi/CAk5eyQKSQZ3XfusvO7Dx3Pb9UtirWBOYisWekTGZo+KUvtxuzNIQImaBKObaVoJdRiZwJyItuqiChbEj74Gga0RCUl0225+aJVrpmL5a6IjQn6u+JjIZKjcJAd4YUB2reG4v/eU6KvUsv41GSIkRsuqiXChNjcxyK2eUSGIqRJpRJrv9qsgGVlKGOrqhDsOdPXiStasU+r9g31XLtahZHgRySY3JKbHJBaqROGqRJGHkkz+SVvBlPxovxbnxMW5eM2cwB+QPj8wd555mu</latexit>

H
�1
0

<latexit sha1_base64="2Q6TxvYLdr3tob+3SuBHnxwL3HE=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkJKCiI7BVBG0KQMEnlItonWl3NyyvmhuzMoMvkUGgoQouVL6PgbLokLSBhppdHMrnZ3/IQzqSzr21hb39jc2i7sFHf39g8OzdJRR8apILRNYh6Lng+SchbRtmKK014iKIQ+p11/fDPzuw9USBZHd2qSUC+EYcQCRkBpqW+WXKcCuFmBavU+O7enrtc3y1bNmgOvEjsnZZSj1Te/3EFM0pBGinCQ0rGtRHkZCMUIp9Oim0qaABnDkDqaRhBS6WXz06f4TCsDHMRCV6TwXP09kUEo5ST0dWcIaiSXvZn4n+ekKrjyMhYlqaIRWSwKUo5VjGc54AETlCg+0QSIYPpWTEYggCidVlGHYC+/vEo69Zp9UbNv6+XGdR5HAZ2gU1RBNrpEDdRELdRGBD2iZ/SK3own48V4Nz4WrWtGPnOM/sD4/AGajJJJ</latexit>

(aH(a))�1

<latexit sha1_base64="tyv7oh9UtSg3vUdrK+rpfJQUPkg=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0l6UI9FLx4rmLbQhrLZbNqlm92wOxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwA6777VQ2Nre2d6q7tb39g8Oj+vFJ16hMU+ZTJZTuh8QwwSXzgYNg/VQzkoSC9cLp3dzvPTFtuJKPkKcsSMhY8phTAlbyQUUkH9UbbtNdAK8TryQNVKIzqn8NI0WzhEmgghgz8NwUgoJo4FSwWW2YGZYSOiVjNrBUkoSZoFgcO8MXVolwrLQtCXih/p4oSGJMnoS2MyEwMaveXPzPG2QQ3wQFl2kGTNLlojgTGBSef44jrhkFkVtCqOb2VkwnRBMKNp+aDcFbfXmddFtN76rpPbQa7dsyjio6Q+foEnnoGrXRPeogH1HE0TN6RW+OdF6cd+dj2VpxyplT9AfO5w8D047R</latexit>

tod
ay

<latexit sha1_base64="ccLeYwcLCEmG+dlkxeF3VPrRkIU=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKczuISa3oBePEfKC3SXMTmaTIbMPZmaFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dQSq40hh/WKWNza3tnfJuZW//4PCoenzSV0kmKevRRCRyGBDFBI9ZT3Mt2DCVjESBYINgdlP4g3smFU/irp6nzI/IJOYhp0QbaeC53RH2/FG1huvYoNFABbGb2Dak1Wo6TgvZSwvjGqzRGVXfvXFCs4jFmgqilGvjVPs5kZpTwRYVL1MsJXRGJsw1NCYRU36+PHeBLowyRmEiTcUaLdXvEzmJlJpHgemMiJ6q314h/uW5mQ6bfs7jNNMspqtFYSaQTlDxOxpzyagWc0MIldzciuiUSEK1SahiQvj6FP1P+k7dbtTtO6fWvl7HUYYzOIdLsOEK2nALHegBhRk8wBM8W6n1aL1Yr6vWkrWeOYUfsN4+AfOMj1Q=</latexit>

T0

<latexit sha1_base64="ylLO+lssQ47QLrh5Y+mN57vLmIc=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFWTIuqy6KbLCvYCSSyT6aQdOpOEmYlQQpZufBU3LhRx6yO4822ctEG09YeBj/+cw5zz+zGjUlnWl1FaWl5ZXSuvVzY2t7Z3zN29jowSgUkbRywSPR9JwmhI2ooqRnqxIIj7jHT98XVe794TIWkU3qpJTDyOhiENKEZKW33z0HXgXXqWuRypkeBpk2SnP5y5Xt+sWjVrKrgIdgFVUKjVNz/dQYQTTkKFGZLSsa1YeSkSimJGsoqbSBIjPEZD4mgMESfSS6eHZPBYOwMYREK/UMGp+3siRVzKCfd1Z76jnK/l5n81J1HBpZfSME4UCfHsoyBhUEUwTwUOqCBYsYkGhAXVu0I8QgJhpbOr6BDs+ZMXoVOv2ec1+6ZebVwVcZTBATgCJ8AGF6ABmqAF2gCDB/AEXsCr8Wg8G2/G+6y1ZBQz++CPjI9v1RGZ3Q==</latexit>

4
He/H

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
1/

k

[2011] [1978]
<latexit sha1_base64="7/fxxzmhOew4u24xH3Jnx+CBfpw=">AAAB9HicbVC7TgJBFL2LL8QXamkzkZhYkV0KtSTaWGIijwQ2ZHaYhQnzWGdmSQjhO2wsNMbWj7HzbxyWLRQ8ySRnzrk3994TJZwZ6/vfXmFjc2t7p7hb2ts/ODwqH5+0jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4buG3J1QbpuSjnSY0FHgoWcwItk4KNSVKRExmv3654lf9DGidBDmpQI5Gv/zVGyiSCiot4diYbuAnNpxhbRnhdF7qpYYmmIzxkHYdlVhQE86ypefowikDFCvtnrQoU393zLAwZioiVymwHZlVbyH+53VTG9+EMyaT1FJJloPilCOr0CIBNGDuasunjmCimdsVkRHWmFiXU8mFEKyevE5atWpwVQ0eapX6bR5HEc7gHC4hgGuowz00oAkEnuAZXuHNm3gv3rv3sSwteHnPKfyB9/kDQmqSag==</latexit> re
co
m
b
in
at
io
n

<latexit sha1_base64="csN8T3vTrqHySjXh+Cf7mdiI+fE=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0KtQyxsZKI5gOSI+xt5pIle3vH7p4QjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz321lb39jc2i7sFHf39g8OS0fHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD/X6Xb9UdivuHGSVeDkpQ45Gv/TVG8QsjVAaJqjWXc9NjJ9RZTgTOC32Uo0JZWM6xK6lkkao/Wx+6pScW2VAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7QheMsvr5JWteJdVrz7arlWz+MowCmcwQV4cAU1uIUGNIHBEJ7hFd4c4bw4787HonXNyWdO4A+czx+6mI1u</latexit> B
B
N

[2006]

<latexit sha1_base64="Al6uy8taxjJB7Nl2Y7x/dpPJ9tA=">AAAB83icbZC7TsMwFIZPyq2UW4GRJaJCYqqSDsBY0QW2ItGL1EbVieO0Vh0nsh2kKuprsDCAECsvw8bb4LQZoOWXLH36zzm2z+8nnCntON9WaWNza3unvFvZ2z84PKoen3RVnEpCOyTmsez7qChngnY005z2E0kx8jnt+dNWXu89UalYLB71LKFehGPBQkZQG2uIAUPfILHvW6Nqzak7C9nr4BZQg0LtUfVrGMQkjajQhKNSA9dJtJehNPdxOq8MU0UTJFMc04FBgRFVXrb489y+ME5gh7E0R2h74f6eyDBSahb5pjNCPVGrtdz8rzZIdXjjZUwkqaaCLB8KU27r2M4DsAMmKdF8ZgCJZPnuZIISiTYxVUwI7urK69Bt1N2ruvvQqDVvizjKcAbncAkuXEMT7qANHSCQwDO8wpuVWi/Wu/WxbC1Zxcwp/JH1+QNPtZE0</latexit> ad
ia
b
at
ic

IC

[2019]

reconstructed by measuring 1-point and 2-point function of energy densities today

<latexit sha1_base64="SffTMrZPjlyH/EpDYXxFQUjPtbo=">AAACCHicdZDLSsNAFIYnXmu9RV26cLAIrkqSalt3RTfurGAvkIQymU7aoZNJmJkIJXTpxldx40IRtz6CO9/GSVtBRX8Y+PnOOcw5f5AwKpVlfRgLi0vLK6uFteL6xubWtrmz25ZxKjBp4ZjFohsgSRjlpKWoYqSbCIKigJFOMLrI651bIiSN+Y0aJ8SP0IDTkGKkNOqZB57rMcQHjEAvQmqIEcuuJtATU+b5PbNklc/qVefUgVbZsmpOpZobp3biVKCtSa4SmKvZM9+9fozTiHCFGZLSta1E+RkSimJGJkUvlSRBeIQGxNWWo4hIP5seMoFHmvRhGAv9uIJT+n0iQ5GU4yjQnfmy8ncth3/V3FSFdT+jPEkV4Xj2UZgyqGKYpwL7VBCs2FgbhAXVu0I8RAJhpbMr6hC+LoX/m7ZTtqtl+9opNc7ncRTAPjgEx8AGNdAAl6AJWgCDO/AAnsCzcW88Gi/G66x1wZjP7IEfMt4+Af7Gmfo=</latexit>

hOi

<latexit sha1_base64="upttM3dFJeVLVloqEm/ZJo38LcI="></latexit>

hO(k)O(k0)i

<latexit sha1_base64="2GspSnB+A3EGYgp8N1usSmxkupY=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hd0c1GNILl6ECOYByRJmZ3uTIbMPZ3oDYcl3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eYkUGm3729rY3Nre2S3sFfcPDo+OSyenbR2nikOLxzJWXY9pkCKCFgqU0E0UsNCT0PHGjbnfmYDSIo4ecZqAG7JhJALBGRrJRdAIPvWmtHFfH5TKdsVegK4TJydlkqM5KH31/ZinIUTIJdO659gJuhlTKLiEWbGfakgYH7Mh9AyNWAjazRZHz+ilUXwaxMpUhHSh/p7IWKj1NPRMZ8hwpFe9ufif10sxuHUzESUpQsSXi4JUUozpPAHqCwUc5dQQxpUwt1I+YopxNDkVTQjO6svrpF2tONcV56FartXzOArknFyQK+KQG1Ijd6RJWoSTJ/JMXsmbNbFerHfrY9m6YeUzZ+QPrM8fzjORdg==</latexit>

tested by CMB
<latexit sha1_base64="00CNAVVzrXVx0N/0plcdRx4FWOQ=">AAAB8nicbVC7TsMwFHXKq5RXgZHFokJiipIOwFjBwlgk+pDSqHKcm9aqY0e2g1RF/QwWBhBi5WvY+BvcNgO0HMnS0Tn3yueeKONMG8/7diobm1vbO9Xd2t7+weFR/fikq2WuKHSo5FL1I6KBMwEdwwyHfqaApBGHXjS5m/u9J1CaSfFophmEKRkJljBKjJWClBgDCscydYf1hud6C+B14pekgUq0h/WvQSxpnoIwlBOtA9/LTFgQZRjlMKsNcg0ZoRMygsBSQVLQYbGIPMMXVolxIpV9wuCF+nujIKnW0zSykzbjWK96c/E/L8hNchMWTGS5AUGXHyU5x0bi+f04Zgqo4VNLCFXMZsV0TBShtgddsyX4qyevk27T9a9c/6HZaN2WdVTRGTpHl8hH16iF7lEbdRBFEj2jV/TmGOfFeXc+lqMVp9w5RX/gfP4A8k6RBw==</latexit>

matte
r do

m.

<latexit sha1_base64="gaBuq8zsR4YieqcI9CVgG+2V/EY=">AAAB9XicbZC7TsMwFIZPyq2UW4GRxaJCYoqSDsBYwcJYJHqR2lA5jtNatZ3IdkBV1PdgYQAhVt6FjbfBbTNAyy9Z+vSfc3SO/zDlTBvP+3ZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOL6Z1TuPVGmWyHszSWkg8FCymBFsrPWgcMTmhKJEuINqzXO9udAq+AXUoFBzUP3qRwnJBJWGcKx1z/dSE+RYGUY4nVb6maYpJmM8pD2LEguqg3x+9RSdWSdCcaLskwbN3d8TORZaT0RoOwU2I71cm5n/1XqZia+CnMk0M1SSxaI448gkaBYBipiixPCJBUwUs7ciMsIKE2ODqtgQ/OUvr0K77voXrn9XrzWuizjKcAKncA4+XEIDbqEJLSCg4Ble4c15cl6cd+dj0Vpyiplj+CPn8wc5dpJT</latexit> ra
di
at
io
n
do
m
.

<latexit sha1_base64="Sd7PlY/vrTGVTBRXKKws3UOexU0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQQsuI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57SeujYjVI04S7kd0qEQoGEUrPdwmrF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5F1buvVerXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEn/422</latexit>

Gpc

<latexit sha1_base64="B2A3iPKS0FtY+pZ/hiTG5NfkkOw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQxkaIaD4gOcLeZi9Zsrd37M4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeIk4X5Eh0qEglG00sNdwvrlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5JWrepdVL37WqV+ncdRhBM4hXPw4BLqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx8xI428</latexit>

Mpc

<latexit sha1_base64="og4B2fFf/y0HsFVfTCHhyREB2bA=">AAACJHicbVC5TsNAFFyHK4QrQEmzIopEQ2Sn4OgioKAMEjmk2FjPm3WyyvrQ7hoRWf4C/oOeFn6BDlHQUPMZbBIXkDDSk0Yz72n0xos5k8o0P43C0vLK6lpxvbSxubW9U97da8soEYS2SMQj0fVAUs5C2lJMcdqNBYXA47TjjS4nfueeCsmi8FaNY+oEMAiZzwgoLbnlqt0r2VeUK3BTWwQY+rXMhjgW0QO2zLv0+DzDtuOWK2bNnAIvEisnFZSj6Za/7X5EkoCGinCQsmeZsXJSEIoRTrOSnUgaAxnBgPY0DSGg0kmn72S4qpU+9iOhJ1R4qv6+SCGQchx4ejMANZTz3kT815soQvpyLl/5Z07KwjhRNCSzeD/hWEV40hjuM0GJ4mNNgAimP8BkCAKI0r2WdDXWfBGLpF2vWSc166ZeaVzkJRXRATpER8hCp6iBrlETtRBBj+gZvaBX48l4M96Nj9lqwchv9tEfGF8/4K+kPA==</latexit>

�ad. ⇡ 10�9



‘standard cosmology’

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="yuQLYVSA6bF/hC8Awzhw037yWII=">AAACB3icbVDLSsNAFJ34rPVVdSlIsAhuLEkX6rLopssK9gFJDJPpbTt08mDmRiwhOzf+ihsXirj1F9z5N04fC209cOFwzr1z554gEVyhZX0bS8srq2vrhY3i5tb2zm5pb7+l4lQyaLJYxLITUAWCR9BEjgI6iQQaBgLawfB67LfvQSoeR7c4SsALaT/iPc4oaskvHbmOi/CAk5eyQKSQZ3XfusvO7Dx3Pb9UtirWBOYisWekTGZo+KUvtxuzNIQImaBKObaVoJdRiZwJyItuqiChbEj74Gga0RCUl0225+aJVrpmL5a6IjQn6u+JjIZKjcJAd4YUB2reG4v/eU6KvUsv41GSIkRsuqiXChNjcxyK2eUSGIqRJpRJrv9qsgGVlKGOrqhDsOdPXiStasU+r9g31XLtahZHgRySY3JKbHJBaqROGqRJGHkkz+SVvBlPxovxbnxMW5eM2cwB+QPj8wd555mu</latexit>

H
�1
0

<latexit sha1_base64="2Q6TxvYLdr3tob+3SuBHnxwL3HE=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkJKCiI7BVBG0KQMEnlItonWl3NyyvmhuzMoMvkUGgoQouVL6PgbLokLSBhppdHMrnZ3/IQzqSzr21hb39jc2i7sFHf39g8OzdJRR8apILRNYh6Lng+SchbRtmKK014iKIQ+p11/fDPzuw9USBZHd2qSUC+EYcQCRkBpqW+WXKcCuFmBavU+O7enrtc3y1bNmgOvEjsnZZSj1Te/3EFM0pBGinCQ0rGtRHkZCMUIp9Oim0qaABnDkDqaRhBS6WXz06f4TCsDHMRCV6TwXP09kUEo5ST0dWcIaiSXvZn4n+ekKrjyMhYlqaIRWSwKUo5VjGc54AETlCg+0QSIYPpWTEYggCidVlGHYC+/vEo69Zp9UbNv6+XGdR5HAZ2gU1RBNrpEDdRELdRGBD2iZ/SK3own48V4Nz4WrWtGPnOM/sD4/AGajJJJ</latexit>

(aH(a))�1

<latexit sha1_base64="tyv7oh9UtSg3vUdrK+rpfJQUPkg=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0l6UI9FLx4rmLbQhrLZbNqlm92wOxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwA6777VQ2Nre2d6q7tb39g8Oj+vFJ16hMU+ZTJZTuh8QwwSXzgYNg/VQzkoSC9cLp3dzvPTFtuJKPkKcsSMhY8phTAlbyQUUkH9UbbtNdAK8TryQNVKIzqn8NI0WzhEmgghgz8NwUgoJo4FSwWW2YGZYSOiVjNrBUkoSZoFgcO8MXVolwrLQtCXih/p4oSGJMnoS2MyEwMaveXPzPG2QQ3wQFl2kGTNLlojgTGBSef44jrhkFkVtCqOb2VkwnRBMKNp+aDcFbfXmddFtN76rpPbQa7dsyjio6Q+foEnnoGrXRPeogH1HE0TN6RW+OdF6cd+dj2VpxyplT9AfO5w8D047R</latexit>

tod
ay

<latexit sha1_base64="ccLeYwcLCEmG+dlkxeF3VPrRkIU=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKczuISa3oBePEfKC3SXMTmaTIbMPZmaFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dQSq40hh/WKWNza3tnfJuZW//4PCoenzSV0kmKevRRCRyGBDFBI9ZT3Mt2DCVjESBYINgdlP4g3smFU/irp6nzI/IJOYhp0QbaeC53RH2/FG1huvYoNFABbGb2Dak1Wo6TgvZSwvjGqzRGVXfvXFCs4jFmgqilGvjVPs5kZpTwRYVL1MsJXRGJsw1NCYRU36+PHeBLowyRmEiTcUaLdXvEzmJlJpHgemMiJ6q314h/uW5mQ6bfs7jNNMspqtFYSaQTlDxOxpzyagWc0MIldzciuiUSEK1SahiQvj6FP1P+k7dbtTtO6fWvl7HUYYzOIdLsOEK2nALHegBhRk8wBM8W6n1aL1Yr6vWkrWeOYUfsN4+AfOMj1Q=</latexit>

T0

<latexit sha1_base64="ylLO+lssQ47QLrh5Y+mN57vLmIc=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFWTIuqy6KbLCvYCSSyT6aQdOpOEmYlQQpZufBU3LhRx6yO4822ctEG09YeBj/+cw5zz+zGjUlnWl1FaWl5ZXSuvVzY2t7Z3zN29jowSgUkbRywSPR9JwmhI2ooqRnqxIIj7jHT98XVe794TIWkU3qpJTDyOhiENKEZKW33z0HXgXXqWuRypkeBpk2SnP5y5Xt+sWjVrKrgIdgFVUKjVNz/dQYQTTkKFGZLSsa1YeSkSimJGsoqbSBIjPEZD4mgMESfSS6eHZPBYOwMYREK/UMGp+3siRVzKCfd1Z76jnK/l5n81J1HBpZfSME4UCfHsoyBhUEUwTwUOqCBYsYkGhAXVu0I8QgJhpbOr6BDs+ZMXoVOv2ec1+6ZebVwVcZTBATgCJ8AGF6ABmqAF2gCDB/AEXsCr8Wg8G2/G+6y1ZBQz++CPjI9v1RGZ3Q==</latexit>

4
He/H

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
1/

k

[2011] [1978]
<latexit sha1_base64="7/fxxzmhOew4u24xH3Jnx+CBfpw=">AAAB9HicbVC7TgJBFL2LL8QXamkzkZhYkV0KtSTaWGIijwQ2ZHaYhQnzWGdmSQjhO2wsNMbWj7HzbxyWLRQ8ySRnzrk3994TJZwZ6/vfXmFjc2t7p7hb2ts/ODwqH5+0jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4buG3J1QbpuSjnSY0FHgoWcwItk4KNSVKRExmv3654lf9DGidBDmpQI5Gv/zVGyiSCiot4diYbuAnNpxhbRnhdF7qpYYmmIzxkHYdlVhQE86ypefowikDFCvtnrQoU393zLAwZioiVymwHZlVbyH+53VTG9+EMyaT1FJJloPilCOr0CIBNGDuasunjmCimdsVkRHWmFiXU8mFEKyevE5atWpwVQ0eapX6bR5HEc7gHC4hgGuowz00oAkEnuAZXuHNm3gv3rv3sSwteHnPKfyB9/kDQmqSag==</latexit> re
co
m
b
in
at
io
n

<latexit sha1_base64="csN8T3vTrqHySjXh+Cf7mdiI+fE=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0KtQyxsZKI5gOSI+xt5pIle3vH7p4QjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz321lb39jc2i7sFHf39g8OS0fHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD/X6Xb9UdivuHGSVeDkpQ45Gv/TVG8QsjVAaJqjWXc9NjJ9RZTgTOC32Uo0JZWM6xK6lkkao/Wx+6pScW2VAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7QheMsvr5JWteJdVrz7arlWz+MowCmcwQV4cAU1uIUGNIHBEJ7hFd4c4bw4787HonXNyWdO4A+czx+6mI1u</latexit> B
B
N

[2006]

<latexit sha1_base64="Al6uy8taxjJB7Nl2Y7x/dpPJ9tA=">AAAB83icbZC7TsMwFIZPyq2UW4GRJaJCYqqSDsBY0QW2ItGL1EbVieO0Vh0nsh2kKuprsDCAECsvw8bb4LQZoOWXLH36zzm2z+8nnCntON9WaWNza3unvFvZ2z84PKoen3RVnEpCOyTmsez7qChngnY005z2E0kx8jnt+dNWXu89UalYLB71LKFehGPBQkZQG2uIAUPfILHvW6Nqzak7C9nr4BZQg0LtUfVrGMQkjajQhKNSA9dJtJehNPdxOq8MU0UTJFMc04FBgRFVXrb489y+ME5gh7E0R2h74f6eyDBSahb5pjNCPVGrtdz8rzZIdXjjZUwkqaaCLB8KU27r2M4DsAMmKdF8ZgCJZPnuZIISiTYxVUwI7urK69Bt1N2ruvvQqDVvizjKcAbncAkuXEMT7qANHSCQwDO8wpuVWi/Wu/WxbC1Zxcwp/JH1+QNPtZE0</latexit> ad
ia
b
at
ic

IC

[2019]

<latexit sha1_base64="VOibH947W8zDkKZZaZfI/xMgdnc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWKLhgAQuZG/Zgw27e5fdPRNy4TfYWGiMrT/Izn/jAlco+JJJXt6bycy8MOFMG9f9dgobm1vbO8Xd0t7+weFR+fikreNUEeqTmMeqG2JNOZPUN8xw2k0UxSLktBNO7uZ+54kqzWLZMtOEBgKPJIsYwcZKfrU1eKwOyhW35i6A1omXkwrkaA7KX/1hTFJBpSEca93z3MQEGVaGEU5npX6qaYLJBI9oz1KJBdVBtjh2hi6sMkRRrGxJgxbq74kMC62nIrSdApuxXvXm4n9eLzXRTZAxmaSGSrJcFKUcmRjNP0dDpigxfGoJJorZWxEZY4WJsfmUbAje6svrpF2veVc176FeadzmcRThDM7hEjy4hgbcQxN8IMDgGV7hzZHOi/PufCxbC04+cwp/4Hz+AMC7jf0=</latexit>

TR

<latexit sha1_base64="wpA5GFISb+JicSwaPCcQtf2e5yM=">AAAB8HicbZC7TsMwFIZPyq2UW4GRxaJCYqqSDpSxgoWxSPSC2qhyHKe1ajuR7SBVUZ+ChQGEWHkcNt4GN80ALb9k6dN/zpHP+YOEM21c99spbWxube+Udyt7+weHR9Xjk66OU0Voh8Q8Vv0Aa8qZpB3DDKf9RFEsAk57wfR2Ue89UaVZLB/MLKG+wGPJIkawsdajwiHLaVStuXU3F1oHr4AaFGqPql/DMCapoNIQjrUeeG5i/Awrwwin88ow1TTBZIrHdGBRYkG1n+ULz9GFdUIUxco+aVDu/p7IsNB6JgLbKbCZ6NXawvyvNkhNdO1nTCapoZIsP4pSjkyMFtejkClKDJ9ZwEQxuysiE6wwMTajig3BWz15HbqNundV9+4btdZNEUcZzuAcLsGDJrTgDtrQAQICnuEV3hzlvDjvzseyteQUM6fwR87nDw+bkJM=</latexit>

radiation

reconstructed by measuring 1-point and 2-point function of energy densities today

<latexit sha1_base64="SffTMrZPjlyH/EpDYXxFQUjPtbo=">AAACCHicdZDLSsNAFIYnXmu9RV26cLAIrkqSalt3RTfurGAvkIQymU7aoZNJmJkIJXTpxldx40IRtz6CO9/GSVtBRX8Y+PnOOcw5f5AwKpVlfRgLi0vLK6uFteL6xubWtrmz25ZxKjBp4ZjFohsgSRjlpKWoYqSbCIKigJFOMLrI651bIiSN+Y0aJ8SP0IDTkGKkNOqZB57rMcQHjEAvQmqIEcuuJtATU+b5PbNklc/qVefUgVbZsmpOpZobp3biVKCtSa4SmKvZM9+9fozTiHCFGZLSta1E+RkSimJGJkUvlSRBeIQGxNWWo4hIP5seMoFHmvRhGAv9uIJT+n0iQ5GU4yjQnfmy8ncth3/V3FSFdT+jPEkV4Xj2UZgyqGKYpwL7VBCs2FgbhAXVu0I8RAJhpbMr6hC+LoX/m7ZTtqtl+9opNc7ncRTAPjgEx8AGNdAAl6AJWgCDO/AAnsCzcW88Gi/G66x1wZjP7IEfMt4+Af7Gmfo=</latexit>

hOi

<latexit sha1_base64="upttM3dFJeVLVloqEm/ZJo38LcI="></latexit>

hO(k)O(k0)i

<latexit sha1_base64="2GspSnB+A3EGYgp8N1usSmxkupY=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hd0c1GNILl6ECOYByRJmZ3uTIbMPZ3oDYcl3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eYkUGm3729rY3Nre2S3sFfcPDo+OSyenbR2nikOLxzJWXY9pkCKCFgqU0E0UsNCT0PHGjbnfmYDSIo4ecZqAG7JhJALBGRrJRdAIPvWmtHFfH5TKdsVegK4TJydlkqM5KH31/ZinIUTIJdO659gJuhlTKLiEWbGfakgYH7Mh9AyNWAjazRZHz+ilUXwaxMpUhHSh/p7IWKj1NPRMZ8hwpFe9ufif10sxuHUzESUpQsSXi4JUUozpPAHqCwUc5dQQxpUwt1I+YopxNDkVTQjO6svrpF2tONcV56FartXzOArknFyQK+KQG1Ijd6RJWoSTJ/JMXsmbNbFerHfrY9m6YeUzZ+QPrM8fzjORdg==</latexit>

tested by CMB
<latexit sha1_base64="00CNAVVzrXVx0N/0plcdRx4FWOQ=">AAAB8nicbVC7TsMwFHXKq5RXgZHFokJiipIOwFjBwlgk+pDSqHKcm9aqY0e2g1RF/QwWBhBi5WvY+BvcNgO0HMnS0Tn3yueeKONMG8/7diobm1vbO9Xd2t7+weFR/fikq2WuKHSo5FL1I6KBMwEdwwyHfqaApBGHXjS5m/u9J1CaSfFophmEKRkJljBKjJWClBgDCscydYf1hud6C+B14pekgUq0h/WvQSxpnoIwlBOtA9/LTFgQZRjlMKsNcg0ZoRMygsBSQVLQYbGIPMMXVolxIpV9wuCF+nujIKnW0zSykzbjWK96c/E/L8hNchMWTGS5AUGXHyU5x0bi+f04Zgqo4VNLCFXMZsV0TBShtgddsyX4qyevk27T9a9c/6HZaN2WdVTRGTpHl8hH16iF7lEbdRBFEj2jV/TmGOfFeXc+lqMVp9w5RX/gfP4A8k6RBw==</latexit>

matte
r do

m.

<latexit sha1_base64="gaBuq8zsR4YieqcI9CVgG+2V/EY=">AAAB9XicbZC7TsMwFIZPyq2UW4GRxaJCYoqSDsBYwcJYJHqR2lA5jtNatZ3IdkBV1PdgYQAhVt6FjbfBbTNAyy9Z+vSfc3SO/zDlTBvP+3ZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOL6Z1TuPVGmWyHszSWkg8FCymBFsrPWgcMTmhKJEuINqzXO9udAq+AXUoFBzUP3qRwnJBJWGcKx1z/dSE+RYGUY4nVb6maYpJmM8pD2LEguqg3x+9RSdWSdCcaLskwbN3d8TORZaT0RoOwU2I71cm5n/1XqZia+CnMk0M1SSxaI448gkaBYBipiixPCJBUwUs7ciMsIKE2ODqtgQ/OUvr0K77voXrn9XrzWuizjKcAKncA4+XEIDbqEJLSCg4Ble4c15cl6cd+dj0Vpyiplj+CPn8wc5dpJT</latexit> ra
di
at
io
n
do
m
.

<latexit sha1_base64="Sd7PlY/vrTGVTBRXKKws3UOexU0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQQsuI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57SeujYjVI04S7kd0qEQoGEUrPdwmrF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5F1buvVerXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEn/422</latexit>

Gpc

<latexit sha1_base64="B2A3iPKS0FtY+pZ/hiTG5NfkkOw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQxkaIaD4gOcLeZi9Zsrd37M4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeIk4X5Eh0qEglG00sNdwvrlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5JWrepdVL37WqV+ncdRhBM4hXPw4BLqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx8xI428</latexit>

Mpc

<latexit sha1_base64="og4B2fFf/y0HsFVfTCHhyREB2bA=">AAACJHicbVC5TsNAFFyHK4QrQEmzIopEQ2Sn4OgioKAMEjmk2FjPm3WyyvrQ7hoRWf4C/oOeFn6BDlHQUPMZbBIXkDDSk0Yz72n0xos5k8o0P43C0vLK6lpxvbSxubW9U97da8soEYS2SMQj0fVAUs5C2lJMcdqNBYXA47TjjS4nfueeCsmi8FaNY+oEMAiZzwgoLbnlqt0r2VeUK3BTWwQY+rXMhjgW0QO2zLv0+DzDtuOWK2bNnAIvEisnFZSj6Za/7X5EkoCGinCQsmeZsXJSEIoRTrOSnUgaAxnBgPY0DSGg0kmn72S4qpU+9iOhJ1R4qv6+SCGQchx4ejMANZTz3kT815soQvpyLl/5Z07KwjhRNCSzeD/hWEV40hjuM0GJ4mNNgAimP8BkCAKI0r2WdDXWfBGLpF2vWSc166ZeaVzkJRXRATpER8hCp6iBrlETtRBBj+gZvaBX48l4M96Nj9lqwchv9tEfGF8/4K+kPA==</latexit>

�ad. ⇡ 10�9



‘standard cosmology’

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="yuQLYVSA6bF/hC8Awzhw037yWII=">AAACB3icbVDLSsNAFJ34rPVVdSlIsAhuLEkX6rLopssK9gFJDJPpbTt08mDmRiwhOzf+ihsXirj1F9z5N04fC209cOFwzr1z554gEVyhZX0bS8srq2vrhY3i5tb2zm5pb7+l4lQyaLJYxLITUAWCR9BEjgI6iQQaBgLawfB67LfvQSoeR7c4SsALaT/iPc4oaskvHbmOi/CAk5eyQKSQZ3XfusvO7Dx3Pb9UtirWBOYisWekTGZo+KUvtxuzNIQImaBKObaVoJdRiZwJyItuqiChbEj74Gga0RCUl0225+aJVrpmL5a6IjQn6u+JjIZKjcJAd4YUB2reG4v/eU6KvUsv41GSIkRsuqiXChNjcxyK2eUSGIqRJpRJrv9qsgGVlKGOrqhDsOdPXiStasU+r9g31XLtahZHgRySY3JKbHJBaqROGqRJGHkkz+SVvBlPxovxbnxMW5eM2cwB+QPj8wd555mu</latexit>

H
�1
0

<latexit sha1_base64="2Q6TxvYLdr3tob+3SuBHnxwL3HE=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkJKCiI7BVBG0KQMEnlItonWl3NyyvmhuzMoMvkUGgoQouVL6PgbLokLSBhppdHMrnZ3/IQzqSzr21hb39jc2i7sFHf39g8OzdJRR8apILRNYh6Lng+SchbRtmKK014iKIQ+p11/fDPzuw9USBZHd2qSUC+EYcQCRkBpqW+WXKcCuFmBavU+O7enrtc3y1bNmgOvEjsnZZSj1Te/3EFM0pBGinCQ0rGtRHkZCMUIp9Oim0qaABnDkDqaRhBS6WXz06f4TCsDHMRCV6TwXP09kUEo5ST0dWcIaiSXvZn4n+ekKrjyMhYlqaIRWSwKUo5VjGc54AETlCg+0QSIYPpWTEYggCidVlGHYC+/vEo69Zp9UbNv6+XGdR5HAZ2gU1RBNrpEDdRELdRGBD2iZ/SK3own48V4Nz4WrWtGPnOM/sD4/AGajJJJ</latexit>

(aH(a))�1

<latexit sha1_base64="tyv7oh9UtSg3vUdrK+rpfJQUPkg=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0l6UI9FLx4rmLbQhrLZbNqlm92wOxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwA6777VQ2Nre2d6q7tb39g8Oj+vFJ16hMU+ZTJZTuh8QwwSXzgYNg/VQzkoSC9cLp3dzvPTFtuJKPkKcsSMhY8phTAlbyQUUkH9UbbtNdAK8TryQNVKIzqn8NI0WzhEmgghgz8NwUgoJo4FSwWW2YGZYSOiVjNrBUkoSZoFgcO8MXVolwrLQtCXih/p4oSGJMnoS2MyEwMaveXPzPG2QQ3wQFl2kGTNLlojgTGBSef44jrhkFkVtCqOb2VkwnRBMKNp+aDcFbfXmddFtN76rpPbQa7dsyjio6Q+foEnnoGrXRPeogH1HE0TN6RW+OdF6cd+dj2VpxyplT9AfO5w8D047R</latexit>

tod
ay

<latexit sha1_base64="AnG1HO2/4ajdSygop0U6g7ZuVQU=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUm6UJdFN3VXwT4gCWEynbRDJw9mJkII9VfcuFDErR/izr9x2mahrQcuHM65l3vvCVLOpLKsb6Oysbm1vVPdre3tHxwemccnfZlkgtAeSXgihgGWlLOY9hRTnA5TQXEUcDoIprdzf/BIhWRJ/KDylHoRHscsZAQrLflm3XXcUGBS2LMCo45/N3M932xYTWsBtE7skjSgRNc3v9xRQrKIxopwLKVjW6nyCiwUI5zOam4maYrJFI+po2mMIyq9YnH8DJ1rZYTCROiKFVqovycKHEmZR4HujLCayFVvLv7nOZkKr72CxWmmaEyWi8KMI5WgeRJoxAQliueaYCKYvhWRCdZZKJ1XTYdgr768Tvqtpn3ZtO9bjfZNGUcVTuEMLsCGK2hDB7rQAwI5PMMrvBlPxovxbnwsWytGOVOHPzA+fwAWzJRn</latexit>

1

aHI

<latexit sha1_base64="ccLeYwcLCEmG+dlkxeF3VPrRkIU=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKczuISa3oBePEfKC3SXMTmaTIbMPZmaFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dQSq40hh/WKWNza3tnfJuZW//4PCoenzSV0kmKevRRCRyGBDFBI9ZT3Mt2DCVjESBYINgdlP4g3smFU/irp6nzI/IJOYhp0QbaeC53RH2/FG1huvYoNFABbGb2Dak1Wo6TgvZSwvjGqzRGVXfvXFCs4jFmgqilGvjVPs5kZpTwRYVL1MsJXRGJsw1NCYRU36+PHeBLowyRmEiTcUaLdXvEzmJlJpHgemMiJ6q314h/uW5mQ6bfs7jNNMspqtFYSaQTlDxOxpzyagWc0MIldzciuiUSEK1SahiQvj6FP1P+k7dbtTtO6fWvl7HUYYzOIdLsOEK2nALHegBhRk8wBM8W6n1aL1Yr6vWkrWeOYUfsN4+AfOMj1Q=</latexit>

T0

<latexit sha1_base64="ylLO+lssQ47QLrh5Y+mN57vLmIc=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFWTIuqy6KbLCvYCSSyT6aQdOpOEmYlQQpZufBU3LhRx6yO4822ctEG09YeBj/+cw5zz+zGjUlnWl1FaWl5ZXSuvVzY2t7Z3zN29jowSgUkbRywSPR9JwmhI2ooqRnqxIIj7jHT98XVe794TIWkU3qpJTDyOhiENKEZKW33z0HXgXXqWuRypkeBpk2SnP5y5Xt+sWjVrKrgIdgFVUKjVNz/dQYQTTkKFGZLSsa1YeSkSimJGsoqbSBIjPEZD4mgMESfSS6eHZPBYOwMYREK/UMGp+3siRVzKCfd1Z76jnK/l5n81J1HBpZfSME4UCfHsoyBhUEUwTwUOqCBYsYkGhAXVu0I8QgJhpbOr6BDs+ZMXoVOv2ec1+6ZebVwVcZTBATgCJ8AGF6ABmqAF2gCDB/AEXsCr8Wg8G2/G+6y1ZBQz++CPjI9v1RGZ3Q==</latexit>

4
He/H

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
1/

k

[2011] [1978]
<latexit sha1_base64="7/fxxzmhOew4u24xH3Jnx+CBfpw=">AAAB9HicbVC7TgJBFL2LL8QXamkzkZhYkV0KtSTaWGIijwQ2ZHaYhQnzWGdmSQjhO2wsNMbWj7HzbxyWLRQ8ySRnzrk3994TJZwZ6/vfXmFjc2t7p7hb2ts/ODwqH5+0jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4buG3J1QbpuSjnSY0FHgoWcwItk4KNSVKRExmv3654lf9DGidBDmpQI5Gv/zVGyiSCiot4diYbuAnNpxhbRnhdF7qpYYmmIzxkHYdlVhQE86ypefowikDFCvtnrQoU393zLAwZioiVymwHZlVbyH+53VTG9+EMyaT1FJJloPilCOr0CIBNGDuasunjmCimdsVkRHWmFiXU8mFEKyevE5atWpwVQ0eapX6bR5HEc7gHC4hgGuowz00oAkEnuAZXuHNm3gv3rv3sSwteHnPKfyB9/kDQmqSag==</latexit> re
co
m
b
in
at
io
n

<latexit sha1_base64="csN8T3vTrqHySjXh+Cf7mdiI+fE=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0KtQyxsZKI5gOSI+xt5pIle3vH7p4QjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz321lb39jc2i7sFHf39g8OS0fHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD/X6Xb9UdivuHGSVeDkpQ45Gv/TVG8QsjVAaJqjWXc9NjJ9RZTgTOC32Uo0JZWM6xK6lkkao/Wx+6pScW2VAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7QheMsvr5JWteJdVrz7arlWz+MowCmcwQV4cAU1uIUGNIHBEJ7hFd4c4bw4787HonXNyWdO4A+czx+6mI1u</latexit> B
B
N

[2006]

<latexit sha1_base64="Al6uy8taxjJB7Nl2Y7x/dpPJ9tA=">AAAB83icbZC7TsMwFIZPyq2UW4GRJaJCYqqSDsBY0QW2ItGL1EbVieO0Vh0nsh2kKuprsDCAECsvw8bb4LQZoOWXLH36zzm2z+8nnCntON9WaWNza3unvFvZ2z84PKoen3RVnEpCOyTmsez7qChngnY005z2E0kx8jnt+dNWXu89UalYLB71LKFehGPBQkZQG2uIAUPfILHvW6Nqzak7C9nr4BZQg0LtUfVrGMQkjajQhKNSA9dJtJehNPdxOq8MU0UTJFMc04FBgRFVXrb489y+ME5gh7E0R2h74f6eyDBSahb5pjNCPVGrtdz8rzZIdXjjZUwkqaaCLB8KU27r2M4DsAMmKdF8ZgCJZPnuZIISiTYxVUwI7urK69Bt1N2ruvvQqDVvizjKcAbncAkuXEMT7qANHSCQwDO8wpuVWi/Wu/WxbC1Zxcwp/JH1+QNPtZE0</latexit> ad
ia
b
at
ic

IC

[2019]

<latexit sha1_base64="VOibH947W8zDkKZZaZfI/xMgdnc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWKLhgAQuZG/Zgw27e5fdPRNy4TfYWGiMrT/Izn/jAlco+JJJXt6bycy8MOFMG9f9dgobm1vbO8Xd0t7+weFR+fikreNUEeqTmMeqG2JNOZPUN8xw2k0UxSLktBNO7uZ+54kqzWLZMtOEBgKPJIsYwcZKfrU1eKwOyhW35i6A1omXkwrkaA7KX/1hTFJBpSEca93z3MQEGVaGEU5npX6qaYLJBI9oz1KJBdVBtjh2hi6sMkRRrGxJgxbq74kMC62nIrSdApuxXvXm4n9eLzXRTZAxmaSGSrJcFKUcmRjNP0dDpigxfGoJJorZWxEZY4WJsfmUbAje6svrpF2veVc176FeadzmcRThDM7hEjy4hgbcQxN8IMDgGV7hzZHOi/PufCxbC04+cwp/4Hz+AMC7jf0=</latexit>

TR

<latexit sha1_base64="q5XMpPMKOwBUm+NHdGnckqFrdkI=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkrSg3osevFYwX5gG8pmO2mXbjZhdyOU0H/hxYMiXv033vw3btMctPWFhYd3ZtiZN0gE18Z1v5219Y3Nre3STnl3b//gsHJ03NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZe7zyh0jyWD2aaoB/RkeQhZ9RY65HLUOREBpWqW3NzkVXwCqhCoeag8tUfxiyNUBomqNY9z02Mn1FlOBM4K/dTjQllEzrCnkVJI9R+lm88I+fWGZIwVvZJQ3L390RGI62nUWA7I2rGerk2N/+r9VITXvsZl0lqULLFR2EqiInJ/Hwy5AqZEVMLlCludyVsTBVlxoZUtiF4yyevQrte8y5r3n292rgp4ijBKZzBBXhwBQ24gya0gIGEZ3iFN0c7L86787FoXXOKmRP4I+fzB3alkMY=</latexit>

inflation
<latexit sha1_base64="wpA5GFISb+JicSwaPCcQtf2e5yM=">AAAB8HicbZC7TsMwFIZPyq2UW4GRxaJCYqqSDpSxgoWxSPSC2qhyHKe1ajuR7SBVUZ+ChQGEWHkcNt4GN80ALb9k6dN/zpHP+YOEM21c99spbWxube+Udyt7+weHR9Xjk66OU0Voh8Q8Vv0Aa8qZpB3DDKf9RFEsAk57wfR2Ue89UaVZLB/MLKG+wGPJIkawsdajwiHLaVStuXU3F1oHr4AaFGqPql/DMCapoNIQjrUeeG5i/Awrwwin88ow1TTBZIrHdGBRYkG1n+ULz9GFdUIUxco+aVDu/p7IsNB6JgLbKbCZ6NXawvyvNkhNdO1nTCapoZIsP4pSjkyMFtejkClKDJ9ZwEQxuysiE6wwMTajig3BWz15HbqNundV9+4btdZNEUcZzuAcLsGDJrTgDtrQAQICnuEV3hzlvDjvzseyteQUM6fwR87nDw+bkJM=</latexit>

radiation

reconstructed by measuring 1-point and 2-point function of energy densities today

<latexit sha1_base64="SffTMrZPjlyH/EpDYXxFQUjPtbo=">AAACCHicdZDLSsNAFIYnXmu9RV26cLAIrkqSalt3RTfurGAvkIQymU7aoZNJmJkIJXTpxldx40IRtz6CO9/GSVtBRX8Y+PnOOcw5f5AwKpVlfRgLi0vLK6uFteL6xubWtrmz25ZxKjBp4ZjFohsgSRjlpKWoYqSbCIKigJFOMLrI651bIiSN+Y0aJ8SP0IDTkGKkNOqZB57rMcQHjEAvQmqIEcuuJtATU+b5PbNklc/qVefUgVbZsmpOpZobp3biVKCtSa4SmKvZM9+9fozTiHCFGZLSta1E+RkSimJGJkUvlSRBeIQGxNWWo4hIP5seMoFHmvRhGAv9uIJT+n0iQ5GU4yjQnfmy8ncth3/V3FSFdT+jPEkV4Xj2UZgyqGKYpwL7VBCs2FgbhAXVu0I8RAJhpbMr6hC+LoX/m7ZTtqtl+9opNc7ncRTAPjgEx8AGNdAAl6AJWgCDO/AAnsCzcW88Gi/G66x1wZjP7IEfMt4+Af7Gmfo=</latexit>

hOi

<latexit sha1_base64="upttM3dFJeVLVloqEm/ZJo38LcI="></latexit>

hO(k)O(k0)i

<latexit sha1_base64="2GspSnB+A3EGYgp8N1usSmxkupY=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hd0c1GNILl6ECOYByRJmZ3uTIbMPZ3oDYcl3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eYkUGm3729rY3Nre2S3sFfcPDo+OSyenbR2nikOLxzJWXY9pkCKCFgqU0E0UsNCT0PHGjbnfmYDSIo4ecZqAG7JhJALBGRrJRdAIPvWmtHFfH5TKdsVegK4TJydlkqM5KH31/ZinIUTIJdO659gJuhlTKLiEWbGfakgYH7Mh9AyNWAjazRZHz+ilUXwaxMpUhHSh/p7IWKj1NPRMZ8hwpFe9ufif10sxuHUzESUpQsSXi4JUUozpPAHqCwUc5dQQxpUwt1I+YopxNDkVTQjO6svrpF2tONcV56FartXzOArknFyQK+KQG1Ijd6RJWoSTJ/JMXsmbNbFerHfrY9m6YeUzZ+QPrM8fzjORdg==</latexit>

tested by CMB
<latexit sha1_base64="00CNAVVzrXVx0N/0plcdRx4FWOQ=">AAAB8nicbVC7TsMwFHXKq5RXgZHFokJiipIOwFjBwlgk+pDSqHKcm9aqY0e2g1RF/QwWBhBi5WvY+BvcNgO0HMnS0Tn3yueeKONMG8/7diobm1vbO9Xd2t7+weFR/fikq2WuKHSo5FL1I6KBMwEdwwyHfqaApBGHXjS5m/u9J1CaSfFophmEKRkJljBKjJWClBgDCscydYf1hud6C+B14pekgUq0h/WvQSxpnoIwlBOtA9/LTFgQZRjlMKsNcg0ZoRMygsBSQVLQYbGIPMMXVolxIpV9wuCF+nujIKnW0zSykzbjWK96c/E/L8hNchMWTGS5AUGXHyU5x0bi+f04Zgqo4VNLCFXMZsV0TBShtgddsyX4qyevk27T9a9c/6HZaN2WdVTRGTpHl8hH16iF7lEbdRBFEj2jV/TmGOfFeXc+lqMVp9w5RX/gfP4A8k6RBw==</latexit>

matte
r do

m.

<latexit sha1_base64="gaBuq8zsR4YieqcI9CVgG+2V/EY=">AAAB9XicbZC7TsMwFIZPyq2UW4GRxaJCYoqSDsBYwcJYJHqR2lA5jtNatZ3IdkBV1PdgYQAhVt6FjbfBbTNAyy9Z+vSfc3SO/zDlTBvP+3ZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOL6Z1TuPVGmWyHszSWkg8FCymBFsrPWgcMTmhKJEuINqzXO9udAq+AXUoFBzUP3qRwnJBJWGcKx1z/dSE+RYGUY4nVb6maYpJmM8pD2LEguqg3x+9RSdWSdCcaLskwbN3d8TORZaT0RoOwU2I71cm5n/1XqZia+CnMk0M1SSxaI448gkaBYBipiixPCJBUwUs7ciMsIKE2ODqtgQ/OUvr0K77voXrn9XrzWuizjKcAKncA4+XEIDbqEJLSCg4Ble4c15cl6cd+dj0Vpyiplj+CPn8wc5dpJT</latexit> ra
di
at
io
n
do
m
.

<latexit sha1_base64="Sd7PlY/vrTGVTBRXKKws3UOexU0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQQsuI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57SeujYjVI04S7kd0qEQoGEUrPdwmrF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5F1buvVerXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEn/422</latexit>

Gpc

<latexit sha1_base64="B2A3iPKS0FtY+pZ/hiTG5NfkkOw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQxkaIaD4gOcLeZi9Zsrd37M4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeIk4X5Eh0qEglG00sNdwvrlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5JWrepdVL37WqV+ncdRhBM4hXPw4BLqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx8xI428</latexit>

Mpc

<latexit sha1_base64="og4B2fFf/y0HsFVfTCHhyREB2bA=">AAACJHicbVC5TsNAFFyHK4QrQEmzIopEQ2Sn4OgioKAMEjmk2FjPm3WyyvrQ7hoRWf4C/oOeFn6BDlHQUPMZbBIXkDDSk0Yz72n0xos5k8o0P43C0vLK6lpxvbSxubW9U97da8soEYS2SMQj0fVAUs5C2lJMcdqNBYXA47TjjS4nfueeCsmi8FaNY+oEMAiZzwgoLbnlqt0r2VeUK3BTWwQY+rXMhjgW0QO2zLv0+DzDtuOWK2bNnAIvEisnFZSj6Za/7X5EkoCGinCQsmeZsXJSEIoRTrOSnUgaAxnBgPY0DSGg0kmn72S4qpU+9iOhJ1R4qv6+SCGQchx4ejMANZTz3kT815soQvpyLl/5Z07KwjhRNCSzeD/hWEV40hjuM0GJ4mNNgAimP8BkCAKI0r2WdDXWfBGLpF2vWSc166ZeaVzkJRXRATpER8hCp6iBrlETtRBBj+gZvaBX48l4M96Nj9lqwchv9tEfGF8/4K+kPA==</latexit>

�ad. ⇡ 10�9



1-point

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
1/

k

only depends upon the reheating temperature
+ the Hubble scale during inflation

+ adiabatic initial conditions

PLANCK mission:
<latexit sha1_base64="JMmDi/9TBJvFSFcIYQ1ByxCEaB8=">AAACDXicbVA9SwNBEN2LXzF+RS1tFqNgFe6CqGXQwthFMB+QO8PeZpIs2b07dveEcOQP2PhXbCwUsbW389+4l1yhiQ8GHu/NMDPPjzhT2ra/rdzS8srqWn69sLG5tb1T3N1rqjCWFBo05KFs+0QBZwE0NNMc2pEEInwOLX90lfqtB5CKhcGdHkfgCTIIWJ9Roo3ULR65nVr3BrsclFJMYMe+T5zTiSuIHkqRXENz4nrdYsku21PgReJkpIQy1LvFL7cX0lhAoCknSnUcO9JeQqRmlMOk4MYKIkJHZAAdQwMiQHnJ9JsJPjZKD/dDaSrQeKr+nkiIUGosfNOZXqnmvVT8z+vEun/hJSyIYg0BnS3qxxzrEKfR4B6TQDUfG0KoZOZWTIdEEqpNgAUTgjP/8iJpVsrOWdm5rZSql1kceXSADtEJctA5qqIaqqMGougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wc+C5sO</latexit>

HI . 1014GeV

BBN constraints:
<latexit sha1_base64="tOEplyo3sThVyrHghm3ypvoqJ28=">AAACI3icbVDLSgMxFM34rPVVdekmWARXZaYLFVeiG10UqvQFnWHIpGkbmsyMyR2hDPMvbvwVNy6U4saF/2L6QLT1QOBwzj3k3hPEgmuw7U9raXlldW09t5Hf3Nre2S3s7Td0lCjK6jQSkWoFRDPBQ1YHDoK1YsWIDARrBoPrsd98ZErzKKzBMGaeJL2QdzklYCS/cOG2Xf2gIL3xb3HFT10lcVVkGXZ7YFIS1/z7H+5KAn0l0wprZK7nF4p2yZ4ALxJnRopohqpfGLmdiCaShUAF0brt2DF4KVHAqWBZ3k00iwkdkB5rGxoSybSXTm7M8LFROrgbKfNCwBP1dyIlUuuhDMzkeEs9743F/7x2At1zL+VhnAAL6fSjbiIwRHhcGO5wxSiIoSGEKm52xbRPFKFgas2bEpz5kxdJo1xyTkvOXbl4eTWrI4cO0RE6QQ46Q5foBlVRHVH0hF7QG3q3nq1Xa2R9TEeXrFnmAP2B9fUNKLmkmg==</latexit>p
HIMPl & TR & MeV

             2-point

‘standard cosmology’

PLANCK mission:
<latexit sha1_base64="C9ihmzoeFtx1aajEhiWWnXD887c=">AAACKnicbVDLSgMxFM34rPVVdekmWARBLJMu1GVRFy4r2Ad0xpJJ72gwyQxJRihDP8L/cO9Wf8FdcevCzzB9LLT1wIXDOfdyuCdKBTfW94fewuLS8spqYa24vrG5tV3a2W2aJNMMGiwRiW5H1IDgChqWWwHtVAOVkYBW9Hg58ltPoA1P1K3tpxBKeq94zBm1TuqWjoNOMbgCYWk3D7TEKlEntFcZBAKMMVxi4t/lJ4QMcBB2S2W/4o+B5wmZkjKaot4tfQe9hGUSlGWCGtMhfmrDnGrLmYBBMcgMpJQ90nvoOKqoBBPm46cG+NApPRwn2o2yeKz+vsipNKYvI7cpqX0ws95I/NcbKdrEZibfxudhzlWaWVBsEh9nAtsEj3rDPa6BWdF3hDLN3QeYPVBNmXXtFl01ZLaIedKsVshphdxUy7WLaUkFtI8O0BEi6AzV0DWqowZi6Bm9ojf07r14H97Q+5ysLnjTmz30B97XD1XVpn8=</latexit>

�non�ad. . 10�11 (universe has adiabatic IC)



1-point

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
1/

k

only depends upon the reheating temperature
+ the Hubble scale during inflation

+ adiabatic initial conditions

PLANCK mission:
<latexit sha1_base64="JMmDi/9TBJvFSFcIYQ1ByxCEaB8=">AAACDXicbVA9SwNBEN2LXzF+RS1tFqNgFe6CqGXQwthFMB+QO8PeZpIs2b07dveEcOQP2PhXbCwUsbW389+4l1yhiQ8GHu/NMDPPjzhT2ra/rdzS8srqWn69sLG5tb1T3N1rqjCWFBo05KFs+0QBZwE0NNMc2pEEInwOLX90lfqtB5CKhcGdHkfgCTIIWJ9Roo3ULR65nVr3BrsclFJMYMe+T5zTiSuIHkqRXENz4nrdYsku21PgReJkpIQy1LvFL7cX0lhAoCknSnUcO9JeQqRmlMOk4MYKIkJHZAAdQwMiQHnJ9JsJPjZKD/dDaSrQeKr+nkiIUGosfNOZXqnmvVT8z+vEun/hJSyIYg0BnS3qxxzrEKfR4B6TQDUfG0KoZOZWTIdEEqpNgAUTgjP/8iJpVsrOWdm5rZSql1kceXSADtEJctA5qqIaqqMGougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wc+C5sO</latexit>

HI . 1014GeV

BBN constraints:
<latexit sha1_base64="tOEplyo3sThVyrHghm3ypvoqJ28=">AAACI3icbVDLSgMxFM34rPVVdekmWARXZaYLFVeiG10UqvQFnWHIpGkbmsyMyR2hDPMvbvwVNy6U4saF/2L6QLT1QOBwzj3k3hPEgmuw7U9raXlldW09t5Hf3Nre2S3s7Td0lCjK6jQSkWoFRDPBQ1YHDoK1YsWIDARrBoPrsd98ZErzKKzBMGaeJL2QdzklYCS/cOG2Xf2gIL3xb3HFT10lcVVkGXZ7YFIS1/z7H+5KAn0l0wprZK7nF4p2yZ4ALxJnRopohqpfGLmdiCaShUAF0brt2DF4KVHAqWBZ3k00iwkdkB5rGxoSybSXTm7M8LFROrgbKfNCwBP1dyIlUuuhDMzkeEs9743F/7x2At1zL+VhnAAL6fSjbiIwRHhcGO5wxSiIoSGEKm52xbRPFKFgas2bEpz5kxdJo1xyTkvOXbl4eTWrI4cO0RE6QQ46Q5foBlVRHVH0hF7QG3q3nq1Xa2R9TEeXrFnmAP2B9fUNKLmkmg==</latexit>p
HIMPl & TR & MeV

can we produce DM gravitationally respecting these values?

             2-point

‘standard cosmology’

within this consolidated framework we can ask:

PLANCK mission:
<latexit sha1_base64="C9ihmzoeFtx1aajEhiWWnXD887c=">AAACKnicbVDLSgMxFM34rPVVdekmWARBLJMu1GVRFy4r2Ad0xpJJ72gwyQxJRihDP8L/cO9Wf8FdcevCzzB9LLT1wIXDOfdyuCdKBTfW94fewuLS8spqYa24vrG5tV3a2W2aJNMMGiwRiW5H1IDgChqWWwHtVAOVkYBW9Hg58ltPoA1P1K3tpxBKeq94zBm1TuqWjoNOMbgCYWk3D7TEKlEntFcZBAKMMVxi4t/lJ4QMcBB2S2W/4o+B5wmZkjKaot4tfQe9hGUSlGWCGtMhfmrDnGrLmYBBMcgMpJQ90nvoOKqoBBPm46cG+NApPRwn2o2yeKz+vsipNKYvI7cpqX0ws95I/NcbKdrEZibfxudhzlWaWVBsEh9nAtsEj3rDPa6BWdF3hDLN3QeYPVBNmXXtFl01ZLaIedKsVshphdxUy7WLaUkFtI8O0BEi6AzV0DWqowZi6Bm9ojf07r14H97Q+5ysLnjTmz30B97XD1XVpn8=</latexit>

�non�ad. . 10�11 (universe has adiabatic IC)

(in the white area space for ideas/models)



abundance

energy density behaves as a cold relic

(accidental stability / very light)cosmologically stable

(well before matter domination)

need to compute n/s

if a thermal relic

what we know about dark matter

<latexit sha1_base64="kbV63T52IZYFfa7B7OoLvC/syK4="></latexit>

⌦DM

25%
= m

✓
n

s

◆

today

⇥
86⇡2

1485T
3
0

H
2
0M

2
Pl

⇡ m

0.4eV

✓
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<latexit sha1_base64="YlklXHzNR2olZX3v8NLNnBM1heI=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5J0oS6LbgQ3FewDklAm02k7dCYJMxOhhIIbf8WNC0Xc+hPu/BsnbRbaemDgcM65zL0nTDhT2nG+rdLK6tr6RnmzsrW9s7tn7x+0VZxKQlsk5rHshlhRziLa0kxz2k0kxSLktBOOr3O/80ClYnF0rycJDQQeRmzACNZG6tlHvoeEP9QmIZAvsB5Jkd3S9tQPenbVqTkzoGXiFqQKBZo9+8vvxyQVNNKEY6U810l0kGGpGeF0WvFTRRNMxnhIPUMjLKgKstkNU3RqlD4axNK8SKOZ+nsiw0KpiQhNMt9SLXq5+J/npXpwGWQsSlJNIzL/aJBypGOUF4L6TFKi+cQQTCQzuyIywhITbWqrmBLcxZOXSbtec89r7l292rgq6ijDMZzAGbhwAQ24gSa0gMAjPMMrvFlP1ov1bn3MoyWrmDmEP7A+fwDUf5el</latexit>

m & KeV

<latexit sha1_base64="8zsHy2bPrmyWj93022/J2cHvRsM=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSBYxd0Iahm0sYxgHrC7htnJbDJkHsvMrBiWlDb+io2FIrZ+gp1/4+RRaOKBC4dz7uXee+KUUW0879tZWFxaXlktrBXXNza3tt2d3YaWmcKkjiWTqhUjTRgVpG6oYaSVKoJ4zEgz7l+N/OY9UZpKcWsGKYk46gqaUIyMldruQRiEqidhiNJUyQfIoYChphz6J+juNIzabskre2PAeeJPSQlMUWu7X2FH4owTYTBDWge+l5ooR8pQzMiwGGaapAj3UZcElgrEiY7y8SNDeGSVDkyksiUMHKu/J3LEtR7w2HZyZHp61huJ/3lBZpKLKKcizQwReLIoyRg0Eo5SgR2qCDZsYAnCitpbIe4hhbCx2RVtCP7sy/OkUSn7Z2X/plKqXk7jKIB9cAiOgQ/OQRVcgxqoAwwewTN4BW/Ok/PivDsfk9YFZzqzB/7A+fwBjZKYYg==</latexit>

⇢ ⇡ mn ⇠ 1/a3

<latexit sha1_base64="5g4+3WrI0+/rk8KYKO3at8Ca+bk=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVUkHYKxgYSwSfUhJqBzXSa06TmQ7SFGUmYVfYWEAIVa+gI2/wWkzQMuRrnR0zr269x4/YVQqy/o2aiura+sb9c3G1vbO7p65f9CXcSow6eGYxWLoI0kY5aSnqGJkmAiCIp+RgT+9Lv3BAxGSxvxOZQnxIhRyGlCMlJZG5rHruAqlbhhC27rPbauAboTURER5RpAoXG9kNq2WNQNcJnZFmqBCd2R+ueMYpxHhCjMkpWNbifJyJBTFjBQNN5UkQXiKQuJoylFEpJfPXingqVbGMIiFLq7gTP09kaNIyizydWd5plz0SvE/z0lVcOnllCepIhzPFwUpgyqGZS5wTAXBimWaICyovhXiCRIIK51eQ4dgL768TPrtln3esm/bzc5VFUcdHIETcAZscAE64AZ0QQ9g8AiewSt4M56MF+Pd+Ji31oxq5hD8gfH5A3Enmh8=</latexit>

⌧ � 1010year

overdensities are adiabatic



how to use gravity to create dark matter?

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
1/

k

<latexit sha1_base64="VOibH947W8zDkKZZaZfI/xMgdnc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWKLhgAQuZG/Zgw27e5fdPRNy4TfYWGiMrT/Izn/jAlco+JJJXt6bycy8MOFMG9f9dgobm1vbO8Xd0t7+weFR+fikreNUEeqTmMeqG2JNOZPUN8xw2k0UxSLktBNO7uZ+54kqzWLZMtOEBgKPJIsYwcZKfrU1eKwOyhW35i6A1omXkwrkaA7KX/1hTFJBpSEca93z3MQEGVaGEU5npX6qaYLJBI9oz1KJBdVBtjh2hi6sMkRRrGxJgxbq74kMC62nIrSdApuxXvXm4n9eLzXRTZAxmaSGSrJcFKUcmRjNP0dDpigxfGoJJorZWxEZY4WJsfmUbAje6svrpF2veVc176FeadzmcRThDM7hEjy4hgbcQxN8IMDgGV7hzZHOi/PufCxbC04+cwp/4Hz+AMC7jf0=</latexit>

TR

<latexit sha1_base64="xsbf1tEJvk04E1kSw3pwEkmIvms=">AAAB7nicbVBNS8NAEJ2tX7V+VT16WSyCp5L0oB6LXuqtgv2AJJTNdtMu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1PBtXGcb1Ta2Nza3invVvb2Dw6PqscnXZ1kirIOTUSi+iHRTHDJOoYbwfqpYiQOBeuFk7u533tiSvNEPpppyoKYjCSPOCXGSj3faw3u/WBQrTl1ZwG8TtyC1KBAe1D98ocJzWImDRVEa891UhPkRBlOBZtV/EyzlNAJGTHPUklipoN8ce4MX1hliKNE2ZIGL9TfEzmJtZ7Goe2MiRnrVW8u/ud5mYlugpzLNDNM0uWiKBPYJHj+Ox5yxagRU0sIVdzeiumYKEKNTahiQ3BXX14n3Ubdvaq7D41a87aIowxncA6X4MI1NKEFbegAhQk8wyu8oRS9oHf0sWwtoWLmFP4Aff4Ar/2PJA==</latexit>

HI

<latexit sha1_base64="q5XMpPMKOwBUm+NHdGnckqFrdkI=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkrSg3osevFYwX5gG8pmO2mXbjZhdyOU0H/hxYMiXv033vw3btMctPWFhYd3ZtiZN0gE18Z1v5219Y3Nre3STnl3b//gsHJ03NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZe7zyh0jyWD2aaoB/RkeQhZ9RY65HLUOREBpWqW3NzkVXwCqhCoeag8tUfxiyNUBomqNY9z02Mn1FlOBM4K/dTjQllEzrCnkVJI9R+lm88I+fWGZIwVvZJQ3L390RGI62nUWA7I2rGerk2N/+r9VITXvsZl0lqULLFR2EqiInJ/Hwy5AqZEVMLlCludyVsTBVlxoZUtiF4yyevQrte8y5r3n292rgp4ijBKZzBBXhwBQ24gya0gIGEZ3iFN0c7L86787FoXXOKmRP4I+fzB3alkMY=</latexit>

inflation
<latexit sha1_base64="wpA5GFISb+JicSwaPCcQtf2e5yM=">AAAB8HicbZC7TsMwFIZPyq2UW4GRxaJCYqqSDpSxgoWxSPSC2qhyHKe1ajuR7SBVUZ+ChQGEWHkcNt4GN80ALb9k6dN/zpHP+YOEM21c99spbWxube+Udyt7+weHR9Xjk66OU0Voh8Q8Vv0Aa8qZpB3DDKf9RFEsAk57wfR2Ue89UaVZLB/MLKG+wGPJIkawsdajwiHLaVStuXU3F1oHr4AaFGqPql/DMCapoNIQjrUeeG5i/Awrwwin88ow1TTBZIrHdGBRYkG1n+ULz9GFdUIUxco+aVDu/p7IsNB6JgLbKbCZ6NXawvyvNkhNdO1nTCapoZIsP4pSjkyMFtejkClKDJ9ZwEQxuysiE6wwMTajig3BWz15HbqNundV9+4btdZNEUcZzuAcLsGDJrTgDtrQAQICnuEV3hzlvDjvzseyteQUM6fwR87nDw+bkJM=</latexit>

radiation



how to use gravity to create dark matter?

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
1/

k

<latexit sha1_base64="VOibH947W8zDkKZZaZfI/xMgdnc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWKLhgAQuZG/Zgw27e5fdPRNy4TfYWGiMrT/Izn/jAlco+JJJXt6bycy8MOFMG9f9dgobm1vbO8Xd0t7+weFR+fikreNUEeqTmMeqG2JNOZPUN8xw2k0UxSLktBNO7uZ+54kqzWLZMtOEBgKPJIsYwcZKfrU1eKwOyhW35i6A1omXkwrkaA7KX/1hTFJBpSEca93z3MQEGVaGEU5npX6qaYLJBI9oz1KJBdVBtjh2hi6sMkRRrGxJgxbq74kMC62nIrSdApuxXvXm4n9eLzXRTZAxmaSGSrJcFKUcmRjNP0dDpigxfGoJJorZWxEZY4WJsfmUbAje6svrpF2veVc176FeadzmcRThDM7hEjy4hgbcQxN8IMDgGV7hzZHOi/PufCxbC04+cwp/4Hz+AMC7jf0=</latexit>

TR

<latexit sha1_base64="xsbf1tEJvk04E1kSw3pwEkmIvms=">AAAB7nicbVBNS8NAEJ2tX7V+VT16WSyCp5L0oB6LXuqtgv2AJJTNdtMu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1PBtXGcb1Ta2Nza3invVvb2Dw6PqscnXZ1kirIOTUSi+iHRTHDJOoYbwfqpYiQOBeuFk7u533tiSvNEPpppyoKYjCSPOCXGSj3faw3u/WBQrTl1ZwG8TtyC1KBAe1D98ocJzWImDRVEa891UhPkRBlOBZtV/EyzlNAJGTHPUklipoN8ce4MX1hliKNE2ZIGL9TfEzmJtZ7Goe2MiRnrVW8u/ud5mYlugpzLNDNM0uWiKBPYJHj+Ox5yxagRU0sIVdzeiumYKEKNTahiQ3BXX14n3Ubdvaq7D41a87aIowxncA6X4MI1NKEFbegAhQk8wyu8oRS9oHf0sWwtoWLmFP4Aff4Ar/2PJA==</latexit>

HI

<latexit sha1_base64="q5XMpPMKOwBUm+NHdGnckqFrdkI=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkrSg3osevFYwX5gG8pmO2mXbjZhdyOU0H/hxYMiXv033vw3btMctPWFhYd3ZtiZN0gE18Z1v5219Y3Nre3STnl3b//gsHJ03NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZe7zyh0jyWD2aaoB/RkeQhZ9RY65HLUOREBpWqW3NzkVXwCqhCoeag8tUfxiyNUBomqNY9z02Mn1FlOBM4K/dTjQllEzrCnkVJI9R+lm88I+fWGZIwVvZJQ3L390RGI62nUWA7I2rGerk2N/+r9VITXvsZl0lqULLFR2EqiInJ/Hwy5AqZEVMLlCludyVsTBVlxoZUtiF4yyevQrte8y5r3n292rgp4ijBKZzBBXhwBQ24gya0gIGEZ3iFN0c7L86787FoXXOKmRP4I+fzB3alkMY=</latexit>

inflation
<latexit sha1_base64="wpA5GFISb+JicSwaPCcQtf2e5yM=">AAAB8HicbZC7TsMwFIZPyq2UW4GRxaJCYqqSDpSxgoWxSPSC2qhyHKe1ajuR7SBVUZ+ChQGEWHkcNt4GN80ALb9k6dN/zpHP+YOEM21c99spbWxube+Udyt7+weHR9Xjk66OU0Voh8Q8Vv0Aa8qZpB3DDKf9RFEsAk57wfR2Ue89UaVZLB/MLKG+wGPJIkawsdajwiHLaVStuXU3F1oHr4AaFGqPql/DMCapoNIQjrUeeG5i/Awrwwin88ow1TTBZIrHdGBRYkG1n+ULz9GFdUIUxco+aVDu/p7IsNB6JgLbKbCZ6NXawvyvNkhNdO1nTCapoZIsP4pSjkyMFtejkClKDJ9ZwEQxuysiE6wwMTajig3BWz15HbqNundV9+4btdZNEUcZzuAcLsGDJrTgDtrQAQICnuEV3hzlvDjvzseyteQUM6fwR87nDw+bkJM=</latexit>

radiation

during radiation 
we can exploit thermal SM particles

to produce DM through graviton exchange
[Garni et al.]



how to use gravity to create dark matter?

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
1/

k

<latexit sha1_base64="VOibH947W8zDkKZZaZfI/xMgdnc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWKLhgAQuZG/Zgw27e5fdPRNy4TfYWGiMrT/Izn/jAlco+JJJXt6bycy8MOFMG9f9dgobm1vbO8Xd0t7+weFR+fikreNUEeqTmMeqG2JNOZPUN8xw2k0UxSLktBNO7uZ+54kqzWLZMtOEBgKPJIsYwcZKfrU1eKwOyhW35i6A1omXkwrkaA7KX/1hTFJBpSEca93z3MQEGVaGEU5npX6qaYLJBI9oz1KJBdVBtjh2hi6sMkRRrGxJgxbq74kMC62nIrSdApuxXvXm4n9eLzXRTZAxmaSGSrJcFKUcmRjNP0dDpigxfGoJJorZWxEZY4WJsfmUbAje6svrpF2veVc176FeadzmcRThDM7hEjy4hgbcQxN8IMDgGV7hzZHOi/PufCxbC04+cwp/4Hz+AMC7jf0=</latexit>

TR

<latexit sha1_base64="xsbf1tEJvk04E1kSw3pwEkmIvms=">AAAB7nicbVBNS8NAEJ2tX7V+VT16WSyCp5L0oB6LXuqtgv2AJJTNdtMu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1PBtXGcb1Ta2Nza3invVvb2Dw6PqscnXZ1kirIOTUSi+iHRTHDJOoYbwfqpYiQOBeuFk7u533tiSvNEPpppyoKYjCSPOCXGSj3faw3u/WBQrTl1ZwG8TtyC1KBAe1D98ocJzWImDRVEa891UhPkRBlOBZtV/EyzlNAJGTHPUklipoN8ce4MX1hliKNE2ZIGL9TfEzmJtZ7Goe2MiRnrVW8u/ud5mYlugpzLNDNM0uWiKBPYJHj+Ox5yxagRU0sIVdzeiumYKEKNTahiQ3BXX14n3Ubdvaq7D41a87aIowxncA6X4MI1NKEFbegAhQk8wyu8oRS9oHf0sWwtoWLmFP4Aff4Ar/2PJA==</latexit>

HI

<latexit sha1_base64="q5XMpPMKOwBUm+NHdGnckqFrdkI=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkrSg3osevFYwX5gG8pmO2mXbjZhdyOU0H/hxYMiXv033vw3btMctPWFhYd3ZtiZN0gE18Z1v5219Y3Nre3STnl3b//gsHJ03NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZe7zyh0jyWD2aaoB/RkeQhZ9RY65HLUOREBpWqW3NzkVXwCqhCoeag8tUfxiyNUBomqNY9z02Mn1FlOBM4K/dTjQllEzrCnkVJI9R+lm88I+fWGZIwVvZJQ3L390RGI62nUWA7I2rGerk2N/+r9VITXvsZl0lqULLFR2EqiInJ/Hwy5AqZEVMLlCludyVsTBVlxoZUtiF4yyevQrte8y5r3n292rgp4ijBKZzBBXhwBQ24gya0gIGEZ3iFN0c7L86787FoXXOKmRP4I+fzB3alkMY=</latexit>

inflation
<latexit sha1_base64="wpA5GFISb+JicSwaPCcQtf2e5yM=">AAAB8HicbZC7TsMwFIZPyq2UW4GRxaJCYqqSDpSxgoWxSPSC2qhyHKe1ajuR7SBVUZ+ChQGEWHkcNt4GN80ALb9k6dN/zpHP+YOEM21c99spbWxube+Udyt7+weHR9Xjk66OU0Voh8Q8Vv0Aa8qZpB3DDKf9RFEsAk57wfR2Ue89UaVZLB/MLKG+wGPJIkawsdajwiHLaVStuXU3F1oHr4AaFGqPql/DMCapoNIQjrUeeG5i/Awrwwin88ow1TTBZIrHdGBRYkG1n+ULz9GFdUIUxco+aVDu/p7IsNB6JgLbKbCZ6NXawvyvNkhNdO1nTCapoZIsP4pSjkyMFtejkClKDJ9ZwEQxuysiE6wwMTajig3BWz15HbqNundV9+4btdZNEUcZzuAcLsGDJrTgDtrQAQICnuEV3hzlvDjvzseyteQUM6fwR87nDw+bkJM=</latexit>

radiation

during radiation 
we can exploit thermal SM particles

to produce DM through graviton exchange

[Redi, Tillim, AT+ 
Redi, Garani, AT]

SM ≈ T^4

<latexit sha1_base64="ZPZjBr7IdGyIhRIcCx/boy5x/6o=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5J0oS6LblxWsA9IQphMJ+3QmUmYh1BDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufeeJGdUac/7diobm1vbO9Xd2t7+wWHdPTruqcxITLo4Y5kcJEgRRgXpaqoZGeSSIJ4w0k8mt3O//0ikopl40NOcRByNBE0pRtpKsVsPAziOi5CbUJhZGMVuw2t6C8B14pekAUp0YvcrHGbYcCI0ZkipwPdyHRVIaooZmdVCo0iO8ASNSGCpQJyoqFgcPoPnVhnCNJO2hIYL9fdEgbhSU57YTo70WK16c/E/LzA6vY4KKnKjicDLRalhUGdwngIcUkmwZlNLEJbU3grxGEmEtc2qZkPwV19eJ71W079s+vetRvumjKMKTsEZuAA+uAJtcAc6oAswMOAZvII358l5cd6dj2VrxSlnTsAfOJ8/nuOTEQ==</latexit>

hµ⌫

small number density, heavy dark matter
need extra structure for stability

[Garni et al.]

<latexit sha1_base64="yzpi8K7xTxuQ70rRIK4zFq6+J5o="></latexit>✓
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how to use gravity to create dark matter?

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
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ts
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1/

k

<latexit sha1_base64="VOibH947W8zDkKZZaZfI/xMgdnc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWKLhgAQuZG/Zgw27e5fdPRNy4TfYWGiMrT/Izn/jAlco+JJJXt6bycy8MOFMG9f9dgobm1vbO8Xd0t7+weFR+fikreNUEeqTmMeqG2JNOZPUN8xw2k0UxSLktBNO7uZ+54kqzWLZMtOEBgKPJIsYwcZKfrU1eKwOyhW35i6A1omXkwrkaA7KX/1hTFJBpSEca93z3MQEGVaGEU5npX6qaYLJBI9oz1KJBdVBtjh2hi6sMkRRrGxJgxbq74kMC62nIrSdApuxXvXm4n9eLzXRTZAxmaSGSrJcFKUcmRjNP0dDpigxfGoJJorZWxEZY4WJsfmUbAje6svrpF2veVc176FeadzmcRThDM7hEjy4hgbcQxN8IMDgGV7hzZHOi/PufCxbC04+cwp/4Hz+AMC7jf0=</latexit>

TR

<latexit sha1_base64="xsbf1tEJvk04E1kSw3pwEkmIvms=">AAAB7nicbVBNS8NAEJ2tX7V+VT16WSyCp5L0oB6LXuqtgv2AJJTNdtMu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1PBtXGcb1Ta2Nza3invVvb2Dw6PqscnXZ1kirIOTUSi+iHRTHDJOoYbwfqpYiQOBeuFk7u533tiSvNEPpppyoKYjCSPOCXGSj3faw3u/WBQrTl1ZwG8TtyC1KBAe1D98ocJzWImDRVEa891UhPkRBlOBZtV/EyzlNAJGTHPUklipoN8ce4MX1hliKNE2ZIGL9TfEzmJtZ7Goe2MiRnrVW8u/ud5mYlugpzLNDNM0uWiKBPYJHj+Ox5yxagRU0sIVdzeiumYKEKNTahiQ3BXX14n3Ubdvaq7D41a87aIowxncA6X4MI1NKEFbegAhQk8wyu8oRS9oHf0sWwtoWLmFP4Aff4Ar/2PJA==</latexit>

HI

<latexit sha1_base64="q5XMpPMKOwBUm+NHdGnckqFrdkI=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkrSg3osevFYwX5gG8pmO2mXbjZhdyOU0H/hxYMiXv033vw3btMctPWFhYd3ZtiZN0gE18Z1v5219Y3Nre3STnl3b//gsHJ03NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZe7zyh0jyWD2aaoB/RkeQhZ9RY65HLUOREBpWqW3NzkVXwCqhCoeag8tUfxiyNUBomqNY9z02Mn1FlOBM4K/dTjQllEzrCnkVJI9R+lm88I+fWGZIwVvZJQ3L390RGI62nUWA7I2rGerk2N/+r9VITXvsZl0lqULLFR2EqiInJ/Hwy5AqZEVMLlCludyVsTBVlxoZUtiF4yyevQrte8y5r3n292rgp4ijBKZzBBXhwBQ24gya0gIGEZ3iFN0c7L86787FoXXOKmRP4I+fzB3alkMY=</latexit>

inflation
<latexit sha1_base64="wpA5GFISb+JicSwaPCcQtf2e5yM=">AAAB8HicbZC7TsMwFIZPyq2UW4GRxaJCYqqSDpSxgoWxSPSC2qhyHKe1ajuR7SBVUZ+ChQGEWHkcNt4GN80ALb9k6dN/zpHP+YOEM21c99spbWxube+Udyt7+weHR9Xjk66OU0Voh8Q8Vv0Aa8qZpB3DDKf9RFEsAk57wfR2Ue89UaVZLB/MLKG+wGPJIkawsdajwiHLaVStuXU3F1oHr4AaFGqPql/DMCapoNIQjrUeeG5i/Awrwwin88ow1TTBZIrHdGBRYkG1n+ULz9GFdUIUxco+aVDu/p7IsNB6JgLbKbCZ6NXawvyvNkhNdO1nTCapoZIsP4pSjkyMFtejkClKDJ9ZwEQxuysiE6wwMTajig3BWz15HbqNundV9+4btdZNEUcZzuAcLsGDJrTgDtrQAQICnuEV3hzlvDjvzseyteQUM6fwR87nDw+bkJM=</latexit>

radiation

during inflation 
we can exploit the de Sitter temperature

to generate power for quantum fields

[Ford ’76 + Chung, Kolb, Giudice, Riotto ‘90s]

<latexit sha1_base64="3MHuDcwNuTW442nyg0SEoQugZFc=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyXpQt0IRTd1V8E+II1lMp20QycPZm7EEvIrblwo4tYfceffOG2z0NYDFw7n3Mu993ix4Aos69sorK1vbG4Vt0s7u3v7B+ZhuaOiRFLWppGIZM8jigkesjZwEKwXS0YCT7CuN7mZ+d1HJhWPwnuYxswNyCjkPqcEtDQwy32HVOHsij2kzcEthqzvDsyKVbPmwKvEzkkF5WgNzK/+MKJJwEKggijl2FYMbkokcCpYVuonisWETsiIOZqGJGDKTee3Z/hUK0PsR1JXCHiu/p5ISaDUNPB0Z0BgrJa9mfif5yTgX7opD+MEWEgXi/xEYIjwLAg85JJREFNNCJVc34rpmEhCQcdV0iHYyy+vkk69Zp/X7Lt6pXGdx1FEx+gEVZGNLlADNVELtRFFT+gZvaI3IzNejHfjY9FaMPKZI/QHxucPg/aTdQ==</latexit>

a(t) = eHIt



how to use gravity to create dark matter?

<latexit sha1_base64="a33StBGzh/EaikRCuan0ky1WmKc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sB6LXjxWsB+YhLLZbtqlm92wuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTrpaZIrRDJJeqH2FNORO0Y5jhtJ8qipOI0140uZ37vSeqNJPiwUxTGiZ4JFjMCDZWegz8gMsRwkE4qNbcursAWideQWpQoD2ofgVDSbKECkM41tr33NSEOVaGEU5nlSDTNMVkgkfUt1TghOowX1w8QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf88PzPxdZgzkWaGCrJcFGccGYnm76MhU5QYPrUEE8XsrYiMscLE2JAqNgRv9eV10m3Uvau6d9+otW6KOMpwBudwCR40oQV30IYOEBDwDK/w5mjnxXl3PpatJaeYOYU/cD5/APN4kHE=</latexit>

log a

<latexit sha1_base64="uJ5jOMeShEEnoLCvg+WBKaRddNc=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiM5gINom7KdQyaGMZwTwgWcLsZHYzZB7LzGwghGDjr9hYKGLrV9j5N06SLTR64MLhnHu5954wYVQbz/tyciura+sb+c3C1vbO7p67f9DUMlWYNLBkUrVDpAmjgjQMNYy0E0UQDxlphcObmd8aEaWpFPdmnJCAo1jQiGJkrNRzj7DkckRFDBkR8cBoWC7Dkn8+LPXcolfx5oB/iZ+RIshQ77mf3b7EKSfCYIa07vheYoIJUoZiRqaFbqpJgvAQxaRjqUCc6GAyf2EKT63Sh5FUtoSBc/XnxARxrcc8tJ0cmYFe9mbif14nNdFVMKEiSQ0ReLEoShk0Es7ygH2qCDZsbAnCitpbIR4ghbCxqRVsCP7yy39Js1rxLyr+XbVYu87iyINjcALOgA8uQQ3cgjpoAAwewBN4Aa/Oo/PsvDnvi9ack80cgl9wPr4B6hiVzQ==</latexit> co
m
ov
in
g
le
n
gh

ts
–
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k

<latexit sha1_base64="VOibH947W8zDkKZZaZfI/xMgdnc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWKLhgAQuZG/Zgw27e5fdPRNy4TfYWGiMrT/Izn/jAlco+JJJXt6bycy8MOFMG9f9dgobm1vbO8Xd0t7+weFR+fikreNUEeqTmMeqG2JNOZPUN8xw2k0UxSLktBNO7uZ+54kqzWLZMtOEBgKPJIsYwcZKfrU1eKwOyhW35i6A1omXkwrkaA7KX/1hTFJBpSEca93z3MQEGVaGEU5npX6qaYLJBI9oz1KJBdVBtjh2hi6sMkRRrGxJgxbq74kMC62nIrSdApuxXvXm4n9eLzXRTZAxmaSGSrJcFKUcmRjNP0dDpigxfGoJJorZWxEZY4WJsfmUbAje6svrpF2veVc176FeadzmcRThDM7hEjy4hgbcQxN8IMDgGV7hzZHOi/PufCxbC04+cwp/4Hz+AMC7jf0=</latexit>

TR

<latexit sha1_base64="xsbf1tEJvk04E1kSw3pwEkmIvms=">AAAB7nicbVBNS8NAEJ2tX7V+VT16WSyCp5L0oB6LXuqtgv2AJJTNdtMu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1PBtXGcb1Ta2Nza3invVvb2Dw6PqscnXZ1kirIOTUSi+iHRTHDJOoYbwfqpYiQOBeuFk7u533tiSvNEPpppyoKYjCSPOCXGSj3faw3u/WBQrTl1ZwG8TtyC1KBAe1D98ocJzWImDRVEa891UhPkRBlOBZtV/EyzlNAJGTHPUklipoN8ce4MX1hliKNE2ZIGL9TfEzmJtZ7Goe2MiRnrVW8u/ud5mYlugpzLNDNM0uWiKBPYJHj+Ox5yxagRU0sIVdzeiumYKEKNTahiQ3BXX14n3Ubdvaq7D41a87aIowxncA6X4MI1NKEFbegAhQk8wyu8oRS9oHf0sWwtoWLmFP4Aff4Ar/2PJA==</latexit>

HI

<latexit sha1_base64="q5XMpPMKOwBUm+NHdGnckqFrdkI=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkrSg3osevFYwX5gG8pmO2mXbjZhdyOU0H/hxYMiXv033vw3btMctPWFhYd3ZtiZN0gE18Z1v5219Y3Nre3STnl3b//gsHJ03NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5HZe7zyh0jyWD2aaoB/RkeQhZ9RY65HLUOREBpWqW3NzkVXwCqhCoeag8tUfxiyNUBomqNY9z02Mn1FlOBM4K/dTjQllEzrCnkVJI9R+lm88I+fWGZIwVvZJQ3L390RGI62nUWA7I2rGerk2N/+r9VITXvsZl0lqULLFR2EqiInJ/Hwy5AqZEVMLlCludyVsTBVlxoZUtiF4yyevQrte8y5r3n292rgp4ijBKZzBBXhwBQ24gya0gIGEZ3iFN0c7L86787FoXXOKmRP4I+fzB3alkMY=</latexit>

inflation
<latexit sha1_base64="wpA5GFISb+JicSwaPCcQtf2e5yM=">AAAB8HicbZC7TsMwFIZPyq2UW4GRxaJCYqqSDpSxgoWxSPSC2qhyHKe1ajuR7SBVUZ+ChQGEWHkcNt4GN80ALb9k6dN/zpHP+YOEM21c99spbWxube+Udyt7+weHR9Xjk66OU0Voh8Q8Vv0Aa8qZpB3DDKf9RFEsAk57wfR2Ue89UaVZLB/MLKG+wGPJIkawsdajwiHLaVStuXU3F1oHr4AaFGqPql/DMCapoNIQjrUeeG5i/Awrwwin88ow1TTBZIrHdGBRYkG1n+ULz9GFdUIUxco+aVDu/p7IsNB6JgLbKbCZ6NXawvyvNkhNdO1nTCapoZIsP4pSjkyMFtejkClKDJ9ZwEQxuysiE6wwMTajig3BWz15HbqNundV9+4btdZNEUcZzuAcLsGDJrTgDtrQAQICnuEV3hzlvDjvzseyteQUM6fwR87nDw+bkJM=</latexit>

radiation

during inflation 
we can exploit the de Sitter temperature

to generate power for quantum fields

[Ford ’76 + Chung, Kolb, Giudice, Riotto ‘90s]

<latexit sha1_base64="fqUkzpNCutiFQB2zsxF3Fp5sr9E=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWom5JkoS5cFNy4rGAfkKRhMr1ph04ezEzEErpz46+4caGIW3/BnX/jtM1CWw9cOJxzL/feE6SMCmma31ppZXVtfaO8Wdna3tnd0/cP2iLJOIEWSVjCuwEWwGgMLUklg27KAUcBg04wup76nXvggibxnRyn4EV4ENOQEiyV5OvHruOGHBPLdpMIBtgf9eyaCxKfPfRs1/P1qlk3ZzCWiVWQKirQ9PUvt5+QLIJYEoaFcCwzlV6OuaSEwaTiZgJSTEZ4AI6iMY5AePnsj4lxqpS+ESZcVSyNmfp7IseREOMoUJ0RlkOx6E3F/zwnk+Gll9M4zSTEZL4ozJghE2MaitGnHIhkY0Uw4VTdapAhVrFIFV1FhWAtvrxM2nbdOq9bt3a1cVXEUUZH6ATVkIUuUAPdoCZqIYIe0TN6RW/ak/aivWsf89aSVswcoj/QPn8AVe6YTg==</latexit>

1

2
!2
k(⌘)x

2

<latexit sha1_base64="vpu77hmCY6RZzLer9JT+4gzAqtk=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEInkrSg3rwUPDisYL9gCSEzXbTLt1swu5GKLEH/4oXD4p49W9489+4bXPQ1gcDj/dmmJkXZZwp7Tjf1srq2vrGZmWrur2zu7dvHxx2VJpLQtsk5ansRVhRzgRta6Y57WWS4iTitBuNbqZ+94FKxVJxr8cZDRI8ECxmBGsjhfax7/mZYmHhywQxwTTDfOIHoV1z6s4MaJm4JalBiVZof/n9lOQJFZpwrJTnOpkOCiw1I5xOqn6uaIbJCA+oZ6jACVVBMbt/gs6M0kdxKk0JjWbq74kCJ0qNk8h0JlgP1aI3Ff/zvFzHV0HBRJZrKsh8UZxzpFM0DQP1maRE87EhmEjzPEFkiCUm2kRWNSG4iy8vk06j7l7U3btGrXldxlGBEziFc3DhEppwCy1oA4FHeIZXeLOerBfr3fqYt65Y5cwR/IH1+QM9SJY5</latexit>

 initial

in the right variable analogy with 
a quench for a harmonic oscillator

(inflation stretches non-adiabatically 
the length of the pendulum)

<latexit sha1_base64="3MHuDcwNuTW442nyg0SEoQugZFc=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyXpQt0IRTd1V8E+II1lMp20QycPZm7EEvIrblwo4tYfceffOG2z0NYDFw7n3Mu993ix4Aos69sorK1vbG4Vt0s7u3v7B+ZhuaOiRFLWppGIZM8jigkesjZwEKwXS0YCT7CuN7mZ+d1HJhWPwnuYxswNyCjkPqcEtDQwy32HVOHsij2kzcEthqzvDsyKVbPmwKvEzkkF5WgNzK/+MKJJwEKggijl2FYMbkokcCpYVuonisWETsiIOZqGJGDKTee3Z/hUK0PsR1JXCHiu/p5ISaDUNPB0Z0BgrJa9mfif5yTgX7opD+MEWEgXi/xEYIjwLAg85JJREFNNCJVc34rpmEhCQcdV0iHYyy+vkk69Zp/X7Lt6pXGdx1FEx+gEVZGNLlADNVELtRFFT+gZvaI3IzNejHfjY9FaMPKZI/QHxucPg/aTdQ==</latexit>

a(t) = eHIt

<latexit sha1_base64="QHeHm2ZDmYswx7Dp4K5HALYRCI0=">AAACCnicbZC7TsMwFIadcivlFmBkMVRITCXpAIwVLEyoSPQiJVHkuE5r1bEj20FUUWcWXoWFAYRYeQI23ga3zQAtv2Tp03/O0fH5o5RRpR3n2yotLa+srpXXKxubW9s79u5eW4lMYtLCggnZjZAijHLS0lQz0k0lQUnESCcaXk3qnXsiFRX8To9SEiSoz2lMMdLGCu1D37sJY+ijNJXiAfoiIX0U0tMCYj8I7apTc6aCi+AWUAWFmqH95fcEzhLCNWZIKc91Uh3kSGqKGRlX/EyRFOEh6hPPIEcJUUE+PWUMj43Tg7GQ5nENp+7viRwlSo2SyHQmSA/UfG1i/lfzMh1fBDnlaaYJx7NFccagFnCSC+xRSbBmIwMIS2r+CvEASYS1Sa9iQnDnT16Edr3mntXc23q1cVnEUQYH4AicABecgwa4Bk3QAhg8gmfwCt6sJ+vFerc+Zq0lq5jZB39kff4AnZuaOA==</latexit>

Nf ⇡ !i/!f



a very elegant mechanism
free quantum fields in curved space

the paradigm is a quantum scalar field in the FRW metric
<latexit sha1_base64="BjapCdllc934l26IAl4bzsjn/YE="></latexit>

�(⌘, ~x) =
1

a

Z
d3k

(2⇡)3

✓
vk(⌘)b~ke

�i~x·~k + h.c

◆
<latexit sha1_base64="UV1pzHY+5PwxbTFhvbWedXLW8GY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0l6UC9C0YvHCvYDklA2m027dLMJu5NCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpgJrsFxvq3KxubW9k51t7a3f3B4ZB+fdHWaK8o6NBWp6odEM8El6wAHwfqZYiQJBeuF4/u535swpXkqn2CasSAhQ8ljTgkYaWDbvhcBvsUERz4D4gcDu+40nAXwOnFLUkcl2gP7y49SmidMAhVEa891MggKooBTwWY1P9csI3RMhswzVJKE6aBYXD7DF0aJcJwqUxLwQv09UZBE62kSms6EwEivenPxP8/LIb4JCi6zHJiky0VxLjCkeB4DjrhiFMTUEEIVN7diOiKKUDBh1UwI7urL66TbbLhXDfexWW/dlXFU0Rk6R5fIRdeohR5QG3UQRRP0jF7Rm1VYL9a79bFsrVjlzCn6A+vzB+8nko8=</latexit>

dt = ad⌘

gravitational particle production during inflation

<latexit sha1_base64="XHVlWIIyeW/UkbecSrqvS/23TrE="></latexit>
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a very elegant mechanism
free quantum fields in curved space

the paradigm is a quantum scalar field in the FRW metric
<latexit sha1_base64="BjapCdllc934l26IAl4bzsjn/YE="></latexit>

�(⌘, ~x) =
1

a

Z
d3k

(2⇡)3

✓
vk(⌘)b~ke

�i~x·~k + h.c

◆

mode functions have Bunch-Davies initial conditions
<latexit sha1_base64="TRE6lCsY9T2b1nhG+5O/9JYLsIk=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VbEUvShboRim5cVrAPSGKZTCftkMmDmUmhhPyBG3/FjQtF3Lp15984bbPQ1gMXDufcy733uDGjQhrGt1ZYWl5ZXSuulzY2t7Z39N29togSjkkLRyziXRcJwmhIWpJKRroxJyhwGem4/s3E74wIFzQK7+U4Jk6ABiH1KEZSST392LZGPb9Sgaew6j/U4Rm0PY5wiiqVLEXZiTKvDNvp6WWjZkwBF4mZkzLI0ezpX3Y/wklAQokZEsIyjVg6KeKSYkaykp0IEiPsowGxFA1RQISTTv/J4JFS+tCLuKpQwqn6eyJFgRDjwFWdAZJDMe9NxP88K5HepZPSME4kCfFskZcwKCM4CQf2KSdYsrEiCHOqboV4iFQeUkVYUiGY8y8vkna9Zp7XzLt6uXGdx1EEB+AQVIEJLkAD3IImaAEMHsEzeAVv2pP2or1rH7PWgpbP7IM/0D5/ALAcmfI=</latexit>

v00k + (k2 � a00

a
)vk = 0

<latexit sha1_base64="UV1pzHY+5PwxbTFhvbWedXLW8GY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0l6UC9C0YvHCvYDklA2m027dLMJu5NCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpgJrsFxvq3KxubW9k51t7a3f3B4ZB+fdHWaK8o6NBWp6odEM8El6wAHwfqZYiQJBeuF4/u535swpXkqn2CasSAhQ8ljTgkYaWDbvhcBvsUERz4D4gcDu+40nAXwOnFLUkcl2gP7y49SmidMAhVEa891MggKooBTwWY1P9csI3RMhswzVJKE6aBYXD7DF0aJcJwqUxLwQv09UZBE62kSms6EwEivenPxP8/LIb4JCi6zHJiky0VxLjCkeB4DjrhiFMTUEEIVN7diOiKKUDBh1UwI7urL66TbbLhXDfexWW/dlXFU0Rk6R5fIRdeohR5QG3UQRRP0jF7Rm1VYL9a79bFsrVjlzCn6A+vzB+8nko8=</latexit>

dt = ad⌘

gravitational particle production during inflation

<latexit sha1_base64="x87oTcsYui011IgA1XCR5hxzXL4=">AAACH3icbVDLSsNAFJ34tr6qLt0Ei6ALS9KFuhFENy4VbBU6sUymN+2QySTO3Agl5E/c+CtuXCgi7vwbp4+FrwMDh3PO5c49YSaFQc/7dKamZ2bn5hcWK0vLK6tr1fWNlklzzaHJU5nqm5AZkEJBEwVKuMk0sCSUcB3GZ0P/+h60Eam6wkEGQcJ6SkSCM7RSp3pA2/edeJcCMorpPhUqwsHeMY0044VfFtTcaSwacVnCbbEv4mGwpEGnWvPq3gjuX+JPSI1McNGpftBuyvMEFHLJjGn7XoZBwTQKLqGs0NxAxnjMetC2VLEETFCM7ivdHat03SjV9il0R+r3iYIlxgyS0CYThn3z2xuK/3ntHKOjoBAqyxEUHy+Kculi6g7LcrtCA0c5sIRxLexfXd5nthq0lVZsCf7vk/+SVqPuH9T9y0bt5HRSxwLZIttkl/jkkJyQc3JBmoSTB/JEXsir8+g8O2/O+zg65UxmNskPOJ9fNE+jtw==</latexit>

vk(⌘ ! �1) =
1p
2k

e�ik⌘

<latexit sha1_base64="1US7flrHeYlCEL+CqANSyvD4fW4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvUVU2yUDdC0Y3LCvYBSSw300k7dPJgZiKUEHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv997jJ4wKaZrfWmlpeWV1rbxe2djc2t7Rd/faIk45Ji0cs5h3fRCE0Yi0JJWMdBNOIPQZ6fij64nfeSBc0Di6k+OEeCEMIhpQDFJJPf3AdaBWO4VLN+CAMzvPXCLh3s5dr6dXzbo5hbFIrIJUUYFmT/9y+zFOQxJJzEAIxzIT6WXAJcWM5BU3FSQBPIIBcRSNICTCy6Y/5MaxUvpGEHNVkTSm6u+JDEIhxqGvOkOQQzHvTcT/PCeVwYWX0ShJJYnwbFGQMkPGxiQQo085wZKNFQHMqbrVwENQYUgVW0WFYM2/vEjadt06q1u3drVxVcRRRofoCJ0gC52jBrpBTdRCGD2iZ/SK3rQn7UV71z5mrSWtmNlHf6B9/gCbSJbf</latexit>

a00/a =
2

⌘2
de Sitter

<latexit sha1_base64="XHVlWIIyeW/UkbecSrqvS/23TrE="></latexit>
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a very elegant mechanism
free quantum fields in curved space

the paradigm is a quantum scalar field in the FRW metric
<latexit sha1_base64="BjapCdllc934l26IAl4bzsjn/YE="></latexit>

�(⌘, ~x) =
1

a

Z
d3k

(2⇡)3

✓
vk(⌘)b~ke

�i~x·~k + h.c

◆

mode functions have Bunch-Davies initial conditions
<latexit sha1_base64="TRE6lCsY9T2b1nhG+5O/9JYLsIk=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VbEUvShboRim5cVrAPSGKZTCftkMmDmUmhhPyBG3/FjQtF3Lp15984bbPQ1gMXDufcy733uDGjQhrGt1ZYWl5ZXSuulzY2t7Z39N29togSjkkLRyziXRcJwmhIWpJKRroxJyhwGem4/s3E74wIFzQK7+U4Jk6ABiH1KEZSST392LZGPb9Sgaew6j/U4Rm0PY5wiiqVLEXZiTKvDNvp6WWjZkwBF4mZkzLI0ezpX3Y/wklAQokZEsIyjVg6KeKSYkaykp0IEiPsowGxFA1RQISTTv/J4JFS+tCLuKpQwqn6eyJFgRDjwFWdAZJDMe9NxP88K5HepZPSME4kCfFskZcwKCM4CQf2KSdYsrEiCHOqboV4iFQeUkVYUiGY8y8vkna9Zp7XzLt6uXGdx1EEB+AQVIEJLkAD3IImaAEMHsEzeAVv2pP2or1rH7PWgpbP7IM/0D5/ALAcmfI=</latexit>

v00k + (k2 � a00

a
)vk = 0

<latexit sha1_base64="UV1pzHY+5PwxbTFhvbWedXLW8GY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0l6UC9C0YvHCvYDklA2m027dLMJu5NCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpgJrsFxvq3KxubW9k51t7a3f3B4ZB+fdHWaK8o6NBWp6odEM8El6wAHwfqZYiQJBeuF4/u535swpXkqn2CasSAhQ8ljTgkYaWDbvhcBvsUERz4D4gcDu+40nAXwOnFLUkcl2gP7y49SmidMAhVEa891MggKooBTwWY1P9csI3RMhswzVJKE6aBYXD7DF0aJcJwqUxLwQv09UZBE62kSms6EwEivenPxP8/LIb4JCi6zHJiky0VxLjCkeB4DjrhiFMTUEEIVN7diOiKKUDBh1UwI7urL66TbbLhXDfexWW/dlXFU0Rk6R5fIRdeohR5QG3UQRRP0jF7Rm1VYL9a79bFsrVjlzCn6A+vzB+8nko8=</latexit>

dt = ad⌘

gravitational particle production during inflation

<latexit sha1_base64="x87oTcsYui011IgA1XCR5hxzXL4=">AAACH3icbVDLSsNAFJ34tr6qLt0Ei6ALS9KFuhFENy4VbBU6sUymN+2QySTO3Agl5E/c+CtuXCgi7vwbp4+FrwMDh3PO5c49YSaFQc/7dKamZ2bn5hcWK0vLK6tr1fWNlklzzaHJU5nqm5AZkEJBEwVKuMk0sCSUcB3GZ0P/+h60Eam6wkEGQcJ6SkSCM7RSp3pA2/edeJcCMorpPhUqwsHeMY0044VfFtTcaSwacVnCbbEv4mGwpEGnWvPq3gjuX+JPSI1McNGpftBuyvMEFHLJjGn7XoZBwTQKLqGs0NxAxnjMetC2VLEETFCM7ivdHat03SjV9il0R+r3iYIlxgyS0CYThn3z2xuK/3ntHKOjoBAqyxEUHy+Kculi6g7LcrtCA0c5sIRxLexfXd5nthq0lVZsCf7vk/+SVqPuH9T9y0bt5HRSxwLZIttkl/jkkJyQc3JBmoSTB/JEXsir8+g8O2/O+zg65UxmNskPOJ9fNE+jtw==</latexit>

vk(⌘ ! �1) =
1p
2k

e�ik⌘

<latexit sha1_base64="1US7flrHeYlCEL+CqANSyvD4fW4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvUVU2yUDdC0Y3LCvYBSSw300k7dPJgZiKUEHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv997jJ4wKaZrfWmlpeWV1rbxe2djc2t7Rd/faIk45Ji0cs5h3fRCE0Yi0JJWMdBNOIPQZ6fij64nfeSBc0Di6k+OEeCEMIhpQDFJJPf3AdaBWO4VLN+CAMzvPXCLh3s5dr6dXzbo5hbFIrIJUUYFmT/9y+zFOQxJJzEAIxzIT6WXAJcWM5BU3FSQBPIIBcRSNICTCy6Y/5MaxUvpGEHNVkTSm6u+JDEIhxqGvOkOQQzHvTcT/PCeVwYWX0ShJJYnwbFGQMkPGxiQQo085wZKNFQHMqbrVwENQYUgVW0WFYM2/vEjadt06q1u3drVxVcRRRofoCJ0gC52jBrpBTdRCGD2iZ/SK3rQn7UV71z5mrSWtmNlHf6B9/gCbSJbf</latexit>

a00/a =
2

⌘2
de Sitter

<latexit sha1_base64="XHVlWIIyeW/UkbecSrqvS/23TrE="></latexit>
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d4x

p
�g(@�)2

<latexit sha1_base64="j+xKMdOdEOeHBUvR4wgxLBz5nqQ="></latexit>

��(k)|exit =
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power spectrum (FT of 2-point function)
energy stored in the field!



non-adiabatic evolution of mode functions generates a quantum power spectrum

<latexit sha1_base64="MFjXpQv5NEOEvHqe8znCtmuD/o0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuStKFuhGKbuquYl+QhDCZTNqhk0mYmQglZOvGX3HjQhG3/oE7/8Zpm4W2HrhwOOde7r0nSBmVyrK+jZXVtfWNzcpWdXtnd2/fPDjsySQTmHRxwhIxCJAkjHLSVVQxMkgFQXHASD8Y30z9/gMRkia8oyYp8WI05DSiGCkt+SZ0nY6fuyKG4X1xBd1IIJy3/Nsib7gpLVzPN2tW3ZoBLhO7JDVQou2bX26Y4CwmXGGGpHRsK1VejoSimJGi6maSpAiP0ZA4mnIUE+nls08KeKqVEEaJ0MUVnKm/J3IUSzmJA90ZIzWSi95U/M9zMhVdejnlaaYIx/NFUcagSuA0FhhSQbBiE00QFlTfCvEI6TCUDq+qQ7AXX14mvUbdPq/bd41a87qMowKOwQk4Aza4AE3QAm3QBRg8gmfwCt6MJ+PFeDc+5q0rRjlzBP7A+PwBuBOZuA==</latexit>

TdS =
HI

2⇡

<latexit sha1_base64="S5rQtgvAMTUsYTMS4+5AxVSb8DE=">AAACH3icbVBLTwIxGOz6RHyhHr00EhNPZJcY9Ej0gjdM5JHQhXRLFxq63abtGsmGf+LFv+LFg8YYb/wbC+xBwUmaTGfmS/tNIDnTxnWnztr6xubWdm4nv7u3f3BYODpu6jhRhDZIzGPVDrCmnAnaMMxw2paK4ijgtBWMbmd+65EqzWLxYMaS+hEeCBYygo2VeoUK6iCOxYBTiOSQdctIZTcspYqfIAoVJmmtd9ctT9JLJG1kgvxeoeiW3DngKvEyUgQZ6r3CN+rHJImoMIRjrTueK42fYmUY4XSSR4mmEpMRHtCOpQJHVPvpfL8JPLdKH4axskcYOFd/T6Q40nocBTYZYTPUy95M/M/rJCa89lMmZGKoIIuHwoRDE8NZWbDPFCWGjy3BRDH7V0iG2BZibKV5W4K3vPIqaZZLXqXk3ZeL1Zusjhw4BWfgAnjgClRBDdRBAxDwDF7BO/hwXpw359P5WkTXnGzmBPyBM/0Btg2iww==</latexit>

h�2i ⇡ H
2
I

4⇡2

symmetry caveat
weyl invariance must be broken

gauge fields and chiral fermions 
do not see dS temperature

gravitational particle production during inflation

maximal production for goldstone bosons!



non-adiabatic evolution of mode functions generates a quantum power spectrum

<latexit sha1_base64="MFjXpQv5NEOEvHqe8znCtmuD/o0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuStKFuhGKbuquYl+QhDCZTNqhk0mYmQglZOvGX3HjQhG3/oE7/8Zpm4W2HrhwOOde7r0nSBmVyrK+jZXVtfWNzcpWdXtnd2/fPDjsySQTmHRxwhIxCJAkjHLSVVQxMkgFQXHASD8Y30z9/gMRkia8oyYp8WI05DSiGCkt+SZ0nY6fuyKG4X1xBd1IIJy3/Nsib7gpLVzPN2tW3ZoBLhO7JDVQou2bX26Y4CwmXGGGpHRsK1VejoSimJGi6maSpAiP0ZA4mnIUE+nls08KeKqVEEaJ0MUVnKm/J3IUSzmJA90ZIzWSi95U/M9zMhVdejnlaaYIx/NFUcagSuA0FhhSQbBiE00QFlTfCvEI6TCUDq+qQ7AXX14mvUbdPq/bd41a87qMowKOwQk4Aza4AE3QAm3QBRg8gmfwCt6MJ+PFeDc+5q0rRjlzBP7A+PwBuBOZuA==</latexit>

TdS =
HI

2⇡

<latexit sha1_base64="S5rQtgvAMTUsYTMS4+5AxVSb8DE=">AAACH3icbVBLTwIxGOz6RHyhHr00EhNPZJcY9Ej0gjdM5JHQhXRLFxq63abtGsmGf+LFv+LFg8YYb/wbC+xBwUmaTGfmS/tNIDnTxnWnztr6xubWdm4nv7u3f3BYODpu6jhRhDZIzGPVDrCmnAnaMMxw2paK4ijgtBWMbmd+65EqzWLxYMaS+hEeCBYygo2VeoUK6iCOxYBTiOSQdctIZTcspYqfIAoVJmmtd9ctT9JLJG1kgvxeoeiW3DngKvEyUgQZ6r3CN+rHJImoMIRjrTueK42fYmUY4XSSR4mmEpMRHtCOpQJHVPvpfL8JPLdKH4axskcYOFd/T6Q40nocBTYZYTPUy95M/M/rJCa89lMmZGKoIIuHwoRDE8NZWbDPFCWGjy3BRDH7V0iG2BZibKV5W4K3vPIqaZZLXqXk3ZeL1Zusjhw4BWfgAnjgClRBDdRBAxDwDF7BO/hwXpw359P5WkTXnGzmBPyBM/0Btg2iww==</latexit>

h�2i ⇡ H
2
I

4⇡2

symmetry caveat
weyl invariance must be broken

gauge fields and chiral fermions 
do not see dS temperature

application to: 
- dark photon (massive gauge field) 
- QCD axion dark matter

gravitational particle production during inflation

maximal production for goldstone bosons!



gravitational particle production during inflation

following the evolution of mode by mode
the energy density of the field behaves as non-relativistic matter 

<latexit sha1_base64="/q2upkzgntjp/kqFhbg+j6xHx6k="></latexit>✓
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gravitational particle production during inflation

following the evolution of mode by mode
the energy density of the field behaves as non-relativistic matter 

light and cold DM,
production is non-thermal

 [Graham, Mardon, Rajendran]

[…]

[Michele Redi + AT]
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1-point: ok both for vector and scalar
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isocurvature component: non-adiabatic initial condition

inspecting the 2-point function we discover 
that scalars have too much power on large scales



isocurvature component: non-adiabatic initial condition

inspecting the 2-point function we discover 
that scalars have too much power on large scales

massive vector has small power at large distance scale: not affected by CMB
massive scalar has large power at large distance scale: excluded by CMB+LSS
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isocurvature component: non-adiabatic initial condition

PLANCK bound

scalar DM produced via inflationary fluctuations:
<latexit sha1_base64="Qb2pzothkOS62Wwhl3/giFtnMhI=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUo6AGMFDGwUiT6kJooc12mtOnZkO4gq6szCr7AwgBArX8DG3+C2GaDlSFc6Oude3XtPmDCqtON8W4Wl5ZXVteJ6aWNza3vH3t1rKZFKTJpYMCE7IVKEUU6ammpGOokkKA4ZaYfDy4nfvidSUcHv9Cghfoz6nEYUI22kwD70ut4VYRoFmSdjSJUYQw8liRQP8Kbinnh+YJedqjMFXCRuTsogRyOwv7yewGlMuMYMKdV1nUT7GZKaYkbGJS9VJEF4iPqkayhHMVF+Nn1lDI+N0oORkKa4hlP190SGYqVGcWg6Y6QHat6biP953VRH535GeZJqwvFsUZQyqAWc5AJ7VBKs2cgQhCU1t0I8QBJhbdIrmRDc+ZcXSatWdU+r7m2tXL/I4yiCA3AEKsAFZ6AOrkEDNAEGj+AZvII368l6sd6tj1lrwcpn9sEfWJ8/2GCZsw==</latexit>

�iso ⇡ O(1)

<latexit sha1_base64="48KYphvwslM6LDfEjWFr7bcN43g=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgY9hJoZZBLSwjmAdk1zA7uUmGzOwuM7NCWPIFNv6KjYUittZ2/o2TR6GJBy4czrmXe+8JE8G18bxvJ7eyura+kd8sbG3v7O65+wcNHaeKQZ3FIlatkGoQPIK64UZAK1FAZSigGQ6vJn7zAZTmcXRnRgkEkvYj3uOMGit13JLf9q9BGNrJfCUx1/HYF6C15hIT7z47JWTsBx236JW9KfAyIXNSRHPUOu6X341ZKiEyTFCt28RLTJBRZTgTMC74qYaEsiHtQ9vSiErQQTZ9Z4xLVuniXqxsRQZP1d8TGZVaj2RoOyU1A73oTcT/vHZqehdBxqMkNRCx2aJeKrCJ8SQb3OUKmBEjSyhT3N6K2YAqyoxNsGBDIIsvL5NGpUzOyuS2UqxezuPIoyN0jE4QQeeoim5QDdURQ4/oGb2iN+fJeXHenY9Za86ZzxyiP3A+fwBD2puW</latexit>

�iso . 10�11

DM fluctuations are orthogonal to the one of the inflaton!

<latexit sha1_base64="7Mm/wenQCMNgFSnM8Z035m80mYg="></latexit>
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isocurvature component: non-adiabatic initial condition

PLANCK bound

scalar DM produced via inflationary fluctuations:

- Massive gauge boson, power removed at large scale by dynamics (dark photon)

- Phase transition during inflation: goldstones fluctuates only on small scales

<latexit sha1_base64="Qb2pzothkOS62Wwhl3/giFtnMhI=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUo6AGMFDGwUiT6kJooc12mtOnZkO4gq6szCr7AwgBArX8DG3+C2GaDlSFc6Oude3XtPmDCqtON8W4Wl5ZXVteJ6aWNza3vH3t1rKZFKTJpYMCE7IVKEUU6ammpGOokkKA4ZaYfDy4nfvidSUcHv9Cghfoz6nEYUI22kwD70ut4VYRoFmSdjSJUYQw8liRQP8Kbinnh+YJedqjMFXCRuTsogRyOwv7yewGlMuMYMKdV1nUT7GZKaYkbGJS9VJEF4iPqkayhHMVF+Nn1lDI+N0oORkKa4hlP190SGYqVGcWg6Y6QHat6biP953VRH535GeZJqwvFsUZQyqAWc5AJ7VBKs2cgQhCU1t0I8QBJhbdIrmRDc+ZcXSatWdU+r7m2tXL/I4yiCA3AEKsAFZ6AOrkEDNAEGj+AZvII368l6sd6tj1lrwcpn9sEfWJ8/2GCZsw==</latexit>

�iso ⇡ O(1)

<latexit sha1_base64="48KYphvwslM6LDfEjWFr7bcN43g=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgY9hJoZZBLSwjmAdk1zA7uUmGzOwuM7NCWPIFNv6KjYUittZ2/o2TR6GJBy4czrmXe+8JE8G18bxvJ7eyura+kd8sbG3v7O65+wcNHaeKQZ3FIlatkGoQPIK64UZAK1FAZSigGQ6vJn7zAZTmcXRnRgkEkvYj3uOMGit13JLf9q9BGNrJfCUx1/HYF6C15hIT7z47JWTsBx236JW9KfAyIXNSRHPUOu6X341ZKiEyTFCt28RLTJBRZTgTMC74qYaEsiHtQ9vSiErQQTZ9Z4xLVuniXqxsRQZP1d8TGZVaj2RoOyU1A73oTcT/vHZqehdBxqMkNRCx2aJeKrCJ8SQb3OUKmBEjSyhT3N6K2YAqyoxNsGBDIIsvL5NGpUzOyuS2UqxezuPIoyN0jE4QQeeoim5QDdURQ4/oGb2iN+fJeXHenY9Za86ZzxyiP3A+fwBD2puW</latexit>

�iso . 10�11

DM fluctuations are orthogonal to the one of the inflaton!

<latexit sha1_base64="7Mm/wenQCMNgFSnM8Z035m80mYg="></latexit>
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Possible resolutions:



QCD axion produced during inflation

with Michele Redi [2211.06421]

+ ongoing with Chiara Cabras, Raghuveer Garani



QCD axion DM from inflationary dynamics

axion, goldstone boson of Peccei-Quinn symmetry, can be DM

<latexit sha1_base64="eXRY3dsupdsZkr5akEdCbCz0qDs=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQlJp0oW6EohuXFewDkhgm00k7dJKJMxOhhPyEG3/FjQtF3Aru/BunbRbaeuDC4Zx7ufeeIGFUKsv6NkoLi0vLK+XVytr6xuaWub3TljwVmLQwZ1x0AyQJozFpKaoY6SaCoChgpBMMr8Z+54EISXl8q0YJ8SLUj2lIMVJa8s1j13GbAwov3FAgnIVHrhjwPHPlvVBZPc/JXUYhOgl9lLueb1atmjUBnCd2QaqgQNM3v9wex2lEYoUZktKxrUR5GRKKYkbyiptKkiA8RH3iaBqjiEgvm3yVwwOt9GDIha5YwYn6eyJDkZSjKNCdEVIDOeuNxf88J1XhuZfROEkVifF0UZgyqDgcRwR7VBCs2EgThAXVt0I8QDoepYOs6BDs2ZfnSbtes09r9k292rgs4iiDPbAPDoENzkADXIMmaAEMHsEzeAVvxpPxYrwbH9PWklHM7II/MD5/AJfjnxk=</latexit>
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(aH)�1

tested by CMB + LSS

QCD axion DM from inflationary dynamics

axion, goldstone boson of Peccei-Quinn symmetry, can be DM

beginning of quantum fluctuations: 
in between 

pre- and post-inflationary scenario

PQ phase transition
during inflation
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kPQ

suppression at small k,
to avoid bounds
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axion isocurvature power spectrum

O(1) over-density in axion isocurvature at “small scales”
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axion isocurvature power spectrum

O(1) over-density in axion isocurvature at “small scales”

Cosmological probes to test this prediction:

- CMB power spectrum
- Future CMB distortions
- Matter power spectrum
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As = 2⇥ 10�9

k0 = 0.05/Mpc



meso-inflationary qcd axion
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cosmological tests of DM produced inflationary
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�C`/C` / |fiso|2(`/`eq)

iso DM affects CMB TT-power spectrum
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|fiso| . 0.2

can be studied in linear theory

goes beyond the QCD axion case*

*topological defects prevents phase transition to happen on very large scales
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effects grows with k
(like SMEFT at colliders…)

[recast of Murgia et al]

cosmological tests of DM produced inflationary
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conclusions



dark matter from inflationary fluctuations

produced without assuming ad hoc coupling to the SM
leaves cosmological imprints 
generic population of mini-clusters (lensing)

affects also well know case of QCD axion DM 
axion string-wall network modified



dark matter from inflationary fluctuations

applications to ALP dark matter
phase-transitions of scalar fields during inflation
primordial black holes 

for the future:

produced without assuming ad hoc coupling to the SM
leaves cosmological imprints 
generic population of mini-clusters (lensing)

affects also well know case of QCD axion DM 
axion string-wall network modified
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