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Non-minimal coupling to gravity

Conclusions
1. Dark matter can be generated from quantum fluctuations of a 

light scalar field during inflation.

2. A small non-minimal coupling to gravity suppresses  

isocurvature perturbations at large cosmological scales.
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Action in the Jordan frame:

Effective mass for     :�
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Bare mass

(constant)

Gravitational mass

(space-time dependent)

m2
e↵ = m2 + ⇠R

<latexit sha1_base64="A/OGuHRa+oRkqdYcujIwkUcnyKw="></latexit><latexit sha1_base64="A/OGuHRa+oRkqdYcujIwkUcnyKw="></latexit><latexit sha1_base64="A/OGuHRa+oRkqdYcujIwkUcnyKw="></latexit><latexit sha1_base64="A/OGuHRa+oRkqdYcujIwkUcnyKw="></latexit>

The field is heavy during inflation, but it can be light from then on.

Discussion
Particle physics: 

Stability & Detection
Cosmology: 

Substructure & clumpiness
• The mechanism only relies on 

gravitational processes.

• Direct couplings to SM fields could 

also be present.

• The action allows for a      symmetry:


• But gravity might break global 
symmetries:


                        , gravity mediated decay.
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• Two main features:

1. Potentially detectable component of 

isocurvature fluctuations.

• “Axion II” scenario in Planck2018.


2. Enhancement of substracture at 
intermediate scales.

• The bulk of the energy density is 

stored in clumps of size:
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Results

?

• For                   ,               and high-scale inflation, the right dark matter 
abundance is produced.


• The scenario is independent of any initial conditions.

• The production is purely gravitational, no other couplings are assumed.

• Large density fluctuations at intermediate scales are predicted.

m ⇠ 1 eV
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Relic abundance:
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Excitation of momentum modes during inflation and posterior evolution
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After the modes become classical, solve their classical EOM:

Modes evolve here from left to right following straight lines:

Evolution during inflation

Reheating and  
early radiation era

Dark matter behaviour at late times

Deep radiation era and 
the critical wavelength

The homogeneous field is damped away 
during inflation.

Higher momentum modes are excited due to 
the time-dependent gravitational background.
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Evolves to minimum:

Stuck:
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Classically Quantum mechanically

)
<latexit sha1_base64="eW+jhBZl5THs3nididxEQDzsKuw=">AAACEXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KKfcB0KJlMpg3NJEOSqZbSrxC3+h3uxK1f4Gf4B6btLGzrgcDhnHuTkxOmnGnjut/Oyura+sZmYau4vbO7t186OGxomSlC60RyqVoh1pQzQeuGGU5bqaI4CTlthv2bid8cUKWZFA9mmNIgwV3BYkawsZLfvmfdnsFKycdOqexW3CnQMvFyUoYctU7ppx1JkiVUGMKx1r7npiYYYWUY4XRcbGeappj0cZf6lgqcUB2MppHH6NQqEYqlskcYNFX/boxwovUwCe1kgk1PL3oT8T/Pz0x8FYyYSDNDBZk9FGccGYkm/0cRU5QYPrQEE8VsVkR6WGFibEtzN0UDluo89dMstu3IW2xkmTTOK55b8e4uytXrvK0CHMMJnIEHl1CFW6hBHQhIeIFXeHOenXfnw/mcja44+c4RzMH5+gWBV58d</latexit><latexit sha1_base64="eW+jhBZl5THs3nididxEQDzsKuw=">AAACEXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KKfcB0KJlMpg3NJEOSqZbSrxC3+h3uxK1f4Gf4B6btLGzrgcDhnHuTkxOmnGnjut/Oyura+sZmYau4vbO7t186OGxomSlC60RyqVoh1pQzQeuGGU5bqaI4CTlthv2bid8cUKWZFA9mmNIgwV3BYkawsZLfvmfdnsFKycdOqexW3CnQMvFyUoYctU7ppx1JkiVUGMKx1r7npiYYYWUY4XRcbGeappj0cZf6lgqcUB2MppHH6NQqEYqlskcYNFX/boxwovUwCe1kgk1PL3oT8T/Pz0x8FYyYSDNDBZk9FGccGYkm/0cRU5QYPrQEE8VsVkR6WGFibEtzN0UDluo89dMstu3IW2xkmTTOK55b8e4uytXrvK0CHMMJnIEHl1CFW6hBHQhIeIFXeHOenXfnw/mcja44+c4RzMH5+gWBV58d</latexit><latexit sha1_base64="eW+jhBZl5THs3nididxEQDzsKuw=">AAACEXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KKfcB0KJlMpg3NJEOSqZbSrxC3+h3uxK1f4Gf4B6btLGzrgcDhnHuTkxOmnGnjut/Oyura+sZmYau4vbO7t186OGxomSlC60RyqVoh1pQzQeuGGU5bqaI4CTlthv2bid8cUKWZFA9mmNIgwV3BYkawsZLfvmfdnsFKycdOqexW3CnQMvFyUoYctU7ppx1JkiVUGMKx1r7npiYYYWUY4XRcbGeappj0cZf6lgqcUB2MppHH6NQqEYqlskcYNFX/boxwovUwCe1kgk1PL3oT8T/Pz0x8FYyYSDNDBZk9FGccGYkm/0cRU5QYPrQEE8VsVkR6WGFibEtzN0UDluo89dMstu3IW2xkmTTOK55b8e4uytXrvK0CHMMJnIEHl1CFW6hBHQhIeIFXeHOenXfnw/mcja44+c4RzMH5+gWBV58d</latexit><latexit sha1_base64="eW+jhBZl5THs3nididxEQDzsKuw=">AAACEXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KKfcB0KJlMpg3NJEOSqZbSrxC3+h3uxK1f4Gf4B6btLGzrgcDhnHuTkxOmnGnjut/Oyura+sZmYau4vbO7t186OGxomSlC60RyqVoh1pQzQeuGGU5bqaI4CTlthv2bid8cUKWZFA9mmNIgwV3BYkawsZLfvmfdnsFKycdOqexW3CnQMvFyUoYctU7ppx1JkiVUGMKx1r7npiYYYWUY4XRcbGeappj0cZf6lgqcUB2MppHH6NQqEYqlskcYNFX/boxwovUwCe1kgk1PL3oT8T/Pz0x8FYyYSDNDBZk9FGccGYkm/0cRU5QYPrQEE8VsVkR6WGFibEtzN0UDluo89dMstu3IW2xkmTTOK55b8e4uytXrvK0CHMMJnIEHl1CFW6hBHQhIeIFXeHOenXfnw/mcja44+c4RzMH5+gWBV58d</latexit>

A larger    suppresses the occupation number.⇠
<latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit>

Reheating doesn’t play an important role.

Small scale modes reenter the horizon, 
start oscillating and are damped away.

Modes that spend longer in the blue or 
yellow regions are redshifted the most.


The mode      , highlighted in red, is the one 
that has the largest amplitude at late times.

The energy density is stored in clumps of 
comoving size         .k�1

?
<latexit sha1_base64="dtVv8cmVlAJa1aaESktXQoZgg+U=">AAAB83icdVDLSgMxFM34rPVVdekmWAQ3DonPuiu6cVnBPqAzlkyaaUMzmSHJCGXob7hxoYhbf8adf2M6HUFFD1w4nHMv994TJIJrg9CHMze/sLi0XFopr66tb2xWtrZbOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g5GV1O/fc+U5rG8NeOE+REZSB5ySoyVvFHP04aou+wQT3qVKnJPEb44QxC5KEdOavgYQ1woVVCg0au8e/2YphGThgqidRejxPgZUYZTwSZlL9UsIXREBqxrqSQR036W3zyB+1bpwzBWtqSBufp9IiOR1uMosJ0RMUP925uKf3nd1IQ1P+MySQ2TdLYoTAU0MZwGAPtcMWrE2BJCFbe3QjokilBjYyrbEL4+hf+T1pGLkYtvTqr1yyKOEtgFe+AAYHAO6uAaNEATUJCAB/AEnp3UeXRenNdZ65xTzOyAH3DePgEDJpGo</latexit><latexit sha1_base64="dtVv8cmVlAJa1aaESktXQoZgg+U=">AAAB83icdVDLSgMxFM34rPVVdekmWAQ3DonPuiu6cVnBPqAzlkyaaUMzmSHJCGXob7hxoYhbf8adf2M6HUFFD1w4nHMv994TJIJrg9CHMze/sLi0XFopr66tb2xWtrZbOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g5GV1O/fc+U5rG8NeOE+REZSB5ySoyVvFHP04aou+wQT3qVKnJPEb44QxC5KEdOavgYQ1woVVCg0au8e/2YphGThgqidRejxPgZUYZTwSZlL9UsIXREBqxrqSQR036W3zyB+1bpwzBWtqSBufp9IiOR1uMosJ0RMUP925uKf3nd1IQ1P+MySQ2TdLYoTAU0MZwGAPtcMWrE2BJCFbe3QjokilBjYyrbEL4+hf+T1pGLkYtvTqr1yyKOEtgFe+AAYHAO6uAaNEATUJCAB/AEnp3UeXRenNdZ65xTzOyAH3DePgEDJpGo</latexit><latexit sha1_base64="dtVv8cmVlAJa1aaESktXQoZgg+U=">AAAB83icdVDLSgMxFM34rPVVdekmWAQ3DonPuiu6cVnBPqAzlkyaaUMzmSHJCGXob7hxoYhbf8adf2M6HUFFD1w4nHMv994TJIJrg9CHMze/sLi0XFopr66tb2xWtrZbOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g5GV1O/fc+U5rG8NeOE+REZSB5ySoyVvFHP04aou+wQT3qVKnJPEb44QxC5KEdOavgYQ1woVVCg0au8e/2YphGThgqidRejxPgZUYZTwSZlL9UsIXREBqxrqSQR036W3zyB+1bpwzBWtqSBufp9IiOR1uMosJ0RMUP925uKf3nd1IQ1P+MySQ2TdLYoTAU0MZwGAPtcMWrE2BJCFbe3QjokilBjYyrbEL4+hf+T1pGLkYtvTqr1yyKOEtgFe+AAYHAO6uAaNEATUJCAB/AEnp3UeXRenNdZ65xTzOyAH3DePgEDJpGo</latexit><latexit sha1_base64="dtVv8cmVlAJa1aaESktXQoZgg+U=">AAAB83icdVDLSgMxFM34rPVVdekmWAQ3DonPuiu6cVnBPqAzlkyaaUMzmSHJCGXob7hxoYhbf8adf2M6HUFFD1w4nHMv994TJIJrg9CHMze/sLi0XFopr66tb2xWtrZbOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g5GV1O/fc+U5rG8NeOE+REZSB5ySoyVvFHP04aou+wQT3qVKnJPEb44QxC5KEdOavgYQ1woVVCg0au8e/2YphGThgqidRejxPgZUYZTwSZlL9UsIXREBqxrqSQR036W3zyB+1bpwzBWtqSBufp9IiOR1uMosJ0RMUP925uKf3nd1IQ1P+MySQ2TdLYoTAU0MZwGAPtcMWrE2BJCFbe3QjokilBjYyrbEL4+hf+T1pGLkYtvTqr1yyKOEtgFe+AAYHAO6uAaNEATUJCAB/AEnp3UeXRenNdZ65xTzOyAH3DePgEDJpGo</latexit>

k?<latexit sha1_base64="AzfHJYm7VEFb0j/9tDHWwajYxR0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ7drvAW9eIxgFkiG0NPpSZr0LHT3CGHIR3jxoIhXv8ebf2NnMoKKPih4vFdFVT0/kUIbjD+chcWl5ZXV0lp5fWNza7uys9vScaoYb7JYxqrjU82liHjTCCN5J1Gchr7kbX98PfPb91xpEUd3ZpJwL6TDSASCUWOl9rjf04aqfqWK3TNMLs8xwi7OkZMaOSGIFEoVCjT6lffeIGZpyCPDJNW6S3BivIwqI5jk03Iv1TyhbEyHvGtpREOuvSw/d4oOrTJAQaxsRQbl6veJjIZaT0LfdobUjPRvbyb+5XVTE9S8TERJanjE5ouCVCITo9nvaCAUZ0ZOLKFMCXsrYiOqKDM2obIN4etT9D9pHbsEu+T2tFq/KuIowT4cwBEQuIA63EADmsBgDA/wBM9O4jw6L87rvHXBKWb24Aect0+jgo/C</latexit><latexit sha1_base64="AzfHJYm7VEFb0j/9tDHWwajYxR0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ7drvAW9eIxgFkiG0NPpSZr0LHT3CGHIR3jxoIhXv8ebf2NnMoKKPih4vFdFVT0/kUIbjD+chcWl5ZXV0lp5fWNza7uys9vScaoYb7JYxqrjU82liHjTCCN5J1Gchr7kbX98PfPb91xpEUd3ZpJwL6TDSASCUWOl9rjf04aqfqWK3TNMLs8xwi7OkZMaOSGIFEoVCjT6lffeIGZpyCPDJNW6S3BivIwqI5jk03Iv1TyhbEyHvGtpREOuvSw/d4oOrTJAQaxsRQbl6veJjIZaT0LfdobUjPRvbyb+5XVTE9S8TERJanjE5ouCVCITo9nvaCAUZ0ZOLKFMCXsrYiOqKDM2obIN4etT9D9pHbsEu+T2tFq/KuIowT4cwBEQuIA63EADmsBgDA/wBM9O4jw6L87rvHXBKWb24Aect0+jgo/C</latexit><latexit sha1_base64="AzfHJYm7VEFb0j/9tDHWwajYxR0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ7drvAW9eIxgFkiG0NPpSZr0LHT3CGHIR3jxoIhXv8ebf2NnMoKKPih4vFdFVT0/kUIbjD+chcWl5ZXV0lp5fWNza7uys9vScaoYb7JYxqrjU82liHjTCCN5J1Gchr7kbX98PfPb91xpEUd3ZpJwL6TDSASCUWOl9rjf04aqfqWK3TNMLs8xwi7OkZMaOSGIFEoVCjT6lffeIGZpyCPDJNW6S3BivIwqI5jk03Iv1TyhbEyHvGtpREOuvSw/d4oOrTJAQaxsRQbl6veJjIZaT0LfdobUjPRvbyb+5XVTE9S8TERJanjE5ouCVCITo9nvaCAUZ0ZOLKFMCXsrYiOqKDM2obIN4etT9D9pHbsEu+T2tFq/KuIowT4cwBEQuIA63EADmsBgDA/wBM9O4jw6L87rvHXBKWb24Aect0+jgo/C</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0zunBZZ494VupJSHT7DLHD5MFxs=">AAAB43icbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOygm2Fdih30kwbJpMZkjtCGfoQblwo4ju5821MfxbaeiDwcU5C7j1RrqQl3//2KlvbO7t71f3aQf3w6LhxUu/arDBcdHimMvMUoRVKatEhSUo85UZgGinRi5K7ed57FsbKTD/SNBdhimMtY8mRnNVLhgNLaIaNpt/yF2KbEKygCSu1h42vwSjjRSo0cYXW9gM/p7BEQ5IrMasNCity5AmORd+hxlTYsFyMO2MXzhmxODPuaGIL9/eLElNrp2nkbqZIE7uezc3/sn5B8U1YSp0XJDRffhQXilHG5ruzkTSCk5o6QG6km5XxCRrk5BqquRKC9ZU3oXvVCvxW8OBDFc7gHC4hgGu4hXtoQwc4JPACb/Du5d6r97Gsq+KtejuFP/I+fwBBa45H</latexit><latexit sha1_base64="Ex7BShH43s7isegMj76y7iB+1qs=">AAAB43icdZDNSgMxFIXv+Ftr1erWTbAIroZEUetOcOOygv2BdiiZNNOGyWSGJCOUoQ/hxoUivpM738Z0WkFFDwQO30nIvSfMpDAW4w9vZXVtfWOzslXdru3s7tX3ax2T5prxNktlqnshNVwKxdtWWMl7meY0CSXvhvHNPO8+cG1Equ7tNONBQsdKRIJR61A3Hg6MpXpYb2D/HJOrC4ywj0uVpknOCCJL0oClWsP6+2CUsjzhyjJJjekTnNmgoNoKJvmsOsgNzyiL6Zj3nVU04SYoynFn6NiREYpS7Y6yqKTfXxQ0MWaahO5mQu3E/M7m8K+sn9uoGRRCZbnlii0+inKJbIrmu6OR0JxZOXWGMi3crIhNqKbMuoaqroSvTdH/pnPqE+yTOwwVOIQjOAECl3ANt9CCNjCI4RGe4cXLvCfvdVHXirfs7QB+yHv7BHFujmk=</latexit><latexit sha1_base64="e6MegSwn0C2+qh2xMhwcE9MySq8=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgaZlR1HgLevEYwTwgWcLsZDYZMvtgplcISz7CiwdFvPo93vwbJ5sVVLSgoajqprvLT5Q0QMiHU1paXlldK69XNja3tnequ3ttE6eaixaPVay7PjNCyUi0QIIS3UQLFvpKdPzJ9dzv3AttZBzdwTQRXshGkQwkZ2ClzmTQN8D0oFoj7hmhl+cEE5fkyEmdnlJMC6WGCjQH1ff+MOZpKCLgihnToyQBL2MaJFdiVumnRiSMT9hI9CyNWCiMl+XnzvCRVYY4iLWtCHCufp/IWGjMNPRtZ8hgbH57c/Evr5dCUPcyGSUpiIgvFgWpwhDj+e94KLXgoKaWMK6lvRXzMdOMg02oYkP4+hT/T9onLiUuvSW1xlURRxkdoEN0jCi6QA10g5qohTiaoAf0hJ6dxHl0XpzXRWvJKWb20Q84b5+iQo++</latexit><latexit sha1_base64="AzfHJYm7VEFb0j/9tDHWwajYxR0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ7drvAW9eIxgFkiG0NPpSZr0LHT3CGHIR3jxoIhXv8ebf2NnMoKKPih4vFdFVT0/kUIbjD+chcWl5ZXV0lp5fWNza7uys9vScaoYb7JYxqrjU82liHjTCCN5J1Gchr7kbX98PfPb91xpEUd3ZpJwL6TDSASCUWOl9rjf04aqfqWK3TNMLs8xwi7OkZMaOSGIFEoVCjT6lffeIGZpyCPDJNW6S3BivIwqI5jk03Iv1TyhbEyHvGtpREOuvSw/d4oOrTJAQaxsRQbl6veJjIZaT0LfdobUjPRvbyb+5XVTE9S8TERJanjE5ouCVCITo9nvaCAUZ0ZOLKFMCXsrYiOqKDM2obIN4etT9D9pHbsEu+T2tFq/KuIowT4cwBEQuIA63EADmsBgDA/wBM9O4jw6L87rvHXBKWb24Aect0+jgo/C</latexit><latexit sha1_base64="AzfHJYm7VEFb0j/9tDHWwajYxR0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ7drvAW9eIxgFkiG0NPpSZr0LHT3CGHIR3jxoIhXv8ebf2NnMoKKPih4vFdFVT0/kUIbjD+chcWl5ZXV0lp5fWNza7uys9vScaoYb7JYxqrjU82liHjTCCN5J1Gchr7kbX98PfPb91xpEUd3ZpJwL6TDSASCUWOl9rjf04aqfqWK3TNMLs8xwi7OkZMaOSGIFEoVCjT6lffeIGZpyCPDJNW6S3BivIwqI5jk03Iv1TyhbEyHvGtpREOuvSw/d4oOrTJAQaxsRQbl6veJjIZaT0LfdobUjPRvbyb+5XVTE9S8TERJanjE5ouCVCITo9nvaCAUZ0ZOLKFMCXsrYiOqKDM2obIN4etT9D9pHbsEu+T2tFq/KuIowT4cwBEQuIA63EADmsBgDA/wBM9O4jw6L87rvHXBKWb24Aect0+jgo/C</latexit><latexit sha1_base64="AzfHJYm7VEFb0j/9tDHWwajYxR0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ7drvAW9eIxgFkiG0NPpSZr0LHT3CGHIR3jxoIhXv8ebf2NnMoKKPih4vFdFVT0/kUIbjD+chcWl5ZXV0lp5fWNza7uys9vScaoYb7JYxqrjU82liHjTCCN5J1Gchr7kbX98PfPb91xpEUd3ZpJwL6TDSASCUWOl9rjf04aqfqWK3TNMLs8xwi7OkZMaOSGIFEoVCjT6lffeIGZpyCPDJNW6S3BivIwqI5jk03Iv1TyhbEyHvGtpREOuvSw/d4oOrTJAQaxsRQbl6veJjIZaT0LfdobUjPRvbyb+5XVTE9S8TERJanjE5ouCVCITo9nvaCAUZ0ZOLKFMCXsrYiOqKDM2obIN4etT9D9pHbsEu+T2tFq/KuIowT4cwBEQuIA63EADmsBgDA/wBM9O4jw6L87rvHXBKWb24Aect0+jgo/C</latexit><latexit sha1_base64="AzfHJYm7VEFb0j/9tDHWwajYxR0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ7drvAW9eIxgFkiG0NPpSZr0LHT3CGHIR3jxoIhXv8ebf2NnMoKKPih4vFdFVT0/kUIbjD+chcWl5ZXV0lp5fWNza7uys9vScaoYb7JYxqrjU82liHjTCCN5J1Gchr7kbX98PfPb91xpEUd3ZpJwL6TDSASCUWOl9rjf04aqfqWK3TNMLs8xwi7OkZMaOSGIFEoVCjT6lffeIGZpyCPDJNW6S3BivIwqI5jk03Iv1TyhbEyHvGtpREOuvSw/d4oOrTJAQaxsRQbl6veJjIZaT0LfdobUjPRvbyb+5XVTE9S8TERJanjE5ouCVCITo9nvaCAUZ0ZOLKFMCXsrYiOqKDM2obIN4etT9D9pHbsEu+T2tFq/KuIowT4cwBEQuIA63EADmsBgDA/wBM9O4jw6L87rvHXBKWb24Aect0+jgo/C</latexit><latexit sha1_base64="AzfHJYm7VEFb0j/9tDHWwajYxR0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ7drvAW9eIxgFkiG0NPpSZr0LHT3CGHIR3jxoIhXv8ebf2NnMoKKPih4vFdFVT0/kUIbjD+chcWl5ZXV0lp5fWNza7uys9vScaoYb7JYxqrjU82liHjTCCN5J1Gchr7kbX98PfPb91xpEUd3ZpJwL6TDSASCUWOl9rjf04aqfqWK3TNMLs8xwi7OkZMaOSGIFEoVCjT6lffeIGZpyCPDJNW6S3BivIwqI5jk03Iv1TyhbEyHvGtpREOuvSw/d4oOrTJAQaxsRQbl6veJjIZaT0LfdobUjPRvbyb+5XVTE9S8TERJanjE5ouCVCITo9nvaCAUZ0ZOLKFMCXsrYiOqKDM2obIN4etT9D9pHbsEu+T2tFq/KuIowT4cwBEQuIA63EADmsBgDA/wBM9O4jw6L87rvHXBKWb24Aect0+jgo/C</latexit><latexit sha1_base64="AzfHJYm7VEFb0j/9tDHWwajYxR0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ7drvAW9eIxgFkiG0NPpSZr0LHT3CGHIR3jxoIhXv8ebf2NnMoKKPih4vFdFVT0/kUIbjD+chcWl5ZXV0lp5fWNza7uys9vScaoYb7JYxqrjU82liHjTCCN5J1Gchr7kbX98PfPb91xpEUd3ZpJwL6TDSASCUWOl9rjf04aqfqWK3TNMLs8xwi7OkZMaOSGIFEoVCjT6lffeIGZpyCPDJNW6S3BivIwqI5jk03Iv1TyhbEyHvGtpREOuvSw/d4oOrTJAQaxsRQbl6veJjIZaT0LfdobUjPRvbyb+5XVTE9S8TERJanjE5ouCVCITo9nvaCAUZ0ZOLKFMCXsrYiOqKDM2obIN4etT9D9pHbsEu+T2tFq/KuIowT4cwBEQuIA63EADmsBgDA/wBM9O4jw6L87rvHXBKWb24Aect0+jgo/C</latexit>

k�1
? ' 4 · 107 km

r
eV

m
<latexit sha1_base64="ecql9TNBmpVdBs/Zkqxw6N/ZDeg="></latexit><latexit sha1_base64="ecql9TNBmpVdBs/Zkqxw6N/ZDeg="></latexit><latexit sha1_base64="ecql9TNBmpVdBs/Zkqxw6N/ZDeg="></latexit><latexit sha1_base64="ecql9TNBmpVdBs/Zkqxw6N/ZDeg="></latexit> (1µpc)

<latexit sha1_base64="A0TQ+z+WrBFYtLgup2N338atatI=">AAAB/HicdVDLSgMxFM3UV62vapdugkWoICXxWXdFNy4r2Ad0hpJJ0zY0mRmSjFCG+ituXCji1g9x59+YmVZQ0QOBwzn3ck+OHwmuDUIfTm5hcWl5Jb9aWFvf2Nwqbu+0dBgrypo0FKHq+EQzwQPWNNwI1okUI9IXrO2Pr1K/fceU5mFwayYR8yQZBnzAKTFW6hVLFeweujJ2JTEjJZOITg96xTKqniJ8cYYgqqIMGanhYwzxXCmDORq94rvbD2ksWWCoIFp3MYqMlxBlOBVsWnBjzSJCx2TIupYGRDLtJVn4Kdy3Sh8OQmVfYGCmft9IiNR6In07mWbUv71U/MvrxmZQ8xIeRLFhAZ0dGsQCmhCmTcA+V4waMbGEUMVtVkhHRBFqbF8FW8LXT+H/pHVUxaiKb07K9ct5HXmwC/ZABWBwDurgGjRAE1AwAQ/gCTw7986j8+K8zkZzznynBH7AefsEPcSUgw==</latexit><latexit sha1_base64="A0TQ+z+WrBFYtLgup2N338atatI=">AAAB/HicdVDLSgMxFM3UV62vapdugkWoICXxWXdFNy4r2Ad0hpJJ0zY0mRmSjFCG+ituXCji1g9x59+YmVZQ0QOBwzn3ck+OHwmuDUIfTm5hcWl5Jb9aWFvf2Nwqbu+0dBgrypo0FKHq+EQzwQPWNNwI1okUI9IXrO2Pr1K/fceU5mFwayYR8yQZBnzAKTFW6hVLFeweujJ2JTEjJZOITg96xTKqniJ8cYYgqqIMGanhYwzxXCmDORq94rvbD2ksWWCoIFp3MYqMlxBlOBVsWnBjzSJCx2TIupYGRDLtJVn4Kdy3Sh8OQmVfYGCmft9IiNR6In07mWbUv71U/MvrxmZQ8xIeRLFhAZ0dGsQCmhCmTcA+V4waMbGEUMVtVkhHRBFqbF8FW8LXT+H/pHVUxaiKb07K9ct5HXmwC/ZABWBwDurgGjRAE1AwAQ/gCTw7986j8+K8zkZzznynBH7AefsEPcSUgw==</latexit><latexit sha1_base64="A0TQ+z+WrBFYtLgup2N338atatI=">AAAB/HicdVDLSgMxFM3UV62vapdugkWoICXxWXdFNy4r2Ad0hpJJ0zY0mRmSjFCG+ituXCji1g9x59+YmVZQ0QOBwzn3ck+OHwmuDUIfTm5hcWl5Jb9aWFvf2Nwqbu+0dBgrypo0FKHq+EQzwQPWNNwI1okUI9IXrO2Pr1K/fceU5mFwayYR8yQZBnzAKTFW6hVLFeweujJ2JTEjJZOITg96xTKqniJ8cYYgqqIMGanhYwzxXCmDORq94rvbD2ksWWCoIFp3MYqMlxBlOBVsWnBjzSJCx2TIupYGRDLtJVn4Kdy3Sh8OQmVfYGCmft9IiNR6In07mWbUv71U/MvrxmZQ8xIeRLFhAZ0dGsQCmhCmTcA+V4waMbGEUMVtVkhHRBFqbF8FW8LXT+H/pHVUxaiKb07K9ct5HXmwC/ZABWBwDurgGjRAE1AwAQ/gCTw7986j8+K8zkZzznynBH7AefsEPcSUgw==</latexit><latexit sha1_base64="A0TQ+z+WrBFYtLgup2N338atatI=">AAAB/HicdVDLSgMxFM3UV62vapdugkWoICXxWXdFNy4r2Ad0hpJJ0zY0mRmSjFCG+ituXCji1g9x59+YmVZQ0QOBwzn3ck+OHwmuDUIfTm5hcWl5Jb9aWFvf2Nwqbu+0dBgrypo0FKHq+EQzwQPWNNwI1okUI9IXrO2Pr1K/fceU5mFwayYR8yQZBnzAKTFW6hVLFeweujJ2JTEjJZOITg96xTKqniJ8cYYgqqIMGanhYwzxXCmDORq94rvbD2ksWWCoIFp3MYqMlxBlOBVsWnBjzSJCx2TIupYGRDLtJVn4Kdy3Sh8OQmVfYGCmft9IiNR6In07mWbUv71U/MvrxmZQ8xIeRLFhAZ0dGsQCmhCmTcA+V4waMbGEUMVtVkhHRBFqbF8FW8LXT+H/pHVUxaiKb07K9ct5HXmwC/ZABWBwDurgGjRAE1AwAQ/gCTw7986j8+K8zkZzznynBH7AefsEPcSUgw==</latexit>

The density power spectrum is peaked at the intermediate scale        .

can’t be too small⇠
<latexit sha1_base64="/b6k9EVbuGSEQ0XlpTvvV7E5NN4=">AAACCnicbVBLTsMwFHwpv1J+BZZsLKpKrKoEIcGygg3LIuhHaqPKcZzWquNEtlO1inoD2MI92CG2XIJrcALcNIvSMpKl0cx79ni8mDOlbfvbKmxsbm3vFHdLe/sHh0fl45OWihJJaJNEPJIdDyvKmaBNzTSnnVhSHHqctr3R3dxvj6lULBJPehpTN8QDwQJGsDbSY2/C+uWKXbMzoHXi5KQCORr98k/Pj0gSUqEJx0p1HTvWboqlZoTTWamXKBpjMsID2jVU4JAqN82izlDVKD4KImmO0ChTlzdSHCo1DT0zGWI9VKveXPzP6yY6uHFTJuJEU0EWDwUJRzpC838jn0lKNJ8agolkJisiQywx0aadUnX5Kn/MYpXHnixym5Kc1UrWSeuy5tg15+GqUr/N6yrCGZzDBThwDXW4hwY0gcAAXuAV3qxn6936sD4XowUr3zmFP7C+fgF7OJuw</latexit><latexit sha1_base64="/b6k9EVbuGSEQ0XlpTvvV7E5NN4=">AAACCnicbVBLTsMwFHwpv1J+BZZsLKpKrKoEIcGygg3LIuhHaqPKcZzWquNEtlO1inoD2MI92CG2XIJrcALcNIvSMpKl0cx79ni8mDOlbfvbKmxsbm3vFHdLe/sHh0fl45OWihJJaJNEPJIdDyvKmaBNzTSnnVhSHHqctr3R3dxvj6lULBJPehpTN8QDwQJGsDbSY2/C+uWKXbMzoHXi5KQCORr98k/Pj0gSUqEJx0p1HTvWboqlZoTTWamXKBpjMsID2jVU4JAqN82izlDVKD4KImmO0ChTlzdSHCo1DT0zGWI9VKveXPzP6yY6uHFTJuJEU0EWDwUJRzpC838jn0lKNJ8agolkJisiQywx0aadUnX5Kn/MYpXHnixym5Kc1UrWSeuy5tg15+GqUr/N6yrCGZzDBThwDXW4hwY0gcAAXuAV3qxn6936sD4XowUr3zmFP7C+fgF7OJuw</latexit><latexit sha1_base64="/b6k9EVbuGSEQ0XlpTvvV7E5NN4=">AAACCnicbVBLTsMwFHwpv1J+BZZsLKpKrKoEIcGygg3LIuhHaqPKcZzWquNEtlO1inoD2MI92CG2XIJrcALcNIvSMpKl0cx79ni8mDOlbfvbKmxsbm3vFHdLe/sHh0fl45OWihJJaJNEPJIdDyvKmaBNzTSnnVhSHHqctr3R3dxvj6lULBJPehpTN8QDwQJGsDbSY2/C+uWKXbMzoHXi5KQCORr98k/Pj0gSUqEJx0p1HTvWboqlZoTTWamXKBpjMsID2jVU4JAqN82izlDVKD4KImmO0ChTlzdSHCo1DT0zGWI9VKveXPzP6yY6uHFTJuJEU0EWDwUJRzpC838jn0lKNJ8agolkJisiQywx0aadUnX5Kn/MYpXHnixym5Kc1UrWSeuy5tg15+GqUr/N6yrCGZzDBThwDXW4hwY0gcAAXuAV3qxn6936sD4XowUr3zmFP7C+fgF7OJuw</latexit><latexit sha1_base64="/b6k9EVbuGSEQ0XlpTvvV7E5NN4=">AAACCnicbVBLTsMwFHwpv1J+BZZsLKpKrKoEIcGygg3LIuhHaqPKcZzWquNEtlO1inoD2MI92CG2XIJrcALcNIvSMpKl0cx79ni8mDOlbfvbKmxsbm3vFHdLe/sHh0fl45OWihJJaJNEPJIdDyvKmaBNzTSnnVhSHHqctr3R3dxvj6lULBJPehpTN8QDwQJGsDbSY2/C+uWKXbMzoHXi5KQCORr98k/Pj0gSUqEJx0p1HTvWboqlZoTTWamXKBpjMsID2jVU4JAqN82izlDVKD4KImmO0ChTlzdSHCo1DT0zGWI9VKveXPzP6yY6uHFTJuJEU0EWDwUJRzpC838jn0lKNJ8agolkJisiQywx0aadUnX5Kn/MYpXHnixym5Kc1UrWSeuy5tg15+GqUr/N6yrCGZzDBThwDXW4hwY0gcAAXuAV3qxn6936sD4XowUr3zmFP7C+fgF7OJuw</latexit>

k�1
?

<latexit sha1_base64="dtVv8cmVlAJa1aaESktXQoZgg+U=">AAAB83icdVDLSgMxFM34rPVVdekmWAQ3DonPuiu6cVnBPqAzlkyaaUMzmSHJCGXob7hxoYhbf8adf2M6HUFFD1w4nHMv994TJIJrg9CHMze/sLi0XFopr66tb2xWtrZbOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g5GV1O/fc+U5rG8NeOE+REZSB5ySoyVvFHP04aou+wQT3qVKnJPEb44QxC5KEdOavgYQ1woVVCg0au8e/2YphGThgqidRejxPgZUYZTwSZlL9UsIXREBqxrqSQR036W3zyB+1bpwzBWtqSBufp9IiOR1uMosJ0RMUP925uKf3nd1IQ1P+MySQ2TdLYoTAU0MZwGAPtcMWrE2BJCFbe3QjokilBjYyrbEL4+hf+T1pGLkYtvTqr1yyKOEtgFe+AAYHAO6uAaNEATUJCAB/AEnp3UeXRenNdZ65xTzOyAH3DePgEDJpGo</latexit><latexit sha1_base64="dtVv8cmVlAJa1aaESktXQoZgg+U=">AAAB83icdVDLSgMxFM34rPVVdekmWAQ3DonPuiu6cVnBPqAzlkyaaUMzmSHJCGXob7hxoYhbf8adf2M6HUFFD1w4nHMv994TJIJrg9CHMze/sLi0XFopr66tb2xWtrZbOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g5GV1O/fc+U5rG8NeOE+REZSB5ySoyVvFHP04aou+wQT3qVKnJPEb44QxC5KEdOavgYQ1woVVCg0au8e/2YphGThgqidRejxPgZUYZTwSZlL9UsIXREBqxrqSQR036W3zyB+1bpwzBWtqSBufp9IiOR1uMosJ0RMUP925uKf3nd1IQ1P+MySQ2TdLYoTAU0MZwGAPtcMWrE2BJCFbe3QjokilBjYyrbEL4+hf+T1pGLkYtvTqr1yyKOEtgFe+AAYHAO6uAaNEATUJCAB/AEnp3UeXRenNdZ65xTzOyAH3DePgEDJpGo</latexit><latexit sha1_base64="dtVv8cmVlAJa1aaESktXQoZgg+U=">AAAB83icdVDLSgMxFM34rPVVdekmWAQ3DonPuiu6cVnBPqAzlkyaaUMzmSHJCGXob7hxoYhbf8adf2M6HUFFD1w4nHMv994TJIJrg9CHMze/sLi0XFopr66tb2xWtrZbOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g5GV1O/fc+U5rG8NeOE+REZSB5ySoyVvFHP04aou+wQT3qVKnJPEb44QxC5KEdOavgYQ1woVVCg0au8e/2YphGThgqidRejxPgZUYZTwSZlL9UsIXREBqxrqSQR036W3zyB+1bpwzBWtqSBufp9IiOR1uMosJ0RMUP925uKf3nd1IQ1P+MySQ2TdLYoTAU0MZwGAPtcMWrE2BJCFbe3QjokilBjYyrbEL4+hf+T1pGLkYtvTqr1yyKOEtgFe+AAYHAO6uAaNEATUJCAB/AEnp3UeXRenNdZ65xTzOyAH3DePgEDJpGo</latexit><latexit sha1_base64="dtVv8cmVlAJa1aaESktXQoZgg+U=">AAAB83icdVDLSgMxFM34rPVVdekmWAQ3DonPuiu6cVnBPqAzlkyaaUMzmSHJCGXob7hxoYhbf8adf2M6HUFFD1w4nHMv994TJIJrg9CHMze/sLi0XFopr66tb2xWtrZbOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g5GV1O/fc+U5rG8NeOE+REZSB5ySoyVvFHP04aou+wQT3qVKnJPEb44QxC5KEdOavgYQ1woVVCg0au8e/2YphGThgqidRejxPgZUYZTwSZlL9UsIXREBqxrqSQR036W3zyB+1bpwzBWtqSBufp9IiOR1uMosJ0RMUP925uKf3nd1IQ1P+MySQ2TdLYoTAU0MZwGAPtcMWrE2BJCFbe3QjokilBjYyrbEL4+hf+T1pGLkYtvTqr1yyKOEtgFe+AAYHAO6uAaNEATUJCAB/AEnp3UeXRenNdZ65xTzOyAH3DePgEDJpGo</latexit>

Isocurvature perturbations are small enough at the CMB scales.

Motivation and idea

Light Heavy

Adiabatic perturbations
Isocurvature perturbations

) �⇢iso(k?)

�⇢ad(k?)
. 0.03

<latexit sha1_base64="GZonA8Hn85NPwE+x3tKOlye3+a8="></latexit><latexit sha1_base64="GZonA8Hn85NPwE+x3tKOlye3+a8="></latexit><latexit sha1_base64="GZonA8Hn85NPwE+x3tKOlye3+a8="></latexit><latexit sha1_base64="GZonA8Hn85NPwE+x3tKOlye3+a8="></latexit>

at scales k�1
CMB ' 20 Mpc

<latexit sha1_base64="lqjYSAmyROZ7jDAAUFVWCBX8h4o="></latexit><latexit sha1_base64="lqjYSAmyROZ7jDAAUFVWCBX8h4o="></latexit><latexit sha1_base64="lqjYSAmyROZ7jDAAUFVWCBX8h4o="></latexit><latexit sha1_base64="lqjYSAmyROZ7jDAAUFVWCBX8h4o="></latexit>

Isocurvature perturbations

suppressed at large scales.

m ⇠ O (HI)
<latexit sha1_base64="aShYH3uyOYfc2AqJyOXKs9xboEc="></latexit><latexit sha1_base64="aShYH3uyOYfc2AqJyOXKs9xboEc="></latexit><latexit sha1_base64="aShYH3uyOYfc2AqJyOXKs9xboEc="></latexit><latexit sha1_base64="aShYH3uyOYfc2AqJyOXKs9xboEc="></latexit>

But only if !
seen in the CMB

Ordinary matter in our Universe originates from quantum fluctuations of the inflation during inflation.

Can dark matter be generated similarly?

How may this happen?
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