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Goals & Motivation

Gonzalo Alonso-Álvarez

Goal: Link high energy phenomena with low energy observables.

High Energy: Inflation Low Energy: Dark matter

How: New mechanisms of non-thermal production of dark matter.
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Main idea

Gonzalo Alonso-Álvarez

Initial premise: 

Dark matter can be generated gravitationally from quantum 
fluctuations of a scalar field during inflation.


Caveat: 

Isocurvature perturbations are not observed.


Key observation: 

A non-minimal coupling to gravity suppresses isocurvature 
and makes the scenario phenomenologically viable.
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Different ideas in this direction

Gonzalo Alonso-Álvarez

• Misalignement mechanism for scalars and vectors


      Arias et al [1201.5902], Nelson & Scholtz [1105.2812], …


• Resonant production at (p)reheating


- WIMPZILLAs: Chung et al [hep-ph/9802238], …


- Non-minimally coupled scalars: Fairbairn et al [1808.08236], …


• Vector dark matter from inflationary fluctuations

      Graham et al [1504.02102]


• Thermal production via graviton exchange

      Garny et al [1511.03278], Ema et al [1804.07471], …
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Relevance & applications

Gonzalo Alonso-Álvarez

Most immediate and minimal scenario: 

Gravitational generation of all the dark matter that we observe.


Other potentially interesting applications: 

• Freeze-in dark matter: Hall et al [0911.1120]  (Bernal et al [1706.07442])


• Affleck-Dine baryogenesis: Bettoni & Rubio [1805.02669]


• Asymmetric dark matter: Kaplan et al [0901.4117]  (Zurek [1308.0338])


• Higgs portal DM: Cosme et al [1802.09434]
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Adiabatic perturbations

seen in the CMB

Gonzalo Alonso-Álvarez

(Dark) matter & inflation
Ordinary matter
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Adiabatic perturbations

Isocurvature perturbations
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seen in the CMB

Gonzalo Alonso-Álvarez

Dark matter?

(Dark) matter & inflation
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Light Heavy

Adiabatic perturbations

Isocurvature perturbations Isocurvature perturbations

suppressed at large scales.

m ⇠ O (HI)
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But only if !seen in the CMB
How may this happen?

Gonzalo Alonso-Álvarez

Dark matter!

(Dark) matter & inflation
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Planck 2018 [1807.06211]
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Action in the Jordan frame:

Effective mass for     :�
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Non-minimal coupling to gravity

Gonzalo Alonso-Álvarez Dark Interactions 2018

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

Non-minimal coupling in cosmology

Gonzalo Alonso-Álvarez Dark Interactions 2018
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minf = O(HI)!
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Cosmological evolution

Gonzalo Alonso-Álvarez

I. Quantum evolution during inflation


(i) Homogeneous field


(ii) Non-zero momentum modes (fluctuations)


II. Classical evolution after inflation


III. Late times power spectrum and relic abundance

Dark Interactions 2018



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:
m ⌧ HI
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R = 12H2
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Classically Quantum mechanically

A larger    suppresses the 
occupation number.

⇠
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I. Evolution during inflation

Gonzalo Alonso-Álvarez Dark Interactions 2018
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II. Classical evolution after inflation

Gonzalo Alonso-Álvarez Dark Interactions 2018



can’t be too small⇠
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Isocurvature fluctuations are small enough at the CMB scales.

The density power spectrum is peaked at the comoving scale        .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�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>

III. Isocurvature power spectrum

Gonzalo Alonso-Álvarez Dark Interactions 2018



For a given     and   , fixing the abundance to the dark matter 
one selects a scale of inflation.

⇠
<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>

m
<latexit sha1_base64="mza4NEex/YjKQ+kL+G+9O46Kn7o=">AAACCHicbVDLSgMxFL3js9ZX1aWbYCm4KjMi6LLoxmUL9gHtUDKZTBuaZIYkUyxDf0C3+h/uxK1/4W/4BabtLGrrgcDhnHuTkxMknGnjut/OxubW9s5uYa+4f3B4dFw6OW3pOFWENknMY9UJsKacSdo0zHDaSRTFIuC0HYzuZ357TJVmsXw0k4T6Ag8kixjBxkoN0S+V3ao7B1onXk7KkKPeL/30wpikgkpDONa667mJ8TOsDCOcTou9VNMEkxEe0K6lEguq/WwedIoqVglRFCt7pEFzdXkjw0LriQjspMBmqFe9mfif101NdOtnTCapoZIsHopSjkyMZr9GIVOUGD6xBBPFbFZEhlhhYmw3xcryVeGYJTqP/bTIbUvyVitZJ62rqudWvcZ1uXaX11WAc7iAS/DgBmrwAHVoAgEKL/AKb86z8+58OJ+L0Q0n3zmDP3C+fgHaoJrM</latexit><latexit sha1_base64="mza4NEex/YjKQ+kL+G+9O46Kn7o=">AAACCHicbVDLSgMxFL3js9ZX1aWbYCm4KjMi6LLoxmUL9gHtUDKZTBuaZIYkUyxDf0C3+h/uxK1/4W/4BabtLGrrgcDhnHuTkxMknGnjut/OxubW9s5uYa+4f3B4dFw6OW3pOFWENknMY9UJsKacSdo0zHDaSRTFIuC0HYzuZ357TJVmsXw0k4T6Ag8kixjBxkoN0S+V3ao7B1onXk7KkKPeL/30wpikgkpDONa667mJ8TOsDCOcTou9VNMEkxEe0K6lEguq/WwedIoqVglRFCt7pEFzdXkjw0LriQjspMBmqFe9mfif101NdOtnTCapoZIsHopSjkyMZr9GIVOUGD6xBBPFbFZEhlhhYmw3xcryVeGYJTqP/bTIbUvyVitZJ62rqudWvcZ1uXaX11WAc7iAS/DgBmrwAHVoAgEKL/AKb86z8+58OJ+L0Q0n3zmDP3C+fgHaoJrM</latexit><latexit sha1_base64="mza4NEex/YjKQ+kL+G+9O46Kn7o=">AAACCHicbVDLSgMxFL3js9ZX1aWbYCm4KjMi6LLoxmUL9gHtUDKZTBuaZIYkUyxDf0C3+h/uxK1/4W/4BabtLGrrgcDhnHuTkxMknGnjut/OxubW9s5uYa+4f3B4dFw6OW3pOFWENknMY9UJsKacSdo0zHDaSRTFIuC0HYzuZ357TJVmsXw0k4T6Ag8kixjBxkoN0S+V3ao7B1onXk7KkKPeL/30wpikgkpDONa667mJ8TOsDCOcTou9VNMEkxEe0K6lEguq/WwedIoqVglRFCt7pEFzdXkjw0LriQjspMBmqFe9mfif101NdOtnTCapoZIsHopSjkyMZr9GIVOUGD6xBBPFbFZEhlhhYmw3xcryVeGYJTqP/bTIbUvyVitZJ62rqudWvcZ1uXaX11WAc7iAS/DgBmrwAHVoAgEKL/AKb86z8+58OJ+L0Q0n3zmDP3C+fgHaoJrM</latexit><latexit sha1_base64="mza4NEex/YjKQ+kL+G+9O46Kn7o=">AAACCHicbVDLSgMxFL3js9ZX1aWbYCm4KjMi6LLoxmUL9gHtUDKZTBuaZIYkUyxDf0C3+h/uxK1/4W/4BabtLGrrgcDhnHuTkxMknGnjut/OxubW9s5uYa+4f3B4dFw6OW3pOFWENknMY9UJsKacSdo0zHDaSRTFIuC0HYzuZ357TJVmsXw0k4T6Ag8kixjBxkoN0S+V3ao7B1onXk7KkKPeL/30wpikgkpDONa667mJ8TOsDCOcTou9VNMEkxEe0K6lEguq/WwedIoqVglRFCt7pEFzdXkjw0LriQjspMBmqFe9mfif101NdOtnTCapoZIsHopSjkyMZr9GIVOUGD6xBBPFbFZEhlhhYmw3xcryVeGYJTqP/bTIbUvyVitZJ62rqudWvcZ1uXaX11WAc7iAS/DgBmrwAHVoAgEKL/AKb86z8+58OJ+L0Q0n3zmDP3C+fgHaoJrM</latexit>

Relic density

Gonzalo Alonso-Álvarez Dark Interactions 2018



For a given     and   , fixing the abundance to the dark matter 
one selects a scale of inflation.

⇠
<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>

m
<latexit sha1_base64="mza4NEex/YjKQ+kL+G+9O46Kn7o=">AAACCHicbVDLSgMxFL3js9ZX1aWbYCm4KjMi6LLoxmUL9gHtUDKZTBuaZIYkUyxDf0C3+h/uxK1/4W/4BabtLGrrgcDhnHuTkxMknGnjut/OxubW9s5uYa+4f3B4dFw6OW3pOFWENknMY9UJsKacSdo0zHDaSRTFIuC0HYzuZ357TJVmsXw0k4T6Ag8kixjBxkoN0S+V3ao7B1onXk7KkKPeL/30wpikgkpDONa667mJ8TOsDCOcTou9VNMEkxEe0K6lEguq/WwedIoqVglRFCt7pEFzdXkjw0LriQjspMBmqFe9mfif101NdOtnTCapoZIsHopSjkyMZr9GIVOUGD6xBBPFbFZEhlhhYmw3xcryVeGYJTqP/bTIbUvyVitZJ62rqudWvcZ1uXaX11WAc7iAS/DgBmrwAHVoAgEKL/AKb86z8+58OJ+L0Q0n3zmDP3C+fgHaoJrM</latexit><latexit sha1_base64="mza4NEex/YjKQ+kL+G+9O46Kn7o=">AAACCHicbVDLSgMxFL3js9ZX1aWbYCm4KjMi6LLoxmUL9gHtUDKZTBuaZIYkUyxDf0C3+h/uxK1/4W/4BabtLGrrgcDhnHuTkxMknGnjut/OxubW9s5uYa+4f3B4dFw6OW3pOFWENknMY9UJsKacSdo0zHDaSRTFIuC0HYzuZ357TJVmsXw0k4T6Ag8kixjBxkoN0S+V3ao7B1onXk7KkKPeL/30wpikgkpDONa667mJ8TOsDCOcTou9VNMEkxEe0K6lEguq/WwedIoqVglRFCt7pEFzdXkjw0LriQjspMBmqFe9mfif101NdOtnTCapoZIsHopSjkyMZr9GIVOUGD6xBBPFbFZEhlhhYmw3xcryVeGYJTqP/bTIbUvyVitZJ62rqudWvcZ1uXaX11WAc7iAS/DgBmrwAHVoAgEKL/AKb86z8+58OJ+L0Q0n3zmDP3C+fgHaoJrM</latexit><latexit sha1_base64="mza4NEex/YjKQ+kL+G+9O46Kn7o=">AAACCHicbVDLSgMxFL3js9ZX1aWbYCm4KjMi6LLoxmUL9gHtUDKZTBuaZIYkUyxDf0C3+h/uxK1/4W/4BabtLGrrgcDhnHuTkxMknGnjut/OxubW9s5uYa+4f3B4dFw6OW3pOFWENknMY9UJsKacSdo0zHDaSRTFIuC0HYzuZ357TJVmsXw0k4T6Ag8kixjBxkoN0S+V3ao7B1onXk7KkKPeL/30wpikgkpDONa667mJ8TOsDCOcTou9VNMEkxEe0K6lEguq/WwedIoqVglRFCt7pEFzdXkjw0LriQjspMBmqFe9mfif101NdOtnTCapoZIsHopSjkyMZr9GIVOUGD6xBBPFbFZEhlhhYmw3xcryVeGYJTqP/bTIbUvyVitZJ62rqudWvcZ1uXaX11WAc7iAS/DgBmrwAHVoAgEKL/AKb86z8+58OJ+L0Q0n3zmDP3C+fgHaoJrM</latexit><latexit sha1_base64="mza4NEex/YjKQ+kL+G+9O46Kn7o=">AAACCHicbVDLSgMxFL3js9ZX1aWbYCm4KjMi6LLoxmUL9gHtUDKZTBuaZIYkUyxDf0C3+h/uxK1/4W/4BabtLGrrgcDhnHuTkxMknGnjut/OxubW9s5uYa+4f3B4dFw6OW3pOFWENknMY9UJsKacSdo0zHDaSRTFIuC0HYzuZ357TJVmsXw0k4T6Ag8kixjBxkoN0S+V3ao7B1onXk7KkKPeL/30wpikgkpDONa667mJ8TOsDCOcTou9VNMEkxEe0K6lEguq/WwedIoqVglRFCt7pEFzdXkjw0LriQjspMBmqFe9mfif101NdOtnTCapoZIsHopSjkyMZr9GIVOUGD6xBBPFbFZEhlhhYmw3xcryVeGYJTqP/bTIbUvyVitZJ62rqudWvcZ1uXaX11WAc7iAS/DgBmrwAHVoAgEKL/AKb86z8+58OJ+L0Q0n3zmDP3C+fgHaoJrM</latexit>
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Observables: cosmology

Gonzalo Alonso-Álvarez Dark Interactions 2018

Two main particular features of the mechanism:


1. Presence of a small component of isocurvature perturbations.


•  CDI “axion II” scenario in Planck 2018 analysis.


2. Very strong clumping at small scales.


• Fluctuations at the peak are large and they collapse around 
matter-radiation equality.


• Potential signals in gravitational lensing, astrophysical 
processes and direct & indirect detection.
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Observables: particle physics

Gonzalo Alonso-Álvarez

Gravitational-mediated decay, eg

⌧ = ��1 ⇠
64⇡M2

p

m3
. ⌧univ ⇠ 10�33 eV
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So far, we haven’t considered any non-gravitational interactions 
with other fields.

We can assume that at least gravity breaks this global symmetry.
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Stability:

The field has a       symmetry that impedes the decay.Z2
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Dark Interactions 2018

Other couplings are compatible with the production mechanism.



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 CMB scales.


• In the future: Study the phenomenology of the scenario


- Cosmology: clumping at small scales.


- Particle physics: coupling to other fields? Detection & stability.
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