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Motivation

Gonzalo Alonso-Álvarez

As we have seen during this week, scalar particles can play an 
important role in cosmology:


- Inflation, dark energy, …, dark matter.


We know dark matter feels gravity. What about other couplings?


- Non-minimal coupling to gravity: 

• Allowed by symmetries.

• Dimension 4.

• Motivated in perturbative approaches to quantum gravity.
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Main ideas & goal of the talk

Gonzalo Alonso-Álvarez

• Explore the cosmological relevance of the non-minimal 
coupling.


• Important for non-thermal dark matter production:


- Misalignment mechanism revisited.


- Production from inflationary fluctuations.
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Other ideas in this direction
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• Misalignment 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], …

Dark Interactions 2018



Relevance & applications
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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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Non-minimally coupled scalar
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Jordan frame        vs        Einstein frame 

• Non-minimal coupling


• Effective mass for

• Minimal coupling


• If

Backreaction is negligible

gµ⌫ = ⌦2g̃µ⌫
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The field is heavy during inflation, but it can be light from then on.

Non-minimal coupling in cosmology
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, R / H
2

<latexit sha1_base64="/e5l+XhGPL+W00yBnCV056eLMWA=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwISFpU213RTddVrEPaGKZTKbt0MmjMxOhhuKvuHGhiFv/w51/4/QhqOiBC4dz7uXee7yYUSFN80NbWFxaXlnNrGXXNza3tvWd3YaIEo5JHUcs4i0PCcJoSOqSSkZaMSco8BhpeoOLid+8JVzQKLyWo5i4AeqFtEsxkkrq6PsnznCYIB9eOTGPYhnB6k2+o+dMo1QuFOwSNA3bLlrmqSJWuZgvF6BlmFPkwBy1jv7u+BFOAhJKzJAQbcuMpZsiLilmZJx1EkFihAeoR9qKhiggwk2n14/hkVJ82I24qlDCqfp9IkWBEKPAU50Bkn3x25uIf3ntRHZLbkrDOJEkxLNF3YRB9eQkCuhTTrBkI0UQ5lTdCnEfcYSlCiyrQvj6FP5PGnnDUslc2rnK+TyODDgAh+AYWOAMVEAV1EAdYHAHHsATeNbutUftRXudtS5o85k98APa2yfXY5TV</latexit><latexit sha1_base64="/e5l+XhGPL+W00yBnCV056eLMWA=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwISFpU213RTddVrEPaGKZTKbt0MmjMxOhhuKvuHGhiFv/w51/4/QhqOiBC4dz7uXee7yYUSFN80NbWFxaXlnNrGXXNza3tvWd3YaIEo5JHUcs4i0PCcJoSOqSSkZaMSco8BhpeoOLid+8JVzQKLyWo5i4AeqFtEsxkkrq6PsnznCYIB9eOTGPYhnB6k2+o+dMo1QuFOwSNA3bLlrmqSJWuZgvF6BlmFPkwBy1jv7u+BFOAhJKzJAQbcuMpZsiLilmZJx1EkFihAeoR9qKhiggwk2n14/hkVJ82I24qlDCqfp9IkWBEKPAU50Bkn3x25uIf3ntRHZLbkrDOJEkxLNF3YRB9eQkCuhTTrBkI0UQ5lTdCnEfcYSlCiyrQvj6FP5PGnnDUslc2rnK+TyODDgAh+AYWOAMVEAV1EAdYHAHHsATeNbutUftRXudtS5o85k98APa2yfXY5TV</latexit><latexit sha1_base64="/e5l+XhGPL+W00yBnCV056eLMWA=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwISFpU213RTddVrEPaGKZTKbt0MmjMxOhhuKvuHGhiFv/w51/4/QhqOiBC4dz7uXee7yYUSFN80NbWFxaXlnNrGXXNza3tvWd3YaIEo5JHUcs4i0PCcJoSOqSSkZaMSco8BhpeoOLid+8JVzQKLyWo5i4AeqFtEsxkkrq6PsnznCYIB9eOTGPYhnB6k2+o+dMo1QuFOwSNA3bLlrmqSJWuZgvF6BlmFPkwBy1jv7u+BFOAhJKzJAQbcuMpZsiLilmZJx1EkFihAeoR9qKhiggwk2n14/hkVJ82I24qlDCqfp9IkWBEKPAU50Bkn3x25uIf3ntRHZLbkrDOJEkxLNF3YRB9eQkCuhTTrBkI0UQ5lTdCnEfcYSlCiyrQvj6FP5PGnnDUslc2rnK+TyODDgAh+AYWOAMVEAV1EAdYHAHHsATeNbutUftRXudtS5o85k98APa2yfXY5TV</latexit><latexit sha1_base64="/e5l+XhGPL+W00yBnCV056eLMWA=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwISFpU213RTddVrEPaGKZTKbt0MmjMxOhhuKvuHGhiFv/w51/4/QhqOiBC4dz7uXee7yYUSFN80NbWFxaXlnNrGXXNza3tvWd3YaIEo5JHUcs4i0PCcJoSOqSSkZaMSco8BhpeoOLid+8JVzQKLyWo5i4AeqFtEsxkkrq6PsnznCYIB9eOTGPYhnB6k2+o+dMo1QuFOwSNA3bLlrmqSJWuZgvF6BlmFPkwBy1jv7u+BFOAhJKzJAQbcuMpZsiLilmZJx1EkFihAeoR9qKhiggwk2n14/hkVJ82I24qlDCqfp9IkWBEKPAU50Bkn3x25uIf3ntRHZLbkrDOJEkxLNF3YRB9eQkCuhTTrBkI0UQ5lTdCnEfcYSlCiyrQvj6FP5PGnnDUslc2rnK+TyODDgAh+AYWOAMVEAV1EAdYHAHHsATeNbutUftRXudtS5o85k98APa2yfXY5TV</latexit>

minf = O(HI)!
<latexit sha1_base64="F3cz5j8V7OwHu7QhgCG5hhgi0O0=">AAACCXicbVDLSsNAFJ3UV62vqks3o0Wom5KIoBuh6KaurGAf0IQwmU7aoTOTMDMRSsjWjb/ixoUibv0Dd/6Nk7YLbT1w4XDOvdx7TxAzqrRtf1uFpeWV1bXiemljc2t7p7y711ZRIjFp4YhFshsgRRgVpKWpZqQbS4J4wEgnGF3nfueBSEUjca/HMfE4GggaUoy0kfwy5H7qSg6pCDN4CV2O9BAjlt5m1YZ/cwIP/XLFrtkTwEXizEgFzND0y19uP8IJJ0JjhpTqOXasvRRJTTEjWclNFIkRHqEB6RkqECfKSyefZPDYKH0YRtKU0HCi/p5IEVdqzAPTmV+q5r1c/M/rJTq88FIq4kQTgaeLwoRBHcE8FtinkmDNxoYgLKm5FeIhkghrE17JhODMv7xI2qc1x645d2eV+tUsjiI4AEegChxwDuqgAZqgBTB4BM/gFbxZT9aL9W59TFsL1mxmH/yB9fkDSzCYww==</latexit><latexit sha1_base64="F3cz5j8V7OwHu7QhgCG5hhgi0O0=">AAACCXicbVDLSsNAFJ3UV62vqks3o0Wom5KIoBuh6KaurGAf0IQwmU7aoTOTMDMRSsjWjb/ixoUibv0Dd/6Nk7YLbT1w4XDOvdx7TxAzqrRtf1uFpeWV1bXiemljc2t7p7y711ZRIjFp4YhFshsgRRgVpKWpZqQbS4J4wEgnGF3nfueBSEUjca/HMfE4GggaUoy0kfwy5H7qSg6pCDN4CV2O9BAjlt5m1YZ/cwIP/XLFrtkTwEXizEgFzND0y19uP8IJJ0JjhpTqOXasvRRJTTEjWclNFIkRHqEB6RkqECfKSyefZPDYKH0YRtKU0HCi/p5IEVdqzAPTmV+q5r1c/M/rJTq88FIq4kQTgaeLwoRBHcE8FtinkmDNxoYgLKm5FeIhkghrE17JhODMv7xI2qc1x645d2eV+tUsjiI4AEegChxwDuqgAZqgBTB4BM/gFbxZT9aL9W59TFsL1mxmH/yB9fkDSzCYww==</latexit><latexit sha1_base64="F3cz5j8V7OwHu7QhgCG5hhgi0O0=">AAACCXicbVDLSsNAFJ3UV62vqks3o0Wom5KIoBuh6KaurGAf0IQwmU7aoTOTMDMRSsjWjb/ixoUibv0Dd/6Nk7YLbT1w4XDOvdx7TxAzqrRtf1uFpeWV1bXiemljc2t7p7y711ZRIjFp4YhFshsgRRgVpKWpZqQbS4J4wEgnGF3nfueBSEUjca/HMfE4GggaUoy0kfwy5H7qSg6pCDN4CV2O9BAjlt5m1YZ/cwIP/XLFrtkTwEXizEgFzND0y19uP8IJJ0JjhpTqOXasvRRJTTEjWclNFIkRHqEB6RkqECfKSyefZPDYKH0YRtKU0HCi/p5IEVdqzAPTmV+q5r1c/M/rJTq88FIq4kQTgaeLwoRBHcE8FtinkmDNxoYgLKm5FeIhkghrE17JhODMv7xI2qc1x645d2eV+tUsjiI4AEegChxwDuqgAZqgBTB4BM/gFbxZT9aL9W59TFsL1mxmH/yB9fkDSzCYww==</latexit><latexit sha1_base64="F3cz5j8V7OwHu7QhgCG5hhgi0O0=">AAACCXicbVDLSsNAFJ3UV62vqks3o0Wom5KIoBuh6KaurGAf0IQwmU7aoTOTMDMRSsjWjb/ixoUibv0Dd/6Nk7YLbT1w4XDOvdx7TxAzqrRtf1uFpeWV1bXiemljc2t7p7y711ZRIjFp4YhFshsgRRgVpKWpZqQbS4J4wEgnGF3nfueBSEUjca/HMfE4GggaUoy0kfwy5H7qSg6pCDN4CV2O9BAjlt5m1YZ/cwIP/XLFrtkTwEXizEgFzND0y19uP8IJJ0JjhpTqOXasvRRJTTEjWclNFIkRHqEB6RkqECfKSyefZPDYKH0YRtKU0HCi/p5IEVdqzAPTmV+q5r1c/M/rJTq88FIq4kQTgaeLwoRBHcE8FtinkmDNxoYgLKm5FeIhkghrE17JhODMv7xI2qc1x645d2eV+tUsjiI4AEegChxwDuqgAZqgBTB4BM/gFbxZT9aL9W59TFsL1mxmH/yB9fkDSzCYww==</latexit>

Light Scalars 2019



Misalignment mechanism revisited

Gonzalo Alonso-Álvarez Light Scalars 2019



Misalignment mechanism

Gonzalo Alonso-Álvarez

EOM of a minimally coupled homogeneous scalar field:

Light Scalars 2019

INFLATION RADIATION ERA MATTER ERA Λ ERA

�̈+ 3H�̇+m
2
� = 0

<latexit sha1_base64="1kQzgCOz4osTXwRdMZr0sVLZH4Q="></latexit>

Harmonic oscillator!

H
<latexit sha1_base64="UDXuehOBuC8CqqsWEz+PYDJgSNo=">AAACanicbVHLSgMxFE3Hd32NupJuglUQhDLTCroRpG5cSRX7gE4tmcxtG5p5kGSKZZjv8xv8B9240K1pO4K1Xggczrnn3uTEjTiTyrJec8bS8srq2vpGfnNre2fX3NtvyDAWFOo05KFouUQCZwHUFVMcWpEA4rscmu7wZqI3RyAkC4NHNY6g45N+wHqMEqWprklOHM8LVeJEA5biM1xJnOnQ5I6MxlUeQ3qbOr8bfvSqYHT4AF 7qP5XTiYivsJX/x901i1bJmhZeBHYGiiirWtf80Atp7EOgKCdStm0rUp2ECMUohzTvxBIiQoekD20NA+KD7CTTvSk+0YyHe6HQJ1B4ys45vBGLZOZ5npl+6wnxpRz7rp7kEzWQf7UJ+Z/WjlXvspOwIIoVBHR2kV7MsQrxJHfsMQFU8bEGhAqm34LpgAhClf6dvA7J/hvJImiUS3alVL4/L15Xs7jWUQEdoVNkowt0jW5RDdURRS/oHX2ir9ybsW8cGoVZq5HLPAdorozjb0ZjvrM=</latexit>

m
<latexit sha1_base64="ouZMs4lnQarhqt2Rn7HqtgdqS7I=">AAACaHicbVHLSgMxFE3Hd32NuhBxE1oEQSgzVdCNIHXjSlTsAzq1ZDK3NjTzIMkUyzCf50f4C7oT3ZtpR7CtFwKHc+65NzlxI86ksqy3grGwuLS8srpWXN/Y3No2d3YbMowFhToNeShaLpHAWQB1xRSHViSA+C6Hpju4zvTmEIRkYfCoRhF0fPIcsB6jRGmqa3aPHM8LVeJEfZbiE3yaOOOhyS0Zjmo8hvQmdf42/Oo1wejgAb zUf6qmmYgvsVWcE7tm2apY48LzwM5BGeV11zU/9Toa+xAoyomUbduKVCchQjHKIS06sYSI0AF5hraGAfFBdpLx2hQfacbDvVDoEyg8Zqcc3pBFMve8TEx/9YT4Uo58V0/yierLWS0j/9PasepddBIWRLGCgE4u0os5ViHOUsceE0AVH2lAqGD6LZj2iSBU6b8p6pDs2UjmQaNasU8r1fuz8lUtj2sVHaISOkY2OkdX6AbdoTqi6BV9oC/0XXg3TGPfOJi0GoXcs4emyij9ACKIvaw=</latexit>

Overdamped Damped oscillations

� ' �s
<latexit sha1_base64="2NCahBTijkxBoS68RGj2lblp4DU="></latexit>

� / a�3/2 cosmt
<latexit sha1_base64="zRxcxPCTMuJFck/7YW6aka+zh0o="></latexit>

⌦�

⌦DM
⇠

✓
�s

1011 GeV

◆2 r m

eV
<latexit sha1_base64="PaiP0Q3RBclcJh8rsv7EInkNC3w="></latexit>

Relic density:

Arias et al [1201.5902],

Nelson & Scholtz [1105.2812], …



Misalignment mechanism revisited

Gonzalo Alonso-Álvarez

EOM of a non-minimally coupled homogeneous scalar field:

Light Scalars 2019

INFLATION RADIATION ERA MATTER ERA Λ ERA

Harmonic oscillator!

H
<latexit sha1_base64="UDXuehOBuC8CqqsWEz+PYDJgSNo=">AAACanicbVHLSgMxFE3Hd32NupJuglUQhDLTCroRpG5cSRX7gE4tmcxtG5p5kGSKZZjv8xv8B9240K1pO4K1Xggczrnn3uTEjTiTyrJec8bS8srq2vpGfnNre2fX3NtvyDAWFOo05KFouUQCZwHUFVMcWpEA4rscmu7wZqI3RyAkC4NHNY6g45N+wHqMEqWprklOHM8LVeJEA5biM1xJnOnQ5I6MxlUeQ3qbOr8bfvSqYHT4AF 7qP5XTiYivsJX/x901i1bJmhZeBHYGiiirWtf80Atp7EOgKCdStm0rUp2ECMUohzTvxBIiQoekD20NA+KD7CTTvSk+0YyHe6HQJ1B4ys45vBGLZOZ5npl+6wnxpRz7rp7kEzWQf7UJ+Z/WjlXvspOwIIoVBHR2kV7MsQrxJHfsMQFU8bEGhAqm34LpgAhClf6dvA7J/hvJImiUS3alVL4/L15Xs7jWUQEdoVNkowt0jW5RDdURRS/oHX2ir9ybsW8cGoVZq5HLPAdorozjb0ZjvrM=</latexit>

m
<latexit sha1_base64="ouZMs4lnQarhqt2Rn7HqtgdqS7I=">AAACaHicbVHLSgMxFE3Hd32NuhBxE1oEQSgzVdCNIHXjSlTsAzq1ZDK3NjTzIMkUyzCf50f4C7oT3ZtpR7CtFwKHc+65NzlxI86ksqy3grGwuLS8srpWXN/Y3No2d3YbMowFhToNeShaLpHAWQB1xRSHViSA+C6Hpju4zvTmEIRkYfCoRhF0fPIcsB6jRGmqa3aPHM8LVeJEfZbiE3yaOOOhyS0Zjmo8hvQmdf42/Oo1wejgAb zUf6qmmYgvsVWcE7tm2apY48LzwM5BGeV11zU/9Toa+xAoyomUbduKVCchQjHKIS06sYSI0AF5hraGAfFBdpLx2hQfacbDvVDoEyg8Zqcc3pBFMve8TEx/9YT4Uo58V0/yierLWS0j/9PasepddBIWRLGCgE4u0os5ViHOUsceE0AVH2lAqGD6LZj2iSBU6b8p6pDs2UjmQaNasU8r1fuz8lUtj2sVHaISOkY2OkdX6AbdoTqi6BV9oC/0XXg3TGPfOJi0GoXcs4emyij9ACKIvaw=</latexit>

Overdamped Damped oscillations

� / a�3/2 cosmt
<latexit sha1_base64="zRxcxPCTMuJFck/7YW6aka+zh0o="></latexit>

�̈+ 3H�̇+
�
m

2 + ⇠R
�
� = 0

<latexit sha1_base64="3TBHf3BCWKt4nCDkXHB0MyC2SYg="></latexit>

R
<latexit sha1_base64="0A8Eu1WVJScAnZzyjpxpABvdUns=">AAADJ3icbVLLbhMxFPUMrxJeKSwRkkUUqQgUzaRIdINUBSS6gZaKpJXiJHI8nsSKPTO1PVEjyzt+BrbwH+wQLPkFvgDPA2jTXsnS8T333Ht95GnGmdJB8NPzr1y9dv3Gxs3Grdt37t5rbt4fqDSXhPZJylN5PMWKcpbQvmaa0+NMUiymnB5NF68K/mhJpWJp8kGvMjoSeJawmBGsXWqy6T1qoyhKtUHZnFn4FG4bVHY17/By1e M5tXsWnS1AnMZ6629VTzKyOKSRFeNuyZ4y+I/LZaL3JU5m1B5aJNlsrp8UbeBLGDTaKJaYGLQv6AxPqvb2/1UK+PqttRApJuqZsFa4yomyJgzGJgwteoYE1nMpzBs6KATVnHHXSU+k27sSra/rRtWyQmUbly89abaCTlAGvAjCGrRAHQeT5m9nFskFTTThWKlhGGR6ZLDUjHBqGyhXNMNkgWd06GCCBVUjU462sO0yEYxT6U6iYZk9p4iWLFO15rQSneUNFkqtxNR1Kt6m1rkieRk3zHW8MzIsyXJNE1ItEucc6hQWnwZGTFKi+coBTCRzb4Fkjp2v2n2thjMpXLfkIhh0O+F2p/v+eWu3V9u1AR6Cx2ALhOAF2AV74AD0AfE+ep+9L95X/5P/zf/u/6hKfa/WPADnwv/1B4ebCA0=</latexit>

� ' �e
<latexit sha1_base64="SncjfEtJRhp9XF1Xy/D0KWWWvtU="></latexit>

Exponentially 
damped

�e ' �s e
� 4

3 ⇠N
<latexit sha1_base64="sQYW/5qbeNJca3Z+/9dPCNitwsU="></latexit>

Relic density: ⌦�

⌦DM
⇠
 
�s e�

4
3 ⇠N

1011 GeV

!2r
m

eV
<latexit sha1_base64="yCwoEvCmi4SDt+JgbtsU7V0A/UA="></latexit>



Isocurvature fluctuations

Gonzalo Alonso-Álvarez Light Scalars 2019

Fluctuations freeze as the modes exit the horizon during inflation.

P�(kCMB) '
4

�2
e

✓
HI

2⇡

◆2

<latexit sha1_base64="noZTTRlmVbeDC7DKRz/O39kcfuc="></latexit>



P�(kCMB) '
4

�2
e e

� 8
3 ⇠N(kCMB)

✓
HI

2⇡

◆2

<latexit sha1_base64="H5YL1Xvt1E1Um06UZr9pa2xdUWU="></latexit>

Isocurvature fluctuations revisited

Gonzalo Alonso-Álvarez Light Scalars 2019

Superhorizon modes are not frozen during inflation.



Gonzalo Alonso-Álvarez Light Scalars 2019

Minimal 
coupling

Isocurvature constraints are weakened for            .⇠ > 0
<latexit sha1_base64="UO1mUgTJ27gypG1RQ3nFxYSJcfg="></latexit>

Misalignment parameter space revisited



Dark matter from fluctuations

Gonzalo Alonso-Álvarez Light Scalars 2019



The homogeneous field is damped 
away during inflation.

Higher momentum modes are 
excited due to the time-dependent 

gravitational background.
�̈+ 3H�̇+

�
m

2 + ⇠R
�
� = 0.

<latexit sha1_base64="uBgZaPAuy4uDdReyOf3fZ+w50/4="></latexit><latexit sha1_base64="uBgZaPAuy4uDdReyOf3fZ+w50/4="></latexit><latexit sha1_base64="uBgZaPAuy4uDdReyOf3fZ+w50/4="></latexit><latexit sha1_base64="uBgZaPAuy4uDdReyOf3fZ+w50/4="></latexit>

Evolves to minimum:

Stuck:
m ⌧ HI

<latexit sha1_base64="RI6kanNveiiko9T6BN3vnJFZGko=">AAACNHicbVDLSsNAFJ34rPVVdelmsAgupCQi6LLUTd1IFfuAJpTJ5LYdOnkwMymWkJ/wY8St/oXgTtwK/oHTNoJtPXDhcO7rcNyIM6lM881YWl5ZXVvPbeQ3t7Z3dgt7+w0ZxoJCnYY8FC2XSOAsgLpiikMrEkB8l0PTHVyN+80hCMnC4F6NInB80gtYl1GitNQpnCb25EhSEYwO7sBLsZ/anP/KN2Q4qvAY0mrnOu0UimbJnAAvEisjRZSh1il8215IYx8CRTmRsm2ZkXISIhSjHNK8HUuICB2QHrQ1DYgP0kkmn1N8rBUPd0OhK1B4ov7dSIgv5ch39aRPVF/O98bif712rLqXTsKCKFYQ0OmjbsyxCvE4IuwxAVTxkSaECqa9YtonglClg5y55A1ZJDPXD1PbOiNrPpFF0jgrWWbJuj0vlitZWjl0iI7QCbLQBSqjKqqhOqLoET2jF/RqPBnvxofxOR1dMrKdAzQD4+sHyYGtxg==</latexit><latexit sha1_base64="RI6kanNveiiko9T6BN3vnJFZGko=">AAACNHicbVDLSsNAFJ34rPVVdelmsAgupCQi6LLUTd1IFfuAJpTJ5LYdOnkwMymWkJ/wY8St/oXgTtwK/oHTNoJtPXDhcO7rcNyIM6lM881YWl5ZXVvPbeQ3t7Z3dgt7+w0ZxoJCnYY8FC2XSOAsgLpiikMrEkB8l0PTHVyN+80hCMnC4F6NInB80gtYl1GitNQpnCb25EhSEYwO7sBLsZ/anP/KN2Q4qvAY0mrnOu0UimbJnAAvEisjRZSh1il8215IYx8CRTmRsm2ZkXISIhSjHNK8HUuICB2QHrQ1DYgP0kkmn1N8rBUPd0OhK1B4ov7dSIgv5ch39aRPVF/O98bif712rLqXTsKCKFYQ0OmjbsyxCvE4IuwxAVTxkSaECqa9YtonglClg5y55A1ZJDPXD1PbOiNrPpFF0jgrWWbJuj0vlitZWjl0iI7QCbLQBSqjKqqhOqLoET2jF/RqPBnvxofxOR1dMrKdAzQD4+sHyYGtxg==</latexit><latexit sha1_base64="RI6kanNveiiko9T6BN3vnJFZGko=">AAACNHicbVDLSsNAFJ34rPVVdelmsAgupCQi6LLUTd1IFfuAJpTJ5LYdOnkwMymWkJ/wY8St/oXgTtwK/oHTNoJtPXDhcO7rcNyIM6lM881YWl5ZXVvPbeQ3t7Z3dgt7+w0ZxoJCnYY8FC2XSOAsgLpiikMrEkB8l0PTHVyN+80hCMnC4F6NInB80gtYl1GitNQpnCb25EhSEYwO7sBLsZ/anP/KN2Q4qvAY0mrnOu0UimbJnAAvEisjRZSh1il8215IYx8CRTmRsm2ZkXISIhSjHNK8HUuICB2QHrQ1DYgP0kkmn1N8rBUPd0OhK1B4ov7dSIgv5ch39aRPVF/O98bif712rLqXTsKCKFYQ0OmjbsyxCvE4IuwxAVTxkSaECqa9YtonglClg5y55A1ZJDPXD1PbOiNrPpFF0jgrWWbJuj0vlitZWjl0iI7QCbLQBSqjKqqhOqLoET2jF/RqPBnvxofxOR1dMrKdAzQD4+sHyYGtxg==</latexit><latexit sha1_base64="RI6kanNveiiko9T6BN3vnJFZGko=">AAACNHicbVDLSsNAFJ34rPVVdelmsAgupCQi6LLUTd1IFfuAJpTJ5LYdOnkwMymWkJ/wY8St/oXgTtwK/oHTNoJtPXDhcO7rcNyIM6lM881YWl5ZXVvPbeQ3t7Z3dgt7+w0ZxoJCnYY8FC2XSOAsgLpiikMrEkB8l0PTHVyN+80hCMnC4F6NInB80gtYl1GitNQpnCb25EhSEYwO7sBLsZ/anP/KN2Q4qvAY0mrnOu0UimbJnAAvEisjRZSh1il8215IYx8CRTmRsm2ZkXISIhSjHNK8HUuICB2QHrQ1DYgP0kkmn1N8rBUPd0OhK1B4ov7dSIgv5ch39aRPVF/O98bif712rLqXTsKCKFYQ0OmjbsyxCvE4IuwxAVTxkSaECqa9YtonglClg5y55A1ZJDPXD1PbOiNrPpFF0jgrWWbJuj0vlitZWjl0iI7QCbLQBSqjKqqhOqLoET2jF/RqPBnvxofxOR1dMrKdAzQD4+sHyYGtxg==</latexit>
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Classically Quantum mechanically

A larger    suppresses the 
occupation number.
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Gonzalo Alonso-Álvarez Light Scalars 2019
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Dark matter from fluctuations



But aren’t the fluctuations isocurvature?

Gonzalo Alonso-Álvarez Light Scalars 2019

Spectrum of fluctuations of a minimally coupled scalar.

Spectrum of fluctuations of a non-minimally coupled scalar.

Adiabatic

Isocurvature



Looking with an observationalist’s googles

Gonzalo Alonso-Álvarez Light Scalars 2019

Spectrum of fluctuations of a minimally coupled scalar.

Spectrum of fluctuations of a non-minimally coupled scalar.

Adiabatic

Isocurvature
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Evolution of the fluctuations

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
?
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Isocurvature power spectrum

Gonzalo Alonso-Álvarez Light Scalars 2019



For a given     and   , fixing the abundance to the dark matter 
one selects a scale of inflation.
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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 Light Scalars 2019



Observables: cosmology

Gonzalo Alonso-Álvarez

Two main particular features of the mechanism:


1. Presence of a small component of isocurvature perturbations.


• The spectral tilt depends on   . 


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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Other couplings are compatible with the production mechanism.
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1. Non-minimal couplings to gravity can have an impact on the 
cosmological evolution of scalar fields.


2. Relevant for non-thermal dark matter production:

- Misalignement mechanism is modified.

- Production from inflationary fluctuations becomes possible.


• In the future: Study the phenomenology

- Cosmology: clumping at small scales.

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