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Isocurvature perturbations

suppressed at large scales.
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But only if !seen in the CMB
How may this happen?
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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
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The field is heavy during inflation, but it can be light from then on.

Non-minimal coupling to gravity
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Isocurvature fluctuations are small enough at the CMB scales.

The density power spectrum is peaked at the intermediate scale        .k�1
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<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>

Power spectrum & isocurvature
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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>

Parameter space
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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>

Parameter space
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In one sentence
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1. Dark matter can be generated from quantum fluctuations of a 
non-minimally coupled light scalar field during inflation.
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Horizon 2020

1. Dark matter can be generated from quantum fluctuations of a 
non-minimally coupled light scalar field during inflation.
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