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Dark matter in the universe
Mounting evidence from kpc-sized galaxies up to cosmological scales suggests that the majority 

of pressure-less matter in the universe is not baryonic in nature

Credit: ESA

Non-exhaustive list of open questions in the dark matter quest:

• Is there cosmic evidence to go beyond the cold and collisionless 

paradigm? 

•How is dark matter produced in the early universe, and how does this 

connect to late universe observables? 

• Is dark matter a particle and fundamentally wave-like or particle-like?

• Is there a dark sector containing other new particles and/or forces? 

Does dark matter have important self-interactions? 

…Snowmass Cosmic Frontier; Snowmass Astro&Cosmo Probes of DM; EuCAPT White Paper

While the dark matter gravitational impact is well 
measured, its nature remains a mystery 

https://arxiv.org/pdf/2211.09978.pdf
arXiv:2203.06380v1


Dark matter indirect detection
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Energy/particle injection Gravitational interaction
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Capture/scattering/accretion 
in/onto astrophysical objects

What dark matter does with/to the environment 
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A focus on multi-wavelength photons
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<latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit>

MeV
<latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit>

GeV
<latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit>

10�16 M�
<latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit>

102 TeV
<latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit>

PBHSterile WIMPsQCD axion/ALPsFuzzy DM ⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

Radio, X &    rays, CRs�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X &    rays�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X rays rays, CRs & ⌫<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X-ray linesRadio lines

EuCAPT White Paper, arXiv:2110.10074

Indirect searches for dark matter successfully test different dark matter models 
(WIMPs, ALPs, PBHs, etc), probing a large portion of their parameter space
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Particle dark matter emission 

ECM = N mDM , N = 1 (decay), 2 (annih)
<latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit>

Centre of mass energy  Signal energy '<latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit>

(DM)DM ! SM SM
<latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit><latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit><latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit><latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit>

Narrow line signal 

mDM . MeV
<latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit><latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit><latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit><latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit>

mDM & MeV
<latexit sha1_base64="8d/G8RddH3SITfSJ8jXWwK6cmGo=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiLtwUKtgHdIYhk6ZtaDIzJBmhDAU3/oobF4q49Sfc+Tdm2llo64HAyTnnktwTJpwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHshFhRziLa1Exz2kkkxSLktB2OrnO//UClYnF0r8cJ9QUeRKzPCNZGCuxDEWSeFOimPkHeQJugQPm9TluBXXGqzhRokbgFqUCBRmB/eb2YpIJGmnCsVNd1Eu1nWGpGOJ2UvVTRBJMRHtCuoREWVPnZdIcJOjFKD/VjaU6k0VT9PZFhodRYhCYpsB6qeS8X//O6qe5f+hmLklTTiMwe6qcc6RjlhaAek5RoPjYEE8nMXxEZYomJNrWVTQnu/MqLpHVWdZ2qe3deqV0VdZTgCI7hFFy4gBrcQgOaQOARnuEV3qwn68V6tz5m0SWrmDmAP7A+fwDKe5b0</latexit><latexit sha1_base64="8d/G8RddH3SITfSJ8jXWwK6cmGo=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiLtwUKtgHdIYhk6ZtaDIzJBmhDAU3/oobF4q49Sfc+Tdm2llo64HAyTnnktwTJpwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHshFhRziLa1Exz2kkkxSLktB2OrnO//UClYnF0r8cJ9QUeRKzPCNZGCuxDEWSeFOimPkHeQJugQPm9TluBXXGqzhRokbgFqUCBRmB/eb2YpIJGmnCsVNd1Eu1nWGpGOJ2UvVTRBJMRHtCuoREWVPnZdIcJOjFKD/VjaU6k0VT9PZFhodRYhCYpsB6qeS8X//O6qe5f+hmLklTTiMwe6qcc6RjlhaAek5RoPjYEE8nMXxEZYomJNrWVTQnu/MqLpHVWdZ2qe3deqV0VdZTgCI7hFFy4gBrcQgOaQOARnuEV3qwn68V6tz5m0SWrmDmAP7A+fwDKe5b0</latexit><latexit sha1_base64="8d/G8RddH3SITfSJ8jXWwK6cmGo=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiLtwUKtgHdIYhk6ZtaDIzJBmhDAU3/oobF4q49Sfc+Tdm2llo64HAyTnnktwTJpwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHshFhRziLa1Exz2kkkxSLktB2OrnO//UClYnF0r8cJ9QUeRKzPCNZGCuxDEWSeFOimPkHeQJugQPm9TluBXXGqzhRokbgFqUCBRmB/eb2YpIJGmnCsVNd1Eu1nWGpGOJ2UvVTRBJMRHtCuoREWVPnZdIcJOjFKD/VjaU6k0VT9PZFhodRYhCYpsB6qeS8X//O6qe5f+hmLklTTiMwe6qcc6RjlhaAek5RoPjYEE8nMXxEZYomJNrWVTQnu/MqLpHVWdZ2qe3deqV0VdZTgCI7hFFy4gBrcQgOaQOARnuEV3qwn68V6tz5m0SWrmDmAP7A+fwDKe5b0</latexit><latexit sha1_base64="8d/G8RddH3SITfSJ8jXWwK6cmGo=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiLtwUKtgHdIYhk6ZtaDIzJBmhDAU3/oobF4q49Sfc+Tdm2llo64HAyTnnktwTJpwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHshFhRziLa1Exz2kkkxSLktB2OrnO//UClYnF0r8cJ9QUeRKzPCNZGCuxDEWSeFOimPkHeQJugQPm9TluBXXGqzhRokbgFqUCBRmB/eb2YpIJGmnCsVNd1Eu1nWGpGOJ2UvVTRBJMRHtCuoREWVPnZdIcJOjFKD/VjaU6k0VT9PZFhodRYhCYpsB6qeS8X//O6qe5f+hmLklTTiMwe6qcc6RjlhaAek5RoPjYEE8nMXxEZYomJNrWVTQnu/MqLpHVWdZ2qe3deqV0VdZTgCI7hFFy4gBrcQgOaQOARnuEV3qwn68V6tz5m0SWrmDmAP7A+fwDKe5b0</latexit>

Broader energy distribution  
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<latexit sha1_base64="tXpVCJHS5EK0wLM64G+ahN/nxWk="></latexit><latexit sha1_base64="tXpVCJHS5EK0wLM64G+ahN/nxWk="></latexit><latexit sha1_base64="tXpVCJHS5EK0wLM64G+ahN/nxWk="></latexit><latexit sha1_base64="tXpVCJHS5EK0wLM64G+ahN/nxWk="></latexit>
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2<latexit sha1_base64="91JxTotvsyELjl2fWH9OXix5QbU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVZIi6EYoPsCNUsE+oClhMp20Q2cmYWYilJC1G3/FjQtF3PoF7vwbp20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr2901RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF6M/dYDkYpG4l6PYtLlqC9oSDHSRvLt/Svf6yPOETyDXigRTm8h91NPcnh5k2VpNfPtslNxJoDzxM1JGeSo+/aX14twwonQmCGlOq4T626KpKaYkazkJYrECA9Rn3QMFYgT1U0nr2Tw0Cg9GEbSlNBwov6eSBFXasQD08mRHqhZbyz+53USHZ52UyriRBOBp4vChEEdwXEusEclwZqNDEFYUnMrxANkAtEmvZIJwZ19eZ40qxXXqbh3x+XaeR5HEeyBA3AEXHACauAa1EEDYPAInsEreLOerBfr3fqYthasfGYX/IH1+QPFf5mt</latexit><latexit sha1_base64="91JxTotvsyELjl2fWH9OXix5QbU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVZIi6EYoPsCNUsE+oClhMp20Q2cmYWYilJC1G3/FjQtF3PoF7vwbp20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr2901RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF6M/dYDkYpG4l6PYtLlqC9oSDHSRvLt/Svf6yPOETyDXigRTm8h91NPcnh5k2VpNfPtslNxJoDzxM1JGeSo+/aX14twwonQmCGlOq4T626KpKaYkazkJYrECA9Rn3QMFYgT1U0nr2Tw0Cg9GEbSlNBwov6eSBFXasQD08mRHqhZbyz+53USHZ52UyriRBOBp4vChEEdwXEusEclwZqNDEFYUnMrxANkAtEmvZIJwZ19eZ40qxXXqbh3x+XaeR5HEeyBA3AEXHACauAa1EEDYPAInsEreLOerBfr3fqYthasfGYX/IH1+QPFf5mt</latexit><latexit sha1_base64="91JxTotvsyELjl2fWH9OXix5QbU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVZIi6EYoPsCNUsE+oClhMp20Q2cmYWYilJC1G3/FjQtF3PoF7vwbp20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr2901RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF6M/dYDkYpG4l6PYtLlqC9oSDHSRvLt/Svf6yPOETyDXigRTm8h91NPcnh5k2VpNfPtslNxJoDzxM1JGeSo+/aX14twwonQmCGlOq4T626KpKaYkazkJYrECA9Rn3QMFYgT1U0nr2Tw0Cg9GEbSlNBwov6eSBFXasQD08mRHqhZbyz+53USHZ52UyriRBOBp4vChEEdwXEusEclwZqNDEFYUnMrxANkAtEmvZIJwZ19eZ40qxXXqbh3x+XaeR5HEeyBA3AEXHACauAa1EEDYPAInsEreLOerBfr3fqYthasfGYX/IH1+QPFf5mt</latexit><latexit sha1_base64="91JxTotvsyELjl2fWH9OXix5QbU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVZIi6EYoPsCNUsE+oClhMp20Q2cmYWYilJC1G3/FjQtF3PoF7vwbp20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr2901RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF6M/dYDkYpG4l6PYtLlqC9oSDHSRvLt/Svf6yPOETyDXigRTm8h91NPcnh5k2VpNfPtslNxJoDzxM1JGeSo+/aX14twwonQmCGlOq4T626KpKaYkazkJYrECA9Rn3QMFYgT1U0nr2Tw0Cg9GEbSlNBwov6eSBFXasQD08mRHqhZbyz+53USHZ52UyriRBOBp4vChEEdwXEusEclwZqNDEFYUnMrxANkAtEmvZIJwZ19eZ40qxXXqbh3x+XaeR5HEeyBA3AEXHACauAa1EEDYPAInsEreLOerBfr3fqYthasfGYX/IH1+QPFf5mt</latexit>
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<latexit sha1_base64="eKDkUS5kZOUVm7+GMZROADk3668="></latexit><latexit sha1_base64="eKDkUS5kZOUVm7+GMZROADk3668="></latexit><latexit sha1_base64="eKDkUS5kZOUVm7+GMZROADk3668="></latexit><latexit sha1_base64="eKDkUS5kZOUVm7+GMZROADk3668="></latexit>

Francesca Calore, CNRS-LAPTh 5

Observable
Fluxes

D
M

 a
nn

ih
ila

tio
n/

de
ca

y

Bq

M. Di Mauro (Wed)



6

✓DM = {�� ,mDM}
<latexit sha1_base64="3FSjtzHaS5LdefxgF67aiCVG5YI=">AAACGXicbVBNSwMxEM36WetX1aOXYBE8SNkVQS9CUUEvQgXbCt2yzKZpG5rsLsmsUJb+DS/+FS8eFPGoJ/+N6Qei1QfDPN6bIZkXJlIYdN1PZ2Z2bn5hMbeUX15ZXVsvbGzWTJxqxqsslrG+DcFwKSJeRYGS3yaagwolr4e9s6Ffv+PaiDi6wX7Cmwo6kWgLBmiloODmfexyhCDztaLnVwN6Qv3MvwClIPA7w7ZP1bfrD4JC0S25I9C/xJuQIpmgEhTe/VbMUsUjZBKMaXhugs0MNAom+SDvp4YnwHrQ4Q1LI1DcNLPRZQO6a5UWbcfaVoR0pP7cyEAZ01ehnVSAXTPtDcX/vEaK7eNmJqIkRR6x8UPtVFKM6TAm2hKaM5R9S4BpYf9KWRc0MLRh5m0I3vTJf0ntoOS5Je/6sFg+ncSRI9tkh+wRjxyRMrkkFVIljNyTR/JMXpwH58l5dd7GozPOZGeL/ILz8QWfIJ9w</latexit><latexit sha1_base64="3FSjtzHaS5LdefxgF67aiCVG5YI=">AAACGXicbVBNSwMxEM36WetX1aOXYBE8SNkVQS9CUUEvQgXbCt2yzKZpG5rsLsmsUJb+DS/+FS8eFPGoJ/+N6Qei1QfDPN6bIZkXJlIYdN1PZ2Z2bn5hMbeUX15ZXVsvbGzWTJxqxqsslrG+DcFwKSJeRYGS3yaagwolr4e9s6Ffv+PaiDi6wX7Cmwo6kWgLBmiloODmfexyhCDztaLnVwN6Qv3MvwClIPA7w7ZP1bfrD4JC0S25I9C/xJuQIpmgEhTe/VbMUsUjZBKMaXhugs0MNAom+SDvp4YnwHrQ4Q1LI1DcNLPRZQO6a5UWbcfaVoR0pP7cyEAZ01ehnVSAXTPtDcX/vEaK7eNmJqIkRR6x8UPtVFKM6TAm2hKaM5R9S4BpYf9KWRc0MLRh5m0I3vTJf0ntoOS5Je/6sFg+ncSRI9tkh+wRjxyRMrkkFVIljNyTR/JMXpwH58l5dd7GozPOZGeL/ILz8QWfIJ9w</latexit><latexit sha1_base64="3FSjtzHaS5LdefxgF67aiCVG5YI=">AAACGXicbVBNSwMxEM36WetX1aOXYBE8SNkVQS9CUUEvQgXbCt2yzKZpG5rsLsmsUJb+DS/+FS8eFPGoJ/+N6Qei1QfDPN6bIZkXJlIYdN1PZ2Z2bn5hMbeUX15ZXVsvbGzWTJxqxqsslrG+DcFwKSJeRYGS3yaagwolr4e9s6Ffv+PaiDi6wX7Cmwo6kWgLBmiloODmfexyhCDztaLnVwN6Qv3MvwClIPA7w7ZP1bfrD4JC0S25I9C/xJuQIpmgEhTe/VbMUsUjZBKMaXhugs0MNAom+SDvp4YnwHrQ4Q1LI1DcNLPRZQO6a5UWbcfaVoR0pP7cyEAZ01ehnVSAXTPtDcX/vEaK7eNmJqIkRR6x8UPtVFKM6TAm2hKaM5R9S4BpYf9KWRc0MLRh5m0I3vTJf0ntoOS5Je/6sFg+ncSRI9tkh+wRjxyRMrkkFVIljNyTR/JMXpwH58l5dd7GozPOZGeL/ILz8QWfIJ9w</latexit><latexit sha1_base64="3FSjtzHaS5LdefxgF67aiCVG5YI=">AAACGXicbVBNSwMxEM36WetX1aOXYBE8SNkVQS9CUUEvQgXbCt2yzKZpG5rsLsmsUJb+DS/+FS8eFPGoJ/+N6Qei1QfDPN6bIZkXJlIYdN1PZ2Z2bn5hMbeUX15ZXVsvbGzWTJxqxqsslrG+DcFwKSJeRYGS3yaagwolr4e9s6Ffv+PaiDi6wX7Cmwo6kWgLBmiloODmfexyhCDztaLnVwN6Qv3MvwClIPA7w7ZP1bfrD4JC0S25I9C/xJuQIpmgEhTe/VbMUsUjZBKMaXhugs0MNAom+SDvp4YnwHrQ4Q1LI1DcNLPRZQO6a5UWbcfaVoR0pP7cyEAZ01ehnVSAXTPtDcX/vEaK7eNmJqIkRR6x8UPtVFKM6TAm2hKaM5R9S4BpYf9KWRc0MLRh5m0I3vTJf0ntoOS5Je/6sFg+ncSRI9tkh+wRjxyRMrkkFVIljNyTR/JMXpwH58l5dd7GozPOZGeL/ILz8QWfIJ9w</latexit>

✓DM = {h�vi,m2
DM}

<latexit sha1_base64="/5/7wKjaGrUPGvGMPJcPnSCwQAI="></latexit><latexit sha1_base64="/5/7wKjaGrUPGvGMPJcPnSCwQAI="></latexit><latexit sha1_base64="/5/7wKjaGrUPGvGMPJcPnSCwQAI="></latexit><latexit sha1_base64="/5/7wKjaGrUPGvGMPJcPnSCwQAI="></latexit>

Particle dark matter emission 

ECM = N mDM , N = 1 (decay), 2 (annih)
<latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit>

Centre of mass energy  Signal energy '<latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit>

(DM)DM ! SM SM
<latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit><latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit><latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit><latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit>

Self-conjugated dark matter annihilation 

Differential gamma-ray flux

Decay

Annihilation

Francesca Calore, CNRS-LAPTh 6

d��

dE
(`, b) = A(✓DM)⇥ dN�

dE
⇥
Z

l.o.s.
⇢NDM(s, `, b)ds

<latexit sha1_base64="96xQgKbK9aSZwclxDc8OVUP5Y1Y="></latexit><latexit sha1_base64="96xQgKbK9aSZwclxDc8OVUP5Y1Y="></latexit><latexit sha1_base64="96xQgKbK9aSZwclxDc8OVUP5Y1Y="></latexit><latexit sha1_base64="96xQgKbK9aSZwclxDc8OVUP5Y1Y="></latexit>
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d��

dE
(`, b) = A(✓DM)⇥ dN�

dE
⇥
Z

l.o.s.
⇢NDM(s, `, b)ds

<latexit sha1_base64="96xQgKbK9aSZwclxDc8OVUP5Y1Y="></latexit><latexit sha1_base64="96xQgKbK9aSZwclxDc8OVUP5Y1Y="></latexit><latexit sha1_base64="96xQgKbK9aSZwclxDc8OVUP5Y1Y="></latexit><latexit sha1_base64="96xQgKbK9aSZwclxDc8OVUP5Y1Y="></latexit>

Particle dark matter emission 

ECM = N mDM , N = 1 (decay), 2 (annih)
<latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit>

Centre of mass energy  Signal energy '<latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit>

(DM)DM ! SM SM
<latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit><latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit><latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit><latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit>

Galactic rotation 
curve

Simulations w/ baryons & 
semi-analytical models

[1.5 kpc ≃ 10o]

FC+JCAP’15; Stref & Lavalle PRD’17 

Iocco+ Nature Phys.’15

Francesca Calore, CNRS-LAPTh 7

Self-conjugated dark matter annihilation 

Differential gamma-ray flux
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Particle dark matter emission 
Inverse Compton scattering

�-ray

dark matter

Secondary emission processes allow us to probe DM at much higher masses than prompt energy scales

Cirelli+ PRD’ 21

Francesca Calore, CNRS-LAPTh 8

https://arxiv.org/pdf/2007.11493.pdf
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Light dark matter decay: lines

Narrow line signal @ energy 
scale of the DM mass

E� =
mDM

2
<latexit sha1_base64="QN+FEuXEvLGfbvq0ZDrGqlSYMlY=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoBuh+AA3QgXbCk0Ik+mkHTozCTMToYQs3fgrblwo4tZPcOffOG2z0NYDFw7n3Mu994QJo0o7zrdVWlhcWl4pr1bW1jc2t+ztnbaKU4lJC8cslvchUoRRQVqaakbuE0kQDxnphMOLsd95IFLRWNzpUUJ8jvqCRhQjbaTA3r8KvD7iHMEz6EUS4YwHmSc5vLzJ86yeB3bVqTkTwHniFqQKCjQD+8vrxTjlRGjMkFJd10m0nyGpKWYkr3ipIgnCQ9QnXUMF4kT52eSRHB4apQejWJoSGk7U3xMZ4kqNeGg6OdIDNeuNxf+8bqqjUz+jIkk1EXi6KEoZ1DEcpwJ7VBKs2cgQhCU1t0I8QCYObbKrmBDc2ZfnSbtec52ae3tcbZwXcZTBHjgAR8AFJ6ABrkETtAAGj+AZvII368l6sd6tj2lrySpmdsEfWJ8/wgCZKw==</latexit><latexit sha1_base64="QN+FEuXEvLGfbvq0ZDrGqlSYMlY=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoBuh+AA3QgXbCk0Ik+mkHTozCTMToYQs3fgrblwo4tZPcOffOG2z0NYDFw7n3Mu994QJo0o7zrdVWlhcWl4pr1bW1jc2t+ztnbaKU4lJC8cslvchUoRRQVqaakbuE0kQDxnphMOLsd95IFLRWNzpUUJ8jvqCRhQjbaTA3r8KvD7iHMEz6EUS4YwHmSc5vLzJ86yeB3bVqTkTwHniFqQKCjQD+8vrxTjlRGjMkFJd10m0nyGpKWYkr3ipIgnCQ9QnXUMF4kT52eSRHB4apQejWJoSGk7U3xMZ4kqNeGg6OdIDNeuNxf+8bqqjUz+jIkk1EXi6KEoZ1DEcpwJ7VBKs2cgQhCU1t0I8QCYObbKrmBDc2ZfnSbtec52ae3tcbZwXcZTBHjgAR8AFJ6ABrkETtAAGj+AZvII368l6sd6tj2lrySpmdsEfWJ8/wgCZKw==</latexit><latexit sha1_base64="QN+FEuXEvLGfbvq0ZDrGqlSYMlY=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoBuh+AA3QgXbCk0Ik+mkHTozCTMToYQs3fgrblwo4tZPcOffOG2z0NYDFw7n3Mu994QJo0o7zrdVWlhcWl4pr1bW1jc2t+ztnbaKU4lJC8cslvchUoRRQVqaakbuE0kQDxnphMOLsd95IFLRWNzpUUJ8jvqCRhQjbaTA3r8KvD7iHMEz6EUS4YwHmSc5vLzJ86yeB3bVqTkTwHniFqQKCjQD+8vrxTjlRGjMkFJd10m0nyGpKWYkr3ipIgnCQ9QnXUMF4kT52eSRHB4apQejWJoSGk7U3xMZ4kqNeGg6OdIDNeuNxf+8bqqjUz+jIkk1EXi6KEoZ1DEcpwJ7VBKs2cgQhCU1t0I8QCYObbKrmBDc2ZfnSbtec52ae3tcbZwXcZTBHjgAR8AFJ6ABrkETtAAGj+AZvII368l6sd6tj2lrySpmdsEfWJ8/wgCZKw==</latexit><latexit sha1_base64="QN+FEuXEvLGfbvq0ZDrGqlSYMlY=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoBuh+AA3QgXbCk0Ik+mkHTozCTMToYQs3fgrblwo4tZPcOffOG2z0NYDFw7n3Mu994QJo0o7zrdVWlhcWl4pr1bW1jc2t+ztnbaKU4lJC8cslvchUoRRQVqaakbuE0kQDxnphMOLsd95IFLRWNzpUUJ8jvqCRhQjbaTA3r8KvD7iHMEz6EUS4YwHmSc5vLzJ86yeB3bVqTkTwHniFqQKCjQD+8vrxTjlRGjMkFJd10m0nyGpKWYkr3ipIgnCQ9QnXUMF4kT52eSRHB4apQejWJoSGk7U3xMZ4kqNeGg6OdIDNeuNxf+8bqqjUz+jIkk1EXi6KEoZ1DEcpwJ7VBKs2cgQhCU1t0I8QCYObbKrmBDc2ZfnSbtec52ae3tcbZwXcZTBHjgAR8AFJ6ABrkETtAAGj+AZvII368l6sd6tj2lrySpmdsEfWJ8/wgCZKw==</latexit>

mDM . MeV
<latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit><latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit><latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit><latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit>

X rays⇠ keV
<latexit sha1_base64="Y0JdRm7nBMzK7gbhq0wMyB+cmu0=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDA2XJNSSjLHdq9b8uj8HWSVBQWpQoNmrfoX9hGUSlWWCGtMN/NRGOdWWM4HTSpgZTCkb0yF2HVVUoony+c1TcuaUPhkk2pWyZK7+nsipNGYiY9cpqR2ZZW8m/ud1Mzu4jnKu0syiYotFg0wQm5BZAKTPNTIrJo5Qprm7lbAR1ZRZF1PFhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDFJ4hld48zLvxXv3PhatJa+YOYY/8D5/AFk/kTg=</latexit><latexit sha1_base64="Y0JdRm7nBMzK7gbhq0wMyB+cmu0=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDA2XJNSSjLHdq9b8uj8HWSVBQWpQoNmrfoX9hGUSlWWCGtMN/NRGOdWWM4HTSpgZTCkb0yF2HVVUoony+c1TcuaUPhkk2pWyZK7+nsipNGYiY9cpqR2ZZW8m/ud1Mzu4jnKu0syiYotFg0wQm5BZAKTPNTIrJo5Qprm7lbAR1ZRZF1PFhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDFJ4hld48zLvxXv3PhatJa+YOYY/8D5/AFk/kTg=</latexit><latexit sha1_base64="Y0JdRm7nBMzK7gbhq0wMyB+cmu0=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDA2XJNSSjLHdq9b8uj8HWSVBQWpQoNmrfoX9hGUSlWWCGtMN/NRGOdWWM4HTSpgZTCkb0yF2HVVUoony+c1TcuaUPhkk2pWyZK7+nsipNGYiY9cpqR2ZZW8m/ud1Mzu4jnKu0syiYotFg0wQm5BZAKTPNTIrJo5Qprm7lbAR1ZRZF1PFhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDFJ4hld48zLvxXv3PhatJa+YOYY/8D5/AFk/kTg=</latexit><latexit sha1_base64="Y0JdRm7nBMzK7gbhq0wMyB+cmu0=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDA2XJNSSjLHdq9b8uj8HWSVBQWpQoNmrfoX9hGUSlWWCGtMN/NRGOdWWM4HTSpgZTCkb0yF2HVVUoony+c1TcuaUPhkk2pWyZK7+nsipNGYiY9cpqR2ZZW8m/ud1Mzu4jnKu0syiYotFg0wQm5BZAKTPNTIrJo5Qprm7lbAR1ZRZF1PFhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDFJ4hld48zLvxXv3PhatJa+YOYY/8D5/AFk/kTg=</latexit>

mDM
<latexit sha1_base64="cXP/UplnC7upIRKjWYWyatRFd4M=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHrwIEcwDkyXMTmaTIfNYZmaFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsaXU/91hPVhin5YMcJDQUeSBYzgq2THkUv62qBbu4mvXLFr/ozoGUS5KQCOeq98le3r0gqqLSEY2M6gZ/YMMPaMsLppNRNDU0wGeEB7TgqsaAmzGYXT9CJU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4YZk0lqqSTzRXHKkVVo+j7qM02J5WNHMNHM3YrIEGtMrAup5EIIFl9eJs2zauBXg/vzSu0qj6MIR3AMpxDABdTgFurQAAISnuEV3jzjvXjv3se8teDlM4fwB97nDyVDkI4=</latexit><latexit sha1_base64="cXP/UplnC7upIRKjWYWyatRFd4M=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHrwIEcwDkyXMTmaTIfNYZmaFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsaXU/91hPVhin5YMcJDQUeSBYzgq2THkUv62qBbu4mvXLFr/ozoGUS5KQCOeq98le3r0gqqLSEY2M6gZ/YMMPaMsLppNRNDU0wGeEB7TgqsaAmzGYXT9CJU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4YZk0lqqSTzRXHKkVVo+j7qM02J5WNHMNHM3YrIEGtMrAup5EIIFl9eJs2zauBXg/vzSu0qj6MIR3AMpxDABdTgFurQAAISnuEV3jzjvXjv3se8teDlM4fwB97nDyVDkI4=</latexit><latexit sha1_base64="cXP/UplnC7upIRKjWYWyatRFd4M=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHrwIEcwDkyXMTmaTIfNYZmaFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsaXU/91hPVhin5YMcJDQUeSBYzgq2THkUv62qBbu4mvXLFr/ozoGUS5KQCOeq98le3r0gqqLSEY2M6gZ/YMMPaMsLppNRNDU0wGeEB7TgqsaAmzGYXT9CJU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4YZk0lqqSTzRXHKkVVo+j7qM02J5WNHMNHM3YrIEGtMrAup5EIIFl9eJs2zauBXg/vzSu0qj6MIR3AMpxDABdTgFurQAAISnuEV3jzjvXjv3se8teDlM4fwB97nDyVDkI4=</latexit><latexit sha1_base64="cXP/UplnC7upIRKjWYWyatRFd4M=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHrwIEcwDkyXMTmaTIfNYZmaFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsaXU/91hPVhin5YMcJDQUeSBYzgq2THkUv62qBbu4mvXLFr/ozoGUS5KQCOeq98le3r0gqqLSEY2M6gZ/YMMPaMsLppNRNDU0wGeEB7TgqsaAmzGYXT9CJU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4YZk0lqqSTzRXHKkVVo+j7qM02J5WNHMNHM3YrIEGtMrAup5EIIFl9eJs2zauBXg/vzSu0qj6MIR3AMpxDABdTgFurQAAISnuEV3jzjvXjv3se8teDlM4fwB97nDyVDkI4=</latexit>

⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

⇠ meV
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Radio

Only allowed final state is into 
photons emitted back-to-back 

Francesca Calore, CNRS-LAPTh 9

[Contribution from all galaxies in the universe: redshifted line and integral over star-formation history => contribution to extragalactic 
backgrounds]
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ALPs dark matter decay

Francesca Calore, CNRS-LAPTh 10
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• ALPs can be viable DM candidates in some portions of the 
parameter space Preskill+ PLB 1983; Sikivie International Journal of Modern Physics ‘10
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• If DM, ALPs distributed in 
galaxies according standard 
DM density distributions (e.g. 
NFW)


• Search for narrow lines in DM-
rich environments 

M. Taoso (Wed)

https://github.com/cajohare/AxionLimits[Lighter ALPs can be probed in HE astro environments (M. Meyer ,Tue)]
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(…) ALPs dark matter resonant conversion

Francesca Calore, CNRS-LAPTh 11

Monochromatic radio emission (MHz - GHz) from DM axion/ALP-photon conversion: 

• Resonant conversion from highly magnetised neutron stars (NSs), or white dwarf stars


• Non-resonant transitions in the Galactic center and/or of discrete astrophysical objects 


• Still large limitations in model predictions


Pshirkov JETP’09; Huang+2018; Hook+PRL’18

Kelley&Quinn ApJ’17; Sigl PRD’17

Leroy+ PRD’20; Witte+ PRD’21; Battye+ JHEP’21; Millar+JCAP’21 

ALPs DM

Photon

Foster+ PRL’22 

L. Visinelli (Wed)



Francesca Calore, CNRS-LAPTh 12

Sub-GeV dark matter limits

Coogan+ JCAP'20

• Simple thermal freeze-out scenario for s-wave annihilation 
generically ruled out


• But p-wave models (many of the portals) still viable

https://arxiv.org/pdf/1907.11846.pdf


Francesca Calore, CNRS-LAPTh 13

Sub-GeV dark matter limits

Coogan+ JCAP'20

• Simple thermal freeze-out scenario for s-wave annihilation 
generically ruled out


• But p-wave models (many of the portals) still viable
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Two-photons annihilation 
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CMB (Slatyer et al. 2016)

MW diÆuse (Essig et al. 2013)

MW diÆuse (Calore et al. 2022)

M31 (Ng et al. 2019)

CMB

MW diffuse

FC FIPs2022 Proceedings

Two-photons decay 
Siegert, FC+ MNRAS’24 FC+ MNRAS’23https://zenodo.org/record/7984451

https://arxiv.org/pdf/1907.11846.pdf


14Francesca Calore, CNRS-LAPTh 14

Limits on inverse Compton induced 
gamma-ray emission from XMM-Newton 

blank-sky observations 

Cirelli+ PRD’21; 2303.08854

The power of inverse Compton emission 
Sub-GeV dark matter limits

[Strong constraints also from 511 keV line: De La Torre Luque+ 2312.04907, 2307.13728] S. Balaj (Thu)
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(…) Strong constraints on PBHs

Francesca Calore, CNRS-LAPTh 15

• PBH can emit charged cosmic rays and photons 
via Hawking radiation => Almost-black (grey) body 
emission

• Sufficient emission from MPBH > 1014 g to set limits 
on their evaporation products today 

• Photon contribution to the extragalactic gamma-ray 
and X-ray backgrounds

• Unconstrained mass range ~1017 — 1022 g, the so-
called asteroid mass gap where fPBH can be 1

TPBH ' 1013g

MPBH

GeV
<latexit sha1_base64="dpODhgQ2QacYMoQpN+FlYGDKN0A=">AAACKHicbZDLSgMxFIYz9VbrrerSTbAILqTMqKA7S13YjVChN+jUkknPtKHJzJhkhDL0cdz4Km5EFOnWJzG9gNp6IPDz/edwcn4v4kxp2x5ZqaXlldW19HpmY3Nreye7u1dTYSwpVGnIQ9nwiALOAqhqpjk0IglEeBzqXv967NcfQSoWBhU9iKAlSDdgPqNEG9TOXlXaiSsFLhdLQ+wqJuABu74kNHHs+8Q5M9C43WFy+9Nn2MkE30Ctnc3ZeXtSeFE4M5FDsyq3s29uJ6SxgEBTTpRqOnakWwmRmlEOw4wbK4gI7ZMuNI0MiADVSiaHDvGRIR3sh9K8QOMJ/T2REKHUQHimUxDdU/PeGP7nNWPtX7YSFkSxhoBOF/kxxzrE49Rwh0mgmg+MIFQy81dMe8TEpE22GROCM3/yoqid5h0779yd5wrFWRxpdIAO0TFy0AUqoBIqoyqi6Am9oHf0YT1br9anNZq2pqzZzD76U9bXN+nspJ8=</latexit><latexit sha1_base64="dpODhgQ2QacYMoQpN+FlYGDKN0A=">AAACKHicbZDLSgMxFIYz9VbrrerSTbAILqTMqKA7S13YjVChN+jUkknPtKHJzJhkhDL0cdz4Km5EFOnWJzG9gNp6IPDz/edwcn4v4kxp2x5ZqaXlldW19HpmY3Nreye7u1dTYSwpVGnIQ9nwiALOAqhqpjk0IglEeBzqXv967NcfQSoWBhU9iKAlSDdgPqNEG9TOXlXaiSsFLhdLQ+wqJuABu74kNHHs+8Q5M9C43WFy+9Nn2MkE30Ctnc3ZeXtSeFE4M5FDsyq3s29uJ6SxgEBTTpRqOnakWwmRmlEOw4wbK4gI7ZMuNI0MiADVSiaHDvGRIR3sh9K8QOMJ/T2REKHUQHimUxDdU/PeGP7nNWPtX7YSFkSxhoBOF/kxxzrE49Rwh0mgmg+MIFQy81dMe8TEpE22GROCM3/yoqid5h0779yd5wrFWRxpdIAO0TFy0AUqoBIqoyqi6Am9oHf0YT1br9anNZq2pqzZzD76U9bXN+nspJ8=</latexit><latexit sha1_base64="dpODhgQ2QacYMoQpN+FlYGDKN0A=">AAACKHicbZDLSgMxFIYz9VbrrerSTbAILqTMqKA7S13YjVChN+jUkknPtKHJzJhkhDL0cdz4Km5EFOnWJzG9gNp6IPDz/edwcn4v4kxp2x5ZqaXlldW19HpmY3Nreye7u1dTYSwpVGnIQ9nwiALOAqhqpjk0IglEeBzqXv967NcfQSoWBhU9iKAlSDdgPqNEG9TOXlXaiSsFLhdLQ+wqJuABu74kNHHs+8Q5M9C43WFy+9Nn2MkE30Ctnc3ZeXtSeFE4M5FDsyq3s29uJ6SxgEBTTpRqOnakWwmRmlEOw4wbK4gI7ZMuNI0MiADVSiaHDvGRIR3sh9K8QOMJ/T2REKHUQHimUxDdU/PeGP7nNWPtX7YSFkSxhoBOF/kxxzrE49Rwh0mgmg+MIFQy81dMe8TEpE22GROCM3/yoqid5h0779yd5wrFWRxpdIAO0TFy0AUqoBIqoyqi6Am9oHf0YT1br9anNZq2pqzZzD76U9bXN+nspJ8=</latexit><latexit sha1_base64="dpODhgQ2QacYMoQpN+FlYGDKN0A=">AAACKHicbZDLSgMxFIYz9VbrrerSTbAILqTMqKA7S13YjVChN+jUkknPtKHJzJhkhDL0cdz4Km5EFOnWJzG9gNp6IPDz/edwcn4v4kxp2x5ZqaXlldW19HpmY3Nreye7u1dTYSwpVGnIQ9nwiALOAqhqpjk0IglEeBzqXv967NcfQSoWBhU9iKAlSDdgPqNEG9TOXlXaiSsFLhdLQ+wqJuABu74kNHHs+8Q5M9C43WFy+9Nn2MkE30Ctnc3ZeXtSeFE4M5FDsyq3s29uJ6SxgEBTTpRqOnakWwmRmlEOw4wbK4gI7ZMuNI0MiADVSiaHDvGRIR3sh9K8QOMJ/T2REKHUQHimUxDdU/PeGP7nNWPtX7YSFkSxhoBOF/kxxzrE49Rwh0mgmg+MIFQy81dMe8TEpE22GROCM3/yoqid5h0779yd5wrFWRxpdIAO0TFy0AUqoBIqoyqi6Am9oHf0YT1br9anNZq2pqzZzD76U9bXN+nspJ8=</latexit>

Carr+ PRD’10;  Ballesteros+ PLB’20; Iguaz+ PRD'21

Page & Hawking ApJ’76; Carr & MacGibbon  Phys. Rep.’98

Asteroid 
Mass Gap

Berteaud, FC+ PRD’22 

[Strong constraints also from 511 keV line: De La Torre Luque+ 2406.11949]

https://arxiv.org/abs/2209.06299
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Future: Covering the MeV sensitivity gap

0.2 - 5 MeV

100 keV - 10 MeV

0.1 - 100 MeV

0.1 MeV - 1 GeV

0.1 MeV - 1 GeV

Coogan+ JCAP’21

Aramaki+ Snowmass’21 CF

Francesca Calore, CNRS-LAPTh 16

https://arxiv.org/pdf/2104.06168.pdf
https://arxiv.org/abs/2203.06894
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Sensitivity to dark matter
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Dark matter mass 

Current 
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Decay 

Annihilation 

e-ASTROGAM 

Cooley+ Snowmass’21 CF1 Report

Bartels+ JCAP’17 

Francesca Calore, CNRS-LAPTh 17

Future: Covering the MeV sensitivity gap

Caputo+ JCAP'23

PBH evaporation Annihilation

https://arxiv.org/pdf/2209.07426.pdf
https://arxiv.org/pdf/1703.02546.pdf
https://arxiv.org/abs/2210.09310
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CM
B

Fe
rm

i+A
MS

Leane+ PRD’18

• Total cross-section sets relic abundance 
• Indirect detection provides model-

independent UL on annihilation cross-section 
for a given final state
Consistent and conservative interpretation of 
the data in the context of the generic thermal 
WIMP

few keV 100 TeV10 GeV10 MeV

BBN

CMB

Fermi-LAT, AMS-02

WIMP annihilation window

1 TeV

IACTs, HAWC, Tibet ASg 

[Low DM masses constrained by energy injection at early times and 
CMB observations Slatyer & Wu, PRD'17]

Francesca Calore, CNRS-LAPTh 18



+ dedicated searches for gamma-ray lines 

+ similar targets for radio searches 

(synchrotron)
Conrad & Reimer Nature Phys. 13 (2017)

DM

DM

�

�

J∝ 

Targets for WIMP  
gamma-ray searches

Francesca Calore, CNRS-LAPTh 19



Summary of multi-targets and MW constraints

20

Limits on annihilating WIMPs

~ a few GeV — few TeV 
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Francesca Calore, CNRS-LAPTh 20
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Abdalla et al. 21 Alvarez et al. 20

Gamma rays: Dwarf spheroidal galaxies

21

Limits on annihilating WIMPs

~ a few GeV — few TeV 

Fermi-LAT dwarf galaxies

• Exclude thermal cross section below 30 - 
300 GeV; multi-instrument

• Syst unc J-factor determination for ultra-
faint dSphs (tri-axiality, contamination, 
velocity anisotropy)

• Syst unc background mis-modelling are 
important (3x weaker limits)

FC, Serpico & Zaldivar JCAP’18;   
Alvarez, FC+ JCAP’20

Ullio&Valli JCAP’16;  
Hayashi+ MNRAS’16; Klop+ PRD’17; Ando+PRD’20

Take away: Typically strong probes but keep in 
mind systematics

A. Circiello (Wed)
Francesca Calore, CNRS-LAPTh 21

Kerzberg+, PoS ICRC2023 (2023)
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Balan et al. 23

Abdalla et al. 21

Alvarez et al. 20

Regis et al. 21

Eckner et al. 22

Synchrotron emission in the Large Magellanic Cloud

22

Limits on annihilating WIMPs

~ a few GeV — few TeV 
ASKAP 888 MHz

e+
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Balan+ arXiv:2303.07362 
Di Mauro+ PRD’21,  

FC+ SciPost’22

Anti-protonsEckner, FC+ MNRAS’22 High-latitude  
Fermi-LAT sky

Zechlin+ PRD’18 
Chang+ PRD'18

Radio LMC
Regis+ JCAP’21

http://2208.03312
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Summary of multi-targets and MW constraints
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Limits on annihilating WIMPs

Murgia Ann.Rev.Nucl.Part’20 
Fermi GeV excess

~ a few GeV — few TeV 

• Evidence for excess emission is established
• Advanced statistical techniques developed 

to scrutinise diffuse emission properties and 
photon-count statistics

• An, at least, partial stellar origin of the excess 
seems confirmed

• Complementary and multi-wavelength 
searches to test the excess nature are on-
going

Buschmann+PRD’20; FC+ PRL’21; List+ PRL’21
Macias+ Nat. A’18; Macias+ JCAP’19

FC+ApJ’16; FC+PRL’19; Berteaud, FC+ PRD’21
Macias+ MNRAS’21

D. Hooper (Wed) 
J. Kumar (Thu) 

C. Gordon (Thu)

Francesca Calore, CNRS-LAPTh 23



Summary of multi-targets and MW constraints
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~ a few GeV — few TeV 

DM DM -> WW

~550h GC obs

HESS Coll. PRL'22

0.2 TeV — 50 TeV

Limits on annihilating WIMPs
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See also: Rodd+ 2405.13104
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Future: The Cherenkov Telescope Array

Gamma-ray continuum 

C. Eckner (Thu) 
J. Perez-Romero (Thu)

Gamma-ray lines 

Francesca Calore, CNRS-LAPTh 25

DM DM -> WW

CTA GC survey

CTA Collab JCAP’21

Wino and Hggsino dark matter in the reach of CTA Rodd+ 2405.13104; Montanari+ PRD’22; Rinchiuso+ PRD’21

CTA Collab 2403.04857 
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Sub-PeV frontier 
LHAASO,Tibet ASg

~ a few GeV — few TeV 

• Cannot be thermally produced (WIMpy) DM, 
since you hit the unitarity bound

• Viable production mechanisms for PeV DM 
exist, e.g. inflation decay in low-scale 
reheating scenarios  

• The signal should come through decay and 
should appear in neutrino fluxes even before 
gamma rays 

These data often provide best bounds to 
heavy DM lifetime

Griest & Kamiomkowski, PRD’ 90

Harigaya+ 1402.2846

 Feldstein+ PRD’13; Esmaili & Serpico, JCAP’13; 

Chianese+ arXiv:2108.01678

Eckner, FC+ 2208.03312

Dark matter at PeV energies  
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https://arxiv.org/abs/2108.01678
https://arxiv.org/abs/2108.01678


Esmaili & Serpico, PRD Letters’21; Tarak+ PRD’21

Important degeneracies broken by angular distribution 
of arrival photon directions

Dedicated LHAASO DM search at slightly higher 
latitudes       Strongest constraints on PeV DM

LHAASO Collab, Ando+ PRL’22

 UHE g rays

 GeV g rays + 
cascades

Challenges: 1. Production and propagation of UHE gamma rays; 2. DM spectra at production for ECM >> ELHC
Bauer+ JHEP’21

27Francesca Calore, CNRS-LAPTh 27

R. Aloisio (Thu) 
A. Dubey (Thu)Dark matter at PeV energies  

Take away: Strong potential from VHE gamma rays
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Conclusions and outlook

✓ Dark matter evidence requires new BSM physics, however the landscape for particle and 
non-particle models is broad and diverse 


✓ Indirect searches for dark matter successfully test different dark matter models (WIMPs, 
ALPs, PBHs, etc), probing a large portion of their parameter space


✓ Nowadays from indirect detection we can get strong constraints but assessing their 
robustness is crucial especially when cross-checking signal hints


✓ Great experimental progress at multiple wavelengths/messengers will provide access to yet 
uncharted portions of the DM parameter space and new windows of opportunity for 
DM detection!
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✓ Great experimental progress at multiple wavelengths/messengers will provide access to yet 
uncharted portions of the DM parameter space and new windows of opportunity for 
DM detection!

Thank you for the attention
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Sterile neutrinos X-ray lines
X-ray telescopes and spectral analysis 
Starting from early 2014: 


‣ Detection of an unidentified line at 3.5 keV: XMM-Newton (6 Ms) & Chandra, Perseus 
cluster; XMM-Newton, M31; Suzaku, Perseus; etc


‣ Constraints from Chandra M31; XMM-Newton/Chandra 80 galaxies; blank  field 
pointings Chandra and XMM-Newton, etc

Leading limits: Dessert+ Science’ 20

Review: K. N. Abazajian, Phys. Rept. 711-712, 1 (2017)

https://arxiv.org/abs/1705.01837
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Constraints on eV ALPs
IR - optical wavelengths

Todarello+ JCAP’24

Search for narrow lines in IR and optical 
data

• MUSE: search in the direction of 5 
known dwarf galaxies 

• VIMOS (Visible Multi-Object 
Spectrograph): galaxy clusters Abell 
2667 and 2390

• JWST:  public blank sky observations 
from the NIRSpec IFU 

Grin+ PRD’06

Janish & Pinetti 2310.15395

Janish & Pinetti 2310.15395
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Constraints on keV - MeV ALPs

https://github.com/cajohare/AxionLimits

Heavy ALPs DM decay 
Search for narrow lines in X and gamma-
ray data

• XMM-Newton: 5-16 keV, archival data 
=> No evidence found for unassociated 
X-ray lines

• NuSTAR: 7-Ms/detector deep blank-sky 
exposures

• Integral-SPI: new analysis of 16yr data 
with dedicated search for DM 
component in continuum Galactic 
emission

XMM-NewtonXMM-Newton

Integral-SPI
Foster+ PRL’21

Berteaud, FC+PRD’22; FC+ MNRAS’23

NuSTAR

Roach+ PRD’23

X-ray and soft gamma rays energies
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Soft gamma rays with Integral/SPI

Francesca Calore, CNRS-LAPTh 33

Constraints on cosmic-ray transport at 
MeV energy but also on exotic emission 
mechanisms: particle and non-particle 

dark matter

Siegert, FC+ A&A’22

New analysis of 16yr-data from SPI

30 keV — 8 MeV

Berteaud, FC+ PRD’22 ; FC+ MNRAS’23



Modelled spatial templates (30 keV — 8 MeV)


• Inverse Compton scattering of electrons off the 
interstellar radiation field


• Unresolved sources (<100 keV)

• Nuclear lines

• Positronium annihilation line+continuum

ICS Positronium 1.8 line 26Al

Berteaud, FC+ PRD’22 

34Francesca Calore, CNRS-LAPTh 3434

Astrophysical contributions
Soft gamma rays with Integral/SPI

https://arxiv.org/abs/2209.06299


Modelled spatial templates (30 keV — 8 MeV)


• Inverse Compton scattering of electrons off the 
interstellar radiation field


• Unresolved sources (<100 keV)

• Nuclear lines

• Positronium annihilation line+continuum

ICS Positronium 1.8 line 26Al

Berteaud, FC+ PRD’22 
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Dark matter contribution?

• Additional DM signal? 
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Soft gamma rays with Integral/SPI
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Dark matter contribution?

• Additional DM signal? 
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Soft gamma rays with Integral/SPI

ICS Positronium 1.8 line 26Al NFW profile 

Berteaud, FC+ PRD’22 

https://arxiv.org/abs/2209.06299
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Constraints on decaying dark matter
No signal detected
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Soft gamma rays with Integral/SPI

Upper limits on light particle decay
FC+ MNRAS’23

Re-analysis of Integral/SPI data provides the strongest constraints on 
(light) particle and non-particle DM PBHs

DM flux upper limits
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Decaying WIMP dark matter
DM models: gravitino and axino in RPV models; or leptophilic models (positron fraction) 

Extragalactic signal

Considering prompt and IC emission

Modelling astrophysical bkg EGRB

Ando & Ishiwata, JCAP  05 (2015) 024 [1502.02007]

[For a review see Ibarra+ Int.J.Mod.Phys. A28 (2013) 1330040 ]
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What is the origin of the GeV excess? 
Possible interpretations
I. Dark matter annihilation: large freedom in channel/masses thanks to systematic uncertainties


II. Diffuse emission from electrons/positrons at the Galactic centre (enhanced SF or activity GC) 


III. Cumulative emission from point sources below LAT detection threshold (unresolved sources)

FC+PRD’15

Agrawal+JCAP’15; Achterberg+JCAP’15; Bertone, FC+ JCAP’15; Liem, FC+ JCAP’16; O(>100) papers

Gaggero+JCAP’15; Carlson+ PRD’16, PRL’16; Petrovic+ JCAP’14; Cholis, FC+ JCAP’15 
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The gamma-ray perspective
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Lee+ JCAP’15Truly diffuse Unresolved sources

The GeV excess nature

• Difference in statistics of photon counts can be 
quantified and used for model comparison


• Strong bias from mis-modelling of foreground diffuse 
emission and controversial results


• Nonetheless: evidence for unresolved point sources is 
there with different, independent, methods


• Stellar bulge morphology preferred over DM also 
when modelling faint point sources

Bartels+ PRL’16; Lee+PRL’16

Lee+ JCAP’15

Zhong+PRL’19; Leane&Slatyer PRL’20, PRD’20; Chang+ PRD’20, Buschmann+PRD’20

Buschmann+PRD’20; FC+ 2102.12497; List+ 2107.09070

Dark matter Stellar bulge

 FC+ PRL’ 21
Macias+ Nature Astronomy’18; Macias+ JCAP’19

An (at least) partial stellar origin of the GeV 
excess seems to be confirmed
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An old instrument, a new analysis
Diffuse Galactic emission spectrum with SPI 16yr data

Credit: J. Berteaud, RICAPP’22


