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Motivation

1

Poor sensitivity to low nuclear recoil energies

v ⇠ 10�3c

<latexit sha1_base64="IeWFkhi05e8ZiZ9M4ZVcRThtzvA=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJhsiGICgjaCiDRB5S4kTnyyaccj5bd+tIkZWGr6CFig7R8icU/Au2cQGBqUYzu9rZ8UIpDNr2h1VYWl5ZXSuulzY2t7Z3yrt7LRNEmkOTBzLQHY8ZkEJBEwVK6IQamO9JaHuT69RvT0EbEag7nIXg+mysxEhwhonUn/aM8Klj9+OTszkflCt21c5A/xInJxWSozEof/aGAY98UMglM6br2CG6MdMouIR5qRcZCBmfsDF0E6qYD8aNs9RzehQZhgENQVMhaSbCz42Y+cbMfC+Z9Bnem0UvFf/zuhGOLt1YqDBCUDw9hEJCdshwLZI6gA6FBkSWJgcqFOVMM0TQgjLOEzFK+iklfTiL3/8lrdOqU6ue39Yq9au8mSI5IIfkmDjkgtTJDWmQJuFEk0fyRJ6tB+vFerXevkcLVr6zT37Bev8CJUuWSA==</latexit>

p

<latexit sha1_base64="aWC2zGC8aZF+4A2BKSlzBYyo+mY=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJRB5SYkXnyyaccrZPd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTKCkMuu6nU1pb39jcKm9Xdnb39g+qh0ddE1vNocNjGet+wAxIEUEHBUroKw0sDCT0gtlt5vceQRsRR/c4V+CHbBqJieAMU6mtRtWaW3dz0FXiFaRGCrRG1a/hOOY2hAi5ZMYMPFehnzCNgktYVIbWgGJ8xqYwSGnEQjB+kgdd0DNrGMZUgaZC0lyE3xsJC42Zh0E6GTJ8MMteJv7nDSxOrv1ERMoiRDw7hEJCfshwLdIGgI6FBkSWJQcqIsqZZoigBWWcp6JNK6mkfXjL36+S7kXda9Qv241a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xt8qZGB</latexit>

�

<latexit sha1_base64="svUri4X+/YPK7PiVEGGfOT6nTGQ=">AAAB9nicdVDLTgJBEJz1ifhCPXqZSEw8bXYRBG5ELx4xkUcCGzI7NDBh9pGZXiPZ8Ate9eTNePV3PPgv7i6YqNE6Vaq609XlhlJotKx3Y2V1bX1jM7eV397Z3dsvHBy2dRApDi0eyEB1XaZBCh9aKFBCN1TAPFdCx51epX7nDpQWgX+LsxAcj419MRKcYSr1+UQMCkXLrNfOq2WbZqReqizIRb1CbdPKUCRLNAeFj/4w4JEHPnLJtO7ZVohOzBQKLmGe70caQsanbAy9hPrMA+3EWdY5PY00w4CGoKiQNBPh+0bMPK1nnptMegwn+reXin95vQhHNScWfhgh+Dw9hEJCdkhzJZISgA6FAkSWJgcqfMqZYoigBGWcJ2KUtJJP+vh6mv5P2iXTLpuVm3KxcblsJkeOyQk5Izapkga5Jk3SIpxMyAN5JE/GvfFsvBivi9EVY7lzRH7AePsET6STKw==</latexit>

p

<latexit sha1_base64="aWC2zGC8aZF+4A2BKSlzBYyo+mY=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJRB5SYkXnyyaccrZPd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTKCkMuu6nU1pb39jcKm9Xdnb39g+qh0ddE1vNocNjGet+wAxIEUEHBUroKw0sDCT0gtlt5vceQRsRR/c4V+CHbBqJieAMU6mtRtWaW3dz0FXiFaRGCrRG1a/hOOY2hAi5ZMYMPFehnzCNgktYVIbWgGJ8xqYwSGnEQjB+kgdd0DNrGMZUgaZC0lyE3xsJC42Zh0E6GTJ8MMteJv7nDSxOrv1ERMoiRDw7hEJCfshwLdIGgI6FBkSWJQcqIsqZZoigBWWcp6JNK6mkfXjL36+S7kXda9Qv241a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xt8qZGB</latexit>

�

<latexit sha1_base64="svUri4X+/YPK7PiVEGGfOT6nTGQ=">AAAB9nicdVDLTgJBEJz1ifhCPXqZSEw8bXYRBG5ELx4xkUcCGzI7NDBh9pGZXiPZ8Ate9eTNePV3PPgv7i6YqNE6Vaq609XlhlJotKx3Y2V1bX1jM7eV397Z3dsvHBy2dRApDi0eyEB1XaZBCh9aKFBCN1TAPFdCx51epX7nDpQWgX+LsxAcj419MRKcYSr1+UQMCkXLrNfOq2WbZqReqizIRb1CbdPKUCRLNAeFj/4w4JEHPnLJtO7ZVohOzBQKLmGe70caQsanbAy9hPrMA+3EWdY5PY00w4CGoKiQNBPh+0bMPK1nnptMegwn+reXin95vQhHNScWfhgh+Dw9hEJCdkhzJZISgA6FAkSWJgcqfMqZYoigBGWcJ2KUtJJP+vh6mv5P2iXTLpuVm3KxcblsJkeOyQk5Izapkga5Jk3SIpxMyAN5JE/GvfFsvBivi9EVY7lzRH7AePsET6STKw==</latexit>

Bound to 
nucleus

Nuclear recoil 
energy Er in the 

detector

��p

<latexit sha1_base64="eQwvMMYckUNQehYUhM9yaojLdMg=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIVJGNgqCMoKEMEnlIsRWtL5vklPNDd2ukyErJV9BCRYdo+RAK/gU7pICEqUYzu9rZ8WMlDdn2p1VYW9/Y3Cpul3Z29/bLlYPDtokSLbAlIhXprg8GlQyxRZIUdmONEPgKO/7kJvc7D6iNjMJ7msboBTAK5VAKoEzqV8qukaMA+qkrxpLHs36latfsOfgqcRakyhZo9itf7iASSYAhCQXG9Bw7Ji8FTVIonJXcxGAMYgIj7GU0hACNl86Dz/hpYoAiHqPmUvG5iL83UgiMmQZ+NhkAjc2yl4v/eb2EhldeKsM4IQxFfoikwvkhI7TMGkE+kBqJIE+OXIZcgAYi1JKDEJmYZBWVsj6c5e9XSfu85tRrF3f1auN60UyRHbMTdsYcdska7JY1WYsJlrAn9sxerEfr1Xqz3n9GC9Zi54j9gfXxDaXGl7I=</latexit>

New idea: the same interaction might occur 
with cosmic-rays during their propagation!

APPEC, 2104.07634

WIMP mass [GeV/c2]

<latexit sha1_base64="Tfwmcr1LqAacmlzD18XmAw+K2nA=">AAACDXicbVC7TgJBFJ3FF+ILtTI2E4mJFe4SjJZEC7UwwUQeCaxkdrjghJndzcxdE7IBP8GvsNXKztj6DRb+iwtSKHiqk3Pu83ihFAZt+9NKzc0vLC6llzMrq2vrG9nNraoJIs2hwgMZ6LrHDEjhQwUFSqiHGpjyJNS83tnIr92DNiLwb7AfgqtY1xcdwRkmUiu7Eze1orXLq/JQMWOGjXOoHvLbgjtoZXN23h6DzhJnQnJkgnIr+9VsBzxS4COXyayGY4foxkyj4BIGmWZkIGS8x7rQSKjPFBg3Hr8woPuRYRjQEDQVko5F+N0RM2VMX3lJpWJ4Z6a9kfif14iwc+LGwg8jBJ+PFqGQMF5kuBZJNkDbQgMiG10OVPiUM80QQQvKOE/EKAkrk+ThTH8/S6qFvFPMH10Xc6XTSTJpskv2yAFxyDEpkQtSJhXCyQN5Is/kxXq0Xq036/2nNGVNerbJH1gf32Nim04=</latexit>
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<latexit sha1_base64="IzyeKffqEol/ICOfl/5rQSTcjEg=">AAACJHicbVC7TuRAEBxzPJfXAiHJiBUS0cpGIC5EkFwIEgtIa7NqD80yYsa2ptsnIcv7GXwCX0F6RJchAoK7b8E2G/CqqFRVre6uODOa2PdfvIkfk1PTM7NzrfmFxaXl9srqKaW5U9hTqUndeQyERifYY80GzzOHYGODZ/HNYe2f/UZHOk1O+DbDyMIw0VdaAVfSoO0XobPy0KVEI0JVi6MyJD20MChCda1lVo76TUjZi+0yGrQ7ftdvIL+SYEw6YoyjQftfeJmq3GLCygBRP/AzjgpwrJXBshXmhBmoGxhiv6IJWKSoaD4r5WZOwKnM0EltZCPi+4kCLNGtjaukBb6mz14tfuf1c776GRU6yXLGRNWLWBtsFpFyuqoM5aV2yAz15Sh1IhU4YEanJShViXnVYavqI/j8/Vdyut0Ndrq7xzud/YNxM7NiXWyILRGIPbEvfokj0RNK3IkH8Uc8evfeX+/Je36LTnjjmTXxAd7/V64apjM=</latexit>

No evidence for DM

Current direct detection searches are unable to probe light dark matter particles.
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<latexit sha1_base64="Hb8awk+TsbKq21lE2h5hseWaR90="></latexit>

Undetectable energies for m�  1 GeV

<latexit sha1_base64="JrsspJxdCsyfhUuBlagCiteF6YA=">AAACEnicbVC7TsNAEDyHVwgvAyUSOhEhUUU2CoIyggLKIJGHFEfR+bJJTrmzzd0aKbJCxSfwFbRQ0SFafoCCf8EOKSBhqtHMrnZ2/EgKg47zaeUWFpeWV/KrhbX1jc0te3unbsJYc6jxUIa66TMDUgRQQ4ESmpEGpnwJDX94kfmNO9BGhMENjiJoK9YPRE9whqnUsfdVx+MDQT0Jt9S99xTDgVaJpxW9hPq4YxedkjMBnSfulBTJFNWO/eV1Qx4rCJBLZkzLdSJsJ0yj4BLGBS82EDE+ZH1opTRgCkw7mfwxpoexYRjSCDQVkk5E+L2RMGXMSPnpZJbTzHqZ+J/XirF31k5EEMUIAc8OoZAwOWS4FmlBQLtCAyLLkgMVAeVMM0TQgjLOUzFOGyukfbiz38+T+nHJLZdOrsvFyvm0mTzZIwfkiLjklFTIFamSGuHkgTyRZ/JiPVqv1pv1/jOas6Y7u+QPrI9vd+udhw==</latexit>

Recent improvements: talk by Angelo Esposito
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DM interactions with cosmic-rays

2

They have two main effects:

p

<latexit sha1_base64="aWC2zGC8aZF+4A2BKSlzBYyo+mY=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJRB5SYkXnyyaccrZPd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTKCkMuu6nU1pb39jcKm9Xdnb39g+qh0ddE1vNocNjGet+wAxIEUEHBUroKw0sDCT0gtlt5vceQRsRR/c4V+CHbBqJieAMU6mtRtWaW3dz0FXiFaRGCrRG1a/hOOY2hAi5ZMYMPFehnzCNgktYVIbWgGJ8xqYwSGnEQjB+kgdd0DNrGMZUgaZC0lyE3xsJC42Zh0E6GTJ8MMteJv7nDSxOrv1ERMoiRDw7hEJCfshwLdIGgI6FBkSWJQcqIsqZZoigBWWcp6JNK6mkfXjL36+S7kXda9Qv241a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xt8qZGB</latexit>

�

<latexit sha1_base64="svUri4X+/YPK7PiVEGGfOT6nTGQ=">AAAB9nicdVDLTgJBEJz1ifhCPXqZSEw8bXYRBG5ELx4xkUcCGzI7NDBh9pGZXiPZ8Ate9eTNePV3PPgv7i6YqNE6Vaq609XlhlJotKx3Y2V1bX1jM7eV397Z3dsvHBy2dRApDi0eyEB1XaZBCh9aKFBCN1TAPFdCx51epX7nDpQWgX+LsxAcj419MRKcYSr1+UQMCkXLrNfOq2WbZqReqizIRb1CbdPKUCRLNAeFj/4w4JEHPnLJtO7ZVohOzBQKLmGe70caQsanbAy9hPrMA+3EWdY5PY00w4CGoKiQNBPh+0bMPK1nnptMegwn+reXin95vQhHNScWfhgh+Dw9hEJCdkhzJZISgA6FAkSWJgcqfMqZYoigBGWcJ2KUtJJP+vh6mv5P2iXTLpuVm3KxcblsJkeOyQk5Izapkga5Jk3SIpxMyAN5JE/GvfFsvBivi9EVY7lzRH7AePsET6STKw==</latexit>

v ⇠ 10�3c

<latexit sha1_base64="IeWFkhi05e8ZiZ9M4ZVcRThtzvA=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJhsiGICgjaCiDRB5S4kTnyyaccj5bd+tIkZWGr6CFig7R8icU/Au2cQGBqUYzu9rZ8UIpDNr2h1VYWl5ZXSuulzY2t7Z3yrt7LRNEmkOTBzLQHY8ZkEJBEwVK6IQamO9JaHuT69RvT0EbEag7nIXg+mysxEhwhonUn/aM8Klj9+OTszkflCt21c5A/xInJxWSozEof/aGAY98UMglM6br2CG6MdMouIR5qRcZCBmfsDF0E6qYD8aNs9RzehQZhgENQVMhaSbCz42Y+cbMfC+Z9Bnem0UvFf/zuhGOLt1YqDBCUDw9hEJCdshwLZI6gA6FBkSWJgcqFOVMM0TQgjLOEzFK+iklfTiL3/8lrdOqU6ue39Yq9au8mSI5IIfkmDjkgtTJDWmQJuFEk0fyRJ6tB+vFerXevkcLVr6zT37Bev8CJUuWSA==</latexit>

p

<latexit sha1_base64="aWC2zGC8aZF+4A2BKSlzBYyo+mY=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJRB5SYkXnyyaccrZPd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTKCkMuu6nU1pb39jcKm9Xdnb39g+qh0ddE1vNocNjGet+wAxIEUEHBUroKw0sDCT0gtlt5vceQRsRR/c4V+CHbBqJieAMU6mtRtWaW3dz0FXiFaRGCrRG1a/hOOY2hAi5ZMYMPFehnzCNgktYVIbWgGJ8xqYwSGnEQjB+kgdd0DNrGMZUgaZC0lyE3xsJC42Zh0E6GTJ8MMteJv7nDSxOrv1ERMoiRDw7hEJCfshwLdIGgI6FBkSWJQcqIsqZZoigBWWcp6JNK6mkfXjL36+S7kXda9Qv241a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xt8qZGB</latexit>

�

<latexit sha1_base64="svUri4X+/YPK7PiVEGGfOT6nTGQ=">AAAB9nicdVDLTgJBEJz1ifhCPXqZSEw8bXYRBG5ELx4xkUcCGzI7NDBh9pGZXiPZ8Ate9eTNePV3PPgv7i6YqNE6Vaq609XlhlJotKx3Y2V1bX1jM7eV397Z3dsvHBy2dRApDi0eyEB1XaZBCh9aKFBCN1TAPFdCx51epX7nDpQWgX+LsxAcj419MRKcYSr1+UQMCkXLrNfOq2WbZqReqizIRb1CbdPKUCRLNAeFj/4w4JEHPnLJtO7ZVohOzBQKLmGe70caQsanbAy9hPrMA+3EWdY5PY00w4CGoKiQNBPh+0bMPK1nnptMegwn+reXin95vQhHNScWfhgh+Dw9hEJCdkhzJZISgA6FAkSWJgcqfMqZYoigBGWcJ2KUtJJP+vh6mv5P2iXTLpuVm3KxcblsJkeOyQk5Izapkga5Jk3SIpxMyAN5JE/GvfFsvBivi9EVY7lzRH7AePsET6STKw==</latexit>

CRs

E

<latexit sha1_base64="sGTNHjdqy941zXKeJlW7mMBQBlc=">AAAB83icbVBNS8NAFNzUr1q/qh69LBbBU0mkoseiCB5bsLbQhrLZvtalm03YfSuU0F/gVU/exKs/yIP/xSTmoK1zGmbe482bIJbCoOt+OqWV1bX1jfJmZWt7Z3evun9wbyKrOXR4JCPdC5gBKRR0UKCEXqyBhYGEbjC9zvzuI2gjInWHsxj8kE2UGAvOMJXaN8Nqza27Oegy8QpSIwVaw+rXYBRxG4JCLpkxfc+N0U+YRsElzCsDayBmfMom0E+pYiEYP8mDzumJNQwjGoOmQtJchN8bCQuNmYVBOhkyfDCLXib+5/Utji/9RKjYIiieHUIhIT9kuBZpA0BHQgMiy5IDFYpyphkiaEEZ56lo00oqaR/e4vfL5P6s7jXq5+1GrXlVNFMmR+SYnBKPXJAmuSUt0iGcAHkiz+TFsc6r8+a8/4yWnGLnkPyB8/ENOaSRVg==</latexit>

E0  E

<latexit sha1_base64="JsczesGu8fkHPCdPtMz4BbVNF6k=">AAAB+3icbVC7TsNAEDyHVwivACXNiQhBFdkoCMoIFIkySOSBEis6XzbhlPPZ3K2RIitfQQsVHaLlYyj4F2zjAhKmGs3samfHC6UwaNufVmFpeWV1rbhe2tjc2t4p7+61TRBpDi0eyEB3PWZACgUtFCihG2pgvieh402uUr/zCNqIQN3iNATXZ2MlRoIzTKS7xjHtS3igjUG5YlftDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpwFntGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8N7Me6n4n9eLcHThxkKFEYLi6SEUErJDhmuRNAF0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJNKenDmf9+kbRPq06tenZTq9Qv82aK5IAckhPikHNSJ9ekSVqEE588kWfyYs2sV+vNev8ZLVj5zj75A+vjG/yMk/A=</latexit>

v ⇠ c

<latexit sha1_base64="L3w1H7pMWvGkJitx8JFfEhQJjf4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJRBIiFSYkXnyyaccne27taRIpOfoIWKDtHyMxT8C7ZxAQlTjWZ2tbMTRFJYdN1Pp7Syura+Ud6sbG3v7O5V9w86NowNhzYPZWi6AbMghYY2CpTQjQwwFUi4DybXmX8/BWNFqO9wFoGv2FiLkeAMU6k7pX0rFOWDas2tuznoMvEKUiMFWoPqV38Y8liBRi6ZtT3PjdBPmEHBJcwr/dhCxPiEjaGXUs0UWD/J887pSWwZhjQCQ4WkuQi/NxKmrJ2pIJ1UDB/sopeJ/3m9GEeXfiJ0FCNonh1CISE/ZLkRaRFAh8IAIsuSAxWacmYYIhhBGeepGKfNVNI+vMXvl0nnrO416ue3jVrzqmimTI7IMTklHrkgTXJDWqRNOJHkiTyTF+fReXXenPef0ZJT7BySP3A+vgEhAJQV</latexit>

Boosted DM

T

<latexit sha1_base64="c0fCxV1y/rJ+Kf2uE8j01xcpMVY=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJlJeUWNH5sgmnnM/W3R5SZOULaKGiQ7R8EAX/gm1cQGCq0cyudnaCWAqDrvvhlNbWNza3ytuVnd29/YPq4VHPRFZz6PJIRnoQMANSKOiiQAmDWAMLAwn9YH6b+f0H0EZEqoOLGPyQzZSYCs4wldqdcbXm1t0c9C/xClIjBVrj6udoEnEbgkIumTFDz43RT5hGwSUsKyNrIGZ8zmYwTKliIRg/yYMu6Zk1DCMag6ZC0lyEnxsJC41ZhEE6GTK8N6teJv7nDS1Or/1EqNgiKJ4dQiEhP2S4FmkDQCdCAyLLkgMVinKmGSJoQRnnqWjTSippH97q939J76LuNeqX7UateVM0UyYn5JScE49ckSa5Iy3SJZwAeSRP5Nmxzovz6rx9j5acYueY/ILz/gVRBZFl</latexit>

��p

<latexit sha1_base64="eQwvMMYckUNQehYUhM9yaojLdMg=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIVJGNgqCMoKEMEnlIsRWtL5vklPNDd2ukyErJV9BCRYdo+RAK/gU7pICEqUYzu9rZ8WMlDdn2p1VYW9/Y3Cpul3Z29/bLlYPDtokSLbAlIhXprg8GlQyxRZIUdmONEPgKO/7kJvc7D6iNjMJ7msboBTAK5VAKoEzqV8qukaMA+qkrxpLHs36latfsOfgqcRakyhZo9itf7iASSYAhCQXG9Bw7Ji8FTVIonJXcxGAMYgIj7GU0hACNl86Dz/hpYoAiHqPmUvG5iL83UgiMmQZ+NhkAjc2yl4v/eb2EhldeKsM4IQxFfoikwvkhI7TMGkE+kBqJIE+OXIZcgAYi1JKDEJmYZBWVsj6c5e9XSfu85tRrF3f1auN60UyRHbMTdsYcdska7JY1WYsJlrAn9sxerEfr1Xqz3n9GC9Zi54j9gfXxDaXGl7I=</latexit>

��p

<latexit sha1_base64="eQwvMMYckUNQehYUhM9yaojLdMg=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIVJGNgqCMoKEMEnlIsRWtL5vklPNDd2ukyErJV9BCRYdo+RAK/gU7pICEqUYzu9rZ8WMlDdn2p1VYW9/Y3Cpul3Z29/bLlYPDtokSLbAlIhXprg8GlQyxRZIUdmONEPgKO/7kJvc7D6iNjMJ7msboBTAK5VAKoEzqV8qukaMA+qkrxpLHs36latfsOfgqcRakyhZo9itf7iASSYAhCQXG9Bw7Ji8FTVIonJXcxGAMYgIj7GU0hACNl86Dz/hpYoAiHqPmUvG5iL83UgiMmQZ+NhkAjc2yl4v/eb2EhldeKsM4IQxFfoikwvkhI7TMGkE+kBqJIE+OXIZcgAYi1JKDEJmYZBWVsj6c5e9XSfu85tRrF3f1auN60UyRHbMTdsYcdska7JY1WYsJlrAn9sxerEfr1Xqz3n9GC9Zi54j9gfXxDaXGl7I=</latexit>

BDM FLUX1. Production of a BDM flux

Talk by Torsten Bringmann

✦ Up-scatterings with CR-protons

✦ Up-scatterings with CR-electrons
Talk by Filippo Sala

Agashe+, JCAP 10 (2014) 
Giudice+, PLB 780 (2018) 
SK coll., PRL 120 (2018) 
Bringmann+, PRL 122 (2019) 
Ema+, PRL 122 (2019) 
Cappiello+, PRD 100 (2019) 
Alvey+, PRL 123 (2019) 
Guo+, PRD 102 (2020) 
Bondarenko+, JHEP 03 (2020)

Ema+, SciPost Phys. 10 (2021) 
Berger+, PRD 103 (2021) 
Bell+, PRD 104 (2021) 
PROSPECT coll., PRD 104 (2021) 
Wang+, PRL 128 (2022) 
Granelli+, JCAP 07 (2022) 
PandaX-II coll., PRL 128 (2022) 
CDEX coll., PRD 106 (2022) 
Alvey+, JHEP 01 (2023)

See also
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DM interactions with cosmic-rays

2

They have two main effects:

p
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Boosted DM
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BDM FLUX1. Production of a BDM flux

Talk by Torsten Bringmann

✦ Up-scatterings with CR-protons

✦ Up-scatterings with CR-electrons
Talk by Filippo Sala

2. Reverse direct detection 
    (i.e. modification of the CR spectrum)

✦ Milky Way
Cappiello+, PRD 99 (2019)

✦ Starburst galaxies (in this talk!) 

Agashe+, JCAP 10 (2014) 
Giudice+, PLB 780 (2018) 
SK coll., PRL 120 (2018) 
Bringmann+, PRL 122 (2019) 
Ema+, PRL 122 (2019) 
Cappiello+, PRD 100 (2019) 
Alvey+, PRL 123 (2019) 
Guo+, PRD 102 (2020) 
Bondarenko+, JHEP 03 (2020)

Ema+, SciPost Phys. 10 (2021) 
Berger+, PRD 103 (2021) 
Bell+, PRD 104 (2021) 
PROSPECT coll., PRD 104 (2021) 
Wang+, PRL 128 (2022) 
Granelli+, JCAP 07 (2022) 
PandaX-II coll., PRL 128 (2022) 
CDEX coll., PRD 106 (2022) 
Alvey+, JHEP 01 (2023)

See also
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Starburst galaxies (SBGs)

The Starburst Galaxy M82

Properties of SBGs 

✦ Galaxies with high star-formation rate (~100 M⊙/yr, to 
compare with ~3 M⊙/yr in the Milky Way) 

✦ Dense interstellar gas (nISM > 100 cm-3)  

✦ Cosmic reservoirs: protons confined for about ~105 yr 

✦ Hadronic production:

✦ Sources of high-energy neutrinos and gamma-rays:

p
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Cosmic accelerator 
inside the galaxy 
(e.g. SN, AGN, …)

p+ p ! ⇡+ ⇡� ⇡0 ...
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Interstellar gas as the target

Injected CRs with power-law spectrum

⇡± ! e± ⌫e ⌫µ ⌫µ ⇡0 ! ��

<latexit sha1_base64="cQvfrvHg80MsRyVXfHYtfTApGig="></latexit>

Ambrosone+, MNRAS 503 (2021), ApJL 919 (2021), MNRAS 515 (2022)
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Current gamma-ray observations
Fermi-LAT and IACTs have detected 𝛾-rays in the GeV-TeV energy range from a few nearby SBGs 

Ajello+, ApJ 894 (2020)Ajello+, ApJ 894 (2020)

We focus on M82 and NGC253 galaxies which have more high-energy data!
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CR protons propagation

5

The proton distribution is dictated by the diffusion-loss differential equation:

dfCR(E)

dt
�r [D(E)rfCR(E) + vadv fCR(E)] +

d

dE


dE

dt
fCR(E)

�
= QCR(E)

<latexit sha1_base64="yL7i0/ZMLmvMLa34hKmYpwxR2Ts="></latexit>

Diffusion Energy losses Source termAdvection

Stationary limit 
+ 

Leaky-Box-Model

fCR(E) =


1

⌧esc
+

1

⌧loss

��1

QCR(E)

<latexit sha1_base64="w2+AnpweAIDpH9uwzd5pykShANo="></latexit>

⌧esc =


1

⌧di↵
+

1

⌧adv

��1

<latexit sha1_base64="EdUNxNdK2+MKTI5YjyuNaeLedjs="></latexit>

with

Escape Time

Good approximation inside 
the SBG core

Standard losses: ionization, Coulomb interactions, 
and proton-proton collisions 

power-law from SNs
QCR(p) / p��e�p/10PeV

<latexit sha1_base64="AErh4PfjBodGginwcTaMx9BKKmg="></latexit>
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M82 emission

calorimeter regime (pion production)

Processes timescales

Dominant process Smallest timescale
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M82 emission

Two-parameter best-fit SED 

✦ Spectral index 

✦ Star-formation rate

� = 2.30
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Ṁ⇤ = 4.5M� yr�1
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�2/dof = 1.24
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calorimeter regime (pion production)

Processes timescales Gamma-ray flux

The SBG model fits very well current gamma-ray data!

Dominant process Smallest timescale



Marco Chianese | UniNA & INFN

✓
dE

dt

◆

�p

=
⇢�
m�

Z Tmax
�

0
dT� T�

d�el

dT�

<latexit sha1_base64="6bfoJuejCHqya4ZaILk7yALySgY="></latexit>

fCR(p) =


1

⌧esc
+

1

⌧loss
+

1

⌧ el�p
+

1

⌧ inel�p

��1

QCR(p)

<latexit sha1_base64="bUoctYxNzYBGKTwxINxE0kVqL34="></latexit>

SBGs as DM laboratories 

7

We cannot directly probe the CR spectrum inside the SBGs…but we observe 𝛾-rays!
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Modification of CR transport
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of 𝛾-rays 

Rescaling 𝜈N cross-section
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DM halo density profile
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✦ Large uncertainty on the DM density inside the 
SBG core

✦ However, marginal effects on the 𝛾-ray emission

Average inside the SBN

✦ Parameters from cosmological simulations

c200 = r200/rs
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Effects of CR-DM scatterings
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Higher gamma-ray flux due to inelastic 𝝌p interaction
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Constraints from SBGs
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Constraints from SBGs
✦ Distortions of Milky-Way Cosmic-Rays

Cappiello+, PRD 99 (2019)

10

✦  Galactic CR-upscattering DM constraints
Bondarenko+, JHEP 03 (2020)
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Constraints from SBGs
✦ Distortions of Milky-Way Cosmic-Rays

Cappiello+, PRD 99 (2019)

✦ Boosted DM from blazar jets, assuming DM 
spikes (high density) around the black holes 
➜ large uncertainties!
Wang+ PRL 128 (2022), Granelli+ JCAP 07 (2022)
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✦  Galactic CR-upscattering DM constraints
Bondarenko+, JHEP 03 (2020)
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Constraints from SBGs
✦ Distortions of Milky-Way Cosmic-Rays

Cappiello+, PRD 99 (2019)

✦ Boosted DM from blazar jets, assuming DM 
spikes (high density) around the black holes 
➜ large uncertainties!
Wang+ PRL 128 (2022), Granelli+ JCAP 07 (2022)
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✦  Galactic CR-upscattering DM constraints
Bondarenko+, JHEP 03 (2020)

OUR CONSTRAINTS FROM SBG (5𝜎)

✦ M82 and NGC253 with current and future data
Ambrosone, MC, Fiorillo, Marinelli, Miele, PRL 131 (2023)
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Dependence on DM density
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The constraints are quite robust against the uncertainty on the DM profile!
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Less than 2 orders 
of magnitudes!
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Forecast with CTA data
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Ambrosone+, MNRAS 515 (2022)

✦ The CTA telescope will probe SBG emission in the 
0.1-10 TeV range

✦ Generation of mock data sets by means of CTA 
public info
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✦ New methodology employing starburst galaxies’ observations to probe dark matter 

and in general new physics 

✦ Current -ray data of M82 and NGC 253 sources put strong and highly 

complementary constraints on DM-proton cross-section 

✦ Stay tuned: upcoming gamma-ray telescopes will give us a better understanding of 

the cosmic-ray transport inside SBGs

γ

Thanks for listening!
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NGC 253
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Contamination of heavier nuclei (Helium)
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✦ Slight modification of 
spectral distortion

✦ The limits improve by 
less than an order of 
magnitude

✦ We explore different 
CR composition inside 
the SBG core
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Modeling SBG emission
In the calorimeter scenario, three main parameters: 

✦ Cut-off energy 

✦ Spectral index 

✦ Rate of SuperNovae explosions

Peretti+, MNRAS 487 (2019), MNRAS 493 (2020)

Leaky-box-like model for CR transport
<latexit sha1_base64="zSq917kakFV82fZ7FsQxlE5CP8s="></latexit>
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M82 gamma-ray spectrum

16
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Bayesian analysis

This allows us to predict the neutrino and VHE gamma-rays emission from these sources!

Ambrosone+, 2106.12348

https://arxiv.org/abs/2106.13248
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Point-like forecast
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✦ Objective test for the calorimetric model 

✦ Compelling evidence of star-forming activity as a 
tracer of neutrino production.

Future joint 𝜈-𝛾 observations

Ambrosone+, 2106.12348

https://arxiv.org/abs/2106.13248

