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Boosted Dark Matter (BDM) &  
Observation of BDM at DM Direct detection

XENON Collaboration 
PRD 102 (2020) 072004 

[2006.09721] [hep-ex]

YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,  
PLB 811 (2020) 135863 [2006.13910] [hep-ph]
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Charged Cosmic ray (electron) BDM 
provides an interesting possibility in 

DM direct detection/neutrino 
observatories.

cf) Q.-H. Cao et al, [2006.12767] [hep-ph] 
(electron CR Boosted DM)
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Q1: Can Cosmic "Neutrinos"

boost light Dark Matter in the halo?

Q2: Cosmic-Neutrino-Boosted Dark Matter 
can be probed at 


various ground experiments/observatories?
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Q1: Can Cosmic "Neutrinos"

boost light Dark Matter in the halo?
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Cosmic-Neutrino-Boosted 
Dark Matter

Our Sun is the nearest 
source of keV-MeV 
energy neutrinos!

<latexit sha1_base64="R5UrFLdorsWZNh7ShVYOOuIVJHg="></latexit>

�Solar⌫ ' O(108)[cm�2s�1keV �1]
<latexit sha1_base64="yPSs1nyQDwU5gKyWqijDzgrKMew=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe6MqGVQBBshgomBXAh7m0lc3Ns7d+fEcKSx8a/YWChi63+w89+4iSk08cHA470ZZuaFiRQGPe/LmZqemZ2bzy3kF5eWV1bdtfWaiVPNocpjGet6yAxIoaCKAiXUEw0sCiVchTcnA//qDrQRsbrEXgLNiHWV6AjO0Eotd+u0FaiUBkZEcEu9YokGCPeY0XOo9VtuwSt6Q9BJ4o9IgYxQabmfQTvmaQQKuWTGNHwvwWbGNAouoZ8PUgMJ4zesCw1LFYvANLPhF326Y5U27cTalkI6VH9PZCwypheFtjNieG3GvYH4n9dIsXPUzIRKUgTFfxZ1UkkxpoNIaFto4Ch7ljCuhb2V8mumGUcbXN6G4I+/PElqe0X/oFi62C+Uj0dx5Mgm2Sa7xCeHpEzOSIVUCScP5Im8kFfn0Xl23pz3n9YpZzSzQf7A+fgGkf6XWw==</latexit>

E⌫ ' 0.3 MeVat

Various type of nuclear 
reactions induce several 
bump in the spectrum.

I. Dark Matter boosted by neutrinos emitted from the Sun

5



Cosmic-Neutrino-Boosted 
Dark Matter

I. Dark Matter boosted by neutrinos emitted from the Sun

<latexit sha1_base64="fcG33JWBXckWIZX6PyUvdTlTBos=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1DJoYxnBmEByhL3NXrJk73bZnRNCyI+wsVDE1t9j579xk1yhiQ8GHu/NMDMv0lJY9P1vr7Cyura+UdwsbW3v7O6V9w8ercoM4w2mpDKtiFouRcobKFDyljacJpHkzWh4O/WbT9xYodIHHGkeJrSfilgwik5qdrRRGlW3XPGr/gxkmQQ5qUCOerf81ekpliU8RSapte3A1xiOqUHBJJ+UOpnlmrIh7fO2oylNuA3Hs3Mn5MQpPRIr4ypFMlN/T4xpYu0oiVxnQnFgF72p+J/XzjC+Dsci1RnylM0XxZkkqMj0d9IThjOUI0coM8LdStiAGsrQJVRyIQSLLy+Tx7NqcFk9v7+o1G7yOIpwBMdwCgFcQQ3uoA4NYDCEZ3iFN097L9679zFvLXj5zCH8gff5A6V3j8g=</latexit>/

(It is valid in the point source limit,           )<latexit sha1_base64="qLxMs3gV+1165SwcR4dDbxzd0EA=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KoqMeiF48VjC20oWy2L+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtg4sDDPvsW8mTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XZMQt1etuXV3BrJMvILUoECzV/3q9hOWxSgNE1TrjuemJsipMpwJnFS6mcaUshEdYMdSSWPUQT47dkJOrNInUaLsk4bM1N8bOY21HsehnYypGepFbyr+53UyE10HOZdpZlCy+UdRJoiNOE1O+lwhM2JsCWWK21sJG1JFmbH9VGwJ3mLkZfJ4Vvcu6+f3F7XGTVFHGY7gGE7BgytowB00wQcGHJ7hFd4c6bw4787HfLTkFDuH8AfO5w8nRI5D</latexit>! 0

6



Cosmic-Neutrino-Boosted 
Dark Matter

(The volume integration for DM coordinates)
For a single neutrino source (here, our Sun) contribution!

I. Dark Matter boosted by neutrinos emitted from the Sun

7



II. A 'naive' estimation of Galactic Star neutrino BDM amounts

GC

We know both the populations of Stars & DM is dominant 
within the O(1) kpc sphere centered at GC.

Cosmic-Neutrino-Boosted 
Dark Matter

The (planar) number density of stars 
from the observation.

<latexit sha1_base64="7BfFGSSaAze8fwNWzfRBEtyz2bw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyVRUZdFN+6sYB/QhDKZTtuhkwczN2IJ2bnxV9y4UMStv+DOv3HSZqGtBy4czrmXe+/xIsEVWNa3UVhYXFpeKa6W1tY3NrfM7Z2mCmNJWYOGIpRtjygmeMAawEGwdiQZ8T3BWt7oKvNb90wqHgZ3MI6Y65NBwPucEtBS19x3FPex4xMYUiKSm7RiH2EH2AMko4imXbNsVa0J8Dyxc1JGOepd88vphTT2WQBUEKU6thWBmxAJnAqWlpxYsYjQERmwjqYB8Zlyk8kfKT7USg/3Q6krADxRf08kxFdq7Hu6MztYzXqZ+J/XiaF/4SY8iGJgAZ0u6scCQ4izUHCPS0ZBjDUhVHJ9K6ZDIgkFHV1Jh2DPvjxPmsdV+6x6cntarl3mcRTRHjpAFWSjc1RD16iOGoiiR/SMXtGb8WS8GO/Gx7S1YOQzu+gPjM8fg9OZGg==</latexit>

⇠ O(1)kpc

dΦBDM

dEDM A
∼ (nDMσν−DML) ⋅ Nstar ⋅

dΦSolarν

dEν
⋅ (

1AU
1kpc

)2

∼ (106 ⋅ 10−33 ⋅ 1021 ⋅ 1010 ⋅ 10−18)
dΦSolarν

dEν
∼ 10−14 ⋅

dΦSolarν

dEν

A

If one assume a almost uniform production of 
neutrinos and scattering rate in the central 
region (with a set of benchmark parameters),

nDM ∼ 106cm−3

σν−DM ∼ 10−33cm2

L ∼ 1kpc ∼ 1021cm
Nstar ∼ 1010

Benchmark Param.

At the Earth, one can expect ∼ 10−15 − 10−16 ⋅
dΦSolarν

dEν

8



Cosmic-Neutrino-Boosted 
Dark Matter

III. The expectation of Galactic Star neutrino BDM

(d�, 0, 0)

<latexit sha1_base64="zs9aONuIqizQIfpzmmL5srAPv4g=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJUKGVXCuqt6MVjBfsB7Vqy2Wwbmk2WJKuU0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBQln2rjut7Oyura+sZnbym/v7O7tFw4Om1qmitAGkVyqdoA15UzQhmGG03aiKI4DTlvB8Gbqtx6p0kyKezNKqB/jvmARI9hY6aEU9roy4akuu2X3rFcouhV3BrRMvIwUIUO9V/jqhpKkMRWGcKx1x3MT44+xMoxwOsl3U00TTIa4TzuWChxT7Y9nV0/QqVVCFEllSxg0U39PjHGs9SgObGeMzUAvelPxP6+TmujSHzORpIYKMl8UpRwZiaYRoJApSgwfWYKJYvZWRAZYYWJsUHkbgrf48jJpnle8auXqrlqsXWdx5OAYTqAEHlxADW6hDg0goOAZXuHNeXJenHfnY9664mQzR/AHzucPzlKRbQ==</latexit>

DM halo

~y

<latexit sha1_base64="djNgVbPuLJkUq3v0Hvq/eHsp2UY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZTtulm03Y3RRC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglhwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4m93O/PUWleSSfTBqjH9KR5EPOqLFSuzdFlqWzfrniVt0FyDrxclKBHI1++as3iFgSojRMUK27nhsbP6PKcCZwVuolGmPKJnSEXUslDVH72eLcGbmwyoAMI2VLGrJQf09kNNQ6DQPbGVIz1qveXPzP6yZmeONnXMaJQcmWi4aJICYi89/JgCtkRqSWUKa4vZWwMVWUGZtQyYbgrb68TlpXVa9WvX2sVep3eRxFOINzuAQPrqEOD9CAJjCYwDO8wpsTOy/Ou/OxbC04+cwp/IHz+QO3SI/X</latexit>

~z � ~y

<latexit sha1_base64="Kkp5WjfAM/0XXCtlBg68Zlmj7S4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEN5ZECuqu6MZlBfuANpTJdNIOnTyYmRTSkC9x40IRt36KO//GaZqFth643MM59zJ3jhtxJpVlfRuljc2t7Z3ybmVv/+Cwah4dd2QYC0LbJOSh6LlYUs4C2lZMcdqLBMW+y2nXnd4v/O6MCsnC4EklEXV8PA6YxwhWWhqa1cGMknSeXeY9yYZmzapbOdA6sQtSgwKtofk1GIUk9mmgCMdS9m0rUk6KhWKE06wyiCWNMJniMe1rGmCfSifND8/QuVZGyAuFrkChXP29kWJfysR39aSP1USuegvxP68fK+/GSVkQxYoGZPmQF3OkQrRIAY2YoETxRBNMBNO3IjLBAhOls6roEOzVL6+TzlXdbtRvHxu15l0RRxlO4QwuwIZraMIDtKANBGJ4hld4M+bGi/FufCxHS0axcwJ/YHz+AFvAk5E=</latexit>

~x� ~z

<latexit sha1_base64="gvvYRV8FYLI82zTu7eTjn8Ijn/4=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwY0mkoO6KblxWsA9oQ5lMb9qhk0mYmRTbkC9x40IRt36KO//GaZuFth643MM59zJ3jh9zprTjfFtr6xubW9uFneLu3v5ByT48aqookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/dDfzW2OQikXiUU9i8EIyECxglGgj9exSdww0fcou5n2a9eyyU3HmwKvEzUkZ5aj37K9uP6JJCEJTTpTquE6svZRIzSiHrNhNFMSEjsgAOoYKEoLy0vnhGT4zSh8HkTQlNJ6rvzdSEio1CX0zGRI9VMveTPzP6yQ6uPZSJuJEg6CLh4KEYx3hWQq4zyRQzSeGECqZuRXTIZGEapNV0YTgLn95lTQvK261cvNQLddu8zgK6ASdonPkoitUQ/eojhqIogQ9o1f0Zk2tF+vd+liMrln5zjH6A+vzB1ork5A=</latexit>

~x

<latexit sha1_base64="zu+qbv1+5ENWXj4CH4mXP//7pL0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsJ+3SzSbsbool9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfGqPSPJaPZpKgH9GB5CFn1Fip1R0jy56mvXLFrbpzkFXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgtNRNNSaUjegAO5ZKGqH2s/m5U3JmlT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeO1nXCapQckWi8JUEBOT2e+kzxUyIyaWUKa4vZWwIVWUGZtQyYbgLb+8SpoXVe+yevNwWand5nEU4QRO4Rw8uIIa3EMdGsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w+1w4/W</latexit>

Galactic Disk
Earth

<latexit sha1_base64="HqJ5gGv/SuElk6EXNPdHixy5WUg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VRfBYwX5At5Rsmm1Ds9klmRXL0r/hxYMiXv0z3vw3pu0etPXBwOO9mWTmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwnvBvRgRKhYBSt5PvInzC7pRqHk1654lbdGcgy8XJSgRz1XvnL78csjbhCJqkxHc9NsJvZxwSTfFLyU8MTykZ0wDuWKhpx081mO0/IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzsZkIlKXLF5h+FqSQYk2kApC80ZyjHllCmhd2VsCHVlKGNqWRD8BZPXibNs6p3Xr26P6/UrvM4inAEx3AKHlxADe6gDg1gkMAzvMKbkzovzrvzMW8tOPnMIfyB8/kDjgiSCw==</latexit>

DM

<latexit sha1_base64="akNueN022yT9Yv6hWBnehYWKOFY=">AAAB8HicbVDLSgNBEJyNrxhfUY9eFoPgKeyKoN6CevAiRDAPSZYwO+kkQ2Zml5leMSz5Ci8eFPHq53jzb5wke9DEgoaiqpvurjAW3KDnfTu5peWV1bX8emFjc2t7p7i7VzdRohnUWCQi3QypAcEV1JCjgGasgcpQQCMcXk38xiNowyN1j6MYAkn7ivc4o2ilhzbCE6bXt+NOseSVvSncReJnpEQyVDvFr3Y3YokEhUxQY1q+F2OQUo2cCRgX2omBmLIh7UPLUkUlmCCdHjx2j6zSdXuRtqXQnaq/J1IqjRnJ0HZKigMz703E/7xWgr3zIOUqThAUmy3qJcLFyJ1873a5BoZiZAllmttbXTagmjK0GRVsCP78y4ukflL2T8sXd6elymUWR54ckENyTHxyRirkhlRJjTAiyTN5JW+Odl6cd+dj1ppzspl98gfO5w/4a5CK</latexit>

✓̄0

<latexit sha1_base64="wxvkV5LanFyhh/fOivJtG4DfYBY=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oYtlst+3SzSbsTpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVLDpVC8gQIlbyea0yiUvBWObqZ+65FrI2J1j+OEBxEdKNEXjKKVHvyQ6szHIUc66brdcsWtujOQZeLlpAI56t3yl9+LWRpxhUxSYzqem2CQUY2CST4p+anhCWUjOuAdSxWNuAmy2dUTcmKVHunH2pZCMlN/T2Q0MmYchbYzojg0i95U/M/rpNi/DDKhkhS5YvNF/VQSjMk0AtITmjOUY0so08LeStiQasrQBlWyIXiLLy+T5lnVO69e3Z1Xatd5HEU4gmM4BQ8uoAa3UIcGMNDwDK/w5jw5L8678zFvLTj5zCH8gfP5A58ekpw=</latexit>

<latexit sha1_base64="fumyG8WbCQIm97m1rGRV+sj6e68=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVvz7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4ApUmPLA==</latexit>

✓

<latexit sha1_base64="31u2RSDESCMXkZMAAFZDRI+qOKs="></latexit>

BDM
<latexit sha1_base64="xCS66/7rmcbDVQx4vLNkG+orN9k="></latexit>

Star

<latexit sha1_base64="zuP3dknFXT0IoHkz9g21wGdsKUM=">AAACHnicbVDLSgMxFM3UV62vUZduBovgQkqmdLTdFd24rGAf0BlKJk3b0MyD5I5QhvkSN/6KGxeKCK70b0wfC209EDicc25yc/xYcAUYfxu5tfWNza38dmFnd2//wDw8aqkokZQ1aSQi2fGJYoKHrAkcBOvEkpHAF6ztj2+mfvuBScWj8B4mMfMCMgz5gFMCWuqZTurOLunKoe+luITLVadSvsClsoNrdk0TB9u1y0rm+kSmLowYkCzrmUUdncFaJfaCFNECjZ756fYjmgQsBCqIUl0bx+ClRAKngmUFN1EsJnRMhqyraUgCprx0tllmnWmlbw0iqU8I1kz9PZGSQKlJ4OtkQGCklr2p+J/XTWBQ9VIexgmwkM4fGiTCgsiadmX1uWQUxEQTQiXXu1p0RCShoBst6BLs5S+vkla5ZDslfFcp1q8XdeTRCTpF58hGV6iOblEDNRFFj+gZvaI348l4Md6Nj3k0ZyxmjtEfGF8/y5KfNA==</latexit>

✓̄

<latexit sha1_base64="kQXvlJ4iRs/YitrRFhz6bdFZWjU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKosdgDnqMYB6SLGF2MkmGzMwuM71iWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYSy4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYaJEU1ankYh0KySGCa5YHTkK1oo1IzIUrBmOqlO/+ci04ZG6x3HMAkkGivc5JWilhw6yJ0xvqpNuseSVvRncZeJnpAQZat3iV6cX0UQyhVQQY9q+F2OQEo2cCjYpdBLDYkJHZMDalioimQnS2cET98QqPbcfaVsK3Zn6eyIl0pixDG2nJDg0i95U/M9rJ9i/ClKu4gSZovNF/US4GLnT790e14yiGFtCqOb2VpcOiSYUbUYFG4K/+PIyaZyV/Yuyd3deqlxnceThCI7hFHy4hArcQg3qQEHCM7zCm6OdF+fd+Zi35pxs5hD+wPn8Aes9kHs=</latexit>

GC

<latexit sha1_base64="txQjAE234XFXDbP8B8qw5MZ6fgE=">AAACFXicdVBLSwMxGMzWV62vVY9egkXwUMpuXdt6K3rxWME+YHcp2TRtQ7PZJckKZemf8OJf8eJBEa+CN/+N2T5ARQcCw8x8yZcJYkalsqxPI7eyura+kd8sbG3v7O6Z+wdtGSUCkxaOWCS6AZKEUU5aiipGurEgKAwY6QTjq8zv3BEhacRv1SQmfoiGnA4oRkpLPbOUerNLXDEM/NQqX9SrFadassqWVbMrdkYqNefMmXo8mfbM4jIBlwm4TEBbKxmKYIFmz/zw+hFOQsIVZkhK17Zi5adIKIoZmRa8RJIY4TEaEldTjkIi/XS20BSeaKUPB5HQhys4U79PpCiUchIGOhkiNZK/vUz8y3MTNaj7KeVxogjH84cGCYMqgllFsE8FwYpNNEFYUL0rxCMkEFa6yIIuYflT+D9pV8r2edm6cYqNy0UdeXAEjsEpsEENNMA1aIIWwOAePIJn8GI8GE/Gq/E2j+aMxcwh+AHj/QupKJta</latexit>⌫

In a realistic estimation, 
Production of BDM is highly 
anisotropic, and depends on 
spectrum of injected neutrinos.

Individual star contribution

Total Galaxy contribution

9

-Assumption in the evaluation- 
1. Symmetric population of Stars&DM 
2. All stars have same luminosity as the Sun



Cosmic-Neutrino-Boosted 
Dark Matter

III. The expectation of Galactic Star neutrino BDM

YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng  
[2101.11262] [hep-ph]

Total BDM flux at the Earth

At the Earth, one can expect ∼ 10−15 − 10−16 ⋅
dΦSolarν

dEν
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Cosmic-Neutrino-Boosted 
Dark Matter

III. The expectation of Galactic Star neutrino BDM

YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng  
[2101.11262] [hep-ph]

Total BDM flux at the Earth
Bump structures 
from original solar 
neutrino spectrum
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Q1: Can Cosmic "Neutrinos"

boost light Dark Matter in the halo?

12

Q2: Cosmic-Neutrino-Boosted Dark Matter 
can be probed at 


various ground experiments/observatories?



Cosmic-Neutrino-Boosted 
Dark Matter

III. The expectation of Galactic Star neutrino BDM

GC Earth
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<latexit sha1_base64="Cu8h0ONdONu5xIcHUibbbU4S3/M="></latexit>

<latexit sha1_base64="rErR1i4Qu3whVJ5CZRxk0o05rjw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHbFoBchqAcvgQjmAUkIs5NOMmRmd5npFcMS8OKvePGgiFd/wpt/4+Rx0MSChqKqm+4uP5LCoOt+OwuLS8srq6m19PrG5tZ2Zme3YsJYcyjzUIa65jMDUgRQRoESapEGpnwJVb9/NfKr96CNCIM7HETQVKwbiI7gDK3UyuyrVtLQil4Xh/SC5mkD4QETWoTKsJXJujl3DDpPvCnJkilKrcxXox3yWEGAXDJj6p4bYTNhGgWXMEw3YgMR433WhbqlAVNgmsn4hyE9skqbdkJtK0A6Vn9PJEwZM1C+7VQMe2bWG4n/efUYO+fNRARRjBDwyaJOLCmGdBQIbQsNHOXAEsa1sLdS3mOacbSxpW0I3uzL86RykvPyOff2NFu4nMaRIgfkkBwTj5yRArkhJVImnDySZ/JK3pwn58V5dz4mrQvOdGaP/IHz+QP8xZZ2</latexit>

mDM = 5 MeV
<latexit sha1_base64="JcslO6Ke+6bnhcjopH7mHjShfPY=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7ArSrwIQS8eI5gHJMsyO+kkQ2YfzPSKYQn4K148KOLV7/Dm3zhJ9qCJBQ1FVTfdXUEihUbH+baWlldW19YLG8XNre2dXXtvv6HjVHGo81jGqhUwDVJEUEeBElqJAhYGEprB8GbiNx9AaRFH9zhKwAtZPxI9wRkaybcPQ79Fr2jFcWgH4REzOoTG2LdLTtmZgi4SNyclkqPm21+dbszTECLkkmnddp0EvYwpFFzCuNhJNSSMD1kf2oZGLATtZdPzx/TEKF3ai5WpCOlU/T2RsVDrURiYzpDhQM97E/E/r51i79LLRJSkCBGfLeqlkmJMJ1nQrlDAUY4MYVwJcyvlA6YYR5NY0YTgzr+8SBpnZfei7Nydl6rXeRwFckSOySlxSYVUyS2pkTrhJCPP5JW8WU/Wi/Vufcxal6x85oD8gfX5A/hElDg=</latexit>

mX = 700 keV

<latexit sha1_base64="uCmpq+niUjFtXTaB/b+Okyw64SY=">AAACHHicbVDLSgMxFM3UV62vqks3wSK4KjM+0GVRF4IIFewDOqVk0ts2NPMwuSOWoR/ixl9x40IRNy4E/8a0nYWtHgicnHMuyT1eJIVG2/62MnPzC4tL2eXcyura+kZ+c6uqw1hxqPBQhqruMQ1SBFBBgRLqkQLmexJqXv985NfuQWkRBrc4iKDps24gOoIzNFIrf+jY1EV4wIT2oTqkroQ7etVKXOXTi+v07thToVa+YBftMehf4qSkQFKUW/lPtx3y2IcAuWRaNxw7wmbCFAouYZhzYw0R433WhYahAfNBN5PxckO6Z5Q27YTKnADpWP09kTBf64HvmaTPsKdnvZH4n9eIsXPaTEQQxQgBnzzUiSXFkI6aom2hgKMcGMK4EuavlPeYYhxNnzlTgjO78l9SPSg6x0X75qhQOkvryJIdskv2iUNOSIlckjKpEE4eyTN5JW/Wk/VivVsfk2jGSme2yRSsrx+zKZ/n</latexit>

10 keV  KDM  100 keV
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<latexit sha1_base64="Cu8h0ONdONu5xIcHUibbbU4S3/M="></latexit>

<latexit sha1_base64="rErR1i4Qu3whVJ5CZRxk0o05rjw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHbFoBchqAcvgQjmAUkIs5NOMmRmd5npFcMS8OKvePGgiFd/wpt/4+Rx0MSChqKqm+4uP5LCoOt+OwuLS8srq6m19PrG5tZ2Zme3YsJYcyjzUIa65jMDUgRQRoESapEGpnwJVb9/NfKr96CNCIM7HETQVKwbiI7gDK3UyuyrVtLQil4Xh/SC5mkD4QETWoTKsJXJujl3DDpPvCnJkilKrcxXox3yWEGAXDJj6p4bYTNhGgWXMEw3YgMR433WhbqlAVNgmsn4hyE9skqbdkJtK0A6Vn9PJEwZM1C+7VQMe2bWG4n/efUYO+fNRARRjBDwyaJOLCmGdBQIbQsNHOXAEsa1sLdS3mOacbSxpW0I3uzL86RykvPyOff2NFu4nMaRIgfkkBwTj5yRArkhJVImnDySZ/JK3pwn58V5dz4mrQvOdGaP/IHz+QP8xZZ2</latexit>

mDM = 5 MeV
<latexit sha1_base64="JcslO6Ke+6bnhcjopH7mHjShfPY=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7ArSrwIQS8eI5gHJMsyO+kkQ2YfzPSKYQn4K148KOLV7/Dm3zhJ9qCJBQ1FVTfdXUEihUbH+baWlldW19YLG8XNre2dXXtvv6HjVHGo81jGqhUwDVJEUEeBElqJAhYGEprB8GbiNx9AaRFH9zhKwAtZPxI9wRkaybcPQ79Fr2jFcWgH4REzOoTG2LdLTtmZgi4SNyclkqPm21+dbszTECLkkmnddp0EvYwpFFzCuNhJNSSMD1kf2oZGLATtZdPzx/TEKF3ai5WpCOlU/T2RsVDrURiYzpDhQM97E/E/r51i79LLRJSkCBGfLeqlkmJMJ1nQrlDAUY4MYVwJcyvlA6YYR5NY0YTgzr+8SBpnZfei7Nydl6rXeRwFckSOySlxSYVUyS2pkTrhJCPP5JW8WU/Wi/Vufcxal6x85oD8gfX5A/hElDg=</latexit>

mX = 700 keV

-��

-��

-��

-��<latexit sha1_base64="RAOELaoHATNoJGV90xZd7A+KiJ4=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZUYUXRZ1IUihgn1Ap5RMetuGZh4md8Qy9Dvc+CtuXCjiTtz4N6btLGrrgcDJOeeS3ONFUmi07R9rYXFpeWU1s5Zd39jc2s7t7FZ1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LN61+O/NoDKC3C4A4HETR91g1ER3CGRmrlHIe6CI+Y0BJUh9SVcE9vWomrfHpVSu+OPZ1p5fJ2wR6DzhMnJXmSotzKfbntkMc+BMgl07rh2BE2E6ZQcAnDrBtriBjvsy40DA2YD7qZjFcb0kOjtGknVOYESMfq9ETCfK0HvmeSPsOenvVG4n9eI8bOeTMRQRQjBHzyUCeWFEM66om2hQKOcmAI40qYv1LeY4pxNG1mTQnO7MrzpHpccE4L9u1JvniR1pEh++SAHBGHnJEiuSZlUiGcPJEX8kberWfr1fqwPifRBSud2SN/YH3/Al76nzc=</latexit>

1 MeV  KDM  10 MeV
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���]

<latexit sha1_base64="CjnPXI2rzenLlemaEN4rQobanVI="></latexit>

d�BDM

d✓dKDM

���
(KDM,mX)=(10 keV,700 keV)

(unit normalized)

<latexit sha1_base64="rErR1i4Qu3whVJ5CZRxk0o05rjw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHbFoBchqAcvgQjmAUkIs5NOMmRmd5npFcMS8OKvePGgiFd/wpt/4+Rx0MSChqKqm+4uP5LCoOt+OwuLS8srq6m19PrG5tZ2Zme3YsJYcyjzUIa65jMDUgRQRoESapEGpnwJVb9/NfKr96CNCIM7HETQVKwbiI7gDK3UyuyrVtLQil4Xh/SC5mkD4QETWoTKsJXJujl3DDpPvCnJkilKrcxXox3yWEGAXDJj6p4bYTNhGgWXMEw3YgMR433WhbqlAVNgmsn4hyE9skqbdkJtK0A6Vn9PJEwZM1C+7VQMe2bWG4n/efUYO+fNRARRjBDwyaJOLCmGdBQIbQsNHOXAEsa1sLdS3mOacbSxpW0I3uzL86RykvPyOff2NFu4nMaRIgfkkBwTj5yRArkhJVImnDySZ/JK3pwn58V5dz4mrQvOdGaP/IHz+QP8xZZ2</latexit>

mDM = 5 MeV
<latexit sha1_base64="yVOVmvP5lMAQmfnmYuT38u9vTgc=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbgTgzZCUAsbIYL5gCSEvc0kWbJ7d+zOieFIY+NfsbFQxNb/YOe/cfNRaOKDgcd7M8zM8yMpDLrut5NaWFxaXkmvZtbWNza3sts7FRPGmkOZhzLUNZ8ZkCKAMgqUUIs0MOVLqPr9y5FfvQdtRBjc4SCCpmLdQHQEZ2ilVnZftZKGVvTqZkjPacF1aQPhARPah8qwlc25eXcMOk+8KcmRKUqt7FejHfJYQYBcMmPqnhthM2EaBZcwzDRiAxHjfdaFuqUBU2CayfiLIT20Spt2Qm0rQDpWf08kTBkzUL7tVAx7ZtYbif959Rg7Z81EBFGMEPDJok4sKYZ0FAltCw0c5cASxrWwt1LeY5pxtMFlbAje7MvzpHKc9wp59/YkV7yYxpEme+SAHBGPnJIiuSYlUiacPJJn8krenCfnxXl3PiatKWc6s0v+wPn8ARQVlwg=</latexit>

mDM = 500 keV
<latexit sha1_base64="QoVn+z3SAtPLX+1BCr0xa5mdPzw=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJQRshqIWNEMF8QBLC3maSLNm9O3bnxHCksPGv2FgoYuuPsPPfuPkoNPHBwOO9GWbm+ZEUBl3320ktLa+srqXXMxubW9s72d29qgljzaHCQxnqus8MSBFABQVKqEcamPIl1PzB5div3YM2IgzucBhBS7FeILqCM7RSO5tT7aSpFb26GdFzWnRpE+EBEzqA6qidzbsFdwK6SLwZyZMZyu3sV7MT8lhBgFwyYxqeG2ErYRoFlzDKNGMDEeMD1oOGpQFTYFrJ5IkRPbRKh3ZDbStAOlF/TyRMGTNUvu1UDPtm3huL/3mNGLtnrUQEUYwQ8OmibiwphnScCO0IDRzl0BLGtbC3Ut5nmnG0uWVsCN78y4ukelzwigX39iRfupjFkSY5ckCOiEdOSYlckzKpEE4eyTN5JW/Ok/PivDsf09aUM5vZJ3/gfP4Anz2Wzg==</latexit>

mDM = 50 keV
<latexit sha1_base64="kVo4lM7P0f5Y90zroTSgrAuxYjY=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArBr0IQT14ESKYByQhzE46yZCZ3WWmVwxLwIu/4sWDIl79CW/+jZPHQRMLGoqqbrq7/EgKg6777aQWFpeWV9KrmbX1jc2t7PZOxYSx5lDmoQx1zWcGpAigjAIl1CINTPkSqn7/cuRX70EbEQZ3OIigqVg3EB3BGVqpld1TraShFb26GdJzWqANhAdMaB8qw1Y25+bdMeg88aYkR6YotbJfjXbIYwUBcsmMqXtuhM2EaRRcwjDTiA1EjPdZF+qWBkyBaSbjH4b00Cpt2gm1rQDpWP09kTBlzED5tlMx7JlZbyT+59Vj7Jw1ExFEMULAJ4s6saQY0lEgtC00cJQDSxjXwt5KeY9pxtHGlrEheLMvz5PKcd4r5N3bk1zxYhpHmuyTA3JEPHJKiuSalEiZcPJInskreXOenBfn3fmYtKac6cwu+QPn8wcqppaU</latexit>

mDM = 5 keV

<latexit sha1_base64="rErR1i4Qu3whVJ5CZRxk0o05rjw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHbFoBchqAcvgQjmAUkIs5NOMmRmd5npFcMS8OKvePGgiFd/wpt/4+Rx0MSChqKqm+4uP5LCoOt+OwuLS8srq6m19PrG5tZ2Zme3YsJYcyjzUIa65jMDUgRQRoESapEGpnwJVb9/NfKr96CNCIM7HETQVKwbiI7gDK3UyuyrVtLQil4Xh/SC5mkD4QETWoTKsJXJujl3DDpPvCnJkilKrcxXox3yWEGAXDJj6p4bYTNhGgWXMEw3YgMR433WhbqlAVNgmsn4hyE9skqbdkJtK0A6Vn9PJEwZM1C+7VQMe2bWG4n/efUYO+fNRARRjBDwyaJOLCmGdBQIbQsNHOXAEsa1sLdS3mOacbSxpW0I3uzL86RykvPyOff2NFu4nMaRIgfkkBwTj5yRArkhJVImnDySZ/JK3pwn58V5dz4mrQvOdGaP/IHz+QP8xZZ2</latexit>

mDM = 5 MeV
<latexit sha1_base64="yVOVmvP5lMAQmfnmYuT38u9vTgc=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbgTgzZCUAsbIYL5gCSEvc0kWbJ7d+zOieFIY+NfsbFQxNb/YOe/cfNRaOKDgcd7M8zM8yMpDLrut5NaWFxaXkmvZtbWNza3sts7FRPGmkOZhzLUNZ8ZkCKAMgqUUIs0MOVLqPr9y5FfvQdtRBjc4SCCpmLdQHQEZ2ilVnZftZKGVvTqZkjPacF1aQPhARPah8qwlc25eXcMOk+8KcmRKUqt7FejHfJYQYBcMmPqnhthM2EaBZcwzDRiAxHjfdaFuqUBU2CayfiLIT20Spt2Qm0rQDpWf08kTBkzUL7tVAx7ZtYbif959Rg7Z81EBFGMEPDJok4sKYZ0FAltCw0c5cASxrWwt1LeY5pxtMFlbAje7MvzpHKc9wp59/YkV7yYxpEme+SAHBGPnJIiuSYlUiacPJJn8krenCfnxXl3PiatKWc6s0v+wPn8ARQVlwg=</latexit>

mDM = 500 keV
<latexit sha1_base64="QoVn+z3SAtPLX+1BCr0xa5mdPzw=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJQRshqIWNEMF8QBLC3maSLNm9O3bnxHCksPGv2FgoYuuPsPPfuPkoNPHBwOO9GWbm+ZEUBl3320ktLa+srqXXMxubW9s72d29qgljzaHCQxnqus8MSBFABQVKqEcamPIl1PzB5div3YM2IgzucBhBS7FeILqCM7RSO5tT7aSpFb26GdFzWnRpE+EBEzqA6qidzbsFdwK6SLwZyZMZyu3sV7MT8lhBgFwyYxqeG2ErYRoFlzDKNGMDEeMD1oOGpQFTYFrJ5IkRPbRKh3ZDbStAOlF/TyRMGTNUvu1UDPtm3huL/3mNGLtnrUQEUYwQ8OmibiwphnScCO0IDRzl0BLGtbC3Ut5nmnG0uWVsCN78y4ukelzwigX39iRfupjFkSY5ckCOiEdOSYlckzKpEE4eyTN5JW/Ok/PivDsf09aUM5vZJ3/gfP4Anz2Wzg==</latexit>

mDM = 50 keV
<latexit sha1_base64="kVo4lM7P0f5Y90zroTSgrAuxYjY=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArBr0IQT14ESKYByQhzE46yZCZ3WWmVwxLwIu/4sWDIl79CW/+jZPHQRMLGoqqbrq7/EgKg6777aQWFpeWV9KrmbX1jc2t7PZOxYSx5lDmoQx1zWcGpAigjAIl1CINTPkSqn7/cuRX70EbEQZ3OIigqVg3EB3BGVqpld1TraShFb26GdJzWqANhAdMaB8qw1Y25+bdMeg88aYkR6YotbJfjXbIYwUBcsmMqXtuhM2EaRRcwjDTiA1EjPdZF+qWBkyBaSbjH4b00Cpt2gm1rQDpWP09kTBlzED5tlMx7JlZbyT+59Vj7Jw1ExFEMULAJ4s6saQY0lEgtC00cJQDSxjXwt5KeY9pxtHGlrEheLMvz5PKcd4r5N3bk1zxYhpHmuyTA3JEPHJKiuSalEiZcPJInskreXOenBfn3fmYtKac6cwu+QPn8wcqppaU</latexit>

mDM = 5 keV

� �� �� �� ��
���

���

���

���

���

���

� [�	
�]

(unit normalized)<latexit sha1_base64="UQNNYMf8ABGIO778f23H1M7t+Qk="></latexit>

d�BDM

d✓dKDM

���
(KDM,mX)=(1 MeV,700 keV)

YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng  
[2101.11262] [hep-ph]

Galactic Disk 
distribution

Arrival direction 
distribution of BDM

Non-trivial distribution of BDM arrival 
direction could help to probe nuBDM 
scenario.

13



Constraints/Sensitivity limit 
for BDM scenarioν

14



Constraints/Sensitivity limit 
for BDM scenarioν

Shielding by Earth 
crust due to large 
nu-DM cross section
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Constraints/Sensitivity limit 
for BDM scenarioν

Bump structures 
from original solar 
neutrino spectrum
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Constraints/Sensitivity limit 
for BDM scenarioν

Future neutrino 
observatories (JUNO) 
with lower threshold 
Energies and Dark 
matter experiments 
(XENONnT/PandaX) 
can probe important 
parameters for nuBDM 
scenario.
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• We propose a novel mechanism to boost light dark matter 
particle by keV-MeV cosmic neutrinos emitted by stars in our 
galaxy.


• Improved sensitivities in future neutrino experiments (JUNO) 
and Dark matter direct detection experiments (XENONnT/
PandaX) & Non-trivial distribution of arrival direction and 
BDM spectrum could help to probe nuBDM scenario in near 
future.

Conclusion
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<latexit sha1_base64="Cu8h0ONdONu5xIcHUibbbU4S3/M="></latexit>

<latexit sha1_base64="rErR1i4Qu3whVJ5CZRxk0o05rjw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHbFoBchqAcvgQjmAUkIs5NOMmRmd5npFcMS8OKvePGgiFd/wpt/4+Rx0MSChqKqm+4uP5LCoOt+OwuLS8srq6m19PrG5tZ2Zme3YsJYcyjzUIa65jMDUgRQRoESapEGpnwJVb9/NfKr96CNCIM7HETQVKwbiI7gDK3UyuyrVtLQil4Xh/SC5mkD4QETWoTKsJXJujl3DDpPvCnJkilKrcxXox3yWEGAXDJj6p4bYTNhGgWXMEw3YgMR433WhbqlAVNgmsn4hyE9skqbdkJtK0A6Vn9PJEwZM1C+7VQMe2bWG4n/efUYO+fNRARRjBDwyaJOLCmGdBQIbQsNHOXAEsa1sLdS3mOacbSxpW0I3uzL86RykvPyOff2NFu4nMaRIgfkkBwTj5yRArkhJVImnDySZ/JK3pwn58V5dz4mrQvOdGaP/IHz+QP8xZZ2</latexit>

mDM = 5 MeV
<latexit sha1_base64="JcslO6Ke+6bnhcjopH7mHjShfPY=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7ArSrwIQS8eI5gHJMsyO+kkQ2YfzPSKYQn4K148KOLV7/Dm3zhJ9qCJBQ1FVTfdXUEihUbH+baWlldW19YLG8XNre2dXXtvv6HjVHGo81jGqhUwDVJEUEeBElqJAhYGEprB8GbiNx9AaRFH9zhKwAtZPxI9wRkaybcPQ79Fr2jFcWgH4REzOoTG2LdLTtmZgi4SNyclkqPm21+dbszTECLkkmnddp0EvYwpFFzCuNhJNSSMD1kf2oZGLATtZdPzx/TEKF3ai5WpCOlU/T2RsVDrURiYzpDhQM97E/E/r51i79LLRJSkCBGfLeqlkmJMJ1nQrlDAUY4MYVwJcyvlA6YYR5NY0YTgzr+8SBpnZfei7Nydl6rXeRwFckSOySlxSYVUyS2pkTrhJCPP5JW8WU/Wi/Vufcxal6x85oD8gfX5A/hElDg=</latexit>

mX = 700 keV

<latexit sha1_base64="uCmpq+niUjFtXTaB/b+Okyw64SY=">AAACHHicbVDLSgMxFM3UV62vqks3wSK4KjM+0GVRF4IIFewDOqVk0ts2NPMwuSOWoR/ixl9x40IRNy4E/8a0nYWtHgicnHMuyT1eJIVG2/62MnPzC4tL2eXcyura+kZ+c6uqw1hxqPBQhqruMQ1SBFBBgRLqkQLmexJqXv985NfuQWkRBrc4iKDps24gOoIzNFIrf+jY1EV4wIT2oTqkroQ7etVKXOXTi+v07thToVa+YBftMehf4qSkQFKUW/lPtx3y2IcAuWRaNxw7wmbCFAouYZhzYw0R433WhYahAfNBN5PxckO6Z5Q27YTKnADpWP09kTBf64HvmaTPsKdnvZH4n9eIsXPaTEQQxQgBnzzUiSXFkI6aom2hgKMcGMK4EuavlPeYYhxNnzlTgjO78l9SPSg6x0X75qhQOkvryJIdskv2iUNOSIlckjKpEE4eyTN5JW/Wk/VivVsfk2jGSme2yRSsrx+zKZ/n</latexit>

10 keV  KDM  100 keV
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<latexit sha1_base64="Cu8h0ONdONu5xIcHUibbbU4S3/M="></latexit>

<latexit sha1_base64="rErR1i4Qu3whVJ5CZRxk0o05rjw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHbFoBchqAcvgQjmAUkIs5NOMmRmd5npFcMS8OKvePGgiFd/wpt/4+Rx0MSChqKqm+4uP5LCoOt+OwuLS8srq6m19PrG5tZ2Zme3YsJYcyjzUIa65jMDUgRQRoESapEGpnwJVb9/NfKr96CNCIM7HETQVKwbiI7gDK3UyuyrVtLQil4Xh/SC5mkD4QETWoTKsJXJujl3DDpPvCnJkilKrcxXox3yWEGAXDJj6p4bYTNhGgWXMEw3YgMR433WhbqlAVNgmsn4hyE9skqbdkJtK0A6Vn9PJEwZM1C+7VQMe2bWG4n/efUYO+fNRARRjBDwyaJOLCmGdBQIbQsNHOXAEsa1sLdS3mOacbSxpW0I3uzL86RykvPyOff2NFu4nMaRIgfkkBwTj5yRArkhJVImnDySZ/JK3pwn58V5dz4mrQvOdGaP/IHz+QP8xZZ2</latexit>

mDM = 5 MeV
<latexit sha1_base64="JcslO6Ke+6bnhcjopH7mHjShfPY=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7ArSrwIQS8eI5gHJMsyO+kkQ2YfzPSKYQn4K148KOLV7/Dm3zhJ9qCJBQ1FVTfdXUEihUbH+baWlldW19YLG8XNre2dXXtvv6HjVHGo81jGqhUwDVJEUEeBElqJAhYGEprB8GbiNx9AaRFH9zhKwAtZPxI9wRkaybcPQ79Fr2jFcWgH4REzOoTG2LdLTtmZgi4SNyclkqPm21+dbszTECLkkmnddp0EvYwpFFzCuNhJNSSMD1kf2oZGLATtZdPzx/TEKF3ai5WpCOlU/T2RsVDrURiYzpDhQM97E/E/r51i79LLRJSkCBGfLeqlkmJMJ1nQrlDAUY4MYVwJcyvlA6YYR5NY0YTgzr+8SBpnZfei7Nydl6rXeRwFckSOySlxSYVUyS2pkTrhJCPP5JW8WU/Wi/Vufcxal6x85oD8gfX5A/hElDg=</latexit>

mX = 700 keV

-��

-��

-��

-��<latexit sha1_base64="RAOELaoHATNoJGV90xZd7A+KiJ4=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZUYUXRZ1IUihgn1Ap5RMetuGZh4md8Qy9Dvc+CtuXCjiTtz4N6btLGrrgcDJOeeS3ONFUmi07R9rYXFpeWU1s5Zd39jc2s7t7FZ1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LN61+O/NoDKC3C4A4HETR91g1ER3CGRmrlHIe6CI+Y0BJUh9SVcE9vWomrfHpVSu+OPZ1p5fJ2wR6DzhMnJXmSotzKfbntkMc+BMgl07rh2BE2E6ZQcAnDrBtriBjvsy40DA2YD7qZjFcb0kOjtGknVOYESMfq9ETCfK0HvmeSPsOenvVG4n9eI8bOeTMRQRQjBHzyUCeWFEM66om2hQKOcmAI40qYv1LeY4pxNG1mTQnO7MrzpHpccE4L9u1JvniR1pEh++SAHBGHnJEiuSZlUiGcPJEX8kberWfr1fqwPifRBSud2SN/YH3/Al76nzc=</latexit>

1 MeV  KDM  10 MeV
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���]

<latexit sha1_base64="CjnPXI2rzenLlemaEN4rQobanVI="></latexit>

d�BDM

d✓dKDM

���
(KDM,mX)=(10 keV,700 keV)

(unit normalized)

<latexit sha1_base64="rErR1i4Qu3whVJ5CZRxk0o05rjw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHbFoBchqAcvgQjmAUkIs5NOMmRmd5npFcMS8OKvePGgiFd/wpt/4+Rx0MSChqKqm+4uP5LCoOt+OwuLS8srq6m19PrG5tZ2Zme3YsJYcyjzUIa65jMDUgRQRoESapEGpnwJVb9/NfKr96CNCIM7HETQVKwbiI7gDK3UyuyrVtLQil4Xh/SC5mkD4QETWoTKsJXJujl3DDpPvCnJkilKrcxXox3yWEGAXDJj6p4bYTNhGgWXMEw3YgMR433WhbqlAVNgmsn4hyE9skqbdkJtK0A6Vn9PJEwZM1C+7VQMe2bWG4n/efUYO+fNRARRjBDwyaJOLCmGdBQIbQsNHOXAEsa1sLdS3mOacbSxpW0I3uzL86RykvPyOff2NFu4nMaRIgfkkBwTj5yRArkhJVImnDySZ/JK3pwn58V5dz4mrQvOdGaP/IHz+QP8xZZ2</latexit>

mDM = 5 MeV
<latexit sha1_base64="yVOVmvP5lMAQmfnmYuT38u9vTgc=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbgTgzZCUAsbIYL5gCSEvc0kWbJ7d+zOieFIY+NfsbFQxNb/YOe/cfNRaOKDgcd7M8zM8yMpDLrut5NaWFxaXkmvZtbWNza3sts7FRPGmkOZhzLUNZ8ZkCKAMgqUUIs0MOVLqPr9y5FfvQdtRBjc4SCCpmLdQHQEZ2ilVnZftZKGVvTqZkjPacF1aQPhARPah8qwlc25eXcMOk+8KcmRKUqt7FejHfJYQYBcMmPqnhthM2EaBZcwzDRiAxHjfdaFuqUBU2CayfiLIT20Spt2Qm0rQDpWf08kTBkzUL7tVAx7ZtYbif959Rg7Z81EBFGMEPDJok4sKYZ0FAltCw0c5cASxrWwt1LeY5pxtMFlbAje7MvzpHKc9wp59/YkV7yYxpEme+SAHBGPnJIiuSYlUiacPJJn8krenCfnxXl3PiatKWc6s0v+wPn8ARQVlwg=</latexit>

mDM = 500 keV
<latexit sha1_base64="QoVn+z3SAtPLX+1BCr0xa5mdPzw=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJQRshqIWNEMF8QBLC3maSLNm9O3bnxHCksPGv2FgoYuuPsPPfuPkoNPHBwOO9GWbm+ZEUBl3320ktLa+srqXXMxubW9s72d29qgljzaHCQxnqus8MSBFABQVKqEcamPIl1PzB5div3YM2IgzucBhBS7FeILqCM7RSO5tT7aSpFb26GdFzWnRpE+EBEzqA6qidzbsFdwK6SLwZyZMZyu3sV7MT8lhBgFwyYxqeG2ErYRoFlzDKNGMDEeMD1oOGpQFTYFrJ5IkRPbRKh3ZDbStAOlF/TyRMGTNUvu1UDPtm3huL/3mNGLtnrUQEUYwQ8OmibiwphnScCO0IDRzl0BLGtbC3Ut5nmnG0uWVsCN78y4ukelzwigX39iRfupjFkSY5ckCOiEdOSYlckzKpEE4eyTN5JW/Ok/PivDsf09aUM5vZJ3/gfP4Anz2Wzg==</latexit>

mDM = 50 keV
<latexit sha1_base64="kVo4lM7P0f5Y90zroTSgrAuxYjY=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArBr0IQT14ESKYByQhzE46yZCZ3WWmVwxLwIu/4sWDIl79CW/+jZPHQRMLGoqqbrq7/EgKg6777aQWFpeWV9KrmbX1jc2t7PZOxYSx5lDmoQx1zWcGpAigjAIl1CINTPkSqn7/cuRX70EbEQZ3OIigqVg3EB3BGVqpld1TraShFb26GdJzWqANhAdMaB8qw1Y25+bdMeg88aYkR6YotbJfjXbIYwUBcsmMqXtuhM2EaRRcwjDTiA1EjPdZF+qWBkyBaSbjH4b00Cpt2gm1rQDpWP09kTBlzED5tlMx7JlZbyT+59Vj7Jw1ExFEMULAJ4s6saQY0lEgtC00cJQDSxjXwt5KeY9pxtHGlrEheLMvz5PKcd4r5N3bk1zxYhpHmuyTA3JEPHJKiuSalEiZcPJInskreXOenBfn3fmYtKac6cwu+QPn8wcqppaU</latexit>

mDM = 5 keV

<latexit sha1_base64="rErR1i4Qu3whVJ5CZRxk0o05rjw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHbFoBchqAcvgQjmAUkIs5NOMmRmd5npFcMS8OKvePGgiFd/wpt/4+Rx0MSChqKqm+4uP5LCoOt+OwuLS8srq6m19PrG5tZ2Zme3YsJYcyjzUIa65jMDUgRQRoESapEGpnwJVb9/NfKr96CNCIM7HETQVKwbiI7gDK3UyuyrVtLQil4Xh/SC5mkD4QETWoTKsJXJujl3DDpPvCnJkilKrcxXox3yWEGAXDJj6p4bYTNhGgWXMEw3YgMR433WhbqlAVNgmsn4hyE9skqbdkJtK0A6Vn9PJEwZM1C+7VQMe2bWG4n/efUYO+fNRARRjBDwyaJOLCmGdBQIbQsNHOXAEsa1sLdS3mOacbSxpW0I3uzL86RykvPyOff2NFu4nMaRIgfkkBwTj5yRArkhJVImnDySZ/JK3pwn58V5dz4mrQvOdGaP/IHz+QP8xZZ2</latexit>

mDM = 5 MeV
<latexit sha1_base64="yVOVmvP5lMAQmfnmYuT38u9vTgc=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbgTgzZCUAsbIYL5gCSEvc0kWbJ7d+zOieFIY+NfsbFQxNb/YOe/cfNRaOKDgcd7M8zM8yMpDLrut5NaWFxaXkmvZtbWNza3sts7FRPGmkOZhzLUNZ8ZkCKAMgqUUIs0MOVLqPr9y5FfvQdtRBjc4SCCpmLdQHQEZ2ilVnZftZKGVvTqZkjPacF1aQPhARPah8qwlc25eXcMOk+8KcmRKUqt7FejHfJYQYBcMmPqnhthM2EaBZcwzDRiAxHjfdaFuqUBU2CayfiLIT20Spt2Qm0rQDpWf08kTBkzUL7tVAx7ZtYbif959Rg7Z81EBFGMEPDJok4sKYZ0FAltCw0c5cASxrWwt1LeY5pxtMFlbAje7MvzpHKc9wp59/YkV7yYxpEme+SAHBGPnJIiuSYlUiacPJJn8krenCfnxXl3PiatKWc6s0v+wPn8ARQVlwg=</latexit>

mDM = 500 keV
<latexit sha1_base64="QoVn+z3SAtPLX+1BCr0xa5mdPzw=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJQRshqIWNEMF8QBLC3maSLNm9O3bnxHCksPGv2FgoYuuPsPPfuPkoNPHBwOO9GWbm+ZEUBl3320ktLa+srqXXMxubW9s72d29qgljzaHCQxnqus8MSBFABQVKqEcamPIl1PzB5div3YM2IgzucBhBS7FeILqCM7RSO5tT7aSpFb26GdFzWnRpE+EBEzqA6qidzbsFdwK6SLwZyZMZyu3sV7MT8lhBgFwyYxqeG2ErYRoFlzDKNGMDEeMD1oOGpQFTYFrJ5IkRPbRKh3ZDbStAOlF/TyRMGTNUvu1UDPtm3huL/3mNGLtnrUQEUYwQ8OmibiwphnScCO0IDRzl0BLGtbC3Ut5nmnG0uWVsCN78y4ukelzwigX39iRfupjFkSY5ckCOiEdOSYlckzKpEE4eyTN5JW/Ok/PivDsf09aUM5vZJ3/gfP4Anz2Wzg==</latexit>

mDM = 50 keV
<latexit sha1_base64="kVo4lM7P0f5Y90zroTSgrAuxYjY=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArBr0IQT14ESKYByQhzE46yZCZ3WWmVwxLwIu/4sWDIl79CW/+jZPHQRMLGoqqbrq7/EgKg6777aQWFpeWV9KrmbX1jc2t7PZOxYSx5lDmoQx1zWcGpAigjAIl1CINTPkSqn7/cuRX70EbEQZ3OIigqVg3EB3BGVqpld1TraShFb26GdJzWqANhAdMaB8qw1Y25+bdMeg88aYkR6YotbJfjXbIYwUBcsmMqXtuhM2EaRRcwjDTiA1EjPdZF+qWBkyBaSbjH4b00Cpt2gm1rQDpWP09kTBlzED5tlMx7JlZbyT+59Vj7Jw1ExFEMULAJ4s6saQY0lEgtC00cJQDSxjXwt5KeY9pxtHGlrEheLMvz5PKcd4r5N3bk1zxYhpHmuyTA3JEPHJKiuSalEiZcPJInskreXOenBfn3fmYtKac6cwu+QPn8wcqppaU</latexit>

mDM = 5 keV
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(unit normalized)<latexit sha1_base64="UQNNYMf8ABGIO778f23H1M7t+Qk="></latexit>

d�BDM

d✓dKDM

���
(KDM,mX)=(1 MeV,700 keV)
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Thank you for your attention



Ly-alpha constraints

on neutrino-DM interactions

[0812.0010] [hep-ph]

• >~10% fraction of 
light DM component 
can be constrained by 
Ly-alpha.


