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Dark matter is ubiquitous in the Universe!

1 pc ⇡ 2.06⇥ 105 AU ⇡ 3.08⇥ 1016 m
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What is the essence of DM?
~ ~

eV MeV GeV > TeVmχ

not-to-scale

▸ Dark matter 
▸ To measure

mass mχ

DM-SM interaction cross sections σχn,p,e…, ⟨σv⟩



The DM probes: mχ & σ
~ ~

eV MeV GeV > TeVmχ
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Galactic supernova
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Galactic supernova
SN@GC
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Galactic supernova
SN@GC
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r
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SN@GC

Halo DM boosted by SNν

duration: ~10s
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<latexit sha1_base64="TtN++FHYosOQZrrEJQqPXHwhY6g="></latexit>

p0� = (E0
�,p

0
�)

duration: ~10s

<latexit sha1_base64="aHAhuEu7go7pnJeAKFJv7/3dP+c=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkPio9pdQQQ3QgX7gCaEyXTSDp1MwsxELCFf4MZfceNCEbeu3fk3Jm0FnwcuHM65l3vv8SJGpTLNd60wMzs3v1BcLC0tr6yu6esbLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7w9Pcb18TIWnIr9QoIk6A+pz6FCOVSa5esT0kkrPUtXkMbRRFIryBlrlnHdm7iS0CeEFaacnVy6 ZRM61a1YK/iWWYY5TBFA1Xf7N7IY4DwhVmSMquZUbKSZBQFDOSluxYkgjhIeqTbkY5Coh0kvE7KaxkSg/6ociKKzhWv04kKJByFHhZZ4DUQP70cvEvrxsr/8RJKI9iRTieLPJjBlUI82xgjwqCFRtlBGFBs1shHiCBsMoSzEP4/BT+T1r7hlU1Di4Py/XqNI4i2ALbYAdY4BjUwTlogCbA4Bbcg0fwpN1pD9qz9jJpLWjTmU3wDdrrBzdamuo=</latexit>

Ē⌫ ⇡ 10� 15MeV

<latexit sha1_base64="E2NsS+2deC6aWN0/Nd0trh/jws8=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV8OMj9ruCm5cSQX7gM44ZNK0Dc1kQpIRy1DwV9y4UMSt3+HOvzF9CD4PXDiccy/33hMJRpV23XcrNze/sLiUXy6srK6tb9ibWw2VpBKTOk5YIlsRUoRRTuqaakZaQhIUR4w0o8HZ2G/eEKlowq/0UJAgRj1OuxQjbaTQ3rkIfZ5CHwkhk1voudfZSXkU2kXXqbhepeTB38Rz3AmKYI ZaaL/5nQSnMeEaM6RU23OFDjIkNcWMjAp+qohAeIB6pG0oRzFRQTY5fwT3jdKB3USa4hpO1K8TGYqVGsaR6YyR7quf3lj8y2unulsOMspFqgnH00XdlEGdwHEWsEMlwZoNDUFYUnMrxH0kEdYmsYIJ4fNT+D9pHDpeyTm6PC5WS7M48mAX7IED4IFTUAXnoAbqAIMM3INH8GTdWQ/Ws/Uybc1Zs5lt8A3W6wdNwZUN</latexit>

N⌫ ⇡ 1058

▸ #e BDM kinetic energy Tχ
<latexit sha1_base64="hGzsyLZSh4POVR37Ztpo2xlplgM=">AAACEXicdVDLSsNAFJ3UV62vqEs3g0WoC0OiUu1CKIjgskJf0NQwmU7aoZNJmJkIJfQX3Pgrblwo4tadO//GaVrB54F7OZxzLzP3+DGjUtn2u5Gbm19YXMovF1ZW19Y3zM2tpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT84fnEb90QIWnE62oUk26I+pwGFCOlJc8sFeqeiwcUnsELz+XJQdav3VjQkJRcHEkXsXiA9j2zaFsV26mUHfibOJadoQhmqHnmm9uLcBISrjBDUnYcO1bdFAlFMSPjgptIEiM8RH3S0ZSjkMhuml00hnta6cEgErq4gpn6dSNFoZSj0NeTIVID+dObiH95nUQFp92U8jhRhOPpQ0HCoIrgJB7Yo4JgxUaaICyo/ivEAyQQVjrEgg7h81L4P2keWk7ZOro6LlbLszjyYAfsghJwwAmogktQAw2AwS24B4/gybgzHoxn42U6mjNmO9vgG4zXD9V+nG0=</latexit>

T� = E⌫ � E0
⌫(cos↵)

<latexit sha1_base64="NlD+FF4ZdjamRagkGOe8LTZUPRs="></latexit>

=
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✓
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<latexit sha1_base64="7Spr1Dl+nI+HdOfEG1JX9lZPjvU="></latexit>
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▸ Non-zero DM-ν cross section σχν 

Halo DM boosted by SNν

ν χ
<latexit sha1_base64="Qmh3Xta76IA3g7jZOmU0a8+Av4k=">AAACBXicdVBNS8MwGE7n15xfVY96CA5hgpRWZbqDMBDB4wQ3B2spaZZuYWlaklQYZRcv/hUvHhTx6n/w5r8x3Sb4+UDIk+d5X/K+T5AwKpVtvxuFmdm5+YXiYmlpeWV1zVzfaMk4FZg0ccxi0Q6QJIxy0lRUMdJOBEFRwMh1MDjL/esbIiSN+ZUaJsSLUI/TkGKktOSb24nv8vS0cp5f+26EVD8Is2SUP/d8s2xbNdupVR34mziWPUYZTNHwzTe3G+M0IlxhhqTsOHaivAwJRTEjo5KbSpIgPEA90tGUo4hILxtvMYK7WunCMBb6cAXH6teODEVSDqNAV+Zjyp9eLv7ldVIVnngZ5UmqCMeTj8KUQRXDPBLYpYJgxYaaICyonhXiPhIIKx1cSYfwuSn8n7QOLKdqHV4elevVaRxFsAV2QAU44BjUwQVogCbA4Bbcg0fwZNwZD8az8TIpLRjTnk3wDcbrB3UamIw=</latexit>

p⌫ = (E⌫ ,p⌫)

<latexit sha1_base64="t9B8js6ZHgoYob+LgMYi9dy2BR8=">AAACA3icdVDLSsNAFJ3UV62vqDvdDBahgpREpdqFUHDjsoJ9QBPCZDpph04mYWYilFBw46+4caGIW3/CnX/jJK3g88Awh3Pu5d57/JhRqSzr3SjMzS8sLhWXSyura+sb5uZWW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6CLzOzdESBrxazWOiRuiAacBxUhpyTN3Ys/BQ3peCfP/0AmRGvpBak0OPLNsVeuWXa/Z8Dexq1aOMpih6ZlvTj/CSUi4wgxJ2bOtWLkpEopiRiYlJ5EkRniEBqSnKUchkW6a3zCB+1rpwyAS+nEFc/VrR4pCKcehryuzFeVPLxP/8nqJCs7clPI4UYTj6aAgYVBFMAsE9qkgWLGxJggLqneFeIgEwkrHVtIhfF4K/yfto6pdqx5fnZQbtVkcRbAL9kAF2OAUNMAlaIIWwOAW3INH8GTcGQ/Gs/EyLS0Ys55t8A3G6wdz5Zdk</latexit>

p� = (m�,0)
ν
χ <latexit sha1_base64="LEgT3dybG43IuVQHNFOpntYkUsU=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZUorkFvHiMYBZIhlDT6Una9EwP3T1CCPkHLx4U8er/ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caWmaKsjqVQqpWiJoJnrC64UawVqoYxqFgzXB4OfWbd0xpLpMbM0pZEGM/4RGnaKzU6KBIB9gtljy34vmVsk9+E9/1ZijBArVu8a3TkzSLWWKoQK3bvpeaYIzKcCrYpNDJNEuRDrHP2pYmGDMdjGfXTsiRVXokkspWYshM/ToxxljrURzazhjNQP/0puJfXjsz0UUw5kmaGZbQ+aIoE8RIMn2d9Lhi1IiRJUgVt7cSOkCF1NiACjaEz0/J/6Rx4vpl9/T6rFQtL+LIwwEcwjH4cA5VuIIa1IHCLdzDIzw50nlwnp2XeWvOWczswzc4rx/7eY9i</latexit>↵

<latexit sha1_base64="TBfxiEZJKBpK00PVKrqjx7vVrvg=">AAACGnicdVDLSgMxFM3Ud32NunQTLEIFGWbaonYhCCK4VLC20BlLJs20oZlMSDJCGfodbvwVNy4UcSdu/BsztUgVPRBycs695N4TCkaVdt0PqzAzOze/sLhUXF5ZXVu3NzavVZJKTBo4YYlshUgRRjlpaKoZaQlJUBwy0gwHp7nfvCVS0YRf6aEgQYx6nEYUI22kju2Jjs/TG19IGpPj8tnUa9+Pke6HUSZGU+pexy65TrVerx/VoOe4Y0DXqeV35VspgQkuOvab301wGhOuMUNKtT1X6CBDUlPMyKjop4oIhAeoR9qGchQTFWTj1UZw1yhdGCXSHK7hWJ3uyFCs1DAOTWU+rfrt5eJfXjvV0VGQUS5STTj++ihKGdQJzHOCXSoJ1mxoCMKSmlkh7iOJsDZpFk0I37v/T64rjnfgVC9rpZODSRyLYBvsgDLwwCE4AefgAjQABnfgATyBZ+veerRerNev0oI16dkCP2C9fwKBjaHG</latexit>

p0⌫ = (E0
⌫ ,p

0
⌫)

<latexit sha1_base64="TtN++FHYosOQZrrEJQqPXHwhY6g="></latexit>

p0� = (E0
�,p

0
�)

duration: ~10s

<latexit sha1_base64="aHAhuEu7go7pnJeAKFJv7/3dP+c=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkPio9pdQQQ3QgX7gCaEyXTSDp1MwsxELCFf4MZfceNCEbeu3fk3Jm0FnwcuHM65l3vv8SJGpTLNd60wMzs3v1BcLC0tr6yu6esbLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7w9Pcb18TIWnIr9QoIk6A+pz6FCOVSa5esT0kkrPUtXkMbRRFIryBlrlnHdm7iS0CeEFaacnVy6 ZRM61a1YK/iWWYY5TBFA1Xf7N7IY4DwhVmSMquZUbKSZBQFDOSluxYkgjhIeqTbkY5Coh0kvE7KaxkSg/6ociKKzhWv04kKJByFHhZZ4DUQP70cvEvrxsr/8RJKI9iRTieLPJjBlUI82xgjwqCFRtlBGFBs1shHiCBsMoSzEP4/BT+T1r7hlU1Di4Py/XqNI4i2ALbYAdY4BjUwTlogCbA4Bbcg0fwpN1pD9qz9jJpLWjTmU3wDdrrBzdamuo=</latexit>

Ē⌫ ⇡ 10� 15MeV

<latexit sha1_base64="E2NsS+2deC6aWN0/Nd0trh/jws8=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV8OMj9ruCm5cSQX7gM44ZNK0Dc1kQpIRy1DwV9y4UMSt3+HOvzF9CD4PXDiccy/33hMJRpV23XcrNze/sLiUXy6srK6tb9ibWw2VpBKTOk5YIlsRUoRRTuqaakZaQhIUR4w0o8HZ2G/eEKlowq/0UJAgRj1OuxQjbaTQ3rkIfZ5CHwkhk1voudfZSXkU2kXXqbhepeTB38Rz3AmKYI ZaaL/5nQSnMeEaM6RU23OFDjIkNcWMjAp+qohAeIB6pG0oRzFRQTY5fwT3jdKB3USa4hpO1K8TGYqVGsaR6YyR7quf3lj8y2unulsOMspFqgnH00XdlEGdwHEWsEMlwZoNDUFYUnMrxH0kEdYmsYIJ4fNT+D9pHDpeyTm6PC5WS7M48mAX7IED4IFTUAXnoAbqAIMM3INH8GTdWQ/Ws/Uybc1Zs5lt8A3W6wdNwZUN</latexit>

N⌫ ⇡ 1058

▸ #e BDM kinetic energy Tχ

▸ #e angular distribution

<latexit sha1_base64="hGzsyLZSh4POVR37Ztpo2xlplgM=">AAACEXicdVDLSsNAFJ3UV62vqEs3g0WoC0OiUu1CKIjgskJf0NQwmU7aoZNJmJkIJfQX3Pgrblwo4tadO//GaVrB54F7OZxzLzP3+DGjUtn2u5Gbm19YXMovF1ZW19Y3zM2tpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT84fnEb90QIWnE62oUk26I+pwGFCOlJc8sFeqeiwcUnsELz+XJQdav3VjQkJRcHEkXsXiA9j2zaFsV26mUHfibOJadoQhmqHnmm9uLcBISrjBDUnYcO1bdFAlFMSPjgptIEiM8RH3S0ZSjkMhuml00hnta6cEgErq4gpn6dSNFoZSj0NeTIVID+dObiH95nUQFp92U8jhRhOPpQ0HCoIrgJB7Yo4JgxUaaICyo/ivEAyQQVjrEgg7h81L4P2keWk7ZOro6LlbLszjyYAfsghJwwAmogktQAw2AwS24B4/gybgzHoxn42U6mjNmO9vgG4zXD9V+nG0=</latexit>

T� = E⌫ � E0
⌫(cos↵)

<latexit sha1_base64="NlD+FF4ZdjamRagkGOe8LTZUPRs="></latexit>

=
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E⌫ +m�/2

✓
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◆

<latexit sha1_base64="7Spr1Dl+nI+HdOfEG1JX9lZPjvU="></latexit>
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<latexit sha1_base64="PJIzA79muSvG26EjsGOMmF3sf6g="></latexit>

f�(↵, E⌫) =
�2 sec3 ↵

⇡(1 + �2 tan2 ↵)2

not-to-scale
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▸ Non-zero DM-ν cross section σχν 

Halo DM boosted by SNν

ν χ
<latexit sha1_base64="Qmh3Xta76IA3g7jZOmU0a8+Av4k=">AAACBXicdVBNS8MwGE7n15xfVY96CA5hgpRWZbqDMBDB4wQ3B2spaZZuYWlaklQYZRcv/hUvHhTx6n/w5r8x3Sb4+UDIk+d5X/K+T5AwKpVtvxuFmdm5+YXiYmlpeWV1zVzfaMk4FZg0ccxi0Q6QJIxy0lRUMdJOBEFRwMh1MDjL/esbIiSN+ZUaJsSLUI/TkGKktOSb24nv8vS0cp5f+26EVD8Is2SUP/d8s2xbNdupVR34mziWPUYZTNHwzTe3G+M0IlxhhqTsOHaivAwJRTEjo5KbSpIgPEA90tGUo4hILxtvMYK7WunCMBb6cAXH6teODEVSDqNAV+Zjyp9eLv7ldVIVnngZ5UmqCMeTj8KUQRXDPBLYpYJgxYaaICyonhXiPhIIKx1cSYfwuSn8n7QOLKdqHV4elevVaRxFsAV2QAU44BjUwQVogCbA4Bbcg0fwZNwZD8az8TIpLRjTnk3wDcbrB3UamIw=</latexit>

p⌫ = (E⌫ ,p⌫)

<latexit sha1_base64="t9B8js6ZHgoYob+LgMYi9dy2BR8=">AAACA3icdVDLSsNAFJ3UV62vqDvdDBahgpREpdqFUHDjsoJ9QBPCZDpph04mYWYilFBw46+4caGIW3/CnX/jJK3g88Awh3Pu5d57/JhRqSzr3SjMzS8sLhWXSyura+sb5uZWW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6CLzOzdESBrxazWOiRuiAacBxUhpyTN3Ys/BQ3peCfP/0AmRGvpBak0OPLNsVeuWXa/Z8Dexq1aOMpih6ZlvTj/CSUi4wgxJ2bOtWLkpEopiRiYlJ5EkRniEBqSnKUchkW6a3zCB+1rpwyAS+nEFc/VrR4pCKcehryuzFeVPLxP/8nqJCs7clPI4UYTj6aAgYVBFMAsE9qkgWLGxJggLqneFeIgEwkrHVtIhfF4K/yfto6pdqx5fnZQbtVkcRbAL9kAF2OAUNMAlaIIWwOAW3INH8GTcGQ/Gs/EyLS0Ys55t8A3G6wdz5Zdk</latexit>

p� = (m�,0)
ν
χ <latexit sha1_base64="LEgT3dybG43IuVQHNFOpntYkUsU=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZUorkFvHiMYBZIhlDT6Una9EwP3T1CCPkHLx4U8er/ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caWmaKsjqVQqpWiJoJnrC64UawVqoYxqFgzXB4OfWbd0xpLpMbM0pZEGM/4RGnaKzU6KBIB9gtljy34vmVsk9+E9/1ZijBArVu8a3TkzSLWWKoQK3bvpeaYIzKcCrYpNDJNEuRDrHP2pYmGDMdjGfXTsiRVXokkspWYshM/ToxxljrURzazhjNQP/0puJfXjsz0UUw5kmaGZbQ+aIoE8RIMn2d9Lhi1IiRJUgVt7cSOkCF1NiACjaEz0/J/6Rx4vpl9/T6rFQtL+LIwwEcwjH4cA5VuIIa1IHCLdzDIzw50nlwnp2XeWvOWczswzc4rx/7eY9i</latexit>↵

<latexit sha1_base64="TBfxiEZJKBpK00PVKrqjx7vVrvg=">AAACGnicdVDLSgMxFM3Ud32NunQTLEIFGWbaonYhCCK4VLC20BlLJs20oZlMSDJCGfodbvwVNy4UcSdu/BsztUgVPRBycs695N4TCkaVdt0PqzAzOze/sLhUXF5ZXVu3NzavVZJKTBo4YYlshUgRRjlpaKoZaQlJUBwy0gwHp7nfvCVS0YRf6aEgQYx6nEYUI22kju2Jjs/TG19IGpPj8tnUa9+Pke6HUSZGU+pexy65TrVerx/VoOe4Y0DXqeV35VspgQkuOvab301wGhOuMUNKtT1X6CBDUlPMyKjop4oIhAeoR9qGchQTFWTj1UZw1yhdGCXSHK7hWJ3uyFCs1DAOTWU+rfrt5eJfXjvV0VGQUS5STTj++ihKGdQJzHOCXSoJ1mxoCMKSmlkh7iOJsDZpFk0I37v/T64rjnfgVC9rpZODSRyLYBvsgDLwwCE4AefgAjQABnfgATyBZ+veerRerNev0oI16dkCP2C9fwKBjaHG</latexit>

p0⌫ = (E0
⌫ ,p

0
⌫)

<latexit sha1_base64="TtN++FHYosOQZrrEJQqPXHwhY6g="></latexit>

p0� = (E0
�,p

0
�)

duration: ~10s

<latexit sha1_base64="aHAhuEu7go7pnJeAKFJv7/3dP+c=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkPio9pdQQQ3QgX7gCaEyXTSDp1MwsxELCFf4MZfceNCEbeu3fk3Jm0FnwcuHM65l3vv8SJGpTLNd60wMzs3v1BcLC0tr6yu6esbLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7w9Pcb18TIWnIr9QoIk6A+pz6FCOVSa5esT0kkrPUtXkMbRRFIryBlrlnHdm7iS0CeEFaacnVy6 ZRM61a1YK/iWWYY5TBFA1Xf7N7IY4DwhVmSMquZUbKSZBQFDOSluxYkgjhIeqTbkY5Coh0kvE7KaxkSg/6ociKKzhWv04kKJByFHhZZ4DUQP70cvEvrxsr/8RJKI9iRTieLPJjBlUI82xgjwqCFRtlBGFBs1shHiCBsMoSzEP4/BT+T1r7hlU1Di4Py/XqNI4i2ALbYAdY4BjUwTlogCbA4Bbcg0fwpN1pD9qz9jJpLWjTmU3wDdrrBzdamuo=</latexit>

Ē⌫ ⇡ 10� 15MeV

<latexit sha1_base64="E2NsS+2deC6aWN0/Nd0trh/jws8=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV8OMj9ruCm5cSQX7gM44ZNK0Dc1kQpIRy1DwV9y4UMSt3+HOvzF9CD4PXDiccy/33hMJRpV23XcrNze/sLiUXy6srK6tb9ibWw2VpBKTOk5YIlsRUoRRTuqaakZaQhIUR4w0o8HZ2G/eEKlowq/0UJAgRj1OuxQjbaTQ3rkIfZ5CHwkhk1voudfZSXkU2kXXqbhepeTB38Rz3AmKYI ZaaL/5nQSnMeEaM6RU23OFDjIkNcWMjAp+qohAeIB6pG0oRzFRQTY5fwT3jdKB3USa4hpO1K8TGYqVGsaR6YyR7quf3lj8y2unulsOMspFqgnH00XdlEGdwHEWsEMlwZoNDUFYUnMrxH0kEdYmsYIJ4fNT+D9pHDpeyTm6PC5WS7M48mAX7IED4IFTUAXnoAbqAIMM3INH8GTdWQ/Ws/Uybc1Zs5lt8A3W6wdNwZUN</latexit>

N⌫ ⇡ 1058

▸ #e BDM kinetic energy Tχ

▸ #e angular distribution

<latexit sha1_base64="hGzsyLZSh4POVR37Ztpo2xlplgM=">AAACEXicdVDLSsNAFJ3UV62vqEs3g0WoC0OiUu1CKIjgskJf0NQwmU7aoZNJmJkIJfQX3Pgrblwo4tadO//GaVrB54F7OZxzLzP3+DGjUtn2u5Gbm19YXMovF1ZW19Y3zM2tpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT84fnEb90QIWnE62oUk26I+pwGFCOlJc8sFeqeiwcUnsELz+XJQdav3VjQkJRcHEkXsXiA9j2zaFsV26mUHfibOJadoQhmqHnmm9uLcBISrjBDUnYcO1bdFAlFMSPjgptIEiM8RH3S0ZSjkMhuml00hnta6cEgErq4gpn6dSNFoZSj0NeTIVID+dObiH95nUQFp92U8jhRhOPpQ0HCoIrgJB7Yo4JgxUaaICyo/ivEAyQQVjrEgg7h81L4P2keWk7ZOro6LlbLszjyYAfsghJwwAmogktQAw2AwS24B4/gybgzHoxn42U6mjNmO9vgG4zXD9V+nG0=</latexit>

T� = E⌫ � E0
⌫(cos↵)

<latexit sha1_base64="NlD+FF4ZdjamRagkGOe8LTZUPRs="></latexit>
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<latexit sha1_base64="7Spr1Dl+nI+HdOfEG1JX9lZPjvU="></latexit>
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▸ Non-zero DM-ν cross section σχν 

Halo DM boosted by SNν

ν χ
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The BDM flux 
on the Earth



BDM flux at Earth

▸ BDM !ux at Earth with mχ = 1 keV and Tχ = 10 MeV

1 keV
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BDM flux at Earth

▸ BDM !ux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ BDM will arrive Earth later than SNν depending on where it was boosted

1 keV
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BDM flux at Earth

▸ BDM !ux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ BDM will arrive Earth later than SNν depending on where it was boosted

▸ Time-zero t = 0 is calibrated by SNν

1 keV
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BDM flux at Earth

▸ BDM !ux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ BDM will arrive Earth later than SNν depending on where it was boosted

▸ Time-zero t = 0 is calibrated by SNν

1 keV
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BDM flux at Earth

▸ BDM !ux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ BDM will arrive Earth later than SNν depending on where it was boosted

▸ Time-zero t = 0 is calibrated by SNν

1 keV
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BDM flux at Earth

▸ BDM !ux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ BDM will arrive Earth later than SNν depending on where it was boosted

▸ Time-zero t = 0 is calibrated by SNν

1 keV
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BDM flux at Earth

▸ BDM !ux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ BDM will arrive Earth later than SNν depending on where it was boosted

▸ Time-zero t = 0 is calibrated by SNν

▸ #e peak is contributed by the BDM 
coming from the SN place

1 keV
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BDM flux at Earth

▸ BDM !ux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ BDM will arrive Earth later than SNν depending on where it was boosted

▸ Time-zero t = 0 is calibrated by SNν

▸ #e peak is contributed by the BDM 
coming from the SN place

▸ mχ can be directly measured!

1 keV
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BDM flux at Earth

▸ BDM !ux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ BDM will arrive Earth later than SNν depending on where it was boosted

▸ Time-zero t = 0 is calibrated by SNν

▸ #e peak is contributed by the BDM 
coming from the SN place

▸ mχ can be directly measured!

▸ Time-dependent feature is indepen-
dent of σχν

1 keV
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BDM flux from GC & Large Magellanic Cloud

1 keV

1 eV

1 MeV

▸ DM pro$le 

▸ BDM !ux vs. mχ
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Galactic supernova
SN@GC
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Galactic supernova
SN@GC
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Rs = 8.5 kpc vs. β

BDM from various places in MW



β = 0

Rs = 8.5 kpc vs. β

mχ = 0.1MeV 
Tχ = 10 MeV

BDM from various places in MW

β = 0



β = 0

β = 0.1π

Rs = 8.5 kpc vs. β

mχ = 0.1MeV 
Tχ = 10 MeV

BDM from various places in MW

β = 0.1π

β = 0



β = π

β = 0

β = 0.1π

β = π

Rs = 8.5 kpc vs. β

mχ = 0.1MeV 
Tχ = 10 MeV

BDM from various places in MW

β = 0.1π

β = 0



β = π

β = 0 vs. Rs
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Rs = 8.5 kpc vs. β

mχ = 0.1MeV 
Tχ = 10 MeV

BDM from various places in MW

β = 0.1π

β = 0
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β = 0 vs. Rs
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Rs = 8.5 kpc

β = 0 vs. Rs
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β = 0 vs. Rs
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Constraint and 
sensitivity



Constraints on σχν,e

Hirata+ (1987) 
Battistoni+ (2005) 
Abe+ (SK) (2016) 
Lin+ (2023)

▸ Consider total event and background counts within an exposure time 
texp = min(tvan, 35 years) with Kamiokande from 1987 - 1996 and Super-
Kamiokande from 1996 on

SN1987a

next GC SN
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▸ Can provide complementary constraint on models that couple dark sector to SM 
leptons



Sensitivity on couplings of Lμ−Lτ

Holdom (1986) 
He+ (1991) 
Chang+ (2018) 
Lin+ (2023) 
…
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Sensitivity on couplings of Lμ−Lτ

Holdom (1986) 
He+ (1991) 
Chang+ (2018) 
Lin+ (2023) 
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SNν BDM from 
early Universe



Diffuse SNν BDM from early Universe

▸ Mimic di"use supernova neutrino background (DSNB)
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Diffuse SNν BDM from early Universe

▸ Mimic di"use supernova neutrino background (DSNB)

▸ Di"use SNν BDM from early Universe
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Diffuse SNν BDM projected sensitivity
▸ Assuming 2σ detection signi$cance in 5 years 

and σχν = σχe

<latexit sha1_base64="FmhisNpVgsC3AGhin9lP8cbeHh0=">AAACB3icdVDLSsNAFJ3UV62vqEtBBosgCCEpWu1CKLhxVSrYBzQhTKaTdujk4cxEKCE7N/6KGxeKuPUX3Pk3TtoKPg9cOJxzL/fe48WMCmma71phbn5hcam4XFpZXVvf0De32iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6Tjjc5zv3NDuKBReCXHMXECNAipTzGSSnL13cqZ7XOE04YrstQW11zmFB7ChutlmauXTaNmWrWqBX8TyzAnKIMZmq7+ZvcjnAQklJghIXqWGUsnRVxSzEhWshNBYoRHaEB6ioYoIMJJJ39kcF8pfehHXFUo4UT9OpGiQIhx4KnOAMmh+Onl4l9eL5H+qZPSME4kCfF0kZ8wKCOYhwL7lBMs2VgRhDlVt0I8RCoWqaIrqRA+P4X/k3bFsKrG8eVRuV6dxVEEO2APHAALnIA6uABN0AIY3IJ78AietDvtQXvWXqatBW02sw2+QXv9AOKpmVI=</latexit>

2 =
Nsp

Ns +Nb

PRELIMINARYPRELIMINARY

Lin & Wu, in prepration



Summary



SUMMARY

Summary

▸ #e SNν BDM shows complementary constraints on σχν,e and model 
parameters for light DM 

▸ Time-dependent BDM !ux facilitates: 

▸ Direct mχ measurement 

▸ Background reduction (via controlling the detector exposure time) 

▸ and they are independent of σχν 

▸ Framework is applied to both SNe located in and o"-GC 

▸ Di"use SNν BDM from early Universe


