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The	Universe	in	Neutrinos

Main signal or background 
in the search for Dark Matter
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	:	the	1st	km3	neutrino	telescope

E⌫ � 100GeV

E⌫ & 1GeV



• lattice of photomultipliers neutrino



• lattice of photomultipliers neutrino

nuclear 
interaction



• lattice of photomultipliers neutrino

nuclear 
interaction

charged secondary 
particles produced 

as the neutrino 
interacts with a nucleus
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Detection	Principle
High-energy charged particles produce Cherenkov light in the ice. 

8

Event topologies
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High-Energy	Neutrino	Flux
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Atmospheric ⌫e + ⌫̄e
<latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit>

Atmospheric ⌫µ + ⌫̄µ
<latexit sha1_base64="/InjcCt25FrJKqxgVq3Ta73G9h8="></latexit><latexit sha1_base64="/InjcCt25FrJKqxgVq3Ta73G9h8="></latexit><latexit sha1_base64="/InjcCt25FrJKqxgVq3Ta73G9h8="></latexit><latexit sha1_base64="/InjcCt25FrJKqxgVq3Ta73G9h8="></latexit>

Prompt ⌫µ
<latexit sha1_base64="Con8Uj+5ilfSA0MXtdCPbVx1QXM=">AAACKHicbVDLSgMxFM34dnxVXboJFkFQyowIurPqxmUFW4XOUDJp2gbzGJI7Qhn6OW78FTciirj1S0yns9DqgcDhnHO5uSdJBbcQBJ/ezOzc/MLi0rK/srq2vlHZ3GpZnRnKmlQLbe4SYpngijWBg2B3qWFEJoLdJveXY//2gRnLtbqBYcpiSfqK9zgl4KRO5Wwvj4zE5yC1TQfMcDqKDnGksk4ks4MoIabkfpFrGC1T+BHpVKpBLSiA/5KwJFVUotGpvEZdTTPJFFBBrG2HQQpxTgxwKtjIjzLLUkLvSZ+1HVVEMhvnxaEjvOeULu5p454CXKg/J3IirR3KxCUlgYGd9sbif147g95pnHOVZsAUnSzqZQKDxuPWcJcbRkEMHSHUcPdXTAfEEAquW9+VEE6f/Je0jmphUAuvj6v1i7KOJbSDdtE+CtEJqqMr1EBNRNEjekZv6N178l68D+9zEp3xyplt9Ave1zcQ9KaX</latexit><latexit sha1_base64="Con8Uj+5ilfSA0MXtdCPbVx1QXM=">AAACKHicbVDLSgMxFM34dnxVXboJFkFQyowIurPqxmUFW4XOUDJp2gbzGJI7Qhn6OW78FTciirj1S0yns9DqgcDhnHO5uSdJBbcQBJ/ezOzc/MLi0rK/srq2vlHZ3GpZnRnKmlQLbe4SYpngijWBg2B3qWFEJoLdJveXY//2gRnLtbqBYcpiSfqK9zgl4KRO5Wwvj4zE5yC1TQfMcDqKDnGksk4ks4MoIabkfpFrGC1T+BHpVKpBLSiA/5KwJFVUotGpvEZdTTPJFFBBrG2HQQpxTgxwKtjIjzLLUkLvSZ+1HVVEMhvnxaEjvOeULu5p454CXKg/J3IirR3KxCUlgYGd9sbif147g95pnHOVZsAUnSzqZQKDxuPWcJcbRkEMHSHUcPdXTAfEEAquW9+VEE6f/Je0jmphUAuvj6v1i7KOJbSDdtE+CtEJqqMr1EBNRNEjekZv6N178l68D+9zEp3xyplt9Ave1zcQ9KaX</latexit><latexit sha1_base64="Con8Uj+5ilfSA0MXtdCPbVx1QXM=">AAACKHicbVDLSgMxFM34dnxVXboJFkFQyowIurPqxmUFW4XOUDJp2gbzGJI7Qhn6OW78FTciirj1S0yns9DqgcDhnHO5uSdJBbcQBJ/ezOzc/MLi0rK/srq2vlHZ3GpZnRnKmlQLbe4SYpngijWBg2B3qWFEJoLdJveXY//2gRnLtbqBYcpiSfqK9zgl4KRO5Wwvj4zE5yC1TQfMcDqKDnGksk4ks4MoIabkfpFrGC1T+BHpVKpBLSiA/5KwJFVUotGpvEZdTTPJFFBBrG2HQQpxTgxwKtjIjzLLUkLvSZ+1HVVEMhvnxaEjvOeULu5p454CXKg/J3IirR3KxCUlgYGd9sbif147g95pnHOVZsAUnSzqZQKDxuPWcJcbRkEMHSHUcPdXTAfEEAquW9+VEE6f/Je0jmphUAuvj6v1i7KOJbSDdtE+CtEJqqMr1EBNRNEjekZv6N178l68D+9zEp3xyplt9Ave1zcQ9KaX</latexit><latexit sha1_base64="Con8Uj+5ilfSA0MXtdCPbVx1QXM=">AAACKHicbVDLSgMxFM34dnxVXboJFkFQyowIurPqxmUFW4XOUDJp2gbzGJI7Qhn6OW78FTciirj1S0yns9DqgcDhnHO5uSdJBbcQBJ/ezOzc/MLi0rK/srq2vlHZ3GpZnRnKmlQLbe4SYpngijWBg2B3qWFEJoLdJveXY//2gRnLtbqBYcpiSfqK9zgl4KRO5Wwvj4zE5yC1TQfMcDqKDnGksk4ks4MoIabkfpFrGC1T+BHpVKpBLSiA/5KwJFVUotGpvEZdTTPJFFBBrG2HQQpxTgxwKtjIjzLLUkLvSZ+1HVVEMhvnxaEjvOeULu5p454CXKg/J3IirR3KxCUlgYGd9sbif147g95pnHOVZsAUnSzqZQKDxuPWcJcbRkEMHSHUcPdXTAfEEAquW9+VEE6f/Je0jmphUAuvj6v1i7KOJbSDdtE+CtEJqqMr1EBNRNEjekZv6N178l68D+9zEp3xyplt9Ave1zcQ9KaX</latexit>

⌫µ + ⌫̄µ (10yr)
<latexit sha1_base64="v5XJRrqzwoaZiRQnnBil8ZXVd3g="></latexit><latexit sha1_base64="v5XJRrqzwoaZiRQnnBil8ZXVd3g="></latexit><latexit sha1_base64="v5XJRrqzwoaZiRQnnBil8ZXVd3g="></latexit><latexit sha1_base64="v5XJRrqzwoaZiRQnnBil8ZXVd3g="></latexit>

cosmogenic
<latexit sha1_base64="iApYa1JD12pcAXvBWBDSNzry528="></latexit><latexit sha1_base64="iApYa1JD12pcAXvBWBDSNzry528="></latexit><latexit sha1_base64="iApYa1JD12pcAXvBWBDSNzry528="></latexit><latexit sha1_base64="iApYa1JD12pcAXvBWBDSNzry528="></latexit>

IceCubeE�2
<latexit sha1_base64="9sxvlb0BE1iNzMXPaHxZWU8VGkE="></latexit><latexit sha1_base64="9sxvlb0BE1iNzMXPaHxZWU8VGkE="></latexit><latexit sha1_base64="9sxvlb0BE1iNzMXPaHxZWU8VGkE="></latexit><latexit sha1_base64="9sxvlb0BE1iNzMXPaHxZWU8VGkE="></latexit>

AugerE�2
<latexit sha1_base64="uJ96OwRW7vbcDKVZHi8AVtK3Ie8="></latexit><latexit sha1_base64="uJ96OwRW7vbcDKVZHi8AVtK3Ie8="></latexit><latexit sha1_base64="uJ96OwRW7vbcDKVZHi8AVtK3Ie8="></latexit><latexit sha1_base64="uJ96OwRW7vbcDKVZHi8AVtK3Ie8="></latexit>

Atmospheric ⌫e + ⌫̄e
<latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit>

HESE (7.5yr)
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High-Energy	Neutrino	Flux
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Atmospheric ⌫e + ⌫̄e
<latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit>

Atmospheric ⌫µ + ⌫̄µ
<latexit sha1_base64="/InjcCt25FrJKqxgVq3Ta73G9h8="></latexit><latexit sha1_base64="/InjcCt25FrJKqxgVq3Ta73G9h8="></latexit><latexit sha1_base64="/InjcCt25FrJKqxgVq3Ta73G9h8="></latexit><latexit sha1_base64="/InjcCt25FrJKqxgVq3Ta73G9h8="></latexit>

Prompt ⌫µ
<latexit sha1_base64="Con8Uj+5ilfSA0MXtdCPbVx1QXM=">AAACKHicbVDLSgMxFM34dnxVXboJFkFQyowIurPqxmUFW4XOUDJp2gbzGJI7Qhn6OW78FTciirj1S0yns9DqgcDhnHO5uSdJBbcQBJ/ezOzc/MLi0rK/srq2vlHZ3GpZnRnKmlQLbe4SYpngijWBg2B3qWFEJoLdJveXY//2gRnLtbqBYcpiSfqK9zgl4KRO5Wwvj4zE5yC1TQfMcDqKDnGksk4ks4MoIabkfpFrGC1T+BHpVKpBLSiA/5KwJFVUotGpvEZdTTPJFFBBrG2HQQpxTgxwKtjIjzLLUkLvSZ+1HVVEMhvnxaEjvOeULu5p454CXKg/J3IirR3KxCUlgYGd9sbif147g95pnHOVZsAUnSzqZQKDxuPWcJcbRkEMHSHUcPdXTAfEEAquW9+VEE6f/Je0jmphUAuvj6v1i7KOJbSDdtE+CtEJqqMr1EBNRNEjekZv6N178l68D+9zEp3xyplt9Ave1zcQ9KaX</latexit><latexit sha1_base64="Con8Uj+5ilfSA0MXtdCPbVx1QXM=">AAACKHicbVDLSgMxFM34dnxVXboJFkFQyowIurPqxmUFW4XOUDJp2gbzGJI7Qhn6OW78FTciirj1S0yns9DqgcDhnHO5uSdJBbcQBJ/ezOzc/MLi0rK/srq2vlHZ3GpZnRnKmlQLbe4SYpngijWBg2B3qWFEJoLdJveXY//2gRnLtbqBYcpiSfqK9zgl4KRO5Wwvj4zE5yC1TQfMcDqKDnGksk4ks4MoIabkfpFrGC1T+BHpVKpBLSiA/5KwJFVUotGpvEZdTTPJFFBBrG2HQQpxTgxwKtjIjzLLUkLvSZ+1HVVEMhvnxaEjvOeULu5p454CXKg/J3IirR3KxCUlgYGd9sbif147g95pnHOVZsAUnSzqZQKDxuPWcJcbRkEMHSHUcPdXTAfEEAquW9+VEE6f/Je0jmphUAuvj6v1i7KOJbSDdtE+CtEJqqMr1EBNRNEjekZv6N178l68D+9zEp3xyplt9Ave1zcQ9KaX</latexit><latexit sha1_base64="Con8Uj+5ilfSA0MXtdCPbVx1QXM=">AAACKHicbVDLSgMxFM34dnxVXboJFkFQyowIurPqxmUFW4XOUDJp2gbzGJI7Qhn6OW78FTciirj1S0yns9DqgcDhnHO5uSdJBbcQBJ/ezOzc/MLi0rK/srq2vlHZ3GpZnRnKmlQLbe4SYpngijWBg2B3qWFEJoLdJveXY//2gRnLtbqBYcpiSfqK9zgl4KRO5Wwvj4zE5yC1TQfMcDqKDnGksk4ks4MoIabkfpFrGC1T+BHpVKpBLSiA/5KwJFVUotGpvEZdTTPJFFBBrG2HQQpxTgxwKtjIjzLLUkLvSZ+1HVVEMhvnxaEjvOeULu5p454CXKg/J3IirR3KxCUlgYGd9sbif147g95pnHOVZsAUnSzqZQKDxuPWcJcbRkEMHSHUcPdXTAfEEAquW9+VEE6f/Je0jmphUAuvj6v1i7KOJbSDdtE+CtEJqqMr1EBNRNEjekZv6N178l68D+9zEp3xyplt9Ave1zcQ9KaX</latexit><latexit sha1_base64="Con8Uj+5ilfSA0MXtdCPbVx1QXM=">AAACKHicbVDLSgMxFM34dnxVXboJFkFQyowIurPqxmUFW4XOUDJp2gbzGJI7Qhn6OW78FTciirj1S0yns9DqgcDhnHO5uSdJBbcQBJ/ezOzc/MLi0rK/srq2vlHZ3GpZnRnKmlQLbe4SYpngijWBg2B3qWFEJoLdJveXY//2gRnLtbqBYcpiSfqK9zgl4KRO5Wwvj4zE5yC1TQfMcDqKDnGksk4ks4MoIabkfpFrGC1T+BHpVKpBLSiA/5KwJFVUotGpvEZdTTPJFFBBrG2HQQpxTgxwKtjIjzLLUkLvSZ+1HVVEMhvnxaEjvOeULu5p454CXKg/J3IirR3KxCUlgYGd9sbif147g95pnHOVZsAUnSzqZQKDxuPWcJcbRkEMHSHUcPdXTAfEEAquW9+VEE6f/Je0jmphUAuvj6v1i7KOJbSDdtE+CtEJqqMr1EBNRNEjekZv6N178l68D+9zEp3xyplt9Ave1zcQ9KaX</latexit>

⌫µ + ⌫̄µ (10yr)
<latexit sha1_base64="v5XJRrqzwoaZiRQnnBil8ZXVd3g="></latexit><latexit sha1_base64="v5XJRrqzwoaZiRQnnBil8ZXVd3g="></latexit><latexit sha1_base64="v5XJRrqzwoaZiRQnnBil8ZXVd3g="></latexit><latexit sha1_base64="v5XJRrqzwoaZiRQnnBil8ZXVd3g="></latexit>

cosmogenic
<latexit sha1_base64="iApYa1JD12pcAXvBWBDSNzry528="></latexit><latexit sha1_base64="iApYa1JD12pcAXvBWBDSNzry528="></latexit><latexit sha1_base64="iApYa1JD12pcAXvBWBDSNzry528="></latexit><latexit sha1_base64="iApYa1JD12pcAXvBWBDSNzry528="></latexit>

IceCubeE�2
<latexit sha1_base64="9sxvlb0BE1iNzMXPaHxZWU8VGkE="></latexit><latexit sha1_base64="9sxvlb0BE1iNzMXPaHxZWU8VGkE="></latexit><latexit sha1_base64="9sxvlb0BE1iNzMXPaHxZWU8VGkE="></latexit><latexit sha1_base64="9sxvlb0BE1iNzMXPaHxZWU8VGkE="></latexit>

AugerE�2
<latexit sha1_base64="uJ96OwRW7vbcDKVZHi8AVtK3Ie8="></latexit><latexit sha1_base64="uJ96OwRW7vbcDKVZHi8AVtK3Ie8="></latexit><latexit sha1_base64="uJ96OwRW7vbcDKVZHi8AVtK3Ie8="></latexit><latexit sha1_base64="uJ96OwRW7vbcDKVZHi8AVtK3Ie8="></latexit>

Atmospheric ⌫e + ⌫̄e
<latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit>

HESE (7.5yr)

Predominantly extragalactic flux of 
high-energy neutrinos was observed 
in different channels.
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High-Energy	Neutrino	Flux

‣ Features in high-energy neutrino flux can reveal new physics phenomena. 
‣ The upper limits on yet to be seen fluxes impose limits on BSM scenarios.
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Atmospheric ⌫e + ⌫̄e
<latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit><latexit sha1_base64="DtyzB/r+35QSCiTjNOoBHyC3Q8E=">AAACDHicdVDLSgMxFM34rPVVdekmWARBKTNasN1V3bisYB/QKSWT3mlDk8yQZIQy9APc+CtuXCji1g9w59+YPgSfBwKHc87l5p4g5kwb13135uYXFpeWMyvZ1bX1jc3c1nZdR4miUKMRj1QzIBo4k1AzzHBoxgqICDg0gsHF2G/cgNIsktdmGENbkJ5kIaPEWKmTy6e+EvjMiEjHfVCMjvwj7MukA4d+QNSE2ZRbKJZL7kkZ/yZewZ0gj2aodnJvfjeiiQBpKCdatzw3Nu2UKMMoh1HWTzTEhA5ID1qWSiJAt9PJMSO8b5UuDiNlnzR4on6dSInQeigCmxTE9PVPbyz+5bUSE5baKZNxYkDS6aIw4dhEeNwM7jIF1PChJYQqZv+KaZ8oQo3tL2tL+LwU/0/qxwXPLXhXxXzlfFZHBu2iPXSAPHSKKugSVVENUXSL7tEjenLunAfn2XmZRuec2cwO+gbn9QMXDJuo</latexit>

Atmospheric ⌫µ + ⌫̄µ
<latexit sha1_base64="/InjcCt25FrJKqxgVq3Ta73G9h8="></latexit><latexit sha1_base64="/InjcCt25FrJKqxgVq3Ta73G9h8="></latexit><latexit sha1_base64="/InjcCt25FrJKqxgVq3Ta73G9h8="></latexit><latexit sha1_base64="/InjcCt25FrJKqxgVq3Ta73G9h8="></latexit>

Prompt ⌫µ
<latexit sha1_base64="Con8Uj+5ilfSA0MXtdCPbVx1QXM=">AAACKHicbVDLSgMxFM34dnxVXboJFkFQyowIurPqxmUFW4XOUDJp2gbzGJI7Qhn6OW78FTciirj1S0yns9DqgcDhnHO5uSdJBbcQBJ/ezOzc/MLi0rK/srq2vlHZ3GpZnRnKmlQLbe4SYpngijWBg2B3qWFEJoLdJveXY//2gRnLtbqBYcpiSfqK9zgl4KRO5Wwvj4zE5yC1TQfMcDqKDnGksk4ks4MoIabkfpFrGC1T+BHpVKpBLSiA/5KwJFVUotGpvEZdTTPJFFBBrG2HQQpxTgxwKtjIjzLLUkLvSZ+1HVVEMhvnxaEjvOeULu5p454CXKg/J3IirR3KxCUlgYGd9sbif147g95pnHOVZsAUnSzqZQKDxuPWcJcbRkEMHSHUcPdXTAfEEAquW9+VEE6f/Je0jmphUAuvj6v1i7KOJbSDdtE+CtEJqqMr1EBNRNEjekZv6N178l68D+9zEp3xyplt9Ave1zcQ9KaX</latexit><latexit sha1_base64="Con8Uj+5ilfSA0MXtdCPbVx1QXM=">AAACKHicbVDLSgMxFM34dnxVXboJFkFQyowIurPqxmUFW4XOUDJp2gbzGJI7Qhn6OW78FTciirj1S0yns9DqgcDhnHO5uSdJBbcQBJ/ezOzc/MLi0rK/srq2vlHZ3GpZnRnKmlQLbe4SYpngijWBg2B3qWFEJoLdJveXY//2gRnLtbqBYcpiSfqK9zgl4KRO5Wwvj4zE5yC1TQfMcDqKDnGksk4ks4MoIabkfpFrGC1T+BHpVKpBLSiA/5KwJFVUotGpvEZdTTPJFFBBrG2HQQpxTgxwKtjIjzLLUkLvSZ+1HVVEMhvnxaEjvOeULu5p454CXKg/J3IirR3KxCUlgYGd9sbif147g95pnHOVZsAUnSzqZQKDxuPWcJcbRkEMHSHUcPdXTAfEEAquW9+VEE6f/Je0jmphUAuvj6v1i7KOJbSDdtE+CtEJqqMr1EBNRNEjekZv6N178l68D+9zEp3xyplt9Ave1zcQ9KaX</latexit><latexit sha1_base64="Con8Uj+5ilfSA0MXtdCPbVx1QXM=">AAACKHicbVDLSgMxFM34dnxVXboJFkFQyowIurPqxmUFW4XOUDJp2gbzGJI7Qhn6OW78FTciirj1S0yns9DqgcDhnHO5uSdJBbcQBJ/ezOzc/MLi0rK/srq2vlHZ3GpZnRnKmlQLbe4SYpngijWBg2B3qWFEJoLdJveXY//2gRnLtbqBYcpiSfqK9zgl4KRO5Wwvj4zE5yC1TQfMcDqKDnGksk4ks4MoIabkfpFrGC1T+BHpVKpBLSiA/5KwJFVUotGpvEZdTTPJFFBBrG2HQQpxTgxwKtjIjzLLUkLvSZ+1HVVEMhvnxaEjvOeULu5p454CXKg/J3IirR3KxCUlgYGd9sbif147g95pnHOVZsAUnSzqZQKDxuPWcJcbRkEMHSHUcPdXTAfEEAquW9+VEE6f/Je0jmphUAuvj6v1i7KOJbSDdtE+CtEJqqMr1EBNRNEjekZv6N178l68D+9zEp3xyplt9Ave1zcQ9KaX</latexit><latexit sha1_base64="Con8Uj+5ilfSA0MXtdCPbVx1QXM=">AAACKHicbVDLSgMxFM34dnxVXboJFkFQyowIurPqxmUFW4XOUDJp2gbzGJI7Qhn6OW78FTciirj1S0yns9DqgcDhnHO5uSdJBbcQBJ/ezOzc/MLi0rK/srq2vlHZ3GpZnRnKmlQLbe4SYpngijWBg2B3qWFEJoLdJveXY//2gRnLtbqBYcpiSfqK9zgl4KRO5Wwvj4zE5yC1TQfMcDqKDnGksk4ks4MoIabkfpFrGC1T+BHpVKpBLSiA/5KwJFVUotGpvEZdTTPJFFBBrG2HQQpxTgxwKtjIjzLLUkLvSZ+1HVVEMhvnxaEjvOeULu5p454CXKg/J3IirR3KxCUlgYGd9sbif147g95pnHOVZsAUnSzqZQKDxuPWcJcbRkEMHSHUcPdXTAfEEAquW9+VEE6f/Je0jmphUAuvj6v1i7KOJbSDdtE+CtEJqqMr1EBNRNEjekZv6N178l68D+9zEp3xyplt9Ave1zcQ9KaX</latexit>

⌫µ + ⌫̄µ (10yr)
<latexit sha1_base64="v5XJRrqzwoaZiRQnnBil8ZXVd3g="></latexit><latexit sha1_base64="v5XJRrqzwoaZiRQnnBil8ZXVd3g="></latexit><latexit sha1_base64="v5XJRrqzwoaZiRQnnBil8ZXVd3g="></latexit><latexit sha1_base64="v5XJRrqzwoaZiRQnnBil8ZXVd3g="></latexit>

cosmogenic
<latexit sha1_base64="iApYa1JD12pcAXvBWBDSNzry528="></latexit><latexit sha1_base64="iApYa1JD12pcAXvBWBDSNzry528="></latexit><latexit sha1_base64="iApYa1JD12pcAXvBWBDSNzry528="></latexit><latexit sha1_base64="iApYa1JD12pcAXvBWBDSNzry528="></latexit>

IceCubeE�2
<latexit sha1_base64="9sxvlb0BE1iNzMXPaHxZWU8VGkE="></latexit><latexit sha1_base64="9sxvlb0BE1iNzMXPaHxZWU8VGkE="></latexit><latexit sha1_base64="9sxvlb0BE1iNzMXPaHxZWU8VGkE="></latexit><latexit sha1_base64="9sxvlb0BE1iNzMXPaHxZWU8VGkE="></latexit>

AugerE�2
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HESE (7.5yr)

Predominantly extragalactic flux of 
high-energy neutrinos was observed 
in different channels.
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Q.  What is dark matter (DM)? 
Q.  What SM particles does DM interact with? 
Q.  How does it interact?
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Neutrino	portal	to	Dark	Matter

Indirect dark matter signatures in the 
neutrino sector: 

•  Features in geo, solar, 
atmospheric, and cosmic 
neutrino spectra 

• Anisotropies in high-energy 
neutrinos from local dense 
regions or due to DM-Neutrino 
interaction. 

•  Features in the diffuse SN 
neutrino background.
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Neutrinos may be the principal portal to the dark sector. 
‣Motivated by the scotogenic models 
‣ Can explain the MiniBooNE anomaly
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Dark	Matter	Annihilation(Decay)

?

DM

DM

SM

SM

Primary products will end 
up in more stable forms p, e±, �, ⌫⌫̄

W�, Z, t, b, µ, ⌧, h, e�, ⌫
W�, Z, t, b, µ, ⌧, h, e�, ⌫

W+, Z, t̄, b̄, µ+, ⌧+, h, e+, ⌫̄

W+, Z, t̄, b̄, µ+, ⌧+, h, e+, ⌫̄

‣ Weakly Interacting Massive Particles (WIMPs) are the leading candidate for DM. 

‣ DM annihilation near the weak scale can produce the relic abundance in current 
Universe (aka WIMP Miracle). 

‣ Thermal production of WIMPs in early Universe implies possible ongoing self-
annihilation of DM.
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Where	to	look	for	Dark	Matter?
‣Anywhere there is high concentration.

🌍

Earth

Sun

Galactic Center

Galactic Halo

Dwarf Galaxies
Galaxy Clusters

Image Credit: European Southern Observatory
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Search	for	Dark	Matter	in	the	Sun

• 7 years of IceCube-
DeepCore data (LE) 

• 9 years of muon track 
data (HE) 

• Searching for 
annihilation signatures 
with neutrinos in full 
detector

‣ Strongest limits on the spin-dependent cross section!

Indirect Dark Matter searches
• IceCube can search for neutrinos from DM self-annihilation or decay
• Search for excess neutrino emission from the galactic centre, the Sun or the Earth

• Or: deficits in extragalactic neutrino flux due to DM scattering in the galactic 
centre

• Many results in recent years, more on the way with high statistics...

24Tom Stuttard

Image credit: Juanan Aguilar

by J. Aguilar

IceCube PRD 2022, 
J. Lazar, ICRC 2021
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Galactic	Center	Dark	Matter	Search
‣	Annihilation
• 5 years of IceCube data 

• Looking for the neutrino lines as 
a unique spectral feature
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Galactic	Center	Dark	Matter	Search
‣	Decay

Juan A. AguilarDark Ghosts 2022

Analysis: Results Benchmark Channel νeνe 15

NFW χ → νeνe Burkert χχ → νeνe

Lower Limits

sensitivity

IceCube Preliminary
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Galactic	Center	Dark	Matter	Search
‣	other	channels	for	annihilation

‣ The most significant result is found at 1 TeV, with a post(pre)-trial 
p-value of 38%(0.3%)
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HESE Neutrino skymap

33

Galactic coordinates

Events are compatible with an isotropic distribution: found no signal!

15

Dark	Matter	Search	at	High	Energies
‣High-Energy	Starting	Events

IceCube 2022
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HESE Neutrino skymap

33

Galactic coordinates

Events are compatible with an isotropic distribution: found no signal!

15

Dark	Matter	Search	at	High	Energies

HESE Dark Matter Carlos A. Argüelles

(a) Results on dark matter decay. (b) Results on dark matter annihilation.

(c) Results in dark matter scattering.

Figure 2: Constraints for dark matter decay, annihilation, and scattering with neutrinos. The three main
results of this analysis are shown as a function of the dark matter mass, mc . (a): Constraints on dark matter
lifetime for different assumed decay modes shown as different line colors. (b): Constraints on the dark matter
annihilation cross section to different standard model particles. (c): Constraints on the neutrino dark matter
cross section via looking for signatures of neutrino scattering. In this analysis we assume the dark matter is a
fermion and the interaction mediator, f , is a vector. The vertical axis shows the assumed mediator mass, mf ,
and the color scale gives the maximum allowed log of the coupling. The magenta line signals the regions
where cosmological observations are more constraining and where this analysis constraints are dominant.
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‣High-Energy	Starting	Events

IceCube 2022
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Galaxy	Clusters

Search for extragalactic DM with IceCube

Source Type RA[�] Dec [�] \<0G [�] ⇡<0G [⌧4+/2<2]

Virgo galaxy cluster 186.63 12.72 6.11 2.54 ⇥ 1020

Coma galaxy cluster 194.95 27.94 1.30 1.49 ⇥ 1019

Perseus galaxy cluster 49.94 41.51 1.35 1.44 ⇥ 1019

Andromeda galaxy 10.68 41.27 8.00 1.70 ⇥ 1020

Draco dwarf galaxy 260.05 57.92 1.30 1.54 ⇥ 1019

Leo I dwarf galaxy 152.12 12.3 0.45 1.19 ⇥ 1018

Ursa Minor dwarf galaxy 227.28 67.23 1.37 1.41 ⇥ 1018

Boötes I dwarf galaxy 210.03 14.5 0.47 1.46 ⇥ 1018

Coma Berenices dwarf galaxy 186.74 23.9 0.31 1.53 ⇥ 1018

Segue 1 dwarf galaxy 151.77 16.08 0.35 2.05 ⇥ 1018

Ursa Major II dwarf galaxy 132.87 63.13 0.53 5.23 ⇥ 1018

Table 1: Sources of neutrinos selected for this analysis. \<0G is the angular radius of the dark matter halo
of the source at which the D-factor, the integral factor in Eq. 1, reaches its maximum (⇡<0G).

can be used to estimate the distribution of background events. This is done by replacing the right
ascension of each event by a random value between 0 and 2c.

3. Data Sample and Statistical Methods

For this work, we use a subset of the IceCube data sample established to search for point-like
sources [28]. The sample contains track-like events from both the southern and northern sky. The
data are collected between 2008 and 2018 of which we use the last 6 years of data. The data of the
subset are taken with the full 86-strings detector configuration, for which an updated event selection
is applied compared to previous years. With this track-like event sample, the detector has a median
angular resolution smaller than 1�, for neutrino energies of ⇠TeV or above.

To determine whether there is a significant excess in data, we perform a hypothesis test using

Figure 2: Locations of the sources in equatorial coordinates. The circles denote the location of the galaxy
clusters. The crosses are for the dwarf galaxies, and the triangle is for the Andromeda galaxy (M31). For
references, the locations of the Galactic Center (star) and the Galactic Plane (line) are also shown.

4

Search for extragalactic DM with IceCube

Figure 5: Comparison of the sensitivities of the analysis to the observed limits from other experiments [16,
29–32]. The dashed line represents the 90% CL sensitivities of the analysis for the 11̄ channel and the
Andromeda galaxy. Other lines are the limits from di�erent experiments calculated assuming the same dark
matter decay channel. The confidence levels associated with the IceCube limits, HAWC limits, and the
Fermi-LAT limits are 90%, 95%, and 3f, respectively.

5. Conclusions and Outlook

We calculated the sensitivities, at 90% CL, for the 11̄, g+g� channels for dark matter masses
between 10 TeV and 10 PeV. For the Virgo cluster and the Andromeda galaxy, the sensitivities are
competitive with other leading experiments. We also tested if the sensitivities could be improved
by stacking the sources. For the 11̄ and g+g� channels, stacking the galaxy clusters did not improve
the sensitivities, compared to using only the Virgo cluster. Furthermore, the sensitivities for the
Virgo cluster and the Andromeda galaxy were significantly better than those obtained by stacking
the dwarf galaxies. We plan to study the sensitivities for other dark matter decay channels than 11̄

and g+g�. Galaxy clusters and dwarf galaxies in the southern sky could be included in the list of
targets, and the benefit of stacking could be evaluated again.
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• Searching for neutrino 
emission from Galaxy Clusters 
and dwarf spheroidal galaxies 

• Targeting heavy dark matter 
decay signatures to different 
channels 

• Nearby cluster such as Virgo 
can provide a strong probe 
dark matter decay  

• Sensitivity will enhance with 
better understanding of the 
origin of the cosmic neutrino 
flux

Equatorial

M. Jeong ICRC 2021
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Dark	Matter-Neutrino	Interaction?

? implies9 9( ) )(
annihilation scattering

But if        too light, or      does not talk to quarks, then 
could be neutrinos

?

?if = quarks, then = direct detection 
 (LUX, LZ, SuperCDMS, …)

Thermal production of WIMPs in early Universe implies possible 
ongoing self-annihilation of DM.



DM-𝜈 interaction will result in 
scattering of neutrinos from 

extragalactic sources, leading to 
anisotropy and energy loss.

⌫

⌫

⌫

⌫

⌫

⌫

⌫

Dark	Matter-Neutrino	Scattering

🌍



Ali Kheirandish | FPCP 2022 | 

Dark matter column density* seen from Earth
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Energy	&	Morphology

IceCube HESE

Energy Distribution

Resonance @ 810 TeV

Angular Distribution

Neutrino-DM interactions creates 
features in the energy spectrum (e.g. 
Dips, cut-off, softening)

Neutrino-DM interaction leads to the 
deficit towards Galactic center

Argüelles, AK, Vincent, PRL 2017
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Constraints	on	DM-Nu	Interaction	

Fermionic DM 
Vector Mediator

Scalar DM 
Fermionic Mediator

Argüelles, AK, Vincent, PRL 2017,  IceCube 2022

Competitive limits compared to cosmological constraints!
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Landscape	of	Dark	Matter	
Searches	with	Neutrinos		

‣ Broader energy ranges 
‣ Next Generation of experiments

Upper limit on DM annihilation to neutrinos serves 
as an upper bound to DM annihilation to SM.
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The	Universe	in	Neutrinos
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An uninterrupted measurement is available across a wide 
range of energy; near 14 orders of magnitude!
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Limit	on	DM	Annihilation	to	Neutrinos
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Summary
• High-energy neutrinos can expose the footprints of the physics 

beyond the Standard Model and provide an insight unattainable 
by other cosmic messengers. 

• High-energy neutrinos are at the intersection of particle physics, 
astrophysics, and cosmology, presenting an unprecedented 
opportunity to probe new physics, especially dark matter.  

• Neutrinos could present the key portal from Standard Model to 
the dark sector. 

• Future neutrino experiments will be closing in on the parameter 
space of direct dark matter annihilation to neutrinos. 

• Identification of the origin of IceCube neutrinos can provide an 
unprecedented opportunity for probing dark matter — neutrino 
interactions.
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DM	Annihilation	to	Neutrinos	
Galactic	component

dΦν

dE
=

1
4π

⟨σv⟩
2m2

χ

1
3

dNν

dE
J(Ω)

Flux of neutrinos from dark matter annihilation in the Milky Way:

J ≡ ∫ dΩ∫l.o.s.
ρ2

χ (x)dx,

J-facror: 3d integral over the 
target solid angle in the sky 
and the line of sight

thermally averaged DM 
annihilation cross section

The neutrino 
production spectrum 
for direct annihilation 
of DM to neutrinos 

= δ(mχ − Eν)
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DM	Annihilation	to	Neutrinos	
Extragalactic	component

dΦν

dE
=

c
4π

Ω2
DMρ2

crit⟨σv⟩
2m2

x ∫
zup

0
dz (1 + G(z))(1 + z)3

H(z)
dNν (E′�)

dE

An isotropic neutrino signal is also expected from DM annihilation 
in every other halo in the universe:

Time-dependent	Hubble	parameter

Halo	boost

Production	spectrum

2
3E

δ [z − ( mχ

E
− 1)]

G(z) =
1

Ω2
DM,0ρ2

c

1
(1 + z)6 ∫ dM

dn(M, z)
dM ∫ dr 4πr2 ρ2

halo(r)

H(z) = H0 [(1 + z)3ΩDM + ΩΛ]1/2
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Constraining	the	DM	parameter	space	
‣ Low	Mass
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Argüelles, Bustamante, AK, Palomares-Ruiz, Vincent, 2019
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