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Multi-messenger searches
Dark Matter (DM) particles can decay/annihilate producing:


‣ Neutrinos travel in straight lines 
(IceCube and ANTARES/KM3NeT)


‣ Gamma-rays have to be propagated 
(Fermi-LAT, H.E.S.S., CTA, …)
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Latest neutrino data @ ICRC 2019
High Energy Starting Events (HESE)


‣ Full sky


‣ High energy threshold

Through-going muon neutrinos (TG)


‣ Northern sky only


‣ Very high energy threshold

ANTARES showers and tracks


‣ 33 events in 9 years


‣ 50 events in 11 years


‣ Energy up to ~ 300 TeV
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Tension with a single power-law

Tension between HESE (full sky) and  
Through-Going (Northern hemisphere)

‣ Fermi mechanism:


‣ p-p sources:


‣ Blazar TXS 0506+056:
�astro  2.2

<latexit sha1_base64="+XYe5uvkyAco80VFZO+/2CFYYuI=">AAACD3icbVC7TsNAEDzzDOEVoExzIkKiiuyABGUEDWWQyEOKo2h92YRT7mxzt0aKrBR8Al9BCxUdouUTKPgXnJACEqYazexqdyaIlbTkup/O0vLK6tp6biO/ubW9s1vY22/YKDEC6yJSkWkFYFHJEOskSWErNgg6UNgMhpcTv3mPxsoovKFRjB0Ng1D2pQDKpG6h6A9Aa+imvtEcLJlozH2Fd7xSrnQLJbfsTsEXiTcjJTZDrVv48nuRSDSGJBRY2/bcmDopGJJC4TjvJxZjEEMYYDujIWi0nXQaYsyPEgsU8RgNl4pPRfy9kYK2dqSDbFID3dp5byL+57UT6p93UhnGCWEoJodIKpwessLIrB3kPWmQCCafI5chF2CACI3kIEQmJlld+awPbz79ImlUyt5JuXJ9WqpezJrJsSI7ZMfMY2esyq5YjdWZYA/siT2zF+fReXXenPef0SVntnPA/sD5+AajBZvs</latexit>

�astro = 2.0
<latexit sha1_base64="hUMkAMWDHSNpjD9rVkVkeSlaaZE=">AAACDHicbVDLSgNBEJz1GeMr6kXwMhgET2E3CnoRgl48RjAPSELonXTikJndZaZXCEv8BL/Cq568iVf/wYP/4mbNQRPrVFR1013lR0pact1PZ2FxaXllNbeWX9/Y3Nou7OzWbRgbgTURqtA0fbCoZIA1kqSwGRkE7Sts+MOrid+4R2NlGNzSKMKOhkEg+1IApVK3sN8egNbQTdpGc7BkwjG/4OWS2y0U3ZKbgc8Tb0qKbIpqt/DV7oUi1hiQUGBty3Mj6iRgSAqF43w7thiBGMIAWykNQKPtJFmCMT+KLVDIIzRcKp6J+HsjAW3tSPvppAa6s7PeRPzPa8XUP+8kMohiwkBMDpFUmB2ywsi0GuQ9aZAIJp8jlwEXYIAIjeQgRCrGaVf5tA9vNv08qZdL3kmpfHNarFxOm8mxA3bIjpnHzliFXbMqqzHBHtgTe2YvzqPz6rw57z+jC850Z4/9gfPxDevumms=</latexit>

�astro = 2.1± 0.2
<latexit sha1_base64="yEJwG11IWR/x6Qdx3L4qJlwiEII=">AAACFHicbVA9SwNBEN2LXzF+RS1tFoNgFe6ioI0QtLGMYD4gF8LcZhKX7N4du3NCONL6E/wVtlrZia29hf/FS0yhia96vDfDzHtBrKQl1/10ckvLK6tr+fXCxubW9k5xd69ho8QIrItIRaYVgEUlQ6yTJIWt2CDoQGEzGF5N/OY9Giuj8JZGMXY0DELZlwIok7pF7g9Aa+imvtEcLJlozC94pexxP9bcLVe6xZJbdqfgi8SbkRKbodYtfvm9SCQaQxIKrG17bkydFAxJoXBc8BOLMYghDLCd0RA02k46TTLmR4kFiniMhkvFpyL+3khBWzvSQTapge7svDcR//PaCfXPO6kM44QwFJNDJBVOD1lhZFYR8p40SASTz5HLkAswQIRGchAiE5Oss0LWhzeffpE0sgZPypWb01L1ctZMnh2wQ3bMPHbGquya1VidCfbAntgze3EenVfnzXn/Gc05s5199gfOxzeOAZzF</latexit>

IceCube

Schneider, PoS ICRC2019 1004

�⌫ / �astro E
��astro
⌫

<latexit sha1_base64="UwDMc3hNtGxTAgsx5zb8KazUQjI="></latexit>

Spectral index, �astro
<latexit sha1_base64="MQC+kQco48WQm0hnOak6km1uVfU=">AAACFnicbVC7TsNAEDzzDOEVoKQ5ESFRoMgGJCgjaCiDIAEpiaL1ZQkn7s7W3RoRWUnNJ/AVtFDRIVpaCv4FO6TgNdVoZle7M2GspCPff/cmJqemZ2YLc8X5hcWl5dLKasNFiRVYF5GK7EUIDpU0WCdJCi9ii6BDhefh9VHun9+gdTIyZ9SPsa2hZ+SlFECZ1ClttKzmpzEKsqCG0nTxdnvY6oHW0EnBkY0GnVLZr/gj8L8kGJMyG6PWKX20upFINBoSCpxrBn5M7RQsSaFwUGwlDmMQ19DDZkYNaHTtdJRlwDcTBxTxGC2Xio9E/L6Rgnaur8NsUgNdud9eLv7nNRO6PGin0sQJoRH5IZIKR4ecsDIrCXlXWiSC/HPk0nABFojQSg5CZGKStVbM+gh+p/9LGjuVYLeyc7JXrh6OmymwdbbBtljA9lmVHbMaqzPB7tgDe2RP3r337L14r1+jE954Z439gPf2CU3uoEA=</latexit>

IceCube + ANTARES (our work)
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Spectral index, �astro
<latexit sha1_base64="MQC+kQco48WQm0hnOak6km1uVfU=">AAACFnicbVC7TsNAEDzzDOEVoKQ5ESFRoMgGJCgjaCiDIAEpiaL1ZQkn7s7W3RoRWUnNJ/AVtFDRIVpaCv4FO6TgNdVoZle7M2GspCPff/cmJqemZ2YLc8X5hcWl5dLKasNFiRVYF5GK7EUIDpU0WCdJCi9ii6BDhefh9VHun9+gdTIyZ9SPsa2hZ+SlFECZ1ClttKzmpzEKsqCG0nTxdnvY6oHW0EnBkY0GnVLZr/gj8L8kGJMyG6PWKX20upFINBoSCpxrBn5M7RQsSaFwUGwlDmMQ19DDZkYNaHTtdJRlwDcTBxTxGC2Xio9E/L6Rgnaur8NsUgNdud9eLv7nNRO6PGin0sQJoRH5IZIKR4ecsDIrCXlXWiSC/HPk0nABFojQSg5CZGKStVbM+gh+p/9LGjuVYLeyc7JXrh6OmymwdbbBtljA9lmVHbMaqzPB7tgDe2RP3r337L14r1+jE954Z439gPf2CU3uoEA=</latexit>
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The low energy excess
Residuals w.r.t. an astrophysical power-
law with spectral index 2.0:


‣ Fermi mechanism

‣ Through-going IceCube data

‣ Compatible with gamma-rays

Heavy Dark Matter at 100 TeV?

MC, Miele, Morisi, Vitagliano, PLB 757 (2016) 
MC, Mele, Miele, Migliozzi, Morisi, ApJ 851 (2017) 

MC, Miele, Morisi, PLB 773 (2017)

6-year HESE
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Dark Matter

DM ! ⌧+⌧�
<latexit sha1_base64="ivSQhLo9YHyK57woFXodu7KWAPM=">AAACFnicbVA9TwJBEN3zE/ELtbTZQExMjOQOTbQkamFjgokgCYdkbhlgw95Hduc05ELvT/BX2GplZ2xtLfwvHkih4mvm5b2ZzMzzIiUN2faHNTM7N7+wmFnKLq+srq3nNjZrJoy1wKoIVajrHhhUMsAqSVJYjzSC7ym89vqnI//6FrWRYXBFgwibPnQD2ZECKJVauXziap+fXQy5q2W3R6B1eMddgvhm77vst3IFu2iPwaeJMyEFNkGllft026GIfQxIKDCm4dgRNRPQJIXCYdaNDUYg+tDFRkoD8NE0k/EvQ74TG6CQR6i5VHws4s+JBHxjBr6XdvpAPfPXG4n/eY2YOsfNRAZRTBiI0SKSCseLjNAyDQl5W2okgtHlyGXABWggQi05CJGKcZpaNs3D+fv9NKmVis5BsXR5WCifTJLJsG2WZ7vMYUeszM5ZhVWZYPfskT2xZ+vBerFerbfv1hlrMrPFfsF6/wIElJ7R</latexit>
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Decaying Dark Matter flux

DM ! qq̄
<latexit sha1_base64="b0I5UwY8RbQEALqKtV8zw6g8btk=">AAACEnicbVDLSgNBEJyNrxhfUY+CDAbBU9iNgh6DevAiRDAPyIbQO+nEwdlHZnqVsOzNT/ArvOrJm3j1Bzz4L25iDr7qVFR1013lRUoasu13KzczOze/kF8sLC2vrK4V1zcaJoy1wLoIVahbHhhUMsA6SVLYijSC7ylsetcnY795g9rIMLikUYQdHwaB7EsBlEnd4nbiap+fnqfc1XJwRaB1eMuH3PVAJ8O0WyzZZXsC/pc4U1JiU9S6xQ+3F4rYx4CEAmPajh1RJwFNUihMC25sMAJxDQNsZzQAH00nmeRI+W5sgEIeoeZS8YmI3zcS8I0Z+V426QNdmd/eWPzPa8fUP+okMohiwkCMD5FUODlkhJZZQch7UiMRjD9HLgMuQAMRaslBiEyMs8YKWR/O7/R/SaNSdvbLlYuDUvV42kyebbEdtsccdsiq7IzVWJ0Jdsce2CN7su6tZ+vFev0azVnTnU32A9bbJ8LgnbQ=</latexit>

DM ! W+W�, ZZ, hh
<latexit sha1_base64="orDFzNky7tgaqHrGGwS/nlplIZM=">AAACF3icbVDLSgNBEJz1bXxFPXoZDIJgDLsq6DGoBy+CgsmGvKR3bJPB2QczvUpY8gF+gl/hVU/exKtHD/6Lm7gHNdapqKqmu8uLlDRk2x/W2PjE5NT0zGxubn5hcSm/vFI1YawFVkSoQl3zwKCSAVZIksJapBF8T6Hr3RwNfPcWtZFhcEG9CFs+dAJ5LQVQKl3mC0lT+/z4tM+bWna6BFqHd9xtb7nt7SKv14u8201Tdskego8SJyMFluHsMv/ZvApF7GNAQoExDceOqJWAJikU9nPN2GAE4gY62EhpAD6aVjJ8ps83YgMU8gg1l4oPRfw5kYBvTM/30qQP1DV/vYH4n9eI6fqglcggigkDMVhEUuFwkRFapi0hv5IaiWBwOXIZcAEaiFBLDkKkYpzWlkv7cP5+P0qqOyVnt7RzvlcoH2bNzLA1ts42mcP2WZmdsDNWYYLds0f2xJ6tB+vFerXevqNjVjazyn7Bev8CMhueOQ==</latexit>

DM ! `¯̀, ⌫⌫
<latexit sha1_base64="tNSI2c8DAkMQ8KwV+p0EV03L/U0=">AAACIXicbVBNS8NAEN34WetX1KOXxSJ40JKooEdRD14EBatCU8pkHdulm03YnSgl9Ff4E/wVXvXkTbyJ+F9Mag/a+mDg8d4MM/PCRElLnvfhjI1PTE5Nl2bKs3PzC4vu0vKljVMjsCZiFZvrECwqqbFGkhReJwYhChVehZ2jwr+6Q2NlrC+om2AjgpaWt1IA5VLT3coCE/Hj0x4PjGy1CYyJ73mASvEgBJMVrLfJA50W1XQrXtXrg48Sf0AqbICzpvsV3MQijVCTUGBt3fcSamRgSAqFvXKQWkxAdKCF9ZxqiNA2sv5bPb6eWqCYJ2i4VLwv4u+JDCJru1GYd0ZAbTvsFeJ/Xj2l2/1GJnWSEmpRLCKpsL/ICiPzvJDfSINEUFyOXGouwAARGslBiFxM8wDLeR7+8Pej5HK76u9Ut893KweHg2RKbJWtsQ3msz12wE7YGasxwR7YE3tmL86j8+q8Oe8/rWPOYGaF/YHz+Q3moqOE</latexit>

leptophilic

hadrons

EW bosons

‣ Different final states: 
χ->ττ,mDM=1 PeV
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<latexit sha1_base64="0IWh+9NTRANB+Q8aT8eDMOvQfwk="></latexit>

E
⇥
GeV�1

⇤
<latexit sha1_base64="Ix1icDerLSj8T4ljnjMOkbdD0uk=">AAACEXicbVDLSgNBEJyNrxhfUY8iDAbBg4bdKOgxKKLHCOYBu2uYnXSSIbMPZnqFsOTkJ/gVXvXkTbz6BR78FzdxD5pYp6Kqm+4qL5JCo2l+Grm5+YXFpfxyYWV1bX2juLnV0GGsONR5KEPV8pgGKQKoo0AJrUgB8z0JTW9wMfab96C0CINbHEbg+qwXiK7gDFOpXdy9dA6pI6GLtqN8egWNu+TIGjlK9Protosls2xOQGeJlZESyVBrF7+cTshjHwLkkmltW2aEbsIUCi5hVHBiDRHjA9YDO6UB80G7ySTGiO7HmmFII1BUSDoR4fdGwnyth76XTvoM+3raG4v/eXaM3TM3EUEUIwR8fAiFhMkhzZVI+wHaEQoQ2fhzoCKgnCmGCEpQxnkqxmlhhbQPazr9LGlUytZxuXJzUqqeZ83kyQ7ZIwfEIqekSq5JjdQJJw/kiTyTF+PReDXejPef0ZyR7WyTPzA+vgHJNZyN</latexit>

DM ! ⌧+⌧�
<latexit sha1_base64="ivSQhLo9YHyK57woFXodu7KWAPM=">AAACFnicbVA9TwJBEN3zE/ELtbTZQExMjOQOTbQkamFjgokgCYdkbhlgw95Hduc05ELvT/BX2GplZ2xtLfwvHkih4mvm5b2ZzMzzIiUN2faHNTM7N7+wmFnKLq+srq3nNjZrJoy1wKoIVajrHhhUMsAqSVJYjzSC7ym89vqnI//6FrWRYXBFgwibPnQD2ZECKJVauXziap+fXQy5q2W3R6B1eMddgvhm77vst3IFu2iPwaeJMyEFNkGllft026GIfQxIKDCm4dgRNRPQJIXCYdaNDUYg+tDFRkoD8NE0k/EvQ74TG6CQR6i5VHws4s+JBHxjBr6XdvpAPfPXG4n/eY2YOsfNRAZRTBiI0SKSCseLjNAyDQl5W2okgtHlyGXABWggQi05CJGKcZpaNs3D+fv9NKmVis5BsXR5WCifTJLJsG2WZ7vMYUeszM5ZhVWZYPfskT2xZ+vBerFerbfv1hlrMrPFfsF6/wIElJ7R</latexit>

mDM = 1PeV
<latexit sha1_base64="H/eCRRMFZYDbeg/67EUQ9q/AvoY=">AAACDHicbVC7SgNBFJ2NrxhfURvBZjAIFhJ2o6CNENTCRohgHpCEMDu5iUNmdpeZu0JY4if4FbZa2Ymt/2Dhv7i7bqGJpzqccy/3nuMGUhi07U8rNze/sLiUXy6srK6tbxQ3txrGDzWHOvelr1suMyCFB3UUKKEVaGDKldB0RxeJ37wHbYTv3eI4gK5iQ08MBGcYS73ijupFHa3o5fWEntGEOZ1DWoNGr1iyy3YKOkucjJRIhlqv+NXp+zxU4CGXzJi2YwfYjZhGwSVMCp3QQMD4iA2hHVOPKTDdKE0wofuhYejTADQVkqYi/N6ImDJmrNx4UjG8M9NeIv7ntUMcnHYj4QUhgseTQygkpIcM1yKuBmhfaEBkyedAhUc50wwRtKCM81gM464KcR/OdPpZ0qiUnaNy5ea4VD3PmsmTXbJHDohDTkiVXJEaqRNOHsgTeSYv1qP1ar1Z7z+jOSvb2SZ/YH18A4hymZA=</latexit>

PPPC (with extrapolation) 
PYTHIA

Electroweak corrections 
are important!

Ciafaloni et al., JCAP 1103
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<latexit sha1_base64="L+Gp5NnbT+edy3iIURhJSVQ+iVc="></latexit>
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<latexit sha1_base64="miQ+p52qdRS9javClBZt5T5yiuM="></latexit>
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Fit of neutrino energy spectrum

with 4 free parameters
�astro, �astro, mDM, ⌧DM

<latexit sha1_base64="yae/6W3ICB8wCosFG93J4Uu6emU=">AAACNnicbVDLSgNBEJz1bXxFPXoZDIKHEHZV0GNQD16ECOYB2RB6x04yOLO7zPQKsuR//AS/wqt60Jt49RPcrEE0Wqfqqm66u4JYSUuu++xMTc/Mzs0vLBaWlldW14rrGw0bJUZgXUQqMq0ALCoZYp0kKWzFBkEHCpvB9cnIb96gsTIKL+k2xo6Gfih7UgBlUrd47NcGspv6RnOwZKJh2S/7fdAaJkT9VZ+e5x0EyXfdLZbcipuD/yXemJTYGLVu8cW/ikSiMSShwNq258bUScGQFAqHBT+xGIO4hj62MxqCRttJ81+HfCexQBGP0XCpeC7iz4kUtLW3Osg6NdDATnoj8T+vnVDvqJPKME4IQzFaRFJhvsgKI7MQkV9Jg0Qwuhy5DLkAA0RoJAchMjHJUi1keXiT3/8ljb2Kt1/ZuzgoVY/HySywLbbNdpnHDlmVnbEaqzPB7tgDe2RPzr3z6rw571+tU854ZpP9gvPxCbj8rA8=</latexit>

L =
Y

i

(µi + bi)
ni
e�(µi+bi)

ni!
<latexit sha1_base64="0NEWQa3vFitLTKLJmlzf/m5B5nw="></latexit>

Maximum Likelihood

True vs Deposited neutrino energy
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<latexit sha1_base64="M86RT4J4tl1td6ZUkYG+KUq7ynA=">AAACDnicbVDLSsNAFJ3UV62vqDvdDBbBVU2qoMuiCC4r2Ae0oUymt3Xo5MHMjVBCwE/wK9zqyp249Rdc+C8mMQttPatzz7mXe+9xQyk0WtanUVpYXFpeKa9W1tY3NrfM7Z22DiLFocUDGaiuyzRI4UMLBUrohgqY50rouJPLzO/cg9Ii8G9xGoLjsbEvRoIzTKWBuXc1iPvKo6giSOgxLcohhMnArFo1KwedJ3ZBqqRAc2B+9YcBjzzwkUumdc+2QnRiplBwCUmlH2kIGZ+wMfRS6jMPtBPnPyT0MNIMAxqCokLSXITfEzHztJ56btrpMbzTs14m/uf1IhydO7HwwwjB59kiFBLyRZorkYYDdCgUILLscqDCp5wphghKUMZ5KkZpWpU0D3v2+3nSrtfsk1r95rTauCiSKZN9ckCOiE3OSINckyZpEU4eyBN5Ji/Go/FqvBnvP60lo5jZJX9gfHwD5uSbjg==</latexit>

Edep = 400TeV
<latexit sha1_base64="L28lcTQWZkFnVQulI0NuewsqR7U=">AAACDnicbVBNS8NAEN3Ur1q/ot70slgED1KSWtCLUBTBY4V+QVvKZjutSzfJsjsRSij4E/wVXvXkTbz6Fzz4X0xiD1p9pzfvzTAzz1NSGHScDyu3sLi0vJJfLaytb2xu2ds7TRNGmkODhzLUbY8ZkCKABgqU0FYamO9JaHnjy9Rv3YE2IgzqOFHQ89koEEPBGSZS39676sdd7dMBqCk9pxXH6R6ndR2afbvolJwM9C9xZ6RIZqj17c/uIOSRDwFyyYzpuI7CXsw0Ci5hWuhGBhTjYzaCTkID5oPpxdkPU3oYGYYhVaCpkDQT4edEzHxjJr6XdPoMb828l4r/eZ0Ih2e9WAQqQgh4ugiFhGyR4Vok4QAdCA2ILL0cqAgoZ5ohghaUcZ6IUZJWIcnDnf/+L2mWS+5JqXxTKVYvZsnkyT45IEfEJaekSq5JjTQIJ/fkkTyRZ+vBerFerbfv1pw1m9klv2C9fwEX/Zpr</latexit>

Ruiz, Vincent, Mena, PRD 91 (2015) 
D’Amico, Astropart.Phys. 101 (2018)

fit

d�signal

dE⌫d⌦
=

d�Astro

dE⌫d⌦
+

d�DM

dE⌫d⌦
<latexit sha1_base64="WHxkodLPE6p14ErjTXzPDpMStRc="></latexit>

OUR HYPOTHESIS  
(TWO-COMPONENT FLUX)

HESE effective area
Ae↵ (E⌫ ,⌦)

<latexit sha1_base64="A5IEVay7v0ha5kg2VK7vEyxWv+U=">AAACGnicbVDLSsRAEJz4dn2tevQyuCgKsiQq6NEHgjcVXBU2S+iMnXVwZhJmOoKE/QM/wa/wqidv4tWLB//F7LoHX3UqqrrproozJR35/rs3MDg0PDI6Nl6ZmJyanqnOzp25NLcCGyJVqb2IwaGSBhskSeFFZhF0rPA8vt7v+uc3aJ1MzSndZtjS0DYykQKolKLq8m5UhFZzTJJOqDChlYMoNPkaD480toGHVravaDWq1vy63wP/S4I+qbE+jqPqR3iZilyjIaHAuWbgZ9QqwJIUCjuVMHeYgbiGNjZLakCjaxW9PB2+lDuglGdouVS8J+L3jQK0c7c6Lic10JX77XXF/7xmTsl2q5AmywmN6B4iqbB3yAkry6KQX0qLRND9HLk0XIAFIrSSgxClmJfNVco+gt/p/5Kz9XqwUV8/2azt7PWbGWMLbJGtsIBtsR12yI5Zgwl2xx7YI3vy7r1n78V7/Rod8Po78+wHvLdPvmugOg==</latexit>

In each bin of deposited energy: 

‣   

‣   

‣

Palladino et al., PRL 114 (2015)

b = atm. background
<latexit sha1_base64="vrpQsqMSC+kCPCIl9k4qumvx5Z4=">AAACC3icbVC7TgJBFJ31ifhCLSxsJhITK7KLJtqYEG0sMZFHAoTcHS44YWZ2M3PXhBD8A7/CVis7Y+tHWPgvLkih4KlOzrnPE8ZKOvL9T29hcWl5ZTWzll3f2Nzazu3sVl2UWIEVEanI1kNwqKTBCklSWI8tgg4V1sL+1div3aN1MjK3NIixpaFnZFcKoFRq5/ZDfsGbVnMgXXgIQfR7NkpMp53L+wV/Aj5PginJsynK7dxXsxOJRKMhocC5RuDH1BqCJSkUjrLNxGGcjoceNlJqQKNrDScPjPhR4oAiHqPlUvGJiL87hqCdG+gwrdRAd27WG4v/eY2EuuetoTRxQmjEeBFJhZNFTliZJoO8Iy0Swfhy5NJwARaI0EoOQqRikkaVTfMIZr+fJ9ViITgpFG9O86XLaTIZdsAO2TEL2BkrsWtWZhUm2Ig9sWf24j16r96b9/5TuuBNe/bYH3gf37CQmmI=</latexit>

n = HESE data
<latexit sha1_base64="pZwM2G68SN7Um8rGmHjUBnH95M0=">AAACBXicbVA9SwNBEN2L3/Er0dJmMQhW4S4K2ghBESwVzQckIcxtJnHJ3t6xO6eEEFt/ha1WdmLr77Dwv3gXU2jiqx7vzTBvnh8pacl1P53M3PzC4tLySnZ1bX1jM5ffqtowNgIrIlShqftgUUmNFZKksB4ZhMBXWPP7Z6lfu0NjZahvaBBhK4Cell0pgBKpnctrfsKbJuAX59fnDx0gaOcKbtEdg88Sb0IKbILLdu6r2QlFHKAmocDahudG1BqCISkUjrLN2GIEog89bCRUQ4C2NRxHH/G92AKFPELDpeJjEX9vDCGwdhD4yWQAdGunvVT8z2vE1D1uDaWOYkIt0kMkFY4PWWFk0gnyjjRIBGly5FJzAQaI0EgOQiRinJSUTfrwpr+fJdVS0Tsolq4OC+XTSTPLbIftsn3msSNWZhfsklWYYPfsiT2zF+fReXXenPef0Ywz2dlmf+B8fANV35dh</latexit>

Schneider, PoS ICRC2019 1004

µ = NT +NS +NNC
<latexit sha1_base64="Si/Q3d+fL8y+HigoHSEFbTqZRSQ=">AAACDHicbVDLSgNBEJyNrxhfq14EL4NBEISwGwW9CMFcPIWIeUGyhNlJJw6ZfTDTK4QlfoJf4VVP3sSr/+DBf3F3zUGjdWiKqm66u9xQCo2W9WHkFhaXllfyq4W19Y3NLXN7p6WDSHFo8kAGquMyDVL40ESBEjqhAua5EtruuJr67TtQWgR+AychOB4b+WIoOMNE6pt7PS+iF7TWb9DjpN5kNa5Vp32zaJWsDPQvsWekSGao983P3iDgkQc+csm07tpWiE7MFAouYVroRRpCxsdsBN2E+swD7cTZB1N6GGmGAQ1BUSFpJsLPiZh5Wk88N+n0GN7qeS8V//O6EQ7PnVj4YYTg83QRCgnZIs2VSKIBOhAKEFl6OVDhU84UQwQlKOM8EaMkq0KShz3//V/SKpfsk1L5+rRYuZwlkyf75IAcEZuckQq5InXSJJzck0fyRJ6NB+PFeDXevltzxmxml/yC8f4FeSKY7A==</latexit>
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Latest analysis on 7.5yr HESE

f.u. ⌘ TeV�1cm�2s�1sr�1
<latexit sha1_base64="rxQC/BPiHTjPA6KgtVwM3U4nGHQ=">AAACIHicbVDLTsMwEHR4U14BjlwsKiQOECUFCY4ILhxB6gOpDZXjbsHCToK9roSi/gSfwFdwhRM3xBEk/oU05ACFuex4ZlfrnSiVwqDvvzsTk1PTM7Nz85WFxaXlFXd1rWkSqzk0eCITfRExA1LE0ECBEi5SDUxFElrRzcnIbw1AG5HEdbxLIVTsKhZ9wRnmUtfd6WhF+571aAdurRjQOjQvs91gyFVeakNTPIwuStet+p5fgP4lQUmqpMRZ1/3s9BJuFcTIJTOmHfgphhnTKLiEYaVjDaSM37AraOc0ZgpMmBVXDemWNQwTmoKmQtJChJ8TGVPG3Kko71QMr824NxL/89oW+4dhJuLUIsR8tAiFhGKR4VrkcQHtCQ2IbPRzoCKmnGmGCFpQxnku2jy/Sp5HMH79X9KsecGeVzvfrx4dl8nMkQ2ySbZJQA7IETklZ6RBOLknj+SJPDsPzovz6rx9t0445cw6+QXn4wvBRaJM</latexit>
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Latest analysis on 7.5yr HESE

TeV scale

PeV scale

DM flux

f.u. ⌘ TeV�1cm�2s�1sr�1
<latexit sha1_base64="rxQC/BPiHTjPA6KgtVwM3U4nGHQ=">AAACIHicbVDLTsMwEHR4U14BjlwsKiQOECUFCY4ILhxB6gOpDZXjbsHCToK9roSi/gSfwFdwhRM3xBEk/oU05ACFuex4ZlfrnSiVwqDvvzsTk1PTM7Nz85WFxaXlFXd1rWkSqzk0eCITfRExA1LE0ECBEi5SDUxFElrRzcnIbw1AG5HEdbxLIVTsKhZ9wRnmUtfd6WhF+571aAdurRjQOjQvs91gyFVeakNTPIwuStet+p5fgP4lQUmqpMRZ1/3s9BJuFcTIJTOmHfgphhnTKLiEYaVjDaSM37AraOc0ZgpMmBVXDemWNQwTmoKmQtJChJ8TGVPG3Kko71QMr824NxL/89oW+4dhJuLUIsR8tAiFhGKR4VrkcQHtCQ2IbPRzoCKmnGmGCFpQxnku2jy/Sp5HMH79X9KsecGeVzvfrx4dl8nMkQ2ySbZJQA7IETklZ6RBOLknj+SJPDsPzovz6rx9t0445cw6+QXn4wvBRaJM</latexit>
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Latest analysis on 7.5yr HESE

TeV scale

PeV scale

DM flux

Spectral index 
larger 

than single PL

Spectral index 
smaller 

than single PL

Astro flux

f.u. ⌘ TeV�1cm�2s�1sr�1
<latexit sha1_base64="rxQC/BPiHTjPA6KgtVwM3U4nGHQ=">AAACIHicbVDLTsMwEHR4U14BjlwsKiQOECUFCY4ILhxB6gOpDZXjbsHCToK9roSi/gSfwFdwhRM3xBEk/oU05ACFuex4ZlfrnSiVwqDvvzsTk1PTM7Nz85WFxaXlFXd1rWkSqzk0eCITfRExA1LE0ECBEi5SDUxFElrRzcnIbw1AG5HEdbxLIVTsKhZ9wRnmUtfd6WhF+571aAdurRjQOjQvs91gyFVeakNTPIwuStet+p5fgP4lQUmqpMRZ1/3s9BJuFcTIJTOmHfgphhnTKLiEYaVjDaSM37AraOc0ZgpMmBVXDemWNQwTmoKmQtJChJ8TGVPG3Kko71QMr824NxL/89oW+4dhJuLUIsR8tAiFhGKR4VrkcQHtCQ2IbPRzoCKmnGmGCFpQxnku2jy/Sp5HMH79X9KsecGeVzvfrx4dl8nMkQ2ySbZJQA7IETklZ6RBOLknj+SJPDsPzovz6rx9t0445cw6+QXn4wvBRaJM</latexit>
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Latest analysis on 7.5yr HESE

TeV scale

PeV scale

DM flux

Spectral index 
larger 

than single PL

Spectral index 
smaller 

than single PL

Astro flux

Hadronic/EW boson channels are excluded by Gamma-Rays
f.u. ⌘ TeV�1cm�2s�1sr�1

<latexit sha1_base64="rxQC/BPiHTjPA6KgtVwM3U4nGHQ=">AAACIHicbVDLTsMwEHR4U14BjlwsKiQOECUFCY4ILhxB6gOpDZXjbsHCToK9roSi/gSfwFdwhRM3xBEk/oU05ACFuex4ZlfrnSiVwqDvvzsTk1PTM7Nz85WFxaXlFXd1rWkSqzk0eCITfRExA1LE0ECBEi5SDUxFElrRzcnIbw1AG5HEdbxLIVTsKhZ9wRnmUtfd6WhF+571aAdurRjQOjQvs91gyFVeakNTPIwuStet+p5fgP4lQUmqpMRZ1/3s9BJuFcTIJTOmHfgphhnTKLiEYaVjDaSM37AraOc0ZgpMmBVXDemWNQwTmoKmQtJChJ8TGVPG3Kko71QMr824NxL/89oW+4dhJuLUIsR8tAiFhGKR4VrkcQHtCQ2IbPRzoCKmnGmGCFpQxnku2jy/Sp5HMH79X9KsecGeVzvfrx4dl8nMkQ2ySbZJQA7IETklZ6RBOLknj+SJPDsPzovz6rx9t0445cw6+QXn4wvBRaJM</latexit>

Gamma-rays constraints: Cohen et al., PRL 119 (2017); Blanco and 
Cooper, JCAP 1903; Ishiwata et al., ariXiv:1907.11671 7



Marco Chianese | GRAPPA 8

Dark Matter parameter space

DM ! tt̄
<latexit sha1_base64="TND956C+hwRUNUB1efItpBS+qZ4=">AAACEnicbVDLSgNBEJyNrxhfUY+CDAbBU9iNgh6DevAiRDAPyIbQO+kkQ2YfzPQqYcnNT/ArvOrJm3j1Bzz4L25iDppYp6Kqm+4qL1LSkG1/WpmFxaXllexqbm19Y3Mrv71TM2GsBVZFqELd8MCgkgFWSZLCRqQRfE9h3RtcjP36HWojw+CWhhG2fOgFsisFUCq18/uJq31+eT3irpa9PoHW4T0n7nqgExq18wW7aE/A54kzJQU2RaWd/3I7oYh9DEgoMKbp2BG1EtAkhcJRzo0NRiAG0MNmSgPw0bSSSY4RP4wNUMgj1FwqPhHx90YCvjFD30snfaC+mfXG4n9eM6buWSuRQRQTBmJ8iKTCySEjtEwLQt6RGolg/DlyGXABGohQSw5CpGKcNpZL+3Bm08+TWqnoHBdLNyeF8vm0mSzbYwfsiDnslJXZFauwKhPsgT2xZ/ZiPVqv1pv1/jOasaY7u+wPrI9vzFWdug==</latexit>

DM ! hh
<latexit sha1_base64="9Ff1gd1knihuuMMyKU4wDK6/OnQ=">AAACC3icbVC7TgJBFJ3FF+ILtbCwmUhMrMgummhJ1MLGBBMBEyDk7nCBCbOPzNzVkA2f4FfYamVnbP0IC//FXdxCwVOdnHNv7j3HDZU0ZNufVm5hcWl5Jb9aWFvf2Nwqbu80TBBpgXURqEDfuWBQSR/rJEnhXagRPFdh0x1dpH7zHrWRgX9L4xA7Hgx82ZcCKJG6xb24rT1+eT3hbS0HQwKtgwc+HHaLJbtsT8HniZOREstQ6xa/2r1ARB76JBQY03LskDoxaJJC4aTQjgyGIEYwwFZCffDQdOJpgAk/jAxQwEPUXCo+FfH3RgyeMWPPTSY9oKGZ9VLxP68VUf+sE0s/jAh9kR4iqXB6yAgtk2aQ96RGIkg/Ry59LkADEWrJQYhEjJKqCkkfzmz6edKolJ3jcuXmpFQ9z5rJs312wI6Yw05ZlV2xGqszwSbsiT2zF+vRerXerPef0ZyV7eyyP7A+vgE5jpqz</latexit>

⌧ D
M

[s
ec
]

⌧ D
M

[s
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]

1028
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1025

1027

1028

1029

1030

106          107

⌧ D
M

[s
ec
]

⌧ D
M

[s
ec
]

DM ! ⌫⌫
<latexit sha1_base64="8W4dnRcBXriSX6eXUOaaYV7ZYLo=">AAACEHicbVDLSgNBEJz1GeMr6lEPg0HwFHZV0GNQD16ECOYB2RB6J504ODu7zPQqYcnFT/ArvOrJm3j1Dzz4L+7GHHwVNBRV3XR3BbGSllz33Zmanpmdmy8sFBeXlldWS2vrDRslRmBdRCoyrQAsKqmxTpIUtmKDEAYKm8H1Se43b9BYGelLGsbYCWGgZV8KoEzqlrZS34T89HzEfSMHVwTGRLfc10le3VLZrbhj8L/Em5Aym6DWLX34vUgkIWoSCqxte25MnRQMSaFwVPQTizGIaxhgO6MaQrSddPzFiO8kFijiMRouFR+L+H0ihdDaYRhknSHQlf3t5eJ/Xjuh/lEnlTpOCLXIF5FUOF5khZFZPMh70iAR5Jcjl5oLMECERnIQIhOTLK9ilof3+/u/pLFX8fYrexcH5erxJJkC22TbbJd57JBV2RmrsToT7I49sEf25Nw7z86L8/rVOuVMZjbYDzhvn/IwnLM=</latexit>

DM ! W+W�
<latexit sha1_base64="gJFMiXMrnx7DVJ1BwFE47dveqfg=">AAACEHicbVDLSgNBEJyNrxhfUY96GAyCIIbdKOgxqAcvQgTzgCSG3kknGTL7YKZXCUsufoJf4VVP3sSrf+DBf3ETc9BoQUNR1U13lxsqaci2P6zUzOzc/EJ6MbO0vLK6ll3fqJgg0gLLIlCBrrlgUEkfyyRJYS3UCJ6rsOr2z0Z+9Ra1kYF/TYMQmx50fdmRAiiRWtntuKE9fn455A0tuz0CrYM7Xr3ZT+qglc3ZeXsM/pc4E5JjE5Ra2c9GOxCRhz4JBcbUHTukZgyapFA4zDQigyGIPnSxnlAfPDTNePzFkO9GBijgIWouFR+L+HMiBs+YgecmnR5Qz0x7I/E/rx5R56QZSz+MCH0xWkRS4XiREVom8SBvS41EMLocufS5AA1EqCUHIRIxSvLKJHk409//JZVC3jnMF66OcsXTSTJptsV22B5z2DErsgtWYmUm2D17ZE/s2XqwXqxX6+27NWVNZjbZL1jvX8ttm/c=</latexit>

106          107
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best-fit: �Astro = 3.33
<latexit sha1_base64="jhdvXIODhKUBXy+E+VGoPGKLfoU=">AAACDXicbVDLSgNBEJyNrxhfUU/iZTAInsKuEfQiRL14jGAekITQO+nEITO7y0yvEJbgJ/gVXvXkTbz6DR78FzcxB02sU1HVTXeVHylpyXU/nczC4tLySnY1t7a+sbmV396p2TA2AqsiVKFp+GBRyQCrJElhIzII2ldY9wdXY79+j8bKMLilYYRtDf1A9qQASqVOfq/VB62hk7SM5heWTDji57xULJU6+YJbdCfg88SbkgKbotLJf7W6oYg1BiQUWNv03IjaCRiSQuEo14otRiAG0MdmSgPQaNvJJMKIH8YWKOQRGi4Vn4j4eyMBbe1Q++mkBrqzs95Y/M9rxtQ7aycyiGLCQIwPkVQ4OWSFkWk3yLvSIBGMP0cuAy7AABEayUGIVIzTsnJpH95s+nlSOy56peLxzUmhfDltJsv22QE7Yh47ZWV2zSqsygR7YE/smb04j86r8+a8/4xmnOnOLvsD5+MbO9+ajA==</latexit>

best-fit: �Astro = 2.69
<latexit sha1_base64="7Y+IluLmztNATo5RSpulnc0fOKM=">AAACDXicbVC7TsNAEDyHd3gZqBDNiQiJKrID4lEgBWgog0QAKbai9bEJp9zZ1t0aCVkRn8BX0EJFh2j5Bgr+BSek4DXVaGZXuzNRqqQlz3t3SmPjE5NT0zPl2bn5hUV3afncJpkR2BSJSsxlBBaVjLFJkhRepgZBRwovot7xwL+4QWNlEp/RbYqhhm4sO1IAFVLbXQ26oDW088BofmjJJH1+wGvVnf22W/Gq3hD8L/FHpMJGaLTdj+AqEZnGmIQCa1u+l1KYgyEpFPbLQWYxBdGDLrYKGoNGG+bDCH2+kVmghKdouFR8KOL3jRy0tbc6KiY10LX97Q3E/7xWRp29MJdxmhHGYnCIpMLhISuMLLpBfiUNEsHgc+Qy5gIMEKGRHIQoxKwoq1z04f9O/5ec16r+VrV2ul2pH42amWZrbJ1tMp/tsjo7YQ3WZILdsQf2yJ6ce+fZeXFev0ZLzmhnhf2A8/YJSFealA==</latexit>

best-fit: �Astro = 2.67
<latexit sha1_base64="7wSEJOy0twjFWuy0qzJJ1TXzWDc=">AAACDXicbVDLSgNBEJyNrxhfq57Ey2AQPIXdKOpFiHrxGME8IAmhd+zEITO7y0yvIEvwE/wKr3ryJl79Bg/+i5uYgxrrVFR1010VxEpa8rwPJzczOze/kF8sLC2vrK656xt1GyVGYE1EKjLNACwqGWKNJClsxgZBBwobweB85Ddu0VgZhVd0F2NHQz+UPSmAMqnrbrX7oDV007bR/NSSiYb8hJdLh0ddt+iVvDH4NPEnpMgmqHbdz/Z1JBKNIQkF1rZ8L6ZOCoakUDgstBOLMYgB9LGV0RA02k46jjDku4kFiniMhkvFxyL+3EhBW3ung2xSA93Yv95I/M9rJdQ77qQyjBPCUIwOkVQ4PmSFkVk3yK+lQSIYfY5chlyAASI0koMQmZhkZRWyPvy/6adJvVzy90vly4Ni5WzSTJ5tsx22x3x2xCrsglVZjQl2zx7ZE3t2HpwX59V5+x7NOZOdTfYLzvsXRTmakg==</latexit>

best-fit: �Astro = 2.66
<latexit sha1_base64="b3hIUXd1R1OUkoQZtq/aLlYpne8=">AAACDXicbVDLSgNBEJyNrxhfq57Ey2AQPIXdKOpFiHrxGME8IAmhd+zEITO7y0yvIEvwE/wKr3ryJl79Bg/+i5uYgxrrVFR1010VxEpa8rwPJzczOze/kF8sLC2vrK656xt1GyVGYE1EKjLNACwqGWKNJClsxgZBBwobweB85Ddu0VgZhVd0F2NHQz+UPSmAMqnrbrX7oDV007bR/NSSiYb8hJdLh4ddt+iVvDH4NPEnpMgmqHbdz/Z1JBKNIQkF1rZ8L6ZOCoakUDgstBOLMYgB9LGV0RA02k46jjDku4kFiniMhkvFxyL+3EhBW3ung2xSA93Yv95I/M9rJdQ77qQyjBPCUIwOkVQ4PmSFkVk3yK+lQSIYfY5chlyAASI0koMQmZhkZRWyPvy/6adJvVzy90vly4Ni5WzSTJ5tsx22x3x2xCrsglVZjQl2zx7ZE3t2HpwX59V5+x7NOZOdTfYLzvsXQ6qakQ==</latexit>

Fermi-LAT constraints

Fermi-LAT constraints

Fermi-LAT constraints

mDM [GeV]
<latexit sha1_base64="6f6IrjlqqTf896iEB+zAm34fB2w=">AAACCHicbVDLSgNBEJyNrxhf8XHzMhgET2FjxMctqKAXIYJ5QLKE2UknDpnZXWZ6hbjED/ArvOrJm3j1Lzz4L+6uQdRYp6Kqm64uN5DCoG2/W5mp6ZnZuex8bmFxaXklv7pWN36oOdS4L33ddJkBKTyooUAJzUADU66Ehjs4SfzGDWgjfO8KhwE4ivU90ROcYSx18huqE7W1oqcXo7tWQs6g7nTyBbtop6CTpDQmBTJGtZP/aHd9HirwkEtmTKtkB+hETKPgEka5dmggYHzA+tCKqccUGCdK04/odmgY+jQATYWkqQg/NyKmjBkqN55UDK/NXy8R//NaIfYOnUh4QYjg8eQQCgnpIcO1iGsB2hUaEFmSHKjwKGeaIYIWlHEei2HcUy7t4yjB/vf3k6S+WyyVi+XLvULleNxMlmySLbJDSuSAVMg5qZIa4eSWPJBH8mTdW8/Wi/X6NZqxxjvr5Best0+2oZly</latexit>

mDM [GeV]
<latexit sha1_base64="6f6IrjlqqTf896iEB+zAm34fB2w=">AAACCHicbVDLSgNBEJyNrxhf8XHzMhgET2FjxMctqKAXIYJ5QLKE2UknDpnZXWZ6hbjED/ArvOrJm3j1Lzz4L+6uQdRYp6Kqm64uN5DCoG2/W5mp6ZnZuex8bmFxaXklv7pWN36oOdS4L33ddJkBKTyooUAJzUADU66Ehjs4SfzGDWgjfO8KhwE4ivU90ROcYSx18huqE7W1oqcXo7tWQs6g7nTyBbtop6CTpDQmBTJGtZP/aHd9HirwkEtmTKtkB+hETKPgEka5dmggYHzA+tCKqccUGCdK04/odmgY+jQATYWkqQg/NyKmjBkqN55UDK/NXy8R//NaIfYOnUh4QYjg8eQQCgnpIcO1iGsB2hUaEFmSHKjwKGeaIYIWlHEei2HcUy7t4yjB/vf3k6S+WyyVi+XLvULleNxMlmySLbJDSuSAVMg5qZIa4eSWPJBH8mTdW8/Wi/X6NZqxxjvr5Best0+2oZly</latexit>
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Dark Matter parameter space

DM ! tt̄
<latexit sha1_base64="TND956C+hwRUNUB1efItpBS+qZ4=">AAACEnicbVDLSgNBEJyNrxhfUY+CDAbBU9iNgh6DevAiRDAPyIbQO+kkQ2YfzPQqYcnNT/ArvOrJm3j1Bzz4L25iDppYp6Kqm+4qL1LSkG1/WpmFxaXllexqbm19Y3Mrv71TM2GsBVZFqELd8MCgkgFWSZLCRqQRfE9h3RtcjP36HWojw+CWhhG2fOgFsisFUCq18/uJq31+eT3irpa9PoHW4T0n7nqgExq18wW7aE/A54kzJQU2RaWd/3I7oYh9DEgoMKbp2BG1EtAkhcJRzo0NRiAG0MNmSgPw0bSSSY4RP4wNUMgj1FwqPhHx90YCvjFD30snfaC+mfXG4n9eM6buWSuRQRQTBmJ8iKTCySEjtEwLQt6RGolg/DlyGXABGohQSw5CpGKcNpZL+3Bm08+TWqnoHBdLNyeF8vm0mSzbYwfsiDnslJXZFauwKhPsgT2xZ/ZiPVqv1pv1/jOasaY7u+wPrI9vzFWdug==</latexit>

DM ! hh
<latexit sha1_base64="9Ff1gd1knihuuMMyKU4wDK6/OnQ=">AAACC3icbVC7TgJBFJ3FF+ILtbCwmUhMrMgummhJ1MLGBBMBEyDk7nCBCbOPzNzVkA2f4FfYamVnbP0IC//FXdxCwVOdnHNv7j3HDZU0ZNufVm5hcWl5Jb9aWFvf2Nwqbu80TBBpgXURqEDfuWBQSR/rJEnhXagRPFdh0x1dpH7zHrWRgX9L4xA7Hgx82ZcCKJG6xb24rT1+eT3hbS0HQwKtgwc+HHaLJbtsT8HniZOREstQ6xa/2r1ARB76JBQY03LskDoxaJJC4aTQjgyGIEYwwFZCffDQdOJpgAk/jAxQwEPUXCo+FfH3RgyeMWPPTSY9oKGZ9VLxP68VUf+sE0s/jAh9kR4iqXB6yAgtk2aQ96RGIkg/Ry59LkADEWrJQYhEjJKqCkkfzmz6edKolJ3jcuXmpFQ9z5rJs312wI6Yw05ZlV2xGqszwSbsiT2zF+vRerXerPef0ZyV7eyyP7A+vgE5jpqz</latexit>
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]
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DM ! ⌫⌫
<latexit sha1_base64="8W4dnRcBXriSX6eXUOaaYV7ZYLo=">AAACEHicbVDLSgNBEJz1GeMr6lEPg0HwFHZV0GNQD16ECOYB2RB6J504ODu7zPQqYcnFT/ArvOrJm3j1Dzz4L+7GHHwVNBRV3XR3BbGSllz33Zmanpmdmy8sFBeXlldWS2vrDRslRmBdRCoyrQAsKqmxTpIUtmKDEAYKm8H1Se43b9BYGelLGsbYCWGgZV8KoEzqlrZS34T89HzEfSMHVwTGRLfc10le3VLZrbhj8L/Em5Aym6DWLX34vUgkIWoSCqxte25MnRQMSaFwVPQTizGIaxhgO6MaQrSddPzFiO8kFijiMRouFR+L+H0ihdDaYRhknSHQlf3t5eJ/Xjuh/lEnlTpOCLXIF5FUOF5khZFZPMh70iAR5Jcjl5oLMECERnIQIhOTLK9ilof3+/u/pLFX8fYrexcH5erxJJkC22TbbJd57JBV2RmrsToT7I49sEf25Nw7z86L8/rVOuVMZjbYDzhvn/IwnLM=</latexit>

DM ! W+W�
<latexit sha1_base64="gJFMiXMrnx7DVJ1BwFE47dveqfg=">AAACEHicbVDLSgNBEJyNrxhfUY96GAyCIIbdKOgxqAcvQgTzgCSG3kknGTL7YKZXCUsufoJf4VVP3sSrf+DBf3ETc9BoQUNR1U13lxsqaci2P6zUzOzc/EJ6MbO0vLK6ll3fqJgg0gLLIlCBrrlgUEkfyyRJYS3UCJ6rsOr2z0Z+9Ra1kYF/TYMQmx50fdmRAiiRWtntuKE9fn455A0tuz0CrYM7Xr3ZT+qglc3ZeXsM/pc4E5JjE5Ra2c9GOxCRhz4JBcbUHTukZgyapFA4zDQigyGIPnSxnlAfPDTNePzFkO9GBijgIWouFR+L+HMiBs+YgecmnR5Qz0x7I/E/rx5R56QZSz+MCH0xWkRS4XiREVom8SBvS41EMLocufS5AA1EqCUHIRIxSvLKJHk409//JZVC3jnMF66OcsXTSTJptsV22B5z2DErsgtWYmUm2D17ZE/s2XqwXqxX6+27NWVNZjbZL1jvX8ttm/c=</latexit>
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best-fit: �Astro = 3.33
<latexit sha1_base64="jhdvXIODhKUBXy+E+VGoPGKLfoU=">AAACDXicbVDLSgNBEJyNrxhfUU/iZTAInsKuEfQiRL14jGAekITQO+nEITO7y0yvEJbgJ/gVXvXkTbz6DR78FzcxB02sU1HVTXeVHylpyXU/nczC4tLySnY1t7a+sbmV396p2TA2AqsiVKFp+GBRyQCrJElhIzII2ldY9wdXY79+j8bKMLilYYRtDf1A9qQASqVOfq/VB62hk7SM5heWTDji57xULJU6+YJbdCfg88SbkgKbotLJf7W6oYg1BiQUWNv03IjaCRiSQuEo14otRiAG0MdmSgPQaNvJJMKIH8YWKOQRGi4Vn4j4eyMBbe1Q++mkBrqzs95Y/M9rxtQ7aycyiGLCQIwPkVQ4OWSFkWk3yLvSIBGMP0cuAy7AABEayUGIVIzTsnJpH95s+nlSOy56peLxzUmhfDltJsv22QE7Yh47ZWV2zSqsygR7YE/smb04j86r8+a8/4xmnOnOLvsD5+MbO9+ajA==</latexit>

best-fit: �Astro = 2.69
<latexit sha1_base64="7Y+IluLmztNATo5RSpulnc0fOKM=">AAACDXicbVC7TsNAEDyHd3gZqBDNiQiJKrID4lEgBWgog0QAKbai9bEJp9zZ1t0aCVkRn8BX0EJFh2j5Bgr+BSek4DXVaGZXuzNRqqQlz3t3SmPjE5NT0zPl2bn5hUV3afncJpkR2BSJSsxlBBaVjLFJkhRepgZBRwovot7xwL+4QWNlEp/RbYqhhm4sO1IAFVLbXQ26oDW088BofmjJJH1+wGvVnf22W/Gq3hD8L/FHpMJGaLTdj+AqEZnGmIQCa1u+l1KYgyEpFPbLQWYxBdGDLrYKGoNGG+bDCH2+kVmghKdouFR8KOL3jRy0tbc6KiY10LX97Q3E/7xWRp29MJdxmhHGYnCIpMLhISuMLLpBfiUNEsHgc+Qy5gIMEKGRHIQoxKwoq1z04f9O/5ec16r+VrV2ul2pH42amWZrbJ1tMp/tsjo7YQ3WZILdsQf2yJ6ce+fZeXFev0ZLzmhnhf2A8/YJSFealA==</latexit>

best-fit: �Astro = 2.67
<latexit sha1_base64="7wSEJOy0twjFWuy0qzJJ1TXzWDc=">AAACDXicbVDLSgNBEJyNrxhfq57Ey2AQPIXdKOpFiHrxGME8IAmhd+zEITO7y0yvIEvwE/wKr3ryJl79Bg/+i5uYgxrrVFR1010VxEpa8rwPJzczOze/kF8sLC2vrK656xt1GyVGYE1EKjLNACwqGWKNJClsxgZBBwobweB85Ddu0VgZhVd0F2NHQz+UPSmAMqnrbrX7oDV007bR/NSSiYb8hJdLh0ddt+iVvDH4NPEnpMgmqHbdz/Z1JBKNIQkF1rZ8L6ZOCoakUDgstBOLMYgB9LGV0RA02k46jjDku4kFiniMhkvFxyL+3EhBW3ung2xSA93Yv95I/M9rJdQ77qQyjBPCUIwOkVQ4PmSFkVk3yK+lQSIYfY5chlyAASI0koMQmZhkZRWyPvy/6adJvVzy90vly4Ni5WzSTJ5tsx22x3x2xCrsglVZjQl2zx7ZE3t2HpwX59V5+x7NOZOdTfYLzvsXRTmakg==</latexit>

best-fit: �Astro = 2.66
<latexit sha1_base64="b3hIUXd1R1OUkoQZtq/aLlYpne8=">AAACDXicbVDLSgNBEJyNrxhfq57Ey2AQPIXdKOpFiHrxGME8IAmhd+zEITO7y0yvIEvwE/wKr3ryJl79Bg/+i5uYgxrrVFR1010VxEpa8rwPJzczOze/kF8sLC2vrK656xt1GyVGYE1EKjLNACwqGWKNJClsxgZBBwobweB85Ddu0VgZhVd0F2NHQz+UPSmAMqnrbrX7oDV007bR/NSSiYb8hJdLh4ddt+iVvDH4NPEnpMgmqHbdz/Z1JBKNIQkF1rZ8L6ZOCoakUDgstBOLMYgB9LGV0RA02k46jjDku4kFiniMhkvFxyL+3EhBW3ung2xSA93Yv95I/M9rJdQ77qQyjBPCUIwOkVQ4PmSFkVk3yK+lQSIYfY5chlyAASI0koMQmZhkZRWyPvy/6adJvVzy90vly4Ni5WzSTJ5tsx22x3x2xCrsglVZjQl2zx7ZE3t2HpwX59V5+x7NOZOdTfYLzvsXQ6qakQ==</latexit>

Fermi-LAT constraints

Fermi-LAT constraints

Fermi-LAT constraints

mDM [GeV]
<latexit sha1_base64="6f6IrjlqqTf896iEB+zAm34fB2w=">AAACCHicbVDLSgNBEJyNrxhf8XHzMhgET2FjxMctqKAXIYJ5QLKE2UknDpnZXWZ6hbjED/ArvOrJm3j1Lzz4L+6uQdRYp6Kqm64uN5DCoG2/W5mp6ZnZuex8bmFxaXklv7pWN36oOdS4L33ddJkBKTyooUAJzUADU66Ehjs4SfzGDWgjfO8KhwE4ivU90ROcYSx18huqE7W1oqcXo7tWQs6g7nTyBbtop6CTpDQmBTJGtZP/aHd9HirwkEtmTKtkB+hETKPgEka5dmggYHzA+tCKqccUGCdK04/odmgY+jQATYWkqQg/NyKmjBkqN55UDK/NXy8R//NaIfYOnUh4QYjg8eQQCgnpIcO1iGsB2hUaEFmSHKjwKGeaIYIWlHEei2HcUy7t4yjB/vf3k6S+WyyVi+XLvULleNxMlmySLbJDSuSAVMg5qZIa4eSWPJBH8mTdW8/Wi/X6NZqxxjvr5Best0+2oZly</latexit>

mDM [GeV]
<latexit sha1_base64="6f6IrjlqqTf896iEB+zAm34fB2w=">AAACCHicbVDLSgNBEJyNrxhf8XHzMhgET2FjxMctqKAXIYJ5QLKE2UknDpnZXWZ6hbjED/ArvOrJm3j1Lzz4L+6uQdRYp6Kqm64uN5DCoG2/W5mp6ZnZuex8bmFxaXklv7pWN36oOdS4L33ddJkBKTyooUAJzUADU66Ehjs4SfzGDWgjfO8KhwE4ivU90ROcYSx18huqE7W1oqcXo7tWQs6g7nTyBbtop6CTpDQmBTJGtZP/aHd9HirwkEtmTKtkB+hETKPgEka5dmggYHzA+tCKqccUGCdK04/odmgY+jQATYWkqQg/NyKmjBkqN55UDK/NXy8R//NaIfYOnUh4QYjg8eQQCgnpIcO1iGsB2hUaEFmSHKjwKGeaIYIWlHEei2HcUy7t4yjB/vf3k6S+WyyVi+XLvULleNxMlmySLbJDSuSAVMg5qZIa4eSWPJBH8mTdW8/Wi/X6NZqxxjvr5Best0+2oZly</latexit>

NOT SUBSTANTIAL IMPROVEMENT IN 
DATA EXPLANATION
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Dark Matter parameter space

DM ! bb̄
<latexit sha1_base64="fu6S2XFMKrkpyqaw5ZXpxqQClAI=">AAACEnicbVDLSgNBEJyNrxhfUY+CDAbBU9iNgh6DevAiRDAPyIbQO+kkQ2YfzPQqYcnNT/ArvOrJm3j1Bzz4L25iDppYp6Kqm+4qL1LSkG1/WpmFxaXllexqbm19Y3Mrv71TM2GsBVZFqELd8MCgkgFWSZLCRqQRfE9h3RtcjP36HWojw+CWhhG2fOgFsisFUCq18/uJq31+eT3irpa9PoHW4T33uOuBTrxRO1+wi/YEfJ44U1JgU1Ta+S+3E4rYx4CEAmOajh1RKwFNUigc5dzYYARiAD1spjQAH00rmeQY8cPYAIU8Qs2l4hMRf28k4Bsz9L100gfqm1lvLP7nNWPqnrUSGUQxYSDGh0gqnBwyQsu0IOQdqZEIxp8jlwEXoIEIteQgRCrGaWO5tA9nNv08qZWKznGxdHNSKJ9Pm8myPXbAjpjDTlmZXbEKqzLBHtgTe2Yv1qP1ar1Z7z+jGWu6s8v+wPr4BpOXnZY=</latexit>

DM ! ⌧+⌧�
<latexit sha1_base64="ivSQhLo9YHyK57woFXodu7KWAPM=">AAACFnicbVA9TwJBEN3zE/ELtbTZQExMjOQOTbQkamFjgokgCYdkbhlgw95Hduc05ELvT/BX2GplZ2xtLfwvHkih4mvm5b2ZzMzzIiUN2faHNTM7N7+wmFnKLq+srq3nNjZrJoy1wKoIVajrHhhUMsAqSVJYjzSC7ym89vqnI//6FrWRYXBFgwibPnQD2ZECKJVauXziap+fXQy5q2W3R6B1eMddgvhm77vst3IFu2iPwaeJMyEFNkGllft026GIfQxIKDCm4dgRNRPQJIXCYdaNDUYg+tDFRkoD8NE0k/EvQ74TG6CQR6i5VHws4s+JBHxjBr6XdvpAPfPXG4n/eY2YOsfNRAZRTBiI0SKSCseLjNAyDQl5W2okgtHlyGXABWggQi05CJGKcZpaNs3D+fv9NKmVis5BsXR5WCifTJLJsG2WZ7vMYUeszM5ZhVWZYPfskT2xZ+vBerFerbfv1hlrMrPFfsF6/wIElJ7R</latexit>
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�Astro = 2.69
<latexit sha1_base64="7Y+IluLmztNATo5RSpulnc0fOKM=">AAACDXicbVC7TsNAEDyHd3gZqBDNiQiJKrID4lEgBWgog0QAKbai9bEJp9zZ1t0aCVkRn8BX0EJFh2j5Bgr+BSek4DXVaGZXuzNRqqQlz3t3SmPjE5NT0zPl2bn5hUV3afncJpkR2BSJSsxlBBaVjLFJkhRepgZBRwovot7xwL+4QWNlEp/RbYqhhm4sO1IAFVLbXQ26oDW088BofmjJJH1+wGvVnf22W/Gq3hD8L/FHpMJGaLTdj+AqEZnGmIQCa1u+l1KYgyEpFPbLQWYxBdGDLrYKGoNGG+bDCH2+kVmghKdouFR8KOL3jRy0tbc6KiY10LX97Q3E/7xWRp29MJdxmhHGYnCIpMLhISuMLLpBfiUNEsHgc+Qy5gIMEKGRHIQoxKwoq1z04f9O/5ec16r+VrV2ul2pH42amWZrbJ1tMp/tsjo7YQ3WZILdsQf2yJ6ce+fZeXFev0ZLzmhnhf2A8/YJSFealA==</latexit>

best-fit: �Astro = 3.19
<latexit sha1_base64="Yihtdc1OX9xudxAdigOK8uHjyZs=">AAACDXicbVC7TsNAEDyHVwgvAxWiOREhUUU2QQIKJB4NZZDIQ4qjaH0s4cSdbd2tkZAV8Ql8BS1UdIiWb6DgX3CCC15TjWZ2tTsTJkpa8rx3pzQxOTU9U56tzM0vLC65yystG6dGYFPEKjadECwqGWGTJCnsJAZBhwrb4fXJyG/foLEyjs7pNsGehkEkL6UAyqW+uxYMQGvoZ4HR/MiSiYf8gNdr/n7frXo1bwz+l/gFqbICjb77EVzEItUYkVBgbdf3EuplYEgKhcNKkFpMQFzDALs5jUCj7WXjCEO+mVqgmCdouFR8LOL3jQy0tbc6zCc10JX97Y3E/7xuSpd7vUxGSUoYidEhkgrHh6wwMu8G+YU0SASjz5HLiAswQIRGchAiF9O8rEreh/87/V/S2q759dr22U718LhopszW2QbbYj7bZYfslDVYkwl2xx7YI3ty7p1n58V5/RotOcXOKvsB5+0TQhmakA==</latexit>

best-fit:

Fermi-LAT constraints

Fermi-LAT constraints
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Leptonic channel Hadronic channel

Astrophysical parameters 
as nuisance parameters

WITHOUT PRIOR

�astro, �astro ✏ [1.5, 5.0]
<latexit sha1_base64="+6PpScMmF/iEwAU75kUMhlssri8="></latexit>
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Dark Matter parameter space

Astrophysical parameters 
as nuisance parameters

WITH TG PRIOR

p (�astro) = N
�
µTG
� , �TG

�

�
<latexit sha1_base64="2eZ7J79bfKVYYWzB4U4rgXcUH0g="></latexit>

p (�astro) = N
�
µTG
� , �TG

�

�
<latexit sha1_base64="7q0FWrqi1Fnzzcjb+oa5mn+c+2U="></latexit>

DM ! bb̄
<latexit sha1_base64="fu6S2XFMKrkpyqaw5ZXpxqQClAI=">AAACEnicbVDLSgNBEJyNrxhfUY+CDAbBU9iNgh6DevAiRDAPyIbQO+kkQ2YfzPQqYcnNT/ArvOrJm3j1Bzz4L25iDppYp6Kqm+4qL1LSkG1/WpmFxaXllexqbm19Y3Mrv71TM2GsBVZFqELd8MCgkgFWSZLCRqQRfE9h3RtcjP36HWojw+CWhhG2fOgFsisFUCq18/uJq31+eT3irpa9PoHW4T33uOuBTrxRO1+wi/YEfJ44U1JgU1Ta+S+3E4rYx4CEAmOajh1RKwFNUigc5dzYYARiAD1spjQAH00rmeQY8cPYAIU8Qs2l4hMRf28k4Bsz9L100gfqm1lvLP7nNWPqnrUSGUQxYSDGh0gqnBwyQsu0IOQdqZEIxp8jlwEXoIEIteQgRCrGaWO5tA9nNv08qZWKznGxdHNSKJ9Pm8myPXbAjpjDTlmZXbEKqzLBHtgTe2Yv1qP1ar1Z7z+jGWu6s8v+wPr4BpOXnZY=</latexit>

DM ! ⌧+⌧�
<latexit sha1_base64="ivSQhLo9YHyK57woFXodu7KWAPM=">AAACFnicbVA9TwJBEN3zE/ELtbTZQExMjOQOTbQkamFjgokgCYdkbhlgw95Hduc05ELvT/BX2GplZ2xtLfwvHkih4mvm5b2ZzMzzIiUN2faHNTM7N7+wmFnKLq+srq3nNjZrJoy1wKoIVajrHhhUMsAqSVJYjzSC7ym89vqnI//6FrWRYXBFgwibPnQD2ZECKJVauXziap+fXQy5q2W3R6B1eMddgvhm77vst3IFu2iPwaeJMyEFNkGllft026GIfQxIKDCm4dgRNRPQJIXCYdaNDUYg+tDFRkoD8NE0k/EvQ74TG6CQR6i5VHws4s+JBHxjBr6XdvpAPfPXG4n/eY2YOsfNRAZRTBiI0SKSCseLjNAyDQl5W2okgtHlyGXABWggQi05CJGKcZpaNs3D+fv9NKmVis5BsXR5WCifTJLJsG2WZ7vMYUeszM5ZhVWZYPfskT2xZ+vBerFerbfv1hlrMrPFfsF6/wIElJ7R</latexit>
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best-fit: best-fit:

Fermi-LAT constraints

Fermi-LAT constraints
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Leptonic channel Hadronic channel

�Astro = 2.42
<latexit sha1_base64="C4Ho1KEsRJi/kYOiEOPcFlRx854=">AAACC3icbVC7TgJBFJ3FF+ILtbCwmUhMrMgukmhjgtpYYiKPBAi5O1xwwszuZuauCdnwCX6FrVZ2xtaPsPBfXJBCwVOdnHNv7j3Hj5S05LqfTmZpeWV1Lbue29jc2t7J7+7VbRgbgTURqtA0fbCoZIA1kqSwGRkE7Sts+MPrid94QGNlGNzRKMKOhkEg+1IApVI3f9AegNbQTdpG80tLJhxflIrlUjdfcIvuFHyReDNSYDNUu/mvdi8UscaAhAJrW54bUScBQ1IoHOfascUIxBAG2EppABptJ5kGGPPj2AKFPELDpeJTEX9vJKCtHWk/ndRA93bem4j/ea2Y+uedRAZRTBiIySGSCqeHrDAybQZ5TxokgsnnyGXABRggQiM5CJGKcVpVLu3Dm0+/SOqlondaLN2WC5WrWTNZdsiO2Anz2BmrsBtWZTUm2Jg9sWf24jw6r86b8/4zmnFmO/vsD5yPb3xYmjc=</latexit>

�Astro = 2.43
<latexit sha1_base64="vxEUPI9XG2I2FAefNbmg52CA7Ig=">AAACC3icbVC7TgJBFJ3FF+ILtbCwmUhMrMgukGhjgtpYYiKPBAi5O1xw4szuZuauCdnwCX6FrVZ2xtaPsPBfXJBCwVOdnHNv7j3Hj5S05LqfTmZpeWV1Lbue29jc2t7J7+41bBgbgXURqtC0fLCoZIB1kqSwFRkE7Sts+vdXE7/5gMbKMLilUYRdDcNADqQASqVe/qAzBK2hl3SM5heWTDg+LxUr5V6+4BbdKfgi8WakwGao9fJfnX4oYo0BCQXWtj03om4ChqRQOM51YosRiHsYYjulAWi03WQaYMyPYwsU8ggNl4pPRfy9kYC2dqT9dFID3dl5byL+57VjGpx1ExlEMWEgJodIKpwessLItBnkfWmQCCafI5cBF2CACI3kIEQqxmlVubQPbz79ImmUil65WLqpFKqXs2ay7JAdsRPmsVNWZdesxupMsDF7Ys/sxXl0Xp035/1nNOPMdvbZHzgf333nmjg=</latexit>
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Gamma-ray searches

‣ Diffuse searches provide the strongest 
constraints on decaying Dark Matter.


‣ Point-like searches towards the Galactic 
Center (as CTA) are dominated by 
background.

see also: M. Pierre et al., JCAP 1410;  
Ibarra et al., JCAP 1509; CTA, EPJ Web 

Conf. 209, 01038 (2019)

Diffuse

Point-like 
2° x 2° Galactic Center

CTA sensitivity (50 hours)
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Anisotropy of Dark Matter flux

d�DM
gal.

dEd⌦
=

1

2

h�vi
4⇡m2

DM

dN⌫

dE

Z
ds⇢2 (s, l, b)

<latexit sha1_base64="aYKhS4J4w7Jw2AwzkW8yQC3jGQc="></latexit>

ANNIHILATION — GALACTIC
d�DM

ext.gal.

dEd⌦
=

1

2

h�vi (⌦DM⇢cr)
2

4⇡m
2
DM

Z
dz

(z + 1)3B(z)

H(z)

dN⌫

dE

����
E0=E(1+z)

<latexit sha1_base64="wt77RiN84QNJzEe+DyyhaotIyMU="></latexit>

ANNIHILATION — EXTRA-GALACTIC

Anisotropy crucial for DM discrimination

Cirelli et al., JCAP 1103

d�DM
gal.

dEd⌦
=

1

4⇡mDM ⌧DM

dN⌫

dE

Z
ds⇢ (s, l, b)

<latexit sha1_base64="ZKRlQLNmLKS8qpg/HlmWj1z0CIw="></latexit>

DECAY — GALACTIC DECAY — EXTRA-GALACTIC
d�DM

ext.gal.

dEd⌦
=

⌦DM⇢c

4⇡mDM ⌧DM

Z
dz

1

H(z)

dN⌫

dE

����
E0=E(1+z)

<latexit sha1_base64="W9H6B+RYrNOC7iDpvoiUrveTef8="></latexit>
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Hiroshima, Ando, Ishiyama, PRD 97 2018 (HAI)
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Macciò, Mmin = 10�6 M�
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Forecast Analysis

Null hypothesis

Model
‣ Isotropic astrophysical flux: 10-yr Through-going


‣ Dark matter flux

‣ Isotropic astrophysical flux: 7.5-yr HESE

Monte Carlo simulations to generate sky maps 

Nearly-isotropic above 60 TeV Anisotropic
(integrated over energy with effective area)

Ntot (✓,�) = Natm. +Nastro +NDM, ext.gal. +NDM, gal.
<latexit sha1_base64="RAoQ/ONzkbE7VPZ2ftt+CusX6PE="></latexit>
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Sky maps from MC
NULL HYPOTHESIS (ASTRO)

MODEL (ASTRO + DEC. DM) MODEL (ASTRO + ANN. DM)

10-yr IceCube-gen2

Angular Power Spectrum

N (✓,�) =
X

lm

alm Ylm (✓,�)
<latexit sha1_base64="aGsbzyOl9GF8odMdLoYTQZBjYuY="></latexit>

Cl =
1

2l + 1

lX

m=�l

|alm|2

<latexit sha1_base64="c0f5CM5UBgVqeVJAFEnqV/U+Kqo="></latexit>
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P-values - 10 years

IceCube-Gen2

95%CL
<latexit sha1_base64="TS9iR+WMCc8rJ/vQpkGRiQQEquQ=">AAAB/HicbVC7TgJBFJ3FF+ILtbSZSEgsCNlFjdoRaSwsMJFHZDdkdrjghNnZzcxdE0LwK2y1sjO2/ouF/+KCWyh4qpNz7s099/iRFAZt+9PKLC2vrK5l13Mbm1vbO/ndvaYJY82hwUMZ6rbPDEihoIECJbQjDSzwJbT8YW3qtx5AGxGqWxxF4AVsoERfcIaJdHdx6pbcoluqXXfzBbtsz0AXiZOSAklR7+a/3F7I4wAUcsmM6Th2hN6YaRRcwiTnxgYixodsAJ2EKhaA8cazxBNajA3DkEagqZB0JsLvjTELjBkFfjIZMLw3895U/M/rxNg/98ZCRTGC4tNDKCTMDhmuRVIF0J7QgMimyYEKRTnTDBG0oIzzRIyTbnJJH87894ukWSk7x+XKzUmhepk2kyUH5JAcEYeckSq5InXSIJwo8kSeyYv1aL1ab9b7z2jGSnf2yR9YH98gX5P1</latexit>

KM3NeT

95%CL
<latexit sha1_base64="TS9iR+WMCc8rJ/vQpkGRiQQEquQ=">AAAB/HicbVC7TgJBFJ3FF+ILtbSZSEgsCNlFjdoRaSwsMJFHZDdkdrjghNnZzcxdE0LwK2y1sjO2/ouF/+KCWyh4qpNz7s099/iRFAZt+9PKLC2vrK5l13Mbm1vbO/ndvaYJY82hwUMZ6rbPDEihoIECJbQjDSzwJbT8YW3qtx5AGxGqWxxF4AVsoERfcIaJdHdx6pbcoluqXXfzBbtsz0AXiZOSAklR7+a/3F7I4wAUcsmM6Th2hN6YaRRcwiTnxgYixodsAJ2EKhaA8cazxBNajA3DkEagqZB0JsLvjTELjBkFfjIZMLw3895U/M/rxNg/98ZCRTGC4tNDKCTMDhmuRVIF0J7QgMimyYEKRTnTDBG0oIzzRIyTbnJJH87894ukWSk7x+XKzUmhepk2kyUH5JAcEYeckSq5InXSIJwo8kSeyYv1aL1ab9b7z2jGSnf2yR9YH98gX5P1</latexit>

Model 

‣ Decay:


‣ Annihilation:


‣ NFW and HAI boost factor

DM ! ⌧+⌧�
<latexit sha1_base64="0QaeBdpfm4pUQlJ3JiF4rIp9pBI=">AAACFXicbVC7SgNREL3rM8ZX1NLmahAEMeyqoGVQCxshgnlANobZm0m8ePfBvbNKWFL7CX6FrVZ2Ymtt4b+4WVNo9BTD4ZwZZuZ4kZKGbPvDmpicmp6Zzc3l5xcWl5YLK6s1E8ZaYFWEKtQNDwwqGWCVJClsRBrB9xTWvZuToV+/RW1kGFxSP8KWD71AdqUASqV2YSNxtc9Pzwfc1bJ3TaB1eMddgvhqJ6u77ULRLtkZ+F/ijEiRjVBpFz7dTihiHwMSCoxpOnZErQQ0SaFwkHdjgxGIG+hhM6UB+GhaSfbKgG/FBijkEWouFc9E/DmRgG9M3/fSTh/o2ox7Q/E/rxlT96iVyCCKCQMxXERSYbbICC3TjJB3pEYiGF6OXAZcgAYi1JKDEKkYp6Hl0zyc8e//ktpeydkv7V0cFMvHo2RybJ1tsm3msENWZmeswqpMsHv2yJ7Ys/VgvViv1tt364Q1mlljv2C9fwGin56n</latexit>

DMDM ! ⌧+⌧�
<latexit sha1_base64="Fa6tgnqZ2zNxjpf5gnS3eWdcroI=">AAACH3icbVDLSgNBEJyNrxhfqx69DAZBUMNuFPQo6sGLoGCMkI2hd2yTIbMPZnoVWfIRfoJf4VVP3sRrDv6LmzWCRuvQFFXddHf5sZKGHKdvFcbGJyanitOlmdm5+QV7cenCRIkWWBORivSlDwaVDLFGkhRexhoh8BXW/e7hwK/fojYyCs/pPsZmAO1Q3kgBlEkteyP1dMCPTnre5jfjnpbtDoHW0R33CJKrjbxuteyyU3Fy8L/EHZIyG+K0ZX9415FIAgxJKDCm4ToxNVPQJIXCXslLDMYgutDGRkZDCNA00/ypHl9LDFDEY9RcKp6L+HMihcCY+8DPOgOgjhn1BuJ/XiOhm71mKsM4IQzFYBFJhfkiI7TM0kJ+LTUSweBy5DLkAjQQoZYchMjEJIuvlOXhjn7/l1xUK+52pXq2U94/GCZTZCtsla0zl+2yfXbMTlmNCfbAntgze7EerVfrzXr/ai1Yw5ll9gtW/xPveqJ3</latexit>

mDM = 400TeV
<latexit sha1_base64="DeH3c7kYbQYaFG+Iko+OTHt8nlQ=">AAACD3icbVA9SwNBEN2LXzF+nVqmWQyChYS7GNBGCGphI0TIFyQh7G0mccnu3bE7J4QjhT/BX2GrlZ3Y+hMs/C9ezhSa+Ko3780wM88LpTDoOJ9WZml5ZXUtu57b2Nza3rF39xomiDSHOg9koFseMyCFD3UUKKEVamDKk9D0RpdTv3kP2ojAr+E4hK5iQ18MBGeYSD07r3pxRyt6dTOh57TsOJ3jtK5BY9KzC07RSUEXiTsjBTJDtWd/dfoBjxT4yCUzpu06IXZjplFwCZNcJzIQMj5iQ2gn1GcKTDdOn5jQw8gwDGgImgpJUxF+T8RMGTNWXtKpGN6ZeW8q/ue1IxycdWPhhxGCz6eLUEhIFxmuRZIO0L7QgMimlwMVPuVMM0TQgjLOEzFK4solebjz3y+SRqnonhRLt+VC5WKWTJbkyQE5Ii45JRVyTaqkTjh5IE/kmbxYj9ar9Wa9/7RmrNnMPvkD6+Mb/vaa7Q==</latexit>

mDM = 200TeV
<latexit sha1_base64="P2dPCOc9WGE73Nv7htv37SIkzWI=">AAACD3icbVA9SwNBEN2LXzF+RS3TLAbBQsJdFLQRglrYCBHyBbkQ9jaTuLh7d+zOCeFI4U/wV9hqZSe2/gQL/4t3ZwpNfNWb92aYmeeFUhi07U8rt7C4tLySXy2srW9sbhW3d1omiDSHJg9koDseMyCFD00UKKETamDKk9D27i5Sv30P2ojAb+A4hJ5iI18MBWeYSP1iSfVjVyt6eT2hZ7Rq2+5hVjegNekXy3bFzkDniTMlZTJFvV/8cgcBjxT4yCUzpuvYIfZiplFwCZOCGxkIGb9jI+gm1GcKTC/OnpjQ/cgwDGgImgpJMxF+T8RMGTNWXtKpGN6aWS8V//O6EQ5Pe7HwwwjB5+kiFBKyRYZrkaQDdCA0ILL0cqDCp5xphghaUMZ5IkZJXIUkD2f2+3nSqlaco0r15rhcO58mkyclskcOiENOSI1ckTppEk4eyBN5Ji/Wo/VqvVnvP605azqzS/7A+vgG+76a6w==</latexit>



Marco Chianese | GRAPPA 14

P-values - 10 years

IceCube-Gen2

95%CL
<latexit sha1_base64="TS9iR+WMCc8rJ/vQpkGRiQQEquQ=">AAAB/HicbVC7TgJBFJ3FF+ILtbSZSEgsCNlFjdoRaSwsMJFHZDdkdrjghNnZzcxdE0LwK2y1sjO2/ouF/+KCWyh4qpNz7s099/iRFAZt+9PKLC2vrK5l13Mbm1vbO/ndvaYJY82hwUMZ6rbPDEihoIECJbQjDSzwJbT8YW3qtx5AGxGqWxxF4AVsoERfcIaJdHdx6pbcoluqXXfzBbtsz0AXiZOSAklR7+a/3F7I4wAUcsmM6Th2hN6YaRRcwiTnxgYixodsAJ2EKhaA8cazxBNajA3DkEagqZB0JsLvjTELjBkFfjIZMLw3895U/M/rxNg/98ZCRTGC4tNDKCTMDhmuRVIF0J7QgMimyYEKRTnTDBG0oIzzRIyTbnJJH87894ukWSk7x+XKzUmhepk2kyUH5JAcEYeckSq5InXSIJwo8kSeyYv1aL1ab9b7z2jGSnf2yR9YH98gX5P1</latexit>

KM3NeT

95%CL
<latexit sha1_base64="TS9iR+WMCc8rJ/vQpkGRiQQEquQ=">AAAB/HicbVC7TgJBFJ3FF+ILtbSZSEgsCNlFjdoRaSwsMJFHZDdkdrjghNnZzcxdE0LwK2y1sjO2/ouF/+KCWyh4qpNz7s099/iRFAZt+9PKLC2vrK5l13Mbm1vbO/ndvaYJY82hwUMZ6rbPDEihoIECJbQjDSzwJbT8YW3qtx5AGxGqWxxF4AVsoERfcIaJdHdx6pbcoluqXXfzBbtsz0AXiZOSAklR7+a/3F7I4wAUcsmM6Th2hN6YaRRcwiTnxgYixodsAJ2EKhaA8cazxBNajA3DkEagqZB0JsLvjTELjBkFfjIZMLw3895U/M/rxNg/98ZCRTGC4tNDKCTMDhmuRVIF0J7QgMimyYEKRTnTDBG0oIzzRIyTbnJJH87894ukWSk7x+XKzUmhepk2kyUH5JAcEYeckSq5InXSIJwo8kSeyYv1aL1ab9b7z2jGSnf2yR9YH98gX5P1</latexit>

Model 

‣ Decay:


‣ Annihilation:


‣ NFW and HAI boost factor

DM ! ⌧+⌧�
<latexit sha1_base64="0QaeBdpfm4pUQlJ3JiF4rIp9pBI=">AAACFXicbVC7SgNREL3rM8ZX1NLmahAEMeyqoGVQCxshgnlANobZm0m8ePfBvbNKWFL7CX6FrVZ2Ymtt4b+4WVNo9BTD4ZwZZuZ4kZKGbPvDmpicmp6Zzc3l5xcWl5YLK6s1E8ZaYFWEKtQNDwwqGWCVJClsRBrB9xTWvZuToV+/RW1kGFxSP8KWD71AdqUASqV2YSNxtc9Pzwfc1bJ3TaB1eMddgvhqJ6u77ULRLtkZ+F/ijEiRjVBpFz7dTihiHwMSCoxpOnZErQQ0SaFwkHdjgxGIG+hhM6UB+GhaSfbKgG/FBijkEWouFc9E/DmRgG9M3/fSTh/o2ox7Q/E/rxlT96iVyCCKCQMxXERSYbbICC3TjJB3pEYiGF6OXAZcgAYi1JKDEKkYp6Hl0zyc8e//ktpeydkv7V0cFMvHo2RybJ1tsm3msENWZmeswqpMsHv2yJ7Ys/VgvViv1tt364Q1mlljv2C9fwGin56n</latexit>

DMDM ! ⌧+⌧�
<latexit sha1_base64="Fa6tgnqZ2zNxjpf5gnS3eWdcroI=">AAACH3icbVDLSgNBEJyNrxhfqx69DAZBUMNuFPQo6sGLoGCMkI2hd2yTIbMPZnoVWfIRfoJf4VVP3sRrDv6LmzWCRuvQFFXddHf5sZKGHKdvFcbGJyanitOlmdm5+QV7cenCRIkWWBORivSlDwaVDLFGkhRexhoh8BXW/e7hwK/fojYyCs/pPsZmAO1Q3kgBlEkteyP1dMCPTnre5jfjnpbtDoHW0R33CJKrjbxuteyyU3Fy8L/EHZIyG+K0ZX9415FIAgxJKDCm4ToxNVPQJIXCXslLDMYgutDGRkZDCNA00/ypHl9LDFDEY9RcKp6L+HMihcCY+8DPOgOgjhn1BuJ/XiOhm71mKsM4IQzFYBFJhfkiI7TM0kJ+LTUSweBy5DLkAjQQoZYchMjEJIuvlOXhjn7/l1xUK+52pXq2U94/GCZTZCtsla0zl+2yfXbMTlmNCfbAntgze7EerVfrzXr/ai1Yw5ll9gtW/xPveqJ3</latexit>

mDM = 400TeV
<latexit sha1_base64="DeH3c7kYbQYaFG+Iko+OTHt8nlQ=">AAACD3icbVA9SwNBEN2LXzF+nVqmWQyChYS7GNBGCGphI0TIFyQh7G0mccnu3bE7J4QjhT/BX2GrlZ3Y+hMs/C9ezhSa+Ko3780wM88LpTDoOJ9WZml5ZXUtu57b2Nza3rF39xomiDSHOg9koFseMyCFD3UUKKEVamDKk9D0RpdTv3kP2ojAr+E4hK5iQ18MBGeYSD07r3pxRyt6dTOh57TsOJ3jtK5BY9KzC07RSUEXiTsjBTJDtWd/dfoBjxT4yCUzpu06IXZjplFwCZNcJzIQMj5iQ2gn1GcKTDdOn5jQw8gwDGgImgpJUxF+T8RMGTNWXtKpGN6ZeW8q/ue1IxycdWPhhxGCz6eLUEhIFxmuRZIO0L7QgMimlwMVPuVMM0TQgjLOEzFK4solebjz3y+SRqnonhRLt+VC5WKWTJbkyQE5Ii45JRVyTaqkTjh5IE/kmbxYj9ar9Wa9/7RmrNnMPvkD6+Mb/vaa7Q==</latexit>

mDM = 200TeV
<latexit sha1_base64="P2dPCOc9WGE73Nv7htv37SIkzWI=">AAACD3icbVA9SwNBEN2LXzF+RS3TLAbBQsJdFLQRglrYCBHyBbkQ9jaTuLh7d+zOCeFI4U/wV9hqZSe2/gQL/4t3ZwpNfNWb92aYmeeFUhi07U8rt7C4tLySXy2srW9sbhW3d1omiDSHJg9koDseMyCFD00UKKETamDKk9D27i5Sv30P2ojAb+A4hJ5iI18MBWeYSP1iSfVjVyt6eT2hZ7Rq2+5hVjegNekXy3bFzkDniTMlZTJFvV/8cgcBjxT4yCUzpuvYIfZiplFwCZOCGxkIGb9jI+gm1GcKTC/OnpjQ/cgwDGgImgpJMxF+T8RMGTNWXtKpGN6aWS8V//O6EQ5Pe7HwwwjB5+kiFBKyRYZrkaQDdCA0ILL0cqDCp5xphghaUMZ5IkZJXIUkD2f2+3nSqlaco0r15rhcO58mkyclskcOiENOSI1ckTppEk4eyBN5Ji/Wo/VqvVnvP605azqzS/7A+vgG+76a6w==</latexit>

Constraints on total DM events 
from anisotropy
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P-values - 10 years

Model 

‣ Decay:


‣ Annihilation:


‣ NFW and HAI boost factor

DM ! ⌧+⌧�
<latexit sha1_base64="0QaeBdpfm4pUQlJ3JiF4rIp9pBI=">AAACFXicbVC7SgNREL3rM8ZX1NLmahAEMeyqoGVQCxshgnlANobZm0m8ePfBvbNKWFL7CX6FrVZ2Ymtt4b+4WVNo9BTD4ZwZZuZ4kZKGbPvDmpicmp6Zzc3l5xcWl5YLK6s1E8ZaYFWEKtQNDwwqGWCVJClsRBrB9xTWvZuToV+/RW1kGFxSP8KWD71AdqUASqV2YSNxtc9Pzwfc1bJ3TaB1eMddgvhqJ6u77ULRLtkZ+F/ijEiRjVBpFz7dTihiHwMSCoxpOnZErQQ0SaFwkHdjgxGIG+hhM6UB+GhaSfbKgG/FBijkEWouFc9E/DmRgG9M3/fSTh/o2ox7Q/E/rxlT96iVyCCKCQMxXERSYbbICC3TjJB3pEYiGF6OXAZcgAYi1JKDEKkYp6Hl0zyc8e//ktpeydkv7V0cFMvHo2RybJ1tsm3msENWZmeswqpMsHv2yJ7Ys/VgvViv1tt364Q1mlljv2C9fwGin56n</latexit>

DMDM ! ⌧+⌧�
<latexit sha1_base64="Fa6tgnqZ2zNxjpf5gnS3eWdcroI=">AAACH3icbVDLSgNBEJyNrxhfqx69DAZBUMNuFPQo6sGLoGCMkI2hd2yTIbMPZnoVWfIRfoJf4VVP3sRrDv6LmzWCRuvQFFXddHf5sZKGHKdvFcbGJyanitOlmdm5+QV7cenCRIkWWBORivSlDwaVDLFGkhRexhoh8BXW/e7hwK/fojYyCs/pPsZmAO1Q3kgBlEkteyP1dMCPTnre5jfjnpbtDoHW0R33CJKrjbxuteyyU3Fy8L/EHZIyG+K0ZX9415FIAgxJKDCm4ToxNVPQJIXCXslLDMYgutDGRkZDCNA00/ypHl9LDFDEY9RcKp6L+HMihcCY+8DPOgOgjhn1BuJ/XiOhm71mKsM4IQzFYBFJhfkiI7TM0kJ+LTUSweBy5DLkAjQQoZYchMjEJIuvlOXhjn7/l1xUK+52pXq2U94/GCZTZCtsla0zl+2yfXbMTlmNCfbAntgze7EerVfrzXr/ai1Yw5ll9gtW/xPveqJ3</latexit>

mDM = 400TeV
<latexit sha1_base64="DeH3c7kYbQYaFG+Iko+OTHt8nlQ=">AAACD3icbVA9SwNBEN2LXzF+nVqmWQyChYS7GNBGCGphI0TIFyQh7G0mccnu3bE7J4QjhT/BX2GrlZ3Y+hMs/C9ezhSa+Ko3780wM88LpTDoOJ9WZml5ZXUtu57b2Nza3rF39xomiDSHOg9koFseMyCFD3UUKKEVamDKk9D0RpdTv3kP2ojAr+E4hK5iQ18MBGeYSD07r3pxRyt6dTOh57TsOJ3jtK5BY9KzC07RSUEXiTsjBTJDtWd/dfoBjxT4yCUzpu06IXZjplFwCZNcJzIQMj5iQ2gn1GcKTDdOn5jQw8gwDGgImgpJUxF+T8RMGTNWXtKpGN6ZeW8q/ue1IxycdWPhhxGCz6eLUEhIFxmuRZIO0L7QgMimlwMVPuVMM0TQgjLOEzFK4solebjz3y+SRqnonhRLt+VC5WKWTJbkyQE5Ii45JRVyTaqkTjh5IE/kmbxYj9ar9Wa9/7RmrNnMPvkD6+Mb/vaa7Q==</latexit>

mDM = 200TeV
<latexit sha1_base64="P2dPCOc9WGE73Nv7htv37SIkzWI=">AAACD3icbVA9SwNBEN2LXzF+RS3TLAbBQsJdFLQRglrYCBHyBbkQ9jaTuLh7d+zOCeFI4U/wV9hqZSe2/gQL/4t3ZwpNfNWb92aYmeeFUhi07U8rt7C4tLySXy2srW9sbhW3d1omiDSHJg9koDseMyCFD00UKKETamDKk9D27i5Sv30P2ojAb+A4hJ5iI18MBWeYSP1iSfVjVyt6eT2hZ7Rq2+5hVjegNekXy3bFzkDniTMlZTJFvV/8cgcBjxT4yCUzpuvYIfZiplFwCZOCGxkIGb9jI+gm1GcKTC/OnpjQ/cgwDGgImgpJMxF+T8RMGTNWXtKpGN6aWS8V//O6EQ5Pe7HwwwjB5+kiFBKyRYZrkaQDdCA0ILL0cqDCp5xphghaUMZ5IkZJXIUkD2f2+3nSqlaco0r15rhcO58mkyclskcOiENOSI1ckTppEk4eyBN5Ji/Wo/VqvVnvP605azqzS/7A+vgG+76a6w==</latexit>

Constraints on total DM events 
from anisotropy

Constraints on DM lifetime 
and cross-section

Decay Annihilation

95%CL
<latexit sha1_base64="TS9iR+WMCc8rJ/vQpkGRiQQEquQ=">AAAB/HicbVC7TgJBFJ3FF+ILtbSZSEgsCNlFjdoRaSwsMJFHZDdkdrjghNnZzcxdE0LwK2y1sjO2/ouF/+KCWyh4qpNz7s099/iRFAZt+9PKLC2vrK5l13Mbm1vbO/ndvaYJY82hwUMZ6rbPDEihoIECJbQjDSzwJbT8YW3qtx5AGxGqWxxF4AVsoERfcIaJdHdx6pbcoluqXXfzBbtsz0AXiZOSAklR7+a/3F7I4wAUcsmM6Th2hN6YaRRcwiTnxgYixodsAJ2EKhaA8cazxBNajA3DkEagqZB0JsLvjTELjBkFfjIZMLw3895U/M/rxNg/98ZCRTGC4tNDKCTMDhmuRVIF0J7QgMimyYEKRTnTDBG0oIzzRIyTbnJJH87894ukWSk7x+XKzUmhepk2kyUH5JAcEYeckSq5InXSIJwo8kSeyYv1aL1ab9b7z2jGSnf2yR9YH98gX5P1</latexit>

95%CL
<latexit sha1_base64="TS9iR+WMCc8rJ/vQpkGRiQQEquQ=">AAAB/HicbVC7TgJBFJ3FF+ILtbSZSEgsCNlFjdoRaSwsMJFHZDdkdrjghNnZzcxdE0LwK2y1sjO2/ouF/+KCWyh4qpNz7s099/iRFAZt+9PKLC2vrK5l13Mbm1vbO/ndvaYJY82hwUMZ6rbPDEihoIECJbQjDSzwJbT8YW3qtx5AGxGqWxxF4AVsoERfcIaJdHdx6pbcoluqXXfzBbtsz0AXiZOSAklR7+a/3F7I4wAUcsmM6Th2hN6YaRRcwiTnxgYixodsAJ2EKhaA8cazxBNajA3DkEagqZB0JsLvjTELjBkFfjIZMLw3895U/M/rxNg/98ZCRTGC4tNDKCTMDhmuRVIF0J7QgMimyYEKRTnTDBG0oIzzRIyTbnJJH87894ukWSk7x+XKzUmhepk2kyUH5JAcEYeckSq5InXSIJwo8kSeyYv1aL1ab9b7z2jGSnf2yR9YH98gX5P1</latexit>

⌧DM [sec]
<latexit sha1_base64="KlIWD/PMMGWPjBZR0ct/Sd/a9Fk=">AAACC3icbVC7SgNBFJ2NrxhfUQsLm8EgWIXdKGgZ1MJGiGAekCzh7uQmDpl9MHNXCEv8A7/CVis7sfUjLPwXd2MKTTzV4Zx7ufccL1LSkG1/WrmFxaXllfxqYW19Y3OruL3TMGGsBdZFqELd8sCgkgHWSZLCVqQRfE9h0xteZH7zHrWRYXBLowhdHwaB7EsBlErd4l6HIO4mHe3zy+vxQzsjBoXbLZbssj0BnyfOlJTYFLVu8avTC0XsY0BCgTFtx47ITUCTFArHhU5sMAIxhAG2UxqAj8ZNJgHG/DA2QCGPUHOp+ETE3xsJ+MaMfC+d9IHuzKyXif957Zj6Z24igygmDER2iKTCySEjtEybQd6TGokg+xy5DLgADUSoJQchUjFOqyqkfTiz6edJo1J2jsuVm5NS9XzaTJ7tswN2xBx2yqrsitVYnQk2Zk/smb1Yj9ar9Wa9/4zmrOnOLvsD6+Mbac2azw==</latexit>

h�vi [cm3/sec]
<latexit sha1_base64="1LtLtuktfXeL5kgPN3N8dxoycLo=">AAACHXicbVC7TsNAEDzzDOEVoKQ5ESFBE2xAgjKChhIkQiLFJlofSzhxd7bu1pFQBL/AJ/AVtFDRIVpEwb9ghxRAmGo0s6vdmThV0pHvf3hj4xOTU9OlmfLs3PzCYmVp+cwlmRXYEIlKbCsGh0oabJAkha3UIuhYYTO+Piz8Zg+tk4k5pZsUIw1dIy+lAMqlTmUzVGC6CnnoZFcD7/HQDoS7dmg1F/p8h29xhyLqVKp+zR+Aj5JgSKpsiONO5TO8SESm0ZBQ4Fw78FOK+mBJCoW35TBzmIK4hi62c2pAo4v6g0i3fD1zQAlP0XKp+EDEnxt90M7d6Dif1EBX7q9XiP957Ywu96O+NGlGaERxiGQevzjkhJV5V8gvpEUiKD5HLg0XYIEIreQgRC5meXnlvI/gb/pRcrZdC3Zq2ye71frBsJkSW2VrbIMFbI/V2RE7Zg0m2D17ZE/s2XvwXrxX7+17dMwb7qywX/DevwDhV6FR</latexit>
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Sensitivity on DM lifetime

106 107

Dark Matter mass, mDM [GeV]

1026

1027

1028

1029

D
ar

k
M

at
te

r
lif

et
im

e,
⌧ D

M
[s

]

IceCube-Gen2

IceCube

KM3NeT

DM ! ⌧+⌧�
<latexit sha1_base64="0QaeBdpfm4pUQlJ3JiF4rIp9pBI=">AAACFXicbVC7SgNREL3rM8ZX1NLmahAEMeyqoGVQCxshgnlANobZm0m8ePfBvbNKWFL7CX6FrVZ2Ymtt4b+4WVNo9BTD4ZwZZuZ4kZKGbPvDmpicmp6Zzc3l5xcWl5YLK6s1E8ZaYFWEKtQNDwwqGWCVJClsRBrB9xTWvZuToV+/RW1kGFxSP8KWD71AdqUASqV2YSNxtc9Pzwfc1bJ3TaB1eMddgvhqJ6u77ULRLtkZ+F/ijEiRjVBpFz7dTihiHwMSCoxpOnZErQQ0SaFwkHdjgxGIG+hhM6UB+GhaSfbKgG/FBijkEWouFc9E/DmRgG9M3/fSTh/o2ox7Q/E/rxlT96iVyCCKCQMxXERSYbbICC3TjJB3pEYiGF6OXAZcgAYi1JKDEKkYp6Hl0zyc8e//ktpeydkv7V0cFMvHo2RybJ1tsm3msENWZmeswqpMsHv2yJ7Ys/VgvViv1tt364Q1mlljv2C9fwGin56n</latexit>
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<latexit sha1_base64="+bfWZzZCkSuAUToFFMg2CHnkQsw=">AAACF3icbVC7SgNBFJ31GeMramkzGASrsKuClkEtbIQIJhGyIdwdb5LB2Qczd5Ww5AP8BL/CVis7sbW08F+cjSk08VaHc8+ZO+cEiZKGXPfTmZmdm19YLCwVl1dW19ZLG5sNE6daYF3EKtbXARhUMsI6SVJ4nWiEMFDYDG5P833zDrWRcXRFgwTbIfQi2ZUCyFKdUjnzdcjPLobc17LXJ9A6vufE/di68kczGlqVW3FHw6eBNwZlNp5ap/Tl38QiDTEiocCYlucm1M5AkxQKh0U/NZiAuIUetiyMIETTzkZhhnw3NUAxT1BzqfiIxN+ODEJjBmFglSFQ30zucvK/XSul7nE7k1GSEkYiP0RS4eiQEVravMhvpEYiyH+OXEZcgAYi1JKDEJZMbW1F24c3mX4aNPYr3kFl//KwXD0ZN1Ng22yH7TGPHbEqO2c1VmeCPbAn9sxenEfn1Xlz3n+kM87Ys8X+jPPxDSt0oBs=</latexit>

preliminary preliminary

‣ Forecast bands of exclusion at 95% CL after 10 years


‣ Different lines of mean, lower 68% and 95% sensitivity from sky-map simulation


‣ The red star is the 7.5-year HESE best-fit

Only angular information exploited (APS) Robust limits
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Annihilation: dependence on DM properties
Mass Halo density profile

Channel Boost factor
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Conclusions

‣ We have analyzed the 7.5-year HESE data with decaying DM + astrophysical power-
law, with and without the through-going muon neutrinos prior.


‣ Preference of a second Dark Matter component is at 68% C.L. for some decay channels.


‣ Multi-messenger: diffuse searches (Fermi-LAT) more sensitive than point-like ones (CTA)


‣ Angular Power Spectrum is a powerful tool for Dark Matter discrimination!


‣ Future sensitivity to DM parameters using IceCube and KM3NeT exposures


‣ IceCube-Gen2 will firmly test the DM hypothesis exploiting angular information only.
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‣ Preference of a second Dark Matter component is at 68% C.L. for some decay channels.


‣ Multi-messenger: diffuse searches (Fermi-LAT) more sensitive than point-like ones (CTA)


‣ Angular Power Spectrum is a powerful tool for Dark Matter discrimination!


‣ Future sensitivity to DM parameters using IceCube and KM3NeT exposures


‣ IceCube-Gen2 will firmly test the DM hypothesis exploiting angular information only.


