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Dark Matter Evidence
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ESA/Hubble

Galaxy rotation curves Gravitational lensing Cosmic Microwave Background

nasa.gov
Markevitch et al., Clowe et al. wmap.gsfc.nasa.gov

❖ Significant evidence for a new 
particle beyond the SM ?

chandra.harvard.edu/
darkuniverse



Rachel Houtz July, 2022

Dark Matter Evidence
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Planck Collaboration, arXiv:1502.01589Begeman, Broeils, Sanders (1991)



Dark Matter Mass Scales
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WIMP Dark Matter
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Plot lifted from Kolb & Turner

<latexit sha1_base64="NR5g9Unq6nxozWPrYc+eglkJHWU=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0mKqMeiF48V7Ae0oWy2m3TpZjfsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzDa77bZXW1jc2t8rblZ3dvf0D+/Coo2WqCG0TyaXqBVhTzgRtAwNOe4miOA447QaTm5nffaBKMynuIUuoH+NIsJARDEYa2tUBlyLiNATFojFgpeTj0K65dXcOZ5V4BamhAq2h/TUYSZLGVADhWOu+5ybg51gBI5xOK4NU0wSTCY5o31CBY6r9fH781Dk1ysgJpTIlwJmrvydyHGudxYHpjDGM9bI3E//z+imEV37ORJICFWSxKEy5A9KZJeGMmKIEeGYIJoqZWx0yxgoTMHlVTAje8surpNOoexf1xt15rXldxFFGx+gEnSEPXaImukUt1EYEZegZvaI368l6sd6tj0VrySpmqugPrM8fq7WVcA==</latexit> !
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WIMP Dark Matter

Baudis, Profumo, Particle Data Group (2022)
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The Higgs Portal WIMP

Plot lifted from Arcadi, Djouadi, Raidal, arXiv:1903.03616

❖ The Higgs portal is only open 
right on the resonance

<latexit sha1_base64="N9lUOJf2IPKUnyg+1Ff8lHhTP/U=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWaKosuiG5cV7AM6w5BJM53QTBKSjFhL8VfcuFDErf/hzr8xbWehrQcunJxzL7n3xJJRbTzv21laXlldWy9tlDe3tnd23b39lha5wqSJBROqEyNNGOWkaahhpCMVQVnMSDseXE/89j1Rmgp+Z4aShBnqc5pQjIyVIvewBrMowCmFAZJSiQf7TCO34lW9KeAi8QtSAQUakfsV9ATOM8INZkjrru9JE46QMhQzMi4HuSYS4QHqk66lHGVEh6Pp9mN4YpUeTISyxQ2cqr8nRijTepjFtjNDJtXz3kT8z+vmJrkMR5TL3BCOZx8lOYNGwEkUsEcVwYYNLUFYUbsrxClSCBsbWNmG4M+fvEhatap/XvVuzyr1qyKOEjgCx+AU+OAC1MENaIAmwOARPINX8OY8OS/Ou/Mxa11yipkD8AfO5w9o1ZSP</latexit>
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WIMP Dark Matter

Baudis, Profumo, Particle Data Group (2020)
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Freeze-in Dark Matter
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Hall, Jedamzik, March-Russell, West, arXiv:0911.1120
McDonald, hep-ph/0106249

<latexit sha1_base64="/bAemCL15CjZ24opmVP+ONNNJ2A=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJXdIuqx6MVjBfsB7VKyaXYbmk2WJKvU0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhSln2njet1NYW9/Y3Cpul3Z29/bL7sFhS8tMEdokkkvVCbGmnAnaNMxw2kkVxUnIaTsc3cz89gNVmklxb8YpDRIcCxYxgo2V+m65x6WIFYuHBislH/tuxat6c6BV4uekAjkafferN5AkS6gwhGOtu76XmmCClWGE02mpl2maYjLCMe1aKnBCdTCZHz5Fp1YZoEgqW8Kgufp7YoITrcdJaDsTbIZ62ZuJ/3ndzERXwYSJNDNUkMWiKOPISDRLAQ2YosTwsSWYKGZvRWSIFSbGZlWyIfjLL6+SVq3qX1Rrd+eV+nUeRxGO4QTOwIdLqMMtNKAJBDJ4hld4c56cF+fd+Vi0Fpx85gj+wPn8AXSCk50=</latexit>�!
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Plot lifted from SENSEI Collaboration, arXiv:2004.11378

Essig, Mardon, Volansky, 
arXiv:1108.5383

Direct Detection of Sub-GeV DM



Even Lighter DM: 
The Misalignment Mechanism
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Misalignment Mechanism

Co, Hall, Harigaya, 
arXiv:1910.14152

Karamitros, arXiv:2201.10886
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