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Launched December 2013

Goal: Positional and kinematic 
measurement (3 positions + 2 velocities) of 
1.5 billion stars (1% of the Milky Way)

DR2: 7 million radial velocities (April 
2018)

DR3: 33 million radial velocities (June 
2022)

Gaia

Lina Necib, MIT
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Credit: Gaia Sky; S. Jordan / T. Sagristà Lina Necib, MIT
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We need to build an empirical 
velocity distribution of Dark 
Matter.

Goodman & Witten (1985)
Freese et al. (1986)
Drukier et al. (1987)



From 
simulations:

Correlate 
the dark 
matter to 
the stars

From Gaia: 
Measure the 
phase space 
map of the 

stars

Therefore:
Empirically 
obtain the 

local phase-
space 

distribution 
of dark 
matter

Herzog-Arbeitman, Lisanti, Madau, Necib (2018)
Herzog-Arbeitman, Lisanti, Necib (2018)
Necib, Lisanti, Belokurov (2019)
Necib, Lisanti, Garrison-Kimmel, et al. (2018)Lina Necib, MIT



Video by Shea Garisson-Kimmel, http://www.tapir.caltech.edu/~sheagk/firemovies.html

Hopkins et al. (2014)
Wetzel et al. (2016) 
Hopkins et al. (2017) 

Lina Necib, MIT



Belukorov et al. (2018)
Helmi et al. (2018)
Kruijssen et al. (2020) 

Strategy: Reconstruct the Dark Matter from the distributions of the stars.

Lina Necib, MIT Kruijssen et al. (2020) 



Belukorov et al. (2018)
Helmi et al. (2018)
Kruijssen et al. (2020) 

Strategy: Reconstruct the Dark Matter from the distributions of the stars.

Lina Necib, MIT Kruijssen et al. (2020) 



Strategy: Reconstruct the Dark Matter from the distributions of the stars.

Necib, Lisanti, Garrison-Kimmel et al. (2018)

Different Components:
1. Old Halo
2. Sausage/ Gaia Enceladus
3. Nyx

Lina Necib, MIT



Necib, Lisanti, Garrison-Kimmel et al. (2018)

Different Components:
1. Old Halo
2. Sausage/ Gaia Enceladus
3. Nyx
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Strategy: Reconstruct the Dark Matter from the distributions 
of the stars.

Simulation

Lina Necib, MIT

z
[k
pc

]
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Lina Necib, MIT

With Gaia, a new merging event in the 
solar neighborhood has been found, 
and is referred to as the Gaia Sausage, 
or Gaia Enceleadus. 

Belokurov et al. (2018)
Deason et al. (2018)
Myeong et al. (2018)
Helmi et al. (2018)
Lancaster et al. (2018)

Mass ~ 108-9 Msun.
Infall Time  z ~ 1-3.
Average Metallicity ~ -1.4

Credit: H.H. Koppelman, A. Villanlobos, A. Helmi



Strategy: Reconstruct the Dark Matter component by component from the distributions of 
the stars.

Necib, Lisanti, Garrison-Kimmel et al. (2018)

Different Components:
1. Old Halo
2. Sausage/ Gaia Enceladus
3. Nyx
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<latexit sha1_base64="A0gIrEAzIBw5QMGZkYAFF+2IFKw=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiZV0GXBjcsK9gFpCJPppB06Mwkzk0qJ8U/cuFDErV/izr9x2mahrQcuHM65l3vvCRNGlXacb6u0tr6xuVXeruzs7u0f2NXDjopTiUkbxyyWvRApwqggbU01I71EEsRDRrrh+GbmdydEKhqLez1NiM/RUNCIYqSNFNjVSZDJ/MnrS56N+bnK/cCuOXVnDrhK3ILUQIFWYH/1BzFOOREaM6SU5zqJ9jMkNcWM5JV+qkiC8BgNiWeoQJwoP5ufnsNTowxgFEtTQsO5+nsiQ1ypKQ9NJ0d6pJa9mfif56U6uvYzKpJUE4EXi6KUQR3DWQ5wQCXBmk0NQVhScyvEIyQR1iatignBXX55lXQadfei3ri7rDUbRRxlcAxOwBlwwRVoglvQAm2AwQN4Bq/gzXq0Xqx362PRWrKKmSPwB9bnD/7ylGs=</latexit>
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Lina Necib, MIT



Necib, Ostdeik, et al. (2020)

Different Components:
1. Old Halo
2. Sausage/ Gaia Enceladus
3. Nyx
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Strategy: Reconstruct the Dark Matter from the distributions of the stars.
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<latexit sha1_base64="LH5rirhaFmDKJITd3xev6scXluE=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VoQWvSCnZZcOOygn1Ak5bJdNIOnUnCzKRQ0vgRbvwVNy4UcSu482+cPhbaeuDC4Zx7ufceN2RUKtP8NlJr6xubW+ntzM7u3v5B9vCoIYNIYFLHAQtEy0WSMOqTuqKKkVYoCOIuI013eDP1myMiJA38ezUOicNR36cexUhpqZs9t8xOGdqKciKhl5/YI4LjUTIpwAdb8LidH/JLWejEF1biJN1sziyaM8BVYi1IDixQ62a/7F6AI058hRmSsm2ZoXJiJBTFjCQZO5IkRHiI+qStqY/0FU48+yqBZ1rpQS8QunwFZ+rviRhxKcfc1Z0cqYFc9qbif147Ul7FiakfRor4eL7IixhUAZxGBHtUEKzYWBOEBdW3QjxAAmGlg8zoEKzll1dJo1S0ysXS3VWuWlnEkQYn4BTkgQWuQRXcghqoAwwewTN4BW/Gk/FivBsf89aUsZg5Bn9gfP4Ai+SdzA==</latexit>

ftotal(v) = chalofhalo(v) + csubsfsubs(v)
<latexit sha1_base64="lznUewPv1RUYlG66pm7JJFQv0KQ=">AAACP3icdVBLSwMxGMz6rPW16tFLsAgVoWyloBeh6MVjBfuAdlmyabYNzW6W5NtCWfrPvPgXvHn14kERr95MX9gWHQjMNzMfScaPBdfgOC/Wyura+sZmZiu7vbO7t28fHNa0TBRlVSqFVA2faCZ4xKrAQbBGrBgJfcHqfu925Nf7TGkuowcYxMwNSSfiAacEjOTZtcBLWypMQQIRwyHO98/wNaYTsUuENFqwMI0S57OETnz9m5hOJuHZuWLBGQM7hdISmVk5NEXFs59bbUmTkEVABdG6WXRicFOigFPBhtlWollMaI90WNPQiIRMu+n4/0N8apQ2DqQyJwI8Vuc3UhJqPQh9kwwJdPWyNxL/8poJBFduyqM4ARbRyUVBIjBIPCoTt7liFMTAEEIVN2/FtEsUoWAqz86X8D+pXRSKht+XcuWbaR0ZdIxOUB4V0SUqoztUQVVE0SN6Re/ow3qy3qxP62sSXbGmO0doAdb3D6i7sH0=</latexit><latexit sha1_base64="lznUewPv1RUYlG66pm7JJFQv0KQ=">AAACP3icdVBLSwMxGMz6rPW16tFLsAgVoWyloBeh6MVjBfuAdlmyabYNzW6W5NtCWfrPvPgXvHn14kERr95MX9gWHQjMNzMfScaPBdfgOC/Wyura+sZmZiu7vbO7t28fHNa0TBRlVSqFVA2faCZ4xKrAQbBGrBgJfcHqfu925Nf7TGkuowcYxMwNSSfiAacEjOTZtcBLWypMQQIRwyHO98/wNaYTsUuENFqwMI0S57OETnz9m5hOJuHZuWLBGQM7hdISmVk5NEXFs59bbUmTkEVABdG6WXRicFOigFPBhtlWollMaI90WNPQiIRMu+n4/0N8apQ2DqQyJwI8Vuc3UhJqPQh9kwwJdPWyNxL/8poJBFduyqM4ARbRyUVBIjBIPCoTt7liFMTAEEIVN2/FtEsUoWAqz86X8D+pXRSKht+XcuWbaR0ZdIxOUB4V0SUqoztUQVVE0SN6Re/ow3qy3qxP62sSXbGmO0doAdb3D6i7sH0=</latexit><latexit sha1_base64="lznUewPv1RUYlG66pm7JJFQv0KQ=">AAACP3icdVBLSwMxGMz6rPW16tFLsAgVoWyloBeh6MVjBfuAdlmyabYNzW6W5NtCWfrPvPgXvHn14kERr95MX9gWHQjMNzMfScaPBdfgOC/Wyura+sZmZiu7vbO7t28fHNa0TBRlVSqFVA2faCZ4xKrAQbBGrBgJfcHqfu925Nf7TGkuowcYxMwNSSfiAacEjOTZtcBLWypMQQIRwyHO98/wNaYTsUuENFqwMI0S57OETnz9m5hOJuHZuWLBGQM7hdISmVk5NEXFs59bbUmTkEVABdG6WXRicFOigFPBhtlWollMaI90WNPQiIRMu+n4/0N8apQ2DqQyJwI8Vuc3UhJqPQh9kwwJdPWyNxL/8poJBFduyqM4ARbRyUVBIjBIPCoTt7liFMTAEEIVN2/FtEsUoWAqz86X8D+pXRSKht+XcuWbaR0ZdIxOUB4V0SUqoztUQVVE0SN6Re/ow3qy3qxP62sSXbGmO0doAdb3D6i7sH0=</latexit><latexit sha1_base64="lznUewPv1RUYlG66pm7JJFQv0KQ=">AAACP3icdVBLSwMxGMz6rPW16tFLsAgVoWyloBeh6MVjBfuAdlmyabYNzW6W5NtCWfrPvPgXvHn14kERr95MX9gWHQjMNzMfScaPBdfgOC/Wyura+sZmZiu7vbO7t28fHNa0TBRlVSqFVA2faCZ4xKrAQbBGrBgJfcHqfu925Nf7TGkuowcYxMwNSSfiAacEjOTZtcBLWypMQQIRwyHO98/wNaYTsUuENFqwMI0S57OETnz9m5hOJuHZuWLBGQM7hdISmVk5NEXFs59bbUmTkEVABdG6WXRicFOigFPBhtlWollMaI90WNPQiIRMu+n4/0N8apQ2DqQyJwI8Vuc3UhJqPQh9kwwJdPWyNxL/8poJBFduyqM4ARbRyUVBIjBIPCoTt7liFMTAEEIVN2/FtEsUoWAqz86X8D+pXRSKht+XcuWbaR0ZdIxOUB4V0SUqoztUQVVE0SN6Re/ow3qy3qxP62sSXbGmO0doAdb3D6i7sH0=</latexit>
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Kirby et al. (2013)
Garrison-Kimmel et al. (2015)
Necib, Lisanti, Belokurov (2018)
Necib, Lisanti, Garrison-Kimmel et al. (2018)

ftotal(v) = chalofhalo(v) + csubsfsubs(v)
<latexit sha1_base64="lznUewPv1RUYlG66pm7JJFQv0KQ=">AAACP3icdVBLSwMxGMz6rPW16tFLsAgVoWyloBeh6MVjBfuAdlmyabYNzW6W5NtCWfrPvPgXvHn14kERr95MX9gWHQjMNzMfScaPBdfgOC/Wyura+sZmZiu7vbO7t28fHNa0TBRlVSqFVA2faCZ4xKrAQbBGrBgJfcHqfu925Nf7TGkuowcYxMwNSSfiAacEjOTZtcBLWypMQQIRwyHO98/wNaYTsUuENFqwMI0S57OETnz9m5hOJuHZuWLBGQM7hdISmVk5NEXFs59bbUmTkEVABdG6WXRicFOigFPBhtlWollMaI90WNPQiIRMu+n4/0N8apQ2DqQyJwI8Vuc3UhJqPQh9kwwJdPWyNxL/8poJBFduyqM4ARbRyUVBIjBIPCoTt7liFMTAEEIVN2/FtEsUoWAqz86X8D+pXRSKht+XcuWbaR0ZdIxOUB4V0SUqoztUQVVE0SN6Re/ow3qy3qxP62sSXbGmO0doAdb3D6i7sH0=</latexit><latexit sha1_base64="lznUewPv1RUYlG66pm7JJFQv0KQ=">AAACP3icdVBLSwMxGMz6rPW16tFLsAgVoWyloBeh6MVjBfuAdlmyabYNzW6W5NtCWfrPvPgXvHn14kERr95MX9gWHQjMNzMfScaPBdfgOC/Wyura+sZmZiu7vbO7t28fHNa0TBRlVSqFVA2faCZ4xKrAQbBGrBgJfcHqfu925Nf7TGkuowcYxMwNSSfiAacEjOTZtcBLWypMQQIRwyHO98/wNaYTsUuENFqwMI0S57OETnz9m5hOJuHZuWLBGQM7hdISmVk5NEXFs59bbUmTkEVABdG6WXRicFOigFPBhtlWollMaI90WNPQiIRMu+n4/0N8apQ2DqQyJwI8Vuc3UhJqPQh9kwwJdPWyNxL/8poJBFduyqM4ARbRyUVBIjBIPCoTt7liFMTAEEIVN2/FtEsUoWAqz86X8D+pXRSKht+XcuWbaR0ZdIxOUB4V0SUqoztUQVVE0SN6Re/ow3qy3qxP62sSXbGmO0doAdb3D6i7sH0=</latexit><latexit sha1_base64="lznUewPv1RUYlG66pm7JJFQv0KQ=">AAACP3icdVBLSwMxGMz6rPW16tFLsAgVoWyloBeh6MVjBfuAdlmyabYNzW6W5NtCWfrPvPgXvHn14kERr95MX9gWHQjMNzMfScaPBdfgOC/Wyura+sZmZiu7vbO7t28fHNa0TBRlVSqFVA2faCZ4xKrAQbBGrBgJfcHqfu925Nf7TGkuowcYxMwNSSfiAacEjOTZtcBLWypMQQIRwyHO98/wNaYTsUuENFqwMI0S57OETnz9m5hOJuHZuWLBGQM7hdISmVk5NEXFs59bbUmTkEVABdG6WXRicFOigFPBhtlWollMaI90WNPQiIRMu+n4/0N8apQ2DqQyJwI8Vuc3UhJqPQh9kwwJdPWyNxL/8poJBFduyqM4ARbRyUVBIjBIPCoTt7liFMTAEEIVN2/FtEsUoWAqz86X8D+pXRSKht+XcuWbaR0ZdIxOUB4V0SUqoztUQVVE0SN6Re/ow3qy3qxP62sSXbGmO0doAdb3D6i7sH0=</latexit><latexit sha1_base64="lznUewPv1RUYlG66pm7JJFQv0KQ=">AAACP3icdVBLSwMxGMz6rPW16tFLsAgVoWyloBeh6MVjBfuAdlmyabYNzW6W5NtCWfrPvPgXvHn14kERr95MX9gWHQjMNzMfScaPBdfgOC/Wyura+sZmZiu7vbO7t28fHNa0TBRlVSqFVA2faCZ4xKrAQbBGrBgJfcHqfu925Nf7TGkuowcYxMwNSSfiAacEjOTZtcBLWypMQQIRwyHO98/wNaYTsUuENFqwMI0S57OETnz9m5hOJuHZuWLBGQM7hdISmVk5NEXFs59bbUmTkEVABdG6WXRicFOigFPBhtlWollMaI90WNPQiIRMu+n4/0N8apQ2DqQyJwI8Vuc3UhJqPQh9kwwJdPWyNxL/8poJBFduyqM4ARbRyUVBIjBIPCoTt7liFMTAEEIVN2/FtEsUoWAqz86X8D+pXRSKht+XcuWbaR0ZdIxOUB4V0SUqoztUQVVE0SN6Re/ow3qy3qxP62sSXbGmO0doAdb3D6i7sH0=</latexit>
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<latexit sha1_base64="1CPXtSD8TW9jYXOmhGuwP3teO5I=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXNWkCnZZcOOygn1AEspkOmmHzkzCzKRQ0gj+ihsXirj1N9z5N04fC209cOFwzr3ce0+YMKq043xbhbX1jc2t4nZpZ3dv/8A+PGqpOJWYNHHMYtkJkSKMCtLUVDPSSSRBPGSkHQ5vp357RKSisXjQ44QEHPUFjShG2khd+2TijwjORvkEPvqSZ96QX6og79plp+LMAFeJuyBlsECja3/5vRinnAiNGVLKc51EBxmSmmJG8pKfKpIgPER94hkqECcqyGb35/DcKD0YxdKU0HCm/p7IEFdqzEPTyZEeqGVvKv7neamOakFGRZJqIvB8UZQyqGM4DQP2qCRYs7EhCEtqboV4gCTC2kRWMiG4yy+vkla14l5VqvfX5XptEUcRnIIzcAFccAPq4A40QBNgMAHP4BW8WU/Wi/VufcxbC9Zi5hj8gfX5A7mjloQ=</latexit>
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<latexit sha1_base64="LH5rirhaFmDKJITd3xev6scXluE=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VoQWvSCnZZcOOygn1Ak5bJdNIOnUnCzKRQ0vgRbvwVNy4UcSu482+cPhbaeuDC4Zx7ufceN2RUKtP8NlJr6xubW+ntzM7u3v5B9vCoIYNIYFLHAQtEy0WSMOqTuqKKkVYoCOIuI013eDP1myMiJA38ezUOicNR36cexUhpqZs9t8xOGdqKciKhl5/YI4LjUTIpwAdb8LidH/JLWejEF1biJN1sziyaM8BVYi1IDixQ62a/7F6AI058hRmSsm2ZoXJiJBTFjCQZO5IkRHiI+qStqY/0FU48+yqBZ1rpQS8QunwFZ+rviRhxKcfc1Z0cqYFc9qbif147Ul7FiakfRor4eL7IixhUAZxGBHtUEKzYWBOEBdW3QjxAAmGlg8zoEKzll1dJo1S0ysXS3VWuWlnEkQYn4BTkgQWuQRXcghqoAwwewTN4BW/Gk/FivBsf89aUsZg5Bn9gfP4Ai+SdzA==</latexit>

csubs = 0.42+0.26
�0.22

<latexit sha1_base64="h5pVASnqXcQzXgFpxvLbavEKaG8=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1UQxJCEUu1CKLpxWcE+oI1hMp22Q2eSMDMRSsgPuPFX3LhQxK17d/6N04fg88DlHs65l5l7gphRqWz73cjNzS8sLuWXCyura+sb5uZWQ0aJwKSOIxaJVoAkYTQkdUUVI61YEMQDRprB8HzsN2+IkDQKr9QoJh5H/ZD2KEZKS765h/20I3gqk0BmGTyFtlVyr9ND23LLmZ8e6e5mvlm0rYrtVMoO/E0cy56gCGao+eZbpxvhhJNQYYakbDt2rLwUCUUxI1mhk0gSIzxEfdLWNEScSC+dXJPBfa10YS8SukIFJ+rXjRRxKUc80JMcqYH86Y3Fv7x2ononXkrDOFEkxNOHegmDKoLjaGCXCoIVG2mCsKD6rxAPkEBY6QALOoTPS+H/pOFajuaXpWL1bBZHHuyAXXAAHHAMquAC1EAdYHAL7sEjeDLujAfj2XiZjuaM2c42+Abj9QNsA5nZ</latexit><latexit sha1_base64="h5pVASnqXcQzXgFpxvLbavEKaG8=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1UQxJCEUu1CKLpxWcE+oI1hMp22Q2eSMDMRSsgPuPFX3LhQxK17d/6N04fg88DlHs65l5l7gphRqWz73cjNzS8sLuWXCyura+sb5uZWQ0aJwKSOIxaJVoAkYTQkdUUVI61YEMQDRprB8HzsN2+IkDQKr9QoJh5H/ZD2KEZKS765h/20I3gqk0BmGTyFtlVyr9ND23LLmZ8e6e5mvlm0rYrtVMoO/E0cy56gCGao+eZbpxvhhJNQYYakbDt2rLwUCUUxI1mhk0gSIzxEfdLWNEScSC+dXJPBfa10YS8SukIFJ+rXjRRxKUc80JMcqYH86Y3Fv7x2ononXkrDOFEkxNOHegmDKoLjaGCXCoIVG2mCsKD6rxAPkEBY6QALOoTPS+H/pOFajuaXpWL1bBZHHuyAXXAAHHAMquAC1EAdYHAL7sEjeDLujAfj2XiZjuaM2c42+Abj9QNsA5nZ</latexit><latexit sha1_base64="h5pVASnqXcQzXgFpxvLbavEKaG8=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1UQxJCEUu1CKLpxWcE+oI1hMp22Q2eSMDMRSsgPuPFX3LhQxK17d/6N04fg88DlHs65l5l7gphRqWz73cjNzS8sLuWXCyura+sb5uZWQ0aJwKSOIxaJVoAkYTQkdUUVI61YEMQDRprB8HzsN2+IkDQKr9QoJh5H/ZD2KEZKS765h/20I3gqk0BmGTyFtlVyr9ND23LLmZ8e6e5mvlm0rYrtVMoO/E0cy56gCGao+eZbpxvhhJNQYYakbDt2rLwUCUUxI1mhk0gSIzxEfdLWNEScSC+dXJPBfa10YS8SukIFJ+rXjRRxKUc80JMcqYH86Y3Fv7x2ononXkrDOFEkxNOHegmDKoLjaGCXCoIVG2mCsKD6rxAPkEBY6QALOoTPS+H/pOFajuaXpWL1bBZHHuyAXXAAHHAMquAC1EAdYHAL7sEjeDLujAfj2XiZjuaM2c42+Abj9QNsA5nZ</latexit><latexit sha1_base64="h5pVASnqXcQzXgFpxvLbavEKaG8=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1UQxJCEUu1CKLpxWcE+oI1hMp22Q2eSMDMRSsgPuPFX3LhQxK17d/6N04fg88DlHs65l5l7gphRqWz73cjNzS8sLuWXCyura+sb5uZWQ0aJwKSOIxaJVoAkYTQkdUUVI61YEMQDRprB8HzsN2+IkDQKr9QoJh5H/ZD2KEZKS765h/20I3gqk0BmGTyFtlVyr9ND23LLmZ8e6e5mvlm0rYrtVMoO/E0cy56gCGao+eZbpxvhhJNQYYakbDt2rLwUCUUxI1mhk0gSIzxEfdLWNEScSC+dXJPBfa10YS8SukIFJ+rXjRRxKUc80JMcqYH86Y3Fv7x2ononXkrDOFEkxNOHegmDKoLjaGCXCoIVG2mCsKD6rxAPkEBY6QALOoTPS+H/pOFajuaXpWL1bBZHHuyAXXAAHHAMquAC1EAdYHAL7sEjeDLujAfj2XiZjuaM2c42+Abj9QNsA5nZ</latexit>
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Kirby et al. (2013)
Garrison-Kimmel et al. (2015)
Necib, Lisanti, Belokurov (2018)
Necib, Lisanti, Garrison-Kimmel et al. (2018)

ftotal(v) = chalofhalo(v) + csubsfsubs(v)
<latexit sha1_base64="lznUewPv1RUYlG66pm7JJFQv0KQ=">AAACP3icdVBLSwMxGMz6rPW16tFLsAgVoWyloBeh6MVjBfuAdlmyabYNzW6W5NtCWfrPvPgXvHn14kERr95MX9gWHQjMNzMfScaPBdfgOC/Wyura+sZmZiu7vbO7t28fHNa0TBRlVSqFVA2faCZ4xKrAQbBGrBgJfcHqfu925Nf7TGkuowcYxMwNSSfiAacEjOTZtcBLWypMQQIRwyHO98/wNaYTsUuENFqwMI0S57OETnz9m5hOJuHZuWLBGQM7hdISmVk5NEXFs59bbUmTkEVABdG6WXRicFOigFPBhtlWollMaI90WNPQiIRMu+n4/0N8apQ2DqQyJwI8Vuc3UhJqPQh9kwwJdPWyNxL/8poJBFduyqM4ARbRyUVBIjBIPCoTt7liFMTAEEIVN2/FtEsUoWAqz86X8D+pXRSKht+XcuWbaR0ZdIxOUB4V0SUqoztUQVVE0SN6Re/ow3qy3qxP62sSXbGmO0doAdb3D6i7sH0=</latexit><latexit sha1_base64="lznUewPv1RUYlG66pm7JJFQv0KQ=">AAACP3icdVBLSwMxGMz6rPW16tFLsAgVoWyloBeh6MVjBfuAdlmyabYNzW6W5NtCWfrPvPgXvHn14kERr95MX9gWHQjMNzMfScaPBdfgOC/Wyura+sZmZiu7vbO7t28fHNa0TBRlVSqFVA2faCZ4xKrAQbBGrBgJfcHqfu925Nf7TGkuowcYxMwNSSfiAacEjOTZtcBLWypMQQIRwyHO98/wNaYTsUuENFqwMI0S57OETnz9m5hOJuHZuWLBGQM7hdISmVk5NEXFs59bbUmTkEVABdG6WXRicFOigFPBhtlWollMaI90WNPQiIRMu+n4/0N8apQ2DqQyJwI8Vuc3UhJqPQh9kwwJdPWyNxL/8poJBFduyqM4ARbRyUVBIjBIPCoTt7liFMTAEEIVN2/FtEsUoWAqz86X8D+pXRSKht+XcuWbaR0ZdIxOUB4V0SUqoztUQVVE0SN6Re/ow3qy3qxP62sSXbGmO0doAdb3D6i7sH0=</latexit><latexit sha1_base64="lznUewPv1RUYlG66pm7JJFQv0KQ=">AAACP3icdVBLSwMxGMz6rPW16tFLsAgVoWyloBeh6MVjBfuAdlmyabYNzW6W5NtCWfrPvPgXvHn14kERr95MX9gWHQjMNzMfScaPBdfgOC/Wyura+sZmZiu7vbO7t28fHNa0TBRlVSqFVA2faCZ4xKrAQbBGrBgJfcHqfu925Nf7TGkuowcYxMwNSSfiAacEjOTZtcBLWypMQQIRwyHO98/wNaYTsUuENFqwMI0S57OETnz9m5hOJuHZuWLBGQM7hdISmVk5NEXFs59bbUmTkEVABdG6WXRicFOigFPBhtlWollMaI90WNPQiIRMu+n4/0N8apQ2DqQyJwI8Vuc3UhJqPQh9kwwJdPWyNxL/8poJBFduyqM4ARbRyUVBIjBIPCoTt7liFMTAEEIVN2/FtEsUoWAqz86X8D+pXRSKht+XcuWbaR0ZdIxOUB4V0SUqoztUQVVE0SN6Re/ow3qy3qxP62sSXbGmO0doAdb3D6i7sH0=</latexit><latexit sha1_base64="lznUewPv1RUYlG66pm7JJFQv0KQ=">AAACP3icdVBLSwMxGMz6rPW16tFLsAgVoWyloBeh6MVjBfuAdlmyabYNzW6W5NtCWfrPvPgXvHn14kERr95MX9gWHQjMNzMfScaPBdfgOC/Wyura+sZmZiu7vbO7t28fHNa0TBRlVSqFVA2faCZ4xKrAQbBGrBgJfcHqfu925Nf7TGkuowcYxMwNSSfiAacEjOTZtcBLWypMQQIRwyHO98/wNaYTsUuENFqwMI0S57OETnz9m5hOJuHZuWLBGQM7hdISmVk5NEXFs59bbUmTkEVABdG6WXRicFOigFPBhtlWollMaI90WNPQiIRMu+n4/0N8apQ2DqQyJwI8Vuc3UhJqPQh9kwwJdPWyNxL/8poJBFduyqM4ARbRyUVBIjBIPCoTt7liFMTAEEIVN2/FtEsUoWAqz86X8D+pXRSKht+XcuWbaR0ZdIxOUB4V0SUqoztUQVVE0SN6Re/ow3qy3qxP62sSXbGmO0doAdb3D6i7sH0=</latexit>
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<latexit sha1_base64="1CPXtSD8TW9jYXOmhGuwP3teO5I=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXNWkCnZZcOOygn1AEspkOmmHzkzCzKRQ0gj+ihsXirj1N9z5N04fC209cOFwzr3ce0+YMKq043xbhbX1jc2t4nZpZ3dv/8A+PGqpOJWYNHHMYtkJkSKMCtLUVDPSSSRBPGSkHQ5vp357RKSisXjQ44QEHPUFjShG2khd+2TijwjORvkEPvqSZ96QX6og79plp+LMAFeJuyBlsECja3/5vRinnAiNGVLKc51EBxmSmmJG8pKfKpIgPER94hkqECcqyGb35/DcKD0YxdKU0HCm/p7IEFdqzEPTyZEeqGVvKv7neamOakFGRZJqIvB8UZQyqGM4DQP2qCRYs7EhCEtqboV4gCTC2kRWMiG4yy+vkla14l5VqvfX5XptEUcRnIIzcAFccAPq4A40QBNgMAHP4BW8WU/Wi/VufcxbC9Zi5hj8gfX5A7mjloQ=</latexit>
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<latexit sha1_base64="LH5rirhaFmDKJITd3xev6scXluE=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VoQWvSCnZZcOOygn1Ak5bJdNIOnUnCzKRQ0vgRbvwVNy4UcSu482+cPhbaeuDC4Zx7ufceN2RUKtP8NlJr6xubW+ntzM7u3v5B9vCoIYNIYFLHAQtEy0WSMOqTuqKKkVYoCOIuI013eDP1myMiJA38ezUOicNR36cexUhpqZs9t8xOGdqKciKhl5/YI4LjUTIpwAdb8LidH/JLWejEF1biJN1sziyaM8BVYi1IDixQ62a/7F6AI058hRmSsm2ZoXJiJBTFjCQZO5IkRHiI+qStqY/0FU48+yqBZ1rpQS8QunwFZ+rviRhxKcfc1Z0cqYFc9qbif147Ul7FiakfRor4eL7IixhUAZxGBHtUEKzYWBOEBdW3QjxAAmGlg8zoEKzll1dJo1S0ysXS3VWuWlnEkQYn4BTkgQWuQRXcghqoAwwewTN4BW/Gk/FivBsf89aUsZg5Bn9gfP4Ai+SdzA==</latexit>

csubs = 0.42+0.26
�0.22

<latexit sha1_base64="h5pVASnqXcQzXgFpxvLbavEKaG8=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1UQxJCEUu1CKLpxWcE+oI1hMp22Q2eSMDMRSsgPuPFX3LhQxK17d/6N04fg88DlHs65l5l7gphRqWz73cjNzS8sLuWXCyura+sb5uZWQ0aJwKSOIxaJVoAkYTQkdUUVI61YEMQDRprB8HzsN2+IkDQKr9QoJh5H/ZD2KEZKS765h/20I3gqk0BmGTyFtlVyr9ND23LLmZ8e6e5mvlm0rYrtVMoO/E0cy56gCGao+eZbpxvhhJNQYYakbDt2rLwUCUUxI1mhk0gSIzxEfdLWNEScSC+dXJPBfa10YS8SukIFJ+rXjRRxKUc80JMcqYH86Y3Fv7x2ononXkrDOFEkxNOHegmDKoLjaGCXCoIVG2mCsKD6rxAPkEBY6QALOoTPS+H/pOFajuaXpWL1bBZHHuyAXXAAHHAMquAC1EAdYHAL7sEjeDLujAfj2XiZjuaM2c42+Abj9QNsA5nZ</latexit><latexit sha1_base64="h5pVASnqXcQzXgFpxvLbavEKaG8=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1UQxJCEUu1CKLpxWcE+oI1hMp22Q2eSMDMRSsgPuPFX3LhQxK17d/6N04fg88DlHs65l5l7gphRqWz73cjNzS8sLuWXCyura+sb5uZWQ0aJwKSOIxaJVoAkYTQkdUUVI61YEMQDRprB8HzsN2+IkDQKr9QoJh5H/ZD2KEZKS765h/20I3gqk0BmGTyFtlVyr9ND23LLmZ8e6e5mvlm0rYrtVMoO/E0cy56gCGao+eZbpxvhhJNQYYakbDt2rLwUCUUxI1mhk0gSIzxEfdLWNEScSC+dXJPBfa10YS8SukIFJ+rXjRRxKUc80JMcqYH86Y3Fv7x2ononXkrDOFEkxNOHegmDKoLjaGCXCoIVG2mCsKD6rxAPkEBY6QALOoTPS+H/pOFajuaXpWL1bBZHHuyAXXAAHHAMquAC1EAdYHAL7sEjeDLujAfj2XiZjuaM2c42+Abj9QNsA5nZ</latexit><latexit sha1_base64="h5pVASnqXcQzXgFpxvLbavEKaG8=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1UQxJCEUu1CKLpxWcE+oI1hMp22Q2eSMDMRSsgPuPFX3LhQxK17d/6N04fg88DlHs65l5l7gphRqWz73cjNzS8sLuWXCyura+sb5uZWQ0aJwKSOIxaJVoAkYTQkdUUVI61YEMQDRprB8HzsN2+IkDQKr9QoJh5H/ZD2KEZKS765h/20I3gqk0BmGTyFtlVyr9ND23LLmZ8e6e5mvlm0rYrtVMoO/E0cy56gCGao+eZbpxvhhJNQYYakbDt2rLwUCUUxI1mhk0gSIzxEfdLWNEScSC+dXJPBfa10YS8SukIFJ+rXjRRxKUc80JMcqYH86Y3Fv7x2ononXkrDOFEkxNOHegmDKoLjaGCXCoIVG2mCsKD6rxAPkEBY6QALOoTPS+H/pOFajuaXpWL1bBZHHuyAXXAAHHAMquAC1EAdYHAL7sEjeDLujAfj2XiZjuaM2c42+Abj9QNsA5nZ</latexit><latexit sha1_base64="h5pVASnqXcQzXgFpxvLbavEKaG8=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1UQxJCEUu1CKLpxWcE+oI1hMp22Q2eSMDMRSsgPuPFX3LhQxK17d/6N04fg88DlHs65l5l7gphRqWz73cjNzS8sLuWXCyura+sb5uZWQ0aJwKSOIxaJVoAkYTQkdUUVI61YEMQDRprB8HzsN2+IkDQKr9QoJh5H/ZD2KEZKS765h/20I3gqk0BmGTyFtlVyr9ND23LLmZ8e6e5mvlm0rYrtVMoO/E0cy56gCGao+eZbpxvhhJNQYYakbDt2rLwUCUUxI1mhk0gSIzxEfdLWNEScSC+dXJPBfa10YS8SukIFJ+rXjRRxKUc80JMcqYH86Y3Fv7x2ononXkrDOFEkxNOHegmDKoLjaGCXCoIVG2mCsKD6rxAPkEBY6QALOoTPS+H/pOFajuaXpWL1bBZHHuyAXXAAHHAMquAC1EAdYHAL7sEjeDLujAfj2XiZjuaM2c42+Abj9QNsA5nZ</latexit>

Data

Final distribution different from 
the assumed Maxwell 

Boltzmann distribution
Such change in the velocity distribution:
1. Affects Current Direct Detection Limits
2. Impacts Experiments Differently 
3. Is Different for Different Operators
4. Affects Yearly Modulations

Lina Necib, MIT

Incomplete
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<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

Direct Detection
Direct detection depends on 
astrophysical parameters: 
• Dark matter density
• Dark Matter velocity
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<latexit sha1_base64="1CPXtSD8TW9jYXOmhGuwP3teO5I=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXNWkCnZZcOOygn1AEspkOmmHzkzCzKRQ0gj+ihsXirj1N9z5N04fC209cOFwzr3ce0+YMKq043xbhbX1jc2t4nZpZ3dv/8A+PGqpOJWYNHHMYtkJkSKMCtLUVDPSSSRBPGSkHQ5vp357RKSisXjQ44QEHPUFjShG2khd+2TijwjORvkEPvqSZ96QX6og79plp+LMAFeJuyBlsECja3/5vRinnAiNGVLKc51EBxmSmmJG8pKfKpIgPER94hkqECcqyGb35/DcKD0YxdKU0HCm/p7IEFdqzEPTyZEeqGVvKv7neamOakFGRZJqIvB8UZQyqGM4DQP2qCRYs7EhCEtqboV4gCTC2kRWMiG4yy+vkla14l5VqvfX5XptEUcRnIIzcAFccAPq4A40QBNgMAHP4BW8WU/Wi/VufcxbC9Zi5hj8gfX5A7mjloQ=</latexit>
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<latexit sha1_base64="LH5rirhaFmDKJITd3xev6scXluE=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VoQWvSCnZZcOOygn1Ak5bJdNIOnUnCzKRQ0vgRbvwVNy4UcSu482+cPhbaeuDC4Zx7ufceN2RUKtP8NlJr6xubW+ntzM7u3v5B9vCoIYNIYFLHAQtEy0WSMOqTuqKKkVYoCOIuI013eDP1myMiJA38ezUOicNR36cexUhpqZs9t8xOGdqKciKhl5/YI4LjUTIpwAdb8LidH/JLWejEF1biJN1sziyaM8BVYi1IDixQ62a/7F6AI058hRmSsm2ZoXJiJBTFjCQZO5IkRHiI+qStqY/0FU48+yqBZ1rpQS8QunwFZ+rviRhxKcfc1Z0cqYFc9qbif147Ul7FiakfRor4eL7IixhUAZxGBHtUEKzYWBOEBdW3QjxAAmGlg8zoEKzll1dJo1S0ysXS3VWuWlnEkQYn4BTkgQWuQRXcghqoAwwewTN4BW/Gk/FivBsf89aUsZg5Bn9gfP4Ai+SdzA==</latexit>

vmin = vmin(Ethresh,m�)

<latexit sha1_base64="t/3NtaJ8V/GzZhL89uALiCVsiVM=">AAACH3icdVDLSgMxFM34rPVVdekmWIQKUmZKqXYhFERwWcE+oC1DJs10QpPMkGQKZZg/ceOvuHGhiLjr35g+hPo6EDj3nHu5uceLGFXatifWyura+sZmZiu7vbO7t587OGyqMJaYNHDIQtn2kCKMCtLQVDPSjiRB3GOk5Q2vp35rRKSiobjX44j0OBoI6lOMtJHcXGXkJl3JE05FmsIruFwWbuaFDiRRQZqeQ24EHND0zM3l7WLVdqoVB/4mTtGeIQ8WqLu5j24/xDEnQmOGlOo4dqR7CZKaYkbSbDdWJEJ4iAakY6hAnKheMrsvhadG6UM/lOYJDWfq8kSCuFJj7plOjnSgfnpT8S+vE2v/spdQEcWaCDxf5McM6hBOw4J9KgnWbGwIwpKav0IcIImwNpFmTQhfl8L/SbNUdMrF8l05Xyst4siAY3ACCsABF6AGbkEdNAAGD+AJvIBX69F6tt6s93nrirWYOQLfYE0+AVsxpF8=</latexit>

Rate / ⇢DM

Z 1

vmin

f(v)

v
dv

<latexit sha1_base64="kwhBOw4alO9sKbjrJYlbDW1CwGs="></latexit>



Solar 
Neighborhood�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

Direct Detection
Direct detection depends on 
astrophysical parameters: 
• Dark matter density
• Dark Matter velocity
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<latexit sha1_base64="1CPXtSD8TW9jYXOmhGuwP3teO5I=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXNWkCnZZcOOygn1AEspkOmmHzkzCzKRQ0gj+ihsXirj1N9z5N04fC209cOFwzr3ce0+YMKq043xbhbX1jc2t4nZpZ3dv/8A+PGqpOJWYNHHMYtkJkSKMCtLUVDPSSSRBPGSkHQ5vp357RKSisXjQ44QEHPUFjShG2khd+2TijwjORvkEPvqSZ96QX6og79plp+LMAFeJuyBlsECja3/5vRinnAiNGVLKc51EBxmSmmJG8pKfKpIgPER94hkqECcqyGb35/DcKD0YxdKU0HCm/p7IEFdqzEPTyZEeqGVvKv7neamOakFGRZJqIvB8UZQyqGM4DQP2qCRYs7EhCEtqboV4gCTC2kRWMiG4yy+vkla14l5VqvfX5XptEUcRnIIzcAFccAPq4A40QBNgMAHP4BW8WU/Wi/VufcxbC9Zi5hj8gfX5A7mjloQ=</latexit>

10
3
⇥
f(
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1 ]
<latexit sha1_base64="LH5rirhaFmDKJITd3xev6scXluE=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VoQWvSCnZZcOOygn1Ak5bJdNIOnUnCzKRQ0vgRbvwVNy4UcSu482+cPhbaeuDC4Zx7ufceN2RUKtP8NlJr6xubW+ntzM7u3v5B9vCoIYNIYFLHAQtEy0WSMOqTuqKKkVYoCOIuI013eDP1myMiJA38ezUOicNR36cexUhpqZs9t8xOGdqKciKhl5/YI4LjUTIpwAdb8LidH/JLWejEF1biJN1sziyaM8BVYi1IDixQ62a/7F6AI058hRmSsm2ZoXJiJBTFjCQZO5IkRHiI+qStqY/0FU48+yqBZ1rpQS8QunwFZ+rviRhxKcfc1Z0cqYFc9qbif147Ul7FiakfRor4eL7IixhUAZxGBHtUEKzYWBOEBdW3QjxAAmGlg8zoEKzll1dJo1S0ysXS3VWuWlnEkQYn4BTkgQWuQRXcghqoAwwewTN4BW/Gk/FivBsf89aUsZg5Bn9gfP4Ai+SdzA==</latexit>

m� = 10 GeV

vmin = 567 km/s

<latexit sha1_base64="cjR/wK+cbvW/FktdMP47TrXDlOk="></latexit>

m
�
=
10

G
eV

<latexit sha1_base64="Mw6AcKDbUgtoyJand3/e8ms/M5M=">AAACAHicdVDLSgMxFM34rPU16sKFm2BRXJVM310IBRe6rGAf0BlKJk3b0GRmSDJCGerCX3HjQhG3foY7/8b0IajogQuHc+7l3nv8iDOlEfqwlpZXVtfWUxvpza3tnV17b7+pwlgS2iAhD2Xbx4pyFtCGZprTdiQpFj6nLX90MfVbt1QqFgY3ehxRT+BBwPqMYG2krn0oui4ZMnh6Dh0E71wpkkvanMCunUFZVCpW8wiibBE55WrVEIRKlXwOOoZMkQEL1Lv2u9sLSSxooAnHSnUcFGkvwVIzwukk7caKRpiM8IB2DA2woMpLZg9M4IlRerAfSlOBhjP1+0SChVJj4ZtOgfVQ/fam4l9eJ9b9ipewIIo1Dch8UT/mUIdwmgbsMUmJ5mNDMJHM3ArJEEtMtMksbUL4+hT+T5q5rFPIFq4LmVpuEUcKHIFjcAYcUAY1cAXqoAEImIAH8ASerXvr0XqxXuetS9Zi5gD8gPX2CafTlSQ=</latexit>

vmin = vmin(Ethresh,m�)

<latexit sha1_base64="t/3NtaJ8V/GzZhL89uALiCVsiVM=">AAACH3icdVDLSgMxFM34rPVVdekmWIQKUmZKqXYhFERwWcE+oC1DJs10QpPMkGQKZZg/ceOvuHGhiLjr35g+hPo6EDj3nHu5uceLGFXatifWyura+sZmZiu7vbO7t587OGyqMJaYNHDIQtn2kCKMCtLQVDPSjiRB3GOk5Q2vp35rRKSiobjX44j0OBoI6lOMtJHcXGXkJl3JE05FmsIruFwWbuaFDiRRQZqeQ24EHND0zM3l7WLVdqoVB/4mTtGeIQ8WqLu5j24/xDEnQmOGlOo4dqR7CZKaYkbSbDdWJEJ4iAakY6hAnKheMrsvhadG6UM/lOYJDWfq8kSCuFJj7plOjnSgfnpT8S+vE2v/spdQEcWaCDxf5McM6hBOw4J9KgnWbGwIwpKav0IcIImwNpFmTQhfl8L/SbNUdMrF8l05Xyst4siAY3ACCsABF6AGbkEdNAAGD+AJvIBX69F6tt6s93nrirWYOQLfYE0+AVsxpF8=</latexit>

Rate / ⇢DM

Z 1

vmin

f(v)

v
dv

<latexit sha1_base64="kwhBOw4alO9sKbjrJYlbDW1CwGs="></latexit>



Solar 
Neighborhood�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

Direct Detection
Direct detection depends on 
astrophysical parameters: 
• Dark matter density
• Dark Matter velocity
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<latexit sha1_base64="1CPXtSD8TW9jYXOmhGuwP3teO5I=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXNWkCnZZcOOygn1AEspkOmmHzkzCzKRQ0gj+ihsXirj1N9z5N04fC209cOFwzr3ce0+YMKq043xbhbX1jc2t4nZpZ3dv/8A+PGqpOJWYNHHMYtkJkSKMCtLUVDPSSSRBPGSkHQ5vp357RKSisXjQ44QEHPUFjShG2khd+2TijwjORvkEPvqSZ96QX6og79plp+LMAFeJuyBlsECja3/5vRinnAiNGVLKc51EBxmSmmJG8pKfKpIgPER94hkqECcqyGb35/DcKD0YxdKU0HCm/p7IEFdqzEPTyZEeqGVvKv7neamOakFGRZJqIvB8UZQyqGM4DQP2qCRYs7EhCEtqboV4gCTC2kRWMiG4yy+vkla14l5VqvfX5XptEUcRnIIzcAFccAPq4A40QBNgMAHP4BW8WU/Wi/VufcxbC9Zi5hj8gfX5A7mjloQ=</latexit>
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<latexit sha1_base64="LH5rirhaFmDKJITd3xev6scXluE=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VoQWvSCnZZcOOygn1Ak5bJdNIOnUnCzKRQ0vgRbvwVNy4UcSu482+cPhbaeuDC4Zx7ufceN2RUKtP8NlJr6xubW+ntzM7u3v5B9vCoIYNIYFLHAQtEy0WSMOqTuqKKkVYoCOIuI013eDP1myMiJA38ezUOicNR36cexUhpqZs9t8xOGdqKciKhl5/YI4LjUTIpwAdb8LidH/JLWejEF1biJN1sziyaM8BVYi1IDixQ62a/7F6AI058hRmSsm2ZoXJiJBTFjCQZO5IkRHiI+qStqY/0FU48+yqBZ1rpQS8QunwFZ+rviRhxKcfc1Z0cqYFc9qbif147Ul7FiakfRor4eL7IixhUAZxGBHtUEKzYWBOEBdW3QjxAAmGlg8zoEKzll1dJo1S0ysXS3VWuWlnEkQYn4BTkgQWuQRXcghqoAwwewTN4BW/Gk/FivBsf89aUsZg5Bn9gfP4Ai+SdzA==</latexit>

m� = 100 GeV

vmin = 95 km/s

<latexit sha1_base64="IMLobGjFqOyZAtxai8sBI69NTag="></latexit>

m� = 10 GeV

vmin = 567 km/s

<latexit sha1_base64="cjR/wK+cbvW/FktdMP47TrXDlOk="></latexit>

m
�
=
10

G
eV

<latexit sha1_base64="Mw6AcKDbUgtoyJand3/e8ms/M5M=">AAACAHicdVDLSgMxFM34rPU16sKFm2BRXJVM310IBRe6rGAf0BlKJk3b0GRmSDJCGerCX3HjQhG3foY7/8b0IajogQuHc+7l3nv8iDOlEfqwlpZXVtfWUxvpza3tnV17b7+pwlgS2iAhD2Xbx4pyFtCGZprTdiQpFj6nLX90MfVbt1QqFgY3ehxRT+BBwPqMYG2krn0oui4ZMnh6Dh0E71wpkkvanMCunUFZVCpW8wiibBE55WrVEIRKlXwOOoZMkQEL1Lv2u9sLSSxooAnHSnUcFGkvwVIzwukk7caKRpiM8IB2DA2woMpLZg9M4IlRerAfSlOBhjP1+0SChVJj4ZtOgfVQ/fam4l9eJ9b9ipewIIo1Dch8UT/mUIdwmgbsMUmJ5mNDMJHM3ArJEEtMtMksbUL4+hT+T5q5rFPIFq4LmVpuEUcKHIFjcAYcUAY1cAXqoAEImIAH8ASerXvr0XqxXuetS9Zi5gD8gPX2CafTlSQ=</latexit>

m
�
=
10
0
G
eV

<latexit sha1_base64="13fuSxB4ZYS4Iy0QjDeZPEGG8mY=">AAACAXicdZDLSgMxFIYz9VbrbdSN4CZYFFdDpoy1XQgFF7qsYC/QlpJJM21oMjMkGaEM7cZXceNCEbe+hTvfxvQiqOgPgZ/vnMPJ+f2YM6UR+rAyS8srq2vZ9dzG5tb2jr27V1dRIgmtkYhHsuljRTkLaU0zzWkzlhQLn9OGP7yc1ht3VCoWhbd6FNOOwP2QBYxgbVDXPhDdNhkweHIBXYTgpC1FekXrY9i188g5Q265WITIQcj1Sq4x5XLJQOgaMlUeLFTt2u/tXkQSQUNNOFaq5aJYd1IsNSOcjnPtRNEYkyHu05axIRZUddLZBWN4bEgPBpE0L9RwRr9PpFgoNRK+6RRYD9Tv2hT+VWslOih1UhbGiaYhmS8KEg51BKdxwB6TlGg+MgYTycxfIRlgiYk2oeVMCF+Xwv9NveC4nuPdePlKYRFHFhyCI3AKXHAOKuAaVEENEDABD+AJPFv31qP1Yr3OWzPWYmYf/JD19gkbFpVe</latexit>

vmin = vmin(Ethresh,m�)

<latexit sha1_base64="t/3NtaJ8V/GzZhL89uALiCVsiVM=">AAACH3icdVDLSgMxFM34rPVVdekmWIQKUmZKqXYhFERwWcE+oC1DJs10QpPMkGQKZZg/ceOvuHGhiLjr35g+hPo6EDj3nHu5uceLGFXatifWyura+sZmZiu7vbO7t587OGyqMJaYNHDIQtn2kCKMCtLQVDPSjiRB3GOk5Q2vp35rRKSiobjX44j0OBoI6lOMtJHcXGXkJl3JE05FmsIruFwWbuaFDiRRQZqeQ24EHND0zM3l7WLVdqoVB/4mTtGeIQ8WqLu5j24/xDEnQmOGlOo4dqR7CZKaYkbSbDdWJEJ4iAakY6hAnKheMrsvhadG6UM/lOYJDWfq8kSCuFJj7plOjnSgfnpT8S+vE2v/spdQEcWaCDxf5McM6hBOw4J9KgnWbGwIwpKav0IcIImwNpFmTQhfl8L/SbNUdMrF8l05Xyst4siAY3ACCsABF6AGbkEdNAAGD+AJvIBX69F6tt6s93nrirWYOQLfYE0+AVsxpF8=</latexit>

Rate / ⇢DM

Z 1

vmin

f(v)

v
dv

<latexit sha1_base64="kwhBOw4alO9sKbjrJYlbDW1CwGs="></latexit>
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changes are 
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masses m� [GeV]

<latexit sha1_base64="/IWaND06LebVMhrq+bw2Qucq0jY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaQKdllwocsK9gFJCJPppB06MwkzE7GE+CluXCji1h9x5984bbPQ1gMXDufcy733RCmjSjvOt7W2vrG5tV3Zqe7u7R8c2ke1nkoyiUkXJyyRgwgpwqggXU01I4NUEsQjRvrR5Hrm9x+IVDQR93qakoCjkaAxxUgbKbRrPPTxmMInz5c8vyG9IgjtutNw5oCrxC1JHZTohPaXP0xwxonQmCGlPNdJdZAjqSlmpKj6mSIpwhM0Ip6hAnGignx+ewHPjDKEcSJNCQ3n6u+JHHGlpjwynRzpsVr2ZuJ/npfpuBXkVKSZJgIvFsUZgzqBsyDgkEqCNZsagrCk5laIx0girE1cVROCu/zyKuk1G+5Fo3l3WW+3yjgq4AScgnPggivQBregA7oAg0fwDF7Bm1VYL9a79bFoXbPKmWPwB9bnD8vflEA=</latexit>
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[c
m

2 ]
<latexit sha1_base64="vL1WvxFA9svy/l0w685LrLw8ouo=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHcWJIq2GXBjcsK9gFJDJPppB06MwkzE6GEunLjr7hxoYhbf8Gdf+O0zUJbD1w4nHMv994TpYwq7Tjf1tLyyuraemmjvLm1vbNr7+23VZJJTFo4YYnsRkgRRgVpaaoZ6aaSIB4x0omGVxO/c0+koom41aOUBBz1BY0pRtpIoX3kK9rnKMx9PKDwDIoxfPB8yXPMx3e1ILQrTtWZAi4StyAVUKAZ2l9+L8EZJ0JjhpTyXCfVQY6kppiRcdnPFEkRHqI+8QwViBMV5NM/xvDEKD0YJ9KU0HCq/p7IEVdqxCPTyZEeqHlvIv7neZmO60FORZppIvBsUZwxqBM4CQX2qCRYs5EhCEtqboV4gCTC2kRXNiG48y8vknat6p5XazcXlUa9iKMEDsExOAUuuAQNcA2aoAUweATP4BW8WU/Wi/Vufcxal6xi5gD8gfX5A0zumOk=</latexit>

Other theory 
models might 
have stronger 
effects. 
See for example 
Buch et al. 
2019

Lina Necib, MIT



Nyx: Greek Goddess of the Night

Lina Necib, MIT



Lina Necib, MIT

Merging 
Galaxy

Disk 
Perturbation

Or



Lina Necib, MIT

Or

Lina Necib, MITLina Necib, MIT

Observe Nyx stars at Magellan 
and Keck II to obtain high 

resolution chemical abundances.

Merging 
Galaxy

Disk 
Perturbation



Lina Necib, MIT

Video by Shea Garisson-Kimmel,
http://www.tapir.caltech.edu/~sheagk/firemovies.html

Hopkins et al. (2014)
Wetzel et al. (2016) 
Hopkins et al. (2017) 



Lina Necib, MIT

Or

Lina Necib, MITLina Necib, MIT

Observe Nyx stars at Magellan 
and Keck II to obtain high 

resolution chemical abundances.

Merging 
Galaxy

Disk 
Perturbation

Wang, Necib, Ji, et. al. (2022)

Older Stars



Lake (1989)
Read et al. (2008)
Bruch et al. (2008)

Read et al. (2008)

Lina Necib, MIT



Lake (1989)
Read et al. (2008)
Bruch et al. (2008)

Read et al. (2008)

must form

Lina Necib, MIT



Solar 
Neighborhood�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

Direct Detection
Direct detection depends on 
astrophysical parameters: 
• Dark matter density
• Dark Matter velocity
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<latexit sha1_base64="1CPXtSD8TW9jYXOmhGuwP3teO5I=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXNWkCnZZcOOygn1AEspkOmmHzkzCzKRQ0gj+ihsXirj1N9z5N04fC209cOFwzr3ce0+YMKq043xbhbX1jc2t4nZpZ3dv/8A+PGqpOJWYNHHMYtkJkSKMCtLUVDPSSSRBPGSkHQ5vp357RKSisXjQ44QEHPUFjShG2khd+2TijwjORvkEPvqSZ96QX6og79plp+LMAFeJuyBlsECja3/5vRinnAiNGVLKc51EBxmSmmJG8pKfKpIgPER94hkqECcqyGb35/DcKD0YxdKU0HCm/p7IEFdqzEPTyZEeqGVvKv7neamOakFGRZJqIvB8UZQyqGM4DQP2qCRYs7EhCEtqboV4gCTC2kRWMiG4yy+vkla14l5VqvfX5XptEUcRnIIzcAFccAPq4A40QBNgMAHP4BW8WU/Wi/VufcxbC9Zi5hj8gfX5A7mjloQ=</latexit>
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<latexit sha1_base64="LH5rirhaFmDKJITd3xev6scXluE=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VoQWvSCnZZcOOygn1Ak5bJdNIOnUnCzKRQ0vgRbvwVNy4UcSu482+cPhbaeuDC4Zx7ufceN2RUKtP8NlJr6xubW+ntzM7u3v5B9vCoIYNIYFLHAQtEy0WSMOqTuqKKkVYoCOIuI013eDP1myMiJA38ezUOicNR36cexUhpqZs9t8xOGdqKciKhl5/YI4LjUTIpwAdb8LidH/JLWejEF1biJN1sziyaM8BVYi1IDixQ62a/7F6AI058hRmSsm2ZoXJiJBTFjCQZO5IkRHiI+qStqY/0FU48+yqBZ1rpQS8QunwFZ+rviRhxKcfc1Z0cqYFc9qbif147Ul7FiakfRor4eL7IixhUAZxGBHtUEKzYWBOEBdW3QjxAAmGlg8zoEKzll1dJo1S0ysXS3VWuWlnEkQYn4BTkgQWuQRXcghqoAwwewTN4BW/Gk/FivBsf89aUsZg5Bn9gfP4Ai+SdzA==</latexit>

Dark 
Disk

m� = 100 GeV

vmin = 95 km/s

<latexit sha1_base64="IMLobGjFqOyZAtxai8sBI69NTag="></latexit>

m� = 10 GeV

vmin = 567 km/s

<latexit sha1_base64="cjR/wK+cbvW/FktdMP47TrXDlOk="></latexit>

m
�
=
10

G
eV

<latexit sha1_base64="Mw6AcKDbUgtoyJand3/e8ms/M5M=">AAACAHicdVDLSgMxFM34rPU16sKFm2BRXJVM310IBRe6rGAf0BlKJk3b0GRmSDJCGerCX3HjQhG3foY7/8b0IajogQuHc+7l3nv8iDOlEfqwlpZXVtfWUxvpza3tnV17b7+pwlgS2iAhD2Xbx4pyFtCGZprTdiQpFj6nLX90MfVbt1QqFgY3ehxRT+BBwPqMYG2krn0oui4ZMnh6Dh0E71wpkkvanMCunUFZVCpW8wiibBE55WrVEIRKlXwOOoZMkQEL1Lv2u9sLSSxooAnHSnUcFGkvwVIzwukk7caKRpiM8IB2DA2woMpLZg9M4IlRerAfSlOBhjP1+0SChVJj4ZtOgfVQ/fam4l9eJ9b9ipewIIo1Dch8UT/mUIdwmgbsMUmJ5mNDMJHM3ArJEEtMtMksbUL4+hT+T5q5rFPIFq4LmVpuEUcKHIFjcAYcUAY1cAXqoAEImIAH8ASerXvr0XqxXuetS9Zi5gD8gPX2CafTlSQ=</latexit>

m
�
=
10
0
G
eV

<latexit sha1_base64="13fuSxB4ZYS4Iy0QjDeZPEGG8mY=">AAACAXicdZDLSgMxFIYz9VbrbdSN4CZYFFdDpoy1XQgFF7qsYC/QlpJJM21oMjMkGaEM7cZXceNCEbe+hTvfxvQiqOgPgZ/vnMPJ+f2YM6UR+rAyS8srq2vZ9dzG5tb2jr27V1dRIgmtkYhHsuljRTkLaU0zzWkzlhQLn9OGP7yc1ht3VCoWhbd6FNOOwP2QBYxgbVDXPhDdNhkweHIBXYTgpC1FekXrY9i188g5Q265WITIQcj1Sq4x5XLJQOgaMlUeLFTt2u/tXkQSQUNNOFaq5aJYd1IsNSOcjnPtRNEYkyHu05axIRZUddLZBWN4bEgPBpE0L9RwRr9PpFgoNRK+6RRYD9Tv2hT+VWslOih1UhbGiaYhmS8KEg51BKdxwB6TlGg+MgYTycxfIRlgiYk2oeVMCF+Xwv9NveC4nuPdePlKYRFHFhyCI3AKXHAOKuAaVEENEDABD+AJPFv31qP1Yr3OWzPWYmYf/JD19gkbFpVe</latexit>

vmin = vmin(Ethresh,m�)

<latexit sha1_base64="t/3NtaJ8V/GzZhL89uALiCVsiVM=">AAACH3icdVDLSgMxFM34rPVVdekmWIQKUmZKqXYhFERwWcE+oC1DJs10QpPMkGQKZZg/ceOvuHGhiLjr35g+hPo6EDj3nHu5uceLGFXatifWyura+sZmZiu7vbO7t587OGyqMJaYNHDIQtn2kCKMCtLQVDPSjiRB3GOk5Q2vp35rRKSiobjX44j0OBoI6lOMtJHcXGXkJl3JE05FmsIruFwWbuaFDiRRQZqeQ24EHND0zM3l7WLVdqoVB/4mTtGeIQ8WqLu5j24/xDEnQmOGlOo4dqR7CZKaYkbSbDdWJEJ4iAakY6hAnKheMrsvhadG6UM/lOYJDWfq8kSCuFJj7plOjnSgfnpT8S+vE2v/spdQEcWaCDxf5McM6hBOw4J9KgnWbGwIwpKav0IcIImwNpFmTQhfl8L/SbNUdMrF8l05Xyst4siAY3ACCsABF6AGbkEdNAAGD+AJvIBX69F6tt6s93nrirWYOQLfYE0+AVsxpF8=</latexit>

Rate / ⇢DM

Z 1

vmin

f(v)

v
dv

<latexit sha1_base64="kwhBOw4alO9sKbjrJYlbDW1CwGs="></latexit>



Lina Necib, MIT

No Dark Disk

⇢d/⇢h = 2

<latexit sha1_base64="XOop/87+TWF54iNddOAisdJOmLo=">AAACCHicdVDLSsNAFJ34rPUVdenCwSK4ikkpahdCwY3LCvYBTQiTyaQdOsmEmYlQQpZu/BU3LhRx6ye482+cPsT3gQtnzrmXufcEKaNS2fabMTe/sLi0XFopr66tb2yaW9ttyTOBSQtzxkU3QJIwmpCWooqRbioIigNGOsHwfOx3romQlCdXapQSL0b9hEYUI6Ul39xzxYD7uSviPCyKo8/XoCjgGaz6ZsW26rZTP3bgb+JY9gQVMEPTN1/dkOMsJonCDEnZc+xUeTkSimJGirKbSZIiPER90tM0QTGRXj45pIAHWglhxIWuRMGJ+nUiR7GUozjQnTFSA/nTG4t/eb1MRadeTpM0UyTB04+ijEHF4TgVGFJBsGIjTRAWVO8K8QAJhJXOrqxD+LgU/k/aVcupWbXLWqVRncVRArtgHxwCB5yABrgATdACGNyAO/AAHo1b4954Mp6nrXPGbGYHfIPx8g5rgZou</latexit>

⇢d/⇢h = 1

<latexit sha1_base64="GfYwTTJfDOi8gA4gRMpSx1FB6bY=">AAACCHicdVDLSsNAFJ34rPUVdenCwSK4ikkpahdCwY3LCvYBTQiTyaQdOpOEmYlQQpZu/BU3LhRx6ye482+cPsT3gQtnzrmXufcEKaNS2fabMTe/sLi0XFopr66tb2yaW9ttmWQCkxZOWCK6AZKE0Zi0FFWMdFNBEA8Y6QTD87HfuSZC0iS+UqOUeBz1YxpRjJSWfHPPFYPEz13B87Aojj5fg6KAZ9DxzYpt1W2nfuzA38Sx7AkqYIamb766YYIzTmKFGZKy59ip8nIkFMWMFGU3kyRFeIj6pKdpjDiRXj45pIAHWglhlAhdsYIT9etEjriUIx7oTo7UQP70xuJfXi9T0amX0zjNFInx9KMoY1AlcJwKDKkgWLGRJggLqneFeIAEwkpnV9YhfFwK/yftquXUrNplrdKozuIogV2wDw6BA05AA1yAJmgBDG7AHXgAj8atcW88Gc/T1jljNrMDvsF4eQdp/Zot</latexit>

⇢d/⇢h = 0.5

<latexit sha1_base64="TNsVSlpNkA9PG4HLkmnNhew4wFE=">AAACCnicdVDLSsNAFJ3UV62vqEs3o0VwFZNSH10IBTcuK9gHNCFMJpNm6OTBzEQoIWs3/oobF4q49Qvc+TdOH+L7wIUz59zL3Hu8lFEhTfNNK83NLywulZcrK6tr6xv65lZHJBnHpI0TlvCehwRhNCZtSSUjvZQTFHmMdL3h+djvXhMuaBJfyVFKnAgNYhpQjKSSXH3X5mHi5jaPcr8oDj9fYVHAM2gaR65eNY2GaTWOLfibWIY5QRXM0HL1V9tPcBaRWGKGhOhbZiqdHHFJMSNFxc4ESREeogHpKxqjiAgnn5xSwH2l+DBIuKpYwon6dSJHkRCjyFOdEZKh+OmNxb+8fiaDUyencZpJEuPpR0HGoEzgOBfoU06wZCNFEOZU7QpxiDjCUqVXUSF8XAr/J52aYdWN+mW92qzN4iiDHbAHDoAFTkATXIAWaAMMbsAdeACP2q12rz1pz9PWkjab2QbfoL28A2FOmqM=</latexit>

⇢d :

⇢h :

<latexit sha1_base64="bgxImEc7fBCTaaS8PQuNo85giSA=">AAACC3icdZDLSsNAFIYn9VbjLerSzdAiuApJKWpdFdy4rGAv0JQwmUyaoZMLMxOhhOzd+CpuXCji1hdw59s4aSvefxj4+c45nDm/lzIqpGW9aZWl5ZXVteq6vrG5tb1j7O71RJJxTLo4YQkfeEgQRmPSlVQyMkg5QZHHSN+bnJf1/jXhgibxlZymZBShcUwDipFUyDVqDg8TN3d4lPtFAc+g4+ifKCyRa9Qts2XZrWMb/ja2ac1UBwt1XOPV8ROcRSSWmCEhhraVylGOuKSYkUJ3MkFShCdoTIbKxigiYpTPbingoSI+DBKuXizhjH6dyFEkxDTyVGeEZCh+1kr4V22YyeB0lNM4zSSJ8XxRkDEoE1gGA33KCZZsqgzCnKq/QhwijrBU8ekqhI9L4f+m1zDtptm8bNbbjUUcVXAAauAI2OAEtMEF6IAuwOAG3IEH8Kjdavfak/Y8b61oi5l98E3ayzsJVJsE</latexit>

Dark Disk Density
Dark Halo Density

Bruch et al. (2008)



Ou, Necib & Frebel (2022) 

Xiaowei Ou
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• Gaia eDR3 proper motions
• Gaia DR2 radial velocities
• Quality cuts

Beyond the largest structures,
The use of Clustering



Ou, Necib & Frebel (2022) 

Xiaowei Ou

Beyond the largest structures,
The use of Clustering



Ou, Necib & Frebel (2022) 

Xiaowei Ou

Beyond the largest structures,
The use of Clustering



NEXT:
• Correlating dark matter and stars in 

streams
• Estimating relative contribution of dark 

matter in Nyx
• Estimating relative contribution of Dark 

Subhalos to the local Dark Matter

Lina Necib, MIT



Galactic 
Center

https://www.ge.com/reports/5-coolest-things-earth-week-29-6/andromeda-galaxy/

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

Lina Necib, MIT



Galactic 
Center

https://www.ge.com/reports/5-coolest-things-earth-week-29-6/andromeda-galaxy/

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

Pros

• Largest 
Density of 
Dark Matter

Cons

• Largest 
Astrophysical 
Backgrounds

Lina Necib, MIT

<latexit sha1_base64="3asVfXepX2xz/6SZNkB7oDFOAic="></latexit>

J =

Z
ds

Z
d⌦ ⇢2

J factor:
Integrated density squared of 
Dark Matter along the line of 
sight.



Galactic 
Center

https://www.ge.com/reports/5-coolest-things-earth-week-29-6/andromeda-galaxy/

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

�

<latexit sha1_base64="TB7KW+4jTpL/ufnuvwIVUuBFwe0=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2acYrsrunFZwT6gHUomzbSxSWZIMkIZ+g9uXCji1v9x59+YPgQVPXDhcM693HtPlHKmDUIfzsrq2vrGZmGruL2zu7dfOjhs6SRThDZJwhPVibCmnEnaNMxw2kkVxSLitB2Nr2Z++54qzRJ5ayYpDQUeShYzgo2VWr0hFgL3S2Xk1mooCCoQuRXk+37VEnTuV2se9Fw0Rxks0eiX3nuDhGSCSkM41rrrodSEOVaGEU6nxV6maYrJGA9p11KJBdVhPr92Ck+tMoBxomxJA+fq94kcC60nIrKdApuR/u3NxL+8bmbiapgzmWaGSrJYFGccmgTOXocDpigxfGIJJorZWyEZYYWJsQEVbQhfn8L/Sct3vcANboJy/XIZRwEcgxNwBjxwAergGjRAExBwBx7AE3h2EufReXFeF60rznLmCPyA8/YJ8xaPZQ==</latexit>

�

<latexit sha1_base64="TB7KW+4jTpL/ufnuvwIVUuBFwe0=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2acYrsrunFZwT6gHUomzbSxSWZIMkIZ+g9uXCji1v9x59+YPgQVPXDhcM693HtPlHKmDUIfzsrq2vrGZmGruL2zu7dfOjhs6SRThDZJwhPVibCmnEnaNMxw2kkVxSLitB2Nr2Z++54qzRJ5ayYpDQUeShYzgo2VWr0hFgL3S2Xk1mooCCoQuRXk+37VEnTuV2se9Fw0Rxks0eiX3nuDhGSCSkM41rrrodSEOVaGEU6nxV6maYrJGA9p11KJBdVhPr92Ck+tMoBxomxJA+fq94kcC60nIrKdApuR/u3NxL+8bmbiapgzmWaGSrJYFGccmgTOXocDpigxfGIJJorZWyEZYYWJsQEVbQhfn8L/Sct3vcANboJy/XIZRwEcgxNwBjxwAergGjRAExBwBx7AE3h2EufReXFeF60rznLmCPyA8/YJ8xaPZQ==</latexit>

�

<latexit sha1_base64="0mLoiOpTlM4Jix7B81FSULrduaM=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZI+SLsrunFZwT6gDWUynTRDZyZhZiKU0F9w40IRt/6QO//GSVtBRQ9cOJxzL/feEySMKu04H1ZhY3Nre6e4W9rbPzg8Kh+f9FScSky6OGaxHARIEUYF6WqqGRkkkiAeMNIPZte5378nUtFY3Ol5QnyOpoKGFCOdSyMc0XG54thu1fMaLnTsVqvlNWor4tSa0LWdJSpgjc64/D6axDjlRGjMkFJD10m0nyGpKWZkURqliiQIz9CUDA0ViBPlZ8tbF/DCKBMYxtKU0HCpfp/IEFdqzgPTyZGO1G8vF//yhqkOm35GRZJqIvBqUZgyqGOYPw4nVBKs2dwQhCU1t0IcIYmwNvGUTAhfn8L/Sa9qu3W7fluvtK/WcRTBGTgHl8AFHmiDG9ABXYBBBB7AE3i2uPVovVivq9aCtZ45BT9gvX0ClqyOoA==</latexit>

A simple extension of the 
Standard Model.
Single New Electroweak 
Triplet Fermion.
Expected in TeV mass scale, 
hard to probe in colliders.

Chardonnet, Salati, Fayet (1993)
Hisano et al. (2003, 2004, 2005, 2006, 2007)
Cirelli et al. (2006, 2007)

Lina Necib, MIT

L = LSM + �(i⇢⇢D +M)�

<latexit sha1_base64="wq/OiK2jcdSgW2BT8CmfN/PiobE="></latexit>



Rinchiuso et 
al. (2018)

By Klepser at English Wikipedia, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=61288242

H.E.S.S.

Example: Dark Matter Search at H.E.S.S.

Lina Necib, MIT



Rinchiuso et 
al. (2018)

By Klepser at English Wikipedia, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=61288242

Nsignal = Flux� ⇥ Experimental E�ciency ⇥ Exposure

/ h�vi
Z

line of sight

Z

angles
⇢2�d⌦ ds⇥A�

e↵

<latexit sha1_base64="77zPpZN7+7IpPFaZc48dk/O+6JU="></latexit>

Example: Dark Matter Search at H.E.S.S.

Lina Necib, MIT



Rinchiuso et 
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By Klepser at English Wikipedia, CC BY-SA 3.0, 
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<latexit sha1_base64="77zPpZN7+7IpPFaZc48dk/O+6JU="></latexit>

Example: Dark Matter Search at H.E.S.S.

Lina Necib, MIT
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By Klepser at English Wikipedia, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=61288242

The
or
et
ica

l

Unc
er
ta
in
tie

s

Ex
pe

rim
en

ta
l

Unc
er
ta
in
tie

s

Ast
ro
ph

ys
ica

l

Unc
er
ta
in
tie

s

0

10000

20000

30000

40000

50000

60000

E
Æ
ec

t
on

L
im

it
s

[%
]

Theoretical Uncertainties
0

10

20

30

E
Æ
ec

t
on

L
im

it
s

[%
]

Bauer et al. (2015), 
Ovanesyan et al. (2015),
Ovanesyan et al. (2017),
Baumgart et al. (2017), 
Baumgart et al. (2018)

Nsignal = Flux� ⇥ Experimental E�ciency ⇥ Exposure

/ h�vi
Z

line of sight

Z

angles
⇢2�d⌦ ds⇥A�

e↵

<latexit sha1_base64="HyTOx1fLDmbTUKcPFcJWUMos3F8="></latexit>

Example: Dark Matter Search at H.E.S.S.
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https://commons.wikimedia.org/w/index.php?curid=61288242
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H.E.S.S Collaboration (2006)
Holler et al. (2017)
H.E.S.S. Collaboration (2018)

Nsignal = Flux� ⇥ Experimental E�ciency ⇥ Exposure
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<latexit sha1_base64="F7wshUBJ3QYG865sTgvJ2ttJgCA="></latexit>

Example: Dark Matter Search at H.E.S.S.
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Einasto (1965)
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<latexit sha1_base64="huMKANtM7D5tGykeeMHXLd2DSPw="></latex it>

Example: Dark Matter Search at H.E.S.S.



Galactic 
Center

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

Dark Matter Density

Line of Sight Integral

Solid Angle Integral

R /
Z Z

l.o.s
⇢2 ds d⌦

⇢ :

ds :

d⌦ :

<latexit sha1_base64="lcdhyHQfxpBuh3fhFBgN24/TVzk="></latexit>

Rinchiuso et 
al. (2018)

Example: Wino Dark Matter Search at 
H.E.S.S.

D
ifferent Profiles

Rinchiuso et al. (2018)

J /
Z Z

l.o.s
⇢2 ds d⌦

<latexit sha1_base64="aMqZ29XUM7ck15h9PDmDZULJPqk="></latexit>



Galactic 
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�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

Dark Matter Density

Line of Sight Integral

Solid Angle Integral

Rinchiuso et 
al. (2018)

Example: Wino Dark Matter Search at 
H.E.S.S.

D
ifferent Profiles

Rinchiuso et al. (2018)
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<latexit sha1_base64="lcdhyHQfxpBuh3fhFBgN24/TVzk="></latexit>

J /
Z Z

l.o.s
⇢2 ds d⌦

<latexit sha1_base64="aMqZ29XUM7ck15h9PDmDZULJPqk="></latexit>
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<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

�

<latexit sha1_base64="rZNBVNKmE24IIpfr1nqAYN0xdvM=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CkkJaG9FLx4r2A9oQ9lsN83S3U3Y3Qil9C948aCIV/+QN/+Nm7YUFX0w8Hhvhpl5UcaZNp736aytb2xubZd2yrt7+weHlaPjtk5zRWiLpDxV3QhrypmkLcMMp91MUSwiTjvR+KbwOw9UaZbKezPJaCjwSLKYEWwKqU8SNqhUPTfwLALku94cyHPr9XrNq62UKizRHFQ++sOU5IJKQzjWuud7mQmnWBlGOJ2V+7mmGSZjPKI9SyUWVIfT+a0zdG6VIYpTZUsaNFe/T0yx0HoiItspsEn0b68Q//J6uYmvwimTWW6oJItFcc6RSVHxOBoyRYnhE0swUczeikiCFSbGxlO2Iax+/5+0a64fuMFdUG1cL+MowSmcwQX4cAkNuIUmtIBAAo/wDC+OcJ6cV+dt0brmLGdO4Aec9y87PI5h</latexit>

SM

<latexit sha1_base64="Mla9SyFsif38+ch+jY/+xo9UyBw=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEiRDQLJEPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8dye3tLyyupZfL2xsbm3vFHf3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo4up37qjSrNY3ppxQgOBB5JFjGBjpVZXiezmatIrljy36vnVio9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYIMPKMMLppNBNNU0wGeEB7VgqsaA6yGbnTtCRVfooipUtadBM/TqRYaH1WIS2U2Az1D+9qfiX10lNdBZkTCapoZLMF0UpRyZG099RnylKDB9bgoli9lZEhlhhYmxCBRvC56fof9I8cf2yW74ul2rnizjycACHcAw+nEINLqEODSAwgnt4hCcncR6cZ+dl3ppzFjP78A3O6wfRno/o</latexit>

Dark Matter Density

Line of Sight Integral

Solid Angle Integral

Rinchiuso et 
al. (2018)

Example: Wino Dark Matter Search at 
H.E.S.S.

D
ifferent Profiles

Rinchiuso et al. (2018)

Ex
cl

ud
ed

 w
ith

 a
 c

or
e 

of
 2

 k
pc

Excluded with an Einasto
Profile

R /
Z Z

l.o.s
⇢2 ds d⌦

⇢ :

ds :

d⌦ :

<latexit sha1_base64="lcdhyHQfxpBuh3fhFBgN24/TVzk="></latexit>

J /
Z Z

l.o.s
⇢2 ds d⌦

<latexit sha1_base64="aMqZ29XUM7ck15h9PDmDZULJPqk="></latexit>



Einasto (1965)
Navarro, Frenk, White (1996)
Fornasa & Green (2013)
Gaskins (2016)

10°2 10°1 100 101

r [kpc]

10°1

100

101

102

103

Ω
[G

eV
/c

m
3 ]

NFW

Einasto

Sun

Lina Necib, MIT



Einasto (1965)
Burkert (1995)
Navarro, Frenk, White (1996)
Fornasa & Green (2013)
Gaskins (2016)

10°2 10°1 100 101

r [kpc]

10°1

100

101

102

103

Ω
[G

eV
/c

m
3 ]

NFW

Einasto

Burkert

Sun

Lina Necib, MIT



Einasto (1965)
Burkert (1995)
Navarro, Frenk, White (1996)
Fornasa & Green (2013)
Gaskins (2016)

10°2 10°1 100 101

r [kpc]

10°1

100

101

102

103

Ω
[G

eV
/c

m
3 ]

NFW

Einasto

Burkert

Sun

Goal:
Narrow 
down

Lina Necib, MIT



10°2 10°1 100 101

r [kpc]

10°1

100

101

102

103

Ω
[G

eV
/c

m
3
]

NFW

Einasto

Burkert

Lina Necib, MIT

Circular 
Velocity

Escape 
Velocity

Streams

https://www.universetoday.com/9152
0/astronomy-without-a-telescope-
could-dark-matter-not-matter/

NASA / ESA/ Hubble / Marchetti et al. 2018

Credit: Gabriel Pérez 
Díaz, SMM (IAC).
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Lina Necib, MIT Fardal et al. (2019)

Data Model
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Gaia DR2

Gaia eDR3 Leonard & Tremaine (1990)
Necib & Lin,(2021a,b)Lina Necib, MIT



Roche, Necib & Lin (in prep)
Lina Necib, MIT



Roche, Necib & Lin (in prep)
Lina Necib, MIT

Stay tuned!
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Sharp 
Decline

Check out the talk later today by Xiaowei Ou,

2:30 PM - 2:45 PM (Lawrence Hall 203)
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https://www.ge.com/reports/5-coolest-things-earth-week-29-6/andromeda-galaxy/

Solar 
Neighborhood

Streams

Lina Necib, MIT



Grillmair & Dionatos (2006b)
Koposov et al. (2010)
Price-Whelan & Bonaca (2018)
Bonaca et al. (2019)

• Gaps in streams can constrain dark matter subhalo masses, and 
therefore models of warm dark matter!

• Streams are also used to constrain the potential of the Milky 
Way.

GD1 stream

Lina Necib, MIT



Lina Necib, MIT Bonaca et al. (2019)



Need larger statistics to 
determine the profile of dark 

matter subhalos

Lina Necib, MIT Bonaca et al. (2019)



Need to increase statistics of streams

For a large dataset of streams, see https://github.com/cmateu/galstreams

Lina Necib, MIT



Build a Stream Finder Algorithm

Lina Necib, MIT

Via Machinae

Shih, Buckley, Necib, Tamanas (2021)

Gaia

A machine learning 
algorithm that searches for 
anomalies in a multi-
dimensional distribution. 



Lina Necib, MIT Shih, Buckley, Necib (2023)



102 New Stream Candidates, 
90 of which are expected to match stellar structures

Shih, Buckley, Necib (2023)Lina Necib, MIT



Galactic 
Center

Dwarf 
Galaxies

https://www.ge.com/reports/5-coolest-things-earth-week-29-6/andromeda-galaxy/

Solar 
Neighborhood

Streams

Lina Necib, MIT

Density Profile of Dark 
Matter in Dwarfs.
Core/Cusp Problem.

Tri Nguyen
Nguyen, Mishra-
Sharma, Reul &
Necib (2022)
arXiv:2208.12825



Galactic 
Center

Dwarf 
Galaxies

https://www.ge.com/reports/5-coolest-things-earth-week-29-6/andromeda-galaxy/

Solar 
Neighborhood

This Talk:
How to map out the Dark Matter phase space distribution on 
Galactic Scales at key locations. 

Streams

Lina Necib, MIT



Thank you!

Survey for your thoughts 
on the postdoc deadline 
of January 7


