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Essig, Volansky, TTY Phys.Rev.D 96 (2017) 4, 043017 [1703.00910]

DarkSide Collaboration Phys.Rev.Lett. 121 (2018) 11, 111303 [1802.06998]

An, Pospelov, Pradler, Ritz, Phys.Rev.Lett. 120 (2018) 14, 141801 [1708.03642]
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https://arxiv.org/abs/1708.03642
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DM-electron limits in 2022
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Snowmass2021 Cosmic Frontier: The landscape of low-threshold dark matter direct detection in the next decade [arXiv:2203.08297]
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Projections for future Si Skipper-CCD experiments

100 g-yr
1 kg-yr
30 kg-yr

DM-electron limits in the next decade
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Outlook for sub-GeV DM direct detection
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[arXiv:2203.08297]
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heavy mediator

light mediator

 electric dipole moment
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structure function

see talks by Y. Kahn and T. Lin

ingredients for rate
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material dependent
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ingredients for rate
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astrophysics

DM halo-model
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DM-e scattering rate
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astrophysics

particle physics

material dependent
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DM-e scattering rate
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astrophysics
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dark matter halo
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DM-electron limits in 2022
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calculated using the “Standard Halo Model”

Snowmass2021 Cosmic Frontier: The landscape of low-threshold dark matter direct detection in the next decade [arXiv:2203.08297]
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Why the SHM?
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Isothermal spherical distribution for Galactic DM which scales like 
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collisionless steady-state Boltzmann equation 

= 

isotropic Maxwell-Boltzmann velocity distribution

r−2

n.b. anisotropic velocity distributions break the direct relationship  
between DM density and velocity distributions*
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What is the Standard Halo Model?
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parameters of SHM
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parameters of SHM
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parameters of SHM

19

fSHM(~v) =
1

K
e�|~v+~vE |2/v2

0⇥(vesc � |~v + ~vE |)

<latexit sha1_base64="X5w7DdOJGQWZViAvzv9QbMEaWGM="></latexit>

normalization

Galactic escape velocity

Galactic velocity of Earth

local solar circular velocity

vesc 2 [450, 600] km/s

<latexit sha1_base64="Rat3IVTIJP53C9TnQwMyrvXl3EU=">AAACC3icbVDLSgMxFM34rPU16tJNaBFcSM3I+FgW3bisYB/QDiWTpm1okhmSTKEMde3GX3HjQhG3/oA7/8a0nYW2HrhwOOde7r0njDnTBqFvZ2l5ZXVtPbeR39za3tl19/ZrOkoUoVUS8Ug1QqwpZ5JWDTOcNmJFsQg5rYeDm4lfH1KlWSTvzSimgcA9ybqMYGOltlsYttOWEpBqMm4xCZv+OTq5QCh4sGo6EKd63HaLqISmgIvEy0gRZKi03a9WJyKJoNIQjrVueig2QYqVYYTTcb6VaBpjMsA92rRUYkF1kE5/GcMjq3RgN1K2pIFT9fdEioXWIxHaToFNX897E/E/r5mY7lWQMhknhkoyW9RNODQRnAQDO0xRYvjIEkwUs7dC0scKE2Pjy9sQvPmXF0ntrOT5Jf/OL5avszhy4BAUwDHwwCUog1tQAVVAwCN4Bq/gzXlyXpx352PWuuRkMwfgD5zPH1gKmfo=</latexit>

v0 2 [200, 280] km/s

<latexit sha1_base64="HGS3xjTnvpp3czS+o4tZQS+lRBc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBhdRMKdhl0Y3LCvYBnWHIpGkbmmSGJFMoQ8WNv+LGhSJu/Ql3/o3pY6HVAxcO59zLvfdECWfaIPTl5FZW19Y38puFre2d3T13/6Cp41QR2iAxj1U7wppyJmnDMMNpO1EUi4jTVjS8nvqtEVWaxfLOjBMaCNyXrMcINlYK3aNRiHwmYaeM0Hm5ioJ7X4lsKC70JHSLqIRmgH+JtyBFsEA9dD/9bkxSQaUhHGvd8VBiggwrwwink4KfappgMsR92rFUYkF1kM1+mMBTq3RhL1a2pIEz9edEhoXWYxHZToHNQC97U/E/r5OaXjXImExSQyWZL+qlHJoYTgOBXaYoMXxsCSaK2VshGWCFibGxFWwI3vLLf0mzXPIqpcptpVi7WsSRB8fgBJwBD1yCGrgBddAABDyAJ/ACXp1H59l5c97nrTlnMXMIfsH5+AasPJZJ</latexit>

vE 2 [215, 245] km/s

<latexit sha1_base64="07DOHNy+Nhutv6NQfx615hB38Yg=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBhdSZMkWXRRFcVrAPmBlKJk3b0CQzJJlCGSpu/BU3LhRx60+4829MHwutHrhwOOde7r0nShhV2nG+rNzS8srqWn69sLG5tb1j7+41VJxKTOo4ZrFsRUgRRgWpa6oZaSWSIB4x0owGVxO/OSRS0Vjc6VFCQo56gnYpRtpIbftg2L4OqIB+2a2clr1KeB9Ing34mRq37aJTcqaAf4k7J0UwR61tfwadGKecCI0ZUsp3nUSHGZKaYkbGhSBVJEF4gHrEN1QgTlSYTX8Yw2OjdGA3lqaEhlP150SGuFIjHplOjnRfLXoT8T/PT3X3IsyoSFJNBJ4t6qYM6hhOAoEdKgnWbGQIwpKaWyHuI4mwNrEVTAju4st/SaNccr2Sd+sVq5fzOPLgEByBE+CCc1AFN6AG6gCDB/AEXsCr9Wg9W2/W+6w1Z81n9sEvWB/f2PGWZQ==</latexit>



Tien-Tien Yu (University of Oregon) GUINEAPIG — September 10, 2022

Astrophysical Parameters
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A. Radick, A.M.Taki, TTY JCAP 02 (2021) 004, arXiv:2011.02493

See also D. Baxter et al “Recommended conventions for reporting results from direct dark matter searches” [arXiv:2105.00599]
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The Standard Halo Model
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A. Radick, A.M.Taki, TTY JCAP 02 (2021) 004, arXiv:2011.02493
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typical energy transfer
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2µ�N

arbitrary-size momentum
 transfer is possible
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typical momentum transfer
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typical size of the momentum transfer is set by the electron’s momentum

qtyp ' meve ⇠ Ze↵↵me

~ 4 keV

This requires q on tail of e- wave function or DM velocity! 
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Event Rates
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Ne " & mx # 7�! Rate becomes more sensitive to astro uncertainties.

A. Radick, A.M.Taki, TTY JCAP 02 (2021) 004, arXiv:2011.02493
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Cross-section reach
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SHM vs. simulations
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Lisanti, Strigari, Wacker, Wechsler

Phys.Rev.D 83 (2011) 023519, arXiv:1010.4300

See also Bozorgnia et al, 

JCAP 05 (2016) 024, arXiv: 1601.04707
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Empirical Model
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DM-only Rhapsody (solid)/Bolshoi (dashed, dotted) 
simulations

Mao, Strigari, Wechsler, Wu, Hahn 

Astrophys.J. 764 (2013) 35, arXiv:1210.2721 
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Empirical Model

31
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Halo Models
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Standard  
Halo Model
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Comparing models

33

0.0

0.002

0.004

¥(
v m

in
)

[(
km

/s
)°

1
]

Comparison of Velocity Distributions

SHM fiducial

SHM updated

Tsallis fiducial

Tsallis updated

Empirical fiducial

Empirical updated

Tsallis fiducial

Tsallis updated

Empirical fiducial

Empirical updated

0 100 200 300 400 500 600 700

v [km/s]

0.5
1

1.5

ra
ti
o

A,Radick, A.M.Taki, TTY JCAP 02 (2021) 004, arXiv:2011.02493



Tien-Tien Yu (University of Oregon) GUINEAPIG — September 10, 2022

1.2 5.0 8.8 12.6 16.4 20.2 24.0 27.8 31.6 35.4 39.2 43.0
Ee [eV]

10°5

10°3

10°1

101

103

105

R
at

e
[#

/
kg

-y
ea

r]

FDM = 1
m¬ = 10 MeV

1.2 5.0 8.8 12.6 16.4 20.2 24.0 27.8 31.6 35.4 39.2 43.0
Ee [eV]

10°5

10°3

10°1

101

103

105

FDM ª 1/q2
m¬ = 10 MeV

1 2 3 4 5 6 7 8 9 10 11 12
Ne

10°3

10°2

10°1

100

101

102

103

R
at

e
[#

/
kg

-y
ea

r]

FDM = 1
m¬ = 1000 MeV

1 2 3 4 5 6 7 8 9 10 11 12
Ne

10°3

10°2

10°1

100

101

102

103

FDM ª 1/q2
m¬ = 1000 MeV

SHM fiducial

SHM updated

Tsallis fiducial

Tsallis updated

Empirical fiducial

Empirical updated

Rate Comparison

Comparing models

34

A,Radick, A.M.Taki, TTY JCAP 02 (2021) 004, arXiv:2011.02493



Tien-Tien Yu (University of Oregon) GUINEAPIG — September 10, 2022

Comparing models
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Summary

• the Standard Halo Model has been the proxy DM halo model for DM direct detection 
calculations


• SHM is the self-consistent solution for an isotropic, isothermal halo with collisionless 
Boltzmann equation. 


• DM-only simulations deviate from Maxwell-Boltzmann, especially at higher velocities.


• DM+baryon simulations match better with MB, but still have some deviations.


• Predicted DM-electron scattering rates (cross-sections) are sensitive to the choice of 
halo model and parameters  

• the sensitivity is particularly acute for low DM masses and high energy bins, and to the 
circular velocity
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