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https://arxiv.org/abs/1708.03642

DM-electron Iimits in 2022

Snowmass2021 Cosmic Frontier: The landscape of low-threshold dark matter direct detection in the next decade [arXiv:2203.08297]
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DM-electron limits in the next decade
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Outlook for sub-GeV DM direct detection

54 Heavy Mediator Light Mediator [arXiv:2203.08297]
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Ingredients for rate

particle physics
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Ingredients for rate

material dependent
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structure function
see talks by Y. Kahn and T. Lin



Ingredients for rate

astrophysics
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DM halo-model
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DM-e scattering rate

astrophysics material dependent

nm [ ¢ | <

particle physics

Tien-Tien Yu (University of Oregon) 1 GUINEAPIG — September 10, 2022



DM-e scattering rate

astrophysics

B~z / B ) / 0 P (D)2S(, wg)

U
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dark matter halo
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DM-electron Iimits in 2022

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?

|Isothermal spherical distribution for Galactic DM which scales like r—
+
collisionless steady-state Boltzmann equation

iIsotropic Maxwell-Boltzmann velocity distribution
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¥ 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

— 1 —|T+Tg|?/v2 — —
Form () = e T+T5|?/ 0@(_ T+ Tgl)
-

normalization

Q Galactic escape velocity Vesc € [450, 600] km/ S
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parameters of SHM

fsam (U) = %Q—W@IQ/U%@(_ |?7+@|)

P

normalization

Q Galactic escape velocity Vesc € [450, 600] km/ S

() calactic velocity of Earth v € [215,245] km /s
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parameters of SHM

fSHM(g) — %6_|6@|2(— |?7‘|—@|)

P

normalization

Q Galactic escape velocity Vesc € [450, 600] km/ S

() calactic velocity of Earth v € [215,245] km /s

Q local solar circular velocity Vo € [200, 280] km/ S
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Astrophysical Parameters

current suggested
vy [km/s 220700 228.6 0.34 238
Ve [km/s] 54475 528128 544

OPDM [GGV/CHIB] 0.4 0461_88; 0.3
vp [km/s] 232415 232+ 15
Ry [kpc 3.0x0.0 8.34=x0.16

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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Standard Halo Model
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typical energy transfer

arbitrary-size momentum
transfer is possible
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typical momentum transfer

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

Qtyp = MeUe 7~ “@

~ 4 keV

This requires g on tail of e- wave function or DM velocity!
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Event Rates

B, V] Standard Halo Model B, [oV]
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Standard Halo Model (m,=10 MeV)

N, 1 2 3 4
Fpu 1 (eme/9?| 1 |(ame/@?[ 1 |(ame/g)?| 1 |(ame/q)?
Fiducial | 7.8x10%* | 3.6x10* | 7.9x10* | 1.3x10* | 1.5x10* | 9.9x10% | 2.3x10° 67
Updated | 9.2x10% | 4.3x10* | 9.6x10* | 1.6x10* | 1.9x10* | 1.3x10% | 3.0x10° 86
rel. diff. 0.17 0.20 0.22 0.25 0.28 0.30 0.30 0.28

7.5x10% | 3.2x10% | 6.6x10% | 9.9x10°
8.7x10* | 4.7x10* | 1.1x10° | 2.2x10%
0.15 0.41 0.58 0.91
Vesemin | 7.7x10% | 3.4x10% | 7.4x10* | 1.1x10* | 1.2x10* | 6.6x10% | 1.2x10° 25
Veseomaz | 7.9x10% | 3.7x10% | 8.0x10%* | 1.3x10* | 1.5x10* | 1.1x10° | 2.6x10° 85
rel. diff. 0.015 0.057 0.074 0.16 0.27 0.43 0.60 0.89
7.5%x10% | 3.3x10*| 7.1x10* | 1.1x10* | 1.2x10* | 7.9x10% | 1.7x103 48
8.1x10% | 3.8x10% | 8.6x10% | 1.4x10* | 1.7x10* | 1.2x103 | 2.8x103 85
0.080 0.14 0.19 0.24 0.32 0.38 0.45 0.55
| | —
0.0 0.1 0.0 1.0
relative difference
Rel. Diff. = Ratenax — Ratemin 1 kg-year

Tien-Tien Yu (University of Oregon)
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Standard Halo Model (m,=1000 MeV)

N, 1 2 3 4
Fpum 1 (ame/q)? 1 (ame/q)? 1 (am./q)? 1 (ame/q)?
Fiducial | 1.1x10°% | 5.0x10% | 1.7x10° | 2.7x10% | 5.9x10? 39 | 1.9%x10° 5.9
Updated | 1.3x10% | 5.9%10% | 2.0x10° | 3.3x10% | 7.2x10? 49 | 2.3x10° 7.5
rel. diff. 0.15 0.18 0.18 0.21 0.22 0.25 0.25 0.28

1.1x103 | 4.6x10% | 1.6x103 | 2.3x10% | 4.9x10? 29 | 1.4x10?

1.1x10% | 5.9x10% | 2.0x103 | 3.8x10% | 8.5x10? 68 | 3.2x102

-0.00033 0.26 0.21 0.54 0.60 0.98 0.93
Veseomin | 1.1x10° | 4.8x10% | 1.7x10% | 2.5x10% | 5.5x10? 33| 1.6x10? 4.3
Veseomaz | 1.1x10% | 5.0x10% | 1.7x10°% | 2.7x10% | 6.0x 107 40. | 1.9x10? 6.3
rel. diff. | -0.0017 0.036 0.024 0.087 0.087 0.18 0.17 0.34
1.1x103 | 4.7x10% | 1.6x103 | 2.4x10% | 5.3x10? 34 | 1.6x10? 4.8
1.1x103 | 5.2x10% | 1.8x10% | 2.9%x10% | 6.4x10? 44 1 2.1x10? 6.8
0.016 0.095 0.092 0.17 0.18 0.26 0.24 0.34
| | I

0.0 0.1 0.9 1.0
N Reto.. — Rate.. relative difference

Tien-Tien Yu (University of Oregon)
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Cross-section reach

Standard Halo Model
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SHM vs. simulations

5.00 T — T —r——r— T n1 5.0

Lisanti, Strigari, Wacker, Wechsler
Phys.Rev.D 83 (2011) 023519, arXiv:1010.4300

— Via [acte: — See also Bozorgnia et al,
. Aquanus JCAP 05 (2016) 024, arXiv: 1601.04707
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The Tsallis Model
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Empirical Model

DM-only Rhapsody (solid)/Bolshoi (dashed, dotted)
simulations
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Astrophys.dJ. 764 (2013) 35, arXiv:1210.2721
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Empirical Model

Mao, Strigari, Wechsler, Wu, Hahn Astrophys.d. 764 (2013) 35, arXiv:1210.2721
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Halo Models
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Comparing models

Comparison of Velocity Distributions
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Comparing models

1.2

Rate |# / kg-year]

Rate |# / kg-year]

E. [eV]
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Rate Comparison
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Comparing models

Cross-Section Comparison
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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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