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Dark matter particles detection due to coherent scattering

The goal

Detection of dark matter particles by measuring a macroscopic recoil force acting
on a target
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Dark matter particles detection due to coherent scattering

For coherent scattering

where a — size of granule/pore.
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Materials of the target

Properties of the Sample Powders

Mame Grain Density & (gcm_J} Shape Material
Alumina (0.1 pm) 39 irmegular Al
Silica beads (1.7 pm) 2.2 spherical 510,
Silica sand (13 pm) 2.645 irregular Si0,
Silica sand (19 pum) 2.645 irregular S0,
Silica sand (73 pm) 2.645 irmegular Si0,
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Dark matter candidates

o WIMPs

e neutrino (e, u, 7, sterile, heavy)
e axions

e dark photon

e supersymmetric particles

e Q-balls

e Kaluza-Klein particles

e strangelets

e techni-baryons

e cryptons

e magnetic monopoles

e MACHO (black holes, dwarfs, etc)

e mirror particles
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Dark matter candidates

B WIMPs

B heavy neutrino
B axions

B dark photon

Too heavy Not enough

e supersymmetric particles e neutrino (e, i, 7)

e Q-balls e MACHO (black holes, dwarfs, etc)
e Kaluza-Klein particles

e strangelets Too weak interaction

e techni-baryons e mirror particles

e cryptons e sterile neutrino

e magnetic monopoles
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WIMP dark matter candidates

=
=7
-
&
3
=
%)
o
=

V. Shalamova, O. Titov (NRC "KI"

= neutralino :.-.=

- axion a | axino I

:IwH‘thlnlnk?YlnGlevnln

neutrino v

Reiitino N

[ gravitino g,

Maur,

-18-15-12 9 6 3 0 3 6 9 1215 18
]Ug][}(mDM / GEV}

Macroscopic force due to dark matter scattering

Cracow, 2018

8/16



Local dark matter density

Label Reference Description Sampling  pam [GeVem ™)
a) Local measures (pam)

Lalest measurements

MB12 Mom Bidmn et al. (2012) CSF 112 0.023 £0.042
[0+ 0.042]
BT12 Bovy & Tremaine (2012) CSF 412 0.3+£0.11
G12 Garbari et al. (2012) Vo] 2 x 108 0851037
C12% Garbari et al. (2012) VC + 5, 2 x 10° (i R
512 Smith et al. (2012) CSF 101 0.19
[0.57]
713 Zhang et al. (2013) CSF 104 0.25 £ 0.09
BRI13 Bovy & Rix (2013) CSF + MAP 104 0.224+0.07
[0.3 £ 0.004]
b) Global measures assuming spherical symmetry (0. )
510 Salucei et al. (2010) NP 043 +0.15
CuU10 Catena & Ullio (2010) NFW; 5P (L3856 £ 0.027
WB10 Weber & de Boer (2010) NFW/ISO; WP 0.2-04
111 loceo et al. (2011) gNFW; WP, ML 0.2 - 0.56
Ml McMillan (2011) NI'W; 5P 044 0.04
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Parameters of dark matter particles

Candidates Mass, eV

Axion 10—6-10—4
Neutrino 0.1-10
Axino 102-1012

Dark photon 105-10°

Candidates ~ The most likely/Average n-cm™2  npin-cm™2  npaccm™3
Axion 1013 10t 10t
Neutrino 3.107 2106 5-10°
Axino 0.1 21075 8-10°
Dark photon 3 0.01 9-10?

L. Roszkowski et al. 2018 [1]
L. Marsicano et al. 2018 [4]
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Neutrino case

Amplitudes of coherent scattering

Gm,
I A— Z)Ny,
- 4\@77( )Na
Gm,
A, = 37 — A)Na,
! 4\/§7T( )Na

where Z and A — charge and atomic number, m, — neutrino mass,
and N4 — number of atoms in the granule:

P477T3.

N =
A Am, 3

)
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\\ ino case

G2m2
7
where k, =37 — A for v, and kr, = Z — A for v, ;.

g =

N3k (5)

Acceleration

When momentum transfer ¢ ~ 2m, v, the acceleration:

1 dqg K

L —10-22°L
Y= ANamydt 0 A2 ©)
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The minimum detectable acceleration (for m = 1g)

Wi = 4.2 - 107 8cm - 572 (7)

S. Schreppler at el. (2014) [3]

Candidates ~ Average w-cm-s~2 Best w-cm -s™2
Axion 2.10719 6-1016
Neutrino 1022 8.10720
Axino 10733 6-10~%
Dark photon — 3.4-10736

V. Shalamova, O. Titov (NRC "KI") Macroscopic force due to dark matter scattering Cracow, 2018 13 /16



Conclusion

e Some kinds of DM particles can be theoretically detected by measurements of
macroscopic recoil force due to coherent scattering

e How will estimations change for dark matter which consists of different
particles?

e Can the radiative scattering be more efficient for DM detection?
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Thank you for your attention!
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