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Velocity distribution of dark matter

 Pristine dark matter is non-relativistic
= [tis known from the presumed formation of galaxies
= Mean velocity between 200 and 250 km/s

* The usual description by a truncated Maxwell-Boltzmann
distribution, commonly called the Standard Halo Model (SHM)

= Similar to MB, but is cropped by galactic escape velocity
= Simulation and analysis of the formation of a galaxy's dark matter halo

* Faster dark matter should be easier to detect
= though still dependent on the model of interaction with SM
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Methods of acceleration

* DM can be accelerated by cosmic rays, solar reflection
= dependent on the model of interaction
* |[n general, mass-dependent

e ... Orgravitational manoeuvre
= gravitational interaction proven
= advantage in mass independence

= only the effects that have been described so far
« on the density profile (Chen, 2014)
« on one discrete value (Bachelor's thesis)
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Numerical simulation

has two stages:

Local
Scattering on one stellar object

Galactic

As there is a tremendous amount
of objects which can provide
gravitational manoeuvre
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Numerical simulation | - sampling

Discrete velocity is picked 1.
Boosted to the CM frame
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in CM frame

Side of the cube is picked
according to the velocity
in the CM frame
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Random position on the
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Numerical simulation |l - run

* A staris considered a homogeneous spherical body

e OQutside the staris potential « —%" Vit
* Using the leapfrog method, position and velocity are updated 7
- Constant number density is maintained & %M

= OQutcoming particle velocity, along with its position, is saved

* After the selected number of particles escape
1. Potential contribution removed from velocity
2. Boost back to galactic frame
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Gravitational manoeuvre matrix

* Simulation is run for each
= velocity bin
= stellar object type

* For one velocity bin, the flow of outgoing particles is obtained
= Flow I1s normalised per unit number density

* For one stellar object type, all obtained flows are combined into
a gravitational manoeuvre matrix M (Vyy| viy) [km> - s71]

= This matrix quantifies both the rate at which the incoming velocity is
scattered and the resulting distribution it follows.

* Indenpendent on incoming velocity distribution g (vy,)
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Scale transition: Locality to Galaxy

* There are 400 billion stars in
the Galaxy nowadays
- They can be grouped into
stellar object types S

» Count of each type of stellar
objects evolves in time

* Density varies in galaxy
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Enhancement matrix
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Enhancement matrix

In the element of volume and time

N\

M voutl Um) § (vln) Npm (7‘) N, S (t)n (T‘) didt
M

OS:U
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1

E® (Vout Vin) = o 2 f

N5 5

manoeuvre takes place
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Enhancement matrix

flow is distributed as VDF of DM
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Enhancement matrix

flow is distributed as VDF of DM

/

Ms(Vout| Vin) 2 (Vin) npm () Ns(E)n, (r) dVde

\

« particle density in dV
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Enhancement matrix

effect occurs on multiple stars

\
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1
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Enhancement matrix

effect occurs on multiple stars

\

Ms(Vout| Vin) 2(Win) npm (1) Ns(O)n.. () dVde

[~

density profiles of stars and DM interact

O\:U

70
1
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NDM S o
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Enhancement matrix

over the whole Galaxy

. T
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DM'S o0 o
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Enhancement matrix

throughout the whole MW history over the whole Galaxy

\ &
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Enhancement matrix

voutl Vm) § (Um) Npm (T) N, S (t)n (T‘) didt
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all systems combined
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Enhancement matrix

Ms(Vout| Vin) 2(Vin)npm () Ns(E)n,.(r) dVde

O'S:U

70
1

E® (vout» vin) — _® f
Npn 0
A

all systems combined

normalized to obtain % (fraction) of all DM particles
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Conclusion

410 430 450 470 490

B-103[-] 136 1.43 1.50 1.56 1.63

1.09 2.68 7163 2498  89.17

My-si 128 116 106 097 089

My-Ge 577 065 059 054 050

¢(v) =enhancement of SHM velocity distribution
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Conclusion

v

* Although the effect is small, 410 430 450 470 490

_ _ L _ (km-s™']
Its signature can distinguish
DM and non-DM signals. B-103[-] 136 143 150 156 163
 Effectis mos_t significant in ev) 106 268 763 2498 8917
the fastest bins Psum®)
* Allows us to detect lighter DM~ ™-si 128 116 106 097 089
particles [MeV]
* Increases can reach up to "E;jlfe‘\;/e] 071 065 059 054 050
nearly two orders of
magnitude e(v) = enhancement of SHM velocity distribution
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Enhancement matrix

7® RO

1

Eou i) =5 0 | | Msouel ) 0t o (INs O, (1) Ve
N,

DM S o o
®  Age of Milky Way (MW) [Gyr] : npm  Countdensity of DM particle ~ [km™]
R® MW virial radius [km?3] N]?M Count of DM particles in MW [—]
Ns  Number of stars [—] 9] Velocity distribution function  [m™1s!]
n, Unitstellar(spatial) density [km™3] | Mg  Gravitational manoeuvre [k -s71]

matrix (flow)
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Stellar count evolution

* The number of stars evolves
according to

Miax t
N(E) = ] IMF(m) j SFR(t") dt’ dm
Mmin SDT(m)

= |IMF —initial mass function
= SFR —star formation rate
= SDT —stardeath time

16.9. 2025
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Total enhancement

* Represents the change in the initial distribution of SHM gogym (V)
- Can be obtained from the enhancement matrix E® (v, viy,) as

() = ) EOWvm) = ) EOWouyv)

VVin YVout
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