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 ‘Bullet Cluster
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Galaxy Rotation Curve
Credit: Matthew Newby, Milkyway@home
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- Rotation Curve

Galaxy Rotation Curve
Credit: Matthew Newby, Milkyway@home
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- Rotation Curve

Galaxy Rotation Curve
Credit: Matthew Newby, Milkyway@home
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CDM

halo
(dark matter)

spiral disk
(visible stars)

.
—— Image source: https://kids.frontiersin.org/



https://kids.frontiersin.org/article/10.3389/frym.2017.00029
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—— Image source: https://kids.frontiersin.org/



https://kids.frontiersin.org/article/10.3389/frym.2017.00029

Or something else?
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Image source: https://kids.frontiersin.org/



https://kids.frontiersin.org/article/10.3389/frym.2017.00029

Or something else?
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Snowmass Cosmic Probes of Dark Matter Report (2209.08215)
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[LookIng

or supbhalos using Paleo-detectors

1. Estimating yearly Encounter rate
2. Paleo-detectors

3. Constraining subhalo properties
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Suponhalo Encountering Rate
dR,, , J‘

dMsub .

fvyvoe(v, M, )dv

dRsub

deb
solar mass

s the differential rate of subhalo encountering events in unit of counts per year per




[Local Dif

erentia

pc3 per solar mass

dMsub .

dRsub [

p
dN sub M sub
= a
dM sub 0y

Number .

A
=
Vv
s
~~
~
~—
=

Density

fvyve(v, M, ,)dv

s the local differential number density of subhalos in unit of number of subhalos per

Springel et al, 0809.0898



Fncounter Cross section

fvyve(v, M, ,)dv

dRsub [ dnsub
dM sub

dM sub

« Cross-sSection:

272- bmax
c(v,M_,) = J d¢[ bdb = b?

max
0 0

. b, ..is the maximum impact parameter

such that the closest approach point of the
subhalo has a density higher than the local I

dark matter density 0.3GeV/cm?

16



D]_l/e/\rl— I'NA+t~A—~+1 A~~~

The nuir

©

What're the odds of winning the lottery

The odds of winning a lottery can vary significantly depending on the specific

game and its rules. For example:

e Powerball: The odds of winning the Powerball jackpot are about 11n 292.2

million.

e Mega Millions: The odds of winning the Mega Millions jackpot are about 1in
302.6 million.

e Smaller Lotteries: State lotteries or local games often have better odds, but

the prizes are usually smaller. For instance, smaller games might have odds §

of winning the top prize that are about 1 in several million or even less.

Overall, while the potential payout can be enticing, the chances of winning the

1

vledit Lo oJllyu neewd

top prize in major lotteries are extremely low.

@
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Paleo-Detectors
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Paleo-Detectors

Marshall et al, arXiv: 2009.01028
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Paleo-Detectors

Gypsum; C%® =10 g/g; 0, = 15nm; M = 100 g; tage = 1 Gy
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234,
5GeV/c?
500 GeV /c?

0z = 15nm; M = 100g; tage = 1 Gy

Halite -==-Phlogopite
Gypsum Nchwaningite
Sinjarite limits

Olivine Xe v-floor

Baum et al, arXiv: 2106.06559
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TTme Dependent Signal
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TTme Dependent Signal
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TTme Dependent Signal

Moline et al, 2017

S'anchez-Conde et al, 2014 — - LZ(WS2022+WS2024) ~ —+= XenonlT

W&Hg et &1, 2020 DarkSide-50 === CYGNUS
Wang et al, 2020, with free streaming cutoft — = PandaX.AT = == SuperCDMS(Ge)
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dRsub
dM sub

Direct Detection

WIMP Dark Matter

* Spin-independent

* Spin-dependent & ’
* Sub-GeV s :

Extended Dark Matter
* Dark photons
* Axion-like particles

dn

sub

dM sub

fvyve(v, M, ,)dv

Axion Detection

‘ -

. e
Credit: ABRACADABRA
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https://www.youtube.com/watch?v=hVPZhATLDKY
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1. FIRE Milky Way Simulations

3. Velocity correlation

2. Bullding Merger History of Milky Way-like Galaxies
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FIR

- M1

- FIRE-2 Latte Simulations (Andrew et al. 2016): High-

resolution, cosmological zoom-in simulation of Milky

Way-mass galaxies using FIRE-2 physics model (Phil
et al. 2018)

. In this study, we study six of the m12 simulations,
pennel A2 mmilZE mnl2mm el 2 sl 2R miZe

<y Way Simulations

m12i

z=19.0

10 kpc

http://www.tapir.caltech.edu/~phopkins/Site/animations/
a-gallery-of-milky-way-/
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Building Merger History

. Particle information is directly read from the simulations

- Subhalo information is generated using Rockstar

. Stars and DM near the solar cycle at z=0: |r — ry| < 2kpcand |z| < 1.5kpc

Present-day spatial density in x-z plane for m12i

Stars density (x-z plane) 107 100 Dark Matter density (x-z plane)
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Bullding Merger E

FIRE Host Halo m12i
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Analysis and Results

Resolved Component

- We pick top four mergers that contribute the greatest fraction of accreted stellar population
iNn each simulation.

- We compare the dark matter and stellar velocity distribution from the same merger

10 15
m12i —— Dark Matter Mass: 6.45x 101 Mg Izl <1.5 kpc

Merger 1 ———  Stars 8t Zace = 1.17 lr—rol<2.0 kpc
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Earth Movers Distance

- Earth Mover’s Distance (EMD) test measures how many steps it takes to transfer one
distribution into another.

- The larger the EMD, the more different the two distributions are

Compare in this direction

Not in this direction

https://www.jeremykun.com/2018/03/05/earthmover-distance/



Analysis and Results

Resolved Component

- We compare the EMD for each of the top four mergers in 5 m12 simulations

. Different simulations are marked by different shapes; markers are colored by their mass
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Analysis and Results

Resolved Component

. Stellar velocity dispersion is smaller than DM velocity dispersion in general and scales with
redshift

+ J«{(v) = fpom() * 4(0,6(2))

e ml2i m12f

Redshift Redshift Redshift




Analysis and Results

Resolved Component
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Analysis and Resul

Diffuse Component
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Analysis and Results

Diffuse Component

. Diffused component includes smooth accretions and smaller subhalos that are not well
resolved

Diffuse Component
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Analysis and Results
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Analysis and Results

| ~loband merger I merger 111
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Conclusion & Outlook

- Paleo-detectors can be an interesting tool in studying substructures

- Local DM velocity distribution can be improved over SHM

. For future reference, we will reconstruct the DM velocity distribution of MW based on
observational data; we will also study the effects of the modification on direct detections

and annual modulation

- Thank you all for listening!

" Feedback In Realistic Environments
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ullding Merger History

Snapshot 599 Snapshot 599 Snapshot 599

dark matter
star
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SUl

ding Merger History

Track particles

within the solar

neighborhood at
z=0

Trace back In
time and generate an occurance
matrix

Associate particles
with subhalos through occurance
matrix
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Bullding Merger E

1story

- We go backwards in time snapshot by snapshot

- At each snapshot, for each particle, we find the halo closest to it and check if its position is
within the viral radius of the halo and if its velocity is within 2.5 standard deviations of the
halo velocity

Particle ID Snapshot | Snapshot | Snhapshot | Snapshot Snapshot | Snapshot
478 479 480 481 599 600
1 0 1 1 0 0
0 1 1 1 0 0
0 0 0 1 0 0
1 1 1 0 0 0
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