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Hyper-brief (biased) history

Schmidt 1956
Kuzmin 1956

Perek 1959
Idlis 1961
Sun Finasto 1965 ,
Innanen 1966 Classical paradigm
Takase 1967 with no DM VS.
Finasto 1970 new one with DM
Miyamoto & Nagai 1975 @ 3rd European.
Dust obscures our Astronomy meeting
view of the MW MW models in ‘I'bilisi (Georgia)
1930 > 1975
+ EEE *l N ?
1944 1974 Galactic models
1785 1920 Q.I_Cm line 1960 1970 Einasto et al & [ w/ a DM halo
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1 BN ‘ Galaxies are 5 ' i ' J
e Sun lies close to the N (e po) .
- 1dl surrounded by L Surface density J
m,l C’, ¢ o - an extended halo
e Distribution 1s T
flattened extending
~5x turther 1n plane Sun .=
that in the 0 .
: - sodensity contours
perpendicular Kapteyn & van Rhiyn/ Shapley 0 : . —
diI‘GCtiOH MW models

Einasto 1979
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Hyper-brief (biased) history
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See also e.g. Helmi + [1806.06038], Gallart + [1901.02900]
Galaxy as a complex evolving system

Gaia-Sausage-Enceladus merger 7-11 Gyr ago

Bimodal chemical composition Bimodal kinematics
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Galaxy as a complex evolving system Katz + (Gaia collab.) [1804.09380]
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Galaxy as a complex evolving system

Large-scale dynamical features: ripples, ridges and spirals

Rotational velocity vs. Galactocentric radius
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Galaxy as a complex evolving system

Large-scale dynamical features: ripples, ridges and spirals

Rotational velocity vs. Galactocentric radius

Astrophysical Dynamical DM Astrophysical/ Particle
Observables > model ] > Distribution » Laboratory DM E Physics
e CQ- searches
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éDM halo shape ?

minor-to-major axis ratio

T'he shape of the MW’s DM halo likely changes as a tunction of radius, as expected in cosmological

simulations Vera-Ciro & Helmi 2013 [1304.4646]
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1 After Gaia DR2
1 Before Gaia DR2
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10°

10 1
Galactocentric distance [kpc]

prolate

= spherical

See Vargya + [2104.14069] for references

qp =c/a=10.93£0.16

. . g, =c/a=1.00=£0.09
* Radu smaller than ~ 20 kpc: spherical

Using Pal-5: ¢, = ¢/a =0.93 £0.16  Bovy + [1609.01298]

Using halo stars: ¢, = ¢/a = 1.00 £20.09  Wegg + [1806.09635]

See also Koposov + 10, Bowden + * 15, Kupper + °15

» Radu larger than ~ 20 kpc: oblate w/ minor axis ~ aligned to the

LMGC orbital pole?
Erkal + © 19, Gunningham + 20, Vasiliev + 21

But see e.g. Vera-Ciro & Helmi 13
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DM halo shape

Information about DM self-interactions?

2. O SIDM + Baryons (ThlS WOI'k, 1 CmQ/g)

N ¢DM + Hydro (NTHAO)

B0 CDM (NTHAO)
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See also Yoshida + ’00, Peter + ’13, Bose + ’16, Vargya + ‘22

10 5
Elliptical radius (kpc)

Sameie +[1801.09682]
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Dark Matter distribution (under steady-state and axial symmetry)

accounting for uncertainties on:

. Rotation curve measurements
2. Morphology (3D shape) baryons
3. Normalisation (mass) baryons

4. Galactic parameters: Sun’s velocity & Galactocentric distance

Credit: Stefan Payne-Wardenaar

Sofue + [0811.0859]

400
= baryons
— DM
—— baryons + DM

2 300
XRC,prof(V()? R87 L0 ”7)
Likelihood accounts for astro uncertainties & its available (@ g T —
https://github.com/mariabenitocst/ UncertaintiesDMin TheMW 00 /
0l— | |

MB + [1901.02460] / MB + [2009.13523] / Pdder, MB + 23 (accepted in A&A) 0 5 I I %

galactocentric distance [kpc]
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https://github.com/mariabenitocst/UncertaintiesDMinTheMW

Calore + [1411.4647]

M 10~ : , . . , . . . . ) oy .
3 | ¥ Hooper&Goodenough 2010 Calores 2014 : Synthetic y-ray intensity map from WIMP annihilation
> GV excess emission & Bovarsky+ 2010 Fermi coll. (preliminary) (created with CLUMPY)
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w/ astro uncertainties
on DM density

Constraints are set by comparing observed and predicted number of photon
counts via

1

—

CLU) 10—25_

X%otal — X%}CE(<JU>7 mMpM, j)

GCE analysis
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https://github.com/mariabenitocst/UncertaintiesDMinTheMW
https://github.com/mariabenitocst/UncertaintiesDMinTheMW

Darx marten 15 INVISIBLE, onty reveaune irs resence sy PUSHING ano PULLING on ogaects we cav ses.

Including:
(1) dark matter - dark energy interaction, and
(2) Velocity-dependent dark matter self-interactions

ETHOS-3 * | ETHOS-2-

Vogelsberger + [1512.05349]|
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Searching for dark subhalos in the Mailky Way using ...

e vy-ray mstruments (may detect DM(WIMP) signals emitted therein)

* Stellar streams
* Pulsar timing arrays
* Stellar phase-space signatures:
- Apparent perturbations due to (weak) lensing by subhalos

- Real perturbations due to passing subhalos
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Stellar wakes driven by dark subhalos

. " vz = 150 km/s

Bazarov + [2203.08161 |
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MMW-like galaxies
From Latte suite of FIRE-2 simulations
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Stellar wakes driven by dark subhalos D
ctectable!
In MW-like (simulated) galaxies B
m1 2f, SUbhalOS m12f, random m1 2f
“oof L. T T 35 [ " g 1o T T T o
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Ly(X) = ||IX — D(E(X))]| 80% of signal stars are correctly identified

while we misclassity ~15% ot the

True 3D Reconstructed 3D ,
background stars as signal

position & 3D position & 3D

velocity velocity
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Stellar wakes driven by dark subhalos

In Gaia-like mock catalogs
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DM particle landscape

QCD axion sub-GeV DM WIMPs @@

1079 —107%eV I MeV-10 GeV 10 GeV-10 TeV
1021 eV 105 M,
peV. ~ meV eV keV 1071 eV

Exoplanets & Brown Dwarfs are
Macroscopic new, excited and powertful Must fit inside
quantum eflects detectors of WISPs dwart galaxies

_ 929 < 71
mpm 2 10 eV Leane & Smirnov [2010.00015] mpm S 1077 eV
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Brown Dwart temperature

tot _ Text int DM 2 4
Fheat — Fheat T Fheafc T Fheaut = 4n R USBTeff

DM heat:
3v2 (R, M)
FDM _ 2 — 1 | esc y

F}[l)el\;[t X DM (T)

Increase of Brown Dwartf temperature with
decreasing Galactocentric distance

€

Temperature [K]

)

Galactocentric distance [kpc]

Maria Benito - COST Action COSMIC WISPers



Sensitivity to overheated BDs

Larger DM signal
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» Essential for interpreting results from particle DM searches:

+ Are classical modelling assumptions (steady-state & axial
symmetry) still valid for reconstructing ot the distribution of
DM 1n the Milky Way? We need to understand to what extent

the presence of the stellar bar and the assembly history of our
(ralaxy attect the DM distribution

+ What 1s the 3D shape of the DM halo? What is the impact of
the LMC?

10t
Galactocentric distance [kpc]

» Dark subhalos can be key to understand properties of dark matter

. o
wre,/ = Ackermann et al. 2015

— Albert et al. 2016
—— Calore et al. 2015

10t

(@ microscopic scales, there are more than just stellar streams to find
(constrain) muvisible subhalos orbiting the Milky Way
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» WISPs are more than axions! Exoplanets/brown dwarts are

promising detectors.
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“Itf you look historically, almost all of the models at any given time that people
have are wrong. So there's no particular reason why they shouldn't be at this
time, and why should scientists be so stupid as to not realise this?”

Ostriker (Oral History Interviews)

mariabenitocst@gmail.com Maria Benito - COST Action GOSMIC WISPers



