Science and technology roadmap
for pas studies of the Milky Way

Lund : 18-20 Jul 2023

Lund Observatory invites scientists to join the MW-Gaia 2023 meeting:



t=0.1 Gyr

A new experiment in
nearfield cosmology

Joss Bland-Hawthorn

Director, Sydney Institute for Astronomy
Laureate Professor, U. Sydney, Australia

With Sanjib Sharma, Joe Silk, Celine Boehm

Credit: Benedikt Diemer



Even without baryons self—grawtatlng dark matter halos
cannot fully virialize — the total moment of inertia is still .

GRE
evolving with cosmic time. Halos form through VR not i

via thermalization through 2-body collisions. e
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The VR collapsed halo initially has p a rf'jo’/z before settling to NFW. It
now seems unlikely that the NFW cusp even forms d®ié to the baryons.




An imaginary outer surface with radius.r, will have a
momentum flux of shell-crossing particles that'is non-

zero. Subject to NFW concentration, moving outwards, Y

SQUARE of

P, is roughly zero, becoming systematically non-zero at e
some virial radius. In this shell, the overall KE vs GPEl T
balance breaks down.

Exin = —3Eg + 2nrp P, .
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Can we identify a shell of stars that are ~steady state such
that their net motion is a probe of the Galaxyis mass.change?
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A population of stars that, to begin with, are in equilibrium
with the Galaxy will drift radially outwards if the mass of the Galaxy
decreases, or drift inwards if the mass increases. If the change of [N SEEEEEET ..
potential is slow, and the angular momentum is an adiabatic invariant
during this change, than the net average radial motion in a spherical
shell is proportional to the radius r of the shell and to the fractional
rate of change of mass M enclosed by the shell
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Radial motions V, in an isothermal halo, density colour-coded.
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representative halos.



10 more Milky Way (z=0)
analogue simulations

Prima facie, (V,) <1 kms?
looks problematic, assuming
representative halos.
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Sharma’s ENLINK (2006)
is used to remove fine
structure in 6D phase
space, F(r¢zV, V4 V,).

We now show before and
after — | will toggle these.

15t ten simulations.

| return to this
case below

In most haloes, (V,) <1 km s
is finally achieved.
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Sharma’s ENLINK (2006)
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In most haloes, (V,) <1 km s
is finally achieved.



Sharma’s ENLINK (2006)
before and after stats

for shells in the range,
r =15 to 45 kpc.

We can do better with
proper motions and/or
better algorithms.
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~30 pas astrometry at ~10 kpc for G ~ 20 would be fantastic.

But this is beyond Gaia where ~300 uas (5 yrs) is the best we can expect (Lindegren et al 2022)?
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Massive multiplex advantage

4MOST low resolution survey
will observe 1.5M giants over
10,000 square degrees (5 yrs)
to G ~ 20.

N(<G) per square degree

~0.5M stars lie within a 15-45 kpc
shell.

~3 km s per star is good enough
with a view to low-order spherical
harmonic analysis...

103

=
o
N

=
o
-

1
4MOST limit for 3 km/s it 2 hrs

1

1

Galaxia simulation

(Sharma+ 2011)
galaxia.sourceforge.net




Systematic effects (due to astrophysics) are bound
to make any detection harder, but these are likely to
be very interesting... Here, | give four examples.
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2 Stellar halo striations from assumptions of axisymmetry

Elliot Y. Davies (»!*, Adam M. Dillamore

! Vasily Belokurov

Unstitute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 OHA, UK

Last updated 2020 June 10; in original form 2013 September 5

ABSTRACT

Motivated by the LMC’s impact on the integral of mc
produce a population of halo-like stars. We subsequen
debris. When an axisymmetric potential is assumed fo
striations in (L, E) space form as the LMC approaches
momentum owing to a relationship between the precess:
This effect is heavily dependent on the shape of the inng
striations become significantly less apparent due to the
these features in data, and the dramatic change in orbita
for highly eccentric orbits accreted from a massive GSI
the shape of the potential, this effect may provide a new

There are some structures,
esp. when phase-mixing,
that will be hard to remove.

! and N. Wyn Evans &'

LMC track

40 -
20 1
g
< 0
>~
_20_
_40_

T
)
1
)
I
yesugd
I
[/
1
I

—40

—20 0 20

40

E[10° (km/s)?] E [10° (km/s)?]

E [10° (km/s)?]

-0.4

axisymmetric

-1.0 -05 0.0 0.5
L, [103 kpc km/s]

1.0




3

Momentum recoil and baryon sloshing within dark matter halos

Exploring the centre of mass properties of LG-like galaxies

Jean-Baptiste Salomon,!?3* Noam Libeskind? and Yehuda Hoffman!
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ABSTRACT

From high resolution cosmological simulations of the Local Group in realistic environment, namely HESTIA simulations, we
study the position and kinematic deviations that may arise between the disc of a Milky Way (or Andromeda)-like galaxy and
its halo. We focus on the 3-dimensional analysis of the centres of mass (COM). The study presents two parts. We first consider
individual particles to track down the very nature and amplitude of the physical deviations of the COM with respect to the
distance from the disc centre. Dark matter dominates the behaviour of the COM of all particles at all distances. But the total
COM is also very close to the COM of stars. In the absence of a significant merger, the velocity offsets are marginal (10kms~1)
but the positional shifts can be important compared to the disc characteristics (> 10 kpc). In the event of a massive accretion,
discrepancies are of the same order as the recent finding for the MW under the Magellanic Clouds influence. In a second part, the
accent is put on the study of various populations of subhaloes and satellites. We show that satellites properly represent the entire
subhalo population. There exists strong mismatch in phase space between the satellites’ COM and the host disc. Moreover, the
results are highly inhomogeneous between the simulations, and thus between the accretion histories. Finally, we point out that
these shifts are mainly due to a few of the most massive objects.
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DM HALO SHAPE: MW LIKE GALAXIES

Twisted, ID:501208

Simple, stretched
and twisted halos

r = 3.2 (kpc) r=5.1 (kpc) r=10.2 (kpc)

Emami et al 2021

—40 _20

[
Xlkpgy 20

r =95.8 (kpc) r=139.1 (kpc) r =184.0 (kpc)

See also: Shao et al 2020

Figure 7. 3D Ellipsoidal for a twisted halo. The halo establishes some levels of gradual rotations in its radial profile.
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We anticipate a complex optimization problem within triaxial
ellipsoidal shells — the mathematical framework exists.
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Ellipsoidal Harmonics

The triaxial ellipsoidal coordinates are defined as [Dassios, 2012] Lamé Functions of the Second Kind

The functions of the second kind can be computed by

p=\lai —q
VI Fam(p) = Enm(p)um (p)
n=\/ai —q
> where I, are integrals of the form
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A B p! tl"dl
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ioi S wr
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The exterior potential parameterized in ellipsoidal harmonics is given by *

x 2n

_ _ Fuu(p)
Vip, pu.v) = G‘MZZU"”’ = . X E () Ey,
Fom (a1)

n=0m={)

where E,,, and Fpn, are the Lamé functions of the first and the
second-kind function, F,,(p), accounts for the radial attenuati
analogous to the functions Qp, in the spheroidal case. The coe
the SH, OH, and PH coefficients ¢,,, and 5,,.




Summary

Milky Way:
Triaxial Dark Halo

We know very little about the nature,
structure and distribution function of
any dark matter halo.

This is just one possible experiment in
near field cosmology. There are many
others (e.g. Klioner 2018).

In combination with future lensing,
stream/halo kinematics, simulations
and dynamical studies, we can expect
real progress in the period 2025-35.

Credit: David Law, UCLA



