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Preliminaries

|-D analysis, assuming steady state.

" Biidenbender et.al. 2015 .
SDSS data from Blidenbender et.al.,, —4 j
giving: v(z) o,(z) & oR.(2)
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2 populations extracted by metallicity:
young (thin) pop and old (thick) pop.

. . =253 pc
Assume exponential tracer density .

profiles.
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Assume constant dark matter density
and symmetry above and below the
disk plane.
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Our aim: more robust limits on the dark matter density
by making less assumptions.

z-Jeans Equation:
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L term: T
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Poisson Equation: T Cou,Pling betwe,en
2 : radial and vertical
0“P 1 OVA(R stellar motion
Vi = — - \B) _ 4Gy
0z R OR
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‘rotation curve’ term: R
Absorbed in O
Use MuliNest to find the dark matter
densities which best fit the data.



Modeling the tilt term

Tracer density distribution (e.g. Bovy et.al.2016): V(R, z) = v(z) exp(—koR)

Assume similarly: OR: (R,2) = 0Rr(2) exp(—Fk1 R)

20T 7T 7T T T T

Model: URZ(Z) = Az" i Budenbender et.al.20|5§
0r -

Gives the tilt term: s : ® :
f= =200 % % .

1 2T :

T(R@a Z) — (R—Q — k'() — kl) AZ Z:: _400:_ % % % % _:
sign unknown —600:‘ % _:
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Plot easily fit by 0r.(2) = Az, which makes the tilt term look like a constant

density term and hence a positive or negative contribution to the dark matter
density.



Baryon density [M _/pc® ]
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The baryonic components’ contributions
to the (surface) density

MS: < 3
— MS:3to4
— MS:4to5

MS:5to 8
— Dwarfs
— Thick disk
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® Most of the baryonic surface density is located inside the innermost bin (left

vertical dashed line).

® Total baryonic surface density: 2.0, = 46.95Mgpc™

2

- 13%

° line: simplified modeling of the surface density used in Multinest.



o (2)/27Gh

Simplified modeling: the tracer populations
prefer different matter distributions.

160 | | | | | _ Simple modeling without tilt.
— =0.005M _pc*, ¥ =80M _ pcC? : . ..
i oP® 7 Zhanon = H 0P Assuming all baryonic matter inside
1401 —  pam=0.02M pc™?, B . =28M pC > 1 . :
Lo L innermost z bin:
-+ g =0.0145M pc™®, £ =41M pC 5
120( o (%) — 3 + 20dmh + 2pdm 2
+ - I h baryon m m
100f " K + 1
Young pop: scale height h=253 pc
80} r 1 :
Old pop: scale height h=665 pc
o L | Tilt term is different for the two
. ' populations and can easily mimic an
extra (pos or neg) DM component.
20' " 35 75 ' >3 >~ Hence tilt can resolve the tension
z [kpc]

on the DM density but it’s more
difficult to resolve the tension on
the baryonic surface density.
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Fit not including the tilt term. Fit including the tilt term.
Fits the data well. Fits the data well, gives a wider range
for the dark matter density.
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Fit not including the tilt term. Fit including the tilt term.
Does not fit the velocity data well. Not so good fits to the velocity data.
Overly constraining the dark matter Gives a very high dark matter density
density.



Fitting both populations, including the tilt term.

Young population: Old population:
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Fits the young data well, but not the vertical velocities for the old data.

Resulting dark matter density similar to that from the young population alone.



Final remarks.

Joint population analysis driven by the young population data.

Young pop (with tilt): Pdm = 0.46J_r8:i‘2 GeV/cm3

Both pop (with tilt):  pdm = O.4O‘_L8:2 GeV/ cm”

We have so far not discussed the rotation curve term.
Literature compatible with zero rotation curve term, adds an
error of ~0.1 Gev/cm”3 (Bovy et.al. 2012).

Further investigate the old population data. Disequilibrium,
breathing mode? (Banik et.al. 2016)

Gaia data.



