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Abstract ' € o A

4 We use compiled high-precision pulsar timing measurements to directly measure the Galactic acceleration of : ’
binary pulsars relative to the solar system barycenter. Given the vertical accelerations, we use the Poisson equation
to derive the Oort limit, i.e., the total volume mass density in the Galactic mid-plane. Our best-fitting model gives
an Oort limit of 0.08%(3, M, pc—3, which is close to estimates from recent Jeans analyses. Given the accounting of
the baryon budget from McKee et al., we obtain a local dark matter density of —0.004%03, M., pc3, which is
slightly below other modern estimates but consistent within the current uncertainties of our method. The error bars
are currently about five times larger than kinematical estimates, but should improve in the future for this novel
dynamical method. We also constrain the oblateness of the potential, finding it consistent with that expected from
the disk and inconsistent with a potential dominated by a spherical halo, as is appropriate for our sample that is
within a ~kpc of the Sun. We find that current measurements of binary pulsar accelerations lead to large
uncertainties in the slope of the rotation curve. We give a fitting function for the vertical acceleration a:
a;=—o3; logm(a,/Gyr 2) = 3.69%)%,. By analyzing interacting simulations of the Milky Way, we find that
large asymmetric variations in da./dz as a function of vertical height may be a signature of sub-structure. We end
by discussing the power of combining constraints from pulsar timing and high-precision radial velocity
measurements toward lines-of-sight near pulsars, to test theories of gravity and constrain dark matter sub-structure.

Unified Astronomy Thesaurus concepts: Dark matter (353); Milky Way dark matter halo (1049); Pulsars (1306);
Binary pulsars (153)




da,/dz[Gyr—?]

Galactic accelerations : Measurements

10000 4
0 1 :ojocﬁq oo'occoz
- E ® ; :
10000 ®
®
~20000 1 *
—30000 A
—40000 4 ®
—50000 4 (o} Antl|§2 smglatnon
© Sgr simulation
&0060 Hernquist
- © MwPotential2014 . .
— Chakrabarti+21, Figure 3.
—70000 A
-3 -2 -1 0 1 P

z [kpc]

a, [em/s?]

1.00

x10~7

Chakrabarti+21, Figure 1. Panel (c)

T T T T T T T T
0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

z [kpd]




da,/dz[Gyr—?]

Symmetric
(static model)

Chakrabarti+21, Figure 3.

asymmetric
(interactions)
10000 4
o .
—-10000 +
—20000 A
—-30000 +
—40000 A
—50000 - Ant|lé2 5|mglatlon
Sgr simulation
60000 BT
N MWPotential2014
ai
-70000 +
_3 _2 _1

0 1 2
z [kpc]

a, [cm/s?]

1.00

x10~7

Galactic accelerations : Measurements

Chakrabarti+21, Figure 1. Panel (c)

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

z [kpd]




-

da,/dz[Gyr~?]

Galactic accelerations : Measurements

Chakrabarti+21, Figure 1. Panel (c)

asymmetric Symmetric
(interactions) (static model)
10000 4 1.00 X10 7
04 0
—-10000 + 0.50
—20000 0
{
—-30000 4 0.00 T
—40000 ® 0
—50000 - Antliéz simglation e ¢ t
Sgr simulation
Hernquist .
—60000 1 MWPotential2014 ) , .
a Chakrabarti+21, Figure 3.
—~70000 - . . -
=3 -2 -1 0 1 P 3
z [kpc]

T
0.0

T T T T T
0.2 04 0.6 0.8 1.0

z [kpd]




Feedbackln
Reahsﬂc



SIDM (1 cmZ(g')."-'?







da,/dz [Gyr—?]
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Simulation halo properties:

surface density [Mg /pc=?] volume density? [1073My /pc 3] scale height [pc]
; b . 5 stars stars cold”
Galaxy || Physics | total baryonic total stars gas DM thin thick g

MW* 70 £ 5 47 +£3 95+72 43+3 46+6 105+25 30060 900 + 180 150
m12i CDM 44.7 40.1 23.1 7.8 6.6 8.7 566.76 20007 321.85
SIDM 54.6 572 29.7 11.2 9.5 9.02 411.98 887.1 344.95
m1of CDM 61.6 62,5 33.6 12.9 10.7 10 391.44 826.06 395.53
NI IDY| 67.9 74.0 353 16.5 7.4 11.3 455.67 20007 325.82
m12m CDM 63.6 64.4 35 16.1 8.1 10.9 142.04 670.13 342.73
SIDM 87.5 93.6 49.1 249 10.7 13.5 274.8 933.67 314.03

Azimuthally averaged properties at solar position, R = 8.1 kpc for simulated galaxies.
avalues from Bland-Hawthorn+2016 unless noted. ® materials within |z| < 1.1 kpc. ¢ materials within |z| < 4 kpc.

dmaterials within |z| < 0.2 kpc. 'gas Temperature T < 100 K.
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Sun in differently dense regions:
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Predictions : 14 binary pulsars
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To conclude: Probing dark matter with Galactic
accelerations.
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Ask me about this:

- Subhalo-stream interactions in
presence of Massive Satellite.
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Dark matter halo shape:
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