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7 ?
\Qj Why astrometry”

Fundamental physical parameters

- XRB jets and pulsars are unresolved astrometric targets
Easier | — Proper motion: Natal kicks and formation mechanisms
— Parallax: Model-independent distances
— Residuals: Jet size scales
Harder  — Orbital motion: Component masses
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@ Natal kicks and black hole formation
o

355

Supernova or direct collapse? &

Recoil or asymmetric kicks?
- Full 3D space velocity B S
— Proper motions (astrometry) o
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(@ Natal kicks and black hole formation
o

Atri et al. (2019)

Kick distribution PDFs
- 16 BHXRBs, <v>=107 km/s
- Globular cluster ejection
- Field binary disruption G 11510
- Merger sites e oo
- Spin alignments

= BH PKYV distribution unimodal
""" BH PKYV distribution bimodal
=== Verbunt et al. 2017

Cyg X-1

MAXI J1820+070

SAX J1819-2525
0.008 1

4U1543-475

GS 1124-684

o
o
S
S

GRO 1655-40

0.004 A MAXI J1836-194

XTE J1118+480

Probability density (s km~1)

GX 339-4

o
=)
S
)

———
- —-———
- ~~
~ - ~
-~
~o
So
~
~-
-
-~

-~

 ——

GS 1354-64
0.000 A Swift J1753.5-0127 . n , .
T T T T T I 100 200 300 400
0 200 400 600 800 1000 Natal kick velocity (km/s)

Velocity (km s™1)



@ Parallax: model-independent distances
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f,\\
\Qj Accurate system parameters

Distances help constrain spins, masses, jet

speeds
L/Ledd
05 1.0
I I L I
1.0 90, @ -
%mrz % i
0.8 [ %m -
d
. 06 [ :
= S SR
= | GRS 1915+105
04 a= 0.01
[ 0D=11.0,i=66.0, M=14.0
0o |- 4D=120,i=67.8, M=13.5
< [ =D=125,i=68.6, M=13.3
McClintock et al. (2006)
OO 1 | I 11 I 1 | 1 I

b cost =

-0.8 -06 -04 -02 0.0 0.2

Log[L/L 4]

,uapp — Hrec

2d Happ Hrec

tant =
& ,uapp — Hrec

,uapp —|_ ,urec = :

Approaching jet
Receding jet -------
| L \

1 L 1 1
7 8 9 10 1 12 13 14
Distance (kpc)



(G

\C) Measuring orbital motion

Scatter up and down the jet axis can affect signal
Accounting for this revises the parallax and black hole mass
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f,\\
Q) Pulsar astrometry
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/ng Black holes in globular clusters?

20”
Strader et al.
(2012)
M22
HSA Epoch A
VLBI astrometry can measure proper
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f\\\ Finding new Galactic compact objects
M15 foreground _ :F~
. Radio-bright ‘\

- Red optical
counterpart
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© A sensitive radio survey
Current population of BH XRBs is X-ray selected

- ~20 dynamically confirmed, ~60 candidates

Biased towards longer orbital periods

Simulations predict a few thousand in the Galaxy

10 deg? ngVLA survey of the Bulge should detect 1% of
all short-period black hole XRBs a0 s 8 4 2 0 2 4 5 s 1w
— Proper motions from 2 yr of ngVLA | | |

Maccarone et al. (2019) 24050150 o PN ANGR SUREN, NN

- Also BHs accreting from the ISM?
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C) Future ngVLA science

ngVLA will address a range of science questions:
- Black hole formation mechanism
— Supernova or direct collapse?
— Natal kick distribution
— Impacts BBH formation scenarios and merger sites
- Black hole mass distribution
— Minimum BH mass; is there a mass gap? SN mechanisms
— Maximum BH mass; stellar wind mass loss rates
- Black hole population

— Constrains common envelope efficiency
- Neutron star masses

— Equation of state
- Accurate system parameters

— Jet velocities, size scales
- Globular cluster populations

— Cluster dynamics, evolution, BBH mergers



