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Using Pulsars to Measure Spacetime
Around Sgr A*
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Galactic Center Magnetar Discovery

X-Ray Burst X-ray Localization: 3” to Sgr A*

Sgr A*: 2.0 - 10.0 keV (c.f. Degenaar et al., 2013)
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normalised flux
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Radio Detection
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P=3.76354676(2) s

period derivative
(spindown) P/Pdot = 6.82(3)
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B~10“G

Spin-down age ~ 9000 yrs
Dispersion

DM = 1778 +/-3 cm3 pc
Flux ~0.2 mly

spectrum ~flat

Only 4 radio magnetars

known — chance alignment
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Dispersion in the
Galactic Center
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Rotation Measure

RM = - 66960 +/- 50 rad m2
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RM (rad/m2)

Galactic RM of diffuse gas
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RM of Galactic Center Sources
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RM and DM from hot gas

* |Inferred densities at
scales of 0.06, 0.15 and 1000F
40 pc roughly follow r?
law. 100y
* DM~ n_r~10%cm=pc
* RM~Bn,r
= B oc RM ~ 8 mG
* Equipartition: B~ 2.5 mG
= Sgr A* accretes from a "0 .o'.1 1 *1'0 100
highly magnetized hot gas distance rfrom Ser 4™ [pel

density n, [cm™>]
=

[E—
T

Based on Baganoff et al. (2003),
Muno et al. (2004)



Angular Broadening of the Pulsar
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Individual Pulses are Highly Variable
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Normalized Flux
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A New Distance for the GC Scattering

Tau (msec)

Alternate Solution:
Uniform
Distribution of
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Does a Scattering Screen
at Large Distances Make

Sense?

* NGC6334B & Cyg X-3 have
similar scattering sizes and
non-local scattering screens

* 50 pc diameter screen
associated with Hll regions
or GMC surfaces can
provide the scattering

* Missing extragalactic
background sources?

* Apparent peak of OH/IR
masers around Sgr A*?

e Patchiness?
— Scale ~5’ from G359.87+0.18
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GC Pulsar
search does
not require
high
frequencies!

1.4 GHz Luminosity (m)y kpc?)

Where are the GC pulsars?
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~1000
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periods
<100y
expected
(Liu et al
2012)
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Astrometry
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Accuracy ~0.3 mas/epoch | |

Velocity accuracy @ GC i '
~100 km/s [2 months |
data]

— 2> ~10km/sin 1 year _
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— Characteristic velocity S
~390 km/s

— Escape velocity ~600 km/s
— T _SgrA* < 1000y
— Acceleration ~ 1 km/s/y



Conclusions

First true GC pulsar discovered

— Highest DM, RM, SM of any known pulsar

— X-ray absorption consistent with GC location

— Too unstable for precision timing tests
Important probe of the Sgr A™ environment

— Sgr A* accretes from hot gaswithshigh'and ordered B-fields

— Motion of the pulsar could provide length scales for ISM structures
Scattering must originate at large distances

— Resolves long-standing mystery --- but creates new ones
Proper motion to come ... (tracing back to origin?)

— Sgr A* orbit ~103 yrs — likely too long for precision GR tests
Where are the other GC pulsars?

— Can easily detect ordinary pulsars at few GHz
| — Can detect MSPs at >10 GHz



