Planetary Dynamics of the PSR 1257+12 System

Ginny Cunningham

- t.. - Paper by: Rasio, Il A.,
:] Nicholson, P. D., Shapiro, S.
— P natgRaty 1o L., & Teukolsky, S. A. 1992

Astr630 12/8/2016



What are Millisecond Pulsars?
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- in binaries.

. accreting material from
their companion.

- vampires.
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- very accurate clocks.



What 1s the PSR 1257+12 System?

Distance (A.U.)

The 6.2-ms pulsar displayed
a periodic wobble

Two Earth-mass planets
confirmed 1992

Planet A to be confirmed
in 1994



What can we learn from this system?

Rasio et al. calculated the
evolution of the orbital
parameters of the system

Small-scale features =2
synodic period

Large-scale features =
3:2 resonance of the
periods



My Results: S

Orbital Evolution of PSR1257+12 System Orbital Evolution of PSR1257+12 System (Forced to Match Rasio et al.)
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What happens if we change the resonancer 4

Non-Resonant System +1.069e2 Perfectly Resonant System
0.20 —

0.18
0.16

— 0.14

3

5 012

3 010
0.08

The near 3:2 resonance of

0.040

0.000040 H1:299e=2

the planets greatly |

ampliﬁes the gravitational ? -

perturbations. -

0.000005
0

0.0030 +1.37985e2

Without this they might o Eoro

have been undetectable. o

0.0000
0

0.0035 +8.9051el

Q 0.0030

B
2 0.0025
5

T 0.0020
5 0.0015

@ 0.0010

4 6 4 6
Time [years] Time [years]




What if we change the eccentricities? 7
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What if we add more

Evolution with a Third Planet at 0.4 AU

planets to the system?

Adding a third, smaller
planet has negligible

effects on the evolution.

But adding a planet of
comparable mass causes
the system to behave more
chaotically.




Final Thoughts

»
-

Pulsar-planet systems are
extremely sensitive

.
)

A total of 5 planets from 3
ms-pulsars discovered to
date

The formation theory is
still up for debate

ethod to detect
small Earth-sized planets



