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Millisecond pulsars with elliptical orbits

e MSP: pulsar with a spin period < 20 ms

00

e Until 2008, all had been found in orbits | ]l 4
with very low eccentricities (< 0.002) and | . /]
WD or low-mass companions. \

50

e PSR J1903+0327 was the first
exception...
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e ¢=0.43!
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e Companion is a 1.03 solar mass MS
starl!!l

e System formed in triple! (Freire et al.
2011, Portegies-Zwart et al. 2011)



Earth

Sun

From: NRAO / Cornell University Press Release

Companion

Orbital Comparison With the Solar System:

This diagram shows a comparison of the sizes and
strangely elliptical shapes of the orbits of the pulsar
J1903+0327 and its possible Sun-like companion star
with the orbit of the Earth around the Sun. The sizes
of the Sun and the possible companion star have
been exaggerated by a factor of about 10, while that
of the Earth has been exagqderated by a factor of
about 1000. The pulsar, with its magnetic field and
beams of radiation, is too large by a factor of about
100,000.




The triple system

e The GBT 350-MHz drift- .
scan survey found a MSP . PSR J0O337+1715 Ipnn—e1r6?rb”
in a hierarchical triple! Outer Orbit Triple System orb. LOLY
(Ransom et al., Nature, Pors=327days Mpsg = 1.44Msgyn
2014). Mwp = 0.20Msy,

» 16 lt-sec

“Young, hot”

e The system has one MSP White Dwarf

and two WDs

: ‘ e , Magnified
* This shows clearly that Center of Mass ,/"118 Itsec 15x

evolution in triple systems

s not impossibly rare. Orbital inclinations

472 ltsec

* Evolution was different “Cool, old”
than for J1903+0327: the  [SNAEAGHEEE
system remained stable
through many episodes of
mass transfer!

Figure credit:
Jason Hessels




More discoveries

PSR J2234
357675 SR J2234+06
3.57670
-
2 3.57665
©
O
o)
O 357660
©
()
S
P
@ 3.57655
O
3.57650 |
3.57645 56300 56350 56400 56450

Time of Observation(MJD)

* Three different surveys (HTRU-N, PALFA and AO327) have recently discovered three more
MSPs with eccentric orbits. An example of striking beauty is PSR J2234+0611, which as timing
precision of 218 ns (in 1.5 minute pointings!) and is relatively nearby — thus allowing for good
optical follow-up.



More discoveries

The new systems are:

P (ms) P, (days) e M, (Mg) Survey
PSR J1946+3417 3.1 27 0.13 0.24 HTRU-N
PSR J1950 4.3 22 0.08 0.24 PALFA (NEWY!)
PSR J2234+0611 3.6 32 0.13 0.23 AO327
PSR J1903+0327 2.2 95 0.44 1.03 PALFA
PSR J0337+1715 2.7 1.6/327 0.00/0.035 0.19/0.41 GBT 350MHz

Drift scan



Eccentric MSPs: PSR J2234+06 (Deneva et al. 2013)
PSR J1946+3417 (Barr et al. 2013)
nispel et al. 2014)
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Did they form in triples? ® O RRE
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More discoveries

... but then, why the regularity in the orbital parameters?

PSR J1946+3417
PSR J1950+2414
PSR J2234+0611
PSR J1903+0327
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ABSTRACT

Millisecond pulsars (MSPs) are believed to be old neutron stars, formed via Type Ib/c core-
collapse supernovae, which have subsequently been spun up to high rotation rates via accretion
from a companion star in a highly circularized low-mass X-ray binary. The recent discoveries
of Galactic field binary MSPs in eccentric orbits, and mass functions compatible with that
expected for helium white dwarf companions, PSR J2234+4-06 and PSR J1946+-3417, therefore
challenge this picture. Here, we present a hypothesis for producing this new class of systems,
where the MSPs are formed directly from a rotationally delayed accretion-induced collapse of a
super-Chandrasekhar mass white dwarf. We compute the orbital properties of the MSPs formed
in such events and demonstrate that our hypothesis can reproduce the observed eccentricities,
masses and orbital periods of the white dwarfs, as well as forecasting the pulsar masses and
velocities. Finally, we compare this hypothesis to a triple-star scenario.

Key words: stars: neutron—pulsars: general —stars: rotation —supernovae: general — white
dwarfs — X-rays: binaries.
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A new evolutionary scenario

ONeMg WD
+ MS

>

Ccv

((.)) © super-Ch. WD
143 027 + He WD

e . MSP+HeWD

\> _______ © in eccentric orbit
1.27 0.27

We suggest the possibility that MSPs might form directly from the collapse of a fast-rotating
WD. Previous work by Tauris et al. 2013, A&A, 558, A39 assumes that accretion goes on,
creating a circular system. In this work, accretion ceases before AlC.
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A new evolutionary scenario
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Our scenario can reproduce the features of these systems very neatly — particularly the
eccentricities, which are given bye = Am /M, ~ 0.1.



Tests

We predict that:

Companions should be faint WDs

1. One confirmed: PSR J2234+0611.

They should have masses as given by the Tauris & Savonije (1999, A&A, 350, 928) relation.

The MSP masses should be low, between 1.24 and 1.31 M, (These will be measured precisely
very soon! Systems are eccentric, which makes it very easy), IF pre-collapse WD rotation is rigid.

The spatial velocities of these systems should be very small. Proper motions easily measurable,
3-D velocities only possible when radial velocity of companion WD is measured.



What we will learn If this scenario Is correct:

* Average mass loss in AIC SNe,

0.4

which should give us a strict upper
bound on the gravitational binding
energy of NSs — important for the L
study of the equation of state!

0

0.2

* Average kicks of EC SNe - these
must be small (~2 km/s), otherwise
we should not see this concentration
at eccentricities of ~0.1.

Eccentricity, e

0.1

Orbital period, P_ . (days)
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Oddball Pulsar Origin?

A few whirling neutron stars mught get theiwr start as very different
objects, at least if this new analysis is correct.

White dwarfs usually only
make a blazing stellar mark one
way: by dving as a Type Ia
supemova. But a new analyzsis
suggests that white dwarfs
might also be responsible for a
particular type of stellar
lighthouse: a small club of

millisecond pulsars that don’t
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“Centisecond” and Millisecond Pulsars
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massive white dwarf or a neutron star
companion. The orbits for these systems are

generally eccentric!

Period (s)

Taken from "Handbook of Pulsar Astronomy” by Lorimer & Kramer



Normal

¢ The differences among the recycled pulsars
reflect different evolution scenarios!

e |f the companion is massive, accretion won't
last long - mildly recycled pulsar (CSP). The
massive companion then goes supernova,
producing a double neutron star system
(DNS) with an eccentric orbit.

¢ |f companion is not so massive, it will evolve
to a white dwarf. In this case, accretion lasts
much longer! Resulting pulsar should spin
much faster and it should be much more
massive. Resulting orbit should be very
circular, as observed for the vast majority of
MSPs in the Galaxy.

Pulsars and Millisecond

Pulsars
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From: Duncan Lorimer’ s Living Review on Binary and Millisecond Pulsars



A strange binary system

¢ With a spin period of 2.15 ms, PSR J1903+0327 T P R I
was the first millisecond pulsar (MSP)
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discovered in Arecibo’s ALFA pulsar survey. N A
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Galaxy to have an eccentric orbit: e = 0.44. All. = _ | woad o Bl gl bl
other MSPs in binary systems have e < 0.002 s of . DEtE e
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a binary system with previous stellar evolution 0.001 0.01 0.1 ! 10
theory. Even more because the companion is a Rotation Period (s)

MS star! (Freire et al. 2011, MNRAS, 412, 2763). From: Champion et al., Science, 320, 1309 (2008)
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The origin of PSR J1903+0327

e Galactic motion of PSR J1903+0327
excludes an exchange interaction origin,
which can only happen in an environment
with a very high stellar density (like globular
clusters or the Galactic centre)

* Timing and optical observations exclude the
possibility of a complex system at present.

* System likely originated as a triple (Freire et
al. 2011, MNRAS, 412, 2763, Portegies-
Zwart et al. 2011, Apd, 734, 55).

Previous donor was accretting into proto-MSP.
Orbit widened, and system became dynamically
unstable. Eventually, donor star (being the
lightest in the system) was ejected.
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