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Discovery

Discovery

m First discovered in a 350MHz drift scan survey with Green Bank Telescope(GBT)
at DM=21.3162(3)pccm—3

A millisecond pulsar in a stellar triple system

$.M. Ransom', 1. H. Stairs®, A. M. Archibald™!, J. W. T. Hessels®*, D. L. Kaplan®, M. H. van Kerkwijk®,
J. Boyles™", A. T. Deller’, S. Challeljee“. A. Schechtman-Rook?, Bemdsen®, R. S. Lynch',

D. R. Lorimer?, C. Karako-Argaman®, V. M. Kaspi®, V. I. Kondratiev®'2, M. A. McLaughlin®,

J. van Leeuwen™”, R. Rosen”, M. S. E. Roberts'*!1, K. Stovall'>-!

Gravitationally bound three-body systems have been studied for hundreds of year@g and
are common in our Galaxy*¥. They show complex orbital interactions, which can constrain
the compositions, masses, and interior structures of the bodiedS and test theories of gravilgﬁ,
if sufficiently precise measurements are available. A triple system containing a radio pulsar
could provide such measurements, but the only previously known such system, B1620 2678
(with a millisecond pulsar, a white dwarf, and a planetary-mass object in an orbit of sev-
eral decades), shows only weak interactions. Here we report precision timing and multi-
wavelength observations of PSR J0337+1715, a millisecond pulsar in a hierarchical triple
system with two other stars. Strong gravitational interactions are apparent and provide
the masses of the pulsar (1.4378(13)M ., where M., is the solar mass and the parentheses
contain the uncertainty in the final decimal places) and the two white dwarf companions
(0.19751(15) M. and 0.4101(3)M..), as well as the inclinations of the orbits (both ~39.2°).
The unexpectedly coplanar and nearly circular orbits indicate a complex and exotic evolu-
tionary past that differs from those of known stellar systems. The gravitational field of the
outer white dwarf strongly accelerates the inner binary containing the neutron star, and the
system will thus provide an ideal laboratory in which to test the strong equivalence principle
of general relativity.
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Discovery

Discovery

m First discovered in a 350MHz drift scan survey with Green Bank Telescope(GBT)
at DM=21.3162(3)pccm—3

m Observed in SDSS with optical along with UV, mid and near infrared photometry
suggesting a ~ 15,000k inner white dwarf in the system but no emission from

outer companion.
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m First discovered in a 350MHz drift scan survey with Green Bank Telescope(GBT)
at DM=21.3162(3)pccm—3

m Observed in SDSS with optical along with UV, mid and near infrared photometry
suggesting a ~ 15,000k inner white dwarf in the system but no emission from

outer companion.
= Coplanar and nearly circular orbits with e;, = 6.46~4, e3 = 0.035
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Discovery

m First discovered in a 350MHz drift scan survey with Green Bank Telescope(GBT)
at DM=21.3162(3)pccm—3

m Observed in SDSS with optical along with UV, mid and near infrared photometry
suggesting a ~ 15,000k inner white dwarf in the system but no emission from
outer companion.

= Coplanar and nearly circular orbits with e;, = 6.46~4, e3 = 0.035

m Ps ~ 2.73ms, P; ~ 1.629days, P, ~ 327.25days
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First discovered in a 350MHz drift scan survey with Green Bank Telescope(GBT)
at DM=21.3162(3)pccm—3

m Observed in SDSS with optical along with UV, mid and near infrared photometry
suggesting a ~ 15,000k inner white dwarf in the system but no emission from
outer companion.

Coplanar and nearly circular orbits with e, = 6.4e4, 3 = 0.035
Ps ~ 2.73ms, P; ~ 1.629days, Py ~ 327.25days
Mp=1.4378(13)My, M1=0.19751(15)My, Ms1=0.4101(3)My
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Discovery

Discovery

First discovered in a 350MHz drift scan survey with Green Bank Telescope(GBT)
at DM=21.3162(3)pccm—3

Observed in SDSS with optical along with UV, mid and near infrared photometry
suggesting a ~ 15,000k inner white dwarf in the system but no emission from
outer companion.

Coplanar and nearly circular orbits with e, = 6.4e4, 3 = 0.035

Ps ~ 2.73ms, P; ~ 1.629days, Py ~ 327.25days

Mp=1.4378(13)My, M1=0.19751(15)My, Ms1=0.4101(3)My

Multi-frequency radio timing campaign was done using GBT, Arecibo and

Westerbork Synthesis Radio Telescopes(1.4/1.5GHz) with ~ 0.8us timing
precision for 10s of data
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Discovery

Cool video!

FIGURE — NRAO outreach
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Optical, Infrared and UV observations

Optical, Infrared and UV observations
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Timing Method

Timing Method

m The effect of Roemer delay was visible in the residuals due to the inner (~ 1.2s)
and outer (~ 74.65s) orbits
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Timing Method

Timing Method

m The effect of Roemer delay was visible in the residuals due to the inner (~ 1.2s)
and outer (~ 74.65s) orbits

m The time delay due to transverse Doppler effect coming from the cross velocity of
inner and outer orbits is also taken into account for the fitting.
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Timing Method

Timing Method

m The effect of Roemer delay was visible in the residuals due to the inner (~ 1.2s)
and outer (~ 74.65s) orbits

m The time delay due to transverse Doppler effect coming from the cross velocity of
inner and outer orbits is also taken into account for the fitting.

m Used Monte Carlo techniques to find parameters accounting for three-body
integrations
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Timing Residuals

Timing Residuals
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Timing Residuals

Fitted parameters

Inferred or derived values
Pulsar properties

Pulsar period
Pulsar period derivative

2.73258863244(9) ms
1.7666(9) x 10720

SRV Hl]

Inferred surface dipole magnetic field 22 x 108G
Spin-down power 3.4 x 103 ergs~!
Characteristic age T 2.5x10%y
Orbital geometry
Pulsar semimajor axis (inner) ar 1.9242(4) It-s
Eccentricity (inner) er 6.9178(2) x 1074
Longitude of periastron (inner) wr 97.6182(19) °
Pulsar semimajor axis (outer) o 118.04(3) It-s
Eccentricity (outer) eo 3.53561955(17) x 1072
Longitude of perigstron (outer) wo 95.619493(19) ©
Inclination of invariant plane i 39.243(11) ©
Inclination of inner orbit ir 39.254(10) °
Angle between orbital planes i 1.20(17) x 1072 °
Angle between eccentricity vectors O ~wo — wr —1.9987(19) °
Masses
Pulsar mass my 1.4378(13) My
Inner companion mass Mer 0.19751(15) M
Outer companion mass 8 m.o 0.4101(3) M,
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Formation Mechanism-I

FORMATION OF THE GALACTIC MILLISECOND PULSAR TRIPLE SYSTEM PSR J0337+1715
A NEUTRON STAR WITH TWO ORBITING WHITE DWARFS

T. M. Tavwis'? anp E. P. J. vax pexy Hevver”
Submitted to ApJL October 31, 2013; Accepted November 29, 2013
ABSTRACT

The millisecond pulsar in a triple system (PSR J0337+1715. recently discovered by Ransom et al.)
is an unusual neutron star with two orbiting white dwarfs istence of such a system in the

E Galactic field s new challenges to stellar r\,sm.vplu anding evolution. interactio

— and mass-tran n close mult1plc r em provides the first pre

~ confirmation for a very wide-orbit rhital period relation. Here we
present a self-consistent. semi- :\n:‘l“tl(-r\l olutlou to the fommtlol of PSR J0337+1715. Our model

E constrains the peculiar velocity of the system to be less than 160 kms—! and brings novel insight to,

— for example, common envelope evolution in a triple em, for which we find evidence for in- pur\l of
hoth outer stars. Finally, we briefly discuss our scenario in relation to alternative models.

ot Subject headings: pul individual (PSR J0337+1715) bina close X-rays: binaries

fr— stars: mass-loss Supernovae: g(}llﬂl‘}ll stars: neutron

a2
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Formation Mechanism-I
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FIGURE — FORMATION OF THE GALACTIC MILLISECOND PULSAR TRIPLE SYSTEM PSR J0337+1715 — A
NEUTRON STAR WITH TWO ORBITING WHITE DWARFS T. M. Tauris and E. P. J. van den Heuvel
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Formation Mechanism-|

Problems with this model

= Reduced orbital period of tertiary star!
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Formation Mechanism-|

Problems with this model

= Reduced orbital period of tertiary star!
m Coplanar system!
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Formation Mechanism-II

Formation Mechanism-II

A formation scenario for the triple pulsar PSR J0337+1715: breaking
a binary system inside a common envelope

Efrat Sabach* and Noam Soker*

Department of Physics, Technion — Israel Institute of Technology, Hatfa 32000, Is rael

Accepted 2015 March 26. Received 0115 March 26 in original form 2015 January

ABSTRACT

We propose a scenario for the formation of the pulsar with two white dwarfs (WDs) triple
system PSR J0337+1715. In our scenario, a close binary system is tidally and frictionally
destroyed inside the envelope of a massive star that later goes through an accretion-induced
collapse (AIC) and forms the neutron star (NS). The proposed scenario includes a new in-
gredient of a binary system that breaks up inside a common envelope. We use the Bivary_c
software to calculate the post-break-up evolution of the system, and show that both low-mass
stars end as helium WDs. One of the two lower mass stars that ends further out, the tertiary
star, transfers mass to the ONeMg WD remnant of the massive star, and tri s the AIC.
The inner low-mass main-sequence star evolves later, induces AIC if the tertiary had not done
it already. and spins-up the NS to form a millisecond pulsar. This scenario is not extremely
E ve to many of the parameters, such as the eccentricity of the tertiary star and the orbital
separation of the secondary star after the low-mass binary system breaks loose inside the
envelope. and to the initial masses of these stars. The proposed scenario employs an efficient
envelope removal by jets launched by the compact object immersed in the giant envelope, and
the newly proposed grazing envelope evolution.
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Formation Mechanism-II

Formation Mecl
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R Sriwasd, Davm L Karcas, A Ao’ Prr Gremue, Do s, Discas Lo, Rysx
L¥wcs MAURA MOLAUGHLING, SCOTY RANSOL INGRID STASS, AND KEvex STOVALL
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Further research

Thank you!
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