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PSR J1638-4725

Discovered in the Parkes multi-beam pulsar survey
PMPS) in an observation done in 1998.
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Parkes multi-beam pulsar
survey

e Largest and most successtul pulsar survey ever completed

(>800 pulsars as of 2013).

1.4 GHz £5 degree strip along Galactic Plane, 13 beams,
35 minute integrations, x96 3 MHz frequency channels,
250 us 1-bit sampling
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Parkes Radio Telescope. Credit: CSIRO  Nichi D’Amico with AFB. Credit: J. Sarkissian



Parkes multi-beam pulsar
survey

PMSURYV Completed
14 March 2002.

Click on images to see the full-size versions

https://www.parkes.atnf.csiro.au/people/sar049/social/pmsurv/



Parkes multi-beam pulsar
survey

Ding Dong - it's over!

Over 600 pulsars found!

oS://www.parkes.atnf.csiro.au/people/sar049/social/pmsury




Parkes multi-beam pulsar
survey

https://www.parkes.atnf.csiro.au/people/sar049/social/pmsurv/



PSR J1638-4725

* Binary system with high mass companion (>6 Me), long orbital period

(5.3 years), highest eccentricity (0.95) and with variable pulse
dispersion and scattering near periastron (work by Lyne et al.).

Puts PSR J1638-4725 in a similar class as other binaries with non-
degenerate (or BH??) companions, e.g. PSRs B1259-63, J2032+4127.

Mon. Not. R. Astron. Soc. 372, 777-800 (2006) doi:10.1111/.1365-2966.2006.10887.x
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Why are PSR-(Be)Star
binaries interesting”?

MICROQUASAR

BINARY PULSAR

Companion star

Relativistic jets

Compact object
of center

Ultraviolet and Accretion disk

optical emission f 3 Y-rays

\s. Microblazar
Mirabel, Science, 2006.

Cometary radio emmission

>

/
\

Pulsar

Disk outflow
q



Why are PSR-(Be)Star
binaries interesting”?

* Factories for production of some of the highest
energy gamma-ray radiation (>100 GeV to TeV).—
> Space & Ground based Cherenkov telescopes.

o PSR-Star’s are precursor systems to more
widespread HMXBs —> DNS.

 Uniquely, pulsars act as a magneto ionic probes
of stellar outtlows (through changes in DM, RM
and scattering).



PSR B1259-63

e Observational results from PSR B1259-64:

Chandra X-ray observations reveal
Hole punched through stellar disk.
Pavlov et al. 2015.

Image credit: NASA/CXC/PSU/
G.Pavlov et al

2011 2013 2014




PSR B1259-63

e Observational results from PSR B1259-64:

Table 1. DM and RM variations and the inferred magnetic field
for the 2004 periastron observations. The error in DM is typically
0.2 cm—3 pc.

286  S. Johnston et al.

Date Day ADM RM B
(cm~3pc) (rad m—2) (mG)

Wind flow line

2004 Jan 27  —39.8 3.0 —3100 £300 -—-1.3+£0.1
2004 Jan 29  —37.7 2.5 —3800 £400 —-1.9+£0.2
2004 Jan 31 —35.7 3.4 41700 & 200 +0.6 £+ 0.1
2004 Feb 02 —33.7 5.6

2004 Feb 04  —31.7 4.0 —1500 £200 —0.5+0.1
2004 Feb 06  —29.7 3.9

2004 Feb 08  —27.7 5.9

2004 Feb 10  —25.7 4.9 411500 £+ 1100 +2.9 £0.3
2004 Feb 12 —23.7 5.3

2004 Feb 14  —21.7 5.5

2004 Feb 17  —18.8

2004 Feb 18  —17.8

2004 Feb 20  —15.8

2004 Mar 23 16.1

2004 Mar 25 18.1

2004 Mar 28 21.2

2004 Mar 29 22.1 .

2004 Mar 31 24.1 . 46000 £ 600

2004 Apr 02 26.2 . —2500 £ 300

2004 Apr 04 28.2 . —280 + 30

2004 Apr 08 32.2 . —500 + 50

2004 Apr 14 38.2 . —1080 £ 100

2004 Apr 22 46.1 . —360 + 40
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Figure 6. A schematic diagram showing the interaction of the wind from
PSR B1259—63 with the disc of the Be star SS 2883. The pulsar moves
around the orbit as indicated (the dashed portion of the orbit is behind the
plane of the sky), passing behind the stellar disc before periastron (P). The
stellar disc is believed to be inclined to the orbital plane, and so the pulsar
passes through it twice, before periastron (A) and after periastron (B). The
pulsar wind bubble is blown into a cometary shape by the ram pressure of the
wind in the stellar disc.

0y gMimtus o0 o oeses gueel e

T S S RM variation —> magnetic field
“: " h ) i
r h n FiG. 1.—Timi iduals for PSR B1259—63. (a) Postfit residuals aft
2 lmpaCtS t Oug edge O solvilr?g for pulll:;:inl:sllai::r; pc:rameters but not ch(:r)lgegsin p:f:;rl;)aé:ioa:i : Varlatlon’ JOhnSton et al 2005
I i . (b) Postfit residuals after solving for pulsar and bi t
stellar disc, Johnston et al. Facluding period sicps at th two peristrons. (¢ bret residualscortesponding

to solution (b) showing the effect of the steps in period at periastron.

Distinct “propeller torques” near
periastrons, Manchester et al. 1993.

1999.



PSR B1259-63

Pulsar B) 25¢ :
Mass: About twice the sun’s
Diameter: 12 miles (20 km)

,Rnll V "."". .'.V,l ,I' ' '\’.;'."'1 1O

Fermi observes faint gamma-ray emission

sest approach '
Dec. 15, 2010 <

.\\

52883 ° FERMI LAT sees flaring shortly
e after periastron. Tam et al. 2018

' Mass: 24 solar masses

Diameter: 9 suns
2010 Periastron

Jan./Feb. 2011 disk passaqi as disk

Fermi sees intense gamma-ray emission \

2014 Periastron

LAT Flux (Photons/s/cm?)

2017 Periastron

Pulsar orbit \

- Period: 3.4 years

40
Time (MJD-MJDp)




PSR B1259-63
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PSR J1638-4725

* Can clearly see radio pulsations are shut down near periastron.
Higher frequencies at Parkes, e.g. X-band no longer possible.
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PSR J1638-4725

Can clearly see radio pulsations are shut down
near periastron. Higher frequencies at Parkes,
e.g. X-band no longer possible.

—mission shut down occurs on extremely short
timescales (10's of minutes!).

~465 observations with the Analog Filter Bank
going back to 1999.

~X obs with Digital Filter Bank —> polarisation
properties.



PSR J1638-4725
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