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Moderador
Notas de la presentación
I’ll tell you about a growing class of neutron stars, why they’re interesting and how we’re studying them. 
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Porb = 1.5-17.5 hr. a ~ 0.7-4.2 Rsun (5e10-3e11 cm) 
Companion mass, BLACK WIDOWS: ~0.01 Msun    REDBACKS: ~0.1 Msun 

NS masses seem high! (1.6-2.? Msun) 
2 

Moderador
Notas de la presentación
Let me use this NASA video to introduce the main subject of this talk: 
PAUSE
compact binary MSPs. Start from the end: pulsar, msec, binary, compact.
Orbital periods shorter than a day. Some of these binaries fit inside the Sun!
Heavy NS, probably because they have gone sustained accretion of mass. Consequences for EoS
GO ON
And they show what I call neutron star metamorphosis: change between different states, rotation vs accretion power.






A Spider Revolution 
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A booming field thanks to Fermi-LAT driven discoveries 

Compact binary MSPs: a growing, nearby (0.5-3.5 kpc, 1e21-1e22 cm) pulsar population 
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Moderador
Notas de la presentación
The last five years have seen a revolution in the field of compact binary MSPs. To illustrate, see this plot BEFORE and AFTER the launch of Fermi.
EXPLAIN WHAT FERMI-LAT IS!

They are relatively nearby, “only” 0.5 to 3.5 kpc away! 
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Moderador
Notas de la presentación
OUTLINE: 
THE REST OF THIS TALK IS DIVIDED IN THREE PARTS: THREE STATES

EMPHASIZE MOTIVATION: NS MASS, PARTICLE ACCELERATION AND INNERMOST PULSAR WIND PROBE!

START with the disk state
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Three main states: outburst (accretion), pulsar (rotation), disk (X-roads) 

X-ray states of redbacks 
Pulsar, disk(active/passive) and outburst states 

~4x1032 erg/s 

Edot~1034 -1035 erg/s  
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Archibald+09, Papitto+13, DiMartino+13, Linares+14 

Moderador
Notas de la presentación
This plot puts it all together: three states in order of increasing X-ray luminosity.

Disk state intermediate luminosities. And how do we know there’s a disk?
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B
ecker+03, B

ogdanov+11 Chandra revealed 
striking variability 

from a redback in the 
disk state (M28-I): 

Fast (<500s) transitions 
between disk-active 
(LX=3.9×1033 erg/s) and 

disk-passive 
(LX=5.6×1032 erg/s) 
states, both non-

thermal (Γ=1.5) 
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Linares+ (2014, MNRAS, 438,251) 
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Moderador
Notas de la presentación
We looked at Chandra observations of a globular cluster redback and found striking and unprecedented variability: 

LOWER PANEL: X-RAY LIGHTCURVE OF M28-I: c/s vs. time in hours, and orbital phase along the top axis. This was taken five years before the discovery outburst.

This little snake running along the lightcurve shows the time interval of the image above, so you can see both from the image and the lightcurve how:

M28-I switched very rapidly between active and passive states, at luminosities between a few E32 and a few E33 erg/s.

(These transitions were NOT correlated with orbital period nor due to changes in absorption, and thus have nothing to do with the so-called dipping low-mass X-ray binaries.)

[other notes: core radius is were surface brightness has dropped “by half”.  Becker+03 found 12 srcs in the 0.24’ core radius]
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Balance (tug-of-war) between accretion flow and pulsar wind? 
(Linares et al. 2014; see also Campana et al. 2016) 

 
Light cylinder radius at 186 km. For a 108 G magnetic field: 

 Active states (Lbol=1.2×1034 erg/s  Rm~130km): magnetospheric accretion.  
 Passive states (Lbol=1.7×1033 erg/s  Rm~230 km): pulsar wind shock. 

At the boundary between accretion and rotation power 

1032 erg/s 
Rotation power? 

1033 erg/s 
Accretion power 

Disk state: mode switching (M28-I) 33:x 
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Moderador
Notas de la presentación
AND WE PROPOSED A SIMPLE TOY MODEL TO EXPLAIN THIS NEW PHENOMENON: MODE SWITCHING IN M28-I: a balance between the accretion flow and the pulsar wind.

In this toy “tug-of-war” model, accretion rate fluctuations move the magnetospheric radius Rm in and out of the light cylinder. This turns the radio pulsar off and on, switching between magnetospheric accretion (at high L) and pulsar wind shock emission regime (at low L).

We quantified this: magnetospheric radius vs light cylinder radius OK.

(click) So in this interpretation this part here is accretion-powered and this down here is rotation-powered.
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Moderador
Notas de la presentación
NOW THE PULSAR STATE
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More than a thousand unidentified GeV sources! 

The Future is Bright 
Fermi-LAT: driving force and discovery space 
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Moderador
Notas de la presentación
Almost 30 nearby spiders known at present. BUT the future is bright: more than 1000 unidentified GeV srcs, many of those are pulsars waiting to be discovered.
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COBIPULSE:  
Optical survey of 38 LAT-selected MSP candidates (21 North, 17 South) 

Pulsar state: finding new “spiders” 
COBIPULSE: COmpact BInary PULsar SEarch 

32:o 
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Optical “hunt” for binary MSPs in Fermi-LAT un-identified sources 
Complementary to radio/gamma-ray pulsar searches (hampered 

by enshrouding and acceleration in unknown orbit) 

Moderador
Notas de la presentación
With the goal of searching for spiders we’ve set up a systematic search using robotic telescopes around the globe.

What we do is search for orbital flux modulation in the LAT MSP candidates region.
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Multi-band, wide-field, well-sampled optical photometry  (robotic) 
COBIPULSE-N: Stella-1.2m Large Program, observed (220 hrs) 
COBIPULSE-S: LCOGT-1m Program, observed (80+100 hrs) 

Pulsar state: finding new “spiders” 
COBIPULSE: COmpact BInary PULsar SEarch 

32:o 
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Moderador
Notas de la presentación
With the goal of searching for spiders we’ve set up a systematic search using robotic telescopes around the globe.

What we do is search for orbital flux modulation in the LAT MSP candidates region.
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Pulsar state: finding new “spiders” 
J0212: the brightest companion, in a 21hr orbit 

32:o 
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Moderador
Notas de la presentación
Which is working! We’ve found two compact binary millisecond pulsar candidates, one of them shown here.
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Pulsar state: finding new “spiders” 
J0212: the brightest companion, in a 21hr orbit 

32:o 

13 

Modelling jointly light and radial velocity curves: 
 M1 = 1.75 +/- 0.25 Msun 
 M2 = 0.48 +/- 0.20 Msun 
 i ≈ 70°              
 (Shahbaz, Linares, Breton, submitted) 
 
Current record at 2.01 Msun  (Antoniadis+13), but 

evidence for Mmax > 2 Msun (EoS consequences) 

Moderador
Notas de la presentación
Which is working! We’ve found two compact binary millisecond pulsar candidates, one of them shown here.



Summary 

H
ynes+ 
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COBIPULSE  
 

M1=1.75Msun, 
Porb=21hr 

 
MORE TO 

COME! 

MODE 
SWITCHING! 

 
WIND – FLOW 
TUG OF WAR? 
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Moderador
Notas de la presentación
CONCLUSIONS:
-6oom Lx, three states.
-pulsar state luminosity may hint at new accretion disks.

TAKE HOME:
-disk state=mode switching.

AND…
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