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Ordinary Star + White Dwarf

Sirius : a Canis Maior

MONOCEROS ~

Located at about 9 a.l. with an
orbital period of about 50 yrs
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Ordinary Star + Ordinary Star:

The ”flying star” of Piazzi: 61 Cygni in Cygnus

Located at about 11.4 a.l. with
orbital period of about 680 years
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32 years later ....




In most cases, the life in a couple
strongly modify the evolution of the
single stars as a consequence of
mass exchange

In this way, the involved stars can have
features at variance with those of the
stars evolving in isolation and pathways
are available to produce
exotic stars and binary systems
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Some general concepts

: 1
1) Steady accretion [GM _L G/ ]_
2) Spherical symmetric accretion (GMim, =L on (4”0)) r*
38 M
Ly, =4nGcMm [0y, =1.3x107 | —— |erg/s
7 M
| SUn

Accretion spectrum

Laccre ion :
hvbbszTbb =kB(4JI(7 }32 e
W51 keV < hv, <50 MeV
GMm

hv =k.T =k 2 6 eV<hv <10 keV
th B~ th B(3 kB Rsurf) d




In order for the matter to get rid of part of its
angular momentum and then approach the
compact star, an accretion disk must form

The role of the \{:‘
magnetic field p ==

mag

NS4

= =55x10°MYRLY g, km

The B-field starts dominating at r,,,
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mm [Backer et al. 1982]

P=1.557 ms

Via

ng = 0.3 C 1

e

v =0R

tangential
velocity

extrerne physical conditions
occur in millisecond pulsars

First promise of putting
constraints to the Equation of

State for nuclear matter !



The formeation odraeigin:
ine recycling scznario

Recycled pulsars are old neutron stars spun up by
accretion of matter and angular momentum from a

companion star in a multiple system [sisnovati-kogan & Komberg
1974, Alpar et al. 1982]
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| : RIS . Evolution of 2 initially massive
The most massive star evolves first and could stars: stage |

transfer mass to the companion star Esplosione di Supernova

According to the amount of accreted mass

and the amount of mass ejected during '

the supernova explosion, the system can « .
remain bound f
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Ordinary star and
Utronstarinan,
Neutron star: ) stage eccentfic orbit

Rapid evolutionary timescale of the Donor star : small ri-acceleration of the




Neutron star + Supergiant star

Centaurus X-3 in Centaurus

At about 18000 a.l.: X-ray binary with an orbital period of about 2 days



Evolution of 2 initially massive

: K " Insuitable (rare)
_ conditions, the couple
‘ O % . remains bound
1 B e : -
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stars: stage ||
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in an eccentric *
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Neutron star + Neutron star:
JO737-3039A/B (the Double Pulsar )

van den Heuvel & DelLoore

Piran & Shaviv 2005
Podsiadlowski et al 2005

Willems et al 2005

van den Heuvel
Willems et al 2006
Stairs 2006

Dewi 201

ven den Heuvel 2010
Oslowski et al 2011
Farr et al 2011

Belczynski et al 2010, 2011

© Howe at ATNF

2012

At about 2000 a.l.: two neutron stars
orbiting each other in
about 2.5 hours

D

| @ Stairs 2004 |



The most massive star evolves first and could
transfer mass to the companion star

Long lasting evolutionary timescale of the Donor star :

strong ri-acceleration _of the Neutron star reaching

stage

Evolution of a’massive and a
light star

L ' .

In a supernova explosion, the system can remain bound if the
This is possible if there was enough

accretion onto the secondary.

Otherwise, the binary is preserved by the occurrence of a |
suitably directed imparted to the new born neutron star
in the supernova explosion
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Ordinary relatively light star an
a N ‘ in an eccentric
orbit |
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A system unambiguously linking Accreting X-ray millisecond pulsars and

Radio millisecond pulsars was unsuccessfully sought for 3 decades...
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Low Mass
non GC binaries with Ecc< 0.1~
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And finally: # ry swingin

Dtw A-ray and radio MSP

UQ

PSR J1824-2452l / IGR J18245-2452 in M28 : the long sought link
btw LMXPs and the largest family of LMBPs

e—
i\
O
~
.'_l_')
B
R
w)
-- E

500

1,000

. " Count rate (s
250

30 40
Time (ks)

100

Leahy Power

O
10

102 10" 1 10 102 103
Frequency (Hz)

Nowadays a 3.93-ms MSP in a 11.0-hr circular orbit with a =0.17 M, companion, displaying
extended radio eclipses, and which experienced few phases of accretion with emission of
millisecond X-ray pulsations, the last of them around April 2013

The switching btw radio and X-ray pulsations is very rapid, or order days at most




2l 2009 J

2009, 4Na

chibald ¢

..and another example: J1023+0038

\
f\'

Parameter Value —_—

Right ascension («a; J2000) 10"23™47.687(3)° \

Declination (6; J2000) 00°38741.15(7)” o |

Proper motion in o (.) 10(1) mas yr—? . \ X |

Proper motion in § (us) —16(2) mas yr—! ‘ ‘ [

Epoch (MJID) 54802 " | . [

Dispersion Measure 14.325(10) pc cm—3 [

Pulsar period (P) 1.6879874440059(4) ms ‘

Pulsar period derivative (P) 1.2(8) x< 10720 ) ) )

Orbital period (P5) 0.1980962019(6) d &3 ‘

Orbital period derivative (£) 2.5(4) x< 10—1° ‘

Orbital period second derivative (£,) —5.21(14) x 10—1! s—!

Time of ascending node (MJD) 54801.97065348(9) b b [

asinz 0.3433494(3) 1t-s

Eccentricity <2x10° ’ ; ; Iy
\

A 1.69-ms MSP in a 4.75-hr circular orbit |
with a =0.25 Msun MS companion, 12000: X-ray binary 2009: radio millisecond pulsar
displaying extended radio eclipses, X-ray
orbital modulation and gamma-ray
emission and showing to have had an
accretion disk until around 2001

| Archibald et al 2010: Tam et al 2010;

») .. . : | = v q |
p0OL2aalnoyv e 1§ 20 J

... and counting: J1227-4859, ...

Thus established the new family of the
TRANSITIONAL binary pulsars



The TRANSITIONAL binary pulsars belong
to the larger category of the

ECLIPSING pulsars

J1810+1744 J2129-0429
Pepin = 1.7ms P = 7.6ms
Pas = 3.6hr Pos = 15.30r

o

RED BACKs: M_>0.1-02 M,

Not degenerate companion
Small ablation

BLACK WIDOWs: M_<0.1 M,

Short orbital period
Evidences of ablation




Neutron star + Roche lobe filling “pear-shaped” star
PSR 6397A + COM 6397A

At about 7000 a.l.: eclipsing binary pulsar in the globular cluster NGC 6397
The RED BACK stereotype
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%ntﬂ recently the vast majority of the eclipsing pulsars

a7 - were found in globular clusters, but now...

Fermi ‘spiders’

Black Widow and Redback pulsar
binaries.

So named because they
‘devour’ (ablate) their
companions
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non-eclipsing RMSPs |

transitional MSPs (eclipsing RMSPs + accreting MSPs)

100 200 300 400 500 600
Spin frequency (Hz)




Golactic Field Radio Pulsars
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[ Bailes et al 2011 ]

the recent new population of the
ULTRA LOW MASS BINARY PULSARs (ULMBPs): e.g. J1719-1438
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A ~rxmvsp

0.001
0.0001 1A e B
BIN-PSR
-5
Parameter Value - .
Right Ascension (J2000) (hh:mm:ss) 17:19:10.0730(1) 5
Declination (J2000) (dd:mm:ss) —14:38:00.96(2) ot 6
v 172.70704459860(3) Hz 10
(2 -22(2)x10°16
Period Epoch (MID) 55411.0
DM (pc em ) 36.766(2) 1077
B, (d) 0.090706293(2)
apsini (It-s) 0.001819(1)
Ty (MID) 55235.51652439 10-8
e < 0.06
Data Span (MID) 55236-55586
Weighted RMS residual (us) 15 10-9
Points in fit 343 RY 7 e
Mean 0.73 GHz Flux Density (mJy) 0.8 s
Mean 1.4 GHz Flux Density (mly) 0.2 10-10 L~ . M . P L
Derived parameters 1
Characteristic Age (Gyr) >125 / W)
B (G) <2x10°
Dispersion Measure Distance (kpc) 1.2 (3)
Spin-down Luminosity L, <0.40(4 1 1 1
D g @ Jovian-like mass companions for ULMBPs
5(g em™2) (3 h iously missing d d f th
plg em™) (inferred) > 23 = the previously missing descendants of the

Ultra Compact Accreting X-ray Millisecond
Pulsars (UC-AXMSPs) 2



Parameter

Pulsar mass

White dwarf mass

Orbital period

Projected pulsar semimajor axis
Orbital eccentricity

Inclination angle
Dispersion-derived distance
Pulsar spin period

Period derivative

value

1.97 £0.04 Mg

0.500 £ 0.006 M,
8.6866194196(2) days
11.2911975 light sec
1.30 £0.04 x 106

89.17 £ 0.02 deg.

1.2 kpe
3.1508076534271 ms

9.6216 x 10~

Case A

£
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PSR J1614-2230




and the first triple system: NS + WD + WD

| PSR JO337+1715 - lpnne]r S’b“
Outer Orbit ~ Triple System b, OCaYR
Porb=327d0ys MPSR 3 ]-MMSun

" 2 un
Mwp = 0.41Ms;n . Mwb = 0.20Ms

r ""“Pulsar ol
Z » 16 It-sec “Young, hot”

White Dwarf

. ’ Magnified
Center of Mass ./ 118 ltsec 15x

- Orbital inclinations
472 ltsec

“Cool, old”

White Dwarf J

[ © Hessels 2014 ]

Figure credit: Jason Hessels
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Binary Pulsars @ mid 2012

103 with P outside GCs

® He WD companion
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* Ultra light companion

Spin period,




Companion type Conditions

MS ME > 0.5 M@ Porb > 50d

NS Py, <504  and  ecc > 0.05

co M3 > 0.335 Mg Por, < 75¢ and ecc<0.05 and P >8ms

He M3 > 0.08 Mg {(Porp < 754  and M <0335 Mp) or (Po > 759 and M; < 0.46 M)}
UuL** M3 < 0.08 Mg

* The median companion mass M3 is calculated for an orbital inclination angle i = 60° and an assumed pulsar mass Myg = 1.35 Mg.
** Many pulsars with unmeasured values of a; are also expected to host an ultra-light companion if P, < 2 days and P < 8 ms.
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Companion star:
® He WD
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Mass of companion, M, (Mg)

low-mass He WD He WD COWD
sub-stellar dwarf ONeMg WD
single MSP




