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Binary Pulsars evolution:
unveiled links
and new species
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The population of binaries in Globular Clusters

[ adapted from Ransom 2012 ]

Number of Pulsars

144 Pulsars in 28 GCs
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Year

72 recycled in binaries

6 recycled unclassified
6 not (?) or very mildly recycled

60 recycled isolated The big burst

btw 2000-2005



The power of a larger sample:
CONSTRAINS proposed MODELS
UNVEILS previously missing LINKS
FACES with NEW SPECIES

E.g. that happened during past decade - after discoveries of
few Double Neutron Stars, e.g. the Double Pulsar [Burgay et al
2003; Lyne et al 2004] and J1906+0746 [Lorimer et al 2005] - for the

class of the HIGH MASS BINARY PULSARs ( HMBPs )

- van den Heuvel & Deloore 1975 * ¥ teotanon /
- Piran & Shaviv 2005 ol R N
- Podsiadlowski et al 2005 7 :

- Willems et al 2005 i A& x ‘Graveyard|
- van den Heuvel ~ S

- Willems et al 2006 s | Yy

- Stairs 2006 i T e

- Dewi 201 L Recycled pulsars lr ‘,v N / ' )

- ven den Heuvel 2010 * a 4 '.(X-ra: ;icu::?vo:hase)
- Oslowski et al 2011 N

- Farr et al 2011 of * & SiplismiEmies

- Belczynski et al 2010, 2011, 2012

[ @ Stairs 2004 ]
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Expected a re-flourishing, in next years, of the studies about the
LOW MASS BINARY PULSARs (LMBPs)
INTERMEDIATE MASS BINARY PULSARs (IMBPs)
as well as the
VERY LOW MASS BINARY PULSARS (VLMBPs)

FULLY RECYCLED ISOLATED PULSARs
+ additional classes linked to those above

« [Binary Pulsars @ mid 2012~

'1 103 with P outsige GCs e
o | e 2 . .
g of . | In this perspective - and also
g s e, i from the point of view of an
o T 0 I * 1
N 2T e | observer - | have
co e e e 1 appreciated a lot the very
8 P - § Q///_\ “@e 0@, =V € CO/ONeMg WD companion | .
c RS o Xy O NS companion recent attempt by Tauris et
o P L MS star companion | 2

SL st T o ¥ MS star comp 1 al. to systematize the

° :‘ o . _(\,.A.»r«/-_g;)/«-"’ * Ultra light companion .
| e 0 | current knowledge about
w0t oo o1 v, evolution of LMBPs and

IMBPs

Spin period, P (sec)
[ from Tauris, Langer, Kramer 2012 ]



Conditions

ME > 0.5 M@ Porb > 50d
Py, <509  and  ecc > 0.05
M; > 0.335 Mg Porb < 75¢ and ecc<0.05 and P >8ms
M; > 0.08 Mg {(Porp < 75¢ and MJ <0.335 M) or (Pom >75% and Mj < 0.46 My)}
UL** M; < 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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[ Tauris & Savonije 1999 ]
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[ Archibald et al 2009, Zhang et al 2009 ]

Hottest targets, unveiled links,
open questions & new ideas:
a (personal) selection

1. J1023+0038 : the long sought link btw LMXPs and the
largest family of LMBPs (those with a HeWD companion) ?

Value
10723747.687(3)°
00°38’41.15(7)"

10(1) mas yr—*

—16(2) mas yr—!
54802

14.325(10) pc cm—3
1.6879874440059(4) ms
1.2(8) x 10—20
0.1980962019(6) d
2.5(4) x 10—1°
—5.21(14) < 10—t s—1
54801.97065348(9)
0.3433494(3) 1t-s

< 2x 105

Parameter

Right ascension («; J2000)
Declination (4; J2000)
Proper motion in « (1£,)
Proper motion in & (us)
Epoch (MJD)

Dispersion Measure

Pulsar period (P)

Pulsar period derivative (P)
Orbital period (F3)

Orbital period derivative [@=5)

Orbital period second derivative (151,)
Time of ascending node (MJD)
asinz

Eccentricity

A 1.69-ms MSP in a 4.75-hr circular
orbit with a =0.25 Mg MS companion,
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;
Bogdanov et al 2011)

VLBA parallax implies a distance of
d = 1370+40 pc, whence a

My = 1.7120.16 Mg

a smaller dP/dt and so a revised
dE,../dt = 4.3 x 1034 erg/s

Byt = 9.6 X107 G

Ty = 5.0 x 10°% yrs

[ Deller et al 2012 ]
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IMPROVED MODELING of last stages of
the recycling with emphasis on the
interaction btw the pulsar wind and
the matter lost by the companion
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[ Bailes et al 2011 )

3. J1719-1438 & the new population of the
ULTRA LOW MASS BINARY PULSARs (ULMBPs):
the previously missing descendants of the
Ultra Compact Accreting X-ray Millisecond Pulsars

Parameter

Value

Right Ascension (J2000) (hh:mm:ss) 17:19:10.0730(1)

Declination (J2000) (dd:mm:ss)
v(sh

2

Period Epoch (MID)

DM (pc cm™?)

B, (d)

apsini (It-s)

[

—14:38:00.96(2)
172.70704459860(3) Hz
-22(2)x10°16

554110

36.766(2)
0.0907062 Ev‘

Ty (MID) “{i& ; 13@5{3\*

Data Span (MID) 8P 5586
Weighted RMS residual (us) 15

Points in fit 343

Mean 0.73 GHz Flux Density (mJy) 0.8*

Mean 1.4 GHz Flux Density (mly) 0.2

Derived parameters

Characteristic Age (Gyr) >12.5

B (G) <2x10%
Dispersion Measure Distance (kpc) 1.2 (3)
Spin-down Luminosity L, <0.40(4)

* Derived from a single observation.

p(g cm™°) (inferred) > 23

f(M,)

(UC-AXMSPs) ?

0-1 T T T T T

0.01

0.001

0.0001

10-%

10-¢

10-7

10-8

109

Jovian-like mass companions for ULMBPs
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4. |SOLATED RECYCLED PULSARSs : are they descendants
of Very Low Mass Binary Pulsars (VLMBPs) and ULMBPs ?

SF N S oy Until recently, VLMBPs were mostly
> | ‘ = .. found in GCs, where the formation of

/ O WH g
i/ NGCESaIA  ymr ]
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| éiﬁi .
o \' oy ) &é% L & : X\ ionization of a binary following a

27 [ Huco /" o ol - dynamical encounter

o\ - ::_'FER to | se?—s‘a\vs

2051-0827 sﬂ 0610-2100
— B @ MezE
E R

o
2
)
S
> O
-
e
18

M13

! mo Y2 Fd
NGC676 EPEHM;"S\L
ae

TN e Cm VLMBPs alk
"k any
) :f®g\L eclipsing)

-19

[ ©P. Freire ]

Pg(days)

Log P (s/s)

The blossom of discoveries of VLMBPs /
ULMBPs and Isolated Recycled Pulsars in
the Galactic field starts enabling a
direct comparison of the two
populations, searching for relationships

P.S. Also important to carefully check for Ultra light comp to claimed Isolated Recycled psrs

-20

~
ho3 2x1073 5x1073 0.01 0.02
P (s)

[ Possenti et al, in prep ]



Parameter

value

Pulsar mass

White dwarf mass

Orbital period

Projected pulsar semimajor axis
Orbital eccentricity

Inclination angle
Dispersion-derived distance
Pulsar spin period

Period derivative

1.97 £0.04 Mg,

0.500 £ 0.006 Mg
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~




Derived Parameters

Spin Period, P (ms) . .. 2.14991236434921(7)
First Derivative of Spin Period, P (102%ss—!) .. 1.88203(11)
Characteristic Age, 7. (10° yr) .. 19
Dipolar Magnetic Flux Density at the Poles, Bo (1 . 2.0
Galactic Longitude, [ 3773363
Galactic Latitude, b —120136
Distance, D (kpc) .. 6.4+ 1.0
‘Total Proper Motion, & (mas yr—*) 5.60(11)
Galactic Position Angle of Proper Motion, ©u ... .. 263.9+08°
Velocities, Solar System Burycent.re Reference
Transverse velocity, Vo (km s—1) ... . 168 +24
Radial velocity, v (km s~ 1) . 42.0+4.4
Total 3-D veku:lty, V (lam s-1y . .. 174%25

V, (km s_‘) .. . e 1713
V (km s—1) —189£5
Ve (kms—1) ... —11+4
Total 3-D velocity, 190£5

Vs (km s—1) 2845
Total 3-D velocity, V (km s—1) . .. 3Tx9

Derived Masses and Orbital Orientation
Mass Function, f (Mg) - 0.139558441(2)
Orbital Inclination, i (°) . .. 77.47(15) or 102.53(15)
Total Mass of Binary, M, (M@) 2.697(29)"
Companion Mass, m. (Mg) . .. 1.029(8)"
Pulsar Mass, mp (Ms) .. .. 1.667(21)

MS + planet

T T P T

CE evolution

Orbital Eccentricity

0.001 0.01 10
Rotation Period (s)




7. The triple binary in the Galactic field: a wogs#eTiul gym
for evolutionary and dynamical studies ma‘“

8. The case of the RED BACKs: not anymore only iré
Globular Cluster ? e

9. The missing mass : is radio-ejection (see [Ruderman et al
1989, Burderi et al. 2001, 2002]) the primary responsible for
getting rid of the excess transferred mass in a LMXB ?

10. The missing AXMSPs : why no AXMSP with orbital
period longer than 1 day ? Are they progenitor of
only one specific subclass of the MSPs ?

11. ..



Sorry for a last slide advertisement, about...

SRT - sardinia Radio Telescope, 64m active-surface
single-dish, operating from 0.3 GHz to 110 GHz

SRT had its “first wave” on 8 Aug 2012

SRT first light: 3C218 @7GHz - Azimuth scan SRT first light: 3C218 @7GHz - Elevation scan
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Shared-risk open calls in =1 year ... Stay tuned ! |







