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The Pulsar Zoo

Radio Pulsar: ∼2000

X-ray binary NSs: ∼1000

X-ray Isolated NSs: ∼9

RRATs:∼70

CCOs:∼5

SGRs/AXPs (magnetars):∼23



Pulsar Theory

Standard magnetic dipole model
Pulsar Period P

Age of a Pulsar tc = P/2Ṗ

Energy Release Ėrot = −4π2I Ṗ/P3

Dipole Ėdip = 2
−→
|m|2
3c3 Ω4 sin2 α

Magnetic Field B =
√

3Ic3

8π2R6PṖ

Canonical Neutron Star

BNS = 3.2× 1019(PṖ)1/2 G

|Ėrot |NS = 3.9× 1046Ṗ/P3 erg/s



SGRs/AXPs - The Sources

SGRs - Soft Gamma Repearters.
AXPs - Anomalous X-ray Pulsars.

Particular class of pulsars:

Pulsars
Ordinary Pulsars SGRs/AXPs

P ≈ 10−3s (2− 12)s

Ṗ ≈ 10−15 s/s ≈ (10−10 − 10−13)s/s
LX ≈ 1030 erg/s ≈ (1034 − 1036)erg/s
tc > 106 yr ≈ 103 yr



Our sample, P − Ṗ
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SGRs/AXPs - What are they?

Understood as:

Slowly rotating Neutron Stars - P ≈ (2− 12)s:
Canonical Neutron Star

M = 1.4M�
R = 10 km
I ≈ 1045g cm2

Large x-ray luminosity - LX >> Ėrot .

Their persistent X-ray luminosity, as well as the bursts and flares
typical of these sources, are believed to be powered by the decay of
their ultra strong B.

Powered by strong magnetic fields - B > 1014G.



Difficulties of the magnetar model

up to now, attempts to estimate the magnetic field strength
through the measurement of cyclotron resonance features, as
successfully done for accreting pulsars, have been inconclusive.

SGRs with low-B, 4 radio sources1.

1alternative models - Malheiro et al. 2012, Coelho & Malheiro 2014
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I versus M
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GR Magnetic Field

f = −3

8

(
R

M0

)3 [
ln(N2) +

2M0

R

(
1 +

M0

R

)]
, (1)

N =

√
1− 2M0

R
, (2)

B sinχ =
N2

f

(
3c3

8π2

I

R6
PṖ

)1/2

. (3)

1 Rezzolla and Ahmedov, MNRAS 352, 1161 (2004).



Dipolar Magnetic Field
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GR Magnetic Field
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LX/Ėrot - Efficiency
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GWs from pulsars with measured braking index - papers
submitted to PRD RC and EPJ C

GWs + magnetic dipole brakes
can naturally explain the
measured braking index.

PSR J1640 (n = 3.15): the
amplitude h of the GW is
around a factor four lower than
the h modeled exclusively by
GW energy loss.

aLIGO and ET Telescope.
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The influence of QVF on pulsars (Coelho, Pereira and
Araujo - ApJ 2016)

when the magnetic field of a
given system is close to Bc ,
quantum effects should play a
noteworthy role there...

Ṗ =
4π2B2

0R
6 sin2 φ

3IPc3
+
αB4

0R
4P sin2 φ

75IπcB2
c



Neutron stars or quark stars?)



In progress...

Magnetic and Thermal evolution of XDINs - (Negreiros, Bernal,
Coelho, Malheiro and Rueda) submitted to MNRAS

AE Aqr, RX J0648.0 and X-ray modeling of polars (CYCLOPS-X)
(w/ Claudia e JC)

Optical Counterpart of SGRs/AXPs (Sarah Villanova)
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