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Diversity of young neutron stars

Young isolated neutron stars
can appear in many flavors:

o Radio pulsars 
o Compact central X-ray sources 

in supernova remnants.
o Anomalous X-ray pulsars
o Soft gamma repeaters
o The Magnificent Seven & Co.
o Transient radio sources (RRATs)
o ……………………

“GRAND UNIFICATION” is welcomed! 
(Kaspi 2010) 

See a recent review in 1111.1158
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Episode 1.
Initial spin periods

of neutron stars

Sergei Popov (SAI MSU)
Roberto Turolla (Univ. Padua)

arXiv: 1204.0632, 1206.2819



PSRs in SNRs

See a review on NSs in SNRs in 1011.3731



CCOs

Puppis ARecent list in: 0911.0093

For two sources there are strong indications for 

large (>~100 msec) initial spin periods and 

low magnetic fields:

1E 1207.4-5209 in PKS 1209-51/52 and

PSR J1852+0040 in Kesteven 79 

[see Halpern et al. arxiv:0705.0978]

http://arxiv.org/abs/0705.0978


Sample of PSRs+SNRs

30 pairs: PSR+SNR





B vs. P0

All presented estimates

are made for standard

assumptions: 

n=const=3.

So, field is assumed to be

constant, as well as the angle

between spin and magnetic axis.

Crosses – PSRs in SNRs 

(or PWN) with ages just

consistent with spin-down ages.

We assume that P0<0.1P



B vs. τSNR/τSD

Recently, Zhang and Xie (2011)

proposed that such a plot

can be explained by field decay.

We believe that a much more

natural explanation is

to assume significant P0.



Checking gaussian

P0=0.1 s; σ=0.1 s

The data we have is not enough

to derive the shape of the

P0 distribution.

However, we can exclude

very wide and very narrow

distributions, and also we

can check if some specific

distributions are compatible with

our results.

Here we present a test for

a gaussian distribution,

which fits the data.

Still, we believe that the

fine tuning is premature

with such data.



Checking flat distrbution

Flat between 0.001 and 0.5 s.

Very wide distributions

in general do not fit 

the data we have.



Episode 2.

Initial periods and field decay

Sergei Popov (SAI MSU)
Andrei Igoshev (Radbound Univ. )

arXiv: 1303.5258, 1309.4917

http://arxiv.org/abs/1309.4917


Wide initial spin period distribution

Noutsos et al.

Based on kinematic ages. Mean age – few million years.

Note, that in Popov & Turolla (2012) only NSs in SNRs

were used, i.e. the sample is much younger!

Can it explain the difference?



Magnetic field decay and P0

Igoshev, Popov MNRAS arXiv: 1303.5258

One can suspect that magnetic field decay can influence the reconstruction
of the initial spin period distribution.

Exponential field decay with τ=5 Myrs. 

<P0>=0.3 s, σP=0.15 s; <log B0/[G]>=12.65, σB=0.55

τ<107 yrs, 105<t 105<t<107 yrs



Real vs. reconstructed P0

How long reconstructed initial periods

changed due to not taking into account

the exponential field decay

The amount of field decay necessary

to explain this shift is in correspondence

with the radio pulsar data



Another option: emerging field
The problem is just with few (6)

most long-period NSs. 

Is it possible to hide them 

when they are young, 

and make them visible

at the age ~few million years?

Yes! Emerging magnetic field!!!

Then we probably 

need correlations between

different initial parameters 



Episode 3.

CCOs and emerging magnetic fields

Sergei Popov (SAI MSU)
Roberto Turolla (Univ. Padua)

arXiv: 1206.2819



NS birth rate

[Keane, Kramer 2008, arXiv: 0810.1512]



Evolution of CCOs
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HMXBs

Among young isolated NSs about 1/3 can be related to CCOs.

If they are anti-magnetars, then we can expect that 1/3 of NSs

in HMXBs are also low-magnetized objects.

They are expected to have short spin periods <1 sec.

However, there are no many sources with such properties.

The only good example - SAX J0635+0533. An old CCO?

Possible solution: emergence of magnetic field (see Ho 2011).

Chashkina,

Popov 2012

Popov et al. 

MNRAS 2010
Halpern, 

Gotthelf



Where are old CCOs?
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According to cooling studies they have to be bright till at least 105 years.

But only one candidate (2XMM J104608.7-594306 Pires et al.) to be a low-B 

cooling NS is known (Calvera is also a possible candidate).

We propose that a large set of data on HMXBs and cooling NSs

is in favour of field emergence on the time scale 104 ≤ τ ≤ 105 years.

Some PSRs with thermal emission for which additional heating was proposed

can be descendants of CCOs with emerged field. 



Emerged pulsars in the P-Pdot diagram

Emerged pulsars are expected to have

P~0.1-0.5 sec

B~1011-1012 G

Negative braking indices or at least n<2.

About 20-40 of such objects are known.

Parameters of emerged PSRs: 

similar to “injected” PSRs 

(Vivekanand, Narayan, Ostriker).

The existence of significant fraction

of “injected” pulsars formally

do not contradict recent pulsar current studies

(Vranesevic, Melrose 2011).

Part of PSRs supposed to be born with

long (0.1-0.5 s) spin periods can be

matured CCOs.

Espinoza et al. arXiv: 1109.2740



Episode 4.
Close-by cooling NSs

and “One second problem”

Sergei Popov (SAI MSU)
Co-authors: Jose Pons et al.

arXiv: 1309.4917

http://arxiv.org/abs/1309.4917


Magnetic field decay

arXiv: 0710.4914 (Aguilera et al.)

A model based on the initial field-dependent decay 
can provide an evolutionary link between different populations (Pons et al.).



Extensive population synthesis

We want to make extensive population synthesis studies 
using as many approaches as we can to confront theoretical models

with different observational data 

 Log N – Log S for close-by young cooling isolated neutron stars
 Log N – Log L distribution for galactic magnetars
 P-Pdot distribution etc. for normal radio pulsars 

See a review of the population synthesis technique in
Popov, Prokhorov Physics Uspekhi vol. 50,  1123 (2007)

MNRAS 401, 2675 (2010)
arXiv: 0910.2190

[ask me for the PDF file, if necessary - it is not in the arXiv]

http://ru.arxiv.org/abs/0910.2190


Cooling curves with decay

Magnetic field distribution is more important 

than the mass distribution.



Log N – Log S with heating

[The code used in Posselt et al. A&A (2008) with modifications]

Log N – Log S for 7 different 
magnetic fields.

1. 3 1012 G 2. 1013 G

3. 3 1013 G 4. 1014 G 5.  3 1014 G

6.   1015 G 7. 3 1015 G

Different magnetic field distributions.



Fitting Log N – Log S
We try to fit the Log N – Log S

with log-normal magnetic field 
distributions, as it is often
done for PSRs.

We cannot select the best one
using only Log N – Log S for
close-by cooling NSs.

We can select a combination
of parameters.



Log N – Log L for magnetars

We used the same initial
magnetic field distributions.

Curves are shown for three
log-normal distributions
with and without a “transient”
behaviour.

It is assumed that the total
luminosity can be well 
approximated by the energy
release due to field decay.

It is seen that the same
log-normal distributions
can reasonably well
describe the data for magnetars. Data points from the McGill catalogue.

Limits - from Muno et al. (2008)



P-Pdot tracks

Color on the track encodes
surface temperature.

Tracks start at 103 years,
and end at ~3 106 years.

Kaplan & van Kerkwijk arXiv: 0909.5218



Population synthesis of PSRs

Best model: <log(B0/[G])>= 13.25, σlogB0=0.6, <P0>= 0.25 s, σP0 = 0.1 s



The “one second” problem

Kaplan arXiv: 0801.1143

Two types of sources are observed:
• Radiopulsars  (P<1 sec)
• Magnificent Seven (P>1 sec)

No close-by cooling NSs
in the range 
~-0.5 <log P< ~0.5 



P-Pdot diagram for coolers

This is a P-Pdot diagram
for close-by cooling NSs
according to our model.

Numbers correspond to
the observed sources.



Initial magnetic fields of 
the modeled coolers

The plot shows the distribution
of the initial magnetic fields 
of NSs which contribute to the
Log N – Log S diagram
in the range ~0.1-10 cts/s

Obviously, there is the same
problem as with the period
distribution.



New calculations
New cooling models (Pons, Vigano).
Now low-B NSs are hotter than before, and  high-
B NSs are colder. 

Still, it is not possible to explain the P-Pdot data. 
Fine tuning is necessary.



Evolution without heating

Calculations with new cooling curves from the St.Petersburg  group 
(Sternin, Yakovlev et al.) can easily explain  the Log N – Log S, 
but cannot the P-Pdot without finetuning for the B-distribution 
(curves are not sensitive to B, so it is important only for spin evolution).

Kaspi-like population Kaspi-like population with additional peak
at B=1014 G and small dispersion



Solutions for the
“one second” problem

ObservabilityReal distribution

Observed

distribution

B

1
2 Fine-tune the thermal

properties of NSs
and hope that the gap
is due to low statistics

3 Probably, the unique 
initial magnetic field distribution
is a bad assumption

4 Or the whole scenario 
is wrong


