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Population synthesis

We estimate the number of Galactic neutron stars

CC supernova rate Galaxy age

~ 2 per century ~13.6 billion years

We only detect a very small fraction of all neutron stars. Population

synthesis can bridge this gap by focusing on the full population (e.g. Faucher-
Giguere & Kaspi 2006, Lorimer et al. 2006, Gullon et al. 2014, Cieslar et al. 2020):

model birth evolve apply filters to compare mock
properties with properties mimic simulations to
Monte-Carlo forward in observational observations to

approach time biases/limits constrain input




Dynamical evolution

Neutron stars are born in star-forming
regions, i.e, in the Galactic disk along the
Milky Way's spiral arms and receive
kicks during the supernova explosions.

We make the following assumptions:

o Electron-density model
+ rigid rotation with T = 250 Myr.

o Exponential disk with scale height h.
= 0.18 kpc

o Single-component Maxwell k|ck—
velocity distribution with dispersion
ok = 265 km/s

o Galactic potential
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e \We make the following assumptions:

o Electron-density model
+ rigid rotation with T = 250 Myr.
o Exponential disk with scale height h.
= 0.18 kpc
o Single-component Maxwell klck—
velocity distribution with dispersion
ok = 265 km/s . Positiong an:, €rmine
o Galactic potential Velocitjes,




Maghneto-rotational evolution

e We make the following assumptions: U 1 ' [log Py — pp)’ )

o Initial periods follow a log-normal o /2mop ‘ 204,
with up and op

o Initial fields follow a log-normal
with ug and og

o Above t ~10°yr, field decay follows
a power-law with B(t) ~ By (1 + t/1)a.

logio(initial Bq [Gauss])

e To model B-field evolution <10€ yr, we use
2D magneto-thermal simulations
and then numerically solve two T w0 G

coupled ordinary differential equations i pered
for the period and the misalignment angle
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In the following, we vary
Mp, Mg, Op, 6g aNd a.
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Matching to existing surveys

We model pulsar emission and full beam geometry
with a luminosity law that introduces two more free
parameters: the exponent, a, and the mean, y,, ofthe
log-normally distributed normalisation factor L.

Erot
Lint — L{J ( - rot

'0,rot

We use the radiometer equation to determine if a pulsar is detected and
compare our mock populations with 3 Murriyang surveys (PMPS, 1045;
SMPS, 218; HTRU, 1095).

Besides P and P information,
we also use consistent radio
flux measurements taken

with the MeerKAT telescope
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K
Inference results compare Mo

S.\mu\at'\ons to
’ observations t<t>
e Due to complexity of our simulation i constrain NP 016
i Mog B = 13.09%513,
framework, we cannot use standard PiLN 0.48+0.04
o o T H ' Olog B = U.48_n'04,
Bayesian inference tools. Instead, we 5 %] log B g
. . . § il Hlog P = _0'71—0:487
develop a simulation-based inference | 093
. : N\ Olog P = 0.587533,
pipeline (Cranmer et al. 2020) and use IS . 0.92+017
ege ] f E: : La'e:_ J4_0.20
neural networks to learn probabilistic A 25 Ty v
o . R e e L MogLe = 25.677577,
associations between the simulated ] |

@ = 0L.7053 08,

data and the underlying parameters
(Graber et al. 2024, Pardo-Araujo et al. 2025).

e These results are based on a normally
distributed spectral index with y = -1.45,
o = 0.15 (Keane et al. 2025) and calibrated
against the 3 Murriyang surveys.




PP-plane with SKA AA*

e Based on calibrated model parameters,
we evolve a population of 4 x 107 neutron
stars for 2 x 102 yrs, which matches our

inferred birth rate of ~2 stars per century.

e We then examine this population using
SKA survey specifications for the AA*
configuration (Keane et al. 2025) to predict
pulsar periods and period derivatives.

Survey Option 3
Band Latitude Range
Low |b| > 5deg

Band full count above DL
AA*

Low 8050(30) 7110(20)

Mid Band 1 N/A
Mid Band 2 |b| < 5deg

ik .
H m l"“ﬁ.rf -

Mid Band 1 - -
Mid Band 2 2570(10) 2540(10)
TOTAL 10620 9650

SKA-Mid Banq 2
Observed




What can we learn from this?

e SKA's increased sensitivity and Low's all-Sky survey
capabilities will enable the detection of many old
neutron stars (at high latitudes) with low P and E,...

e SKA will enable us to probe the highly uncertain
physics of the pulsar death line, i.e., probe the region,
where pulsar radio emission is thought to switch off.
This is crucial to understand long-period radio transients.

e FEvolutionary populations synthesis is

complementary to snapshot approaches
(e.g., Bates et al. 2014, Keane et al. 2018, Keane

et al. 2025) in that they provide complete
information on the pulsar population, e.g.,
period derivatives and proper motions.
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THANK YOU

For more details see

Graber et al. (2024) Pardo et al. (2025)
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