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In the first workshop

Very preliminary results,
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Progress since then

Zmerger
2 1
1

10 54 3
| S E—

Zmerger — 1.0
5
1077

Zmerger — 0.8

Varying

r/’?’\\
1()3- Zmerger — 1.7
/

deerger/dthc (Gpc -3 yr = )

Zmerger — 1.7

100 g Zmerger — 1.5 BHBH
—— BHNS
Canonical —— NSNS

0 2 4 6 8 10 12

Age Universe @Merger ( Gyr)

1

(0]

x10

ZZAMS

3 001 [ 050 [3 086 W 110 [ 130 S 155 S 180 (SN 209 S 249 N 305 EEE 464 EEE 10.00

2 BHBH w10 BHNS w10 NSBH

Surkrep

[eoruoue))

Two papers under review, with the main point being

that initial condition uncertainties are important,

unlike previous argument.

Beyond absolute merger rates.
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Proposal at the first workshop

‘“Building an environment-sensitive synthetic TeV halo catalog for HAWC
and SWGO observations”

Stage 1 (t < 10 kyr)
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Giacinti et al. (2020)
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1. Use COMPAS, a BPS code, to generate a
synthetic population of pulsars with known
properties: P, P, E.

2. Model pulsar halo TeV emission with pulsar

parameters as input.

3. Estimate the number of existing halos and

expected detections.

Early on we focused on PWN TeV emission as a
prelude to halo emission, following steps 1-2-3.
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Pulsar wind nebula modeling

We model PWNe 1—10 TeV emission based on Abdalla et al. (2018),

The population of TeV pulsar wind nebulae
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e We go from the Baseline to a Varied model by

scaling R,y

and recomputing E, L

1-10 TeV*

e We follow the E evolution for each individual

pulsar.
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Population synthesis
We build the pulsar population with COMPAS,

Team COMPAS: Riley et al. (2022)
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Pulsar modeling
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o, Pulsars are assumed to evolve through dipole spin-down and
Vo, exponential field decay,
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Q= B = (Bp — Bmin) X exp(~t/74) + Bmin,

The pre- and post-SN parameters are not connected. Birth
pulsar parameters are sampled from empirical distributions,
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but COMPAS still ties the pulsar fraction to physical
populations,
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e Although we cannot account for binaries at the
| | | | | moment, they should be important and host most
e e T compact object progenitors. .

Chattopadhyay et al. (2019)
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Results so far



Population setup

I; 10 dM M,¢ Progenitors are defined by their mass at ZAMS,

Fm = 1500 d 7~ o Sampledin5- 40 M from a Kroupa IMF.
Jo.os M€

A cheap way to increase sample size is resample
t, ., Multiple times.
e Only young (up to ~1,000 kyr) pulsars can
have observable PWNe.
e Drawt_ . fromahomogeneous SFH up to
~50,000 Myr ago (no redshift evolution).

Chattopadhyay et al. (2019) .
We also need to account for the fraction of

isolated stars.

A meaningful result requires the sample to be properly normalized, we considered two ways,
e Apriori, from fractions of the initial parameter space,
e A posteriori, by matching the gamma-ray sky from, e.g., 3HWC,
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Population setup

| J: 540 %5 Progenitors are defined by their mass at ZAMS,
| Fm = 3557037, e Sampledin5-40 M, from a Kroupa IMF.
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I A cheap way to increase sample size is resample
| 13.7 dit_gpy ... multiple times.
| Fi = S ierFH e Only young (up to ~1,000 kyr) pulsars can
I haw have observable PWNe.
I e Drawt, ., from a homogeneous SFH up to
0 | toien | By ~50,000 Myr ago (no redshift evolution).

Chattopadhyay et al. (2019)
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Population setup

| /. 540 i{” ¢ Progenitors are defined by their mass at ZAMS,
| I = 5O TP Sampled in 5-40 M from a Kroupa IMF.
Jo.os Mot
<+— DNS —*
2nd SN | merger . . .

I A cheap way to increase sample size is resample

| 13.7 dit_gpy ... multiple times.

| Fp =2 ierFH . Only young (up to ~1,000 kyr) pulsars can

| haw have observable PWNe.

I e Drawt, ., from a homogeneous SFH up to
0 | toinn ! Lobservation ~50,000 Myr ago (no redshift evolution).

Chattopadhyay et al. (2019) .
Ny isolated We also need to account for the fraction of

Fisolated = )
o N:  isolated stars.
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e A posteriori, by matching the gamma-ray sky from, e.g., 3HWC,
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The pulsar population

From 1,000 ZAMS stars, 320 pulsars. Ages are resampled 100 times, yielding a 32,000 sample.

. 108
107° ® Synthetic (<10%yr)
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e The synthetic pulsars area shifted up in P relative to gamma-ray pulsars - investigate
different B, assumptions.

e We will also be able to consider different environments, e.g., SMC and LMC (sub-solar

metallicity), and variations of the IMF.
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The PWNe population

From a simple threshold at 107*? erg cm™2 s™

10°
—— AIll PWNe

—— Obs. PWNe

=
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Number of PWNe

10° T T T T T
10—20 10—18 10—16 10—14 10-12 10-10

Flux (erg cm—2 s!)
e Observability is simultaneously set by distance and E.
e The Varied model expands the range of observable PWNe.
There is a degree of randomness associated to every run, thus multiple runs are essential

(bootstrapping). From a first set of 100 redraws,
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The PWNe population

From a simple threshold at 107*? erg cm™2 s™
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e Observability is simultaneously set by distance and E.

e The Varied model expands the range of observable PWNe.
There is a degree of randomness associated to every run, thus multiple runs are essential
(bootstrapping). From a first set of 100 redraws,
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The PWNe population

From a simple threshold at 107 ergcm-s™ Bootstrapping (100 redraws)
Fopwn = 0.0031 £ 0.0010
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e Observability is simultaneously set by distance and E. oo
e The Varied model expands the range of observable PWNe.
There is a degree of randomness associated to every run, thus multiple runs are essential
(bootstrapping). From a first set of 100 redraws,
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Criterion for observability
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1st option: IRFs, but for SWGO not yet available, and for HAWC not publicly,
2nd option: sensitivity curve+sky area cover

- Most importantly, use a simple PSF to account for source confusion. . .].P.
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On to pulsar halos

age < FS age ~ - r
SeeetsTokn ([T ey When does a halo develop?
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e Electron energy spectrum, Full, not observable fraction
e Electron diffusion, (vet)
e ICspectrum.
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Note: different approach to Martin et al 2022 19
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On to pulsar halos

FS

Stage 1 (t < 10 kyr)
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Pulsar halo modeling (W.1.P.)

Electron energy spectrum,

[ J

e Electron diffusion,
e ICspectrum.

e Stopping time

Note: different approach to Martin et al 2022

Number of runs per bin

When does a halo develop?
e Following Giacinti et al. (2020), the

expanding ‘“nebula” enters the halo phase

when ¢ <g,,x 1eVcm™.

e Tracking the expansion of a ~spherical PWN
and the energy injected by the pulsar,

Bootstrapping (100 redraws)
Fhalo = 0.156 +0.013

]:halo = N

Nhalo

~ (0.156 £ 0.013

pulsar

Full, not observable fraction

(yet)
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On to pulsar halos
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Conclusions and further work

Using rapid population synthesis and existing models for PWNe evolution, we are able to
consistently estimate the number of observable PWNe in the Galaxy,

NMW = T pwnFrsrFiFmFiolated VMW = 047 4 305

but we are still missing the a posteriori normalization.

Major refinements left are:
1. Generate the gamma-ray sky and convolve it with a PSF, account for source confusion,
2. Evolve halos and estimate observability.

And some further questions...
1. Can we choose more appropriate initial pulsar parameter distributions?
2.  What is the effect of metallicity? How many (observable) PWNe should be in, e.g., SMC?
3.  What is the effect of varying the IMF?

... which leverage the use of COMPAS and tying PWNe evolution to pulsar properties
directly, something not done in previous PWNe population estimates.
22
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And an update from today, for > 107 erg cm2 s™ PWNe,

Energy true 1.00 TeV - 2.15 TeV Energy true 2.15 TeV - 4.64 TeV Energy true 4.64 TeV - 10.00 TeV
90° 0° 270° 90° 0° 270° 90° 0° 270°
Galactic Longitude Galactic Longitude Galactic Longitude
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And an update from today, for > 107 erg cm2 s™ PWNe,

Energy true 1.00 TeV - 2.15 TeV Energy true 2.15 TeV - 4.64 TeV Energy true 4.64 TeV - 10.00 TeV
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Obrigado!
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Histograms
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