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PULSARS POWERED

PWNe population study
Cataldo et al. Astrophys.J. 904 (2020)
See the ICRC talk of V. Vecchiofti
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https://indico.desy.de/event/27991/contributions/101971/
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——
Total flux due to PWNe

E —Baev Phenomenological prescription
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Pulsar Wind
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The 3FGL catalogue: 3033

o No association = Possible association with SNR or PWN
M 4 Globular cluster
inary

* AGN
* Starburst Galaxy © PWN
+ Galaxy o SNR * Nova
* Star-forming region

_—
contains 45 spp(with possible association to PWNe) and 11 PWNe

Acero et.al. Astrophys.J.Suppl. 218 (2015)
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THEORETICAL EXPECTATIONS
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* Only 6 objects:

HESS J1303-631, MSH 15-52, HESS
J1616-508, HESS J1825-137, HESS
J1837-069, HESS J1841-055
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IMPLICATIONS FOR THE FERMI DIFFUSE
GAMMA-RAY EMISSION

Total diffuse emission=Truly diffuse emission due to CR interactions +
cumulative flux due to Unresolved sources (PWNe +...)

TAKE HOME MESSAGE #2

Unresolved TeV PWNe and the truly diffuse emission, due to CRs
interactions add up and shape the radial and spectral behaviours of the
total diffuse y-ray emission observed by Fermi-LAT
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9 Galactocentric rings

Total diffuse emission: 9.3 years of
Fermi-LAT Pass 8 data
(0.34-228.65) GeV and (|l|<180-)
and |b|<20.25-

w

PWNe contribution in
galactocentric rings

Table 1. The cumulative fluz of resolved (B, ) and unresolved (dyr;) TeV PWNe in the GeV domain for a = 1.8

and for the two different values of Re considered in our analysis. The Fermi-LAT diffuse emission gy

the first column (Pothast et al. 2018). The numbers in brackets give the ratios dae, /OES, in different galactocentric

diff

4 is shown in

TiNgs.
Gy (em™? 571 BE& (em™ 57 ey (em™? s7)

Rs = 500 Re = 1000 Re = 500 Re = 1000

— 1.7 —4.5kpc 3.86 x 1077 6.63 x 107% (17%) 1.15 x 1077 (29.9%) 2.78 x 10~® 7.20 x 1078
4.5 — 5.5 kpc 3.11x 107”7 3.8 x 107% (12.2%) 6.62 x 107 (21.2%) 2.1x 1078 5.2 x107®
5.5 — 6.5 kpc 5.09 x 1077 4.24 x 107% (8.3%) 7.37 x 107® (14.4%) 3.0x 1078 7.14 x 1078
6.5 — 7.0 kpc 2.57 x 1077 2.28 x 107% (8.8%) 3.96 x 10~° (15.3%) 2.08 x 1078 4.77 x 1078
7.0 — 8.0 kpc 7.7x 1077 5.29 x 107° (6.8%) 9.21 x 107 (11.9%) 7.03 x 1078 1.54 x 1077
8.0 — 10.0 kpc 3.84 x 107° 9.69 x 107% (2.5%) 1.68 x 1077 (4.3%) 2.24 x 1077 4.74 x 1077
10.0 — 16.5 kpc 7.68 x 1077 3.0x107%(3.9%) 5.24 x 107° (6.8%) 1.9 x 1078 4.56 x 107°
16.5 — 50.0 kpc 4.44 x 1078 7.73x 1071 (1.7%) 1.38 x 1077 (3.1%) 9.23 x 107! 3.44 x 10710
0.0 — 50.0 kpc 6.89 x 107° 3.55 x 1077(5.1%)  6.18 x 1077 (8.9%) 4.15 x 1077 9.23 x 1077
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REINTERPRETING THE DIFF
EMISSION OBSERVED BY FE

Table 1. The cumulative flur of resolved (®&.\) and unresolved (®w, ) TeV PWNe in the GeV domain for a = 1.8
and for the two different values of Re considered in our analysis. The Fermi-LAT diffuse emission ®&%, is shown in

the first column (Pothast et al. 2018). The numbers in brackets give the ratios ®Ge /P&, in different galactocentric

TiNgs.
LN (em™2s7!)  BEK (em 2 s7h) Pleyv (em™2 s71)
Ba =500 Ra=1000 Ra =500
| 1.7 — 4.5 kpc 3.86 x 1077 6.63 x 107° (17%) 1.15x 1077 (29.9%) 2.78 x 107® 7.29 x 107®
Do oo RpC T T B i) B VR e - 21270 2.1 .

5.5 — 6.5 kpc 5.09 x 1077 4.24 x 107° (8.3%) 7.37 x 107° (14.4%) 3.0 x 107® 7.14 x 1078
6.5 — 7.0 kpc 2.57 x 1077 2.28 x 107° (8.8%) 3.96 x 10~® (15.3%) 2.08 x 107% 4.77 x 1078
7.0 — 8.0 kpc 7.7x 1077 5.29 x 107® (6.8%) 9.21 x 10~® (11.9%) 7.03 x 107® 1.54 x 1077
8.0 — 10.0 kpc 3.84 x 107° 9.69 x 107% (2.5%) 1.68 x 1077 (4.3%) 2.24 x 1077 4.74 x 1077
10.0 — 16.5 kpc 7.68 x 1077 3.0x107% (3.9%) 5.24 x 107° (6.8%) 1.9 x 1078 4.56 x 107°
16.5 — 50.0 kpc 4.44 x 1078 7.73 x 1071° (1.7%) 1.38 x 1077 (3.1%) 9.23 x 10~ 3.44 x 10710
0.0 — 50.0 kpc 6.89 x 10~° 3.55 x 1077(5.1%)  6.18 x 1077 (8.9%) 4.15 x 1077 9.23 x 1077
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. Dashed-green line: best-fit
. power-law of FERMI data
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Thick green line: best-fit power-
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Table 2. Spectral indexes of the CR diffuse emission ob-
tained by fitting the Fermi-LAT data with (I'gr ) and with-
out (I'y) TeV PWNe unresolved contribution. The indezes
I'y coincide with those obtained by Pothast et al. (2018).

Ring Iy I'gr a=1.8
Rs = 500 Rs = 1000
1.7 — 4.5 kpc 2.56 + 0.02 2.72 +0.01 2.72 +0.01
4.5 — 5.5 kpc 2.48 +0.02 2.57+£0.01 2.56 + 0.01
5.5 — 6.5 kpc 2.54 +0.04 2.63 +£0.01 2.63 +0.01
6.5 — 7 kpc 2.54 +0.01 2.62 +0.01 2.61 +0.02
7 — 8 kpc 2.57+0.01 | 2.625+0.008 2.623 £ 0.008
8 — 10 kpc 2.642 +0.003 | 2.663 £+ 0.003 2.662 4 0.004
10 — 16.5 kpc | 2.696 £+ 0.008 | 2.743 £0.008 2.740 4 0.009
16.5 — 50 kpc | 2.72+0.03 2.77+0.04 2.76 +0.03

TAKE HOME MESSAGE #3

PWNe contribution accounts for a large part of the
spectral index variation observed by Fermi-LAT,
weakening the evidence of CR spectral hardening in the
inner Galaxy

Spectral index of the truly ditfuse

emission due to CRs

1 — _

0.20}
0.15}

0.105 H’%

0.05}

rikpc]

Figure 2. The difference AI' between the spectral index of
the truly diffuse emission obtained in different Galactocentric
rings by fitting the Fermi-LAT data with/without the contri-
bution of unresolved PW Ne.
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SUMMARY

A relevant fraction of the TeV PWNe
population cannot be resolved by Fermi-LAT

The y-ray flux due to unresolved TeV PWNe
and the truly diffuse emission, due to CRs
interactions with the interstellar gas, add up
contributing to shape the radial and spectral
behaviour of the total diffuse y-ray emission
observed by Fermi-LAT

This additional component naturally accounts
for a large part of the spectral index variation
observed by Fermi-LAT, weakening the
evidence of CR spectral hardening in the
inner Galaxy

Based on: hittps://doi.org/10.21203/r5.3.r5-539249 /v
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Gray line:
speculative
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component
with
spectral
index fixed
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The power-law for the luminosity distribution can be automatically obtained assuming a
fading source population (like PWNe, TeV Halos) create at a constant rate 7 .

. . t\ "2
The spin-down power is described by:  E (t) = E, (1 + _)
T

Considering that a fraction A(t) of the spin-down power is converted into gamma-rays then the
intrinsic luminosity decreases according to:

Lmax
L(t) =@E(t) (1 + %)_ywhere y=2(6 +1);

~(E®Y°
A(t)_A<E )

0
,(Azl::)dlaél)a et al, A&A, 612, A2 Y(L) 771_ (a _1) / L —
Ul - Lmax \Lmax

Where 7 = 0.019 yr~1 is the SN’s rate and a = ()—1/ + 1) therefore for y = 2 we have a = 1.5.
And instead of the parameter ¥ we have the spin-down timescale of the Pulsar 7.
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@unr/ @i [1GeV]

Upper limit by Fermi for the total
unresolved component:3%
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PWNe that are Unresolved by FERMI
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Figure 2. The difference AI' between the spectral index of
the truly diffuse emission obtained in different Galactocentric
rings by fitting the Fermi-LAT data with/without the contri-
bution of unresolved PWNe.

&
=)
1

Spectral index
g o
o o0
-
——

24 4 Acero et al. (2016) ]

4 Yang et al. (2016) _

2.2 # 7 2-220 GeV (this study) T
0 L " i g " i " " 1lO i " i i 1]5 i i " i 210 " i i " 2[5 i i i " 3[() i " i i 35

R [kpc]



RING RESULTS FOR ALPHA=1.5

Table 2. We provide the cumulative flur of resolved (@28\, ) and unresolved (@g?v ) TeV PWNe in
the GeV domain for a = 1.5 and for two different values of Rs taken into account in our analysis.
It is shown in bracket the percentage of unresolved sources with respect to the total diffuse y-ray
emission measured by Fermi-LAT in each galactocentric ring.

PGev (em™? s77) Bley (em™? s77)

Rs = 500 Rs = 1000 Rs = 500 Rs = 1000
1.7 — 4.5 kpe 3.37x 107° (8.7%)  4.76 x 10° (12.3%) 341 x 107° 88 x107°
4.5 — 5.5 kpe 1.75 x 107% (5.6%)  2.47 x 107% (7.9%) 2.50 x 107® 6.04 x 1078
5.5 — 6.5 kpe 1.76 x 107% (3.4%) 2.48 x 107° (4.9%) 3.47 x 1078 7.97 x 1078
6.5 — 7.0 kpe 8.31 x 1077 (3.2%) 1.17 x 107® (4.5%) 2.31 x 10°® 5.12 x 107%
7.0 — 8.0 kpe 1.58 x 107% (2.0%) 2.24 x 107° (2.9%) 7.20 x 107® 1.55 x 10~7
8.0 —10.0kpe | 227 x107% (0.6%) 3.25 x 107% (0.8%) 2.08 x 1077 43 x 107"
10.0 — 16.5kpe | 1.35 x 107 (1.8%)  2.00 x 107% (2.6%) 2.18 x 107® 5.06 x 1078
16.5 — 50.0 kpe | 5.23 x 1071% (2.1%) 8.37 x 1079 (1.9%) 1.00 x 10710 4.1 x1071°
0.0-500kpe | 1.32x1077(1.9%) 1.88x 1077 (2.7%) 4.22 x 107 0.22 x 107
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