
The Role of Unresolved
PWNe to the Gamma-ray
Diffuse Emission at GeV
Giulia Pagliaroli
Gran Sasso Science Institute, Italy

In collaboration with: V.Vecchiotti and F. L. Villante
Based on: https://doi.org/10.21203/rs.3.rs-539249/v1



OUTLINE

Pulsar Wind Nebulae @ TeV

The contribution of PWNe @ 
GeV

The Fermi Unresolved PWNe

Ring analysis of the diffuse 
gamma emission
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PULSAR WIND 
NEBULAE @ 
TEV  
The HGPS catalogue 
of the HESS experiment is complete 
for  sources with �i � 0.1�CRAB

Abdalla et al, A&A, 612(2018)
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PULSARS POWERED 

See the ICRC talk of V. Vecchiotti

PWNe population study
Cataldo et al. Astrophys.J. 904 (2020)
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All sources 
are resolved

29 sources HESS
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Total flux due to PWNe

? �TeV = 2.3Eb = 300GeV

�GeV < 2

Phenomenological prescription

At least 3 arguments supporting it
• Consistency among HGPS and 3FGL
• Theoretical SED due to IC 
• Observed PWNe flux ratios 

�TeV
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Pulsar Wind 
Nebulae @ 
GeV energy  

The 3FGL catalogue: 3033 sources
contains 45 spp(with possible association to PWNe) and 11 PWNe

Acero et.al. Astrophys.J.Suppl. 218 (2015)
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IC emission from leptons inside the PWNe

Abdalla et.al.A&A612, A2(2018)

IC emission from a
14 kyr PWNe

h⌧ci = 20kyr
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PWNe that are firmly identified both in 
the 3FGL and HGPS catalogues• 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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PWNe that are Unresolved by FERMI
PWN and spp

PWN

α = 1.5, Rϕ = 500

α = 1.5, Rϕ = 1000
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Acero et.al. 2015

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

Fermi-LAT
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TAKE HOME MESSAGE #1
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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 +…)

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 γ-ray emission observed by Fermi-LAT

TAKE HOME MESSAGE #2
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Ring analysis of FERMI diffuse 
emission

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

9 Galactocentric rings 

MILKY WAY

FERMI-LAT Data provided by Pothast et.al JCAP 2018
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Total FERMI diffuse emission

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

9 Galactocentric rings 

FERMI-LAT Data provided by Pothast et.al JCAP 2018

Pothast et al 2018

Indirect evidence of a 
progressive hardening of the 

CRs proton spectrum in the inner
Galaxy

Local value 2.7
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PWNe contribution in 
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◦

9 Galactocentric rings 

Diffuse emission due 
to unresolved PWNe

@(1-100) GeV

Resolved 
flux due to 

PWNe
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REINTERPRETING THE DIFFUSE 
EMISSION OBSERVED BY FERMI
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REINTERPRETING THE DIFFUSE 
EMISSION OBSERVED BY FERMI
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Dashed-green line: best-fit 
power-law of FERMI data 
without the PWNe
contribution

�1 = 2.56

Thick green line: best-fit power-
law of the truly diffuse emission

due to CRs

�BF = 2.72
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Spectral index of the truly diffuse 
emission due to CRs

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

TAKE HOME MESSAGE #3
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SUMMARY

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

2. The γ-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 γ-ray emission
observed by Fermi-LAT

3. 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
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ΓBF = 2.6
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ΓBF = 2.7
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The spin-down power is described by:

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

Then:

Where �̅� = 0.019 𝑦𝑟!" is the SN’s rate and 𝛼 = "
#
+ 1 therefore for 𝛾 = 2 we have 𝛼 = 1.5.

And instead of the parameter N we have the spin-down timescale of the Pulsar 𝜏.

𝑳𝒎𝒂𝒙

�̇� 𝑡 = �̇�$ 1 +
𝑡
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%&
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𝐿 𝑡 = 𝜆 𝑡 �̇� 𝑡 = 𝜆�̇�$ 1 + '
(

%)
where 𝛾 = 2(𝛿 + 1);

!𝑟 𝜏 (𝛼 -1)  

Model: 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 �̅� .
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Abdalla et al, A&A, 612, A2 
(2018)



PWNe that are Unresolved by FERMI
PWN and spp

PWN
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Negligible at 1 GeV increases with 
energy and could be as large as the 

30% of the total γ-ray diffuse emission at
100 GeV

Upper limit by Fermi for the total
unresolved component:3%
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RING RESULTS FOR ALPHA=1.5
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27RESULTS FOR ALPHA=1.5

ϕtot

ϕunr

ϕdiff

5 10 50 100
1.×10-8
2.×10-8

5.×10-8
1.×10-7
2.×10-7

5.×10-7

E[GeV]

E
2 d
N
/d
E
[G
eV
cm

-2
s-
1 s
r-
1 ]

1.7- 4.5 kpc

5 10 50 100
5.×10-9
1.×10-8

5.×10-8
1.×10-7

5.×10-7

E[GeV]

E
2 d
N
/d
E
[G
eV
cm

-2
s-
1 s
r-
1 ]

4.5- 5.5 kpc

5 10 50 100
1.×10-8

5.×10-8
1.×10-7

5.×10-7

E[GeV]

E
2 d
N
/d
E
[G
eV
cm

-2
s-
1 s
r-
1 ]

5.5-6.5 kpc

5 10 50 100
5.×10-9
1.×10-8

5.×10-8
1.×10-7

5.×10-7

E[GeV]
E
2 d
N
/d
E
[G
eV
cm

-2
s-
1 s
r-
1 ]

6.5- 7 kpc



28

5 10 50 100
5.×10-9
1.×10-8

5.×10-8
1.×10-7

5.×10-7
1.×10-6

E[GeV]

E
2 d
N
/d
E
[G
eV
cm

-2
s-
1 s
r-
1 ]

7- 8 kpc

5 10 50 100
1.×10-8

5.×10-8
1.×10-7

5.×10-7
1.×10-6

5.×10-6

E[GeV]

E
2 d
N
/d
E
[G
eV
cm

-2
s-
1 s
r-
1 ]

8- 10 kpc

5 10 50 100
5.×10-9
1.×10-8

5.×10-8
1.×10-7

5.×10-7
1.×10-6

E[GeV]

E
2 d
N
/d
E
[G
eV
cm

-2
s-
1 s
r-
1 ]

10- 16.5 kpc

5 10 50 100
1.×10-9

5.×10-9
1.×10-8

5.×10-8
1.×10-7

E[GeV]

E
2 d
N
/d
E
[G
eV
cm

-2
s-
1 s
r-
1 ]

16.5- 50 kpc


