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* Population study of the H.E.S.S. Galactic Plane Survey
in order to estimate the total luminosity of the
Milky-Way and total source flux and the
contribution of H.E.S.S. unresolved sources to VHE

diffuse emission;

* Fading-sources interpretation: In the hypothesis that
the sighal is dominated by pulsar-powered sources
(TeV-Halos, PWNe) we inferred general properties of
the pulsar population.




H.E.S.S. provides observation of

the y-ray sky in the window: H.E.S.S. sensitivity detection limit:
and
H.E.S.S. Collaboration: The H.E.S.S. Galactic above 1 TeV'
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Concerning point-iike sources, H.E.S.S. probes a Unresolved sources that contribute to G

small fraction of the Galaxy up to a median distance of

7.3 kpc for bright (103* erg s~1) sources. the total diffuse signal.



H.G.P.S catalogue:

e It includes 78 VHE sources in the H.E.S.S.
observational window:

* It provides the integrated flux above 1 TeV of each
sources ¢.

We focus on the brightest sources with flux:

® > 0.1¢prqp = 0.1(2.26 x 107 em™2s71)

The catalogue above this threshold is considered complete
(no unresolved sources): 327 sources,

We assumed a power-law energy spectrum with index g = 2.3 that is the
average index of the catalogue for all the sources ;



We postulate the spatial and intrinsic luminosity distribution of the TeV sources:

a0
dr3dL

V(L)

* The spatial distribution of sources in the Galaxy Is assumed to be proportional to the pulsar

distribution as in Lormier et Al (2006).;

* The luminosity distribution of sources in the Galaxy Is assumed to be a power law:

N L & Reference case:
Y(L) — a=1.5
Lmax Lmax
We have two * the normalization N number of high-luminosity sources

free parameters:

» the maximum luminosity of the population L.y, 4

Estimation of the free parameters of our model by fitting H.E.S.S.

observational results with an unbinned likelihood



ReSUItS Best fit values for the

reference case:
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ReSUItS Best fit values for the

reference case:
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* The total TeV luminosity (1-100 TeV) of the Galaxy:

I _i N Lmax 1 — -2 =1 7+O.5 X 1037 er S—l
MW (Z—C() ‘ /' —0.4 g
O

* The flux at Earth produced by all sources (1-100 TeV) (resolved and unresolved) In

the H.E.S.S. OW:

Prot = %&W d3r p(r)r=? =3.8%19 X 1071%m

3.25 TeV

* By subtraction we can obtain the contribution of unresolved sources in the H.E.S.S.
observational window knowing that: ¢g s = 2.3 X 107%cm™%s™* (cumulative flux

due to all 78 sources).
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Robustness of the results:
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The quality of the fit improves by reducing the thickness of the disk.
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Robustness of the results:
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Assuming a fading source population (like PWNe, TeV Halos), the spin-down power Is

described by: _9
: : t
lsd

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

Lmax
. t \" Y
L(t) =(t) = + a) wherey = 2(6 + 1);
C(E®Y G S
©=3(%) '
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= ()Y (D)

We automatically obtain a power law for the luminosity distribution:

Y(L) = rrled (LL >—a

Lma,x IMmax

Where 7 = 0.019 yr~! is the SN’s rate and a = G + 1) therefore for y = 2 we have
a = 1.5.

In conclusion the new free parameters are:

» the spin-down timescale T

» the maximum luminosity of the population L, 4,
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The best fit parameters L,,,,, and T4 are linked to the magnetic field By and the
initial spin-down period P of the pulsar through this relations:

- 3Ic’P;

8T*BSRO

3c3Pg

Toqg =
¢ 4m2B2RS

For the firmly identified pulsar from the HGPS catalogue we
obtained that the parameter A is in the range:
5x107°<21<5x%x1072

As a reference value we take 1 = 1073

1 _1 _1

PO 94 2 4 2 Lmax 2
1ms 103 104 yr 103%erg s—1
1 1 1

BO —c 9 2 4 2 Lmax 2
10126 77 \1073) \10%4yr 1034erg s—1 5
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Results:

Log (7/1yr)

Lmax / (10%° erg s~ 1)

Toq = 1.8132 x 103yr
Logy = 49739 x 103°ergs s71
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* Using the H.G.P.S. we are able to calculate the total Milky Way luminosity In
the energy range 1 -100 TeV and the total flux in the H.E.S.S. observational
window In the energy range 1 -100 TeV,

* The contribution of unresolved sources Is not negligible being ~ 60 % of the
resolved signal measured by H.E.S.S.;

* |n the hypothesis of a fading-source population powered by pulsar activity
we are able to predict the general parameters of the pulsar P, and B,. Our
predictions are In agreement with values obtained from TeV pulsars but the
period Is 1 order of magnitude lower than the value observed for radio
pulsars. G S
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» Study of the contribution of unresolved sources
for present (Milagro, FermiLAT) and future
experiments (CTA);

 I[mplication of unresolved contribution for the
determination of the diffuse component due to
cosmic ray interactions.
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Why H.E.S.S?

The fraction of sources of the
considered population which are
included respectively in the H.E.S.S.
(—110 <1< 60 and |b| < 3)and
HAW.C. (0 <1 <180 and |b| < 2)
observation window:

HES.S [d3rp(r)=0.816

HAW.C [ d’rp(r) = 0.389




H.E.S.S. sensitivity:

* FOr 0.01¢crap < ¢ < 0.10cran
the H.E.S.S. sensitivity depends
on the angular size of the
sources.

* For ¢ = 0.1¢.,4p all the sources
are resolved independently of
their angular size. Above this
threshold the catalogue is
complete.

Flux > 1 TeV (% Crab)

H.E.S.S. Collaboration: The H.E.S.5. Galactic plane survey
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The flux distribution can be calculated as:

e / dr Amr (E) Y (4772 (E)®) 7(r)

« p(r) is the sources spatial distribution integrated over the longitude and latitude intervals probed by H.E.S.S.;
« The above integral is performed in the range d/0,,,,, <1 < D(L, ¢) = where 8,,,, = 0.7° is the maximal
angular dimension that can be probed by H.E.S.S. and the d is the physical dimention of the source. While

D(L,§) = (L/4 T (E) ¢)2 ;

« We calculate analytically the flux distribution for the 2 limits cases L.,,,, » 0 and L,,,,, — O:

dN
-5 = R7(a—1) Lﬁ‘la/ dr (4m(E))' = rd729 5(7)

dN

‘D(Lmax-(p) o 1 L %
Am(E 1= 0) R — 1) LS 1 b~ “E/ 1 4— 2(1 =(0) R r = max @
d(I) ( ﬂ-< >) ( ) T (G ) 1max . arr p( ) T 5 _ 9a 4?T<E>




Effect of dispersion in our Model:

We also consider the effects of dispertion of initial period P, and magnetic field B, around the

references values P, and B,. This turn into a dispertion in L,, 4, (Py, Bg) and (P, By).
We obtain the following luminosity distribution after integrating on P, and B, distribution:

- (1) (1

Where L(P,, By) and #(P,, B,) are the spin down time scale and maximum luminosity for the reference
values P, and B, and G (x) is:

G(z) = / d64“ / d20‘49 (p~*v* — )

Probability distribution for the initial period Probability distribution for the magnetic
and it is assumed to be a gaussian field and it is assumed to be a gaussian

distribution in Log,o(p) wherep = P/P, distribution in Log,o(b) where b =
By /Bo
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Results:
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I The best fit value of P, does not change,
I while B, Is slightly reduced as a I
consequence of the high-luminosity tail of I

| the new source luminosity.
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The total flux measured by Milagro at 15 TeV is consisten (whithin
uncertainties) with the total flux produced by the HGPS source

population in the same observation window (—=30 < 1 < 65 and |b| <
2°):

d¢Milagro
dE

ddncps
dE

~29%x 107 14em 45 lsr—1Tey 1

~ 3.6733 x 107 2cm2%s tsr~1TeV 1
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TeV Halo

Stage 1 : The PWN is contained Sketch of the main evolutionary stages of a PWN
inside the SNR and before the FS
Stage 1 (t < 10 kyr Stage 2 (t ~ 10 - 100 kyr

reverse shock (RS) interacts with it. ge1(t=10kyn) y  CD ge 2( ")
The electrons that are responsible RS
for the TeV gamma-ray emission of pulsar
the nebula are thought to be velocity
confined within the nebula at this . E '
stage

9 ISM density
Green line : The SNR forward shock gradient

(FS) and contact discontinuity (CD)
(in all 3 panels) ISM ISM

Stage 2 : The PWN is disrupted

IIII

by the reverse shac}i, but before ~ 7 =\ supernova Stage 3 (t > 100 kyr)
the pulsar escapes its SNR. At ~ ~ _~remnant ~

this stage, TeV gamma-ray e pulsar E-..L___\hala
emitting electrons start to oulsar wind
escape from the PWN, into the O term. shock
SNR and possibly into the ISM. oulsar wind SNR
nebula
Stage 3 : The pulsar has
2 p >10 TeV e/~

escaped from its —now fading— (-

parent SNR. At this stage, high- trile_lf_:t?h{f}’
energy electrons escape into the 1 Samrr?a—rays

surrounding ISM, and may, only
then, form a halo. arXiv:1907.12121v1 [astro-ph.HE] 28 Jul 2019




