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e+ & e- spectra, a natural explanation

e+ and e- AMS-02 spectra fitted with a multi-component model: 
secondary production, e- from SNR, e+ from PWN 

The break at 42 GeV in e- is explained by interplay between SNR and PWN  

Di Mauro, FD, Manconi PRD 2021 

See also Fang+ 2007. 15601, Evoli+PRD 2021, Cuoco+ PRD2020 2



Simulation of Galactic pulsar populations:  
a fit to AMS-02 e+ data 

(a) (b)

Figure 2: Comparison between the AMS-02 e+ flux data [3] (black points) and the flux
from secondary production (grey dashed line) and PWNe (blue dashed line) for two ModA
realizations of the Galaxy with �2

red < 1. The contributions from each source, reported with
different colors depending on their distance from the Earth, are shown.

(a) (b)

Figure 3: Effect of distance and age of pulsars in a specific mock galaxy within setup ModA.
Panel a (b) reports the contribution to the e+ flux for different distance (age) subsets. The
dashed gray line reports the secondary flux, while the solid line corresponds to the total flux.
AMS-02 data are from ref. [3] (black points).

from dE/dt / �E2. Pulsars older than 106 kyr do not contribute significantly to the e+ flux
above 10 GeV, while the highest contribution around TeV energies come from sources younger
than 500 kyr.

In order to inspect the effects of different simulated Galactic populations, we plot in
Figure 4 the total e+ flux for all the pulsar realizations within ModA, and having �2

red<1.5
on AMS-02 data. For energies lower than 200 GeV, differences among the realizations are
indistinguishable. The data in this energy range are very constraining. Instead, above around
300 GeV the peculiarities of each galaxy show up, thanks to the larger relative errors in
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•Simulation of space distribution and pulsar 
properties 

•The contribution of pulsars to e+ is dominant 
above 100 GeV  

•May have different features 
•E>1 TeV: unconstrained by data 
• Secondaries forbid evidence of sharp cut-off  
•No need for Dark matter, indeed 

L. Orusa, S. Manconi, M. Di Mauro, FD JCAP 2021

(a) (b)

Figure 1: Panel (a): Position of pulsars in the Galactic plane (grouped in pixels of size 0.015
kpc2) for one realization of our Galaxy obtained with ⇢L(r) radial surface density [38] and
the spiral-arm model of ref. [54]. The color bar indicates the number of sources in each pixel.
In panel (b) are reported the normalized radial surface densities ⇢L(r) ([38], black line) and
⇢F (r) ([54], red line).

radial surface density of pulsars ⇢L(r) proposed by [38]:
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As a comparison, we also consider the radial surface density ⇢F (r) in [54]:
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See [38, 54] for the values of the parameters. We sample the position r of each source combin-
ing the radial surface density with the spiral arm structure of the Milky Way of ref. [54] (see
their Table 2 for the spiral arm parameters), as implemented in gammapy.astro.population
[57, 58]. We test only one spiral arm structure, since the most important aspect in the com-
puting of the e+ flux is the source density in the arms nearby the Sun, instead of the position
of the arms themselves. The distance of each source is d=|r� r�|, with r� = (8.5, 0, 0)kpc.

In Figure 1(a) we report the positions in the Galactic plane of the mock sources, for
one configuration of our Galaxy, adopting the ⇢L(r) radial surface density. Due to the fast
energy-losses that affects e±, the most relevant contribution to the e+ flux will come from
the two spiral arms that surround the Earth and that are named Sagittarius and Orion. In
Figure 1(b) we also display the ⇢L(r) and ⇢F (r) profiles reported in eq. 3.1 and 3.2 (normalized
in order to have

R +1
0 ⇢i(r)dr = 1 with i = L,F ). We note that ⇢L(r) is similar to other radial

distributions used in literature [62, 63], and we consider it as a good benchmark. The ⇢F (r)
profile effectively maximizes the effects of different radial profiles on the e+, by setting higher
pulsar densities in the two spiral arms surrounding the Earth.
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Simulations: effect of age and distance 
on mock galaxies as selected by e+ AMS-02 data  

(a) (b)

Figure 2: Comparison between the AMS-02 e+ flux data [3] (black points) and the flux
from secondary production (grey dashed line) and PWNe (blue dashed line) for two ModA
realizations of the Galaxy with �2

red < 1. The contributions from each source, reported with
different colors depending on their distance from the Earth, are shown.

(a) (b)

Figure 3: Effect of distance and age of pulsars in a specific mock galaxy within setup ModA.
Panel a (b) reports the contribution to the e+ flux for different distance (age) subsets. The
dashed gray line reports the secondary flux, while the solid line corresponds to the total flux.
AMS-02 data are from ref. [3] (black points).

from dE/dt / �E2. Pulsars older than 106 kyr do not contribute significantly to the e+ flux
above 10 GeV, while the highest contribution around TeV energies come from sources younger
than 500 kyr.

In order to inspect the effects of different simulated Galactic populations, we plot in
Figure 4 the total e+ flux for all the pulsar realizations within ModA, and having �2

red<1.5
on AMS-02 data. For energies lower than 200 GeV, differences among the realizations are
indistinguishable. The data in this energy range are very constraining. Instead, above around
300 GeV the peculiarities of each galaxy show up, thanks to the larger relative errors in
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1-3 kpc ring is the most fruitful in terms of e+ 
Interplay between spiral arms and propagation length 

L. Orusa, S. Manconi, M. Di Mauro, FD JCAP 2021



Few pulsars suffice to fit AMS data
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Figure 5: Mean number of PWNe that satisfy the AMS-02 errors criterion in the single
energy bin of AMS-02 data [3]. We also show the 68% containment band for simulations with
�2
red < 1.5 (see the main text for further details).

4.2 Mean number of PWNe dominating the e+ flux

We inspect in this Section the average number of sources which contribute the most to the
e+ and thus can shape the AMS-02 flux. We adopt two complementary criteria to estimate
the number of sources that are responsible for the most significant contribution of the PWNe
e+ emission:

1. AMS-02 errors: we count all the sources that produce a flux higher than the experi-
mental flux error in at least one energy bin above 10 GeV.

2. Total flux 1%: we count the sources that produce the integral of �e±(E) between 10
and 1000 GeV higher than 1% of the total integrated e+ flux measured by AMS-02.

In Figure 5 we report the average number of PWNe with the standard deviation (68%
containment band) that contribute in the different energy bins of AMS-02, for configurations
with �2

red < 1.5, adopting the AMS-02 errors criterion. On average, 2-3 sources shine with
a flux at least at the level of AMS-02 e+ data errors. We also find a decreasing number of
dominant sources with increasing energy for all the setup reported. This result is partially
induced by the larger experimental errors at high energy, which raise the threshold for the
minimum flux that a PWN has to produce in order to satisfy the AMS-02 errors criterion.
Moreover, being the age simulated in a uniform interval, the number of young sources re-
sponsible for the highest energy fluxes is smaller than for old pulsars, whose e+ have suffered
greater radiative cooling. Overall, it indicates that only a few sources with a large flux are
required in order to produce a good fit to the data.

In Table 3 we report the average number of sources that satisfy the criteria listed above,
for all the simulated galaxies which provide a good fit to AMS-02 data (�2

red < 1.5). We
obtain small numbers of sources responsible for most of the measured e+, typically around
3, irrespective of the simulation scheme. Scenarios with a large number of sources explaining
the CR e+ data are disfavored. This result is due to the fact that AMS-02 measures a smooth
flux, therefore several PWNe contributing at different energies would create wiggles in the
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N(E) is the mean number of PWNe that produce a flux higher than the 
experimental flux error in at least one energy between above 10 GeV.  

Typically 2-3 sources explain most of the measured flux (+ secs) 

Very few ones, indeed 

L. Orusa, S. Manconi, M. Di Mauro, FD JCAP 2021
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Secondaries rely on a new determination of productions cross sections,

Secondary positrons:  
the role of cross sections 

Orusa, Di Mauro, Korsmeier, FD PRD 2023 Di MAuro, FD, Korsmeier, Manconi, Orusa PRD2023

New determination of cross sections: uncertainties about 5% (<8%).  
New secondary e+: depend strongly on L, deficit above ~ 1 GeV 



e± pair emission from pulsars 

We assume continuous injection :  

Normalized to: 

Having: 

We can derive a relation for: 
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Positrons form catalogued pulsars 
L. Orusa, M. Di Mauro, FD, S. Manconi 2024, in preparation 

We pick pulsars from the ATNF catalog: position, age, dE/dt 
The other pulsar parameters are simulated (see Orusa, Manconi, Di Mauro, FD JCAP 2021) 

Propagation in the Galaxy treated according to latest nuclei results  
(see Di Mauro, FD, Korsmeier, Manconi, Orusa PRD 2023) 

ModA: τ0 distribution 
ModB: τ0 fixed  
ModC: delayed emission 
ModD: two-zone diffusion 
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Catalogued pulsars: a fit to e+ data 

Exemplary best fits in ModA-B-C-D  
Catalogue pulsars & secondaries explain well the data. 

Fixed τ0 (ModB) prevents scenarios with one dominant pulsar 
 

ModA ModB

ModC ModD

L. Orusa, M. Di Mauro, FD, S. Manconi 2024, in preparation 
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% contribution of 10 most relevant  
ATNF pulsars  

Flux intensity ratio of a PWN within the 10 most relevant ATNF 
pulsars averaged on all the simulation&fit.

L. Orusa, M. Di Mauro, FD, S. Manconi 2024, in preparation 

ModA ModB

ModC
ModD
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% to total PWNe flux of 10  
most powerful pulsars vs energy 

L. Orusa, M. Di Mauro, FD, S. Manconi 2024, in preparation 

As previous histograms, but as a function of energy. 
ModA, with τ0 in a distribution, allows high freedom to  

sources to readjust their contribution wrt AMS data  
 

Pr
el
im

in
ar
y



12

Emission models and parameters are very relevant.  
Some models are predictive also above TeV.  

Secondaries are allowed with a free normalization  
(always found < 1.5, typically around 1) 

ModA                      ModB

Fluxes from ATNF pulsars - two examples 
L. Orusa, M. Di Mauro, FD, S. Manconi 2024, in preparation 
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Multi-wavelength analysis of sources 
Geminga’s pulsar halo: an X-ray view 

S. Manconi,FD+ A&A2024

A γ-ray halo has been observed in HAWC and Fermi-LAT data. 
Interpreted as e± cooling by inverse-Compton scattering.  

The same e± emit synchrotron radiation and for a similar X-ray halo 

We use archival data in  
XMM Newton and NUSTAR. 
No X-ray halo is detected.  

An upper bound on the magnetic  
field around the pulsar  

is set to 2 μG
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Conclusions

We built a consistent frame - sources, emission, propagation models - 
for the flux of e+ reaching Earth 

Secondaries from nuclear reactions have been updated   

Pulsars are from ATNF catalog: position, age, E_dot.  
Other emission parameters are simulated  

Secondaries + catalog pulsars give an excellent fit to AMS-02, with few 
recurring pulsars dominating the spectrum  

The emission model is very relevant for intensity and shape of the flux 



Detected e+ and e- are local   

e-, e+ suffer strong radiative cooling and arrive at Earth if produced  
within few kpc around it.  

Local sources very likely leave their imprints in the spectra

Manconi, Di Mauro, FD JCAP 2017

Typical propagation scale for cosmic electrons and positrons

For e± the energy loss timescale is smaller than the di↵usion one.

�2(E , ES ) = 4
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• E
e± & 10 GeV: typical propagation scale � < 5 kpc

• 80% of flux at 1 TeV is produced at less than 1kpc

• GeV-TeV e
± probe the few kpc near the Earth: modeling of local sources

Silvia Manconi (TTK Aachen) Introduction | Insights on the local emission of cosmic-ray e
± 9

Typical propagation length in the Galaxy

Sources of e+ & e- in the Galaxy 

Inelastic hadronic collisions (asymm.)  

Pulsar wind nebulae (PWN) (symm.) 

Supernova remnants (SNR) (only e-) 

Particle Dark Matter annihilation (e+,e-)?
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