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C. Evoli at https://agenda.infn.it/event/21891/  

See also N. Tomassetti 2301.10255

Gabici, Evoli, Gaggero, Lipari, Mertsch,  
Orlando, Strong, Vittino 1903.11584

CR database: D. Maurin+ EPJC 2023 

Direct  
measures

Air showers 
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Galactic Cosmic Rays (CRs) 
are charged particles (nuclei, isotopes, leptons, antiparticles) 

diffusing in the Galactic magnetic field 
Observed at Earth with E~ 10 MeV/n – 103 TeV/n 



The observed electron spectrum 

AMS Coll Phys.Rept. 2021

Data on total electron not fully compatible among them  
A prominent break is observed at ~ TeV  

still too uncertain to fix models. Pulsars can do the job  
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CALET Coll. PRL 2023



Propagation equation (tuned for leptons)

diffusion en. losses source spectrum 

Diffusion: D(x,R) a priori 
            usually assumed isotropic in the Galaxy: D ~D0Rδ  
            D0 and δ usually fixed by B/C 

Energy losses: Nuclei: ionisation, Coulomb 
                 Leptons: Synchrotron on the galactic B~3.6 μG 
               Inverse Compton on photon fields (stellar, CMB, UV, IR) 

Sources: Supernova Remnants, Q(E) ∝ E-γ 

               Nuclear fragmentation, Qj(E) ∝ nISM σij ψi 
          [Dark Matter annihilation or decay] 



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.
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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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Where is the end of the  
cosmic ray (CR) spectrum? 

Sudoh & Beacom, PRD 2024

Robust electron detection up to few TeV

γ rays from pulsars are instead measured up to PeV energies 
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Cosmic ray experiments: species and energies 

Voyager and ACE have outlasted their initial programme 
AMS, CALET and DAMPE are running
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Timeline of the highest energy decade and  
precision data on CRs 

                                                                            D. Maurin, FD et al., 2503.16173 

CR physics in space is precision physics  



Propagation models vs data 

Several propagation models are tested 
Di Mauro, Korsmeier, Cuoco PRD 2024

See also Weinrich+ A&A 2020, Evoli+ PRD 2020; Schroer+ PRD 2021; Cuoco&Korsmeier PRD 2021, 2022

Data on nuclear species are well described by propagation models with 
diffusion coefficient power index δ = 0.50 ± 0.03.  

Interpretation hampered by cross sections 
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Cross sections for Galactic CRs:   
a step forward  

D. Maurin et al. 2503.16173, subm. to Physics Report 

https://indico.cern.ch/event/1377509/ @ CERN, 10/2024 
(D. Maurin, FD, S. Mariani) 

https://indico.cern.ch/event/1377509/
https://indico.cern.ch/event/1377509/
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Sources of e±



Secondary e+ production channels
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L. Orusa, M. Di Mauro, FD, M. Korsmeier PRD 2022 Di Mauro, FD, Korsmeier, Manconi, Orusa, PRD 2023

e+ secondaries contribute significantly 
below few GeV  

Cross section uncertainties comparable   
to propagation ones at fixed halo size 



Electrons from supernova remnants  

SNR are considered the main sources of 
galactic CRs - nuclei from p to Fe, and e-  

Hadronic acceleration: evidence of π0 bump 
(Fermi-LAT+ 2010)   

Leptonic acceleration: evidence of 
synchrotron emission in radio and X-rays 

Injection spectrum: 

Figure 1. Electron flux at Earth from near SNRs in the Green catalog at d < 1 kpc from the Earth.
Left: A common spectral index of � = 2.0 and a total energy released in e� of Etot = 7 · 1047 erg
has been assumed for each source. Right: The spectral index and the Q0 for each source are fixed
according to the catalog data and Eq.2.16 for a single frequency. All the curves are computed for
Ec = 10 TeV and K15 propagation model.

by Cygnus Loop. Electrons from the other sources have fluxes smaller than up one order
of magnitude. Indeed, the Green catalog [33] also provides the spectral index and the radio
properties for each source that, when implemented in Eq. 2.1, lead to the fluxes in Fig. 1,
right panel. This more realistic approach demonstrates that the only two powerful sources
are indeed Vela YZ and Cygnus Loop, while the other SNRs contribute with an e� flux at
Earth which is at the percent level of the Vela YZ one. We identify Vela YZ and Cygnus Loop
as the candidates expected to contribute most significantly to the high-energy tail of e++ e�

flux, given their distance, age and radio flux [9, 14, 15]. As shown in the following, Vela Jr
can emerge as a significant contributor to the e++e� flux in the TeV range when the leptonic
model inferred in [34] is considered, given the high value for the cutoff of Ec = 25 TeV and
the low magnetic field (12µG).

3 Results on the SNR properties from radio data

With respect to previous analysis where usually a single frequency was considered (see, e.g.,
[14, 37]), we use here the radio spectrum in the widest available range of frequencies: from
85.7 MHz to 2700 MHz for Vela YZ [35] and from 22 MHz to 4940 MHz for Cygnus Loop
[36]. We fix the Vela YZ (Cygnus Loop) distance and age to be: d = 0.293 kpc (0.54 kpc) and
T =11.3 kyr (20 kyr) [36, 38–40], respectively. The magnetic field of galactic SNRs is often
inferred from multi-wavelength analysis, and the values typically range between few µG to
even 103µG [41]. The magnetic field of Vela YZ is here fixed to B = 36 µG, corresponding to
a mean of the values inferred from X-ray data for the Y and Z regions [42], while for Cygnus
Loop we consider the best fit value of B = 60 µG of the hadronic model for the gamma-ray
analysis in [43]. In Fig. 2 we display the results for the fit to the available radio data of both
Vela YZ and Cygnus Loop.

We then invert Eq. 2.16 to fit B⌫
r (⌫) as a function of � and Q0,SNR for all the available

frequencies ⌫. We tune the injection spectrum of local SNRs in order to reproduce the radio
data, since at this wavelength the e� are the main emitters. It is worth noting that in the
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e- flux from near SNR (Vela XY and Cygnus  
Loop at d<0.5 kpc) 

Few SNR can contribute to TeV flux 
Additional e- from a smooth SNR distribution

The Galactic population of SNRs

We include a continous distribution of SNRs, as well as single SNRs from catalogs

 FAR component
(R>Rcut)
2D continous distribution
[Green2015]

NEAR component (R<Rcut)
!

Single sources from SNR
Green catalog [Green2014]

Rcut= 0.7 kpc

Source catalogs may not be complete

Complementary approach: source stochasticity with simulations, [Mertsch2014,2018] [Blasi+2011]

Silvia Manconi (University of Turin) Introduction | Sources of cosmic-ray e± 17

Ellison+ ApJ 2007; Blasi 2013; Di Mauro+ JCAP 2014: Evoli+ PRD 2021;  

Manconi, Di Mauro, FD  
JCAP2017; JCAP 2019



e± from Pulsars (PWN)
Pulsar Wind Nebulae as cosmic-ray e± sources

Engine of Pulsar Wind Nebula (PWN): pulsar, fast rotating magnetized neutron star from
collapse of > 8 M� star

• High magnetic fields ⇠ 109 � 1012 G: wind of
particles extracted from the surface, e± pairs
produced in EM cascades

• Pulsar Spin-down energy (W0) transfered to e
±

pairs accelerated up to very high-energies,
Q(E) / E

��

• After few kyrs: e
± pairs possibly released in

interstellar medium

• Relativistic e
± pairs in PWNe shines from radio to

� rays

Normalization Q0,PWN connected to the spin-down energy W0 with ⌘ (conversion e�ciency):

E
e± =

Z
dE dt E Q(E , t) = ⌘W0

Important parameters for e±:
Spectral index of e± distribution (�), conversion e�ciency of W0 in e

± pairs (⌘)

Silvia Manconi (TTK Aachen) Pulsar �-ray halos and the origin of the e
+ excess | Insights on the local emission of cosmic-ray e

± 15

High magnetic fields (109-1012 G) extract wind of e-  
from the pulsar surface, e± pairs produced in EM cascades 

Pulsar spin-down energy (W0) is transferred to e± pairs,  
accelerated to very high energy with Q ~ E-γ.  

After several kyrs e± can be released in the ISM  

These e± pairs radiate by Inverse Compton scattering  
and synchrotoron radiation,  

and shine at many frequencies 

The total energy Etot emitted in e± by a PWN is a fraction η (efficiency 
conversion) of the spin-down energy W0. Relevant parameters: γ and η   



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 

No need to add exotic (DM) sources, Sec+PWN do the job  
(Hooper+2009; Grassi+2009; Delahaye+2010;Di Mauro, FD+2014,  Orusa+ 2023… many others) 

  

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 
15



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]:

⇢L(r) = A1

✓
r

r�

◆
exp


�C

✓
r � r�
r�

◆�
. (3.1)

As a comparison, we also consider the radial surface density ⇢F (r) in [54]:

⇢F (r) = A2
1p
2⇡�

exp

✓
�(r � r�)2

2�2

◆
. (3.2)

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



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, JCAP 2024

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 Mod A-B-C-D  
Catalogue pulsars & secondaries explain well the data. 

Fixed τ0 (Mod B) prevents scenarios with one dominant pulsar 
 

L. Orusa, M. Di Mauro, FD, S. Manconi JCAP2024

Mod A Mod B

Mod C Mod D
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e± from the 10 most relevant ATNF pulsars  

The average flux percentage produced by the top 10 brughtest sources in each 
realization that fits AMS-02 data (left), relative to the total flux from all pulsars. 

Right: the top 10 brightest sources  
For E> 100 GeV, few PSR explain > 50% of the total flux

L. Orusa, M. Di Mauro, FD, S. Manconi JCAP2024
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Predictions and the data 
L. Orusa, M. Di Mauro, FD, S. Manconi JCAP2024

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) 
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γ -ray halos  
around pulsars 



HAWC detections of γ-ray haloes  
around pulsars

Extended haloes have been detected by HAWC around Geminga and 
Monogem, and by Lhaaso around PRS J0622+3749 

HAWC Collaboration, Sience 2017

Interpreted as γ-rays from Inverse Compton scattering



Inverse Compton scattering power  

M. Di Mauro, S. Manconi, M. Negro, FD, PRD 2021

The γ-rays are 5-60 times less energetic than parent leptons 
HAWC γ-rays probe electrons with 100-1000 TeV 



Discovery of Geminga γ-ray halo in 
Fermi-LAT data  

M. Di Mauro, S. Manconi, FD, PRD 2019                    M. Di Mauro, S. Manconi, M. Negro, FD, PRD 2021
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FIG. 14: The �-ray flux for ICS from Geminga (left panel) and Monogem (right panel). The Fermi-LAT data are shown
as black dots. We report the HAWC data (obtained using a di↵use template) as an orange band. The curves are the flux
predictions obtained for di↵erent values of �e.

150� significance. The signature of this source in Fermi-
LAT data would be given by very large residuals up to
20� from the center of source. This is clearly shown from
Fig. 16 (right panel), where we plot the square root of TS
(that is approximately equal to the significance) in the
ROI around the source. This plot maps the residuals in
the ROI without the Geminga ICS halo in the source
model. The result of this exercise demonstrates once
more that if the Geminga PWN produces most of the
contribution to the e+ excess, the LAT would have de-
tected an overwhelming number of events in a 10� square
around it. Therefore, the results presented in [26, 27] for
the contribution of Geminga PWN to the positron excess
are strongly disfavored by Fermi-LAT data.

Finally, we note that if the observed �-ray emission
originates from the ICS of e± with the ambient radiation,
a di↵use emission originating from synchrotron emission
should be present with a similar spatial extension. The
synchrotron emission peaks near a critical frequency ⌫c
which is connected to the energy of the e± through the
typical relation in Eq. 8. Thus, depending on the electron
energy, an emission from radio up to the X-ray band is
expected. In particular, in a magnetic field of the order
of few µG, the same e± which produce the observed ICS
emission at 10 TeV (10 GeV) should radiate at energies
peaked at roughly 1.2 keV (1.2 eV). Since the extension
of Geminga is at least a few degrees, the detection of
the synchrotron halo would be particularly prohibitive
at those energies. However, if the presence of ICS halos
around pulsars would be confirmed by the observation of
other systems, a synchrotron counterpart of ICS halos in
other wavelengths could be detectable for more distant
and luminous sources, for which the angular size would
be smaller.

V. CONCLUSIONS

The HAWC detection of a multi TeV �-ray halo around
two close PWNe has a natural interpretation in terms of
ICS by more energetic e±. In HAWC2017 it is shown
that the contribution of Geminga and Monogem PWNe
to the e+ excess, measured firstly by Pamela and then
confirmed with higher significance by AMS-02 at ener-
gies from tens of GeV up few hundreds of GeV, is below
the % level. We build a model for predicting the e+ flux
at Earth from PWNe, which is based on a continuous
injection from the source and on two di↵usive regimes -
one in the PWN halo region, the other in the ISM. The
calibration of our model to the HAWC data leads to pre-
dictions for the e+ flux which are variable by an order of
magnitude at AMS-02 energies, contributing from a few
% up to 30 % of the e+ excess.
In order to obtain a more robust prediction for the e+

flux at the excess energies, we have analyzed almost 10
years of Fermi-LAT data above 8 GeV. We have demon-
strated that at these energies the proper motion of the
Geminga pulsar is particularly relevant for the ICS �-ray
flux so we have included this e↵ect in our analysis. We
report here the detection at 7.8�11.8� significance of an
extended emission around the Geminga PWN, depend-
ing on the IEM considered in the analysis. Moreover,
we detect the proper motion of Geminga pulsar through
the ICS halo with TS 2 [20, 51]. This signal is straight-
forwardly interpreted with � rays produced via ICS o↵
the photon fields located within a distance of about 100
pc from the pulsar, where the di↵usion coe�cient is es-
timated to be in the range of 1.6� 3.5 · 1026 cm2/s at 1
GeV depending on the IEM and with a weighted average
of 2.3 · 1026 cm2/s.

With an e�ciency of about 0.01 for the conversion of
the PWN released energy into e± escaping the nebula,

Interpreted as γ-rays from Inverse Compton scattering

eHWC J1825-134

eHWC J1907+63Geminga

For a review on γ-ray haloes around pulsars: Amato&Recchia 2409.00659 



Detections of γ-ray haloes around pulsars
Lhaaso Coll. PRL 2021 

Extremely high energy γ -rays are observed around the pulsar as an 
extended halo. A spectrum is measured.  

This new class of observations needs revisiting our understanding of 
acceleration of leptons to very high energies and emission of photons



Consequence of ICS Geminga halo on 
positron flux at Earth 

M. Di Mauro, S. Manconi, FD PRD 2019

One single source as Geminga contributes significantly 
to high energy positrons as measured by AMS  

Uncertainty in the diffusion around the source(s)
See also Schroer, Evoli, Blasi PRD 2023 
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Precise Measurements of γ-ray halos around  

Geminga and Monogem with HAWC
HAWC Coll. & M.Di Mauro ApJ 2025

Spectral fit to the data 
The template in an ICS physical modelwith suppressed diffusion, 

D(E) ~ 1026 (E/1 GeV)δ  cm2/s

Energy spectrum 
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Monogem Geminga

HAWC Surface Brghtness for Monogem and Geminga 
Albert+ ApJ 2025

Extension is detected with high precision.  
Green area: ICS model with a two-zone diffusion model.  

Around the pulsar, the diffusion coefficient is suppressed by ~ 100 
wrt the average in the Galaxy.  

Surface brightness in 5.4 - 78 TeV  



Does the Geminga γ-ray halo imply slow 
diffusion around pulsars?  

S. Recchia, M. Di Mauro, F. Aharonian, FD, S. Gabici, S. Manconi, PRD 2021

Propagation of electrons is firstly ballistic after injection, and becomes diffusive 
only after multiple deflections on the turbulent circumstellar magnetic field.  
The CR transport has three regimes: ballistic (t<<tC), diffusive (t>tC), and a quasi-
ballistic transition.  

This solution offers a simple, physically well motivated interpretation 
to the observation of the Geminga halo by HAWC

Le is the e± density  
integrated  
along the l.o.s.



Fitting high energy pulsars surface brightness 
S. Recchia, M. Di Mauro, F. Aharonian, FD, S. Gabici, S. Manconi PRD2022

The fit to the surface brightness is very good in all cases both in the 
diffusive case and in the ballsitic/semi diffuse one.  
The efficiency in the ballistic case is high (~ 100%). 
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Multi-wavelength analysis of sources 
Geminga’s pulsar halo: an X-ray view 

S. Manconi, J. Woo, R. Shang, R.Krivonos, C. Tang, M. Di Mauro, F. D. K. Mori, and C. J. Hailey A&A 2024 

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 
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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

S. Manconi, J. Woo, R. Shang, R.Krivonos, C. Tang, M. Di Mauro, F. D. K. Mori, and C. J. Hailey A&A 2024 

Geminga’s pulsar halo: bounds from X-ray data 
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Veritas (0.3-10 TeV) XMM-Newton (0.1-15 keV)

Veritas Coll., XMM-Newton Coll., S. Manconi, FD , M. Di Mauro ApJ 2025

Multi-wavelength observaton of LHAASO J0621+3755 
source and first X-ray detection of PSR J0622+3749 

 

First X-ray detection of PSR J0622+3749 No significant detection in Veritas data 
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The multi-wavelength SED of LHAASO J0621+3755  
as a pulsar HALO

Veritas Coll., XMM-Newton Coll., S. Manconi, FD , M. Di Mauro ApJ 2025

The pulsar halo model is tuned to be compatible with IC emission at TeV energies. 
A suppressed diffusion is modeled.  

XMM-Newton data constrain the magnetic field  B< 1 μG
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Conclusions

The e± CR flux can be naturally understood in terms of a secondary 
component, and contributions from SNR (e-) and PWN (e+) 

CR physics is strongly linked to accelerator data  

A small number of catalog pulsars can shape the e+ flux 

γ-ray halo around pulsars open a new window on the complex physics 
around these sources 

Multimessenger analysis are mandatory for a more reliable 
understanding of pulsar e± emission and local diffusion
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Brightest pulsars wrt e± emission  



41

Benchmark model: D=2x1025 cm2/s, e± injection index 2.4, efficiency 0.20 

Model for ICS around LHAASO J0621+3755 


