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Introduction
CR electrons and positrons detected at Earth at >10 GeV are the 
results local emission mechanisms, since cooling time is > than 
diffusion time  

Data:  
1) CR fluxes for e+, e-, e-+e+ 
2)  radio fluxes from sources 
3) upper bounds on dipole anisotropy  

Inspection of local sources is crucial to interpret data  

Can the dipole anisotropy from CR leptons be  
an additional (to CR and radio fluxes) 

tool to understand CR sources? 



Electron sources are local   

GeV. The flux from sources located inside Rcut = 0.7 kpc is instead smaller than the flux from
a smooth population all over the Galaxy, with the high energy tail asymptotically converging
to the no cut case. The electrons coming from the far population show a trend similar to
the whole smooth population, but decreased by a rough factor of two. Comparing the far
and near fluxes, we find, as expected, that the most energetic electrons come from the closest
sources, as firstly noted in [49]. The flux of electrons coming from R > 3 kpc is one order of
magnitude smaller than for the sources at R >0.7 kpc in the MED case, a factor of two in
the MAX case. For higher diffusive haloes, electrons from far sources have greater chances to
reach our detectors. Our results have been obtained for a G15 source distribution. We have
checked that the L04 radial profile gives fluxes systematically higher by a rough 10%, since
it predicts more sources near the Earth position, as shown in Fig. 1.

Figure 4. This figure shows the sample of single SNRs and PSRs in terms of their Galactic longitude
l [deg] and distance to the Earth [kpc] (located at the center of the circle). The color scale of the dots
quantifies the electron flux integrated from 50 GeV to 5 TeV, in units of (cm2 s sr)�1.

In Fig. 4 we plot our sample of near SNRs together with the most powerful PWNe
identified in [17], projected on the Galactic plane. The SNR and PSR characteristics are
taken from the Green [46] and the ATNF [45] catalogs, respectively. The source position is
identified by the Galactic longitude (l, deg) and distance (d, kpc) to the Earth. The color
scale reflects the intensity of the integrated electron flux at the Earth from E = 50 GeV up to
E = 5 TeV, which is an important observable when computing the anisotropy from a single
source. Fluxes are computed by means of Eq. 2.14, using available catalog parameters and
the MAX propagation model. The spectral index for PWNe is fixed to �PWN = 1.7, while
the conversion to electron efficiency is ⌘ = 0.07. Vela (red dot) and Cygnus Loop (orange
dot) are the SNRs with the highest integrated flux. The most powerful PWNe Monogem,
Geminga and J2043+2740, give an integrated electron flux above 108 (cm2 s sr)�1. We report
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e-, e+ have strong radiative cooling 
 and arrive at Earth if produced  

within few kpc around it 

Most powerful sources within 3 kpc 
from the Sun.  

SNRs (e-) and PWN (e+e-)

(cm2 s sr)-1

�3

Delahaye+ A&A 2010 Manconi, Di Mauro, FD JCAP 2017



Far and near sources: geometry 

All the Galaxy is filled by a  
smooth SNR distribution

Smooth SNR distribution out  
of a ring filled with single sources

GeV. The flux from sources located inside Rcut = 0.7 kpc is instead smaller than the flux from
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the whole smooth population, but decreased by a rough factor of two. Comparing the far
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the MAX case. For higher diffusive haloes, electrons from far sources have greater chances to
reach our detectors. Our results have been obtained for a G15 source distribution. We have
checked that the L04 radial profile gives fluxes systematically higher by a rough 10%, since
it predicts more sources near the Earth position, as shown in Fig. 1.
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E = 5 TeV, which is an important observable when computing the anisotropy from a single
source. Fluxes are computed by means of Eq. 2.14, using available catalog parameters and
the MAX propagation model. The spectral index for PWNe is fixed to �PWN = 1.7, while
the conversion to electron efficiency is ⌘ = 0.07. Vela (red dot) and Cygnus Loop (orange
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Geminga and J2043+2740, give an integrated electron flux above 108 (cm2 s sr)�1. We report
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Figure 1. Radial distributions for SNRs and pulsars. The solid line corresponds to the G15 [39]
model, based on the brightest SNRs in the Green catalog; dashed line dubbed L04 is for the [40]
distribution, built on pulsars from the ATNF catalog. Also shown is the model in [41]. A black
dotted line indicates the Earth position.

sector are K0, � and L. As benchmark models, we consider the MED and MAX sets of prop-
agation parameters [36]. Indeed, the recent fits to boron–to–carbon, B/C, and antiprotons
AMS-02 data (see e.g. [37, 38]) points to values of K0, � and L consistent with these two
models. We have checked that using K0, � and L as derived in [37, 38] the electron fluxes are
included between the fluxes obtained for the MED and MAX propagation set-ups.
We model the CR electron and positron sources according to the framework developed in [32]
and [17, 18], for which we address for any details. In the following, we will remind the main
features, and the slight differences introduced here. We will be interested both in the global
source distribution, describing effectively the Galactic population with average parameters,
and in the properties of single, nearby sources.

For the spatial distribution of sources ⇢(r, z), we follow the usual factorization between
the radial source density ⇢(r) and in the exponential vertical profile:

⇢(r, z) = ⇢0⇢(r) exp

✓
� |z|
z0

◆
(2.3)

where r is the distance from the Galactic center along the Galactic plane, z is the vertical
coordinate, and z0 = h = 0.1 kpc. The coefficient ⇢0 is fixed to normalize to unity the
spatial distribution ⇢(r, z) within the diffusion halo of radius Rdisc and half thickness L. For
the SNRs, we make use of the radial distribution (G15 hereafter) recently obtained by [39]
analyzing the SNR sample contained in the Green catalog:

⇢(r) /
✓

r

r�

◆↵1

exp

✓
�↵2

(r � r�)

r�

◆
(2.4)

where ↵1 = 1.09, ↵2 = 3.87. In Fig. 1 we reproduce the radial profile G15, together with
the largely used model obtained from pulsars in the ATNF catalog [40] (L04 hereafter).
For illustrative purposes, we also draw the model in [41], based on SNR observations and
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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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Selection of sources by  
catalog parameters 

Cosmic ray e� flux from SNRs at d< 1kpc

Very few SNRs in the Green catalog can contribute significantly to observed flux:

Vela YZ, Cygnus Loop

Uncertainties: acceleration, release in the interstellar medium, spectrum of e�...

Multimessenger constraints!

Silvia Manconi (University of Turin) Introduction | Sources of cosmic-ray e± 18

The population of near (<1kpc) SNRs

Vela YX and Cygnus Loop  
have highest flux 

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
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CR fluxes at Earth 

e+e- are treated in a diffusion model with full (IC, sync.) and isotropic diffusion 

Steady state for: secondary e+ and e-; the smooth SNR distribution (Green 2015)  

Burst-like injection (Malyshev+ PRD 2016) for single sources (SNR, PWN): 

Inside Rcut sources are taken from catalog: Green catalog for SNR, ATNF catalog for 
PWNe.  

The energy spectrum: 
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Treating the far, smooth sources 

JCAP01(2017)006

Figure 2. Halo function for the G15 smooth distribution of SNRs for di↵erent values of the radial
cut around the Earth position, and for the MED and MAX propagation models. Solid black (red)
line corresponds to a smooth distribution with no cut and MED (MAX) propagation model, with
L = 4 (15) kpc. Dashed (dot-dashed) lines correspond to a SNR distribution beyond a radial cut of
0.7 kpc (3 kpc).

while r�r� & L [32]. Thus, the spatial dependence in eq. (2.12) is separated in a radial term
and in a vertical term as G� = Gr ⇥Gz. For the radial term we use the Green function for an
infinite 2D space. The vertical boundary is accounted for by expanding Gz with the image
method [47] or the Helmotz eigen-functions [48], depending on the propagation scale length.

A steady state solution is adopted for the secondary production, since this gives a con-
tinuos injection of electrons and positrons in the ISM. This is the case also for smooth distri-
butions of sources, described by average parameters as the SN explosion rate. Conversely, the
solution of the time-dependent transport equation is required for the flux from a single source
of electrons and can be found in several literature works (see [16, 32]), to which we address
the reader for further details. Because of our focus on single sources, we remind briefly the
explicit expression in the burst-like approximation, namely Q(E,x, t) = Q(E)�(t)�(x):

 (x�, E, t) =
b(Es)

b(E)

1

(⇡�2)
3
2

exp

✓
� |x� � xs|2

�2

◆
Q(Es) (2.14)

where Es is the initial energy of electrons that cool down to E in a loss time

�⌧(E,Es) ⌘
Z Es

E

dE0

b(E0)
= t� ts. (2.15)

The halo function defined in eq. (2.10) represents the probability of an electron (or positron)
to reach the Earth position, given its propagation scale and the spatial distribution of its
sources. To explore the role of the radial cut on the smooth distribution of sources, as well of
the propagation model, we analyze ⌥(�) as a function of the propagation scale �. In figure 2
we show ⌥(�) as a function of �, for two di↵erent values of Rcut and the two propagation
benchmarks. The two solid lines correspond to the case of Rcut = 0, namely when all the
Galactic SNRs are shaped according to eq. (2.3). The probability for an electron to reach
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The halo function describes the probability for an e- to reach the Earth from the 
source position:

Halo function drops to zero for: 
  
• λ~ L (diffusive halo height) 

•  λ close to Rcut, below which e-  
injection is depleted 

Diffusive length:



Figure 2. Halo function for the G15 smooth distribution of SNRs for different values of the radial
cut around the Earth position, and for the MED and MAX propagation models. Solid black (red) line
corresponds to a smooth distribution with no cut and MED (MAX) propagation model, with L = 4
(15) kpc. Dashed (dot-dashed) lines correspond to a SNR distribution beyond a radial cut of 0.7 kpc
(3 kpc).

Figure 3. Electron fluxes for different SNR smooth populations with a G15 radial distribution.
Black solid line corresponds to a SNR distribution with no cuts; red long dot-dashed (long dashed)
line corresponds to a near SNR distribution of radius Rcut = 3 kpc (0.7 kpc) around the Earth; blue
dashed (dot-dashed) line corresponds to a far SNR distribution from which the smooth component up
to a radius Rcut = 0.7 kpc (3 kpc) has been cut. All fluxes are obtained for a SNR energy spectrum
with Ec = 5 TeV, � = 2.3, Etot,SNR = 1049 erg, left (right) panel for the MED (MAX) propagation
model.

the radial profile G15 is shown by solid lines. It is a function decreasing with energy slightly
stronger than E�3, to drop exponentially to zero when approaching the cut-off energy. The
flux from sources inside Rcut =3 kpc is very close to the flux from a smooth population all
over the Galaxy (no cut case). The difference is significant only for the MAX case (large
diffusive haloes), where there is a reduction in the near flux at energies below few hundreds
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Far and near sources smooth contribution

L=4 kpc L=15 kpc 

Most of the electrons from a (Green 2015) smooth SNR distribution come from very 
few kpc from the Earth. Less than 10% of e- come from R>3kpc, even considering a 

large size L for the diffusive halo.  

We can consider separately a smooth SNR distribution out of a Rcut,  
and single (catalog) SNR and PWN  inside that circle. �8
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Anisotropy in a diffusion model 

Anisotropy should be computed by development on spherical harmonics. 
For one or few sources,  

we can expect only the dipole term to have some relevance (if any). 
In diffusive propagation regime (Ginzburg & Syrovatskii 1964): 

For example, for a  
source at ds: 

More generally, for a collection of sources (Shen & Mao, ApJL 1971):
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Dipole anisotropy in e+e-   

Fig. 5.10.: Right panel: Dipole anisotropy in the electron plus positron flux from the unknown SNRs
discussed in Case 3, for Rcut=0.7 kpc and MAX propagation parameters. The results
for the best fit and 2-‡ uncertainty band are shown by the black dotted line and cyan
band. Right panel: Dipole anisotropy in electrons from Vela SNR as derived in Case 1 and
Case 2, Cygnus SNR as in Case 1, the unknown SNR discussed in Case 3, and from the
Monogem and the Geminga PWN obtained in Case 4 (see text for details), as a function
of the minimum integrated energy Emin. The downward arrows reproduce the Fermi-LAT
upper limits.

Fig. 5.11.: Dipole anisotropy in the electrons plus positrons flux for the models discussed in this
Chapter, but as a function of the energy E and compared with recent upper limits from
[125].

5.4 Conclusions
We have demonstrated how the search for anisotropies in electron and positron data could

be an interesting tool, in particular when local and powerful electron sources are invoked
to shape the observed fluxes. A number of theoretical models have been tested against the
most recent AMS-02 data, and they have been used as a starting point for computing the
predictions for the dipole anisotropies in the electron and positron fluxes. The consistency of
the anisotropy predictions with respect to the AMS-02 flux data is one of the major strength

5.4 Conclusions 93

∆ is derived after a fit to AMS-02 e+ 
AND e-+e+: 

e+: sec & PWN 
e+e-: sec (e+e-), PWN (e+e-), 

far SNR (e-), near cat. SNR (e-)  

Case 1: Vela SNR is left free 
to fill the high energy flux 
 (with uncertainty band).  

∆ is at the level of present ULs, and 
is not compatible with zero.  

Case 4: Monogem OR Geminga PWNe 
are let as only PWN within 0.7 npc 
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JCAP01(2017)006

Figure 10. Predictions for the anisotropy from single PWNe in the e+ + e� flux along with ex-
perimental upper limits from Fermi -LAT, for Rcut = 0 kpc and MAX propagation parameters. The
energy bins are integrated in energy. The results are for the five most powerful PWNe, as labeled
inside the panels.

Figure 11. Predictions for the anisotropy from single PWNe in the e+ (left) and e+/e� (right) fluxes,
along with experimental upper limits from Pamela (left) and AMS-02 (right), for Rcut = 0 kpc and
MAX propagation parameters. The energy bins are integrated in energy. The results are for the five
most powerful PWNe, as labeled inside the panels.

10�3. The highest anisotropy is however reached by Monogem, for which a dipole at the
level of a few times 10�4 is predicted well beyond 1TeV. The strongest upper limits are from
the Fermi -LAT, so �e++e� is at present the channel with the least gap between theory and
data. The �e+ Pamela upper limit of �e+  0.166 for Emin > 10GeV, stands almost three
orders of magnitude above our predictions for Monogem. It is therefore evident that the
properties of ATNF PWNe as emerging from AMS-02 flux data are very unlikely be tested
by present or forthcoming data on the positron anisotropy. Our results di↵er from what
is found for example in [22, 23], where a much higher anisotropy in the e+ and e� flux for
the Monogem PWN was found. We observe that, di↵erently from those works, our analysis
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The anisotropy from nearby PWNe

We maximize the contribution of PWNe by setting Rcut=0 kpc  
(SNRs contribute only as a smooth population) to fit AMS-02 data 

All the nearest PWNe have an extremely small dipole anisotropy, not testable 
by present or forthcoming experiments.  

Main reason is the bound from e+ AMS-02 flux  

AMS (2019) 

Di Bernardo+ AP 2011, Grasso+ 2009, 



A multi-wavelength, multi-messenger analysis

We build a model for the production and propagation of e- and e+ in the Galaxy  
and test it against 3 observables: 

1. Radio brightness data from Vela YZ and Cygnus Loop SNRs at all frequencies.  
     The radio emission is all synchrotron from e- accelerated by the source.  

2. e+e- flux. Data from 5 experiments, e+ flux from AMS-02 
      Contributors: Far and near SNRs, near SNRs and PWNe, secondaries for e+e-.   
      The e+ flux constrains the PWN emission.   
      e+e- data taken with their uncertainty on the energy scale. 

3. e+e- dipole anisotropy upper bounds from Fermi-LAT 
       Test on the power of this observable on the closest SNRs. 

S. Manconi, M. Di Mauro, FD JCAP 2017, JCAP 2019
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Injection of e+e- from SNR into the ISM

 Burst like model: all the e- are injected at t=TSNR (TVela = 11.3 kyr, TCygnus = 20 kyr) 
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Evolutionary model (Ohira+ MNRAS 2012): of the SNR radius and velocity.  
The maximum E of accelerated e- is limited by SNR age, cooling by synchrotron 
emission or escape (Bohm-like).  

                                      

below which e- are still trapped in the SNR: 

                                                                                                                                          

while the runaway e- follow:  

Em,esc,Vela  = 88 GeV  
Em,esc,Cygnus  = 17 GeV  

Ohira+MNRAS 2012 
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I - Bounds from radio emission

Hyp.: Radio flux is due to synchrotron emission from accelerated e- in the SNR 

Figure 3. Results of the fit to the radio spectrum for Vela YZ (gray) and Cygnus Loop (magenta).
Left: Regions of the parameter space Etot, � selected by the fit to the radio spectrum. The solid,
dashed and long-dashed lines refer to respectively 3�, 2� and 1� contours for each source. Right:
Prediction for the e� flux from Vela YZ and Cygnus Loop using the values of Etot, � within 2� from
the best fit to the radio spectrum shown in the left panel. The e++e� Fermi-LAT, AMS-02, DAMPE,
HESS and CALET data with their statistics and systematic errors are also shown.

Figure 4. Results of the fit to the radio spectrum for Vela YZ (gray) and Cygnus Loop (magenta) for
the evolutionary model of the injection of e� from SNRs in Ref. [23]. Left: Regions of the parameter
space Etot,trap, � selected by the fit to the radio spectrum for Vela YZ (gray) and Cygnus Loop
(magenta). The derived regions for Etot,esc, � + �/↵ are also reported for Vela YZ and Cygnus Loop.
The solid, dashed and long-dashed lines refer to respectively 3�, 2� and 1� contours for each source.
Right: Prediction for the e� flux from Vela YZ and Cygnus Loop using the values of Etot,esc, �+�/↵
within 2� from the best fit to the radio spectrum shown in the left panel. The e++e� data are shown
as in Fig. 3, right panel.

in Ref. [23]. By comparing Eq. 2.5 and Eq. 2.6, we obtain:

A = Q0,trapE
�/↵
knee

✓
tSedov
T

◆�

, (3.2)

while the spectral index of e� in Eq. 2.6 is simply � + �/↵. The total energy of runaway e�

– 8 –

We fit all the available radio data fixing BVela =36 µG and Cygnus = 60 µG. 
Vela has more energetic trapped e-, and only E>88 GeV have escaped (17 GeV for 

Cygnus). 
The flux of electrons as constrained by radio data contribute few % to the (e+e-) 

data 

]
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II - Bounds from e+e- flux

    Hyp: e+e- data are explained by: 
•emission from smooth far SNR (e-) 
•emission from catalog near SNR (e-) 
•secondary production from spallation of CRs on the ISM (asymmetric e+e-)  
•emission from ATNF catalog PWN (symmetric e+e-) 

Figure 5. Regions of the parameter space Etot - � selected by the fit to the e+ + e� and e+ flux
data for Vela YZ and Cygnus Loop. The shaded regions denote the Etot, � values at a given number
of � from the best fit for each source. The magenta region is for Cygnus Loop and 2�, while the gray
(light gray) regions are for Vela YZ and 2� (5�).

5 Results on the SNR properties from e+ + e� dipole anisotropy data

We now assess the power of the recent Fermi-LAT data on the e+ + e� dipole anisotropy
�e++e� [18]. This measure has provided upper bounds on �e++e� as a function of energy
from 50 GeV up to about 1 TeV. We compute the relevant single source dipole anisotropy
for the sources in our model, following [15]. We remind here that the �e++e� from a single
source s is given by:

�(E)e++e� =
3K(E)

c

2d

�2(E,Es)

 s
e++e�(E)

 tot
e++e�(E)

, (5.1)

where d is the distance to the source, �(E,Es) is the propagation scale defined in Eq. 2.11,
 s
e++e�(E) is the e+ + e� number density produced by the source s, and  tot

e++e�(E) is the
total e+ + e� number density obtained from the contributions of all the sources, both from
isotropic smooth populations and from directional single sources. This expression can be
appropriately associated to a physical observable whenever the source s can be considered as
dominant. In case more than one source is considered, the total dipole anisotropy may be
computed as [15]:

�(nmax, E) =
1

 tot(E)
·
X

i

ri · nmax

||ri||
·  i(E)�i(E). (5.2)

Here  i(E) is the number density of e� and/or e+ emitted from each source i, ri is the
source position in the sky and nmax is the direction of the maximum flux intensity. The term
 tot(E) =

P
i  i(E) is the total (e� and/or e+) number density and includes the contribution

from the discrete as well as all the isotropic sources. The anisotropy from each single source
is given by �i =

3K(E)
c

|r i(E)|
 i(E) , where the gradient is performed with respect to each source

position. We compute the �e++e� for Vela YZ and Cygnus Loop for all the parameters
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Fit to data:  
• e+e- CALET, HESS, AMS-02, Fermi-LAT, DAMPE 
•e+ AMS-02

At 2sigma, Vela parameters selected by a fit to  
flux data do not overlap radio fit.  
 Full agreement at 2 sigma is reached for a fit to  
DAMPE data alone, or to AMS-02, HESS and  
CALET. 

p.s.: Galactic propagation  treated and in Manconi, Di Mauro, FD JCAP 2017 



III - Bounds from dipole anisotropy 
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Data from e+e- dipole anisotropy are upper bounds vs E - Fermi-LAT (Abdollahi+ PRL 
2017) 

Figure 6. Dipole anisotropy predictions for Vela YZ and Cygnus Loop treated as single dominant
sources (solid black and magenta lines, respectively), and for all the sources combined together, shown
as gray dot-dashed line (see text for details). The upper limits for Fermi-LAT dipole anisotropy are
shown for the two different methods in [18].

selected by the fit to e+ + e� flux data described in Sec. 4 (at 2� from the best fit), and
reported in Fig. 5. The maximum of �e++e� in each energy bin is then plotted as a black
(magenta) solid line in Fig. 6 for Vela YZ (Cygnus Loop). We compare our predictions to
the Fermi-LAT �e++e� data (Bayesian Method 1 in [18]) above 100 GeV, to limit the effect
from the solar wind [52, 53]. For Vela YZ, the anisotropy overshoots Fermi-LAT upper limits
on the whole spectrum. We can therefore infer that Fermi-LAT data on the lepton dipole
anisotropy add an independent piece of information in addition to the flux data. This is one
of the main results of this paper. The anisotropy amplitude data on charged leptons have now
the power to exclude configurations of the Vela YZ source spectrum, in principle compatible
with the absolute flux data. For Cygnus Loop the conclusions are looser, since it shines at
higher energies where the Fermi-LAT upper bounds are looser. In order to constrain Cygnus
Loop parameters one would need dipole data at least up to 10 TeV.

Since we are interested in the scenario in which the �e++e� is maximal, we have checked
for different effects that could lower our predictions. In particular, we verified that also the
total dipole anisotropy arising from all the individual sources entering in the predictions of the
e+ + e� and e+ fluxes is not compatible with the experimental upper limits. This is because
Vela YZ is always the dominant contributor of the e� flux. We computed the total anisotropy
according to Eq. 5.2 resulting from: the local SNRs Vela YZ, Cygnus Loop and Vela Jr, and
all the ATNF catalog PWNe. The results shown in Fig. 6 as a gray dot-dashed line has been
obtained setting all the free parameters to their best fit to the e+ + e� and e+ fluxes data.
The only prior being the flux data, Vela YZ turns out to dominate the flux as well as the
dipole predicted at Earth. Moreover, we considered the potential effect of the guide magnetic
field over the few hundred pc to the nearest sources, following what was done in [54]. The
local magnetic field properties were inferred by IBEX data (l = 210.5�, b = �57.1�) [55] from
the study of the emission of high energy neutral atoms. As discussed in [54], the alignment
of the dipole anisotropy of CRs with the total ordered magnetic field is demonstrated to
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Figure 7. Dipole anisotropy constraints to the Vela YZ source parameters. The regions of the
parameter space Etot, � selected by the fit to the e+ + e� and e+ flux data for Vela YZ are reported
with shaded regions as in Fig.5. The hatched region denotes the configurations selected by e++e� and
e+ flux data and excluded by Fermi-LAT dipole anisotropy upper limits (Meth. 1) at E > 100 GeV.

potentially modify the phase of the observed CR dipole and lower its amplitude. We verified
that projecting the dipole anisotropy of Vela YZ along the direction of the local magnetic
field decreases the �e++e� by a factor of roughly 2. Since the maximal Vela YZ anisotropy in
Fig. 6 overshoots the Fermi-LAT upper limits by more than a factor of 3 up to 500 GeV, also
considering this effect would not change our conclusions. Therefore, the dipole anisotropy
in the CR lepton arrival direction sets additional tight constraints to the Vela YZ injection
spectrum.

We now quantify the power of the dipole anisotropy to exclude configurations in the Vela
YZ source parameters, otherwise compatible with the e++e� flux data. We compute �e++e�

for all the configurations selected by the fit to the flux described in Sec. 4. Whenever our
predictions overestimate one data point at E > 100 GeV, the Etot,Vela��Vela pair is considered
as excluded. Very similar results are obtained when requiring two or more non-consecutive
data points to be below the predictions, or if we employ only the two highest energy data
points. The results are displayed by the hatched region in upper panel of Fig. 7. The dipole
anisotropy upper limits are not compatible with the configurations selected by the fit to the
flux data at 2�, and with a subset of the configurations at 5�. Indeed, the anisotropy data
exclude higher values of �, considered unlikely in acceleration models. The Fermi-LAT data
on �e++e� supplement a valuable information of the properties of Vela YZ, acting as a further
physical observable for the understanding of the injection of e� in the ISM.

6 Results from multi-wavelength analysis

We now combine all the three observables explored in the previous sections. Specifically,
we compare the dipole anisotropy of Vela YZ and Cygnus Loop with the Fermi-LAT upper
bounds, for the parameters of these sources selected by radio and e++ e� fluxes. We perform
new fits on the e++ e� and e+ fluxes including the constraints for Etot,Vela, �Vela, Etot,Cygnus,
and �Cygnus derived from the fit to radio data. We minimize according to the following
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Maximal anisotropy from e+e- flux  
selected configurations 

Anisotropy excludes configurations  
selected by e+e- flux 

Manconi, Di Mauro, FD JCAP 2017
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A multi-wavelength / multi-messenger 
analysis 

Figure 8. Results on the e+ + e� flux (left) and on the corresponding dipole anisotropies (right)
from the multi-wavelength fit to all the data. Left: The contribution from secondary production (red
dashed), PWNe (blue dot dashed), Vela YZ (black dotted), Cygnus Loop (magenta dot-dot dashed),
Vela Jr (orange solid) and the far smooth distribution of SNRs (green dotted) are shown. The e++e�

Fermi-LAT, AMS-02, DAMPE, HESS and CALET data with their statistics and systematic errors
are also shown. Right: The maximal dipole anisotropy predicted for Vela YZ and Cygnus Loop as
single dominant sources are reported with black solid and magenta dashed lines as in Fig.6. The total
anisotropy resulting from the distribution of all the sources is shown with gray dot-dashed line. The
upper limits for Fermi-LAT dipole anisotropy are shown for the two different analysis methods in [18].
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where the first term is the statistical term that takes into account the difference between the
model �model and the e+ + e� flux data at 1� (�data and �data). The second term runs over
Vela YZ and Cygnus Loop Etot and � and accounts for the deviation of these parameters in
the model Pmodel with respect to the best fit and 1� error (Pdata and �data

P ) as derived above
in the fit to radio data.

We find a very good agreement between e+ + e� and radio data (�2
red ⇡ 0.70) with

�Vela = 2.39± 0.15, Etot,Vela = (2.3 · ±0.2) · 1047 erg, �Cygnus = 2.03± 0.05 and Etot,Cygnus =
(1.25±0.06) ·1047 erg for K15 propagation models. Using G15 propagation model the best fit
parameters are extremely similar. We illustrate in Fig. 8 the result of the best fit for all the
components to the e++e� flux. We checked that all the predictions for the dipole anisotropy
within 2� from the best fit are below the Fermi-LAT upper bounds, as explicitly shown
in Fig. 8. The � for the spatially smooth distribution of SNRs is 2.48/2.44 for K15/G15,
respectively. We test different values for the cutoff energy of the smooth distribution and
single SNRs. We find that the �2 profile as a function of the cutoff energy is flat for > 10 TeV
while it worsens at low energy. The 95% lower limit is at 8 TeV. The putative e� injected
by a radio unconstrained Vela SNR (see Sec.4) are compensated in our framework by the
combination of e� produced by the Galactic smooth distribution of SNRs and all the PWNe.

In Fig. 9 we report, on the same foot as Fig. 8, the results obtained within the evolu-
tionary escape model as discussed in Sec. 2. We find again a good fit (�2

red ⇠ 0.87), with
�Vela+�/↵ = 2.66±0.14 and �Cygnus = 2.27±0.06 for K15 propagation model. The parameters
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We now fit the parameters selected by radio and e+e- flux data and check  
against dipole anisotropy data    

We find models compatible with the three independent observables 
(here burst model - similarly for evolutionary model) 
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Contributions to e+e- from Geminga PWN
Di Mauro, Manconi, FD 1903.05647, sub PRD 

Discovery of a gamma-ray Inverse Compton halo around Geminga in Hawc data 
(Abeysekara, Science 2017) and in Fermi-LAT data  (Di Mauro, Manconi, FD 1903.05647)  

The contribution of Geminga to the e+ is 20% at most of AMS-02 data 
See talk by S. Manconi GAD4b, July 31st
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Conclusions 

Leptons at Earth have a composite origin: e- from far smooth and near catalog SNR, 
e+e- from PWN, e+e-  as secondaries in the ISM

We compare our model with three observables:  
1. The radio flux from Vela YZ and Cygnus Loop 

2. The CR e+e-, e+ flux  
3. The e+e- dipole anisotropy upper bounds  

• Radio data are strong constraints 
• Dipole anisotropy is bounding when no other priors 
are set  

• A multi-wavelength and multi-messenger combined 
analysis finds  models compatible with data from all 
observables 

• IC gamma rays around PWN can size the e+ flux at 
Earth
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I - Bounds from radio emission

Hyp.: Radio flux is due to synchrotron emission from accelerated e- in the SNR 

Figure 3. Results of the fit to the radio spectrum for Vela YZ (gray) and Cygnus Loop (magenta).
Left: Regions of the parameter space Etot, � selected by the fit to the radio spectrum. The solid,
dashed and long-dashed lines refer to respectively 3�, 2� and 1� contours for each source. Right:
Prediction for the e� flux from Vela YZ and Cygnus Loop using the values of Etot, � within 2� from
the best fit to the radio spectrum shown in the left panel. The e++e� Fermi-LAT, AMS-02, DAMPE,
HESS and CALET data with their statistics and systematic errors are also shown.

Figure 4. Results of the fit to the radio spectrum for Vela YZ (gray) and Cygnus Loop (magenta) for
the evolutionary model of the injection of e� from SNRs in Ref. [23]. Left: Regions of the parameter
space Etot,trap, � selected by the fit to the radio spectrum for Vela YZ (gray) and Cygnus Loop
(magenta). The derived regions for Etot,esc, � + �/↵ are also reported for Vela YZ and Cygnus Loop.
The solid, dashed and long-dashed lines refer to respectively 3�, 2� and 1� contours for each source.
Right: Prediction for the e� flux from Vela YZ and Cygnus Loop using the values of Etot,esc, �+�/↵
within 2� from the best fit to the radio spectrum shown in the left panel. The e++e� data are shown
as in Fig. 3, right panel.

in Ref. [23]. By comparing Eq. 2.5 and Eq. 2.6, we obtain:

A = Q0,trapE
�/↵
knee

✓
tSedov
T

◆�

, (3.2)

while the spectral index of e� in Eq. 2.6 is simply � + �/↵. The total energy of runaway e�
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We fit all the available radio data fixing BVela =36 µG and Cygnus = 60 µG. 
Vela has more energetic trapped e-, and only E>88 GeV have escaped  

(17 GeV for Cygnus). 
The flux of e- as constrained by radio data contribute few % to the (e+e-) data 

]

Ev
ol

ut
io

na
ry

 m
od

el



!21

II - Bounds from e+e- flux

    Hyp: e+e- data are explained by: 
• emission from smooth far SNR (e-) 
• emission from catalog near SNR (e-) 
• secondary production from spallation of CRs on the ISM (asymmetric e+e-)  
• emission from ATNF catalog PWN (symmetric e+e-) 

Figure 5. Regions of the parameter space Etot - � selected by the fit to the e+ + e� and e+ flux
data for Vela YZ and Cygnus Loop. The shaded regions denote the Etot, � values at a given number
of � from the best fit for each source. The magenta region is for Cygnus Loop and 2�, while the gray
(light gray) regions are for Vela YZ and 2� (5�).

5 Results on the SNR properties from e+ + e� dipole anisotropy data

We now assess the power of the recent Fermi-LAT data on the e+ + e� dipole anisotropy
�e++e� [18]. This measure has provided upper bounds on �e++e� as a function of energy
from 50 GeV up to about 1 TeV. We compute the relevant single source dipole anisotropy
for the sources in our model, following [15]. We remind here that the �e++e� from a single
source s is given by:

�(E)e++e� =
3K(E)

c

2d

�2(E,Es)

 s
e++e�(E)

 tot
e++e�(E)

, (5.1)

where d is the distance to the source, �(E,Es) is the propagation scale defined in Eq. 2.11,
 s
e++e�(E) is the e+ + e� number density produced by the source s, and  tot

e++e�(E) is the
total e+ + e� number density obtained from the contributions of all the sources, both from
isotropic smooth populations and from directional single sources. This expression can be
appropriately associated to a physical observable whenever the source s can be considered as
dominant. In case more than one source is considered, the total dipole anisotropy may be
computed as [15]:

�(nmax, E) =
1

 tot(E)
·
X

i

ri · nmax

||ri||
·  i(E)�i(E). (5.2)

Here  i(E) is the number density of e� and/or e+ emitted from each source i, ri is the
source position in the sky and nmax is the direction of the maximum flux intensity. The term
 tot(E) =

P
i  i(E) is the total (e� and/or e+) number density and includes the contribution

from the discrete as well as all the isotropic sources. The anisotropy from each single source
is given by �i =

3K(E)
c

|r i(E)|
 i(E) , where the gradient is performed with respect to each source

position. We compute the �e++e� for Vela YZ and Cygnus Loop for all the parameters
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Fit to data:  
• e+e- CALET, HESS, AMS-02, Fermi-LAT, DAMPE 
•e+ AMS-02

At 2sigma, Vela parameters selected by a fit to  
flux data do not overlap radio fit.  
 Full agreement at 2 sigma is reached for a fit to  
DAMPE data alone, or to AMS-02, HESS and  
CALET. 

p.s.: Galactic propagation  treated and in Manconi, Di Mauro, FD JCAP 2017 
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Data from e+e- dipole anisotropy are upper bounds vs E - Fermi-LAT (Abdollahi+ PRL 2017) 

Figure 6. Dipole anisotropy predictions for Vela YZ and Cygnus Loop treated as single dominant
sources (solid black and magenta lines, respectively), and for all the sources combined together, shown
as gray dot-dashed line (see text for details). The upper limits for Fermi-LAT dipole anisotropy are
shown for the two different methods in [18].

selected by the fit to e+ + e� flux data described in Sec. 4 (at 2� from the best fit), and
reported in Fig. 5. The maximum of �e++e� in each energy bin is then plotted as a black
(magenta) solid line in Fig. 6 for Vela YZ (Cygnus Loop). We compare our predictions to
the Fermi-LAT �e++e� data (Bayesian Method 1 in [18]) above 100 GeV, to limit the effect
from the solar wind [52, 53]. For Vela YZ, the anisotropy overshoots Fermi-LAT upper limits
on the whole spectrum. We can therefore infer that Fermi-LAT data on the lepton dipole
anisotropy add an independent piece of information in addition to the flux data. This is one
of the main results of this paper. The anisotropy amplitude data on charged leptons have now
the power to exclude configurations of the Vela YZ source spectrum, in principle compatible
with the absolute flux data. For Cygnus Loop the conclusions are looser, since it shines at
higher energies where the Fermi-LAT upper bounds are looser. In order to constrain Cygnus
Loop parameters one would need dipole data at least up to 10 TeV.

Since we are interested in the scenario in which the �e++e� is maximal, we have checked
for different effects that could lower our predictions. In particular, we verified that also the
total dipole anisotropy arising from all the individual sources entering in the predictions of the
e+ + e� and e+ fluxes is not compatible with the experimental upper limits. This is because
Vela YZ is always the dominant contributor of the e� flux. We computed the total anisotropy
according to Eq. 5.2 resulting from: the local SNRs Vela YZ, Cygnus Loop and Vela Jr, and
all the ATNF catalog PWNe. The results shown in Fig. 6 as a gray dot-dashed line has been
obtained setting all the free parameters to their best fit to the e+ + e� and e+ fluxes data.
The only prior being the flux data, Vela YZ turns out to dominate the flux as well as the
dipole predicted at Earth. Moreover, we considered the potential effect of the guide magnetic
field over the few hundred pc to the nearest sources, following what was done in [54]. The
local magnetic field properties were inferred by IBEX data (l = 210.5�, b = �57.1�) [55] from
the study of the emission of high energy neutral atoms. As discussed in [54], the alignment
of the dipole anisotropy of CRs with the total ordered magnetic field is demonstrated to
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Figure 7. Dipole anisotropy constraints to the Vela YZ source parameters. The regions of the
parameter space Etot, � selected by the fit to the e+ + e� and e+ flux data for Vela YZ are reported
with shaded regions as in Fig.5. The hatched region denotes the configurations selected by e++e� and
e+ flux data and excluded by Fermi-LAT dipole anisotropy upper limits (Meth. 1) at E > 100 GeV.

potentially modify the phase of the observed CR dipole and lower its amplitude. We verified
that projecting the dipole anisotropy of Vela YZ along the direction of the local magnetic
field decreases the �e++e� by a factor of roughly 2. Since the maximal Vela YZ anisotropy in
Fig. 6 overshoots the Fermi-LAT upper limits by more than a factor of 3 up to 500 GeV, also
considering this effect would not change our conclusions. Therefore, the dipole anisotropy
in the CR lepton arrival direction sets additional tight constraints to the Vela YZ injection
spectrum.

We now quantify the power of the dipole anisotropy to exclude configurations in the Vela
YZ source parameters, otherwise compatible with the e++e� flux data. We compute �e++e�

for all the configurations selected by the fit to the flux described in Sec. 4. Whenever our
predictions overestimate one data point at E > 100 GeV, the Etot,Vela��Vela pair is considered
as excluded. Very similar results are obtained when requiring two or more non-consecutive
data points to be below the predictions, or if we employ only the two highest energy data
points. The results are displayed by the hatched region in upper panel of Fig. 7. The dipole
anisotropy upper limits are not compatible with the configurations selected by the fit to the
flux data at 2�, and with a subset of the configurations at 5�. Indeed, the anisotropy data
exclude higher values of �, considered unlikely in acceleration models. The Fermi-LAT data
on �e++e� supplement a valuable information of the properties of Vela YZ, acting as a further
physical observable for the understanding of the injection of e� in the ISM.

6 Results from multi-wavelength analysis

We now combine all the three observables explored in the previous sections. Specifically,
we compare the dipole anisotropy of Vela YZ and Cygnus Loop with the Fermi-LAT upper
bounds, for the parameters of these sources selected by radio and e++ e� fluxes. We perform
new fits on the e++ e� and e+ fluxes including the constraints for Etot,Vela, �Vela, Etot,Cygnus,
and �Cygnus derived from the fit to radio data. We minimize according to the following
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Maximal anisotropy from e+e- flux  
selected configurations 

Anisotropy excludes configurations  
selected by e+e- flux 
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Fig. 7.9.: Same as Fig. 7.7 but for the Vela YZ parameters excluded by a simulated sample of Fermi-LAT
dipole anisotropy upper limits, which has been obtained by rescaling the results in [125] by
a factor 10≠1.

and electrons through synchrotron radiation caused by the magnetic field present in the
interstellar medium. At higher energies, gamma rays are produced via ICS of very-high
energy positrons and electrons escaped from the PWN off the interstellar radiation fields.
In addition to gamma-ray data, radio and X-ray data are available for many PWNe, even
if they typically probe structures on much smaller scales, see below for a description of
Geminga. Photons at these lower energies and angular scales are produced by electrons
and positrons through synchrotron and bremsstrahlung radiation, which are predominantly
trapped inside the PWN. Therefore, the spectral energy distribution (SED) from radio to
gamma-ray energies provides valuable information about the population of electrons and
positrons produced by these sources. Most importantly, by studying the SED of nearby PWNe
we can derive constraints to their possible contribution to the positron flux observed ad Earth
[433, 73, 460, 461, 72]. This strategy is here used to infer the contribution of Geminga and
Monogem PWNe to the positron flux observed with high energy AMS-02 data. We analyze
for the first time almost 10 years of gamma-ray data obtained with the Fermi Large Area
Telescope at E“ > 10 GeV in the direction of Geminga and Monogem.

The work presented in this Section follows the recent discovery made by the HAWC
Collaboration of an extended (2¶) emission around the Geminga and Monogem PWNe
at gamma-ray energies E“ > 5 TeV [73]. We note that the HAWC experiment measures
gamma rays between 5 ≠ 40 TeV. For the physics involved in the ICS, HAWC data are able to
constrain only positron at tens TeV energies. The use of HAWC gamma-ray data in order
to predict the positron flux at AMS-02 energies is thus an extrapolation, which can vary
significantly depending on the assumptions made. In fact, in the Thompson regime, a gamma
ray detected at 10 TeV is on average produced by a positron or an electron at energies around
60 TeV energy through ICS with the CMB. During the propagation from the source to Earth,
positrons loose energy through synchrotron radiation and ICS and they are detected with
an energy of about 2 TeV. For this simple calculation, we considered that the energy of a

118 Chapter 7 Multi-messengers of the local emission of cosmic electrons and positrons

Perspectives with anisotropy 

Hyp: UL on dipole e+e- are 10 times lower than Fermi-LAT 2017

The Vela parameter space would be widely tested bu ∆e+e-
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A multi-wavelength / multi-messenger 
analysis 

Figure 8. Results on the e+ + e� flux (left) and on the corresponding dipole anisotropies (right)
from the multi-wavelength fit to all the data. Left: The contribution from secondary production (red
dashed), PWNe (blue dot dashed), Vela YZ (black dotted), Cygnus Loop (magenta dot-dot dashed),
Vela Jr (orange solid) and the far smooth distribution of SNRs (green dotted) are shown. The e++e�

Fermi-LAT, AMS-02, DAMPE, HESS and CALET data with their statistics and systematic errors
are also shown. Right: The maximal dipole anisotropy predicted for Vela YZ and Cygnus Loop as
single dominant sources are reported with black solid and magenta dashed lines as in Fig.6. The total
anisotropy resulting from the distribution of all the sources is shown with gray dot-dashed line. The
upper limits for Fermi-LAT dipole anisotropy are shown for the two different analysis methods in [18].
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where the first term is the statistical term that takes into account the difference between the
model �model and the e+ + e� flux data at 1� (�data and �data). The second term runs over
Vela YZ and Cygnus Loop Etot and � and accounts for the deviation of these parameters in
the model Pmodel with respect to the best fit and 1� error (Pdata and �data

P ) as derived above
in the fit to radio data.

We find a very good agreement between e+ + e� and radio data (�2
red ⇡ 0.70) with

�Vela = 2.39± 0.15, Etot,Vela = (2.3 · ±0.2) · 1047 erg, �Cygnus = 2.03± 0.05 and Etot,Cygnus =
(1.25±0.06) ·1047 erg for K15 propagation models. Using G15 propagation model the best fit
parameters are extremely similar. We illustrate in Fig. 8 the result of the best fit for all the
components to the e++e� flux. We checked that all the predictions for the dipole anisotropy
within 2� from the best fit are below the Fermi-LAT upper bounds, as explicitly shown
in Fig. 8. The � for the spatially smooth distribution of SNRs is 2.48/2.44 for K15/G15,
respectively. We test different values for the cutoff energy of the smooth distribution and
single SNRs. We find that the �2 profile as a function of the cutoff energy is flat for > 10 TeV
while it worsens at low energy. The 95% lower limit is at 8 TeV. The putative e� injected
by a radio unconstrained Vela SNR (see Sec.4) are compensated in our framework by the
combination of e� produced by the Galactic smooth distribution of SNRs and all the PWNe.

In Fig. 9 we report, on the same foot as Fig. 8, the results obtained within the evolu-
tionary escape model as discussed in Sec. 2. We find again a good fit (�2

red ⇠ 0.87), with
�Vela+�/↵ = 2.66±0.14 and �Cygnus = 2.27±0.06 for K15 propagation model. The parameters
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We now fit the parameters selected by radio and e+e- flux data and check  
against dipole anisotropy data    

We find models compatible with the three independent observables 
(here burst model - similarly for evolutionary model) 
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Contributions to e+e- from Geminga PWN
Di Mauro, Manconi, FD 1903.05647, sub PRD 

Discovery of a gamma-ray Inverse Compton halo around Geminga in Hawc data 
(Abeysekara, Science 2017) and in Fermi-LAT data  (Di Mauro, Manconi, FD 1903.05647)  

The contribution of Geminga to the e+ is 20% at most of AMS-02 data 
See talk by S. Manconi
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Conclusions 

Extended study on the opportunity  
of learning about nearby sources also from anisotropy 

Single source / dominant source is chosen here for maximizing the dipole -  

AMS-02 e+ flux strongly bounds the role of PWNe. 
Geminga and Monogem are the most optimistic case:  

near, even bright in gamma-rays. 

Dipole anisotropy is more informative for SNR than for PWN  

For SNR as Vela an improvement of 10 in dipole anisotropy 
would have an impact - together with radio data - for the  

understanding of SNR physics  

Dipole anisotropy in CR leptons is a valuable observable to  
study the properties of local sources - SNRs 
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The second workshop dedicated to the cross sections for 
cosmic rays, XSCRC2019,  

will take place at Cern Nov. 13-15, 2019 (2 full days)  

https://indico.cern.ch/event/820869/ 

Participation is free (no fee). Still very few slots for 
contributed talks.  

XSCRC2019

https://indico.cern.ch/event/820869/
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JCAP01(2017)006
Figure 13. Dipole anisotropy in the e+ + e� (left) and e+ (right) flux from Monogem and Geminga
as discussed in Case 4, for Rcut=0.7 kpc and MAX propagation parameters. The results for the best
fit and 2-� uncertainty band for Monogem are shown by the black line and cyan band, while the green
dashed line indicates the best fit for Geminga. The downward arrows reproduce the Fermi -LAT upper
limits.

and stands two orders of magnitude below the current Pamela upper bounds. Geminga
gives results lower than a factor 2-3 with respect to Monogem, and decreasing rapidly to
zero at lower energies of about 1TeV, due to its age. We have checked that a hypothetical
(electromagnetically) unknown PWN, consistent with the e+ flux data, could provide an
anisotropy level greater than a factor of a few than the Monogem one, provided that it were
even much closer to the Earth, and younger.

In figure 14, we plot the anisotropy in the electron flux�e�(Emin) for the most significant
single sources discussed up to now: Vela SNR as derived in Case 1 and Case 2, Cygnus SNR
as in Case 1, the unknown SNR discussed in Case 3, and from the Monogem and the Geminga
PWN obtained in Case 4. The case for e� sees Vela as a dominant source below integrated
energies of about 1TeV, as also found in the e+ + e� observable. Monogem and Geminga
are predicted below the unknown SNR level. We also investigate whether the search for
an anisotropy as a function of the energy E, and not integrated from a minimum energy
Emin, would provide better insights. The results are not very di↵erent, except for the role of
Cygnus, which emerges at few TeV, and the degeneracy between Monogem and the unknown
SNR. Finally, due to a mere statistical e↵ect, the low energy tail of the anisotropy spectrum
is strongly depleted, with respect to the energy integral result.

6 Conclusions

We have discussed the phenomenology of a dipole anisotropy in the flux of electrons and
positrons. We have tested several theoretical models on the recent data from AMS-02 on the
fluxes of e++ e� and e+. All our predictions on the dipole anisotropy in the e++ e�, e� and
e+ fluxes are consistent with the most recent AMS-02 data on the relevant fluxes. This is one
major strength points of the present paper. In order to inspect more physically the role of
local sources, we have shaped the Galaxy with a cut around the Earth, whose radius Rcut has
been tested at 3 and 0.7 kpc. As such, we have considered a smooth SNR population beyond
Rcut, while the contribution inside Rcut comes from the single sources as directly found in the
catalogs. Our model consists of: i) an isotropic secondary e� and e+ component, given by
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One dominant PWN, and Vela SNR 
JCAP01(2017)006

Figure 7. Same as figure 5, but for dominant Monogem PWN (black double dot-dashed line) as
discussed in Case 4.

We can see that indeed Monogem is the dominant source of e+ and e� at the higher energies.
In particular, the role of Monogem is prominent in explaining the positron flux at energies
above 80-100GeV. The spectral index for the dominant source is found to be �Mon,Gem ⇠ 1.9,
while the parameters for the SNR population, Vela and secondary component are similar to
table 2. The most significant result on the free parameters is that the e�ciency for Monogem
or Geminga points toward ⌘Mon,Gem ⇠ 1, while the ⌘ for all the other PWNe in the catalog
takes lower values of ⌘ ⇠ 0.04 � 0.001 with respect to the Case 1,2,3. This means that
the predicted e�ciency for the release of the e± pairs from the PWN to the ISM has to be
close to 100%, in some tension to what it is predicted by theoretical models [44, 59]. How-
ever, uncertainties in the total spindown energy or in the pulsar spindown timescale ⌧0 (see
eqs. (2.7), (2.8)) can alter e↵ectively the resulting e�ciency up to a factor of 5-10 (see [16]).

5 Results on the anisotropy in e� and e+

A search for anisotropies in CR leptons was performed by PAMELA, AMS-02 and Fermi -
LAT experiments, ending up in dipole anisotropy upper limits. The Fermi -LAT experiment
searched for an e+ + e� anisotropy in the first year of data [26], for more than 1.6 ⇥ 106

particles with energies above 60GeV. This threshold energy was chosen to minimize the
influence of the geomagnetic field and of the Heliospheric Magnetic Field, both a↵ecting
the direction of detected charged particles in the GeV range. Upper limits on the e+ + e�

dipole anisotropy �e++e� were obtained from a more general analysis based on the spherical
harmonics development. The data are provided in bins of energy integrated from a minimum
energy Emin, with Emin from 60GeV to 480GeV. The analysis includes a wide interval for
the integration radii (from ⇠ 10� to 90�). The resulting upper limit on the dipole anisotropy
increases from �e++e� . 0.005 to �e++e� . 0.10 with increasing minimum energy.

An upper limit on the positron to electron ratio dipole anisotropy �e+/e� has been
reported by AMS-02 for energies above 16GeV. The results are �e+/e�  0.036 for the data
in [3], and �e+/e�  0.030 for the higher statistics data set in [4] at 95% C.L..

The PAMELA Collaboration has performed a search on large-scale e+ dipole anisotropy
with the first four years of data [27]. The sample consists of 1489 e+ with rigidity 10  R 
200 GV. In order to account for the instrument exposure and other detector e↵ects, the
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The magnitude of ∆ is strongly bound by the e+ data,  
that with fit contemporary  

to e+e- 


