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lv\%rodu& Lo

CR electrons and Posf,&rdms detected ok Earth at >10 GeV are the
results local emission mechanisms, since cooling time is > than
diffusion time

Daka:

1) CR fluxes for e+, e-, e—+e+

2) radioc fluxes from sources

3) upper bounds on cis',poi.e oguiso&ropv

Inspection of local sources is crucial to interpret data

Can the dﬁ?(’)lﬁ. anisotropy from CR leptons be
an additional (ko CR and radio fluxes)
tool to understand CK sources?

2



Eleckron sources are lLocal

Delahaye+r AgA 2010

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
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e-, e+ have strong radiative cooling
and arrive at Earth i produced
within few kpc around it

Mawnconi, DL Mauro, FD JCAP 2017
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Most powerful sources within 3 kpc
from the Sun.
SNRs {e-) and PWN (e+re-)



Far and hear sources: geometry

ALl the Galaxy is filled by a Smooth SNR distribution out
smooth SNR distribution of a ring?ﬁii.ed with sihgle sources
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The population of

Selection of sources by
catalog parameters

Source

G263.9-3.3
G74.0-8.5
G266.2-1.2
G65.3+5.7
G114.4+03
G127.1+05
G160.9-2.6

other name

Vela YZ
Cygnus Loop
Vela Jr

d [kpc] tobs [kyr]  a,

0.295 +£0.075 11.4 0.5

0.5410-29 20 0.4
0.75 [2.7,43] 0.3

1.04+0.4 26+1  0.58
0.7 7.7 -0.49

1.0 +£0.1 25+5  0.43

0.8 £0.4 3 0.59
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G127.1005
G160.9026

G65.3057
G114.3003

— VelaYZ
—-—  Cygnus Loop
Vela Jr
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Vela YX and Cygnus Loop
have highest flux



CR fluxes ok Earth
e+e- are breated in a ciiﬂuétoh model with full (IC, sync.) and isotropic diffusion
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Steady state for: secondary e+ and e-; the smooth SNR distribution (Green 2018)

Burst-like injection (Matvshev*r PRD 2016) for single sources (SNR, PWN):

Q(E,x,t) = Q(E)d(t)o(x)

Inside Reut sources are baken from cataloq: Green catalog for SNR, ATNF catalog for
PlWNe.,

The enerqgy spm:?:rum:




Treating the far, smooth sources

The halo function describes the probability for an e- to reach the Earth from the
source position:

Diffusive length:

- - - far 0.7kpc Halo function dro[as to zero for:
—-— far 3kpc

o |~ L (diffusive halo height)

o | close to Reut, below which e-
in jection is depte&ecl




Far and near sources smooth conkribution

no cut

- near 3kpc
near 0.7kpc
far 0.7 kpc
far 3 kpc

e~ flux MED no cut e~ flux MAX

- near 3 kpc
near 0.7 kpc
far 0.7kpc

far 3kpc

Most of the electrons from a (Grreen 2015) smooth SNR distribution come from very
few kpe 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 Reu,
and single (catalog) SNR and PWN inside that circle.



Amiso&ropv Lt a cii‘.,ﬂ:usiom nmodel

Anisotropy should be computed by development on spherical harmonics.
For ohe or few sources,
we can expect only the dipole term ko have some relevance (if any).
In diffusive propagation regime (Ginzburg & Syrovatskii 1964;

For example, for a
source at d.:

More generally, for a collection of sources (shen & Mao, ApaL 2972):
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m[pote amisa&rapv . ete-

A is derived after o ik to AMS-02 e+ EFE =g AT R
AND e—+e+; |
e+; sec & PWN
ere—: sec {e+re-), PWN (e+e-),
far SNR (e-), near cak. SNR (e-)

E' @ [GeV* fem? [s/sr]
E' & [GeV* [cm? [s/sr]

10°
E [GeV] E [GeV]

CQSQ 1: \;ei.ﬁ SNQ LS Le.‘f& “freﬁ Vela - case 1 Geminga - case 4
—--— Cygnus - case 1 A,+ . UL Meth.1 (2017)
ko AFE,U. the higk EV\ET‘S? -fi.u,x 1 |-~ ~ Allsources A, .. UL Meth.2 (2017)
3 ( > ’ SNR - case 3 Vela 20 band - case 2
(NLHA MMCQT’EO\LM&? b&hd). —— Monogem - case 4

& is at the level of present ULs, and
is not Compa&bte with zero,

Case 4: Mohogem OR Geminga PhNe
are let as ambj PWN within 0.7 npe
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The anisotropy from nearby PWNe

We maximize the contribution of PlNe bv sebting Reut=0 kpc
(SNRs comtbribute only as a smoocth papu,m?:mm) to fit AMS-02 data

MRS ¢ . —— Geminga
g i AMS (2019) J2043+2740
204342740 B0355+54

B0355+54 .~ Monogem

~ Monogem _ —.—.. J0538+2817
—.—-. J0538+2817 N

v Fermi-LAT (2010)

PAMELA (2015)

ALl the nearest PWNe have an extremely small dipole anisobropy, not testable
by present or forthcoming experiments.
Main reason is the bound from e+ AMS-02 flux

Di Bernardo+ AP 2011, Grrasso+ 2009,
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A multi-wavelength, multi-messenger analysis
S. Manconi, M. Di Mauro, FD ICAP 2017, ICAP 2019
We build a model for the production and propagation of e~ and er in the Galaxy
and test ik 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. ere- flux. Data from § experiments, e+ flux from AMS-o2
Contributors: Far and near SNRs, hear SNRs and PWNe, secondaries for ere-,
The e+ flux constrains the PWN emission.,
ete- data taken with their umear&aiv\fﬁy on the enerqy scale.

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




Injection of ere- from SNR into the ISM

Burst Like model: all the e- are injected ab E=Towr (Tveta = 11.3 leyr; Teygnus = 20 Iefjr)

Evatu&iahar;g model (Ohira+ MNRAS 2012): of the SNR radius and veLacLEj.
The maximum E of accelerated e- is Limited by SNR age, cooling by synchrotron
emission or escape (Bohm-Llike).

Em,vsc([') -

T —a Emescela = ¥ GreV
Ekn( (’( ) EM,QSC,C‘:}SV\MS — 17 G’@.\;

{‘S('(lm'

below which e~ are skill Erapped i khe SN(Z:

Chira+MNRAS 2012




I - Bounds from radic emission

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

2 . =
Qn.sw—1.2-1()“(:0\.’—'((),79)'M[ : ] [ v ] ; [ ]

Jy |kpe| LGHz 100G

10—1 mmmm Cygnus Loop 20 radio H CALET H+ DAMPE
mmm= \/ela YZ 20 radio v  HESS ¥ Fermi-LAT
H+ AMS-02

Vela YZ, trapped

Vela YZ, escaped

Evo Lu&amarj model
E? ® [GeV? /cm? [s/sr]

We fit all the available radic data fixing Bvea =36 PG and Cygnus = 60 UG,
Vela has more energetic trapped e-, and only E>¥¥ GeV have escaped (17 GeV for
Cyghus).

The flux of electrons as constrained by radioc data contribute few % to the (ere-)
data
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11 - Bouhds from etre- flux

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

VelaYZ, 20 et +e flux F:E,& EO d&&a:
VelaYZ, 50 et +e~ flux

1 Cygnus Loop, 20 et +e~ flux ® ete— CALET, HESS; AMS“GR, p@.\‘miﬂLAT, BAM?E
3 o e+ AMS-02

At 2sigma, Vela parameters selected by a fit to
flux data do not overlap radio fit.

Cygnus Loop

Full agreement at 2 sigma is reached for o fit b
DAMPE data alone, or ko AMS-02, HESS and
CALET,

Vela YZ

p.s.: Gralactic propagation treated and in Manconi, Di Mauro, FD JCAP 2017
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111 - Bounds {—rom di;pote amiso&ropv

Data from e+e- clipoie. anisotropy are upper bounds vs £ - Fermi-LAT (Abdollahi+ PRL
- 2017)

2d Vi (E)

— mm) anconi, DL Mauro, #D JCAY 2017
' VS Tet4e~

200" +e- flux
50 eT +e” flux
[~ Excluded by A, - -

—.— = All sources, e* +e~ flux
Vela YZ 20 max, e’ +e~ flux
——— Cygnus Loop 26 max, e™ +e~ flux

A,. .. ULMeth.1
A,. .. ULMeth2

Vela YZ

Maximal anisotropy from ere— flux

selected confiqurations
16

Anisobropy excludes configurations
selected by ere- flux



A multi-wavelength / multi-messenger
&M&Lvsi;s
We now fit the parameters selected by radic and ere- flux data and check
against dépote amiso&rcij daka

Vela YZ AMS-02 —.—.- All sources, radio & et +e~ fluxes
—--—- Cygnus Loop CALET Vela YZ 20 max, radio & e™ +e~ fluxes
Far SNRs HESS — == Cygnus 2¢ max, radio & e’ +e~ fluxes
DAMPE r A+, ULMeth.l
Fermi-LAT - 4 A+, ULMeth.2

We find models compatible with the three independent observables
(here burst model - similarly for evolutionary model)
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Contributions to e+re- from Geminga PWN

Di Mauro, Manconi, FD 1903.08647 sub PRD
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HAWC energy range  -:-: K15+, =17, n=1.9%
K15 v, =1.9, n=1.0% G154, =1.7, n=1.9%
G15 4, =1.9, n=1.0% AMS-02

K15 v, =1.8, n=1.3% AMS-02 2018
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Discovery of a gamma-ray Inverse Compton halo around Geminga in Hawe data
(Abeysekara, Science 2017) ad i Fermi-LAT data (bi Maure, Manconi, FD 1903.05647)

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

18



~ Cowclusions

Leptons at Earth have a composite origin: e~ from far smooth and near cataloqg SNR,
ere- from PWN, ere- as secondaries in bthe ISM

We compare our model with three observables:”
1. The radio flux from Vela YZ and Cygnus Loop
2. The CR et+e-, e+ flux
3. The ere- dipole anisotropy upper bounds

o Radio data are strong cownstraints

© m[aot@. amisoﬁrcapv LS boumde when no other priors
are seb

e 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 radic emission

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

2 . =
7 LBl [ |° . -t B 2
Qosne = 1.2-107GeV™1(0.79) By (v) [1\‘] [ v ] ; [ ]
(pe

Jy GHz 100G

10—1 mmmm Cygnus Loop 20 radio H CALET H+ DAMPE
mmm= \/ela YZ 20 radio v  HESS ¥ Fermi-LAT
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Vela YZ, escaped

Evolutionary model

We fit all the available radic data fixing By =36 p#G and Cyguus = 60 pG,
Vela has more energetic trapped e-, and only E>5% GeV have escaped
(17 GeV for Cygnus).
The flux of e~ as constrained by radic data contribute few % to the (ere-) data
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11 - Bouhds from etre- flux

Hyp: etre- data are explained bjt
emission from smoocth far SNR (e-)
emission from catalog near SNR (e-) )
secondary production from spallation of CRs on &he ISM (asymmetric ere-)
emission from ATNF catalog PWN (symmetric ere-)

VelaYZ, 20 et +e flux F:E,& EO d&&a:
VelaYZ, 50 et +e~ flux

1 Cygnus Loop, 20 et +e~ flux ® ete— CALET, HESS; AMS“GR, p@.\‘miﬂLAT, BAM?E
3 o e+ AMS-02

At 2sigma, Vela parameters selected by a fit to
flux data do not overlap radio fit.

Cygnus Loop

Full agreement at 2 sigma is reached for o fit b
DAMPE data alone, or ko AMS-02, HESS and
CALET,

Vela YZ

p.s.: Gralactic propagation treated and in Manconi, Di Mauro, FD JCAP 2017
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111 - Bounds from di;pate amisa&rapv

Daka from ete— dipote amiso&raw are u,ppe.r bounds vs £ - Fermi-LAT (Abdollahi+ PRL 2017)

20 et +e flux

—.—- All sources, e +e~ flux 4 A+, ULMeth.l
Vela YZ 20 max, e¢* +e flux % A, ULMeth.2 5oet +e flux

——— Cygnus Loop 20 max, e™ +e~ flux [ Excluded by A€+ te

Vela YZ

Maximal anisotropy from ere- flux Anisotropy excludes configurations
selected confiqurations selected by ere- flux
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‘P@.rspﬁﬁﬁves wikh amism&ropv

: UL cﬁsr\ clipoi.e. ete~ are 10 times lower than Fermi-LAT 2017

20 et +e- flux
5o et +e flux

. SIM
Excluded by A’ .-

The Vela parameter space would be widei.v bested bu Acre-

23



A multi-wavelength / multi-messenger
analysis

We now fit the parameters selected by radio and ere- flux data and check
against dipole anisotropy data

Vela YZ AMS-02 —.—.- All sources, radio & et +e~ fluxes
—--—- Cygnus Loop CALET Vela YZ 20 max, radio & e™ +e~ fluxes
Far SNRs HESS — == Cygnus 2¢ max, radio & e’ +e~ fluxes
DAMPE r A+, ULMeth.l
Fermi-LAT - 4 A+, ULMeth.2

We find models compatible with the three independent observables
(here burst model - similarly for evolutionary model)
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Contributions to ere- from Geminga PWN

Di Mauro, Manconi, FD 1903.08647 sub PRD

energy range  -'-+ K15+, =17, n=1.9%
=1.9, n=1.0% G154, =1.7, n=1.9%
=1.9, n=1.0% AMS-02

=1.8, n=1.3% AMS-02 2018

=1.8, n=1.3%
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Discovery of a gamma-ray Inverse Compton halo around Geminga in Hawe data
(Abeysekara, Science 2017) ad U Fermi-LAT data (b Maurc, Manconi, FD 1903.05647)

The contribution of Geminga to the e+ is R0% at most of AMS-02 data
See talk by S. Manconi
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Cownclusiocins

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-OR et flux strongly bounds the role of PhiNe.
Geminga and Monogem are the most optimistic case:”
near, even bright in gamma-rays.

Dipole anisctropy 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

TBE;POL@ amiso&ropv th CR Lep&oms is a valuable observable to
study the properties of local sources - SNRs
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The se&omd worwshop d&dwa&a& Ecw &he tross sea&mns nfor
-~ A cOsmic rajs, XSL.QL.ZOw - |
will %adfe ptaae ak L.erv«. Nov. 3*15 2019 (2, nfu.u. dajs)

b kEEFos:// Lmdi,cm&erv\‘Ch/evev\?:/ﬁ’zbﬁ’é?/ ‘

Participation s %ree (ho af@.@) S&LL verv few sio&s nfc;:»r
tomﬁmbuéed &QU«&‘S‘ |
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https://indico.cern.ch/event/820869/

One dominant PWN, and Vela SNR

TOTe™ 20 band H AMS-02

Monogem - case 4

Geminga - case 4 Secondary —— Monogem
Monogem 2¢ band - case 4
PAMELA (2015)

E? ® [GeV? /cm? [s/sr]

10°
Emin[ GeV]

1 The magnitude of 4 is strongly bound bj the e+ data,
~ that with fit contemporary
to ete-
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