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Sources Diffusion Anisotropy Analysis and methods Results: Single sources Results: Collection of sources

GeV-TeV e* are probes of the local Galaxy

AMS-02, Fermi-LAT, PAMELA: high precision measurements for
GeV-TeV e* fluxes and anisotropy upper limits
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= Typical propagation scale for GeV-TeV et is < 5 kpc
Flux interpretation:
e Astrophysical known sources? [malyshev+2009; Di Mauro+2014; ...]

e Dark matter annihilations? [Cirelli+2009; Grasso+2009; Di Mauro+2016; ...]
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Can local astrophysical sources produce anisotropies in
GeV-TeV et?
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Supernova Remnants (SNRs) as e~ sources

Injection spectrum

SN1006 Xray-tradio -

\ 5. ;

o Acceleration mechanism: Fermi non-relativistic shocks
e Energy cutoff: TeV range [acciari+2010 (VERITAS)]

e Injection spectrum:

E —7YSNR E
Q(E) = Qosnr (Eo) exp <_Ec)

We fix Ec =5 TeV, Eg =1 GeV

e Single SNR Qg snr constrained with radio + catalog data [pelanaye+2010]

_ (OsNRr+1)
d 2 v (’YSNZR, 1) B — 5 BY
= 12107Gev (0.9 | S| [ o
@o.snr eV ) kpc GHz 100uG Jy
distance magnetic field radio flux

e Smooth SNR Qp snr constraints from average characteristcs
[Delahaye+2010]
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Supernova Remnants (SNRs) as e~ sources
Spatial distribution

Smooth distribution of sources Radial distribution from [creen2015) (G15)

in the Galaxy:
(0%
r (r—ro)
20 : : — ‘ : p(r) oc | — exp (-3
o ro
15} 1
10p Smooth distribution 1 —— G5
.| LO4 from [Lorimer2004] - Loa
sl | 107 FCB98 from [Case&Bathachaya1998] . CB9S
% —_
g S
! -7 © g
= =% =
-3 Tdise- ~ 1 =
- !
-10} 1 =
SS
-1s} 1
~20 . . — , .
20 -15 -10 -5 0 5 10 15 20
z, [kpc]

S.Manconi (University of Torino & INFN) Anisotropies in CR leptons 5/16



Sources

Diffusion Anisotropy

Analysis and methods Results: Single sources Results: Collection of sources

Supernova Remnants (SNRs) as e~ sources

Spatial distribution

Cutted smooth distribution +
single sources in the Galaxy:

y, [kpcl

S.Manconi

FAR component (R>R.;)

20 — Radial distribution from [Green2015]
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101 Smooth distribution /)( )O( ( C) exp( ﬂ e
s
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: se.2 N T
. NEAR NEAR component (R<R.yt)
e Single sources from SNR Green catalog
-1or [Green2014]
15
Reut= 0.7, 3 kpc
B T S T T - R 10 15 20

z, [kpc]

(University of Torino & INFN)

Anisotropies in CR leptons 5/16



Analysis and methods Results: Single sources Results: Collection of sources

Sources Diffusion Anisotropy

Pulsar wind nebulae (PWNe) as e~ sources

Crab Nebula,__optical

o Acceleration mechanism: relativistic shocks

e [njection spectrum:

E —YPWN E
Q(E) = QopwN <Eo> exp <_E>

c

Single Qo pwn from
E+ = /dEEQ(E) =nW

n= conversion efficiency ~ 10% [Gelfand+2000], Wo= spin-down energy
@ Spatial distribution: single PSR from ATNF catalog [manchester+2005]
(distance d, age T, W)
@ Pair release in the ISM for T 2 50 kyr [siasieAmato2011]

NB: 7 and ypwn are the same for all PWNe
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Secondary e* are produced by CR nuclei
fragmentation on the ISM

Fit to AMS-02 p and He data

T T
[DiMauro+2016]
e Dominant mechanism: gt ]
pPcr+ HISM — X +7T:t — ... :E
>
. G
e Primary ®cr (p, He) g
from a fit to AMS-02 data = =
- Ho daty —s
le data ——<—
e Source term: [Delahaye+2009] ettt ——
103 T | Ll TR |
10° 10’ 10° 10°
R[GV]

o

Qsec(x, Ee) = 4m nISM(X)/ dEcr®cr (X, ECR)dE (Ecr. Ee)
e

inclusive cross section

interstellar gas densit rimary CR flux
& Y P Y [Kamae+2006]

= Results from [pimauro+2016) with additional free normalization g....
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Propagation of e is dominated by diffusion and
energy losses

Semi analytical diffusion model succesfully used to interpret CR
|ept0ns, prOtOnS [Maurin+2001, Donato+2004, DiMauro+2014, ...]

-V k@) + 5 { G} = oEx

ot
diffusion
only for 5 energy losses:
burst-like K(E) = KoE source term
synchrotron,|C
sources

e Propagation parameters constrained

by B/C datajponatoz00:] Model | &  Kolkpc®/Myr] Llkpc]

. .. MED | 0.70 0.0112 4
e Solar modulation negligible MAX | 0.46 0.0765 15
for E > 10 GeV|strauss&Potgieter2014]
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Local known sources may contribute to anisotropy
Near SNRs from the Green catalog [Green2014]
Powerful PSRs from the ATNF catalog [Manchester-+20051
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Anisotropy from one dominant sources? From a collection of sources?
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Anisotropies can be computed starting from

the e* number density

e Multipole expansion: if one (few) dominant nearby sources exist,

the dipole term dominates:

A — /max - Imin :
Imax + /min
where |y ax(min) are the max (min) values of CR intensity

= In the diffusion propagation regime: [Ginzburg&Syrovatskiil964]:

K
A:L
c

Vi
(2

where 1 is the CR number density per unit volume and energy.

e Heliosphere effects for E<TeV
e Integrated anisotropy computed for E; . =5 TeV
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Results: Single sources

Results: Collection of sources

Anisotropy predictions are obtained consistently

with AMS-02 e* fluxes

Data from [aguilar+2014]. Free parameters see [DiMauro+2014, DiMauro+2016]:

YSNR ‘ QO,SNR ‘ Bvela ‘ Bhear ‘ TPWN ‘ TTPWN ‘ Gsec
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Results: Single sources

Anisotropies from single near SNRs
Reuwt = 0.7 kpc: Vela and Cygnus Loop

A(E)et}—e* =

e Vela and Cygnus
parameters are
fixed except
B x Qo

e Upper limits
from
[Ackerman+2010]

° Ae++e— > 10_2
in TeV range
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An uncertainty band for Vela SNR parameters
Single source parameters are uncertain:

e Magnetic field [1,100]uG e Distance [0.22,0.32] kpc
[Dodson+2003,Cha+1999]

e Spectral index v [2.2,2.8]

[Alvarez+2001]

¥ Fermi-LAT (201'0) '
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Results: Collection of sources

Anisotropies from single powerful PWNe

@ All ATNF pulsars contribution

considered

@® At least 2 order of magnitude lower <]+U10'3,
wrt upper limits from
[Ackerman+2010, Accardo+2014,
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Sources Diffusion

Anisotropy

Anisotropies from single powerful PWNe

@ All ATNF pulsars contribution

considered

@® At least 2 order of magnitude lower
wrt upper limits from

Analysis and methods

Results: Single sources

Results: Collection of sources

If only one PWN provides the e*

[Ackerman+2010, Accardo+2014, Adriani+2015]

©® No significant dominating source
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Anisotropy from a collection of sources

/max - Imin 3n- ri
A=————; I(E,n) E Vi(E,riyti)) [ 14+ —— ] [Shen&Maolor1]
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Anisotropy from a collection of sources

Imax — Imi 3n-r;
A— /maX . Imlln; /(E n Zw, E ri, ,-) 1+ 2ct, [Shen&Ma01971]
max min 1
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Anisotropy from a collection of sources

/max - lmin 3n- ri
A=-———F"—; I(E,n) E i(Egri ti) [ 1+ [Shen&Mao1971]
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Anisotropy from a collection of sources
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Anisotropy from a collection of sources
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Anisotropy from a collection of sources

/max - lmin 3n- ri
A=-———F"—; I(E,n) E Vi(Egriyti)) [ 14+ —— ] [Shen&Mao1071]
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Diffusion Anisotropy Analysis and methods Results: Single sources Results: Collection of sources

Anisotropy from a collection of sources
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Conclusions

start: GeV-TeV e® are messengers of the local Galaxy

Goal: To study the anisotropy in GeV-TeV et from near SNRs and PWNe
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Conclusions

start: GeV-TeV e® are messengers of the local Galaxy

Goal: To study the anisotropy in GeV-TeV et from near SNRs and PWNe

pone We compute anisotropies from single near sources consistenly with
AMS-02 et fluxes.

Result Vela ans Cygnus SNR can give A.i . > 1072 in TeV range

Result Source parameters uncertainties affect the anisotropy prediction

pone We compute the CR et + e intensity as a function of direction.
Result Iax IS dominated by Vela SNR
Result Interplay with Cygnus at TeV energies

Anisotropies can contribute to the CR e* flux interpretation.

S.Manconi (University of Torino & INFN) Anisotropies in CR leptons 16/16



Sources Diffusion Anisotropy Analysis and methods Results: Single sources Results: Collection of sources

Backup
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Energy losses

Results: Single sources

Above a few GeV Synchrotron + Inverse Compton dominate over
ionization, adiabatic and bremsstrahlung. [pelahaye+2008]

S.Manconi

Full relativistic
treatment from
[Delahaye+2010]

IC scattering off the
interstellar radiation
field (ISR)

ISR from [Delahaye+2010]

M2

Synchrotron emission
on galactic magnetic
field B = 3.6uG

[Sun+-2007]

(University of Torino & INFN)

Energy losses

Results: Collection of sources
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Heliosphere effects on lepton anisotropy

Heliosphere or local galaxy effects on anisotropy are beyond of the scope
of this work.

Effects for E<TeV may be important, but
@ Same effect on proton and leptons
@® Solar time variations [Busching+2008]
© Energy dependency connected to flux and cutoff of sources

e Propagation in HMF is dominated by diffusion [Strauss& Potgieter2014]

e Anisotropic diffusion: small scale features, hotspots or streams
[Drury+2008; Kister+2012]

e DAMPE-CALET: predictions for > TeV energies
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Fit to AMS-02 fluxes

Fit parameters results consistent with [piMauro+2014, DiMauro+2016]

Table: Fit results for R.ut = 0.7 kpc, MAX, Yvela = 2.5

Bnear
0.35

BVela
uG

YsNr | Qo,SNR
2.25 | 2.25-10*erg/100yr

YPWN
1.9

NPWN
0.07

qsec
1.74

e SNR spectral index v ~ 2: Fermi mechanism+ mean radio
index from Green catalog

e PWN spectral index: from observed PWN radio index of
synch emission: v < 2
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