Cosmic ray propagation with
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Geometry of the galactic CR pool

Isz = 200 pc

1< L= 10 kpc
R = 15 kpc

Our position: R=8.3kpc z=0



CR nuclei



The transport equation (2d)
(Ginzburg & Syrovatsky, 1964)

Diffusion fensor Energy loss Reacceleration
Convection fterm

SN source ferm. " Spallation cross W Total inelastic cros
We assume everywhere section. Appearance secfion.

a power law energy spectrum of nucleus i due fo Disappearance of
spallation of nucleus j il nucleus i

boundary condition: Nt(r, z) =0 eitherforr=Rorlzl=L

A large number of parameters to be fixed against multichannel CR data !



Differential flux (m? sr s MeV/nucleon)™!
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Source term

Spatial dependence
we assume sources trace SNRs

distributions implemented in
DRAGON: Galprop, Ferriere

in DRAGON 3D we can also account
for spiral arms

Rigidity dependence

Q(x,p) = Qo(x) [~ X

Po

we allow for several spectral
breaks (3 in the present version)

ot

3‘:_‘) - 1]
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Q(R), in arbitrary units [Q(R,

fans)
e’

N

T

SNRs & pulsars radial distributions

- =+ Case & Bhattacharya, 1996
Strong & Moskalenko, 1998
Ferriere, 2001 - this thesis

- = = Lorimer, 2006
- = = Faucher-Giguere & Kaspi, 2006

0 2 1 6 3 0 1
Galactocentric radius R [kpc]



2.0 v Y Y T T T T T r T v v
-

H,

(Gas distribution

Gas density 2=0 [em™)
(2] n

o
n

0.0

0 5 o 10 15 20
r [koel
(3 A2 G2 4 pge il R < Skpe
(R2)= —Y(R)x{
ny,(f,z) = —— XK .
l nGB interpolato, 8 < R < 10kpc Gordon & Burton 1976
| npL, exp (—2z2e70-2R 1,2y R > 10kpc

- 2
ni, (R, 2) = 3.24 x 10722X Qo (R) exp (— In 2 [(Z 5 %0) D Bronfman, 1998
1/2

X =2 _ 1.9x 102moli cm~2/(K km s~1), | |
Qeo see Ferriere review, 2001



Diffusion equation

on ; on
Particle flux, 1-dim. J = nv — Dd_l,l — 3-dim. ']i. — nu; — ; Dzjd—bl
Particle number conservation ) @ _ 0J;
dt 8.‘If.zj
on o, 9, on -
— + — (nv;) + — | Dij— | = q(Z,t q ($ t) . source term
dt 8;05 ( ) d-'l?-i, ( J dLUj ) q( 3 ) Y

In the presence of a regular magnetic field one expects isotropy to be broken and
D;j(7) = (D)(Z) = D1(2))bi(7)b;(Z) + D1(T) 9

b; (f ) : regular magnetic field versor

[D,L-j] — :lenght?/ time

. diffusion tensor



Diffusion equation

for uniform and 1sotropic diffusion Di j (X) =D 57; j

and a bursting source ¢(E,Z,t) = q(E)d(T; t)

N(E,rt) = IE) exp(_’ )

w32 R Riia
Ryig(t) = 2v/ Dt : diffusion length
LQ
taig(L) =~ ) . diffusion time on a length L

smaller/larger D = slower/faster diffusion out of the source region



Diffusion coefficient

Here we assume isotropic diffusion
note that for azimuthal symmetry only one
component (DL) is relevant anyhow

We assume D(X, p) = Do(X) (p/p0o)°
where p = p/Ze : magnetic rigidity

At low energy dissipation of MHD
turbulence may come in (see e.g. Ptuskin
et al. Apd 2006; Evoli & Yan 2013) giving
rise to faster CR escape

This is often parametrized introducing

D(x, p) = Do(x) (p/po)° BN
where N<0 B =vV/C

10
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Nuclel losses

. L some spallation cross sections
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see also Tang & Ng 1983
11



Nuclel losses

Castellina & Donato 2005

lllll 1 llllllll ] 1 lllllll

-

above ~ 100 GeV/n

energy losses become energy
independent (other effect are also
negligible at those energies, see
below), hence CR spectra are

determined by diffusion. Hence from 0.1 ot
a simple leaky box model T (GeV/n)

no destruction

C

¢/

Fig. 4. Ratio of calculated carbon fluzes from the same propagation model, where
nuclear destructions have been turned off at the denominator.

for primary nuclei spectra
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Reacceleration and convection

Reacceleration

due to stochastic scattering onto MHD waves (Fermi 2nd order acc.)
For a given detection energy it increases the residence time respect to
the no reaccelerating case (more secondaries)

in the quasi-linear theory Dpp=p2Va2/ (9 D)
Va= B2/ (41 ppasma) = 10 km2/s in the ISM (large uncertainty)
Berezinsky et al. 1990, Schlickeiser 2002

Convection

dE B 2nV
d 3N

E(V - -v) = —%(V -v)E

evidence of winds are observed with speed as high as 100 km/s
They should transport and induce adiabatic cooling of low energy CR
Take in mind that Vc may also depend on R

13
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Solar modulation
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Solar modulation (force field approximation)
Gleeson & Axfortd 1968

E; +m)? — m? Z
J(Ey, Z,A) = (B +m) 3 Jris(Ey - J:‘q)aza A)
R L
modulated spectrum DRAGON output
0.5 ——— _ : _
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Diffusion parameters from secondary-primary ratio

°‘C_> 0%  GHe In order to reproduce the measured
[ abundances of stable nuclei, CRs
S 107 should have traversed: ~10 g cm?2
= of material:
o S
o 10
>
©
° 10 :
40
O
© 1
2 10
Fe
<01 Primary species are present in sources (CNO,

Fe). Produced by stellar nucleosynthesis.
Nuclear charge number Acceleration in SN shocks (=104 yr).

Secondary species are absent of sources
(LiBeB, SubFe). Produced during propagation
of primaries.
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Plain diffusion - uniform D

0.40 —
D -L are almost degenerate .|
R2
(for spherical symmetry Tog. ¢ — )
D 0.25}
~0.20}
o \V\
In the plot Do/L = 0.675 = const 0.15} %
0.10} N7
where Do is in units of 1028 cmz2/s and
1] 1] 005‘
L of Kpe Vv PAMELA D =0GV
0.00 g
good degeneracy only for low L ! 10 Y £, [Gi{), Jnud] 1
(Zmax = 14 is enough for modeling B/C) L =1kpc
L =2 Kkpc
for the models in the plot L =4kpc
60=06,va=0,vc=0,n=1; dimensions =2 L =6 kpc
®=0 L = 8 kpc
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Plain diffusion - uniform D

0.40 ———

D -L are almost degenerate .|
R2
- 0.30}
(for spherical symmetry Tose OX f)
0.25}
& 0.20f
)]
In the plot Do/L =0.675 015
only forL=1, 2,4 kpc '
0.10}
where Dy is in units of 10°® cm?/s and
L ° “ of Kpc 0.05¢

0.00 —

degeneracy is restored after rescaling
Do =» we cannot use the B/C to
constrain L !

vV PAMELA D =0GV

TR

for the models in the plot
6=06,va=0,vc=0,n=1; dimensions =2

18
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L=6kpc Do=3.25 po=4 GV
L=8Kkpc Dp=4.00 °




Plain diffusion - uniform D

_ e ACE-CRIS(1997/08-1999/07)
D - L are almost degenerate v ISOMAX(1998/08)
R2 0.3l ¢ BALLOON
(for spherical symmetry Tose OC )
D
- 0.6}
e
S
In the plot Dyp/L =0.675 L 0.4}
only forL =1, 2, 4 kpc
where Dy is in units of 1028 cm?/s and 021
L “ % of Kpc
: : T T L )
degeneracy is restored after rescaling E,. [GeV/nud]
D, =» we cannot use the B/C to '
constrain L !
L =2 Kkpc
L =4 kpc

for the models in the plot
6=06,va=0,vc=0,n=1; dimensions =2

L=6kpc Do=3.25 po=4 GV
L=8Kkpc Dp=4.00 °
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The effect of reacceleration

0.40

Generally this is parametrized in terms of

Vaentering in Dpp 0.35}
. . . . 0.30}
iIncreasing Va, particles detected at a given

E have spent some time at lower energy, 0.25}
hence they had a larger residence time with

respect to the case with Va= 0 = more = 0200
secondaries ! 015!
When changing Va, Do has to be rescaled 0.10}
to reproduce the B/C above 10 GeV/n

(above that energy the effects of oy
reacceleration are negligible for realistic Va ) 0.00=

vV PAMELA

D =0GV

TR

for the models in the following plots
0=06,L=4kpc,vc=0,n=1; dimensions =2
D(z) exponential;

20
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Va=0km/s Do= 2.5
Va=10km/s Dp= 2.8
Va=20km/s Do= 3.0
Va=30km/s Dp= 3.25



The effect of reacceleration

P=0GV --- D=04GV

0.40 ———

when increasing Va the diffusion
coefficient rigidity dependence ( d ) has 0.35}
to be changed !

0.30}

note that the source spectral index has to 0.25}

be changed so to leave ai+ 6 constant O 0.0l
m

in the literature high values of Vawere 0.15¢

introduced to match the B/C below 1 GeV/n |

0.05F

vV PAMELA

10T 1010t 102 107
Ex [GeV/nuc]

0.00—

ai . source spectral index of nuclei

6=06 Va=0km/s Dop= 26 p0=4GV
6&=06 Va=10km/s Dp= 28 °
6=05 Va=20km/s Dp= 35 °
6=0.33 VA=30km/s Dp= 50 *

21



The effect of reacceleration
(proton spectrum)

when increasing Va the diffusion
coefficient rigidity dependence ( 0 ) has
to be changed !

note that the source spectral index has to
be change so to leave g; + & constant

large Varesult in more peaked spectra at
about 1 GeV/n

6=0.6
6=0.06
60=0.5
0 = 0.33

e PAMELA 2009)|]

E? J(E)[GeV m™2 s71 sr 1]

10%¢

10! L

E [GeV]

Va=0km/s Dp= 26 &=035GV
Va=10km/s Dp= 2.8 & =0.35GV
Va=20km/s Dop= 3.5 &=035GV
Va=30km/s Dp= 50 & =0.35GV

22
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The effect of reacceleration
(proton spectrum)

larger Varesult in more peaked spectra at
about 1 GeV/n

this may be compensated increasing the
modulation potential

= degeneration Va - ® !

E? J(E)[GeV m™2 s71 sr 1]

10%}
10°}

10%¢

e PAMELA 2009)|]

B
E [GeV]

6=06 Va=0km/s Do= 26 ®=0.4GV

O =
O =
O =

23

06 Va=10km/s Dp= 2.8 ®=0.45GV
05 Va=20km/s Dp= 3.5 & =0.60GV
0.33 Va=30km/s Dp= 5.0 & =0.65GV



The effect of reacceleration
(proton spectrum)

large Varesult in more peaked spectra at
about 1 GeV/n

this may be compensated

or introducing a break in the p source
- spectrum at ~ 10 GeV
(marginal effect on the B/C)

=06 Va=0km/s

E2 J(E)[GeV m™2 s7t s}

10! s

24

10%}
10%}

10%}

o PAMELA 2009)|]

®=0.35GV

.‘.ibl | 0z 10
E [GeV]

Do= 26 ®=035GV a= 22
6&=06 Va=10km/s Dp= 28 ®=035GV a= 2.2
5=05 Va=20km/s Dp= 35 ®=035GV a= 2.0/2.3 b/allGeV
6 =033 Va=30km/s Dp= 50 ©=035GV a= 2.1/2.45b/a 11 GeV



The effect of changing D(E) at low energy

0.40 $=0 R ®=0.35GV
_ . . 0.35}
This may be parameterized in the form -
s .
n /0 0.25}
D(p) = Do 87 | — 7l
O
The effect may help to reproduce the B/C Josl
below 1 GeV for low reacceleration models [V PamELA
T T L S T i
the effect on the proton spectrum is small " [GeV/nud |
and almost degenerate with solar ° PAMELA 2009
modulation protons
models in the plots
0=0.6,vc-0; Do= 2.6 zt=4KpcC
10° 1((3)1 107 101 107 10%

25 E [GeV]



The effects of convection

®=0 --- &=04GV

We assume Ve =0 at z= 0 and it grows 0.35}
specularly with z with constant dV/dz 020l

0.25F
The effect is negligible above ~ 20 GeV/n .
Do has to be rescaled when changing 0151
dV./dz 0.10}

0.05}

T T T/ T1: AN TTCA

Ei [GeV/nuc]

[ PpamBLa 2009]]
dVo/dz= 0km/slkpc Do= 2.6 — 0 protons
dVe/dz= 5km/s/kpc Dop= 2.4 <
dVe/dz = 10 km/s/kpc Dp= 2.2 PARTG
dVo/dz = 20 km/s/kpc Do= 1.8 Z |

=
= 10%t
s
for all models in these plots |
o= 0.6, VA:O; i = 4 kpC 101 L4

26 E [GeV]



The effects of convection

proton data can hardly be matched
lowering the modulation potential and 7
only for small values of dV./dz

E? J(E)[GeV m™2 st sr

10%}
10%}

10%}

o PAMELA 2009)|]

protons

10! L

d\/c/dz =

for all models in these plots
0=0.6,Va-0; zt=4 kpc

27
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O km/s/kpc Do= 26 ®=04GV
dVe/dz= 5km/s/kpc Do= 2.4 ®©=0.3GV
dVe/dz = 10 km/s/kpc  Do= 2.2 O =0.23 GV
dVe/dz = 20 km/s/kpc Do= 1.8 O®=0.15GV !



The CR spatial distribution (Constant vs Exp)

Const: D(z) — const 1-4~|or‘otons,‘verticTaI _ ConxstA
1.2¢ EXp
Exp: D(z) x exp (i)
<t

profile

INn these plots
Do= 2.6, z=4 kpc

0.0

~10 5 0 5 10
E=1GeV
almost coincident for higher energies as proton

energy losses are almost energy independent

Mrorotons, radial

1.2+

1.0

0.8F

profile

0.6

0.4

0.2

0.0
28 x [kpc]




The “fantastic” four

[ o PAMELA 2009 |]
.35 protons
104
0.30} 0 5
7
0.25+ L ;;:%\
103} Ry
§ 0.20f - 107
%
0.15} @)
=)
0.10¢ = 102}
(.\LlTJ [
0.05F
vV PAMELA
000 e 1
10 10 e [Gig/ Jnuc] 10 10 101 10" 10! 102 103
: E [GeV]

5=06 Va=Okm/s Do= 26 n=-05 a= 222 dVJdz=0 ®=05 D
§5=05 Va=10km/s Do= 31 n=-05 a= 232 dVodz= 0 ®=065 [RA
5=033 Va=30km/s Do=46n=1 a= 21249 dVydz= 0 ®=05  ROL
5=06 Vaz Okm/s Do=24n=1a=222 dVJdz=5 ®=05 CONV
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The “fantastic” four

0.40 ——— —— - — -
[ o PAMELA 2009|
035} protons
_ 104
0.30} 7 |
7
2\ 3| N
Y 020} = 1V
>
0.15} O
53
0.10¢ = 102}
CET] [
0.05
vV  PAMELA
000 T 5 1
10 10 e [Gie/ Jnuc] 10 10 101 10" 10! 102 103
: E [GeV]

5=06 Va=Okm/s Do= 26 n=-05 a= 222 dVJdz=0 ®=05 D
5=05 Va=10km/s Do= 3.1 n=-05 a= 232 dVsdz=0 ®=065 QA

6=0.33 Va=30km/s Do=46n=1a= 21249 dVo/dz= 0 ®=05 KOL
§=06 Va= Okm/s Do=24n=1a=222 dV/dz=5 ®=05 CONV

which one is ?
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The “fantastic” four

0.40 ———— 1005""‘ ———— ——
: - o PAMELA 2009 |1
i .‘:‘006 B ]

0-351 to be tested ! - 01|

0.30F i i

=

B

S5
T

1072

subFe/Fe
(@)
=

E? J(E)[GeV m2 7! sr 1]
=

0.10F
10~ .
0.05} antiprotons
v
T L -l e,
Er [GeV/nuc] E [GeV]

5=06 Va=Okm/s Do= 26 n=-05 a= 222 dVJdz=0 ®=05 D

5=05 Va=10km/s Do= 31 n=-05 a= 232 dVgdz= 0 ®=065 QA

6=0.33 Va=30km/s Do=46n=1a= 21249 dVo/dz= 0 ®=05 KOL
6=06 Va= 0km/s Dp=24n=1a= 222 dV/dz=5 ®=05 CONV

(Note that Zmax > 32 for correctly modeling sub Fe/Fe
sub Fe =Sc +V + Ti)
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Cosmic rays in 3D

0.40 ———
We consider a 3D grid (x,y,z) -
It the same source, gas, MF, 0.30
distributions are adopted 0.25/
|
same results ! O 020]
a8
0.15}
0.10}
0.05}
v~ PAMELA
O i ) L LA T S T
Ex [GeV/nuc]
for the models in the plot

0=06,L=4kpc,Va=Vc=0,n=1; Dp= 2.6

D(z) exponential;
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Where the primary and secondary CR reaching the Earth

sources only within d < Reut

are produced “?

e PAMELA 2009)|]

Rcut — Rmax

Rcut: 7 kpC

Rcut — 5 kpC

Reut =33 kpC

T
E [GeV]

I

Zt = 4 kpc



Where the primary and secondary CR reaching the Earth

are produced@?

0.4+
Light secondary stable nuclel y
are produced in a region of o
size slightly larger than z S

0.1F

0.0

B/C Zt = 4 Kpc |
;VvQVV
e/
ANY,
V
A\
- \
\
A
WA v i
vV PAMELA —
S i S T
Er [GeV/nuc]
0.5 —— ——

sources only within d < Reut

vV PAMELA

Tt 100

o

T

Er [GeV/nuc]




Where the primary and secondary CR reaching the Earth

are produced ?

0.8}
the 19Be Is produce almost locally, y
hence it is almost independent on 8
Reut, While °Be decreases T ol

iIncreasing Rcut UP tO z4

0.2}

0.0
1.0
0.8
o 0.6f
@
3 04l
Rcut — Rmax
sources only within d < Reut Reut= 7 kpc o2}
Rcut — 5 kpC

RcutBE 3 kpC 00

e ACE-CRIS(1997/08-1999/07)

1OBe/9Be v ISOMAX(1998/08)

¢ BALLOON

S— Z: = 4 kpc

10T 10° 1o 102
E. [GeV/nuc]

S o ACE-CRIS(1997/08-1999/07)]
1OBe/9Be v ISOMAX(1998/08)

¢ BALLOON

________ i Zt = 2 kpcC

T i
Ex [GeV/nuc]



Short summary

D and L are almost degenerate. The value of L does not affect
the secondary/primary ratios (after D rescaling). When
relevant (e.g. for DM) L should be determined from other
measurments.

strong reacceleration need string (ad hoc ?) breaks in the
source spectral index

low reacceleration models may need a change in the low
energy dependence of D (modulation may also do the job)

exponential D(z) give more physically reasonable CR profiles,
still this is not necessary for what concerns only nuclei
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Electrons and positrons
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e*energy losses and transport equation

d _ 2 Y
%NE(E) = D(F)V*N, + ON (b(E)N:(E)) + Q(E)
above 1 GeV
dE » 4 opc B 2
=—- — = E-= — E
b dt [3 3 (m C2)2 8.7772 + l(;rad)
synchro |IC

at the solar system

b=1x10"Gev's"

below 0.1 GeV
( I dE)‘l
Tioss e .l
E dt

-1
108( E ) s | yr
1GeV/)\1cem™

lonization losses

38

Time scalas, year

Tloss (1 GeV) ~ 108 yr,

1 D-Il:l —— . 1 . .-'-1 - ¥ I
e BO (o)
-\_\_\-?\.H-- .-—_a- ------

'\-\.:‘-__.-"
N

1-:]9 - P Bl

._.-' . - "'.x
-'- H\'-
lonization ;’# P ., IC. Synchrotron
P *,
s N
Iy - H'H_
.-'-.--.- RH\'
S,
.-' .H'\-_
F Sy
107 -f:“ Coulomb "
.. .\l'-\.\.\_.
ELEGTROMNS
x“'\-\.
1.35 | j i i ’
1@ 101 I 107 s 10° 108

Ivinetic energy, AleV
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The effects of energy losses
Bulanov & Dogel 74, Berezinsky et al. 1990 I

Diffusive loss length

Aloss(F) = (LTlOSS(E)D( dE’) </ D(E >~~h<

10 [ L

This has to be compared with the halo scale height Z;

Noss become smaller than zifor

10 Dy 2\ ° L)
E>FE, ~ GeV
” 1—9§ (1028 Cm2/s> (1 kpc) e 1k

this few GeV for the models considered.

D [arbitrary units]

Electrons do not escape the disk (Zg ~ 100 pc)
only above several TeV.

Note that Zg = mean separation between SNRs
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WMAP-2003

In these plots
Do= 2.6, zt=4 kpcC
plain diffusion

The effect of energy losses
(no arms case)

Lielectrons, vertical
1.2} :

1.0}

0.8}

profile

0.6

0.4}

0.2}

~10 5 0
7 [kpc]

Lielectrons, radial

E = 1GeVQ
E= 10 GeV
E =100 GeV

E= 1TeV
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The effect of energy losses (source stochasticity)
Kobayashl et al. 2004

1wt ————
F E.=e, T=0yr - Ft{:ckstmhetal I[Fladm} IB?E
Above/near the TeV only afew < .- " Golden . 1684
. 2 B Golden et al. 1994
prominent sources may | onmEgea + Kobayash i . 1660
. - i =Ix107yr a & DuVernois et al. 2001
contribute to the e= flux r | 2 Ao o2 2002
reaching the Earth 2 oVela |
2
therefore above/near that Cyanus
l'I]L Y |
energy to assume a 'ﬂﬂ Electron Energy (Ee‘u’} o
continuous source distribution
may pbe inadequate ! - mdg E;;.,_';;.':',;.i E;] T Eg';?“k:f‘:i':;t?gﬁmhm-
§ e 3 Godenctal feet
a0} %ﬁ?&ﬁ?ﬁ’.ﬁ?ﬁ?ﬁﬁf‘”“‘“g e Duvemots st al 2001
:“ C & Torii et al, 2001
IE & Aguilar et al. 2002
%‘ -l.---"u"B|ﬂ_-
2 -
1 Cygnus
. s -~ 1N . Lnnp .
10° ” ””'1'43' 10° 10} 10* 10°

Electron Energy (GeV)
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Primary and secondary e+

This is assuming that e* are only
secondary products of CR interaction
with the ISM

In this plots the € source spectral
index Is

a(e)= 1.6/2.3 a/b4 GeV

plain diffusion model which match
light nuclei with L = 4 kpc

total modulated e -

— — — - total unmodulated é -
................... Secondary e_

secondary = total e *

®=04GV

42

E® J(E)[GeV? m~2 s71 sr7!]

et /(e” +e")]

10°}

e PAMELA 2011 [e ] |]
e PAMELA 2013 [e*] |
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Primary and secondary e+

This is assuming that e* are only
secondary products of CR interaction
with the ISM

In this plots the € source spectral
index Is

a(e)= 1.6/2.5 a/b4 GeV

plain diffusion model which match
light nuclei with L = 4 kpc

total modulated e -

— — — - total unmodulated é -
................... Secondary e_

secondary = total e *
---------- unmodulated * e 7

®=04GV
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100 L4

10°}

e PAMELA 2011 [e ]|
° PAMELA 2013 [e7] ||

T [ AN i

e PAMELA 2013
e AMS 02

“\ “PAMELA anomaly”’

100 ‘ 101 102
E [GeV]
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Primary and secondary e*
for several propagation setups

This is assuming that e*are only

secondary products of CR iﬁﬂetﬁiﬁiﬂi{}

interaction with the ISM Y |
Propagation setups in this plots T:
PD4 (a(e’) = 1.6/2.65) T
KRA4 (a(e’) = 1.6/2.65) >
O
KOL4 (a(e’) = 1.6/2.65) m
CONV4  (a(e) = 1.6/2.7) &

total modulated e - T v —

— — — - total unmodulated € -

................... Secondary mOd e -
(for all these models Exp profile for D with zt= 4 Kpc)

secondary = total e *

PAMELA anomaly is independent on the choice of the propagation setup !
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Primary and secondary e*

the effect of changing the halo height

This is assuming that e*are only
secondary products of CR
interaction with the ISM

Propagation setups in this plots

D2
D4
D6
BlS

U U U U

total modulated e -

— — — - total unmodulated é -
................... Secondary mOd e -

secondary = total e *

E° J(E)[GeV? m™2 571 sr!]

10°}

e PAMELA 2011 [e] ||

e PAMELA 2013 [e'] ||

E [GeV]

o

®=04GV

(for all these models Exp profile match B/C)
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The extra component paradigm

o - . PAMELA 2011 [c ||
This is assuming a charge ol e PAMELA 2013 [e]
symmetric e* extra component = |
with a continuos source o
distribution tracing SNR (pulsar) il
(no arms) and source spectrum %

J(eF) x E7%xtra exp (—F/Egus) B

here Aextra = 17 Ecut — 1 TeV

° PAMELA 2013
N © AMS02

total modulated e -

— — — - total unmodulated € -
................... Secondary e =+

et /(e” + e")]

.......... e *extra component

107 101 102
46 E [GeV]



The effect of spiral arms

Star formation take place
mainly in spiral arms

distance between arms
= 1 KkpcC

we are in a low density
region between two arms
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arms make the difference !

—__ —— ~— S N
/’/// \‘:\ \\\w\ \ O . OO
90 & Z N D
7 = = = R

{103 10.00
160 s 10.00
>
1505 10.00
<
14 5 10.00
130 8
o 10.00
20

0.00

60.0

52.5 o
145.0 =
3
137.5 ]‘
SN
=
130.0 =
122.5 @
5
15.0 5
0.15%

7.5

—10 -5 0 5 10 0.0

X [kpc]
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Arms make the difference !
(radial profile)

1.4

1.2+

1.0}

0.6

0.4F

0.2¢

0.0

' E =100 GeV

YE = 10 GeV

1.2¢

49

1.4

1.2

1.0}
¢ 0.8}
= 0.6]
0.4]

0.2}

0.0




The effect of the spiral arms on the lepton spectra

* Energy losses in the inter-arm
region change dramatically

the e-and e+ spectra above 20
GeV

* the effect is almost absent in
the positron fraction (PAMELA
of and FERMI e- + et were
reproduced in 2D)

e even if the extra-component is
due to DM (not affected by
arms), the e- background
computed in 2D is unrealistic
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3 (almost) good

PD xp = 222 Ae- = 16/25 XK exirg = 17
KRA xp = 232 Ae- = 17/25 lextra = 1.7

KOL xp = 21/245 Ae- = 18/25 Kexira = 17%

zi=4 kpc

© PAMFELA 2009

E [GeV]

m_2 s_1 Sr

>

N

et /(e” +eT)]
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10°}

models in 3D
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The possible effect of ne

So far we modeled local source

contributions adding to DRAGON

output the analytical solution of

diffusion/loss equation (using the

same parameters we have in
DRAGON in the local region).

This is done with IDL/Python routines

In these figures:

Ysnr(e) =2.4

Esnr(e) =2 1048 erg

Vela SNR, d = 300 pc, T = 10%*yrs

Ect(SNR) =5 TeV

arby sources

3 T T LR |

o 10 . A PAMELA 2011 [e7]
‘e, X e PAMELA 2013 [e]
72}
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The possible effect of nearby sou

108 Evn

rces

M |
A PAMELA 2011 [e7]
@ PAMFLA 2013 [e*]

I

-
LLLLD

So far we modeled local source
contributions adding to DRAGON
output the analytical solution of
diffusion/loss equation (using the
same parameters we have in
DRAGON in the local region).

1 |

2
10°

e

E* J(E) (GeV'm™s™'sr™)

This is done with IDL/Python routine

In these figures: Vela SNR +

Monogem pulsar d = 280 pc, T = 10°yrs  +
Geminga pulsar d = 160 pc, T = 3 10°yrs

for both we assume 15% e* conversion effic. " I
e PAMELA 2013

-2
YpUISarS(ei) o 1 9 ECUt o 1 TeV 10 o aaaul A aaaaaal A sl sl \ id
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