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CR Propagation Scenarios Tested

PD (pure diffusion)
DR (diffusion and reaccelera)
DC (diffusion and convection)
DRC (diffusion, convection, and reacceleration)
DRC1: One break in spectral indices
DRC2: Two breaks in spectral indices
DRC_conv: Two breaks in spectral indices, stronger convection



Fitting Details

- Same propagation parameters for all species

- Isotropic diffusion

- Data: mainly Voyager (in interstellar space) & AMS02

- Force-field approximation for modulation

- High-energy break in propagation @ few hundread GV

Fitting Results (depending on the scenario):
0,:~0.4;6,:0.2

Dy: ~4.5 x 10%8cm?s~tat 4 GV

0 km s1<V, <50 km s1

0 km st kpc?! <dV/dz < 55 km s kpct



0.40 0.40
ossl [BIC —— DRC1 LIS ossl [BIC — DRC2 LIS
- ===+ DRC1 Modulated ' ===+ DRC2 Modulated
0.30 ¥ AMs-02 030 ’ } AMS-02
L’ § Voyager1l _-a § Voyager1l
0251 __ __- -44 ACE-CRIS 025 {mmmm=="" ACE-CRIS
o 2
Zo0.20 $o0.20
@ «
0.15 0.15
0.10 0.10
DRC1 DRC2
0.09 - - r 0.09 —~ - - —r —r
g R ) N
= AN S \
§ 1 \ % = 1 \\
e . 3 Efg S
1 ~ 1
g { £ t e
5o - S — _““ﬁ_ 5o . - -ﬂ,.ﬁ_
10! 102 10° 10* 10° 10° 10! 102 10° 10* 10° 10°
Exin/nuc (MeV/nuc) Exin/nuc (MeV/nuc)
0.40 0.40
035 B/C = DRC_conv LIS 035 | B/C -~ DRE LIS
- ==+ DRC_conv Modulated . ==+ DRE Modulated
0.30 t AMS-02 0.304 3 i AmMs-02
§ \Voyager1l _-1 § \Voyager1l
0.25 ACE-CRIS 025 {mmmm==" - ACE-CRIS
o 2
Z o020 $o0.20
4 «
0.15 0.15 1
DRCconv
0.05 0.05
0.0 0.0 r
w0 g \ ") g \
S \ S \
o} \ ko] 4
\ ] \
It - i i .
=, — . 2|, ﬁ?’ S —
3 K ¥
10! 10? 10° 10* 10° 108 10! 102 10° 10* 10° 10°
Eyin/nuc (MeV/nuc) Egin/nuc (MeV/nuc)
0.40 0.40
035 B/c - PD LIS o35 ] B/C —— DCLUIS
- ===+ PD Modulated . ==+ DC Modulated
030 e §  AMS-02 0301 g § AMS-02
7 § Voyager1 o § Voyager1l
0.25 ——— ACE-CRIS 025 {mmm === - ACE-CRIS
e |77 °
$0.20 £ o020
4 o<
0.15 0.15 1
0.10 0.10
0.05 0.05 1
0.0 0.0l
wv 3 A Y n g
S \ S -——
o S o \\\
E-1=E1 S o= ~
gl <% gle S
e b 1 R
) s ~
5o §§“ .-“r*_{_ g o —W—w‘}—f—

10!

10° 10* 10° 10°
Egin/nuc (MeV/nuc)

10° 10*
Exin/nuc (MeV/nuc)

10° 10°

All scenarios are able
to reproduce the
main species (H, He,
B, C, B/C, O, Ne, Mg,
Si) Voyager and AMS-
02 data.
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In general the highest the number of parameters, the better the chi-square (except for PD)
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contrary to what has been usually assumed, pure diffusion models do not need a break
in the diffusion coefficient at low energy to fit B/C, while they need the same number of low-
energy breaks in the injection spectrum as diffusive-reacceleration models



Diffusion Coefficient
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Pure diffusion does not need an upturn in the diffusion
coefficient, as previously required to fit B/C

' PD
102° 4
; —— DC
102 1071 100 10?1 102 103 104

10
a

1 030

102
— Kraichnan-type reacceleration

10% | with wave damping E
“~~ Approximation to wave damping
--== Plain diffusion

Kolmogorov reacceleration
1 027 | 1 d 1 Il
10" 10° 107 10? 108 104

Typical models
(Strong et al. 2007)

Rigidity (GV)



Diffusion coefficient (cm2s~1)

Diffusion Coefficient

comparison with other works
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Positrons
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Different scenarios produce positrons that differ for one order of magnitude at ~GeV.
Positrons need to be modulated more than nuclei.
None of the scenarios can explain the poositron excess.
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Antiprotons
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Different scenarios produce antiprotons that differ for a
factor of 2 ~10 GeV/nucl

~10 GeV excess for all scenarios



Antiprotons/Protons
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Above 40 GV no need of a new high-energy source, espe- cially for the PD scenario,
which does not show a clear rigidity dependence in this range.



PD scenario
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Results

All scenarios are able to reproduce Voyager and AMS-02 data (the highest the number of
free parameters, the better the chi-square)

Pure diffusion scenario does not need a break in the diffusion coefficient at low energy to
fit B/C, while it needs the same number of low-energy breaks in the injection spectrum as
diffusive-reacceleration scenarios

Pure diffusion does not need an upturn in the diffusion coefficient, as previously required
to fit B/C

Different scenarios produce positrons that differ for one order of magnitude

Different scenarios produce antiprotons that differ for a factor of 2

We confirm the ~10 GeV excess in the antiproton spectra for all scenarios

The force-field approximation for modulation describes data well the species analyzed.
injection spectrum of He harder than that of H

He and C: same injection spectral index above several GV as in AMS02 data

for all propagation scenarios, the resulting modulation should be stronger for positrons
than for nuclei, with reacceleration models requiring a much larger modulation

O: softer injection spectral index than He and C above several GV (contrary to AMS02
data) possibly due to the contribution of secondaries: O has less secondaries)
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