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CR DIFFUSION IN THE MW
See the first shide of the previous talk!

Energies and rates of the cosmic-ray particles
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CR DIFFUSION IN THE MW

CRs obey essentially a diffusion equation:
(Ginzburg & Syrovatsky, 1964)

Diffusion tensor Energy loss m

Convection term
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We assume everywhere section. Appearance section.
a power law energy spectrum of nucleus i due to Disappearance of
spallation of nucleus j| nucleus i




* leaky-box models

Back of the envelope approach with many usetul predictions.
*% semi-analytic models
Assume simplified distributions for sources and gas, and try to
solve the diffusion equation analytically
(see Maurin, Salati, Donato et al.)
*% numerical models (GALPROP)
use more realistic distribution
(see Igor Moskalenko'’s talk)
% a new numerical model: DRAGON (Diffusion of cosmic RAys
in the Galaxy modelizatiON). See Evoli et al. 2008.




¢ Understanding propagation it 1s extremely important
to infer the properties of the galactic environment...

¢ ...and to determine/constrain the properties of any
other extra component.

¢ But, the diffusion equation depends on many free

parameters...

%€ ...we can determine them by comparing model
predictions with observational data.




Boron only secondary!

A < | 5 !
¢ We want to focus on the most important i B/C
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2 At low energy other processes | Energy [GeVin]

(reacceleration, convection, energy REE b e et e

losses, change of diffusion regime at low

energy) are relevant and may mask the
eftects of diffusion.

A

¢ High energy data now available o - R e
7 See also e.g. Maurin et al, g . ’
(CREAM, PAMELA). Ptuskin et al, ApJ 642, 2006



http://galprop.stanford.edu
http://galprop.stanford.edu

SECONDARY/PRIMARY
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reacceleration level in the “best fit” case.
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ANTIPROTON/PROTONS
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Large effects of reacceleration on the proton
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spectrum: can 1t constrain va?

* PAMELA 09

Interesting feature: the antiproton flux is less
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RESULTS
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B/C analysis joint analysis

Enin[GeV/nl [ 6 | Do/ze [ x* |8 | Do/z | X°
1 057 060 |038 047|074 | 3.25
D 052 065 033|041 | 085 | 2.04
10 046 | 0.76 | 0.19 | 044 | 0.82 | 1.57
1 052 | 0.68 | 032|049 | 0.71 1.47
5 049 | 071 | 028 | 041 | 085 | 1.69
10 044 | 082 | 020|044 | 082 | 0.12
1 046 | 0.76 | 033 | 047 | 0.76 | 0.94
3 049 | 073 | 026 | 044 | 0.82 | 0.12
10 044 | 084 | 0.18 | 041 | 098 | 0.16
1 041 | 090 | 047 | 047|079 | 2.28
5 044 | 084 | 022|044 | 0.84 | 0.85
10 044 | 087 | 020|044 | 085 | 098
1 033 | 120 040 | 033|120 | 5.84
30 5 038 | 1.06 | 020 | 036 | 1.09 | 247
10 041 | 098 | 0.16 | 038 | 1.04 | 1.61

What we learn from this analysis 1s:

@95% C.L. @best-fit:
0.2 <0<0.7 O = 0.45
va < 30 km/s va = 15 km/s

Kraichnan turbulence

in the ISM?

D1 Bernardo et al., 2010, Astroparticle Physics
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Antiproton minimum and maximum flux:
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FIXING LOW ENERGY

Low energy physics can be parametrized as

D < B"(p/po)°

n<o might correspond to scenarios of
magnetic wave dissipation

1 (Ptuskin et al, ApJ, 642, 2006)

Kraichnan

Kolmogorov 1

E The diffusion parameters fitted at high energy
&{s {  with the energy dependent analysis are robust

against low energy physics effects.
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See also Haurin et al., 1001.0555 where several

sources of uncertainties are discussed.




1D marginalized pdf

The analysis has been performed using the available data in

the entire energy range 0./ < £ < I(P GeV/n.

Parameters in the fit: 0, Dy, 2, gc, gy, va, M

Catena et al., i preparation




THE LEPTONIC SECTOR
The situation betore 2008:

O MN5-01 {(2002)
L 2 BCTS (2001)

¢ HEAT (2001)
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% Above few GeV the e+p spectrum was
fitted (large uncertainty) by a power-law:
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0=0.33 , Yo = 2.54

(va = 30 km/s, no convection)

s but! The “conventional model” 1s in
disagreement with the PAMELA rise of

the positron fraction.




THE FERMI-LAT + HESS CRE SPECTRUM

The e+p spectrum based on 12 months data, down to 7 GeV:

hardening at
around 100 GeV
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Power-law with slope 3.06
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Yo =1.6/2.5 below/above 4 GeV Yo =2.0/2.43 below/above 2 GeV

Under the hyp othesis: do not match PAMEILA data!
1. electrons comes from SNR o not match HESS datal

2. positrons are secondary only
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Toy model:

Nostra < E~ ' exp(—E /1TeV)

galactic component that follows the
pulsar distribution

E* J(E) (GeV'm™s™'sr™)

[, Kobayashi (1998) ' AMS (2002) @ FERMI (2010) |

- a CAPRICE (2000) g ATIC—1,2 (2008)
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L < BETS (2001) w HESS (2008—09)

10*

Point-sources model:

Ye=14 , Eqy=2TeV |
to = 75kyr , M, = 0.35

contribution from nearby pulsars (<2kpc)

taken from the ATFN catalogue
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WHAT ABOUT DIFFUSE EMISSloﬁﬁaff«p
2 -

10 < b <20 ? L 20 < b <60

100 1000 10200 - 0 100 100.0 1000.0
(G}

Standard model with z; ~ 2-4 kpc

Data from

Abdo et al. 2010

100 1000 0200 0 00 100.0 1000.0
E (Ge!

Thick halo model with z; ~ §-70 kpc

Tavakol et al., tn preparation




We use nucle1 and anti-proton recent measurements to

constrain the diffusion parameter range.

We present a “two-component” (SNR + PSR)

interpretation of the electron/positron spectrum.

Our “multi-messenger” model 1s still not able to
reproduce the diffuse Y emission. Work 1n progress!




