=2 RS
> ;

Co mic Ray Propagation %A

& analytical resolution

Timur Delahaye
LAPTh(Annecy) & Univ. T rin

L/ \PTh

T IDAPP
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Speaking for... %

(
Pierre Brun @

Julien Lavalle

Antje Putze

Nicolao Fornengc

\\
Roberto Lineros \

-

L—

T.D.

Laurent Derome
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Outline

Propagation Model
Hadrons

Leptons

Gamma rays
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Pierre Auger

Victor Hess a
Carl Anderson
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Vitaly Ginzburg
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Positron (1932)

(]
Muon (1936) g

Discoveries in Cosmic Rays ?
/
AN

Pion (1947)
Kaon (1947) \
Lambda (1951) k&
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Source

* Supernova remnants

QOE_’YG_E/EC
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Source

* Supernova remnants

* Pulsars

QOE_’YG_E/EC
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* Pulsars

Source

4

* Supernova remnants

PO

7~

* Cosmic rays

o(por + Hrsyr = C.R.)

ﬁ@g
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Sources

/
» Supernova remnants @

* Pulsars %L

\ N

* Cosmic rays 9 %
%

* Dar Matter Il <JU> mi ( )%
>
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Propagation %

/
(
Leaky Box

N

TESC

>

FivolN = 0

Yash Pal

=

\
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Propagation

Leaky Box

Yash Pal

Unfit for low grammage, radio-active
elements, electrons & gamma rays
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Diffusion Model

Z /
(\:1

+L %&

0 \\

(galactic disc)

o\

\
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Diffusion Model %

Z s
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Diffusion Model %

Z s

Timur Delahaye — Multi® — Padova: 3/ 111 /2010



Diffusion Model %
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Diffusion Model %
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Diffusion Model

Timur Delahaye — Multi® — Padova: 3/ 111 /2010



Diffusion Model ?
4 /
U(Z, B, 1) = dgxisz 0 +0,J" = () @

—_

J = —KV\I/ + V\If JE — blossqj + DEEaE\IJ

d V

0,0 -V (KW + m) + 0 (boss U + Dppdpl) = Q(T. E. t)

\\
+ Boundary conditions
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H drons

4

* Protons / Anti-protons
* lons (a, B, C, O, N ... Fe...)

PO

N

- KOBR(SA\I}(Ta Z, E) T Vcazlp(frv <, E)

=

+ 200(2)0E [bioss(E)U(r, 2, E) + DoE* 05V (r, 2, )]

= 2ho(2)Q(r, E)

\
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Putze, Derome & Maurin ArXiv:1001.0551

=
(]
hn

B/C ratio

0.15

0.1

0.05

Secondaries to Primaries

+  IMP7-8 (d=250 MV)
O ¢ X Spacelab-2 (d=200 MV)
, \ oILIETEY N ® HEAO-3 (d=250 MV)
‘ Vovagerl&2 (@=225 MV)
ACE 97-98 (=225 MV)

=250 MV

[ CREAM (=425 MV)
- o5y
E e Model IF (2 /dof=112) h i{i
:_ ...... Model TI-F (y? /dof=4.68) DN
- Model IILF (7 /dof=147) AN
FEEEET Lol Lol Lol
10" | 10 10? 10’

0
Ek/n (GeV/n)



Secondaries to Primaries

K /L @

VA

V, MCMC points towards

5 *large © and L \
“reacceleration AND

\

convection

d V

'
\\

Timur Delahaye — Multi® — Padova: 3/ 111 /2010 /{



Putze, Derome & Maurin ArXiv:1001.0551

Radio-active species
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0.14 — Standard DM I I @ SRS — i
L Y Standard DM T //"’ N\ SN{n Voyageriaz
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v Y g T
e / i A SN -
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0.08— o f,/ 7 - | LN _
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0.06 "z it II | " iiil!!'lﬂ '| e
- b Il S _
T L I |IHII='I! “ N
W -
=/ RN :
e il iiii'~| "I . )
0.02— i
- IS L, I
':]T | | ||||||| | | ||||||| | | ||||||| | | ||||||| | | 1 1
10" 1 10 107 10
Ek/n (GeVin) \
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Radio-active species

* Sensitive to a local bubble

(
* Unsensitive to L (with some restrictions) %A

* But poor data available \

\

d V

'
\\
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Donato, Maurin et alii PRL 2009

P/P

Q. L
[ ~ —— Enveloppes (propagation uncertainty)
0t T Best propagation configuration
10 =
-5 b4
107 =
S '
- 0
16—
10 = =
= E
E X
1075
3 | L 1111 | | I T | | ‘ | I T |
10" 1 10 10°
Ek/n (GeV/n)
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P/P

Uncertainties

*Propagation
*Cross-sections
*Primary flux

*Source distribution
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Leptons ?
/
* Electrons & Positrons @

— KoE°AU(r, 2, E) + g [bioss(E)U(r, 2, E)] = Q(r, 2. E)

L—

&\

3
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Energy losses

Adiabatic exp nsion
Annihilation

lo isation
Brehmsstrahlung
Synchrotron
Inverse Compton

Timur Delahaye — Multi® — Padova: 3/ 111 /2010
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Inverse Compton

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)

X
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-I-III| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| =
_ / o ]
102 [ — // |
L .f{f ]
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Interstellar Radlatlon Field

Delahaye Lavale L111e105 Donato & Fornengu (2010)

0.4 Avg. 2 kpc
Avg. 500 pc °
Model 1
Model 2
0.3 |
o
s
z 7\
0.2 | /ﬁ
3 ?
o
= /
IF -||
0.1 | ,
[
/ s
\ o o /|
See Porter from o War.
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| L Ll L | L | L
—10

10078 10712 1071 10
Energy [GeV]
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Energy losses

Delahaye Lavalle Lmercs Donato & Fornengo (2010)
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Enery losses

Delaha}re Lava]]e Lineros, Dunato& Fornengu (2010}

2.5 : — |
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Secondaries

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)

" Solar Modulation: 600 MV C T T Solar Modulation: 600 MV
Secondary electrons Secondary positrons
1072 |- 1r T + .
T i . |
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Origin of local leptons

L
N

-

1r Profile from Lorimer 04

0.8

0.6

fraction of the signal

0.4

L—

0.2

0 1 1 1 1 I 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1
0.1 1 \
distance [kpc]
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Primaries

* Astrophysical => c.f. Roberto’s talk

@
— From smooth far away SNR and pulsars %A

\

\

— From local SNR and pulsar

d V

'
\\

Timur Delahaye — Multi® — Padova: 3/ 111 /2010 /{



Source distribution

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010) /
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catalogues

Green catalogue @

About 275 known Galactical remnants wit&L
coordinates, distance, luminosity at 1GHz, \\

spectral index. \

> Some bibliography provides the age.
)
>

Super Nova Remnant \6¥
/

d V



http://www.mrao.cam.ac.uk/surveys/snrs/

Local sources \6

Delahaye Lava]le Lineros, Donato & Fornengo (2009]
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E° d(E) [GeVz.s_ Lem 2sr l]

—
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1077

Local sources

Delahaye, Lavalle, Lineros, Donato & Fornengo
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Primaries

* Dark Matter @
— The usual uncertainties
— Density profile %ﬁ
— Local clumps
— Energy spectrum at emission \

\
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Influence of the halo profile

T. Delahaye, R. Lincros, N. Fornengo, F. Donato & P.Salati (2007)

Isothermal Halo profile (r, = 5 kpc)

NFW Halo profile (r, = 20 kpc)

Moore Halo profile (r, = 30 kpc)
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PRD77 (2008)
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Secondaries from

GALPROP APJ 493
(1998) 694

PRD77 (2008)
063527
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Brun, T.D, Diemand, Profumo & Salati PRD 2009

Clumps

B * ATIC

- - - - Conventional background

— o (20 GeV. no clump
—  ——] TeV, best fit
800 GeV. smooth + 1 clump

620 GeV. smooth + 2 clumps

10°
E (GeV)
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Gamma rays

» TT, decay => p and gas

(
* Bremsstrahlung => e and gas %A

* Inverse Compton => e and ISRF \
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)~

Pion decay




$(E) [Gev st

Pion decay

000000
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Pros and cons of analy’ucal\é?

resolution
* Pros * Cons Q
— Allows MCMC — Distribution of gas
— Local bubble — Magnetic fields
— Sizing — ISRF %A

uncertainties AN
— Convection AND §

reacceleration

L—
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Conclusions

»

A~

* There is a standard paradigm for Galactic
Cosmic Rays,

BUT

there is NO standard model.

\ N~



Conclusions ?
* Uncertainties come from
— Propagation parameters
— Sources
— Cross sections

PO
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