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Introduction

* Galactic cosmiic rays: observables
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Relative Abundances

Les observables du rayonnement cosmique
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Scientific goals of AMS-02
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— a few TeV/n Any estimate/upper

nniax=JHl

Electromns (up to 1TeV) electron/positron flux
Amnti H, D (up to 300 GeV) anisotropy is unmportant

Radioactive isotopes (Pohl 0g)

Aimn of the talk: discuss lunks between AMS-02 and microphysics in astrophysical

sources and transport tn the ISM ... not restricted to phenomenology.
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Sources of GCR

° Slqu><e]mnuo>\va1 Fenmnants ((SNR))
— Positive ArgruInnents
— Recent observations

— Recent developments in the theory of

]P)aumt[i(clle acceleration

* Other sources: Pulsars ((se(e Tunue’s 1t(a11UL<)),~

miicro-Quasairs
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Arguments: Standard GCR model

. ]Elnue;]rg(e;lt[hc + Around 20% of the expll@s[honm of a SN to

be [Umjexctedl unLto elnue;lr“g(eltihc paumt[i(clles to expllal[hm the

local CR energy density (15 ev/cmd).

(C<o>lnnnlp><o>s[[1t[i<o>1n1 : Acceleration of standard unterstellar

matter + spallation along the CR path in the Galaxy.

S]pxexct]muunm s Sourrce spectrunm close a ]P)(O)V\V(G)]F=ual\‘>\\7 with

an energy undex of 2-2.1

(Drury+or)
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Particle acceleration 1n (young)
SNR: observations

. Mludllt[L\\Aval\v'(ellelnvglt]hl spectrum + granmmnna-ray

eSS Lon

* Xeray Filaments
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High energy particles in SNR

]B’>1r<e;aktt]humonmg]hl by Tcherenkowv 1t<ell<es<c<oqp><e§:: HESS, MAGIC, VERITAS
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Power law + cutoff
Curved power law
Broken power law

* Source spectrum: power-law (I'= 2.)
+cut-off E .~10 TeV (at least softening)
* 5 other SNRs:

Cassioppeia A, IC 443
(<]F(e]r]nn1[i—l—\\/<e;]r[i1tals)\1\/l[< 1<gfuc))

RCW86, SN1006, WxI (<]F(elmn1[i—|—][-][]ESS)) : L

Energy (TeV)




X-ray filaments

Hwang+02

Non-=thermal spectrumnm= symnchroton radiation of multi-TeV
electrons un strong mnlauglnueltihc fields

M ~ 100-500 UWGauss about 100 x ISM MIJF
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Particle acceleration in SNR: theory

* Diffusive shock acceleration = acceleration of paumtii(clhe\s 1t]hur<onuug]h1

successive cycles of shock crossing (Belly8)

Principles of DSA Wave-

particle
AE/E=cst resonant

Shock restframe Interaction

Downstream
Pesc o¢ Ua/ v Upstream (see next)

eseape * Wave = EM

Sfluctuations

Shockfront

In shocks:
Wave can be
self-
generated by
— the particle

. population.

= (p} oo p-[:s rr-1)




Particle acceleration in SNR: theory

*  Diffusive shock acceleration = acceleration of ]paurlt[i(clles 1t]humo>1ung]h1 successive

cycles of shock crossing (Belly8)
— Fermi acceleration: constant relative energy gain.
— Diffusive: shock crossing provoked by scattering off magnetic
fluctuations.
* Production of a power-law (energy spectrumm):
— Test particle s = 2 (r=4 strong non-relativistic shock)

— ][1n1<c]hundl[iln1g adiabatic losses downstream and tione <dl(e][)><e;1n1<dl<e;1nnt DnLaX UNOUUONOL

energy s = 2. (Bogdan & Volkss) or effect on compression ratio r<4...

]P) ]l']ﬂl&‘]l)\((( 1t))
2.1
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Sources: caveats & 1ssues

Caveats: Non-=liear effects (<]D>1munry & Mallkowv (O)]l))

Backreaction: Energetic particle pressure 10-50% rann

pressure => shock modification 1t]hur(o>1ung]h1 ]hl[ig]hue‘]r
(c<o>lnnqp>1r<ess[‘uounu

Magrnetic field aunnlpllfdf[L(C@llti(o)]nl:: ]Elnue]rgelti(c ]anumt[i(clhes ]Pnr(@(dhunces

O

MF fluctuations ((B@llll 04, Pelletier+o06, Marcowith+o06,
Marcowith & Casse 11@))

—  Increase the confinement and E__

Pump energy to the EP population and soften the spectirumm

—  Reduce the compiression of the ]Pﬂlasmma; hence the backreaction
[ssues

The whole process ?

The fate of accelerated particles E_ (t)?

>

][1n1J|<e<01t[i<o)1n1 process <=> shock formation

2

Relative injection electrons/positrons-ions K, ~10~




Sources: interests for AMS-02

* Constraiuns on K'@P : Priumary electroms.

* Secondaries positrons produced at source (pp collision) as it seems to be
required from PAMELA’s results.

Examnple: The old SNR model: 2 components in addition to the spallation
component (also multiple acceleration in close bubbles)

— e*/e: Two populations at sources (injected from the interaction of primaries and
then advected downstream, further accelerated at shock) Blasiog => flat distribution

of reaccelerated pairs (diffusion effects)

Alnut[L=]P>1r(0>1t(o>1nls ]pnr(e(dlii(ctii(oum consistent withh PAMEILA measurements ((saunnue components

as in the et/ case) Blasi & Serpico’og
a.001
— Comnstraunts from S/P ratios ? Gamuna=rays?: Bohm-like 1SM

ISM+R term
Total

flat secondary component ...

.0001

Slope of the A (accelerated) term sensitive to the 7 o
B term ’

diffusion regime IN the source
N 100 10K
Kinetic Energy, T [GeV]




Cosmic ray propagation

* Cosmiic ray release and ]P>Jr(o>]P>al<gallt[honnl

* More <c<o>1nnqp>1l<e‘x effects:
— Close to the sources
— IIn thee tnterstellar mediunn

— Solar wind modulation (<s<e;<e; dedicated 1ta11UL<))
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CR release 1n the interstellar
medium

]D><e;p<e;1nudls O

— Shock dymannical ]Pnr(o)]pe]mtihe‘s (<1t]hlant may be modified by CRs &
\Wal\ves))

. ]Ksh((lt) \Vsh((lt» = ]D((]E oc V5 ((funl Sedov ]P)]hl@lS@))

(CR=ML31X>)

Mavglnue‘lt[i(c field tine evolution <=> ]nnlii<c1r<o>p]h1y§[i<cs

’ ]D)<<]E(CR=1nn1ax>) =cC ]F]L((]E]max)aoc ]B((lt))ga ((]B’,((t)) o< 1t=a"/ al>)

* a: <dl<e]p>(eln1<dls on the turbulence ]P>1r<o>]P><e;1r1tii<e;s
A SNR releases its CRs as a delta function at

N

Role of external turbulence (local injection of fluctuations).
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CR-Molecular clouds interaction

* Local CR gradient: CR confinement around sources (external turbulence and

self-generated turbulence) Pruskin+t-o8 : likely different than mean ISM.

Fujita+io: CR confine close to the SNR shock until the sonic regime is reached.

H lug]hl CR density
CR sea

‘ Low level
. tuorbulence

S~ rbule
2 (<lL]DlJ] ection at

1laur<g<e soallles))

luglhl level ((s(e F=<g<elnue]raute<dl)) tuorbulence

Enhanced Gabici+o7y
Gamuma-rays &

secondaries
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Particle transport microphysics

DSA and transport in the ISM based on wave-particle interaction (wave with
a wave number k = 1/ 7\)) =>
— Wave-particle resonance
— Non resonant: advection, 1[@1]r<g<e; scale chaotic motions ...
Comiplete description exists only in quasilinear-theory (QLT) Schlickeiser 02
— Particle motion is wnperturbed !
= Limited to small turbulence level OB << B.

3D turbulence usually approximated by a composite 2D-Slab model =>

analytical calculations: (audlaqpnte(dl to solar wind

Synchrotron resonance:
Energetic particle-MHD wave
w<<

R, =v/Q ~2%

See meeting in Montpellier AMS-02 Meeting A
§ ) - eeting Annecy




More complex effects

* But simulations (see e.g. Biskamp o03) show (incompressible turbulence):
— MHD turbulence is made of Alfvénic ((AlHEV(é‘]ﬂly slow Jnnlalglnuelt(o>s<o>1mfuc
like) modes # Slab + 21D
— MHD turbulence is anisotropic (Higdon 84, Goldreich & Sridhar g5)
* QLT has some caveats:
— Aunisotropic turbulence is highly unefficient in scattering CRs.
— 9o problem - Perpendicular transport (infinite mfp)
* Several solutions proposed:

— Resonance 1b><o>(audl©1n1iunug' un different non-linear models .... Yan &
Lazarian o8, Shalchi og

F 4

outer scale tield line

—T1/3 2/3

Chandramn o4

e 18
MHID turbulence's




Transport: Current 1ssues

The turbulence un the ISM is : Fast Jnn1a1<gln1<e1t<o>s<0)1n1[L(C

waves ((1n1<o>1n1 Fesonant [i]nllt(eJFa1<c1t[i<o)1n1))
—  Account firom the duferent ISM p]hlalses & <dlaunnqp>[hn1<g plr(oqp(erlly

Two basic aqp_qpnmomuc]huesz:

—  Start from a model of turbulence and calculate the diffusion

coefficients = model dependent (e.¢. Casse+02)

Start firomn MIHD simulations and re-construct the diffusion

coefficients = limited in scale resolution (e.¢. Beresnyak+10)
Derive Dy, : stochastic Fermi acceleration (only available in QLT)
Include the possibility of

Combune the (<1lal]r<ge scale, self-

(g<e‘1nuerant<e<dl close to the s<onunr<ces>)

Include the and hence turbulence.




Transport: interests for AMS-02

controlled by the interaction with

tucbulence [ilnlJ|<e;<ct<e\<dl at llaurg@ scales <=> S/P ratios.

— Transport index 0 =03 (Kolmogorov), o.5 (Kraichnan), 1 (shock
turbulence)

— Sl ]Pue]nudl[i]mg issue; e.g. Kraichman/Kolmogorov => Fast/Alfvén
waves dominated dymnamics.

controlled by the interaction with

tucbulence [ilnlJ|<e;<ct<e\<dl by the cosmic rays themselves <=> local CRs

— Electrons/positrons measurements (especially beyond few tens GeV)
can probe this physics + Radioactive elements 4+ Gammna-ray
emission can probe the physics of escape.

= Source census (see Tumur’s talk)
= Molecular cloud census
= Radiation fields census (see Tuour’s talk)

—>Test different source Jnnlal<gln1(elt[i<c field relaxation models & tinne
(dl<e;1p><e;1nudl<e;1nuc<e of escape.




