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Secondary / Primary
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— Solar System Abundances
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= 10 In order to reproduce the measured
! 102 abundances of stable nuclei, CRs
2 should have traversed: ~10 g/cm?
8 100 material:
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Element
- Primary species are present in sources (CNO, >> Ga|axy s|zel

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

- Secondary species are absent of sources
(LiBeB, SubFe). Produced during propagation
of primaries.
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Galactic Propagation

Galactic Bulge Norma Arn
\

Scutum Arm

CRs propagate into the turbulent Galactic magnetic field!
The Larmor radius of a CR is:

E E B\ *
E) = ~1
ro(B) = Zop ~ 1pe (1015eV> (1MG)

for a magnetic field coherence length ~100 pc = propagation is diffusive up to ~ 1016-1017 eV
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CR Diffusion in the MW

The diffusion equation:

aNi ki oy 40 AN
V - (DV —v,)N' T (p—§V vC>N & Dppapp
‘Q parZ i ;CBngas e Gz] _CBngaSGm(Ek)

Source term:
» assumed to trace the SNR in the Galaxy
» assumed the same power-law everywhere

Ginzburg & Syrovatsky, 1964
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CR Diffusion in the MW

The diffusion equation:

ON'
ot

T4 C ey
op’ " PPopp?

Qi(pa , Z) - Zcﬁzfgas(ra Z)GijEVj R CBngaSGm(Ek)Ni

j>i

V-(DV—VC)Ni | (p——V-vC)Ni

Spallation cross-section:
» appearance of nucleus i due to spallation of nucleus |

Ginzburg & Syrovatsky, 1964
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CR Diffusion in the MW

The diffusion equation:

ON'
ot

I . j a 7 a Ni
V- (DV —v.)N'A (p——V-vC)N —%p Dppapp2 -

Qi(pa rc)sk ZCB”gaS(Va Z)Giij g CﬁégaSGiH(Ek)zéi
P>

Spallation cross-section:
» appearance of nucleus i due to spallation of nucleus |
» total inelastic cross-section: disappearance of nucleus i

Ginzburg & Syrovatsky, 1964
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CR Diffusion in the MW

The diffusion equation:

aNll i W g AL WV

or 1 (DV | )N | ap (p—§V-vC>N—$p Dppappz_
Ql(p7r7z)+ZCBngdS(r7Z)Giij_CBngaSGin(Ek)Ni

i>i

Diffusion tensor:
» D(E)= (p/po) exp(z/ )

Ginzburg & Syrovatsky, 1964




CR Diffusion in the MW

The diffusion equation:

N’ i A AN
o e (N o’ ot

Qi(pv ry Z) e ZCBngdS(ra Z)Giij Bel CBngaSGin(Ek)Ni

j>i

Energy losses:
» ionization, Coulomb, synchrotron
» adiabatic convection

Ginzburg & Syrovatsky, 1964

venerdi 11 ottobre 13




CR Diffusion in the MW

The diffusion equation:

ON' o ok Ly . d - .
3, T 'ap(p_§v"’C>N_$ s
Qi(p7r7z)+ZCBngdS(r7Z)Giij_CBngaSGin(Ek)Ni

j>i

Reacceleration:
p2
D, oh TRt
g D

Ginzburg & Syrovatsky, 1964

venerdi 11 ottobre 13




The ISM turbulence

S. Chandrasekhar, Apd (1949)

e turbulence type: Q D O %j«timo{
lo ehetgy &
HD wvs

MED OO0

rl Flux of
e assuming constant energy flow () between eddies (of length k1) b OOQVOCCOOOD || ey

s S00e0000000OANDVOOODRO0

e=fnk) vs e= f(n k- vi/va) Y

e a simple dimensional analysis gives for the energy spectrum:

—

€ X 772/316_5/3 VS € X 771/21)%2/6_3/2

A
e finally, diffusion coefficient in QLT is given by:
(i.e. imposing the resonance condition rp = 1/k)
=
2
D =253 = pl3 ys D= 232 = pl/2 E
\Kgigﬂivc
“Kolmogorov” “Kraichnan” .

log k
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s It possible being not-local”

* We canh measure the anisotropy: 0 X Vncr
- we can observe diffuse emissions: ¢’Y X Ner * Ngas dr
los
- HiIfrom LAB survev .. | | GO from CEA o '
. fro [033]
Atomic (HI): pmmm—
Most massive component with a large = -y SR

filling factor, Zq/9 ~ 200 pc.

el [75.9.5]
e

Molecular (Ho):
The most dense component, very clumpy,
z4/0 ~ 100 pc (derived from the CO!)

e [9.5,11.5]

4 [11.5,13.5]

<4 [13.5,50]

s w——
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The anisotropy problem

Macro Collaboration, PRD, 2003; Super-Kamiokande Collaboration, PRD, 2007

E 3 Since CR sources are more abundant in 3D(E) V:Y;’nCR(E, 77’ t)
| : the inner Galaxy, a dipole anisotropy is 7 =
Bt You are here! expected towards the Galactic center: C NCR
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muon detectors (e.g. SuperKamiokande)
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The anisotropy problem

P. Blasi and E. Amato, JCAP, 2012

IS

You are he

Normalized SNR radial distribution

r (kpc)
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Since CR sources are more abundant in

_ SD(E) VfTLCR(E,’I?, t)

the inner Galaxy, a dipole anisotropy is T
expected towards the Galactic center: C NCeoR
T T =
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The gradient problem

Strong & Mattox, A&A, 1996; Strong et al., Apd, 2000

Case & Bhattacharya (1996)

- 1% 4 - A 3 ’ ! .
1.5 i = Lorimer (2004), based on pulsar cat. E
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® CR distribution inferred from gamma-ray data (method goes back to SAS-2/COS-B era)
s flatter than that computed assuming the observed SNR (source) profile.
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The gradient problem in the FERMI era

- The extremely accurate gamma ray maps that Fermi is providing are useful to
trace the CR distribution throughout all the Galaxy!

NASA'’s Fermi telescope reveals best-ever view of the gamma-ray sky

PSR J1836+5025

®

PKS O727-115  Gemings

_ Unidentfied > LI
". .l *m‘ . ".0-" ! . O

Vela

LSI +61 303

Credit: NASA/DOE/Fermi LAT Collaboration
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SMI era

Fermi Collaboration, Apd, 2011

The gradient problem in the F
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FERMI detected more y’s than a prediction based on SNR distribution and standard CR halo: *,
more CR sources, more “dark gas” or larger CR halo?

s — T ——————————————
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A new approach

D. De Marco, P. Blasi & S. Todor, JCAP, 2007

- there are some regions in the inner Galaxy where a much higher density of CR
sources — and hence turbulence - is present.

- According to both quasi-linear theory and numerical simulations:

1033 :
o | Parallel diffusion coefficient
107 ¢ decreases with increasing
turbulence
E 10% .
-
S
§103°
Perpendicular diffusion increases
_ - - _ W ® with increasing turbulence
1029 — - - 05 =
1028 II 1 I 1 1 1 1 1 1 1 II
1015 1016 1017

E [eV]

Figure 3. Parallel and perpendicular diffusion coefficients as a function of energy for
three levels of turbulence. The upper three lines are the parallel diffusion coefficients,
while the bottom three represent the perpendicular one. The level of turbulence,
0B/ By is given by the numbers attached to the lines.
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A new approach

- How do the diffusion coefficient depends on turbulence?

If the turbulent field is very low: If the turbulent component is comparable to the regular field:

* In the inner galaxy, where turbulence is high, the parallel and perp. diffusion
are similar values and the perpendicular escape is the dominant one:

2 —2
ﬂ ~ Farm & ~ 4 x 10? H ﬂ
TL o H DH o 4 kpC D”
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How to solve the gradient problem

L
D, (R) = Q(R)"

N
IIIIIIIIIIIIIIIIII|IIIIIIIII|IIIIIIIII

CR sources (R)
N

-

O

R [kpc]

* In the regions where CR sources are more abundant turbulence is higher then
perpendicular escape is faster, more CR are removed.
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Results

CE, D. Gaggero, D. Grasso & L. Maccione, PRL, 2012
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Results

CE, D. Gaggero, D. Grasso & L. Maccione, PRL, 2012
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Anisotropy prediction

CE, D. Gaggero, D. Grasso & L. Maccione, PRL, 2012
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Large Scale Anisotropy with [ceCube / lceTop

IceCube IceTop IceCube, ApJ 746, 33 (2012)
muon bundles > 1 TeV CR showers > 100 TeV IceCube, Ap) 765, 55 (2013)

20 TeV

IceCube-59

topology changes

15 -1 -O.SAN/NO[XIO"”‘]O'S 1 1.5 between 20 - 400 TeV
400 TeV

Low Energy IceTop-59/73/81

IceCube-59

anisotropy is not dipole

-1,5 15 -1 05 0 05 1 1.5
AN/N 13107 Relative intensity [ 107 amplitude increases

with energy

a
caCube Lab
\ TS :'& P
L L e _-"-':-';-’.";_-‘-_-' - — 2 00 T Coveremmew (bochir Wk
Pl ol e 2 cpoel sereony pe Ak
\ 224 opacel sereon
loeCude Ay

80 atvingn Inchuding 8 DespCore stingn
0.03 A0 cpheal sormors on coch g
X 5100 ootcal seraon
0.02 Owcamta 2010 Propct compamies. M
i : \ .
i [N il

Sl
Relative Intensity

venerdi 11 ottobre 13



s it possible to move further from QLT?

H. Yan & A. Lazarian, ApdJ, 2008

» particle’s pitch angle follows the variation of the
turbulent magnetic field due to conservation of
the adiabatic invariant:

Avy (B —Bp)*)""

v B(l)/2
 resonance function has a Gaussian broadening:
RYMY (ko) —wEn) = k\g%v” exp _— (kvuk%;uv%: n<)”
- damping mechanisms make diffusion
environment-dependent: _ _
Dy = U [ g Y,
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halo = collisionless damping

:%GSUHS (pre“mlﬂal’y') disk += viscous damping

*__.-, m_ CE & H. Yan, in preparation
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halo = collisionless damping

:%GSUHS (prehmlﬂal’y') disk += viscous damping

*!-——- .
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= 0.

0.1

0.0 - . .

-1 0 1 2 3
Log Kinetic Energy [GeV/n]

Figure 4. Comparison of our model with M 4 = 2 for the disk and
M = 1in the halo and modulated with a 100 GV potential against
B/C data. See Table 1 for a reference list of the experimental data.

CE & H. Yan, in preparation



Conclusions |

- A position-dependent perpendicular diffusion coefficient that traces regions of
the Galaxy where turbulence is higher offers a natural explanation of not-local
CR observations.

- Upcoming (PLANCK, LOFAR...) synchrotron data can further support this
scenario.

- Future diffusion codes should take into account the complexity of the Galaxy,
and allow full 3D simulations, anisotropic diffusion, and realistic distributions
of sources, gas, magnetic fields, especially in the local environments.
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# DRAGON

» solve the diffusion equation on a 3D (r,z,E) grid (now also 4D!)

» realistic distributions for sources and ISM

p different models for fragmentation cross sections
» position dependent, anisotropic diffusion

» iIndependent injection spectra for each nuclear species

» speed and memory high-performances (full C++)

» public: http://dragon.hepforge.org

see Daniele’s talk!
*——-~ Rmmmane,
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Playing with anti-protons from DM

CE, I.Cholis, D.Grasso, L.Maccione & P.Ullio, PRD, 2012, 1108.0664
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t’s all about locality!

CE, I.Cholis, D.Grasso, L.Maccione & P.Ullio, PRD, 2012, 1108.0664
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solid: primary protons
dotted: anti-protons

solid: cusped profile
dotted: cored profile



Unavoidable uncertainties?

CE, I.Cholis, D.Grasso, L.Maccione & P.Ullio, PRD, 2012, 1108.0664
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multiwave/messenger is the solution!
 Sm——— ——————
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Conclusions ||

» If your CR source is the “galactic-center” do not trust too much “global
models” that are “locally” tuned...

- ...0r at least “put a warning” about uncertainties due to not-locality.

- A lot of work is still ahead for understanding ISM propagation before to be
robust in DM searches with charged particles!
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