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o what data and observations tell us
o microphysics of transport
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o Gralactic disk shine in gamma rays ’_ : ‘d
o CR sources i disk R S S o




primary CRs (p, He, CNO, ...) —> accelerated from ISM
secondary CRs (LiBeB, p, ...) —> primary + ISM (spallation)

10

10’
10°
10°

o . rare huclel v ISM are

10°
10’
10°

10 T vuch wore abundank i CRs

1073
10™

O —o— Solar System
—e— GCR

Relative Abundances

Atomic Number (Z2)

unskable isotopes

secondary/primar
fj/ P J o 7(!'Be) ~ 1.4 Myr

° ny/n, x o X/pum,

40 4D
o X=umycn;tgg [grammage - kraversed matter] o “Be/be ~ 7("Be)/ Leal

ﬁ e Tgal(GeV) N tens Myr

o Tdisk(GEV) ~ "fﬁw Mjr




ld&fﬂfusive halo »> dislk
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tension with transport models? |

o L R ST SRR SRR TR NN TR SR S SN T ! T T T S NN SR S
10 l()3 ~ 2 4 6 8 10 12

E,, [GeV/n] Kinetic Energy E /n [GeV/n]




~ ‘ _ SN pOv , FREE ESCAPE BOUNDARY _

HALO

CHDIEIEIVES HRJHAQAH N

-—\.,__\‘\_—H—_

—_

4

diffusive shock acceleration Gralactic propagation

power-law spectrum Ocr x E~2 ® H ~ few kpe

0.3-0.7
® rigidity dependent R x plZ o DIE)x E
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® Ty —> JAMMA TaYs [radio, X]

oL ~E/I0 * ® ¢~ + ISRF —> ganmma rays

need tarqet qas CMB3 s everjwhere



Fermi Bubbles
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Molecular clouds around SNRKs
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o 3D isotropic diffusion & small D

o energy losses CMR/B
TCMB ~ 10 kyr
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® 10-200 TeV €7, ICS on CMB S
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o Injected by sources [10s pc]
> Cascade {type, anisotropy)

> Power syec&rum
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o CR gyromotion

o scalttering off waves @ cascode to k~ 1/r; ?
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Merbsch 2020 - review turbulence & Etransport |




fc.\? Adicular b Fm

] ‘Sho&&hc 2020 - review perp.

o field line walk (FLRW)

> turbulent motion of field lines

> large-scale (> VL) turbulence

o Small-scale perp. diffusion
> CRs jump between field Lines

» scattering, drifts...
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® small L << size

@ 3D isotropic diffusion ® typical D, D, <D,
o Small D d emission » c&@;p@.mds
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Nava & Grabict 2013 - 3D VS anisotropic prop. |
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o elongated structures




3 ki;ghi.j turbulent reqgLon around
some PSK ‘ |

- filling factor? extension?
- how many halos?
® anisotropic diffusion
- need small ., for spherical halo
- chance? morphology?
- look for features?

o self-qenerated turbulence? = i
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larqge-scale Gralactic B field

prapaga&on on scales »» L, [10s Fa?]
- effective global diffusion? (B/C, ...)

. some @.ﬁ@.&% of an&sa@ropm diﬂfﬂfu.smm?

1 Q\f_ - _/,\
"WCr{ DIFRUS)
\\




T S

] /
hA 1

i - "
e e
L
¥ -

SR

s
Aty

-



: vy : v oy : vy .
SR SR EE: SR

CR GRKADIENT CR CUORKENT

® Waves on scales <K rp

o bransfer momentum ko waves

o qenerate resonant Alfvén

waves (k ~ 7, @ nowh-resohant streaming

ims&abd&j

o resonant streaming instabiliby




e ATOLINA SOUTEES

o self-confinement around
sources (SNR, ...PSRs?)

® suppressed diffusion
o longer residence time

D

o energy-dependent effect -
spectra

Nava et al. 2016, 2019 | D'Angelo et al. 2016 |
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o Self-qenerated diffusion
> may shape DE)D
> Likely dominant up to 1o0s
GeV
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o sei.nfmgeméfa&ad diﬂzuswm __
> coupling L.T?LS“ISM
> WCR ~ W, = WB ~ leV/crn
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o self-qgenerated diffusion
o self-qenerated advection

o confinement around sources

need ko take such effects inko account in order to understand

data and observakiowns...







o turbulence, turbulence, Eurbulemae o B field, 5.&“‘3&“‘”@-3
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> modeling/simulation  » global \f'S € iol probes
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@ CR driving

> on~Lurearities

» both local & qlobal scales




