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o Where do SNRs reach?
C R Prapaga&e LA w[p{’:*scate maghetized halo

8 what about propagation in the Gralactic Aiske?
Several issues ... furbulence ... damp&hg

o spectral features in the CR data GeV - PeV - new resulks

o amisa&rapm %ramsyor& - disk could dominake Eramsyar& > TeV

o SUB-class of PeVakrons






® kpc-scale magv\eﬁz.ed halo as

o repeated crossings of thigedtsle =
secondaries

———————

o B/C, unstable iso%op@.s.

FEUSIYE HRJQA ATION R0 i R R @-M“ﬂj"‘dﬁpmdw& escape
=" o D(F) « E' 0

diffusive shock acceleration B N = 0/D < E-7)

o ~ 10% of SNR power

o Frc}%@ms to the knee? =~ 3PeV _




Proton = D4 =450 MV
4 AMS02 - 7yr
CALET
CREAM

DAMPE
.~

aﬁﬁﬁ

7I(R) [GVY/ /m?s sr]

o hardening bj &

o confirmed in secondary
nucled, bj i (s

o change in pragaga&om

Proton —_—— D, oq § 450 MV
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8 local source? (most popular in
Literabure)

@ “Special” sources
o features of acceleration?

o change in propaga&cm?

Proton

= twO0 populations

m—— yvariable Ry ax
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ma:jbe only “special” SNRs
can reach PeV

8 mostk SNRs accelerate up ko
3xZ PeV ?

o overlap of Emax of
different species

o difficult for current theories
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— D =450 MV
4  AMSO02-7yr
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o explained bj flatter D(R) above ~ 300 &GV ? Tomassetti ¢

o where is the gqrammaqge accumulated? role of sources?

o secondaries produced at/hearby accelerators? Ul e Y

 (2016))]
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0 ) in disk debated [skilling (1971)] || W i
3 b e .t |0 propagation in the disk is

MaNY Sources of turbulence BUT ... i Qaf&ey\ E;gmgred

@ which is effective ot scattering? Ho just a 0 assive tarqet for
| (anisotropic cascade of Alfvén waves ...) s sl ary pro e Tety

| ¢ | :
@ oty raCioue | 10s time smaller thawn the

@ self-qeneration only up to few 1005 Gev... || halo...

@ effective damping
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o IN THE DISK - fileld Llines masﬂj along

&t
------ | _ -—__. + 47 _“_\,T‘ :_j:_ ‘_-_____‘__ p IN THE HALQ e ‘f E@.Ld LEMQ 8 WA S&Lv FQrF &O
> ' \ . ;' :.' . - G‘ ?
o bo ESCAPE CRs need cross the diske

mostly perpendicular to the field Lines ...

o depamdev\ce on Cralactocenkric distance

Cerri et al. (2017)]

HALO : typical enerqy dependent isotropic diffusion, D(E)



‘g Pezzi &% Blasi

Chandran f‘

Snodin et

e —

Shalchi (2020) - review perp.

o wealk scattering ALONG field lines

> scattering along B is inetficient (damp&%g, “wrohng” cascade...)

Z LCOh 5 Mi%kim LCOhl Z(t) ~ Vi

> large parallel 4.,

|

Casse et al. (2002)]
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,{ (Kadomtsev & ‘Poguf:s (97) 1‘
o diffusive motion of field Lines ~ Kirk et i
: : - : Sk, L. b*\( L.
> D [length] = field Lline diffusion coefficient 7 =025 ((ﬁ)(lopc)pc’

> large scale turbulence (> rL) D.
Dm D =~ 3 X 1028 ( m) sz/sa

> D, becomes energy-independent
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COCRSERUIEt S of “typical” SNR:

s e

@ Ejp&tat (Eso&rayic) dbﬂuﬁwm ‘D(E> ' (Etzx_rc\;g Ejp&«cat SNKs

:j e 28 2 0.7 |

| DIE) e e o “SF?@.{’:E&V' sources can reach the

o + advection away from the disk ' “kinee”
e (~10-15% Lummos&&v)

CK PYOF’QS&&EOM i Aisk 0 easier with current theories

o weak scattering along B (GP)
@ D) ~D,c [energy-independent]

o injection/s Pattaﬁom



0 “slab model”
o prop. only depends on distance from the disk
|0 continuous and homogeneous injection (no source granularity) |

o steady-state solution

... ok ¥ small inhomogeneity along the &¥

N many sources contribute

... NEED FOR ANISOTROPIC DIFFUSION (AT HE...)

" a[plproaak may break (more own that Laker)
13




Analytic solution of the CR trans PRt

flux of stable nuclei VS E, /n

ThH
Y .
lao(Ex) = ———————— X [— ,‘ —aa,spau]
84

1 + ny ’;—;’ v(Ey)o,T

. ) e o
{Qa,src = cAp’qoa inj. sources

Qo spall = 2psa VEK)Opa(Ex)Ig(Ey) inj. spallation




Ay\&i.v?:&«t solution of the CR Er&MSF?OT‘&

residence ktime U c&asw smwooth Eransiktion

H h D,10%cm2/s]"° GV
4kpc 150 pc pc Dy '

R = [80

.-’\ R

s A
(S
E - =

repeated crossings of disk
diffusion in disk induced by diffusion in halo
constant in & decreases with £ due to Dy ~ EY
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Analytic solution of the CR transport

residence time in disk

‘ repeated crossings of disk
i [ W\ [hH\l - exp Pn __, induced by diffusion in halo

* \ Dy) \Dy/ " decreases with £ due to Dy ~ EY/

uH

T

conskank tn £

grammage

10°
E,, [GeV/n]



D,y = 450 MV Carbon
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clear predw&om of a flat grammage

B/C above ™ 10 TeV

I o

hinks from current data but

|

need measurements ot higher energy
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reale and bhe “lnec

40T sources (NR) ol aceelrate up to 105100 TeY
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gaseous disk

JHe ha R4
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Galactic disk (GD)

L, b> D,, Lgr
10 pc 0.4 1 pc 50 — 100 pc

Galactic halo (GH)

Do o U
1028 cm?/s 0.7 40km/s

bulk of SNRs
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PeV sources
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m— twoO populations
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— yvariable Rmax
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gaseous disk
hy Ry
150 pc 15 kpc

g SPQ@L&{- SNQ% star ﬂLMS%QT‘S, cos - —Galactic disk (GD)

h b Dm LRR
150 pc 10 pc 0.4 1 pc 50 — 100 pc
~ 10-20% of bypical CR source — e —
i,um LAOS b&j 4 lI:;c 1 ozglc):(r)n2 /s 0(.57 40 l?m /s
bulk of SNRs

71) YHe Yn 5
s 4.35 4.30 4.33

PeV sources

)/1) 7He )/II Rmeax
4.35 4.30 4.33 SPV
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C O\% K bﬁﬁ ik oW “S LOL b” W 0 Ci i.

... ok § small inhomogeneity along the G7
N many sources contribute

... mfp becomes Larger than H
... ot come OS“?’ to disk

H 108cm?/s]'’
o /Sl GV.

Dy




eats: back on “slab” model

maximum diskance ﬂfor sources?
... with isotropic D particles only from dVh

... with anisotropic D much larger horizon

... with isotropic diffusion in disk the
slab approximation would badtj break
dowi ot a few 1005 TeV

... need ko assume anisolropic
diffusion to make ik work E;& least in
principle) ot high energies
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N fpv VSNe h 2
(Npy) = lo(m)(l/g,oyr)(lSOpc) (

—@— H.E.S.S. Electron Candidates
—m— AMS-02
—&s— CALET
—<&5— DAMPE

—<3— FERMI-LAT HE
—&— HESS 2008

—A—— VERITAS
—3—— 10° x FERMI-LAT v




sun ary & caveatbs/pers Pec?: Lves

o in Gralactic disk weak scattering + field Lines along &GP
> can lead to energy-independent diffusion perp. to &GP
> effect appears ak R2 TV

o Ewax of bullk SNRs ~ to so-100 TV
@ Only a froaction of sources reach PeV

o possi;bi.@. to explain features in CR spectra in GV-PV range
> without breaks in injection or fropagaﬁmm
> need discussion on physical setup



> nuclel data at naulki-TV have large uncertainties

> uncertainties SPQLLQEEOM cross-section and chains
> need for better understanding of

> acceleration and Pevakrons?

> include source grammage ...
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Av\ai.vht: SOLM&QM of the CR &r&v\sporﬁ
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gaseous disk 3
hd Rd
150pc  15kpc

Galactic disk (GD) o but need different slopes for p, He, nuclei
Lc b Dm LRR
150 pc 10 pc 0.4 1 pc 50 — 100 pc

7 B GalaCtic5hal° (GH) o no breaks in diffusion in halo and disk
0 U

[same problem of previous studies...]

4kpc  10®%cm?/s 0.7  40km/s
bulk of SN Rs

Yp YHe Vn
4.35 4.30 4.33

PeV sources

® no attempt for a filting Fro&edura - o
best-fit parameters

)/p YHe
4.35 4.30 4.33
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A comment o source grammaqge

secondaries are also pradu@ﬁd f
w/around sources ——»

6 sec, pradwﬁed abt shocle and leave accelerabtor
| ——> sawe spe{’:&rum oS Frimavi&s

lo sec. proc&w‘:@.d at shock and re-accelerated
| —> spectrum harder than secondaries

|0 sec. produced in the source proximity

| —> sp@.&rum s%@.eper thawn primaries

@ effect must be there but not clear its .time-dependent Emax 7

Emdép@.md@m& relevaince

... for how long acceleration 7
0 anyway should be included in more refined

| models 29 ... Tes, blime in/around sources?



, Qeﬁkes&er & Qosembtu,&kl‘? 1 Lhamdran 2,000
o weak s@&%%ernvxg ALONG nf:.,etd T {»L_Qw

5

’ /lmfp ~ LRR

((x — X0)2> = ((y — y0)2> = 2D,,z.
> Lpg 2 Leon —? trajectory decorrelates from initial field Line

> Lon sEa&mEi&auj independent random step (AR 2 -9 D, Lrr

> wikhin L., z(7) ~ vt

@ perpendicular diffusion becomes enerqy-independent

2 D.
D=5 q Do 3 10% (22
|

DJ_ e
> (AR) rms perp. displacement during each random step Lyy
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