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Recehia % Gabict G025
@ Spectral features in the CR data - new resulks

o Crey - PeV

o how to m&rpre& ﬂf@.a%ures - Fropag&&om, sSouUrces . ¢

® CRs up to ¥ TeV - propagation and grammage CRs

@ naultl TV = PV range - sources and maxinmum enerqgy

Gralactic PeVabrons?

@ microphysics of CR transport ?
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powerwtaw spea&rum Ocr & £ o B/C, unstable Lsotopes...

o rigid&j d@.pev\d@m& R x plZ ® grammage, emerngc&epemdem& escape

protons to the knee? X 3PeV ® D(E) x E>707, H ~ few kpc
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8 local source? (most popular in

o hardening by ~ 0.1 Lliterature)

o most SNRs accelerate wp to ™
3xZ PeV ?

AN
i SF’Q{:‘““L Sources o overlap of Emax of different
species

o confirmed in secondary
nucled, bj e () P
o features of acceleraktion?

o ﬁkﬁhgﬁ 37N Ff@!ﬁ&g&%icm . . ‘ o difficult for current theories
| " o change U propagation?
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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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Recchia et al, (2022)
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Recchia & Gabict (2023) |

®@ weak scattering along B
(along Gralactic ptame)
dampims/amisaérapic cascade

o emergjmimdeyemdemﬁ perp. %ramspor%

3 “‘bampe brealke”

o typical diffusion D(E) Emox of bypical SNRs (¥ 50 TV)

tn Gralactkic halo o “special” sources can reach the
“lknee” (V10-15% Luminosity)

o role of diskk emerqes above ~ TV
8 easier with current theories



parallel diffusion MHD turbulence

e L o source injection (10s pr:)
S e v o field Line random walle

o scabtering off waves A ® cascade to k~ 1/r; ?
o CR jump between lines

@ k~ 1/r, (resonance) d d&mpihg?
o large-scale perp diffusion

o scattering mean free path 4., | o Do dice sl btj CRs ?

-~ p||(E) B @ D(E) 5 D||(E)

Mertsch 2020 - review bturbule & bransport ) ’ : Shalchi 2020 - review perp.




Rechester & Rosenbluth 197% | | Chandran 2000

Snodin et al. (2022)] | Pezzi & Blasi (2024)]

o wealk scalttering ALONG field Lines %
> scattering along B is inetficient (ciampi»\g , ‘wrong” cascade...)

7 /Imfp Z Lcoh

> Large DH

> within L, z(f)~v?

o diffusive motion of field Lines

> D, [length] —> field Line diffusion coefficient

> large scale turbulence (> r;)

D,,
D, v~3x10% (—) cm? /s,

> D, becomes energy-independent pC
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 CGralactic disk

D,,
D, v~3x10% (—) cm? /s,
pcC

> field Lines mostly along the GP
> weak scattering along Bo (along G7)

> EM\}Q&EOM/SPQLLQROM i thin gaseous disk

 Galackic halo

> D(E) ~ 10°°cm?/s BV’
> advection away from disk

> StLze HN‘-'@-M‘F?&
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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]
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surmmary & caveakbs/ perspectives

o in Gralactic disk weak scattering + field Lines along &GP
> can lead to energy-independent diffusion perp. to G¥

> effect appears at R2 TV

o Emax of bullkk SNRs ~ to §0 TV only a fraction of sources reach

o possibl@. to explain feabures in CR spectra in GV-PV range
> without brealks in in jection or Prapagaﬁom
> physicall motivated scenario
buk Mee2 cross-check with dedicated Ekewrj/simuia&oms)



summary & caveats/perspectives

Caveaks...
nuclei data ab mulbi-TV have large uncertainties
uhcertainties spauaﬁom cross-seckion and chains
need for better understanding of turbulence/ propagation
acceleration and PeVakrons?

include source grammaqge? Checle Lep%ov\s...
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o CR gyromotion o source injection (10s pc)

D $ﬁ&&%€'f’£§f\9 O“f‘f wWIAVES o @O\Sﬁ&d@. ko e I/I”L ?

D MQ.O\M"“‘f ree PO\H"\ /lmfp B d&m[‘m’\ﬂ?

@ k~1/r, (resonance)
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transport

per[pamdwutar dgﬂfﬂfus‘“am > turbulent motion of field Lines

> large-scale (> r;) turbulence

(x = x0)*) = {(y — yo)*) = 2D,z.

24



o field line walk (FLRW)

> kturbulent motion of field Llines

> large-scale (> r;) turbulence

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

» scabtering, drifts...



| f&efskes&er & Qosenbtu&k 1‘)‘72" : | ) (,hamdran 2,000 Sm;:-c&m QE ad. (2022) ‘Fz.i; 1‘
o weak s@&%%ernvxg ALONG ﬂf:ﬁtd lines + FLRW
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’ /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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