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observed CR spectrum vs source energetics

Energies and rates of the cosmic-ray particles

' ' ' 'CAPRICE —&—
AMS +—eo— 1
— protons only Ryiﬁi?gls T 0=0.5
Akeno A 0.01 O
all-particle Tien Shan ——x \Qﬁ
p——y : MSU +—x— | &
"o iliffrons % CASA-BLANCA = 7.
‘_L N ” DICE +—e— 10-4 L ‘U
7 B X HEGRA —&— 1 o
Y pogitrons  x CasaMia —e— ad
S A W x iy Eve o |
- e —6—j—
% 10 N, knee Hai//ergh —— | 406 |
0 % g AGASA —a—i |
3 2 HiRes —e—i : : 1 : : ”
L o 10 10
g 10 | antiprotons - enel’gy [GV]
N _ D (E) =Dy (E/ GeV)?
) 2. spectrum in ISM
source spectrum +
" Gaisser 05 T steepening by E-dep.
jg:10 . . ' . . confinement

10° 102 10% 10° 108 8 b 1012
Exin (GeV / particle)



diffusion radius, diffusion time

Raif (E) = (4D (E) t)*/?
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CR-dominated halos:
possible evidence
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simple diffusion solution
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CGM vs CR pressure: Milky Way-like
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TeV-PeV CRs compared to GeV CRs

Ecr (E, ry, t) =4nr’ U, (E, r, t) total CR energy per log radius
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- total energy of escaped TeV-PeV CRs ~ source energy

- gas inflowing from larger R
-> TeV-PeV CRs affect earlier stages of accretion



gas pressure in filaments
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gas pressure 1n fllaments vs CRs
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VHECRSs can be energetically important vs WHIM!
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gas pressure 1n fllaments vs CRs
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VHECRSs can be energetically important vs WHIM!
- affect gas accretion onto halos, star formation rate, galaxy lum. func.
- allow cooler gas, affect observability of WHIM (missing baryons)

- affect measurements of cosmological parameter Sq
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cool, diffuse IGM pressure

—— LR

Diffuse I GM

Gallaraga-
Espinosa+ 21
[ustrisTNG -
simulations
with no CRs




cool, diffuse IGM pressure
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VHE-(U)HECRSs can be energetically important vs cool, diffuse IGM!



cool, diffuse IGM pressure
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VHE-(U)HECRSs can be energetically important vs cool, diffuse IGM!
- affect gas accretion onto filaments, star/structure formation
- relation to observed “anomalies” (excess heating, T inversion, etc)
-> potential constraints from existing data 9



potential dependence on pevatron identity
m1cr0quasars HMXB vs LMXB difference 1n t evolution
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summary

- TeV-PeV CRs vs GeV CRs: energetically minor in MW disk,
but possibly not so minor at outer CGM and beyond
- TeV CRs can reach the WHIM and be energetically important
-> potential effect on gas accretion onto halos,
WHIM observability, S8 measurement
- TeV-PeV CRs can reach cool diffuse IGM and be
energetically important
-> potential effect on gas accretion onto filaments,
relevance for observed Lya forest anomalies
- potential dependence on nature of source
Identifying pevatrons may also be important for
understanding IGM evolution!
(- observational tests: challenging)
c.f. PeV y has some advantages for MW CGCRs,
see SI et al. ICRC 2025; 1n prep. 11



