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“Ask not what you can do for CRs,
ask what CRs can do for you!” (after JFK)
© SI, MACROS workshop, Paris, Nov. 2013 2
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1. Introduction:

Large scale structure (galaxy) formation
and CR feedback



galaxy formation in dark matter halgs

gas 1n dark matter overdensity

-> collapse™ + virialization

-> shock heating + fast cooling

-> star formation + stellar feedback
-> pressure-supported hot halo

-> slow cooling + N E
infall onto disk A R ’ R
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cosmic ray feedback in galaxy formation
potential roles
- pressure relative to gas
- limited cooling
- enhancement in adiabatic expansion per/pg,sXp"-
- heating -> 1onization
- collisional
- MHD wave generation -> damping
potential environments
- galactic winds: drive or assist
- galaxy halos (circumgalactic medium): regulate gas infall
- group/cluster cool cores
- warm-hot intergalactic medium




galaxy formation simulations with CR feedback
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galaxy formation simulations with CR feedback

5 I Lacki+11 models .I Dwarf < Starb:lrst [  Observations A Lx Galaxy === (Calorimetric >
1072F © Observations A  Lx Galaxy ® Dwarf ¥ Starburst P o
411 7
10 o
7’
e
ofy O
_________ &, 7
: 104} il
S
g i 7 A
i
5-4) 1039 | g
q (g /, —
~ ;q i
- ot
— 3¢ LI
1038 ! 7
-
I’, [:
1037 gt MHD
, M
&  Advection g/g—g;ming ’ _€t¢ 4  Advection ASchaming
& k=3e27 MHD #3098 & r=3e27 A MHD x=3e28
K=3¢28 MHD r=3c28 - *  1=3c28 MHD r=3e28
; k=3629 Streaming 103() 5 K=3e29 Streaming
10_ k A A ‘_ ‘_ 1_ 1 1
1073 102 10T 100 1073 1072 107! 107 10
2 /
S/l Chan+ 19 FIRE ~ SFR Mo/v]

- parameters selected to match various observations, including
Fermi observations of star forming galaxies

BUT

observational constraints insufficient!
- more detailed results vs observations emerging e.g. Hopkins+ 22
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cosmic ray feedback in galaxy formation

goals for observations

- prove existence of CRs where lacking: CGM, etc

- clarity CR spatial and spectral distribution ncg(E 1)

- prove non-negligible pcr/pg,s -> broadband info required




2. PeV yrays and circumgalactic gas clouds:
Indications of CRs in the Milky Way halo

SI, Tsuji, Kawata, Mizuno, Nagashima, in prep.

CORRILGEHFICHL TRRALET DT,
EOMELBUSBRENWELET,




3. Ultra-High-Energy CRs:
Potential effects on the cool, diffuse IGM

Preliminary studies (thoughts)



cosmic web: warm-hot vs cool, diffuse IGM

- sizable mass fraction,
dominant volume fraction of universe
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UHECRS. magnetlc horizon propagation (diffusion) time
T, H 1 in intergalactic magnetic field

(IGMF)
> age of universe
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(UOHECRS vs
diffuse, cool IGM

Energies and rates of the cosmic-ray particles
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Lya forest: probe of feedback, cosmology
AGN feedback Burkhart+ 22  warm dark matter ~ Villasefior+ 22

Time after the Big Bang [Gyr]
1.2 2.0 4.0 8.0 12.0

Column Density (log M, /kpc?) Temperature (log K)

;. ’ A : { IR
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Redshift z

UV background e.g. Faucher-Giguere 20
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-0l
o
0

prse M kpo™]
c.f. evidence of extra heating? Bolton+ 22

(U)HECRs very likely exist in these regions: consideration warranted! ¢
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