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SMC-LAT observations

Abdo et al. 2010
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Cosmic rays accelerated by SNRs

Cygnus Loop (0.5-10 GeV)

« Supernova explosions induce shocks
(SNRs)

« Cosmic rays are accelerated across
these shock fronts

« GeV Gamma-rays are produced by
Cosmic rays
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FHEEZERTHIER

m a rough equipartition of the
magnetic and cosmic ray (CR)
energy densities

m Only relatively recently have the
etfects of CRs have been
considered 1n the context of
galaxy formation

B CR —star formation connection
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Correlation between gamma-ray
and infrared luminosities
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Ackermann et al. 2012

Several nearby star-forming galaxies
detected

Gamma-ray and infrared luminosity
well correlated

Naturally expected if more CR energy
1s converted 1nto gamma-rays in motre
luminous galaxies



CR calorimeter?

m “calorimetry fraction limit”
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Best target: (ultra) luminous infrared galaxies

Lacki et al. 2011



GeV emission from LIRG NGC 2146

Tang, Wang & Tam 2014

A luminous infrared galaxy
— CR calorimeter ?
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using the 68 month Fermi data
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5.5 0 detection of gamma-ray
emission above 200 MeV
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Arp 220- the nearest ULIRG: must be
calorimeter!

A prototype of ULIRG: Lig=1.4*1012L_,,
D=78Mpc
n~10%cm-3

Possible AGN
SN rate: 4+-2/yr
L.ong predicted to be GeV sources

(c.g..Torres 2004; Lacki+ 2011; Yoast-Hull+2015)



Fermi observation- PASS 8

Peng, Wang et al. 2016, ApJL
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L.C and SED of Arp 220

Peng, Wang et al. 2016, ApJL
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Implication: the efficiency of
Poweriqg]g,g;alngg{ al. 2016, ApJL

®(GeV emission luminosity from CRs

Ler(>1GeV) = 3L, (>1GeV)(T — 1)3-]
®Cosmic Rays injection power (SN rate is known)

I o =4+-2 SN/yr
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LHAASO proposal: VHE observations of star-
forming/starburst galaxies

=

LHAASO Science: VHE observations of star-forming/starburst
galaxies

iu!, Qing-Wen Tang?
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Abstract

o Using NGC 2146 as a template (d=15Mpc), we estimate the VHE flux

assuming a stmple power-law extrapolation:
E*2 dN/dE =10"-13 TeV ecm™-2 s"-1 (E/1TeV)"-0.1

e Observe nearby star-forming and starburst galaxies within 20
Mpc (up to 100 TeV energies).



IceCube: diffuse PeV neutrinos detected

lceCube collaboration , 2014, 2015
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Galaxy cluster- radio relic

®m Do accretion or merger shocks

produce CRs?

- Radio observations have
shown that galaxy clusters
' arc glant reservolrs of CR

03

clectrons

n Dedination
-

MR | - Gamma-ray limit from
a Fermi on the average CR-
s ‘\\‘ L .
~ ' to-thermal energy ratio ot
‘ | . 4.6% for a photon index of
. 2.4 (Huber et al. 13).
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WSRT at 1.4 GHz image showing the north and
south radio relics. ROSAT X-ray emission is shown
by the red contours. (van Weeren et al. 2010)



MAGIC observation of the
Perseus cluster

- Perseus

I F min (€ >> €cvpTEsp)
with EBL absorption
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Conclusions

IACT DL K Fermi/LAT S48 2501 2 R i

SR LR
LHAASOM AT B2 2. EZE RN RE EE
= X (>10 TeV).

B2 [T ) A3 S5 248 35 Wt 90 7 Rl 45 A TR )

cosmological shocksH B 2 & Y.




