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Starburst galaxies

Star formation  SN explosions CRs (Ginzburg & Syrovatskii 1964)

EM consequence: e synchrotron  radio
e bremss, e IC, p0 decay  g

Info on CR from their radiative yield: g-rays
radio

«            «       star formation: SN rates



Model SED  CR properties

diffusion-loss equation for CRs

sourcelossresidencydiffusion
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

vs.

Up ~  230 eV cm-3

Ue ~   20 eV cm-3

B ~  100 mG

Up ~  1 eV cm-3

Ue ~   0.2 eV cm-3

B ~   5 mG

in SB nuclei 
nSN ~ 0.2 -1 yr-1

in MW @ Earth
nSN ~ 0.02 yr-1
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k = p/e energy density ratio
c = secondary/primary electron ratio
g1 = low energy cutoff

Radio emission CRe CRp
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… charge neutrality
of primary particles

… p/e ratios

qp = 2.2
qe from radio



Coulomb

bremsstrahlung

synchrotron + Compton

B = 100 mG
LIR = 1044 erg s-1

rSB = 200 pc
n = 100 cm-3

ne = 200 cm-3

Coulomb losses dominate @ LE
Synchro + Compton    «      @ HE

Electron Radiation Losses  g1  

Secondary/primary electron ratio

g1



… however, there is a correction 
PL to curved CRe spectrum 

lower equipartition values



 B can be lower by 2, UCR by 4 than in PL case



SN rate CRp



pionic channel

Mgas
~ const

nSN Mgas
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… SFR depends
on gas density
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Ackermann + 2012



Conclusion

SFGs : correlation between SFR (SN rate) and UCB

High SFR   high UCR M82, NGC 253: UCR = O(100) eV cm-3

MW, M31, M33:  UCR = O(1) eV cm-3

LMC, SMC: UCR = O(0.1) eV cm-3

Nearby gals: estimate UCR from SED 
solve loss-diffusion eqn (w. assumptions).

Distant gals: estimate UCR from electrons
radio synchrotron + p/e energy density ratio.

SFGs not proton calorimeters  CRp (unlike CRe) escape unscathed

Lg is SFR indicator (like radio, IR)


