
The Transient Sky

MAXI, 2017-18



Transient Energy Release

•Release a lot of energy 
in small volume


•How do you get the 
radiation out?


• Time scales:


• Dynamical: 	 ~ r/v


• Relaxation: 	~ T1.5/n


• Radiation: 	 ~ E/L



Radiative efficiency

• Bremsstrahlung: 		 	 L ~ n2 T1/2	 ~ p2/T3/2	 	 	 tcool ~ T1/2/n ~ T3/2/p


• Synchrotron: 		 	 	 L ~ σ γmax2 NB2 ~ p2 	 	 	 tcool ~ 1/p


• IC: 		 	 	 	 	 	 L ~ σ γmax2 N Urad ~ P3	 	 	 tcool ~ 1/p2


• Blackbody:	 	 	 	 L ~ T4	 	 	 	 	 	 	 	 tcool ~ 1/T3


• Dynamics: 	 	 	 	 	 	 	 	 	 	 	 	 	 tdyn ~ r/v



Optical depth
• How long does it take for your radiation to escape?


• τ << 1:  	 	 	 tesc ~ r/c ~ tdyn


• τ >> 1:		 	 	 tesc ~ τ2 r/c  >> tdyn



Pair Creation and 
Compactness

γ

γ

e-
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Pandey+2017



Messy eatersBlack holes are messy eaters



Non-thermal spectra

Boettcher+’13
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Fig. 4.— Leptonic model fits to the 6 FSRQs in our sample. See table 2 for parameters.

Dotted = synchrotron; dashed = accretion disk; dot-dashed = SSC; dot-dash-dashed = EC
(disk); dot-dot-dashed = EC (BLR).



Synchrotron cooling



Radio Galaxy Spectra



Carilli & Barthel 1996



Full synchrotron spectrum: low-Γ
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Full synchrotron spectrum: high-Γ

log νlog γ

p=2

α=
2

α=(p-1)/2

α=(p-2)/2

α=1
/3

cooling

γm
in

self-abs



CMS / LHC



Shocks and Afterglows

NASA



Outflows and Ejecta

Badenes+2006
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GW170817

Dobie+2018

• Mildly relativistic


• Quasi-spherical


• Lower energy compared to short 
GRB afterglows



GRB120404

Guidorzi+2014



Cocoon formation



Chen+’18

Radio Lobes



• `

Chen+’18



Carilli+91



Ultra-High Energy Cosmic Rays

Auger Collaboration

Extragalactic, but no 
identification of sources



Ultra-High Energy Cosmic Rays

R. Engel, Auger Collaboration 2011

SLAC Summer Institute (SSI 2011), Jul 25-Aug 5, 2011Fred Sarazin (fsarazin@mines.edu)
Physics Department, Colorado School of Mines

PM Bauleo & JR Martino Nature 458, 847-851 (2009)

Ultra High Energy Cosmic Rays (UHECRs)
The Pierre Auger Observatory
Recent results
Summary

Hillas plot:

Astrophysical / accelerator sites?

• Maximum energy (energy loss not included)
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Are AGN the source?
The Astrophysical Journal, 751:108 (20pp), 2012 June 1 Ajello et al.
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Figure 5. Local (z = 0) LF of the Fermi FSRQs as derived from the best-fit LDDE model in Section 4.2 (solid line). The gray band represents the ±1 σ uncertainty
computed as described in the text. The long- and short-dashed lines show the LF models based on the EGRET blazars derived by Narumoto & Totani (2006) and Inoue
et al. (2010), respectively. The dash-dotted line shows the prediction from the model of Stecker & Venters (2011).
(A color version of this figure is available in the online journal.)
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Figure 6. LF of the Fermi FSRQs at redshift 1.0 as derived from the best-fit LDDE model in Section 4.2 (solid line). The gray band represents the ±1 σ uncertainty
computed with the method described in the text. The long-dashed and short-dashed lines show the LF models based on the EGRET blazars derived, respectively, by
Narumoto & Totani (2006) and Inoue et al. (2010). The dash-dotted line shows the prediction from the model of Stecker & Venters (2011).
(A color version of this figure is available in the online journal.)
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HE Jet Emission

Boettcher+’13
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Fig. 7.— Hadronic model fits to the 6 FSRQs in our sample. See table 3 for parameters.
Dotted = electron-synchrotron; dashed = accretion disk; dot-dashed = SSC; dot-dot-dashed

= proton-synchrotron.
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Fig. 4.— Leptonic model fits to the 6 FSRQs in our sample. See table 2 for parameters.

Dotted = synchrotron; dashed = accretion disk; dot-dashed = SSC; dot-dash-dashed = EC
(disk); dot-dot-dashed = EC (BLR).

Leptonic ?

Hadronic ?



Inverse Compton (again)

γ=10 γ=1.06



SSC

Lsynch / B(1+p)/2P
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Estimate B, P independently

Mrk 501, Konopelko+2003



EC

Zacharias+2005

Lsync / B(1+p)/2P �2+↵
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Estimate Γ



IceCube νs
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TeV Neutrinos

Waxman Bahcall bound

Extragalactic, but no 
identification of sources

Ahlers & Halzen, 2015


