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A universal scaling for the energetics of relativistic jets
From black hole systems
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Extragalactic Jets: radiogalaxies and blazars
Lorentz factors I'~ 10-20

radio lobe (B), angular resolution of imaging atmosp
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Superluminal motions in extragalactic VLBA jets
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Isotropic irradiated y—ray energy vs redshift
(~400 GRB redshifts known)
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GRB jet ‘“artist concept”
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Blazars “spectral sequence”
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Blazars sequence: internal vs external photon fields
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A counterexample:

High power, high synchrotron peak blazars
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High power, high synchrotron peak blazars
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Hardness-Duration Classification
of GRBs

50 - 300 keV flux
10 - 50 keV flux

H =
Short/Hard
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Early Multiwavelength GRB Counterparts

-40

20+

: GRB 080319B :
I q s GRB 050904 !
I (z= 6.29) |
_35 | . (z= 1.6) A

(z = 0.937)

Most Luminous QSO Known -

SN ZOOGQyA

| \ | AI |

10° 10° 10
Time Since Explosion [day]

Bloom et al. 2008



Light Curves of GRB Supernovae at z< 0.3

=19

I
—
@

Bolometric magnitude
|
<

-16

I_I 1 1 1 1 I 1 1 1 1 I 1 IM'(ISéNII) |~IOI4IM@
03dh M(56Ni) ~ 0.3 Mo _
.l‘fti 12bz ]
| f: |
- ’ |
{ @ .. § .
o o° 1OPh ° 98bw_
o ¢ %
‘e _ |
B ’ oo 6 0, O6aj .
0 «
® ®0 1
° ¢
° 941 & 13dx 1
.0 * Melandri et al. 2014
Ll L |.| el vl ee 5 ] |D ?I’a etlaI|2015

—143.1

42.7

42.3

41.9

Time after SN explosion [rest—frame days]

log(L,,,) [erg s!]



Photospheric velocities of Type Ic Sne: high kinetic energy
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Properties of CC-Sne as f(M
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GRB energy output versus SN kinetic energy
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Hardness-Duration Classification
of GRBs

Four GRBs
H = 50 - 300 keV flux with duration
10 - 50 keV flux 4
Short/Hard >10% s
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Ultra- Iong GRBs
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Ultra-long GRB 111209A (z = 0.677) & its SN

7/-channel GROND@Z2.2m observations over 70 days
Added Swift/UVOT + publ. HST data (from Levan et al.

201 4) Days after Burst Trigger
10 100
18 T T T T L B l T T LI B B I B T T ]
B _ E ® U
- ¥ Afterglow  Z o g 100
- / 9 oor ]
i Har esi
20~ = , ‘2 Supernova ., |
2 5 e
RN £ SN2011kl ***-
) i ‘ ‘ L = ¢ 'g 2
g L DN\, 07 410 2
= [ MN o L ] =
B | " 3 1 8
om r joint fit ' i <
< | — — —r afterglow =
—-—-- supernova N e
e r host galaxy
u joint fit 11
24 S ) afterglow v
| FIRE u host galaxy gt N
L : i { «<— Host
26 1 1 1 1 | 1 1 | l ' 1 i 1 X 1 1 1 1 1 l‘\ 1 1
10° 10° 107 galaxy

Seconds after Burst Trigger

Greiner et al. 2015



Fy (ergem™2s~1 A1) - const.

10717}

10718}

SN 2011kl spectrum (z = 0.677)
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SN 2011kl light curve
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The missing link between GRBs
And SLSNe:

GRB111209A/SN2011kl: a very
luminous supernova associated with

an ultra-long GRB

A “compelling” case for magnetar?



Supernova light curves
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Isotropic irradiated y—ray energy vs redshift
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GRB111209A host: Low-extinction, highly star-forming, low Z
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Simulated and analytical radio emission of GRBs
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GRB110731A (z = 2.83) as a template to estimate TeV emission
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Conclusions and open problems

Analogies in relativistic jets on many scales, despite
difference in origin

High synchrotron blazars may have intrinsic differences
that allow only a subset of them to become really
extreme. Correlated X-ray and TeV variability may be
revealing in this sense

Are all GRB jets related to accretion on a promptly
formed BH or is magnetar a viable scenario?

As it was done with AGNs, can we unify GRBs and
supernovae based on their jet viewing angle?



