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•  1O2$/week$GRBs$(detected)$
•  99%$XOray$aWerglows$
•  70%$Op[cal/NIR$aWerglows$
•  30%$Radio$aWerglows$

[Chandra$&$Frail$2012]$

Gamma$Ray$Burst$



8.5GHz$

30%$RADIO$DETECTIONS$$
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Current$status$of$radio$observa5ons$of$GRBs$

3σ$upper$limits$

Detec[ons$

Sensi[vity$

limits$of$past$

facili[es$

Observing$

strategy$
Ghirlanda$et$al.$2013$

Sparse$observa[ons,$star[ng$early$[mes$(<1d),$different$

frequencies,$not$repeated$if$$UL$$



nism$=$10$cm:3$

p$=$2.2$$$$$εe$=$0.1$$$$εB$=$0.01$$
$

Ek$=$1053$erg$$$$$$$
Γ0$=$200$
Jet$=$5°$$$$view$on$axis$

8.5GHz$

$The$5p$of$the$icerbeg$of$the$$GRB$popula5on$

Ek$=$1054$erg$

Berger+2003, Granot & van der 
Horst 2014!

8.5$GHz$

4.9$GHz$

Days$aWer$burst$



The$role$of$radio$GRB$observa[ons$

OBSERVATION$ PHYSICS$$

Scin[lla[on$ Dynamics$of$the$jet$$

(confirm$rela[vis[c)$

970508$…$$

Frail+1997$

Light$curve$flaoening$

(t~100d)$

(980703,000418$…)$

Transi[on$non$rela[vis[c$$

Test$jet$expansion$

Alterna[ves$

Frail+2004$

Berger+2005$

Calorimetry$$ Jet$true$energy$(collima[on$

indep.$energy$budget)$

ISM$structure$and$density$$

030329,$970508,$980703$

Frail+2005;$Van$der$Horst

+2005,2008$;Berger+2004$

Mul[wavelength$$ Shock$microOphysics$$ Taylor+2005$

Early$[me$monitoring$ Test$Reverse$Shock$ e.g.$130427$A$…$

Toma+2010;$Chandra+2012;$

Laskar$et$al.$2013,$Anderson$

et$al.$2014$$

Monitor$parent$SN$pop$&$

transi[onal$objects$

Constrain$GRB/SN$assoc.$ Berger+2003$

Soderberg+2006,2009$

Host$galaxy$ Access$the$obscured$SFR$$

Host$proper[es$$

Stanway+2010$

Hatsukade+2012$

Zauderer+2012$
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The$Square$Kilometer$Array$$

SA$=$64$13.5m$Meerkat$+$190$

15m$SKA1$[0.3O3GHz$…14GHz]$

AU$=$36$12.m$ASKAP$+$

60$15m$SKA1$with$PAF$

[0.6—1.6GHz$…]$

SKAOLOW$

250000$antennas$[50O300MHz]$

SKAOMID$



$Popula[on$$

SYnthesis$$

Code$$

and$$

Hydrodynamic$

Emission$model$$

A.)Canova)(Musee)du)Louvre))

z,Ek,�0, ✓jet, ✓view

1.  Obs$rate$of$GRBs$(SwiW,$

Fermi,$Batse)$

2.  Fluence$distribu[ons$

3.  EpOEiso$correla[on$(rest$

frame)$$

4.  Ep,obsOfluence$plane$

Ghirlanda+2012,$MNRAS$

Ghirlanda+2013,$MNRAS$

Ghirlanda+2014,$PASA$

Hyp:$$

1)$comoving$frame$clustering$[gg+12]$

2)$f(z)$[Hopkins$&$Beacom$06;$Li$08]$

3)$dP(ϑ
view

)$!$sin$

BAT6$(complete$sample$of$SwiW$

bursts$–$Salvaterra$et$al.$2012)$

5.$Op[cal$$

6.$XOray$$

7.$Radio$$

of$BAT6$(complete$

flux$limited$sample$

of$SwiW$burts)$

n, ✏e, ✏B,p,k
F
aWerglow$

(ν,t)$



Ghirlanda+2013!

8.4$GHz$(SKAOmid,$band$5)$

5$GHz$(SKAOmid,$band$4)$

1.4$GHz$(SKAOmid&surv,$band$3)$

200$MHz$(SKAOlow)$



SwiW$detected$pop$

SwiW$bright$

8.5GHz$flux$@$5$days$
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Ghirlanda+2013!



GRB calorimetry!
Trans Relativistic (late times) when Γ=1!

Prompt emission gives the 
isotropic equivalent proxy !

Ghirlanda+2013!

E
kin,true = E

iso

✓2/⌘

SKA-MID [band 5], 5σ!

!  true (collimation and beaming 
indep.) energy of GRBs !

! Probe microphysics !
! Probe SIM structure!
$



GRB$$$$$$$+$$$$$$$AMerglow$

ϑ
view

$>$ϑ
jet$

GRB$$$$$$$+$$$$$$$AMerglow$

Γ=1/ϑ
view$

ORPHAN$$$$$$$$AMerglow$

N
orph

⇠ 2

✓2
jet

N
GRB

ϑ
jet
$=$5°$for$each$GRB$!$~$260$Orphans$



Orphan$aWerglows$searches$as$transients$in$(blind)$surveys$

Band$ Ref$ Results$
XOray$ Grindlay$1999;$Greiner$et$al.$2000$ 23$!$flare$stars$

Op[cal/NIR$ Rau$et$al.$2006$(12$deg2,$R=23)$$ 4$!$flare$stars$

Malacrino$et$al.$2007$(490$deg2,$r=22.5)$

CFTHLS$
3$!$flare$stars$

Radio$ Levinson$et$al.$2002$(1.4$GHz$NVSS$vs$

FIRST,$6000$deg2)$

9$candidates$!$5$false$posi[ve,$2$non$

transients$(GalOYam$et$al.$2006)$



RADIO:$Orphan$flux$$

Ghirlanda$et$al.$2014$

Frail$et$al.$2012;$

Panaitescu+2001$



RADIO:$Predic[ons$"$!$Survey$(S
lim$
,$Ω,$ΔT,$…$)

$

ASKAP$(5σ)$0.05$mJy$

3x10O3$degO2$yrO1$$

SKA$(5σ)$0.001$mJy$

6x10O1$degO2$$yrO1$$

JVLA$(5σ)$0.05$mJy$

10O1$degO2$yrO1$$

VAST$0.16$mJy$

$

3x10O4$degO2$$yrO1$

LOFAR$(5σ)$1.3$mJy$

[MWA]$



Survey$flux$limit$(S
lim
)$!$[mescale$

T(>S
lim
)$



Survey$flux$limit$(S
lim
)$!$[mescale$

ASKAP$$

WSRT,$AperTIF]$
SKA$

JVLA$

~1$week$

cadence$

~1$month$$

cadence$

Ghirlanda$et$al.$2014,$PASA$$



Conclusions$

In the SKA era we will be able to!
✓  densely sample (>1GHz) the lightcurve of all GRB with a γ-ray 
trigger (radio obs strategy)!
✓  routinely perform calorimetry � estimate true energetics, 
independently constrain jet structure/evolution and shock 
efficiency!
✓  chase down the elusive orphan afterglow population 
(relatively slow transients)!
!
The performances that are key to GRB science are!
✓  flexible use of the different bands � �GRB large programs�!
✓  sensitivity of the higher ν bands!
✓  deep all-sky survey with cadence sensitive to slow transients!



When$and$Where?$ Peak$flux$vs$$

peak$[me$$

@$≠$ν$

Ghirlanda$et$al.$2013,$MNRAS,$435,$2543$GRBs)and)SKA)–)G.)Ghirlanda))



•  Needs ~$200 million AUD per year to 
run 

•  Full operations by 2025 – lifetime of 
50+ years 

An International Mega-Project 

•  20 countries  
•  $450m AUD current investment 
•  $3 billion AUD total cost 


