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ϑjet	  =	  5°	  for	  each	  GRB	  à	  ~	  260	  Orphans	  

OrientaEon	  &	  relaEvisEc	  beaming	  

During	  aLerglow	  Γ(t)~t-‐3/2	  	  	  
Start	  to	  see	  the	  emission	  when:	  	  
BEAMING	  =	  VIEWING	  ANGLE	  



1.  Gamma-‐Ray	  DARK	  parent	  populaEon	  of	  GRBs	  
2.  DominaEng	  in	  number	  >100-‐200	  X	  each	  GRB	  
3.  “Unavoidable’’	  if:	  GRB	  are	  relaEvisEc	  &	  jeAed	  	  

ORPHAN	  GRBs	  

The	  more	  off—axis	  …	  (a)	  the	  later	  the	  emission	  
peaks	  and	  (b)	  the	  dimmer	  the	  flux	  at	  peak	  



Orphan	  aLerglows	  searches	  as	  transients	  in	  (blind)	  surveys	  

Band	   Ref	   Results	  
X-‐ray	   Grindlay	  1999;	  Greiner	  et	  al.	  2000	   23	  candidates	  à	  flare	  stars	  

OpEcal/NIR	   Rau	  et	  al.	  2006	  (12	  deg2,	  R=23)	  	   4	  candidates	  à	  flare	  stars	  

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

3	  candidates	  à	  flare	  stars	  

Radio	   Levinson	  et	  al.	  2002	  (1.4	  GHz	  NVSS	  vs	  
FIRST,	  6000	  deg2)	  

9	  candidates	  à	  5	  false	  posiEve,	  2	  non	  
transients	  (Gal-‐Yam	  et	  al.	  2006)	  

No	  conclusive	  detecEon	  so	  far	  	  



How	  many	  Orphan	  GRBs	  in	  radio	  surveys	  ?	  

Frail	  et	  al.	  2012	  
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Past	  studies	  [e.g.	  Frail+12,	  Totani+02,	  
Rossi+08]	  …	  simplifying	  assumpEons	  
1)  Jet	  (e.g.	  unique	  value	  rather	  than	  

distribuEon	  
2)  ExtrapolaEon	  of	  bright	  GRB	  properEes	  	  
3)  No	  realisEc	  cosmological	  effects	  
4)  No	  full	  jet	  dynamics	  included	  
5)  No	  radiaEve	  evoluEon	  (and	  not	  

complete	  emission	  mechansims,	  e.g.	  
no	  SSC	  or	  IC)	  



	  PopulaEon	  	  
SYnthesis	  	  

Code	  	  
and	  	  

Hydrodynamic	  

Emission	  model	  	  

A.	  Canova	  (Louvre)	  

z,Ek,�0, ✓jet, ✓view

1.  Obs	  rate	  of	  GRBs	  
(SwiL,	  Fermi,	  Batse)	  

2.  Fluence	  distribuEons	  
3.  Ep-‐Eiso	  correlaEon	  

(rest	  frame)	  	  
4.  Ep,obs-‐fluence	  plane	  

Ghirlanda+2012,	  MNRAS;	  Ghirlanda+2013,	  MNRAS;	  
Ghirlanda+2014,PASA;	  	  Ghirlanda+2015,	  A&A	  

5.	  OpEcal	  	  
6.	  X-‐ray	  	  
7.	  Radio	  	  

n, ✏e, ✏B,p,k

Macro-‐physical	  param	  

Micro	  physical	  param	  

PSYCHE	   Predict	  the	  emission	  of	  the	  ENTIRE	  GRB	  populaEon	  (GRB+Orphans)	  

1.  Luminosity	  Fct	  +	  formaEon	  rate(z)	  
2.  Distrib	  (log-‐normal)	  Γ0	  and	  ϑjet	  
3.  Randomly	  oriented	  in	  the	  sky	  
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PSYCHE	  

Orphan	  GRB	  populaEon:	  DIM	  and	  
SLOW	  transients	  



Orphan	  GRBs	  

Simulated	  Orphan	  ALerglow	  populaEon	  consistent	  with	  current	  radio	  upper	  limits	  	  (from	  surveys)	  
and	  past	  esEmates	  limited	  to	  the	  bright	  end	  of	  the	  flux	  distribuEon	  (e.g.	  Frail	  et	  al.	  2012,	  
Panaitescu	  et	  al.	  2002;	  Rossi	  et	  al.	  2008)	  	  

PSYCHE	   RADIO:	  Ghirlanda	  et	  al.,2014	  
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Orphan	  ALerglows	  Emescales	  

Tdyn	  

Tpeak	  

T�= 1
✓view�✓jet

T�=1

1yr	  3yr	  

T(>Slim)	  

Average	  physical	  duraEon	  (Tdyn)	  =	  1yr	  
Same	  order	  of	  Eme	  of	  peak	  	  
(with	  respect	  to	  T0,	  i.e.	  unknown)	  	  

Survey	  sensiEvity	  à	  bias	  duraEon	  towards	  	  
lower	  values	  	  

Ts	  	  <<	  	  Tdyn	  ≤	  Tpeak	  
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Table 1 Detection rates of OA by future radio telescopes. For
each survey the observing frequency (col.2) and the 5σ sensitivity
limit (col.3) is reported. The rates (col.4) are derived from the flux
density distributions shown in Fig.??.

Telescope name ν Slim Rate
[GHz] [mJy] [deg−2 yr−1]

ASKAP 1.4 0.05 3× 10−3

MeerKAT/Ph1 1.4 0.009 10−1

MeerKAT/Ph2 8.4 0.006 3× 10−1

SKA/Ph1 1.4 0.001 6× 10−1

SKA/Ph2 1.4(8.4) 0.00015 1.5(2 × 10−1)
WSRT/AperTIF 1.4 0.05 3× 10−3

EVLA 8.4 0.005 3× 10−1

LOFAR 0.2 1.3 ...
MWA 0.2 1.1 ...
GMRT 0.6 0.1 10−5

GMRT 1.4 0.15 2× 10−4

Figure 5. Density contours (1,2 and 3σ as labelled) representing
the distribution of the flux (at 8.4GHz) of the OA population
versus the time when their light curve peaks. The 3σ upper limits
of the SNIb/c observed in the radio band by Soderberg et al. 2006
(green triangles) and by Bietenholz et al. 2013 (red triangles) are
shown.

Filled circles are the two detections at radio frequencies,
i.e. SN 2001em and SN 2003gk.

tectable as OAs). If SN Ib/c are GRBs oriented away
from the observer line of sight, they should be detected
at late times when the afterglow emission has deceler-
ated enough to encompass, with its beaming angle, the
observer viewing angle θview. Soderberg et al. (2006 -
S06) and Bietenholz et al. (2013 - B13) performed ra-
dio surveys of a sample of SN Ib/c, the putative pro-
genitors of long–duration GRBs. Since their combined
sample consists of 112 SN, according to the finding
of G13 we should expect that ∼0.34 SN Ib/c of their
sample can harbour a GRB jet, i.e. we would expect
no detection. They observed these SNæ at late times

(years after the explosion) at 8.4 GHz. S06 and B13 re-
port indeed upper limits on the late time radio flux of
the monitored sources with the exception of SN2001em
(see S06), and SN2003gk (see B13), which are in fact
detected. Nonetheless, further monitoring of these two
events in the radio band and through VLBI observa-
tions, excluded that they produced a relativistic jet.
We show in Fig.?? the upper limits on the 8.4 GHz
flux of the SN Ib/c observed by S06 and B13 which are
all consistent with the density contour of the distribu-
tion of the simulated population of OA. The 1, 2, and
3σ contours represent the boundary containing respec-
tively 68.2%, 95.4%, and 99.7% of the points distribu-
tion in the plane Fpeak – tpeak.

6 Summary and Discussion

Orphan afterglows are GRBs whose emission is de-
tectable only during the afterglow phase (at opti-
cal/NIR and radio frequencies). Their prompt γ–ray
emission is unobservable because the viewing angle θview
is larger than the jet opening angle θjet (off–axis GRBs).
In these events the afterglow emission becomes observ-
able when the bulk Lorentz factor, which is decreasing
during the afterglow phase, becomes Γ ∼ 1/θview. After
this time, which represents the peak of the OA light
curve, the emission is similar to that for an observer
within the jet opening angle.
OA make up a majority of the population of GRBs.

However, none have been observed so far, do to their
lack of a prompt emission trigger. Their detection is
possible as transients in deep/wide field surveys. How-
ever, so far no detection of OA has been confirmed by
searches in archival optical/radio observations. In cur-
rent and future surveys OA might represent a consider-
able fraction of detected transients.
In this paper we have used the results of a population

synthesis code for GRBs (G13) that simulates the en-
tire population of GRBs including off-axis events and is
anchored to reproduce some observational constraints
of the population of GRBs detected Fermi and CGRO
with particular emphasis on the constraints given by the
BAT6 complete Swift sample (Salvaterra et al. 2012).
We have explored the properties of the population

of off–axis GRBs (see Fig.?? - black symbols) in terms
of their radio emission. We have computed the radio
flux density of the OA population (representing ∼97%
of the entire GRB simulated population) at the time
when the OA light curve reaches its peak (Fig.??) which
is of the order of few years after the prompt trigger.
However, the lack of any prompt emission (i.e. γ–ray
trigger) in OA, requires to compute the timescale of
their duration which, given the typical rise/decay long–
term evolution of the afterglow flux, can be of the same
order of the peak time. This suggest that OA in the
radio band should be slow transients.

PASA (2014)
doi:10.1017/pas.2014.xxx

Orphan	  GRBs:	  predicted	  detecEon	  rates	  
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PSYCHE	  

Rate	  for	  a	  given	  sensiEvity	  
limit	  at	  5σ	  significance	  

Number	  of	  OA	  [yr-‐1]	  ~	  Rate	  x	  Survey	  Coverage	  x	  Ts	  

~150	  MHz	  (LOFAR,	  
MWA)	  

LOFAR/MWA	   1500	  deg2	  @	  0.12	  mJy	  (rms)	   No	  Orphan	  	  

1.4	  GHz	  	   VAST-‐Wide	  
VAST-‐Deep-‐SF	  
SKA-‐1	  SURV	  

104	  deg2	  @	  0.5	  mJy	  
30	  deg2/d	  @	  0.05	  mJy	  
3x103	  deg2	  @	  0.9	  μJy	  

1-‐2	  yr-‐1	  
0.5	  yr-‐1	  
380	  yr-‐1	  

3	  GHz	   VLASS-‐AS	   34000	  deg2	  (2	  ep)	  0.12	  mJy	  
	  

20	  yr-‐1	  



Short	  Gamma	  Ray	  bursts	  (ßà	  GW)	  	  

PSYCHE	  extension	  to	  short	  
GRBs	  in	  progress	  …	  more	  
esEmates	  to	  come	  soon.	  
(GG+16,	  Salafia+2016)	  

Metzger+2015	  

Current	  predicEons	  for	  short	  
are	  obtained	  by	  rescaling	  long	  
GRBs	  by	  factors	  10-‐100	  	  	  



CompeEng	  transients	  

K.	  Mooley	  (PhD	  Thesis)	  

Metzger	  et	  al.	  2015	  

ExtragalacEc	  synchrotron	  radio	  transients	  

Four	  different	  source	  classes	  within	  two	  
decades	  of	  duraEon	  and	  four	  orders	  of	  
magnitude	  in	  luminosity	  



Time	  domain:	  
follow	  up	  could	  

help	  (but	  not	  alone)	  
to	  classify	  

ClassificaEon	  problem	  

Ghirlanda+2015	  

Metzger+2015	  

Spectral	  characterizaEon:	  	  
1)  OpEcal	  spectra	  (features)	  
2)  Broad	  band	  SED	  à	  mm	  and	  

radio	  peculiariEes	  
3)  If	  distance	  is	  known	  (e.g.	  

spectro-‐z)	  à	  energeEc	  
argument	  	  



Conclusions	  
Orphan	  ALerglows	  (OA):	  GRBs	  without	  Gamma-‐ray	  detected	  emission	  	  
•  Natural	  consequence	  of	  GRBs	  being	  jeAed-‐relaEvisiEc	  sources	  
•  Outnumber	  GRBs	  (i.e.	  OA	  =	  100-‐200	  x	  GRBs)	  	  	  

	  
GRBs	  and	  OA	  form	  a	  conEnuus	  populaEon	  (same	  progenitors,	  physics)	  
…	  only	  an	  orientaEon	  effect.	  
	  
PSYCHE	  à	  characterizing	  OA	  properEes:	  	  
•  Sub-‐mJy	  	  
•  slow	  (several	  months	  –	  years	  transients)	  	  

	  
OA	  detecEon	  in	  the	  radio:	  VAST-‐W	  (few)	  …	  VLASS	  (>few)	  	  …	  à	  SKA	  
SURV	  (hundreds)	  	  
	  
Combined	  temporal	  and	  spectral	  studies	  (e.g.	  SED)	  to	  idenEfy	  them	  
among	  compeEng	  extragalacEc	  transients	  


