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Figure 9. Comparison of the evolution of the blackbody temper-
ature inferred from SED fitting.

Figure 10. Comparison of the evolution of the helium-to-
hydrogen line ratio inferred from spectral fitting. The x-axis shows
the time elapsed since peak (t0) for iPTF16axa, PTF09ge, and
PS1-10jh and time elapsed since discovery for the ASASSN TDEs.

tent with t−5/3. It is also interesting that, based on our
blackbody fit, all of these TDEs except iPTF16fnl are
confined to a small range of luminosities, with the peak
luminosities ranging from log(L [erg s−1] = 43.2− 44.2.
We must caution, however, that a substantial fraction of
the total radiated energy, especially if originally emitted
at FUV and EUV wavelengths, may be missing in our
observations, as was demonstrated by van Velzen et al.
(2016a) in the case of PTF09ge based on infrared light

echo observations.

Figure 11. Comparison of the evolution of the integrated UV-
optical luminosity inferred from SED fitting. The y-axis on the
right hand side is the mass accretion rate assuming an efficiency
of 0.1. The x-axis shows the time elapsed since peak (t0) for
iPTF16axa, PTF09ge, and PS1-10jh and the time elapsed since
discovery for the ASASSN TDEs.

6.5. Photospheric Radius

Fig. 12 shows the evolution of blackbody radius for
iPTF16axa and other optically bright TDEs. The
blackbody radius of iPTF16axa decreased steadily from
4×1014 cm to 2×1014 cm as the luminosity decreases
with time. The blackbody radius of PS1-10jh is derived
assuming a t−5/3 decay in luminosity and constant tem-
perature. Since the tidal radius is weakly dependent on

the black hole mass (RT ∝ M1/3
BH), Fig. 12 shows that

the derived radii are at least 10 times farther away from
the RT for all the TDEs.
Due to the non-varying temperature evolution of TDE

emission, the photospheric radius must decline at late
times in order to match the fading light curve. The
physical meaning of this decline remains unclear. One
explanation is that the density of the optically emitting
gas drops over time, allowing the observer to see emis-
sion emitted from increasingly deeper regions, even if the
gas is continuously outflowing (Strubbe & Murray 2015).
Another possibility is that the optically emitting gas is in
fact moving closer to the BH over time. Such migration,
in the context of emission from stream circularization,
has been recently modeled by Bonnerot et al. (2017),
and is indicated by the black dotted line in Fig. 12.
The Bonnerot et al. (2017) model assumes a black hole

mass of 106 M⊙ and a penetration factor β = 1, which
is defined as the ratio of the pericenter of the star to the
tidal radius. In their model, the stream loses energy by
self-crossing shocks and magnetic stresses. The magnetic
stresses efficiency in the model is defined as vA/vc=0.06,
where vA is the Alfven velocity and vc is the circular
velocity. The location of the first stream-stream inter-
section RI can be expressed in terms of the Rs as (Jiang
et al. 2016)
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Rates of GRBs and TDEs in the reach of LSST	
a)  Long GRBs	
b)  Short GRBs	
c)  TDE (population + dynamics + emission regimes) 	

population + emission components	

Scientific objectives of the project	

JETs: 	
a)  Measurements of ϑjet in long and short GRBs	
b)  Probing the structure of jets in GRBs 	
c)  Constraints on jetted TDE (jet origin and accel.)	

Progenitors/Engine: 	
a)  Long GRB-SN connection	
b)  Short GRB progenitors (macronova, pre/post-merger 

dynamics)	
c)  Fall back / accretion / debris dynamics (TDE and GRB)	
d)  Dormant SMBH census from TDE	
e)  TDE from NS 	

Hosts/Environment:	
a)  Long/short GRB closest “pristine” environ (off-axis)	
b)  Large host samples 	
c)  Circum BH environ 	
d)  BH (from IM to SM) mass function	
e)  TDE role in AGN-BH growth	
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Strategies	
1.  Classification:	

a)  Spectroscopy	
b)  Light curve	
c)  Diagnostic tools	

2.  MW follow up	
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Topics	 Coordinator	 Participants	 Activities	

Preparatory	
( < 2019 )	

Rates	 G. Ghirlanda	

O. Salafia, D. Mainetti	
R. Salvaterra, G. Lodato, M. 
Colpi, E. Rossi, G. Ghisellini, 
A. Franchini, A. Pescalli, L. 
Nava, M. Colpi, M. G. 
Bernardini, T. Sbarrato	

Populations	

Long 	

Short 	

TDE 	

Strategy	
Classific.	 S. Campana	

D. Mainetti, O. Salafia	
S. Covino, M. C. Baglio, G. 
Oganeysan, V. D’Elia, I. 
Donnarumma	

Spectroscopy (different 
phases) + phtometry, definition 
of diagnostic tools	

Follow up	 P. D’Avanzo	
A. Melandri	

S. Campana, G. Tagliaferri, S. 
Covino, G. Oganesyan	

MW follow up strategy with 
other facilities 	

Observations	 LSST	 S. Campana	
G. Ghirlanda	

A. Melandri, P. D’Avanzo, D. 
Mainetti, O. Salafia, S. 
Covino, V. D’Elia, G. 
Tagliaferri, R. Salvaterra	

Data analysis (shortest 
cadence) + follow up (early 
spectroscopy + MW follow up)	

Jets	
Structure 	
Distribution	
Jet formation 	

O. Salafia	 G. Ghirlanda, G. Ghisellini, L. 
Nava, E. Rossi	

Light curve modelling (short!)	
Population rates (on-off axis)	

Progenitors/
Engine	

GRB-SN	
Mergers/mass eject.	
Fall back/accretion	
IMBH-SMBH 	

A. Melandri	
D. Mainetti, O. Salafia, M. G. 
Bernardini, M. Colpi, G. 
Lodato, S. Covino	

Light curve modelling 	
Spectroscopy	
BH dynamics 	

Hosts/
Environments	

Pristine medium	
Host demography	
BH-TDE connection	

P. D’Avanzo	 S. Campana, R. Salvaterra, S. 
Covino, G. Tagliaferri	 Spectroscopy 	

Working Groups and Activities	PhD, PostDocs, Contracts	
Core Team	
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SOXS = Son Of X-Shooter (P.I. Campana). Expected 2019-2020	
0.35-1.75 μm 	
R~4500	
@NTT	
Goal: cont spect R=20.5 @ 10σ (1h) 	

Coordinator	 Participants	 Other Facilities	

High Energy to 
Very High Energy	 G. Ghirlanda	

O. Salafia, S. Campana, 	
M. G. Bernardini, A. 
Pescalli, L. Nava, S. 
Covino, F. Tavecchio	

Fermi, Swift_BAT, Magic, AGILE, 
Integral  	
CTA, SVOM	

X-ray 	 P. D’Avanzo	
A. Melandri, S. Campana, 
M. G. Bernardini, F. Coti 
Zelati, G. Tagliaferri	

Swift-XRT, XMM-Newton, 
Chandra	
IXPE	
eROSITA, Athena	

Optical	 S. Campana	
A. Melandri, D. Mainetti, 
S. Covino, V. D’Elia, R. 
Salvaterra, M. C. Baglio	

Swift-UVOT, ESO-NTT, TNG, 
VST, REM, VLT X-Shooter, NOT-
NTE, LBT	
SOXS (P.I. Campana) 	
JWST, e-ELT	

mm to Radio	 A. Melandri	 G. Ghirlanda, S. Covino	
I. Donnarumma	

VLA, EVN, VLBI(A), SRT, ALMA	
Pre-SKA, SKA	

Observations from other facilities 	

Future Facilities 	

GRB & TDE	

SOXS ! > 180 night per year for transients	



Data analysis necessary/foreseen, development and cadence	
GRB & TDE	
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Early classification 	
Catalogs	
Photo – z	
Brightness, position	
Diagnostic tools	
Cross match other facilities	
{Bayesian methods, automatic 
catalog queries, ML  etc.}	

Early (follow up) observations 
Spectroscopy + early photometry 	

Classification 	
Orphan GRB or TDE	

Periodic LSST data 
analysis	

Follow up MW 
observations 	

Follow up filling opt 
observations	

1 day	 2 days	 3 days	 months/years	

Interm. Res. Spectroscopy SOXS	

GRB: 50 yr-1 orphan Long + 25 orphan Short GRBs	
100-6000 yr-1 TDE 	
25 yr-1 Long GRBs + 5 yr-1 Short GRBs with HE	
10 – 600 yr-1 jetted TDEs 	

Phase	 Activity	 Needs	 HW	

Early ( < 2019 )	 Rates + Strategies	 2 Positions YR full time	 Workstation & upgrade	

> 2019 	 LSST data 
analysis	

2+2 Positions YR full time	

The core team consists of 4 units. 	
Expected needs for the project	



Rates of GRBs and TDEs in the reach of LSST	
a)  Long GRBs	
b)  Short GRBs	
c)  TDE (population + dynamics + emission regimes) 	

population + emission components	

Scientific objectives of the project	
Strategies	
1.  Classification:	

a)  Spectroscopy	
b)  Light curve	
c)  Diagnostic tools	

2.  MW follow up	

Pr
ep

ar
at

or
y 
	

(n
ow

 –
 2

01
9)
	

GRB & TDE	

DEVELOPMENT	

Long GRB population synthesis code with afterglow 
dynamics and emission (accounting for geometry and 
beaming) from the early to the NR phase. 	

Short GRB population synthesis code with afterglow 
dynamics and emission (accounting for geometry and 
beaming)  from  the  early  to  the  NR  phase  + 
Macronova component. 	

TDE population synthesis code with full dynamics of 
debris  and  evolution,  including  corona  and  stream 
stream  shock  interaction  and  cosmological  parent 
AGN.	

Mostly	done	
(GG+2010,	
2014)	

80%	
done	

20%	
done	

Short and long GRB low Bulk velocity jets	

Alternative channels (DBH and NS TDE events). 	

To	do	

To	do	

Simulation for early 
spectroscopy and 
follow up strategy	

Light curve templates 
and filling follow up 
(optical and MW)	

Optical and MW 
studies of existing 
populations in search 
of classification tools	

To	do	

To	do	

20%	
done	
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