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Plan 

• Shock breakout: new instruments and strategies 

• Where are the supernova missing a GRB? 

• Can we identify chocked jets? 

• A continuum in SN - relativistic SN - llGRBs - GRBs, and what are FBOTs? 

• Where are the companions?



How can we follow-up SBOs?

Instruments?  

Alerts? 

Strategies?



SOXS in a nutshell

RAB~20.5

•       Single-object

SOXS @ NTT/ESO 4m



Responsibilities
INAF           ~ 49% (CP, NIR-arm, integration, management, etc.)  

Wiezmann ~24% (UV-VIS arm optics and mechanics) 

QUB            ~8% (reduction pipeline, bought UV-VIS-CCD) 

FINCA         ~7% (Calibration Unit)  

MAS             ~6% (Acquisition camera) 

Tel Aviv University ~4% 

DAWN & Aarhus Univ. ~2% 

First light fall 2024 

Preliminary GTO/Delta call Spring 2025 

Official start GTO October 2025



Kulkarni’s comparison

 
https://arxiv.org/abs/2004.03511

Instrument efficiencies

https://arxiv.org/abs/2004.03511
https://arxiv.org/abs/2004.03511


Imaging & Acquisition camera
Preliminary ETC for the imaging with the SOXS acquisition camera

Performances comparable to EFOSC2, slightly worse in the blue-red filters, better in the 
reddest filters

Single exposure 1500s, 0d Moon, 1.2 airmass, 1’’ seeing, BB=5600K, mag_AB=24.5    

 
SOXS EFOSC2

V 4.2 10.0
g 4.1 9.8
r 6.2 10.0
i 5.7 6.1
z 4.0 3.1



SOXS vs. X-shooter
Four 900s exposures, 0d Moon, 1.2 airmass, 1’’ seeing, PWV=30 BB=5600K, Rmag_AB=21.5    
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SOXS GTO
➤ 180 n/yr for 5 yr 

➤ Bad weather shared with ESO 

➤ Time: 8.5 hr * 0.75 eff * 0.9 good *180 n/yr ~ 1000 hr/yr 

➤ SOXS GTO fully dedicated to Target of Opportunity 
observations for transient and variable sources, very limited 
time for long term monitoring of variable sources 



Operations
SOXS DUTIES 

- prepare the overall night schedule in advance  
- one scientist will remain on-call for problems and for 
changing the schedule in case of  unforeseen fast-
track events 

- remain on call in case of  (rare) instrument problems 
or more general problems 

- help ESO users in case of  need (helpdesk during 
working hours) 

- classify “classification targets” 
- light quality control



How can we optimise SBO (and other, 
e.g. FBOT) searches?



Relativistic SNe

• Long GRB collimation angle ~5-10o  

• 1/(1-cos ) ~ 65-260  

• For 1 long GRB we should expect 65-260 SNe for which we do not see the GRB 

• Where are these SNe?

θ

θ



Rates
Ho 2020 

1 GRB = 112 Ibc 

1 GRB = 75 Ic 

1 GRB = 16 Ic-BL

Are all Sn Ibc connected to GRBs?
Long GRBs are usually associated with SN Ic 

Only for (the SBO) XRF080109=SN2008D Ib-> Ic



Chocked jets

Piran et al.  2019 



Can we detect chocked jets?

v0=√2Ekin/Mej 

The black line shows the distribution for a 
spherical explosion of  a progenitor with a 
standard density profile ρ(r)∝(R* − r)3, 
where R* is the stellar radius. 

Ehud!



A continuum in the central engine powered SN population

Gagliano et al.  2022
Margutti  et al.  2014



Chen  et al.  2024

Companions?

Where are the signatures 

of a companion in all the other SNe?


