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1. Context  

- Goal for the F-GFT :
 

Delivering a redshift estimation after 5 minutes of observation

- The study required the development of :

➢ (early) GRB afterglows light curves

➢ Modelling of various extinction processes: 
 Host galaxy extinction
 Inter Galactic Medium (especially Lyman transitions)
 Galactic extinction
 Earth atmosphere transmission

➢ modelling the F-GFT response and sensitivity given the optical 
design

➢ Photo-z algorithm



1. Context & F-GFT sensitivity  

➢ Primary mirror : 1m30

➢ Delay between alert 
reception and start of an 
observation: <25 sec.

➢ FoV : 26 arcmin

➢ 3 simultaneous bands: 
- Visible blue : g,r,i 
- Visible red : z,y
- NIR : J, H

➢ Saturation in ~ 30s in H

A Robotic Telescope with 
unique characteristics:

➢ Institutes involved : LAM, IRAP, CPPM, OHP, CEA, GEPI, UNAM 
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1. Context & F-GFT sensitivity  

Site : San Pedro Martir Observatory (Mexico)
A very nice astronomical site:

 Median seeing: about 0.8 arcsec.
 About 80% of observable night (60% 
photometric). 
 Located in a protected national park.

Very important efforts from UNAM 
to develop their site.



1. Context & F-GFT sensitivity  

F-GFT sensitivity (SNR=5) 

Gain of about 2.5 magnitudes in R in the early times !

Almost no early time observation in J so far –> new data for 
science ! 

With the foreseen sensitivity.
we can follow close to 100% of the GRBs detected so-far.



1. Empirical model based on Kann 2010 

2. GRB afterglows models : empirical model  

Credits : Kann 2010

Credits : Kann 2010

- Assume a power law both in time 
and frequency with constant slopes

- t0= 86s,         = effective frequency of Rc
- z0 = 1

- Redshift the SED at the desired z 

- Apply extinction on the redshifted 
SED 

- F0 and slopes drawn from distributions 



2. Synchrotron model

2. GRB afterglows models : empirical model  

- based on the prescriptions of 
Granot et Sari 2002  

- Parameters drawn from 
distributions made by D. Turpin (in 
prep)

- cf. presentation of Damien Turpin for 
more details



3. Simulated Light curves : J band 

2. GRB afterglows models : Samples of 300 GRBs  

➢  Empirical model ➢  Synchrotron model



1. Method 

3. Photo-z algorithm  

- Based spectral signature : Lyman-alpha and Lyman break

- Hypothesis : GRB spectra evolves as power laws in frequency and time

- Take into account absorption in Host Galaxy and IGM

- MCMC approach :
Input : GRB Spectral Energy Distribution 



2. Example

3. Photo-z algorithm  

GRB130606A : Z=5.91 GRB130215A : Z=0.60

Presence of spectral signature → tight constraint on z
No spectral signature → upper limit

MXT result can be used as a prior to better constrain beta
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3. Validation with observed GRBs

3. Photo-z algorithm  

     Photo-z vs z from literature (1 sigma) Relative deviation on Photo-z (1 sigma)

Algorithm succesfully tested on a 34 
observed GRBs sample.



➢ Single exposure of 30s

➢ 5 minutes of observations

➢ 5s dead time between observations 

➢ 3 different strategies :

           

4. Observational strategies  

Time 
(s)

Bands

0 g z J

35 r y H

70 i z J

... ... ... ...

Time
 (s)
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0 gri zy J
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... ... ... ...

Time 
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... ... … ...

Light Curve Sensitivity Real



1 : «Sensitivity» strategy at t0 + 6mins

4. Observational strategies  

     Empirical model Synchrotron model

➢ Not detected : 38 / 300 ➢ Not detected : 9 / 300



2 : « Multi-Wavelength Light curve » strategy at t0 + 6mins
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3 : « Real » strategy at t0 + 6mins

4. Observational strategies  

     Empirical model Synchrotron model

➢ Not detected : 38 / 300 ➢ Not detected : 9 / 300



3 : « Real » strategy at t0 + 6 hours 

4. Observational strategies  

➢ Not detected : 53 / 300

Synchrotron model



Conclusion
➢ F-GFT sensitivity allows to detect close to 100 % of the afterglows observed 

so far

➢ F-GFT will bring new NIR data for the early afterglow

➢ The Photo-z algorithm was successfully tested with observed afterglows

➢ Very good accurracy on the photometric redshift for 3 < z < 7.5, good 
accuracy for z > 7.5 and upper limits only for z<3

➢ Estimation of the amount of extinction in the Host Galaxy as well as spectral 
and temporal slopes

Future work 

➢ Will be tested on GRBs within the Golden Sample defined for the SVOM 
core program (F. Daigne, S. Antier)

➢ Can be used for defining other observationnal strategies (e.g. faint GRBs, 
short GRB)



Thank you !



Appendix



1. Common samples : z and Av

2. GRB afterglows models : Samples of 300 GRBs  



2. Empirical model samples 

2. GRB afterglows models : Samples of 300 GRBs  



3. Standard Synchrotron model samples 

2. GRB afterglows models : Samples of 300 GRBs  



1. Empirical model based on Kann 2010 

2. GRB afterglows models : empirical model  

Credits : Kann 2010

Credits : Kann 2010

- Assume a power law both in time 
and frequency with constant slopes

- t0= 86s,         = effective frequency of Rc
- F0 randomly drawn from Rc mag (Kann 2010)
- beta   = Gaussian (0.66,0.25)  (Kann 2010)
- alpha = Gaussian (1.2,0.6)    (arbitrary)
- z0 = 1

- Redshift the SED at the desired z : 

- Apply extinction on the redshifted 
SED 



3. Simulated Light curves : r band 

2. GRB afterglows models : Samples of 300 GRBs  

➢  Empirical model ➢  Synchrotron model



1) Example : GRB Light curve simulation  

3. Photo-z algorithm  

Attenuated by :

    

GRB afterglow simulated with Granot & Sari 2002 :
z = 5 ; E_iso = 1e53 ; eta=0.15 ; p=2.2 ; eps_b = 1e-4 ; eps_e = 0.1 ;  Y=0 ;
n0 = 1 (homegeneous ISM)

David Corre



1) Example : GRB Light curve simulation  

3. Photo-z algorithm  

Attenuated by :

    - dust in Host
     SMC (Av=0.2)

GRB afterglow simulated with Granot & Sari 2002 :
z = 5 ; E_iso = 1e53 ; eta=0.15 ; p=2.2 ; eps_b = 1e-4 ; eps_e = 0.1 ;  Y=0 ;
n0 = 1 (homegeneous ISM)

David Corre



1) Example : GRB Light curve simulation  

3. Photo-z algorithm  

Attenuated by :

    - dust in Host
     SMC (Av=0.2)

    - IGM

GRB afterglow simulated with Granot & Sari 2002 :
z = 5 ; E_iso = 1e53 ; eta=0.15 ; p=2.2 ; eps_b = 1e-4 ; eps_e = 0.1 ;  Y=0 ;
n0 = 1 (homegeneous ISM)

David Corre



1) Example : GRB Light curve simulation  

3. Photo-z algorithm  

Attenuated by :

    - dust in Host
     SMC (Av=0.2)

    - IGM

    - dust in MW
     (Av=0.1)

GRB afterglow simulated with Granot & Sari 2002 :
z = 5 ; E_iso = 1e53 ; eta=0.15 ; p=2.2 ; eps_b = 1e-4 ; eps_e = 0.1 ;  Y=0 ;
n0 = 1 (homegeneous ISM)

David Corre



1) Example : GRB Light curve simulation  

3. Photo-z algorithm  

Attenuated by :

    - dust in Host
     SMC (Av=0.2)

    - IGM

    - dust in MW
     (Av=0.1)

    - Earth atmosphere 

GRB afterglow simulated with Granot & Sari 2002 :
z = 5 ; E_iso = 1e53 ; eta=0.15 ; p=2.2 ; eps_b = 1e-4 ; eps_e = 0.1 ;  Y=0 ;
n0 = 1 (homegeneous ISM)

David Corre



1) Example : GRB Light curve simulation  

3. Photo-z algorithm  

Attenuated by :

    - dust in Host
     SMC (Av=0.2)

    - IGM

    - dust in MW
     (Av=0.1)

    - Earth atmosphere

    - Telescope   

GRB afterglow simulated with Granot & Sari 2002 :
z = 5 ; E_iso = 1e53 ; eta=0.15 ; p=2.2 ; eps_b = 1e-4 ; eps_e = 0.1 ;  Y=0 ;
n0 = 1 (homegeneous ISM)

David Corre



1) Example : GRB Light curve simulation 

3. Photo-z algorithm  

Attenuated by :

    - dust in Host
     SMC (Av=0.2)

    - IGM

    - dust in MW
     (Av=0.1)

    - Earth atmosphere

    - Telescope   

GRB afterglow simulated with Granot & Sari 2002 :
z = 5 ; E_iso = 1e53 ; eta=0.15 ; p=2.2 ; eps_b = 1e-4 ; eps_e = 0.1 ;  Y=0 ;
n0 = 1 (homegeneous ISM)

David Corre



1) Example : GRB Light curve with F-GFT sensitivity 

3. Photo-z algorithm  



1) Example : GRB Light curve with F-GFT sensitivity 

3. Photo-z algorithm  



1) Example : Extract SED at a give time 
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1) Example : Fit the SED with the Photo-z algorithm 
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1) Example : Photo-z algorithm output

3. Photo-z algorithm  
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