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▸ location of the emission region 

▸ jet composition 

▸ acceleration of particles  

▸ radiative processes

OPEN QUESTIONS

somewhere between 10

13
and 10

16
cm

baryonic vsmagnetic dominated

shocks vsmagnetic reconnection



SYNCHROTRON-LIKE SPECTRA 
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SYNCHROTRON SPECTRA IN FAST COOLING REGIME
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SYNCHROTRON LINE OF DEATH

2nd Fermi catalog

�3/2

most prompt spectra, in the 
literature, are not consistent with 

fast cooling synchrotron spectrum
↵ ⇠ �1 � ⇠ �2.5

typical GRB spectrum 
 above ~ 10 keV



SWIFT/XRT 

0.5-10 keV

 SWIFT/BAT 

15-150 keV
+

       Fermi/GBM 

      8 keV-1 MeV
+

EXTEND THE STUDY OF PROMPT EMISSION SPECTRA DOWN TO LOWER ENERGIES

MOTIVATION



XRT + BAT + GBM SAMPLE   14 GRBs with 128 TIME-RESOLVED SPECTRA 

Light curve examples

Swift/XRT 
observations 
during  
the prompt! XRTBAT

GBM



SWIFT/XRT 

0.5-10 keV

 SWIFT/BAT 

15-150 keV
+

       Fermi/GBM 

      8 keV-40 MeV
+

cooling frequency?

Ebreak
mean values are in agreement with 
synchrotron spectrum



                                   DISTRIBUTION OF PEAK/BREAK ENERGIES

Epeak/Ebreak ⇠ 30

A spectral break is found for 67% of time-resolved spectra

hEbreaki = 4.3 keV

hEpeaki = 126 keV

⌫
F
⌫

Ebreak Epeak



                                   MAIN FINDINGS OF THE TIME-RESOLVED SPECTROSCOPY

- A spectral break at soft X-rays is found for 67% time-resolved spectra 

- Photon indices are consistent with synchrotron radiation scenario  

- The typical ratio  is                        . This regime has been considered before ('moderately fast 
cooling') 

- We gave the first time observational evidence in support of this scenario 

Epeak

Ebreak
⇠ 30

Oganesyan, G., Nava, L., Ghirlanda, G., & Celotti, A. 2017, ApJ, 846, 137



THE MICROPHYSICAL PARAMETERS OF MARGINALLY FAST COOLING SYNCHROTRON  
REGIME

⌫c ⇠ ⌫m

B ⇠ 10 G

R � 3⇥ 1016 cm

�m ⇠ 105

large bulk Lorentz factors

weak magnetic fields

large radii (excludes wind-like solutions for the ISM)

only small fraction of electrons should be accelerated

� � 300

Beniamini & Piran (2013)F. Daigne et al (2011)Kumar & McMahon (2008)



               TOWARDS LARGER SAMPLE OF PROMPT EMISSION WITH XRT OBSERVATIONS

- 34 GRBs with XRT+BAT(+GBM) observations  

- "Time-averaged" spectral analysis in the available joint time-slices 

- Search for the breaks 

- When do we observe the breaks? 

Oganesyan, G., Nava, L., Ghirlanda, G., & Celotti, A. 2018, A&A (in press)



Results are confirmed in a larger sample 

               TOWARDS BIGGER SAMPLE OF PROMPT EMISSION WITH XRT OBSERVATIONS

Tested models



                           Why spectra without break have typical shape -1 ? 

Is this a real shape or it is a bias due to the lack of low-energy observations?

               TOWARDS BIGGER SAMPLE OF PROMPT EMISSION WITH XRT OBSERVATIONS



MAIN FINDINGS OF THE "TIME-AVERAGED" SPECTRAL ANALYSIS

- Confirmation of the breaks in more than 50% prompt emission spectra 

- No significant  difference between properties of spectra with/without breaks 

- Best fit parameters of spectra without X-ray data are consistent with previous studies 

Oganesyan, G., Nava, L., Ghirlanda, G., & Celotti, A. 2018, A&A (in press)



               BRIGHT FERMI GRB 160625B

Ravasio M. E., Oganesyan G., Ghirlanda G., Nava L. et al., A&A, 613, A16,11

Ebreak

Epeak



               BRIGHT FERMI GRB 160625B

TIME-RESOLVED ANALYSIS

DISTRIBUTION OF PHOTON INDICES

� ↵2 ↵1

SYNCHROTRON



             COMPETING MODELS

SYNCHROTRON-BASED

ALTERNATIVES

- inverse Compton in Klein-Nishina regime (Nakar et al. 2009,  Daigne et al. 2011) 

- marginally fast cooling synchrotron (Kumar & McMahon 2008, Daigne et al. 2011, Beniamini & Piran 2013) 

- anisotropic magnetic field (Uhm & Zhang 2014) 

- anisotropic pitch angles (Medvedev 2000)

- Comptonization 

- Thermal components 



             WHAT TO DO AND HOW TO DISTINGUISH?

- Test of realistic synchrotron model  

- Optical prompt emission  

- Future wide-field X-ray missions (SVOM, THESEUS,ISS-TAO)

Nava L. et al.: The THESEUS contribution to GRB prompt emission



             PROMPT OPTICAL EMISSION 

                              
       
PROMPT OPTICAL DATA : 21 GRBS (OUT OF 34), 56 TIME-RESOLVED SPECTRA

                              
       
SYNCHROTRON FIT TO 0.5 KEV-40 MEV SPECTRA

                              
       
PREDICTION OF OPTICAL FLUX

                              
COMPARISON WITH OPTICAL OBSERVATIONS



             PROMPT OPTICAL EMISSION - CONSISTENCY

50% OF CASES



             PROMPT OPTICAL EMISSION - UNDER-PREDICTION

32% OF CASES



             PROMPT OPTICAL EMISSION - OVER-PREDICTION

18% OF CASES



             PROMPT OPTICAL EMISSION - BB COMPONENTS

OVER-PREDICTION



             SYNCHROTRON FITS - CONSTRAINS 



CONCLUSIONS AND FUTURE PERSPECTIVES

-  Presence of low-energy breaks in prompt emission spectra 

-  Marginally fast cooling synchrotron scenario is preferred 

-  Prompt optical emission is consistent in 50% of cases 

-  Strict constrains on the prompt emission region

If internal shocks, can the magnetic field be so low?  

Is magnetic reconnection a solution? 



Thank you!












