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dust

❖ central role in ISM, star formation

❖ extinction curve (composition and size of dust grains)

❖ poorly known at cosmological distances

❖ GRBs - unique and powerful tools



GRBs as probes of dust @high z

❖ GRBs: energetic - observable to high redshifts

❖ usually bright X-ray and optical afterglows

❖ synchrotron nature - power-law or broken power-law 
dependance on frequency:

❖ deviation: attributed to absorption and scattering of light

❖ GRBs better suited for extinction studies than more 
complex spectra objects (e.g. quasars)



spectral energy distribution (SED)
❖ from optical to X-ray regime

❖ reveals material in the line of sight (LOS)

Schady



extinction curves
representative (average) extinction curves adopted:
❖ Milky Way (MW)

❖ Large Magellanic Cloud (LMC)

❖ Small Magellanic Cloud (SMC)

slope in UV

2175 Å bump in MW and LMC 

Pei 1992, Calzetti et al. 2000



SED modelling & previous studies
❖ NIR-UV (Galama & Wijers 2001, Stratta et al. 2004, Kann et al. 2006, 2010, 

Liang & Li 2010)
or
❖ NIR-UV + X-rays 

(Schady et al. 2007, 2010, 
Greiner et al. 2011)

why X-rays? fitting only NIR-UV: 
degeneracy between AV and spectral 
slope 

mostly low LOS extinction,
preferentially SMC-type dust

Mundell et al. 2007



❖ more extincted afterglows (Krühler et al. 2011, Zafar et al. 2012, 
Perley et al. 2013, Fynbo et al. 2014): some show 2175 Å bump

❖ complete BAT6 sample (Covino et al. 2013): 
~50% in low-extinction (AV<0.4 mag) and only ~13% 
heavily extincted (AV> 2mag) 

❖ most studies: photometric SEDs
❖ high quality data in NIR-X-ray key!

Schady



spectroscopic SEDs
Zafar et al. 2011: 

❖ 41 optical afterglow spectra (FORS@VLT)

❖ SEDs with 2175Å bump have AV> 1.0 mag
SMC-type dust have AV<0.65 mag 

❖ low detection rate of afterglows with LMC and MW-
type dust - observational bias



using X-shooter
❖ @VLT

❖ 3 spectroscopic arms:
UVB (~3000-5500Å)
VIS (~5500-10000Å)
NIR (~10000-25000Å)

❖ unique opportunity for a detailed extinction curve study



Our sample
❖ part of the X-shooter GRB GTO program

❖ ~60 GRB afterglows (2009-2014)

❖ reduction and calibration: version 2.0 of the X-shooter data reduction pipeline

❖ robust flux calibration (!) - requires multiwavelength photometric data

Our sample:

1. available multiwavelength photometric data around the epoch of the X-
shooter spectra

2. spectrum not contaminated by host galaxy or supernova emission

3. difference between flux calibrated spectrum and photometry less than 10% in 
all bands



GRBs in our sample
8 long, 1 short GRB

rest frame spectra, corrected for extinction in our Galaxy, rebined to 30-100 Å bins, 
Ly-alpha… 

Japelj et al. 2015



SED modelling

❖ X-shooter and photometric data

❖ Swift XRT data
to remove degeneracy between AV and 
spectral slope  βO (∆β=0.5 or free)

❖ extinction: Aλ=AV f(λ; RV,…)

❖ f= rest-frame extinction curve… 
MW, LMC, SMC (starburst inadequate)



three types of SED modelling

1. only X-shooter data

2. broadband SED: X-shooter + X-ray data

3. broadband SED: photometric + X-ray data



Japelj et al. 2015



Results of the X-shooter broadband modelling

❖ 0≲AV≲1.2
❖ most (6) SMC extinction curve, 2 LMC, 1 ? (low AV)



photometric broadband modelling
❖ similar results on AV and slope βO

Japelj et al. 2015



however:
❖ extinction curve: in most cases (7) not possible to favour 

one over the other from photometric + X-ray data

❖ poor resolution of multicolour photometry not sufficient 
to detect smooth features in SED that separate extinction 
curves

❖ X-shooter fit alone (without X-ray data): not good

❖ secure fit requires broader SED



2175 Å bump
❖ 6 SMC, 2 LMC, 1 ?

❖ low AV in our sample

❖ 1 event with 2175Å bump

❖ LMC overpredicts it

❖ average extinction curves

Japelj et al. 2015



AV and NH,X vs. redshift

Japelj et al. 2015



Conclusions

X-shooter spectra can be successfully used for detailed 
SED analysis to constrain extinction curves and study 

properties of dust throughout the Universe.



Thank you!


