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Photospheric emission in the 
prompt phase of GRBs

It has been known since the 
BATSE era that photospheric 
emission is important in some 
GRBs (Ghrilanda+03, Ryde 04). 

With Fermi a number of cases 
with sub-dominant photospheric 
components have also been 
observed (e.g., Guiriec+11, 
Axelsson+12, Guiriec+13). 

Fig. 4.—Blackbody fits to the time-resolved spectra of burst 2193. The spectra correspond to the following time bins (cf. Fig. 1): 1 (1.6–2.4 s), 3 (3.14–3.84 s), 5 (4.5–5.3 s), 7 (6.0–6.7 s), 10 (8.0–8.7 s), 15 (11.3–
11.9 s), 20 (14.6–15.2 s), 25 (18.0–18.8 s), 30 (21.6–22.9 s), and 42 (39.4–41 s).
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Figure 1. Time-resolved spectrum for the time bin 2.2–2.7 s after the GBM
trigger. The spectrum is best modelled using a blackbody (kT ∼ 100 keV)
and the Band function (Ep ∼ 1 MeV).

and therefore photospheric emission is inevitable. The question is
only how strong it is and if it is detectable. In 1986, both Paczyński
(1986) and Goodman (1986) suggested a strong contribution of
photospheric emission in GRB spectra. But these models were not
appealing since the observed spectra appeared purely non-thermal.
However, later it was envisaged that the photospheric component
can also be accompanied by non-thermal, optically thin emission
(Mészáros et al. 2002). Thus, the Band component in bursts like
GRB 110721A is typically interpreted as being produced by a non-
thermal radiation process taking place in a separate zone in the flow,
typically at large distances from the photosphere (Mészáros et al.
2002; however, see Section 5).

An important consequence of having identified the photosphere
in the burst spectrum is that the properties of the flow at the pho-
tosphere can be determined (Pe’er et al. 2007; Ryde et al. 2010;
Guiriec et al. 2011, 2012; Hascoët, Daigne & Mochkovitch 2013).
As the properties of the flow, e.g. the burst luminosity and baryon
loading, vary during the burst the observed properties of the photo-
sphere will also vary. For instance, a varying Lorentz factor, !, was

observed in GRB 090902B, for which the value of ! initially dou-
bled before decreasing (Ryde et al. 2010). Indeed, many models of
GRBs, such as the internal shock model (Hascoët et al. 2013), and
the magnetar model (Metzger 2010) predict time varying Lorentz
factors.

Likewise, the distance from the central engine to the nozzle of
the jet, r0, can vary (see e.g. Ryde et al. 2010 for GRB 090902B).
The radius r0 represents the position from where the thermalized
fireball starts expanding adiabatically such that the Lorentz factor
of the outflow increases linearly with radius, !(r) ∝ r. Generally, r0

is assumed to have a value between the last stable orbit around the
black hole (e.g. ∼106 cm for a 10 M⊙; Rees & Mészáros 1994) and
the size of the core of the Wolf–Rayet progenitor star of typically
109–10 cm (Thompson, Mészáros & Rees 2007). Large values of r0

are suggested to be a consequence of shear turbulence and oblique
shocks from the core environment that prevent an adiabatic expan-
sion and acceleration. This in turn also suggests that it is possible
that r0 can vary with time during a burst depending on the nature of
the energy dissipation during the passage of the jet through the star.

In this paper, the temporal study of the flow parameters of
GRB 110721A shows that they vary significantly over the burst
duration. We discuss the basic observational properties in Section 2
and present the model used in Section 3. The calculated properties
are presented and discussed in Section 4. Finally, we comment on
the non-thermal, Band, component in Section 5. Discussion and
conclusions are given in Sections 6 and 7, respectively.

2 BA S I C C O N S I D E R ATI O N S O F T H E
G A M M A - R AY O B S E RVAT I O N S

The Fermi Gamma-ray Space Telescope observations of
GRB 110721A are presented in Axelsson et al. (2012) and in
GCN12187 and GCN12188 (Tierney & von Kienlin 2011; Vasileiou
et al. 2011). The Band component had an initial peak energy of
record breaking 15 ± 2 MeV, and decayed later as a power law. In
contrast to this behaviour the temperature of the blackbody compo-
nent decayed as a broken power law (fig. 3 in Axelsson et al. 2012
and Fig. 2 below).

Figure 2. Left-hand panel: fraction of thermal flux to total flux, FBB/F. The ratio initially increases from approximately 1 to 10 per cent and then decreases.
The grey points correspond to the time resolution used in Axelsson et al. (2012). The solid (open) circles correspond to a significance of the thermal component
of !5σ (3σ ). Right-hand panel: blackbody component: its normalization, R (squares/blue), and its temperature (circles/black). While the temperature decays
as a broken power law, the R parameter increases as a single power law, without any obvious breaks.
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Dominant blackbody emission
Only a handful of GRBs are well 
described by a blackbody throughout 
the burst. 

Important since emission mechanism 
uniquely identified. 

None of these GRBs have afterglow 
observations and known redshifts. 

Fig. 4.—Blackbody fits to the time-resolved spectra of burst 2193. The spectra correspond to the following time bins (cf. Fig. 1): 1 (1.6–2.4 s), 3 (3.14–3.84 s), 5 (4.5–5.3 s), 7 (6.0–6.7 s), 10 (8.0–8.7 s), 15 (11.3–
11.9 s), 20 (14.6–15.2 s), 25 (18.0–18.8 s), 30 (21.6–22.9 s), and 42 (39.4–41 s).
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Fig. 5.—Same as Fig. 4 but for burst 3256, for time bins 0 (0–0.8 s), 1 (0.8–1.5 s), 2 (1.5–2.2 s), 3 (2.2–1.9 s), 4 (2.9–3.6 s), 5 (3.6–4.5 s), 6 (4.5–5.4 s), 7 (5.4–6.3 s), 9 (7.4–8.6 s), and 11 (9.9–11.3 s).

Fig. 6.—Same as Fig. 4 but for burst 4157, for time bins 0 (0.1–0.7 s), 1 (0.7–1.5 s), 2 (1.5–2.4 s), 3 (2.4–3.3 s), 4 (3.3–4.4 s), 5 (4.4–5.4 s), 6 (5.4–6.3 s), 7 (6.3–7.0 s), 9 (7.5–8.1 s), and 20 (18.6–20.1 s).
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A few BATSE bursts 
(Ryde 04)

GRB 100507, Fermi
(Ghirlanda+13)

Photosphere

Internal shocks External shocks



GRB 101219B
• Prompt emission triggered Fermi GBM and Swift BAT.  

• Afterglow observed in X-ray - optical by Swift, GROND & VLT. 
Redshift=0.55 (Sparre+11). 

• Blackbody component reported in the early afterglow (Starling+12). 

• Associated with SN 2010ma, a broad line Ic supernova (Sparre
+11,Olivares+15). A search for thermal X-rays in GRBs – I. 2957

Figure 3. On the left-hand side we show the unfolded time-averaged WT-mode spectra of GRBs 101219B, 081007, 100418A and 120422A, and the post-flare
spectrum of 060729, with the best-fitting absorbed BB+PL model with fixed NH,int overlaid as dotted lines. To the right-hand side of each spectrum we show
the 68/90/99 per cent confidence contour plots for two interesting parameters: BB temperature kT , against power-law photon index ! and kT against intrinsic
column density NH,int when that was free to vary.

C⃝ 2012 The Authors, MNRAS 427, 2950–2964
Monthly Notices of the Royal Astronomical Society C⃝ 2012 RAS
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Associated with SN 2010ma

The Astrophysical Journal Letters, 735:L24 (5pp), 2011 July 1 Sparre et al.

Figure 2. First-epoch spectrum, which was taken 11.6 hr after the burst, fitted
with a power law. Also shown are fluxes from imaging with GROND, Swift-
UVOT, and our own acquisition image. The GROND-fluxes were used to fix
the normalization of our spectrum. Regions dominated by atmospheric features
and instrumental artifacts are excluded from the plot and from the fit. In the fit
we excluded the NIR (λ > 11000 Å), due to a possible systematic error in the
offset between the flux-calibrated spectra in the VIS and in the NIR.
(A color version of this figure is available in the online journal.)

The observed slope is consistent with the X-ray power-law
slope measured by the Swift X-Ray Telescope (XRT), βX =
0.88 ± 0.09 (Evans et al. 2009).

Also shown in Figure 2 are the nearly simultaneous measure-
ments from GROND and those from Swift-UVOT (Kuin et al.
2010; P. Kuin 2011, private communication). A temporal decay
Fλ ∝ t−1 is adopted to correct for the (small) time difference.

From the X-ray and optical fluxes, we calculate the broadband
spectral index (βOX; see Jakobsson et al. 2004). We find
βOX = 1.02 ± 0.10, where the error arises from the uncertainty
in the spectral index reported in the XRT spectrum and from the
choice of the two wavelength points.

The fact that βX, βopt, and βOX are identical within their
uncertainties shows that not only the slopes but also the
normalizations of the optical and X-ray spectra are consistent,
hence both components belong to the same power-law segment.
This also indicates that little dust can be present along the line
of sight (see Section 3.4).

3.3. Detection of a Supernova

In Figure 3, spectra from all the three epochs are shown
together with the first-epoch power-law fit. GRB afterglows
have power-law spectra, which is seen in the first epoch (as
highlighted in Figure 2). This is clearly not what we observe at
later times; in the second-epoch spectrum, there is a prominent
bump at 7800 Å and an increase in flux from 5000 to 5500 Å.
The third-epoch spectrum also reveals a bump at ∼8400 Å.

We have overplotted on the second-epoch spectrum a com-
bination of the fading power-law afterglow (∼20 times dimmer
than in the first epoch) and the spectrum from SN 1998bw (eight
day past explosion and corrected for Galactic extinction; Patat
et al. 2001) redshifted to z = 0.55185. We scaled the flux of
SN 1998bw by a factor of 1.4 to match our observations from
5000 to 8000 Å. This reproduces fairly well both the bump and
the flux increase. Epoch 2 corresponds to 10.6 days in the rest
frame of the burst for which the SN 1998bw spectrum at 8 days
is the closest available match with sufficient wavelength cov-
erage. We note that SN 1998bw brightened by about 0.3 mag
between 8 and 10.6 days (Galama et al. 1998), hence the flux
level is consistent between the two events.

Figure 3. Three epochs of spectral observations. The second epoch is compared
with a faded afterglow component and the flux from SN 1998bw (eight days
after the explosion), multiplied by 1.4. In the third epoch the contributions from
the faded afterglow and possible host galaxies are ignored, and the observations
are compared to SN 1998bw alone. The flux of the first epoch has been divided
by 6 for presentation purposes. The NIR spectra are not shown, because of their
low signal-to-noise ratio in the second and the third epoch. Regions dominated
by atmospheric and instrumental features are removed from the plot. The spectra
are rebinned to a resolution of 0.8 Å.
(A color version of this figure is available in the online journal.)

For the third epoch, we overplotted a spectrum of SN 1998bw
at an epoch of 23 days after the burst in the rest frame. This
spectrum of SN 1998bw was chosen to best match the rest-
frame epoch for our spectral observations of GRB 101219B and
moved to z = 0.55185 with no additional flux scaling. The
data are again consistent with the presence of an SN similar to
SN 1998bw, although the possible contribution from residual
afterglow and from the host galaxy (see Section 3.4) limit the
scope of this comparison.

We emphasize that in making these comparisons we have
made very few assumptions and used few free parameters.
The redshift was fixed to that measured from the absorption
lines and the afterglow spectral slope is consistent with the
X-ray slope. The SN 1998bw spectra were chosen for epochs
dictated by our observations. We attribute the bluest part of the
second-epoch spectrum to the optical afterglow, since the SN is
unlikely to contribute substantially in this regime (due to UV
line blanketing; see, e.g., Mazzali et al. 2003). The afterglow is
thus 21 ± 1 times fainter than in the first epoch. The only free
parameter in the comparison with the epoch 2 spectrum is that
we scaled the spectrum of SN 1998bw up by 40% (consistent
with the time evolution of SN 1998bw).

The only plausible explanation for the nice match is that
an energetic SN was indeed associated with GRB 101219B.
We note that Olivares et al. (2011), using GROND, reported
photometric evidence for an SN component in their light curves
of GRB 101219B with an estimated redshift of z ≈ 0.4–0.7.
Following our discovery, the IAU dubbed this event SN 2010ma
(Sparre et al. 2011).

3.4. Dust Extinction and Host Galaxy Continuum

The fact that our power-law fit agrees with the first-epoch
spectrum all the way out to the bluest end, and even extrapolates
into the UVOT and XRT regimes (Figure 2), demonstrates that
this GRB suffered from negligible extinction. Adding an SMC-
like dust extinction when fitting the afterglow did not improve
the fit. To put an upper limit to the V-band absorption AV , we
fitted the normalization and the spectral slope to a model, where
AV was fixed to 0.1 mag. In the UVB part of our spectrum
this model gave a worse fit than the dust-free fit, and it also
did not match the UVOT points, so we conclude that AV < 0.1

3

(Sparre et al. 2011)

Olivares E. et al.: Multiwavelength analysis of three GRB-SNe

Table 3. Parameters of the AG component and goodness of the light-curve modelling.

GRB α1 tbreak [days] η α2 χ2/µ

081007 −0.66 ± 0.01 0.91 ± 0.05 15 fixed −1.40 ± 0.05 1.5
091127 −0.38 ± 0.01a 0.34 ± 0.01a 1.3 ± 0.1a −1.63 ± 0.02 1.4
101219B −1.01 ± 0.01 · · · · · · · · · 1.8

Notes. The primary power-law slope is α1. In case of a break in the light curve, a secondary slope α2 along with the break time tbreak and break
smoothness parameter η are introduced. The ratio χ2/µ is computed in the multiple-component fitting procedure, which includes AG plus SN
modelling. See Table 4 for the SN parameters. (a) Parameters were taken from the fitting of the full GROND r ′-band light curve by Filgas et al.
(2011) except α2, which was fitted by a single power law using the data presented in Fig. 2 only.

Table 4. Parameters of the SN component with respect to SN 1998bw templates.

SN GRB Stretch Luminosity ratio (k)a
factor (s) g ′ r ′ i ′ z ′

2008hw 081007 0.85 ± 0.11 < 0.90 0.80 ± 0.10 0.65 ± 0.08 0.69 ± 0.10
2009nz 091127 1.03 ± 0.04 < 1.21 1.15 ± 0.09 0.96 ± 0.14 0.73 ± 0.12
2010mab 101219B 0.76 ± 0.10 0.85 ± 0.17 1.78+0.08

− 0.17 1.36 ± 0.09 0.63 ± 0.09

Notes. (a) Luminosity ratios are all corrected for Galactic and host-galaxy extinction. The latter correction is taken from the AG SED fitting in
Sect. 3.2. (b) No host-galaxy contribution was assumed. See text for estimations including host emission.
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Fig. 3. Multicolour GROND light curves of GRB 101219B/SN
2010ma corrected for Galactic extinction. The symbol and line cod-
ing is the same as Fig. 1 as well as the vertical shift for clarity. The red
dashed line represents a model with an extra host-galaxy component.

cess 35 days after the burst in the r ′ band (dashed line in Fig.
3). The k value would decrease ∼ 14% in this case. Therefore,
the lower error in kr ′ was increased to match the 3σ lower limit
when assuming the brightest host component possible (Table 4).
We note that the k value for the z ′ band is smaller compared to
the bluer bands. Along with the differences in the SN luminos-
ity ratio among all bands, this indicates that the colours of SN
2010ma are different from those of SN 1998bw.

Fig. 4 shows the colour curves of the three SNe analysed
compared against the templates of SN 1998bw, where the bluer
emission of SN 2010ma is significant at early times.
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Fig. 4. Colour curves corrected for the total extinction of SNe 2008hw
(blue circles), 2009nz (purple squares), and 2010ma (gold diamonds)
after AG and host subtraction. Blue, purple, and gold solid lines are
computed from the templates of SN 1998bw at the redshifts of SNe
2008hw, 2009nz, and 2010ma, respectively.

3.2. Spectral energy distributions

Using the available X-ray data from the Swift/XRT, the
UV/optical data from the Swift/UVOT, and the optical/NIR data
from GROND, we constructed a single AG SED per event with
the main purpose of determining the extinction along the line
of sight through the host galaxy. The SED modelling was per-
formed similarly as in Greiner et al. (2011) and the results are
presented in Table 5.
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(Olivares et al. 2015)

SN “bump” observed by GROND

X-shooter spectrum

Broad-line type Ic SN.  Early peak time 
(10 d) and rather blue spectrum. Kinetic 
energy of explosion: 10±6 ╳1051 erg. 
(Olivares et al. 2015)



Prompt emission

T90 = 51.0 s

Fluence (10-1000 keV) = 
3.99±0.05·10-6 erg cm-2

Eɣ,iso = 3.4±0.2 ·1051 erg

No detection in Fermi BGO (200 keV 
- 40 MeV) or LAT (30 MeV - 300 GeV)

Black = Fermi GRB - SN
Gray = From Amati+08,09

Fermi GBM (8 keV - 1 MeV)

Swift BAT (15 -150 keV)



Spectral analysis
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Comparison with GBM catalog

Extremely hard α! Low Epeak,rest

The Astrophysical Journal Supplement Series, 211:12 (27pp), 2014 March Gruber et al.
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Figure 19. Distribution of the low-energy indices obtained from the GOOD P
spectral fits (a). The BEST parameter distribution (gray filled histogram) and its
constituents for the low-energy index is shown in (b).
(A color version of this figure is available in the online journal.)

The distributions for the time-averaged energy flux and pho-
ton flux are shown in Figures 10 and 11, respectively. The photon
and energy fluxes of the BEST sample have a median value of
around 2.4 photons cm−2 s−1, and 3 × 10−7 erg cm−2 s−1, re-
spectively in the 10–1000 keV band. When integrating over the
full GBM spectral band, 10 keV–40 MeV, the BEST energy
flux distribution broadens significantly, approximating a top hat
function with a small high-flux tail spanning about two orders
of magnitude. Note that the low-flux cutoff is due to both the
sensitivity of the instrument and the clear deviation from a three-
dimensional Euclidean distribution that is observed in a typical
log N–log S plot (von Kienlin et al. 2014). In any case, the flux
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Figure 20. Distribution of the high-energy indices obtained from the GOOD P
spectral fits (a). The BEST parameter distribution (gray filled histogram) and its
constituents for the high-energy index is shown in (b).
(A color version of this figure is available in the online journal.)

measurements with a more sensitive instrument will likely po-
sition the peak of the flux distribution at a lower flux value (see
also Gruber et al. 2012). Similarly in Figures 12 and 13, the
distributions for the BEST photon fluence and BEST energy
fluence are depicted. The plots for the photon fluence appear
to contain evidence of the duration bimodality of GRBs. While
there is a discriminant peak at ∼30 photons cm−2 there is also
a deviation from a log-normal distribution at smaller photon
fluence values. Fitting the photon fluence distribution in the
10–1000 keV band with a sum of two log-normal functions,
we find peak values of 31+91

−23 and 1.1+1.1
−0.6 photons cm−2, respec-

tively. Similarly, the distribution of the energy fluence in the
10–1000 keV band can also be fit by the sum of two log-normal

16
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Figure 28. (a) Erest
peak distribution of the P spectra fits from the BEST sample for long and short GRBs (light gray and dark gray filled histogram, respectively). (b)

Same as (a) but for Erest
break. (c) and (d) Distribution of Eiso and Liso of the fluence spectral fits from the BEST sample in the rest-frame energy band 1/(1 + z) keV to

10/(1 + z) MeV.

6.3. Comparing the F with the P Spectral Fits

When studying the two types of spectra in this catalog, it
is instructive to study the similarities and differences between
the resulting parameters (see Table 3). Plotted in Figure 30 are
the low-energy indices, high-energy indices, and Epeak energies
of the P spectra as a function of the corresponding parameters
from the F spectra. Most of the P spectral parameters correlate
with the F spectral parameters on the order of unity. There are
particular regions in each plot where outliers exist, and these
areas indicate that either the GRB spectrum is poorly sampled
or that significant spectral evolution exists in the F measurement
of the spectrum that skews the time-integrated spectral values.
Examples of the former case are when the low-energy index is
!−1.2 or the high-energy index is steeper than average ("−2).

It is common belief that Epeak is significantly larger at the peak
of the GRB, compared to the average Epeak. Figure 30(c), and
similar results found in Goldstein et al. (2012) and Nava et al.

(2011), seems to contradict this belief with marginal difference
between Epeak measured at the peak of the photon flux and Epeak
measured over the full duration of the burst.

However, time-resolved spectral analyses in the past have
shown (e.g., Kaneko et al. 2006; Lu et al. 2012 for BATSE and
GBM GRBs, respectively) that two different Epeak-evolution
patterns can (co-)exist in a single GRB:

1. Epeak can evolve from hard-to-soft and/or
2. Epeak shows a tracking behavior with respect to the photon

flux.

If a GRB evolves from hard-to-soft, the peak of the photon
flux does not necessarily correspond to the highest Epeak value
(see also Crider et al. 1999). Only when Epeak tracks the intensity
its highest value is indeed expected at the peak photon flux.

In addition, the time-averaged Epeak is also dependent on the
ratio of the peak photon flux versus the average photon flux of
the GRB. A larger ratio, i.e., a higher photon flux at the peak

21

Comparison with peak flux spectra in GBM catalog (Gruber et al. 2014). 



Blackbody fits
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The spectra are well described by Blackbody emission. But signal-to-noise 
is low. Can we rule out alternative scenarios?

Simulations show that obtaining such a hard α by chance if the true 
α=-0.67 (i.e. slow cooled synchrotron emission) is only 6 ·10-4. 



A pure blackbody?

0.1

1

10

100

1000

ke
V

2  (
Ph

ot
on

s c
m

−2
 s−

1  k
eV

−1
)

10 10020 50 200 500

1

0.5

2
R

at
io

Energy (keV)

Even in the case of no 
dissipation within the jet, the 
spectrum is expected to be 
broader than a BB due to 
geometric effects and time 
evolution. 

Model: Photospheric emission from a spherically 
symmetric wind. (Lundman+13). 

Estimate of broadening by comparing BB and Band function fits. The latter 
has a flux that is ~1.6 times higher (almost all the difference at high energies 
where there are only upper limits). 



Afterglow emission

Lack of a “jet-break” puts a limit on the opening angle of the jet of >17°

Light curve described by three 
power-law segments (F ∝ t-α):

α1 = 1.92 (±0.07)
α2 = 0.46 (+0.13/-0.22)
α3 = 0.74 (+0.13/-0.09)

tbr,1 = 4.1 (+1.3/-0.9) ks
tbr,2 = 58 (+57/-36) ks
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Kinetic energy and efficiency

Estimate the kinetic energy of the jet from the X-ray spectrum at the 
start of the normal decay phase (following Zhang+07, Racusin+11). 
 

Ek = 6.4±3.5 ·1052 erg  (Assuming εb = 0.01 and εe = 0.1)

Radiative efficiency η = Eɣ,iso/(Eɣ,iso + Ek) = 5±2 %

 



Connection between the BBs?

Fermi-GBM

Swift-XRT

Origin of the 2nd BB component? 

- High-latitude emission from the jet after the central engine has died? No.
- SN shock breakout? No (R~ 1013 cm too big, Starling+12)
- Breakout from a wind? Maybe. 
- Emission from a cocoon surrounding the jet? Maybe. 
- Late central-engine activity? Maybe. 

Swift-XRT

Fermi-GBM

R =

(

FBB

σT4

)1/2



Fireball parameters
Can calculate absolute values of fireball parameters (Peer et al.  2007) 
using observed blackbody properties and standard “fireball model”.

3±2×107 cm 4±2×109 cm 4±2×1011 cm
Acceleration radius Saturation radius Photospheric radius

Lorentz factor = 138±8

Results for first time interval

Main uncertainties lie in estimate of η and the possible contribution 
from non-thermal emission. 



Fireball parameters

Time evolution of Rphot Time evolution of Γ

Open symbols for XRT data: assuming only the BB 
component is prompt emission from the jet. 



Fireball parameters in other GRBs

The inferred r0 for GRB 101219B is close to the black hole.  

The full distribution has a larger mean r0 (and a large spread).  
- Assumptions of fireball model not valid?
- Evidence for the jet propagating through the progenitor star?

histograms of both Γ and r0 are close to Gaussian, we thus
conclude that selection effects are likely to be ruled out.

Our sample is not homogeneous, as we use data obtained by
two different instruments (Fermi and BATSE detector).
Furthermore, for the GRBs in our category (I) and (II) we
rely on analysis carried by various authors. Thus, there is a risk
of bias in the results. This risk does not exist for GRBs in our
category (III), as all the data is taken from the BATSE
instruments, and all the analysis was carried out by us. Our
category (III) GRBs constitute the largest fraction of GRBs in
our sample ( ~36 47 75%). When conducting a separate
analysis to the data in our category (III) GRBs only, we obtain
similar results to those obtained when analyzing the data in
categories (I) and (II) (see Figures 1 and 2), indicating that
selection bias, if any, does not significantly affect the results.

An additional source of uncertainty is the unknown value of
.Y 1, the ratio between energy released in the explosion and

the energy observed in γ-rays. As discussed above, the value
we chose here, Y = 2, is a realistic approximation, based on (1)
estimates from the literature; (2) the fact that the values of Γ
obtained using this value are consistent with measurements
based on other methods; and (3) the fact that a higher value
would imply, in some cases, values of r0 lower than the
gravitational radius, which is unphysical. Nonetheless, we
stress that because the derived values of both Γ and r0 depend
on Y, they are obviously sensitive to the uncertainty in the
value of this parameter.

4.2. How Ubiquitous is Thermal Emission in GRBs ?

The size of the sample considered in this work, 47 GRBs, is
a small fraction of the total number of GRBs observed to date.
All GRBs in our sample are characterized by a clearly detected,
significant thermal (Planck-like) component, which shows a
well defined, repetitive temporal behavior. We point out that a
necessary condition for performing this analysis is the ability to
carry out a time-resolved spectral analysis. This limits the
number of GRBs in which this analysis could be executed to
only those that show relatively long, smooth pulses, and in
addition are bright. Furthermore, we point out that the
traditional use of a “Band” function on its own in fitting the
data, excludes the possibility of identifying a thermal
component on top of a non-thermal one, as the “Band”
function is simply not capable of capturing a thermal peak,
where it exists. Thus, in order to obtain a reliable estimate of
the fraction of GRBs with a thermal component, a re-analysis
of the entire sample is needed. Recent works (Burgess
et al. 2014; Guiriec et al. 2015b) in which re-analysis of the
data was done indicate that tens of percent of bright GRBs may
show evidence for the existence of a distinct thermal
component. As shown in Table 1, GRBs that do show evidence
for a thermal component span a wide range of properties in
terms of fluxes, redshifts, and light curves, further supporting
the idea that they are ubiquitous.

Figure 2. Histograms of the mean values of rlog10 0( ) (left) and Glog10( ) (right). Blue is for the entire sample, while magenta is for GRBs in our category (III) (the
Ryde & Pe’er 2009) sample only, and green is for GRBs in our categories (I) and (II).

Figure 3. Derived values of the Lorentz factor, Γ (solid), and r0 (dashed lines),
as a function of the observed temperature and flux within a typical detectorʼs
capabilities. The lines, from top to bottom, represent different GRB fluxes:

- - - - - -10 , 10 , 10 , 10 erg cm s4 5 6 7 2 1 (blue, green, red, magenta, respectively).
Lines derived for =F F 1 2BB tot and z = 1. The stars show the location of the
extremum observed values of Γ, and the squares show the extremum observed
values of r0.
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Peer+15 Distribution of r0 for GRBs with 
thermal components collected from 
the literature (Peer+15).

All 
BATSE sample (z=1 assumed, from 
Ryde & Peer 2009)
9 Fermi (5 with known z) + 2 BATSE (z 
known) 



Conclusions

• Prompt emission in GRB 101219B is well described by a blackbody. 
Clear evidence for emission from the photosphere. 

• No clear connection with the blackbody at soft X-ray energies seen in 
the early afterglow. Different origin of the components?

• Properties of prompt emission and afterglow, plus known redshift, 
makes it possible to calculate properties of the jet within the fireball 
model. Evidence for jet launching close to the black hole. 

• GRBs which are close to pure BBs are extremely rare. Special 
conditions required: lack of dissipation, wide jet viewed along line of 
sight …. 


