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GRB 101225A: A Christmas puzzle
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Why is it unusual?
• Its -ray emission was exceptionally 

long-lived  (T90 > 2.000 s).

• It has no classical afterglow: the X-ray 
emission following the GRB (0.38 h < t 
< 18 days) is best fitted with BB + PL.

• During the first 2 h, there is a 
persistent X-ray source, seemingly 
different from the “afterglow” emission.

• After 10 days there is a flattening of 
the LC, suggestive of an associated 
SN.  

• Prototype of a class? Among nearby GRB-
SNe without a classical afterglow, there is a 
class (BB-dominated) of very long GRBs with 
very low Epeak, all of them showing a thermal 
component in X-rays.

the SED follows a power law owing to synchrotron emission created in
shocks when the jet hits the interstellar medium (see, for example,
ref. 2).
An optical spectrum taken two nights after the burst does not show

any spectral lines (see Supplementary Information).We fitted the SED
and light curve with the template of SN 1998bw, a type Ic supernova
associated with GRB 9804258, and obtained a redshift of z5 0.33 (see
Supplementary Information). At this distance, the supernova has an
absolute peak magnitude of onlyMV,abs5216.7mag, which makes it
the faintest supernova associated with a long GRB9,10. In contrast, the
c-ray isotropic-equivalent energy release at z5 0.33 is .1.43 1051

erg, typical of other long GRBs but more luminous than most other
low-redshift GRBs associated with supernovae11. We detect a possible
host galaxy in g9 and r9 bands with the OSIRIS instrument on GTC
(Gran Telescopio Canarias) at 6months after the burst with an abso-
lute magnitude of onlyMg,abs5213.7mag, ,2mag fainter than any
other GRB host12. Although its blue colour matches that of a star-
forming galaxy, our observations do not allow us to resolve it as an
extended source.

At z5 0.33, the X-ray black body has a radius of ,23 1011 cm
(,3 solar radii) and a temperature of ,1 keV (107K) at 0.07 d with
little temporal evolution. Such a thermal component, attributed to the
shock breakout from the star, has also been observed forXRF 06021813,
XRF 100316D/SN 2010dh14 and GRB 09061815, all nearby GRBs asso-
ciated with type Ic supernovae14,16,17,18, with similar temperatures but
larger radii. The UVOIR black body starts with a radius of 23 1014 cm
(,13 AU) and a temperature of 8.53 104K at similar times and evolves
considerably over the next 10 days, reaching a radius of 73 1014 cm
and temperature of 5,000K. The evolution of the two black-body
components suggests that they must stem from different processes
and regions (see Supplementary Information).
An appealing model is a helium star–neutron star merger with a

common envelope phase, a model that has been proposed earlier as a
possible progenitor for GRBs19–21. In this scenario, a binary system
consisting of two massive stars survives the collapse of the more
massive component to a neutron star. When the second star leaves
themain sequence and expands, it engulfs the neutron star, leading to a
common-envelope phase and the ejection of the hydrogen envelope
and part of the helium core as the remnant spirals into the centre of the
second star. When the neutron star reaches the centre, angular
momentum forms a disk around the remnant of the merger, allowing
for the formation of a GRB-like jet. This remnant might be a magnetar
whose prolonged activity can explain the very long duration of the
GRB.
The interaction of this ultra-relativistic, well-collimated jet with the

previously ejected common-envelope material can explain both the
X-ray andUVOIR emission components. Estimating that the in-spiral
takes 5 orbits or 1.5 yr and material is ejected at escape velocity, the
outer ejecta are at a distance of a few times 1014 cm at the time of the
merger, consistent with the radius of the UVOIR black body. We
assume that the ejecta form a broad torus with a narrow, low-density
funnel along the rotation axis of the system that permits the passage of
the c-radiation generated in the jet. Most of the jet hits the inner
boundary of the common-envelope ejecta and only a small fraction
of it propagates through the funnel. TheX-ray emission is produced by
shocks created by the interaction of the jet with the inner boundary of
the common-envelope shell. As the jet passes through the funnel, it
decelerates owing to the increased baryon load and shear with the
funnel walls so that a regular afterglow signature is suppressed.
When the now mildly relativistic, mass-loaded jet breaks out of the
common-envelope ejecta, it produces the UVOIR emission in the first
10 d. As the supernova shock expands beyond the common-envelope
shell, we observe a small bump in the light curve at,30 d. This helium
star/neutron star merger scenario naturally assumes the production of
a relatively small amount of radioactive nickel, leading to a weak
supernova (for a detailed description of the different processes, see
Supplementary Information).
A similar scenario might explain another, previously detected,

event, XRF 06021813, which showed a thermal component both in
X-rays and at optical wavelengths (see Supplementary Information),
albeit with a different progenitor system producing a brighter super-
nova and a fainter GRB. On the other hand, a class of GRBs exist that
show a thermal component in X-rays, but have a classical afterglow
with a power-law SED, such as GRB 09061815. Finally, SN 2008D, a
type Ib supernova in NGC 277022 showing X-ray emission, had an
early thermal component in the optical emission (see Supplementary
Information), attributed to the shock breakout and independent of the
supernova emission itself. GRB 101225A might hence be, together
with XRF 060218, a member of a newly defined class of ‘black-body-
dominated’, supernova-associated, long-duration GRBs, which arise
in very dense environments that are created by the progenitor systems
themselves; this dense environment thermalizes the high-energy output
fromthe collapsing star. Thenon-relativistic, uncollimated emission in
this scenario makes it difficult to detect such events at higher redshifts.
This makes GRB 101225A a fortunate case that allows us to derive
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Figure 2 | Light curves of GRB 101225A in X-ray and ultraviolet/optical/
infrared bands. a, X-ray light curve; b, light curves in ultraviolet to infrared
bands (colour coded by wavelength; see key). Filled circles, detections; large
symbols, our observations; small symbols, values from the literature; triangles,
upper limits; error bars, 1s. Solid lines are the combined light curve from the
black-body and the supernova component, excluding the contribution from the
host galaxy. Dashed lines and dotted lines show the evolution of the black-body
component and of the supernova, respectively. Observations started almost
simultaneously in X-rays and optical/ultraviolet wavelengths. The X-rays
reached a peak flux of 4.343 1029 erg cm22 s21. After an initial shallow decay
of slope t21.1086 0.011 up to 21 ks, the X-rays show a strong decay with a slope of
t25.956 0.20, inconsistent with synchrotron emission. The UVOIR light curves
have a shallow maximum at the beginning, with different peak times for the
individual bands due to the maximum of the black-body emission passing
through the spectrum. The second component emerging at around 10 days
post-burst is the contribution of an underlying supernova, modelled with the
GRB-SN 1998bw as a template, stretched in time by a factor of 1.25 and
decreased in luminosity by a factor of 12 (in restframe). The absolute
luminosity of the supernova is MV,abs5216.7mag, the faintest supernova
associated with a GRB. At,180days we detect the very faint host at
magnitudes of g95 27.366 0.27 and r95 26.906 0.14 orMg,abs5213.7
(0.001 L*, whereL* is the characteristic luminosity). c, Colour image of the field
of GRB 101225A observed at 40 days (indicated by a grey bar in b) with the
afterglow location marked by a box.
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Forensic analysis
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What is GRB 101225A?

• A stellar murder on Christmas day (Thöne, et al. 2011, Nat, 480, 72):                            
A neutron star (likely material author of this crime) in a binary system undergoes a 
common envelope phase (the system must survive the SN explosion giving birth to the 
main suspect) with a massive He-star companion. The NS merges with the core of the 
He-star and induces its dead as a faint SN. Just a bit before the murder, a central 
compact object is born, probably a massive/hypermassive NS, which eventually 
collapses to a BH, producing a collapsar-like jet, whose propagation through the 
previously ejected hydrogen mantle of the secondary gives rise to the observed 
phenomenology. 

• An induced cometary suicide on Christmas day (Campana, et al. 2011, Nat, 480, 70): 
A wandering neutron star (again, likely inductor of this event) captures a minor body (a 
comet) and disrupts it because of the tidal forces. If the comet has a relatively small 
tensile strength, the captured body breaks down into gas, and forms a relatively thin 
annulus around the NS. The process can be chaotic and eventually the annulus turns 
into an extended accretion disk with flares coincident with the periastron passages, and 
the bolometric light curve is expected to decay, in the long term, as t-5/3. 

“When all possibilities have been eliminated, whatever remains, however improbable, must be the truth." 
(Sir Arthur Conan Doyle)



Unveiling the murder
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In order to reconstruct the crime scene, we have to pay attention to the following 
elements:

• Prompt GRB emission.

• Early X-ray signature (unusual because of the BB component and the standing 
X-ray source).

• Late UVOIR signature (also unusual because of the BB and the LC flattening).

• Do we see a SN?

• Do we see the host galaxy? (key to estimate the distance to the event, and settle 
whether it is local or cosmological). 

• Do we see a periodic behavior? (important element to give credit to the cometary 
suicide interpretation). 

“Get your facts first, and then you can distort them as much as you please."  (Mark Twain)



Spectral fit of the BAT dataset
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• The burst started before the beginning of the BAT data at ~ T − T0 = −100 s and 
probably continued while the source was not in the BAT field of view in T − T0 ∈ 
[+1091 s, +1372 s].

• Because of the low SNR, the BAT spectrum can be fitted by:

1. PL with photon index  ~ 1.9.
2. Cut-off PL (Epeak ~ 38 ± 20 keV)
3. BB (TBB ~ 10.1 ± 1.1 keV).

• E,iso > 1.4 x 1051 erg (if z=0.33) 

SUPPLEMENTARY INFORMATION
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Supplementary Figure 1 | BAT γ-ray lightcurve in the 15-150 keV band. The sum of the flux was obtained using a
fixed power-law index of Γ = 1.87 from a fit to the most intense part of the burst. The burst started before the beginning
of the BAT data at ∼ T − T0 = −100 s and probably continued while the source was not in the BAT field of view from
T − T0 = +1091 to T − T0 = +1372 s. The latest upper limit before the burst was 2.65 × 10−9 erg cm−2 s−1 at
T − T0 = −4950 s. Error bars are at 90% confidence.

2 XRT data analysis and fitting

The Swift XRT data were processed with version 3.7 of the XRT data reduction software (released as part of
HEASoft 6.10 on 2010-09-28), and the corresponding calibration files were used for subsequent spectral anal-
ysis. The object was detected by XRT from 1.4 ks to 105 s after the trigger. Data were collected in Windowed
Timing (WT) mode for the first 7.3 ks after the trigger followed by Photon Counting (PC) mode for the rest of the
observations. The peak flux in X-rays is 4.3 × 10−9 erg cm−2 s−1, the total observed fluence 8.2× 10−6 erg cm−2

and the unabsorbed fluence 1.1 × 10−5 erg cm−2. At z = 0.33 this corresponds to a total energy release in X-rays
of 3.6× 1051 erg. Spectra were extracted for individual snapshots of data (one snapshot corresponds roughly to one
orbit constrained by the observability of the object during the orbit) and were further timesliced into 100 s bins for
the initial snapshot (1.4 − 1.8 ks after the trigger).

We tried a variety of fits to the X-ray data, using XSPEC version 12.6.0, with the result that an absorbed
power-law plus black body component provided a good fit to the data (see SI Fig. 2). For the fit we used the
Tübingen-Boulder absorption model with the Wilms abundances [29] and Verner absorption cross-section [30]. As
shown in SI Fig. 3, there is little spectral evolution within the first snapshot of data. The best fit taking the entire
first 367 s of data is a power-law with a photon index Γ = 1.83+0.13

−0.10, a black body of temperature 0.96 ± 0.13
keV (1.11 × 107 K) and a total absorbing column of (2.2 ± 0.3)×1021 cm−2, for a χ2 of 420.7 for 379 degrees of
freedom. The Galactic column density in this direction is 7.9 × 1020 cm−2.

The inclusion of the black body is significant at the > 99.9999% level, the contribution of the black body to
the total emission is around 20% (see SI Fig. 3). The second snapshot of data (also in WT mode) is again better
fit with a black body in addition to the power-law, with Γ = 2.18+0.12

−0.09, black body kT = 0.99+0.15
−0.17 keV and

NH = (2.7 ± 0.2) × 1021 cm−2, with χ2/d.o.f = 378/421. This black body is significant at 99.987%. For the X-ray
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Spectral fit of the 1st XRT dataset
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Supplementary Figure 2 | Fit to the X-ray spectrum. a: X-ray spectrum from XRT during the first snapshot. The solid
line is the spectral fit, the dashed line indicates the contribution of the power-law component, the dotted line the contribution
of the black body component. b: Ratio between the observed data and the fitted model.

data after the second snapshot, no black body component is required and a simple absorbed power-law provides an
acceptable fit, likely due to the lower signal-to-noise ratio at later times.

Model Γ kT (keV) NH (1022 cm−2) χ2/d.o.f. (F-test)
PL 1.72±0.03 0.24±0.02 468/381
PL+BB 1.83+0.13

−0.10 0.96±0.13 0.22±0.03 421/379 (1.95×10−9)
PL+diskBB 1.79+0.36

−0.22 1.64±0.35 0.18±0.04 417/379 (3.19×10−10)
PL+compt 1.79±0.04 <22 0.31+0.03

−0.02 424/377 (1.55×10−7)

Supplementary Table 1 | Result of different model fits to the X-ray data of the first snapshot. PL is a pure power-law
model, PL+black body (BB) a combination of a simple PL and a black body with one temperature while a PL+diskBB
includes emission from black bodys with different temperatures, PL+compt includes a comptonized component in addition
to the power-law. Γ is the photon index of the power-law, kT the black body temperature, the column density is the total
density, including the Galactic absorption. The last column shows the χ2 of the different fits and the F-test value compared
to the simple absorbed PL model.

The detection of NH in excess of the Galactic column density can be used to constrain the redshift since column
density and redshift are coupled. We fitted the spectrum of the first orbit fixing the Galactic absorption to 7.93×1020

cm−2. In addition to the absorbed powerlaw plus black body component as described above we allowed for a third
component leaving both the column density and the redshift free to vary (in contrast to the fit described above where
the redshift was fixed to 0.3). The resulting contours are plotted in SI Fig. 4. The 99% upper limit for the redshift is
0.5, the 90% upper limit on the redshift is 0.35, consistent with our findings from the UVOIR SED fitting.

3

BB+PL___
PL_  _ TBB ~ 1.1x107 K ~ 1 keV

phot, PL ~ 1.83

BB.... 

~20% contribution



Evidence #2:
Spectral fit of the 1st XRT dataset

8

W W W. N A T U R E . C O M / N A T U R E  |  3

SUPPLEMENTARY INFORMATION RESEARCH

�����

�����

����

��
� �
���
��
��
�

��
��

��
�

�

���	 ���
�����	 �����	
��


�

���

��
���

�������������

�

Supplementary Figure 2 | Fit to the X-ray spectrum. a: X-ray spectrum from XRT during the first snapshot. The solid
line is the spectral fit, the dashed line indicates the contribution of the power-law component, the dotted line the contribution
of the black body component. b: Ratio between the observed data and the fitted model.

data after the second snapshot, no black body component is required and a simple absorbed power-law provides an
acceptable fit, likely due to the lower signal-to-noise ratio at later times.

Model Γ kT (keV) NH (1022 cm−2) χ2/d.o.f. (F-test)
PL 1.72±0.03 0.24±0.02 468/381
PL+BB 1.83+0.13

−0.10 0.96±0.13 0.22±0.03 421/379 (1.95×10−9)
PL+diskBB 1.79+0.36

−0.22 1.64±0.35 0.18±0.04 417/379 (3.19×10−10)
PL+compt 1.79±0.04 <22 0.31+0.03

−0.02 424/377 (1.55×10−7)

Supplementary Table 1 | Result of different model fits to the X-ray data of the first snapshot. PL is a pure power-law
model, PL+black body (BB) a combination of a simple PL and a black body with one temperature while a PL+diskBB
includes emission from black bodys with different temperatures, PL+compt includes a comptonized component in addition
to the power-law. Γ is the photon index of the power-law, kT the black body temperature, the column density is the total
density, including the Galactic absorption. The last column shows the χ2 of the different fits and the F-test value compared
to the simple absorbed PL model.

The detection of NH in excess of the Galactic column density can be used to constrain the redshift since column
density and redshift are coupled. We fitted the spectrum of the first orbit fixing the Galactic absorption to 7.93×1020

cm−2. In addition to the absorbed powerlaw plus black body component as described above we allowed for a third
component leaving both the column density and the redshift free to vary (in contrast to the fit described above where
the redshift was fixed to 0.3). The resulting contours are plotted in SI Fig. 4. The 99% upper limit for the redshift is
0.5, the 90% upper limit on the redshift is 0.35, consistent with our findings from the UVOIR SED fitting.
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Other possible fits tried:



Evidence #2: 
Spectral evolution (1st XRT dataset)
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Little time evolution of TBB ~ 1 keV

20% average BB contribution

SUPPLEMENTARY INFORMATION
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Supplementary Figure 3 | Results from the fits to the first snapshot of the X-ray data. Panels from top to bottom:
a, count rate during the first snapshot; b, photon index Γ; c, black body Temperature in keV; d, contribution of the black
body to the total emission in percent; e, radius of the emitting black body at z = 0.33; f, total absorbing column density in
X-rays (the Galactic column density in the line-of-sight is 7.9 × 1020 cm−2).

We also checked for a possible periodicity in the X-ray data. To this end, light curves were extracted with 18 ms
bins which is the best time resolution available for WT mode. Using the Kronos powspec tool, no significant
periodic signal was identified with a frequency between 0.005 and 28 Hz (0.04 and 200 s) in either the first or second
snapshot of data. The 3σ limit on the variation in flux of any periodic signal during the first WT snapshot is 6.3%.

4

Little time evolution of phot, PL ~ 1.83

BB size (RBB ~ 2R⦿) constant

Absorbing column density in X-rays (galactic 
contribution in the line-of-sight: 7.9×1020 cm−2)



The motive for the stellar murder:
1) A dense, toroidal CE-shell
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• Suggestion: the progenitor system is a He-star / NS merger.

• Existing theoretical possibility(e.g., Fryer & Woosley 1998; Zhang & Fryer 2001; Barkov & Komissarov 2011).
• When the secondary star leaves the main sequence and expands, it engulfs the NS, 

leading to a CE phase and the ejection of the hydrogen envelope and part of the He core 
as the remnant spirals into the centre of the second star. 

No. 1, 2001 MERGER OF HELIUM STAR AND BLACK HOLE 363

FIG. 5.ÈMerger of a 2 compact remnant with a 4 helium coreM
_

M
_

accretes onto a disk. We can derive the radius at which this
occurs by knowing the enclosed mass and the(Menclosed)
angular momentum ( j), and then equating forces : rdisk \

We estimate the timescale for the particle toj2/GMenclosed.
accrete onto the disk is simply the free-fall timescale

tff \S 2rinitial3
GMenclosed

[S 2rdisk3
GMenclosed

, (2)

where is the initial position of the particle. For matterrinitialalong the pole, the angular momentum may not be suffi-

cient to halt the collapse, and these particles accrete directly
onto the compact remnant at roughly the free-fall time.

But the bulk of the matter will accrete through a disk,
and we must then estimate the disk accretion timescale. For
each particle in the disk, we can calculate the viscous time-
scale

tvisc \ (au)~1 , (3)

where a is the disk viscosity parameter (which we take to be
0.1) and u is the orbit angular velocity. The total accretion
timescale of each particle is just the sum of its free-fall and

(from Zhang & Fryer 2001)

Orbital plane

2M⨀
4M⨀

Plane perpendicular to the orbital motion 

(from Taam & Ricker 2010)

The ejecta forms a broad torus with a narrow, 
low-density funnel along the rotation axis.



The motive for the stellar murder:
2) The central engine
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• When the neutron star reaches the centre, after ~ 5 orbits (TCE ~ 1.5 yr), angular momentum 
forms a disk around the remnant of the merger, allowing for the formation of:

• GRB-like jet. (looks like a “collapsar-induced” jet; a stellar mass BH forms).
• Magnetar remnant, (though not insurmountable, this is important to explain the very long duration of the GRB).



The motive for the stellar murder:
3) The jet breaks the stellar jail through a hole!
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• By the time of merger (TCE ~ 1.5 yr), the CE-shell may have traveled (close to the escape 
velocity) to a distance

R
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• Stage 1: The jet propagates until it hits the CE-shell
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The motive for the stellar murder:
3) The jet breaks the stellar jail through a hole!
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• By the time of merger (TCE ~ 1.5 yr), the CE-shell may have traveled (close to the escape 
velocity) to a distance
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orbit

v
escape

= (3� 5)⇥
2⇡R3/2

orbit

(GM)1/2

(2GM)1/2

R1/2

orbit

⇡ (27� 45)⇥R
orbit
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• Stage 2: Jet-shell interaction resulting in the formation of a 
reverse shock
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Supernova 
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As the jet passes through the funnel, it 
decelerates owing to the increased baryon load 
and shear with the funnel walls:

afterglow suppressed



The motive for the stellar murder:
3) The jet breaks the stellar jail through a hole!
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producing an expanding bubble.
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• By the time of merger (TCE ~ 1.5 yr), the CE-shell may have traveled (close to the escape 
velocity) to a distance



The motive for the stellar murder:
3) The jet breaks the stellar jail through a hole!
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• Stage 4: As the SN shock expands beyond the CE-shell, we observe a small bump in the 
light curve at ~30 d. 
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GRB

Supernova 
Shock

compact 
remnant

This He/NS merger scenario naturally 
assumes the production of a relatively 
small amount of radioactive Ni, leading 
to a weak SN

• By the time of merger (TCE ~ 1.5 yr), the CE-shell may have traveled (close to the escape 
velocity) to a distance
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• Using the MRGENESIS code (Mimica 
et al. 2009) we can compute 2D RHD 
models (>50 models explored with 
typical resolutions of 50000x900 cells -
close to AMR models-).
1. Third-order finite-volume code.
2. Explicit RK3 + PPM + Marquina.
3. Method of lines.
4. MPI/OpenMP hybrid parallelization (scaling 

up to ~10.000 CPUs). 

A detailed model for the jet “breakout”
25º

14º
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A detailed model for the jet “breakout”
20º

14º 10º

25º
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A detailed model for the jet “breakout”
20º

14º 10º

25º
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• Using a radiative transport code 
(Mimica et al. 2009) we can compute 
synthetic multifrequency LCs for our 
models using for the emission/
absorption the recipes of Anderson et 
al. (2009):

1. Emission: bremsstrahlung-BB. 
2. Absorption: (modified) Kramers.

3.2. Electromagnetic emission

We have performed a new version of the radiative transport code SPEV.
Thermal emission has been implemented for this work, owing to the observations
of GRB 101225A.

The radiation transport equation states the intensity of the radiation in
terms of the emission, j� , and absorption, �� , coe⇤cients

dI�
ds

= ���I� + j� . (1)

along the path, s, of the photon. Here are considered straight lines.

3.2.1. Thermal emission

The theoretical emission and absorption coe⇤cients (Rybicki & Lightman
1979) of thermal-bremsstrahlung (free-free) emission are described in this sec-
tion. First of all we define the variable

x =
h⌅

kT
(2)

where h is the Planck constant, ⌅ is the frequency of the radiation, k is the
Boltzmann constant and T is the temperature of the fluid in the rest frame.

Then, for a plasma with a Maxwellian distribution of velocities the emission
coe⇤cient per unit of frequency, ⌅, takes the form

j� =
1

4⇧
6, 8⇥ 10�38Z2 ⌃2

m2
p

T�1/2e�xḡ�(⌅, T ) erg s�1 cm�3 Hz�1. (3)

Following the Kramer’s law for opacity the absorption coe⇤cient, which
depends also on frequency, is determined by the relation �� = j�/B� , where B�

is the blackbody intensity. In this way

�� ⇧ 4.1⇥ 10�23Z2 ⌃2

m2
p

T�7/2x�3(1� e�x)ḡ�(⌅, T ) cm
�1. (4)

In these equations ⌃ is the rest mass density, mp the proton mass, ḡ� the tem-
perature averaged Gaunt factor for free-free transitions and Z = µi/µe, where
µe = 2/(1+X) and µi = 4/(1+ 3X). The variable X is the relative abundance
of hydrogen and we have chosen the typical value X = 0.71.

The Maxwellian, temperature averaged free-free Gaunt factor has been ob-
tained by interpolation of the values computed by Sutherland (1998; see Table
2 within), that depend on the variables x (defined as u in the article) and
⇥2 = Z2Ry/kT , where Ry is the Rydberg energy. In our range of temperatures
and frequencies the Gaunt factor is close to the unity, so it is not a bad ap-
proximation to take ḡ�(⌅, T ) ⇤ 1. Other choice could be take the unity for low
temperatures and take the expression proposed by Anderson et al. 2010 for high
temperatures (T > 105 K).

The temperature has been calculated considering that the total pressure is
given by adding the gas pressure and the radiation pressure,

P =
k

µmH
⌃T +

1

3
aT 4 (5)

where mH (⌅ mp) is the mass of the hydrogen atom and µ = (1/µe+1/µi)�1 ⌅
4/(3 + 5X) the mean molecular weight in units of mH .
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perature averaged Gaunt factor for free-free transitions and Z = µi/µe, where
µe = 2/(1+X) and µi = 4/(1+ 3X). The variable X is the relative abundance
of hydrogen and we have chosen the typical value X = 0.71.

The Maxwellian, temperature averaged free-free Gaunt factor has been ob-
tained by interpolation of the values computed by Sutherland (1998; see Table
2 within), that depend on the variables x (defined as u in the article) and
⇥2 = Z2Ry/kT , where Ry is the Rydberg energy. In our range of temperatures
and frequencies the Gaunt factor is close to the unity, so it is not a bad ap-
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• Using a radiative transport code 
(Mimica et al. 2009) we can compute 
synthetic multifrequency LCs for our 
models using for the emission/
absorption the recipes of Anderson et 
al. (2009):

1. Emission: bremsstrahlung-BB. 
2. Absorption: (modified) Kramers.

• Shell is hot enough (T>104 K, 
n~7x10-13 cm-3), that it is fully ionized, 
(note differences with, e.g., Badjin, 
Blinnikov, Postnov’13).

• Parametric study favors:
1. Wider jets (q >20º).
2. Massive shells (M>0.15M⊙).
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• GRB 101225A seems to be a rather unusual LGRB associated to a SN without classical 
afterglow and with a BB component (class defining event, but not the only one!).

• In favor of our model:
Existing progenitor model.
Consistency with numerical simulations.
Simple explanation of the X-ray hot spot and UVOIR evolution.
Explains faint SN (fainter than any other observed).

Numerical models reveal a generic way of preventing an standard afterglow (jet/CE-shell 
interaction). Work on going. 

• Against our model:
Need of specific CE-geometry and high density, though justify from numerical models.

More elaborated modeling required: RMHD, non-thermal emission (Newtonian shocks), 
Comptonization of X-rays in the dense CE-shell, ionization (if the shell is cool), etc.

• The Christmas burst is likely the result of a stellar murder: stars may have found new 
ways to die!.


