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What Are Low- and High-L GRBs?

Low-L GRBs

• Eiso ~ 1048-1049 erg
• T90 ~ 10-2000 s 
• Liso < 1048.5 erg/s

• Smooth single peaked
 light curves
• Epeak < 150 keV
• ! > 20º 
• only found at low-z
• almost all GRB-SN are 
 associated with low-L
 GRBs 

©!2006!Nature Publishing Group!
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in the supernova spectrum suggests a much more compact source.
The large emission radius may be explained in this case by the
existence of a massive stellar wind surrounding the progenitor, as is
common for Wolf–Rayet stars. The thermal radiation is observed
once the shock driven into the wind reaches a radius,,R shell, where
the wind becomes optically thin.
The characteristic variability time is R shell/c < 200 s, consistent

with the smoothness of the X-ray pulse and the rapid thermal X-ray
flux decrease at the end of the pulse. We interpret this as providing,
for the first time, a direct measurement of the shock break-out16,17 of
the stellar envelope and the stellar wind (first investigated by
Colgate18). The fact that R shell is larger than RX

BB suggests that the
shock expands in a non-spherical manner, reaching different points
on the R shell sphere at different times. This may be due to a non-
spherical explosion (such as the presence of a jet), or a non-spherical
wind19,20. In addition, the shock break-out interpretation provides us
with a delay between the supernova explosion and the GRB start of
& 4ks (ref. 21; see Fig. 1).
As the shock propagates into the wind, it compresses the wind

plasma into a thin shell. The mass of this shell may be inferred from
the requirement that its optical depth be close to unity, Mshell <
4pR2

shell=k< 5£ 1027M( (k < 0.34 cm2 g21 is the opacity). This
implies that the wind mass-loss rate is _M<Mshellvwind=Rshell <
3£ 1024M( yr21; for a wind velocity vwind ¼ 108 cm s21, typical
for Wolf–Rayet stars. Because the thermal energy density behind a
radiation-dominated shock is aT 4 < 3rv2s (r is the wind density at
R shell and v s the shock velocity) we have r < 10212 g cm23, which

implies that the shock must be (mildly) relativistic, vs . c: This is
similar to GRB 980425/SN 1998bw, where the ejection of a mildly
relativistic shell with energy of . 5£ 1049 erg is believed to have
powered radio22–24 and X-ray emission7.
The optical–ultraviolet emission observed at an early time of

t & 104 s may be accounted for as the low-energy tail of the thermal
X-ray emission produced by the (radiation) shock driven into the
wind. At a later time, the optical–ultraviolet emission is well above
that expected from the (collisionless) shock driven into the wind.
This emission is most probably due to the expanding envelope of the
star, which was heated by the shock passage to a much higher
temperature. Initially, this envelope is hidden by the wind. As the
star and wind expand, the photosphere propagates inward, revealing
shocked stellar plasma. As the star expands, the radiation temperature
decreases and the apparent radius increases (Fig. 3). The radius inferred
at the peak of the ultraviolet emission,RUV

BB < 3£ 1014 cm, implies that
emission is arising from the outer, 4pðRUV

BB Þ2=k< 1023M( shell at
the edge of the shocked star. As the photosphere rapidly cools, this
component of the emission fades. The ultraviolet light continues to
plummet as cooler temperatures allow elements to recombine and
line blanketing to set in, while radioactive decay causes the optical

Figure 1 | Early Swift light curve of GRB 060218. GRB 060218 was
discovered by the BATwhen it came into the BAT field of view during a
pre-planned slew. There is no emission at the GRB location up to23,509 s.
Swift slewed again to the burst position and the XRT and UVOT began
observing GRB 060218 159 s later. For each BAT point we converted the
observed count rate to flux (15–150 keV band) using the observed spectra.
The combined BATandXRTspectra were fitted with a cut-off power law plus
a blackbody, absorbed by interstellar matter in our Galaxy and in the host
galaxy at redshift z ¼ 0.033. The host galaxy column density is Nz

H ¼
5:0£ 1021 cm22 and that of our Galaxy is (0.9–1.1) £ 1021 cm22. Errors are
at 1j significance. At a redshift z ¼ 0.033 (corresponding to a distance of
145Mpc with H0 ¼ 70 km s21Mpc21) the isotropic equivalent energy,
extrapolated to the 1–10,000-keV rest-frame energy band, is
E iso ¼ (6.2 ^ 0.3) £ 1049 erg. The peak energy in the GRB spectrum is at
Ep ¼ 4:9þ0:4

20:3 keV: These values are consistent with the Amati correlation,
suggesting that GRB060218 is not an off-axis event26. This conclusion is also
supported by the lack of achromatic rise behaviour of the light curve in the
three Swift observation bands. The BAT fluence is dominated by soft X-ray
photons and this burst can be classified as an X-ray flash27. AV-band light
curve is shown with red filled circles. For clarity the V flux has been
multiplied by a factor of 100. Magnitudes have been converted to fluxes
using standard UVOT zero points and multiplying the specific flux by the
filter FullWidth at Half Maximum (FWHM). Gaps in the light curve are due
to the automated periodic change of filters during the first observation of the
GRB.

Figure 2 | Long-term Swift light curve of GRB 060218. a, The XRT light
curve (0.3–10 keV) is shown with open black circles. Count-rate-to-flux
conversion factors were derived from time-dependent spectral analysis. We
also plotted (filled grey circles) the contribution to the 0.3–10-keV flux by
the blackbody component. Its percentage contribution is increasing with
time, becoming dominant at the end of the exponential decay. The X-ray
light curve has a long, slow power-law rise followed by an exponential (or
steep power-law) decay. At about 10,000 s the light curve breaks to a
shallower power-law decay (dashed red line) with an index of 21.2 ^ 0.1,
characteristic of typical GRB afterglows. This classical afterglow can be
naturally accounted for by a shock driven into the wind by a shell with
kinetic energy E shell < 1049 erg. The t21 flux decline is valid at the stage
where the shell is being decelerated by the wind with the deceleration phase
beginning at tdec & 104 s for _M* 1024ðvwind=108ÞM( yr21 (where vwind is in
units of cm s21), consistent with the mass-loss rate inferred from the
thermal X-ray component. Error bars are 1j. b, TheUVOT light curve. Filled
circles of different colours represent different UVOT filters: red, V (centred
at 544 nm); green, B (439 nm); dark blue, U (345 nm); light blue, UVW1
(251 nm); magenta, UVM1 (217 nm); and yellow, UVW2 (188 nm). Specific
fluxes have been multiplied by their FWHM widths (75, 98, 88, 70, 51 and
76 nm, respectively). Data have been rebinned to increase the signal-to-noise
ratio. The ultraviolet band light curve peaks at about 30 ks owing to the
shock break-out from the outer stellar surface and the surrounding dense
stellar wind, while the optical band peaks at about 800 ks owing to
radioactive heating in the supernova ejecta.
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High-L GRBs

• Eiso ~ 1050-1054 erg
• T90 ~ 2-1000 s 
• Liso > 1049.5 erg/s
• z > 0.3

• Erratic multi-peaked
 light curves
• Epeak,r ~ 320 keV
• ! ~ 2º

What Are Low- and High-L GRBs?



The Inbetweener
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GRB120422A

• z = 0.283
• Eiso ~ 4.4 1049 erg
• T90 ~ 7 s
• Liso ~ 8"1048 erg/s

http://gcn.gsfc.nasa.gov/notices_s/520658/BA/



The Data
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•NIR/Optical/UV Imaging
•Wavelength range: 200-2500 nm
•Duration: 100 s to 270.2 days
•Observatories/Instruments: CAHA, Gemini, GMG, GROND, GTC, LT, Magallan, NOT, P60, 
 UKIRT, Swift/UVOT

•Tunable Filter (! Javier’s talk)
•Wavelength range: H!
•Observatories/Instruments: GTC

•Spectroscopy
•Wavelength range: 300-2500 nm
•Resolution: medium to low
•Duration: 0.05 to 37.7 days
•Observatories/Instruments: VLT/X-shooter (7), GTC (2), Gemini/GMOS (2), Keck, Magallan

•Sub-mm observations
•Wavelength range: 86.7 to 665 GHz
•Duration: 0.05 to 10 days
•Observatories/Instruments: CARMA, JCMT, PdBI, SMA

•X-rays
•Wavelength range: 0.3-10 keV
•Duration: 0.05 to 47 days
•Observatories/Instruments: Swift/XRT, XMM/Newton



The Light Curve of The Optical Transient
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The Supernova - SN2012bz
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The Supernova
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The Afterglow SED

26
 S

ep
 2

01
3

S
. S

ch
ul

ze
, 1

20
42

2A
 a

nd
 it

s 
co

nn
ec

ti
on

 t
o 

hi
gh

 a
nd

 lo
w

-L
 G

R
B

s 

1014 1015 1016 1017 1018

Frequency (Hz)

10−3

10−2

10−1

100

101

102

103

F
ν
(µ
Jy
)

T0 + 1.0 ks; Fν × 7
T0 + 2.5 ks

T0 + 6.0 ks; Fν × 7−2

T0 + 10.0 ks; Fν × 7−3

1011 1012

Frequency (Hz)

103

104

F
ν
(µ
Jy

)

1030

1031

L
ν
(e
rg

s−
1
H
z−

1
)

LAG ~ 1030 erg s-1 Hz-1



Discussion - SN2012bz vs. all GRB-SNe
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Discussion - The AG vs. All Long GRB AGs
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Conclusion
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• Between quasi-spherical and jetted GRBs

• Prompt emission: normal but weak

• SN: most luminous spectroscopically confirmed

 GRB-SN

• Afterglow:

 At the faint end of the observed X-ray AG LF

 Detection of AG sets it apart from low-L GRBs

• BUT the luminosity similar to low-L GRBs

 Is there continuum between high- and low-L GRBs?



Backup Slides

26
 S

ep
 2

01
3

S
. S

ch
ul

ze
, 1

20
42

2A
 a

nd
 it

s 
co

nn
ec

ti
on

 t
o 

hi
gh

 a
nd

 lo
w

-L
 G

R
B

s 



The Host Galaxy I
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Schulze et al.: GRB 120422A: An extraordinary SN-GRB in an interacting galaxy
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Fig. 9. Spectral energy distribution of the GRB host galaxy
from 3500 to 21460 Å. The solid line displays the best fit model
of the SED with Le Phare (χ2 = X.X; number of filters = 14).
The green points are the model predicted magnitudes. Thomas:
What is the χ2 value?

the explosion site. Since the cross-dispersion profile is only
slightly slanted, the host is seen almost face-on, should the
host be a spiral galaxy.

Table 5 lists the brightness of the GRB host galaxy
from 360 to 2140 nm. We modelled the spectral energy
distribution (SED) with Le Phare (Arnouts et al. 1999;
Ilbert et al. 2006),19 using a grid of galaxy templates based
on Bruzual & Charlot (2003) stellar population-synthesis
models with the Chabrier IMF and a Calzetti dust atten-
uation curve (Calzetti et al. 2000). For a description of the
galaxy templates, physical parameters of the galaxy fit-
ting and their error estimation, we refer to Krühler et al.
(2011a). To account for zeropoint offsets in the cross cali-
bration and absolute flux scale, a systematic error contribu-
tion of 0.05 mag was added in quadrature to the uncertainty
introduced by photon noise.

Figure 9 displays the observed host SED and its best
fit. The observed SED is best described by a moderately
massive, barely-extinguished galaxy that has an average
UV luminosity compared to the optically unbiased GRB
host (TOUGH) survey (Hjorth et al. 2012) UV-luminosity
galaxy that has a low star-formation rate but a very young
starburst (see Table 6). The extracted attenuation and star-
formation rate are consistent with results from emission-line
diagnostics.

3.4.3. GRB host galaxy environment

In the previous section we briefly mentioned the possibility
that the true GRB host is a satellite of the galaxy that is
7.82 kpc NE of it. To address this issue, we studied the
nature of other objects close to the GRB position to find
evidence for a galaxy overdensity or galaxy interaction. Our
GTC spectrum from 25 April revealed that object G1 is
at the same redshift as the GRB. The angular distance
of 7′′.1 corresponds to a projected distance of 28.7 kpc at
z = 0.283. To search for galaxies at the GRB redshift at a
distance of a few hundred kpc, we acquired a deep image
with the tuneable filters (FWHM = 15 Å) centred at Hα
at z = 0.283 with the GTC 25.5 days after the GRB,

19 http://www.cfht.hawaii.edu/˜arnouts/LEPHARE

Table 5. Brightness of the putative GRB host galaxy at opti-
cal/NIR wavelengths

Filter λcenter (nm) Brightness (magAB)

u 357.88 22.34 ± 0.08
g 458.98 21.65 ± 0.05
r 621.96 21.12 ± 0.04
R 662.30 20.99 ± 0.07
i 764.01 21.02 ± 0.05
I 804.08 20.95 ± 0.07
z 898.93 21.08 ± 0.06

YCAHA 1032.28 20.98 ± 0.16
JCAHA 1212.41 20.89 ± 0.16
JUKIRT 1250.24 20.89 ± 0.10
HUKIRT 1635.35 20.77 ± 0.08
HCAHA 1649.59 20.91 ± 0.16
KCAHA 2138.97 20.74 ± 0.21
KUKIRT 2200.45 20.59 ± 0.11

Notes. Magnitudes are corrected for Galactic extinction. The
brightness was measured within a circular aperture (diame-
ter 2′′.5). The brighness was measured in u′RI with NOT, in
g′r′i′z′ with GROND, in Y JHK with CAHA, and in JHK
with UKIRT.

Table 6. Properties of the host galaxy and GRB hosts at z < 1.5

Parameter Value GHost TOUGH

MUV (magAB) −17.99 −19.5 < −18.5
MB (magAB) −19.4 ± 0.1 −19.9 . . .
MK (magAB) −19.5 ± 0.2 −20.4 < −20.2
AV (magAB) 0.01+0.09

−0.01 0.44 . . .
logM!(M") 8.95 ± 0.04 9.45 . . .
Age (Myr) 360+30

−40 1052 . . .
SFR (M" yr−1) 0.3+0.4

−0.1 1.94 . . .
Z/Z" 0.6 ∼ 0.3 . . .
Offset (kpc) 7.3 . . . 7.0 ± 0.7

Notes. For comparison we show the median of each quantity of
the GHost sample in Savaglio et al. (2009), based on optically
bright and peculiar GRBs, and of the optically unbiased GRB
host (TOUGH) sample by (Hjorth et al. 2012, incl. results from
Malesani et al. in prep. and Schulze et al. in prep.) for hosts
at z < 1.5. The age represents the age of the starburst. The
stellar mass was calculated assuming the Chabrier IMF. The
UV luminosity of the GHost sample was computed using the
method in Schulze et al. (in prep.). The Ks-band luminosity
of the TOUGH sample was computed following the method in
Laskar et al. (2011); in that framework GRB120422A’s Ks-band
is −19.9± 0.1 mag.

Fig. 11. Spectrum of galaxy G1 (see Fig. 10 and Table 7). Sev-
eral emission lines are detected at z = 0.2831. The Hα emission
line partly blended with a sky emission line. Spectrum is not
absolute flux-calibrated.

Article number, page 15 of 26



The Host Galaxy II
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• Different inclination for [OII] and H#
• No evidence of enhanced SF at the GRB site
• At nucleus, Ha consists of 2 components
• E(B-V) = 0
• SFR(Nuc.) > 0.8 Mo yr-1, SFR(GRB) =  0.04 Mo yr-1



The Host Galaxy III
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Fig. 10. Galaxy environment of GRB 120422A. The field of view has a size of 33′′×33′′. The left panel shows the Hα image (15 Å
wide), which includes the emission line and the continuum. The middle panel shows the continuum centred at 8020 Å (6250 Å rest
frame) to avoid the emission from Hα (obtained with a 513-Å-wide narrow-band filter). The right panel is the subtraction of the
left and middle panel, i.e. a pure Hα image The putative host, and the galaxies G1 and G2 are at the same redshift as the GRB
(OT). Their projected distances are 7.3, 28.7 and 107.8 kpc, respectively (see also Tab. 7). The diagonal stripes are produced by
the R = 8.24 mag foreground star that is 79′′ NW from the explosion site.

Figure 10 shows a 33′′ × 33′′-wide post stamp centred
at the explosion site. The left panel was obtained with the
15Å wide tuneable filter, i.e. it contains the emission from
the Hα line and the continuum emission. The continuum
was imaged with a broad band filter centred at 8020 Å
(width 513 Å) that does not cover Hα. The SN continuum
is not highly variable neither in the spectral range of the
broadband filter nor at Hα (Fig. 5); the same is true for the
host galaxy (Fig. 9). Hence, the difference image of both
observation shows the pure Hα emission.

We detect four galaxies that have emission consistent
with Hα at z = 0.283 (Fig. 10, Table 7). We identify the
closest one, located at 7.8 kpc of the GRB, as the host.
The galaxy G1 (23 kpc from the centre of the host galaxy),
already identified with the GTC spectrum from 25 April,
is a satellite galaxy. Intriguingly, we detect a curved arm
of emission connecting G1 with the GRB host in our deep
Gemini and Liverpool Telescope images (Fig. 1). The blue
colour of the tidal arm clearly shows that both galaxies are
interacting and that stars are formed there. The galaxies
G2 and G3 could be members of the same galaxy group.

The explosion site is not particularly bright with respect
to the nucleus of the host galaxy. Since the extinction is the
same in the nucleus and at the explosion site, this difference
in brightness directly translates into a difference in the star-
formation rate. Hence, the star-formation activity is highest
at the galaxy’s nucleus while the SFR at the explosion site
is slightly enhanced.

After we have investigated the host environment, we
briefly summarise the G1’s properties. Figure 11 displays
the spectrum of G1. The continuum is very blue, typical for
a starburst galaxy. We detect several strong emission lines
at a common redshift of z = 0.2831. The velocity difference
between the GRB host galaxy and G1 is 119 km s−1.

4. Discussions
4.1. SN 2012bz

In Sect. 3.1.1 and 3.3, we presented the properties of the
GRB-SN. The initial UV/optical emission until 10 ks is

Table 7. Coordinates and distances from the optical transient
to the galaxies with emission consistent with Hα at z = 0.283
detected with the tunable filters

Galaxy RA(J2000) Dec (J2000) Distance (kpc)

Host 09:07:38.51 +14:01:08.46 7.3
G1 09:07:38.87 +14:01:09.12 28.7
G2 09:07:39.43 +14:01:27.83 107.8
G3 09:07:42.86 +14:00:15.40 355.8

dominated by the thermal emission of the cooling shock
break out. The modelling of the radioactively powered light
curve revealed MNi = 0.40±0.01M# Mej = 4.72±0.04 M#
and Ekin = 3.29 ± 0.03 × 1052 erg, and when the NIR
emission is included, the nickel and ejecta mass increase
by 45 and 25%, respectively, and the kinetic energy by
25%. These values are among the highest recorded values or
GRB-SNe. The phenomenological modelling of the SN light
curve showed that the SN is 0.1 mag brighter than 1998bw
in the observed i′-band (overlapping with the rest-frame
V -band), after accounting for the host galaxy contribution.
We computed the real V -band luminosity through direct
integration. SN2012bz has a V -band luminosity of −19.4
mag, making it 0.2 mag more luminous than 1998bw. In
the following we will compare the SN properties with those
of other GRB and after that connect them with properties
of the prompt emission.

4.1.1. In the context of other GRB-SNe

Figure 12 shows the comparison of SN 2012bz at two differ-
ent phases for which simultaneous spectra of SNe 1998bw,
2006aj and 2010bh are available that accompanied low-
L GRBs (Patat et al. 2001; Pian et al. 2006; Bufano et al.
2012). Overall, the spectra are very similar and show the
same features, although line strengths and expansion veloc-
ities vary from object to object. We have illustrated this by
annotating the main features as they have been identified
in the past (e.g. Patat et al. 2001): Fe ii, usually visible be-
tween 4500–5000 Å; Si ii, around 5600–6100 Å; the Ca ii IR
triplet (that for SN 2012bz is in a noisy part of the spectrum
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