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Gamma-ray bursts (GRBs)

Come in 2 flavors: 

Short, ≲ 2 s Long, ≳ 2 s

Coalescence of a 
compact object 
binary 
(Lattimer & Schramm 1976; 
Paczynski 1986,  
Eichler et al. 1989;  
Narayan et al. 1999) 

Death of a massive 
star by core 
collapse  
(Duncan & Thompson 1992, 
Woosley 1993, 
MacFadyen & Woosley 1999) (Credit: NASA / SkyWorks Digital)
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S. McBreen et al.: Cumulative light curves of GRBs L31
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Fig. 1. The running (dashed) and cumulative (solid) light curves of
the BATSE bursts with trigger numbers a) 3128, b) 3057, c) 3042,
d) 7560, e) 2217 with count per 64 ms and cumulative count scales
on the left and right vertical axes. The insert gives the straight line fit
(dashed) to the cumulative count (solid) for the relevant section(s) of
the GRB. The vertical axes in the inserts are the normalised cumula-
tive count.
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Fig. 2. The values of P64 ms are plotted versus a) the slope S and b)
the standard slope S ′ of the GRB cumulative light curve for three
categories of GRBs i.e. T90 < 2 s (red), T90 > 2 s (green) and the
additional sample with T90 > 100 s (blue). T50 is plotted versus S ′

in c) for the same three catagories. The seven GRBs with known red-
shift and detected by BATSE are labelled (van Paradijs et al. 2000;
Castro-Tirado 2001 and references therein). The BATSE trigger num-
bers and redshifts are given in the top figure. An extension of the peak
flux limited sample with T90 > 2 s to lower values should populate the
region containing GRBs 1 and 2 with known z in b).
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• GRB prompt emission 
is variable on short 
time scales	


• But on average:  

• However, at the end, 
GRBs steeply turns off:	


!

• What causes such an 
abrupt change of 
behavior?

L ⇠ const

L / t�3...�5

Puzzling GRB Lightcurves

density profile of the external medium and the early radiative
energy losses from the external shock—remained largely un-
explored. Swift is designed to, among other science, probe ex-
actly this unknown observational time window from !102 to
!104 s after burst onset. Here we report for the first time cu-
mulative early X-ray afterglow properties of the first 27 long
GRBs well observed by the Swift XRT.13 In x 2 we describe our
data analysis method. Our observational results are presented in
x 3. In x 4 we discuss the theoretical interpretation and im-
plications of our findings, and our conclusions are summarized
in x 5.

2. DATA ANALYSIS

We have analyzed XRT data of the first 27 Swift GRB after-
glows covering the time interval between 2004 December and
2005 June. Data for each burst were obtained from the Swift
Quick Look site14 and processed consistently with version 2.0 of
the Swift software (release date 2005 April 5). In all cases we
used XSELECT to extract source and background counts from
the cleaned event lists (0.3–10 keV), using grades 0–12 for
photon counting (PC) mode, 0–2 for windowed timing (WT),
and 0–5 for photo-diode (PD) data. We used the European
Southern Observatory (ESO) Munich Imaging Data Analysis
System (MIDAS, ver. 04SEP) to create the X-ray afterglow light
curves for each event. The data were binned dynamically to have
a certain number of photons per bin. For very bright bursts and
at early times after a burst trigger, the binning was set to 500
photons per bin, while at very late times, or for very faint bursts,
the binning was set to 10 counts per bin. On average, light curves
were created with 50 counts per bin. All light curves were
background-subtracted. The exposure times per bin were cal-
culated on the basis of the Good Time Interval (GTI) file. These
light curves were then compared to ones derived independently
with the FTOOL flx2xsp. Each time bin in the latter was se-
lected for high signal-to-noise ratio, after background subtrac-
tion; we required at least 20 counts per bin in order to facilitate
!2 fitting. The data sets derived using these two independent
methods were found to agree very well. Finally, in bothmethods,
we took into account the mode switching during the Swift XRT
observation, which can distort the real count rate during an
event.

Several of the GRBs included in this paper were observed
while Swiftwas still in its calibration phase, before the automatic
mode-switching for the XRT was fully enabled. Some of the
data obtained in PCmode suffered, therefore, from pileup, which
had to be corrected before the light curves and spectra were
fully analyzed. To account for source pileup (significant above
0.5 counts s"1 in PCmode), annular regions were used to extract
the source spectra and light curves. To determine the level of
pileup, the inner radius of the annulus was gradually increased
until the spectral shape no longer changed (pileup leads to the
hardening of photon indices). Background spectra and light
curves were then produced from large ‘‘source-free’’ regions,
offset from the GRB, and the background counts were scaled to
the same size region as used for the source.

The FTOOL xrtmkarf was used to generate ancillary re-
sponse function (ARF) files. Where an annular region had been
required, xrtmkarf was run twice, with and without the point-
spread function (PSF) correction. Fitting the spectra with both
ARFs leads to different normalizations, the ratio of which gives
the pileup correction factor. The most recent (ver. 7) response
matrices (RMFs) were used in the spectral analysis. The light
curves were extracted for each individual orbit of data, cor-
recting for pileup when annuli were used. At later times, or when
no pileup was apparent, circles of radius 20–30 pixels (1 pixel =
2B36) were used.
The XSPEC (ver. 11.3.2) readable light curves produced by

flx2xsp were modeled in XSPEC with a combination of single
and broken power laws to determine the decay slopes and break
times. The time of the burst onset was taken from the msbal.fits
TDRSS file, which normally corresponds to the time when the
BAT instrument recognized the burst through an image trigger,
except for the case of GRB 050319, where the event started
while Swift was slewing to a different target (although triggers
are disabled during slews, the BAT triggered on a later peak in
the light curve of GRB 050319). To determine an energy con-
version factor (ECF) from count rate to fluxes, a simple ab-
sorbed (Galactic NH, determined from Dickey & Lockman
[1990], together with any required excess) power law was fitted
to the XRT spectra (0.3–10 keV). The ECFs were then deter-
mined for unabsorbed fluxes. If no significant spectral changes
were observed, only one ECF was applied per light curve.

3. OBSERVATIONAL RESULTS

Until 2005 July, only 10 Swift GRBs had measured redshifts.
Figure 1 exhibits the evolution of the X-ray luminosities of these
10 Swift events, together with the longest monitored GRBs in the
last 8 years (see also Kouveliotou et al. 2004). The Swift light
curves fill in the earlier gap and complete the trend observed in
the past (Kouveliotou et al. 2004) in a spectacular way. Figure 2
shows the evolution of the X-ray flux for the 17 Swift GRBs
without known redshifts. Four of these events show X-ray flares
early on (Fig. 2, right panel ).
Combining Figures 1 and 2 we see that a general trend starts

to emerge that may become the standard to describe each GRB
X-ray afterglow light curve. Starting at the earliest XRT obser-
vations (approximately 102 s after the prompt gamma rays), the

13 The XRT also observed GRBs 050117, 050306, 050416B, and 050528.
The first was observed while the XRT was in a high particle background; the
middle two were observed days after the burst due to observing constraints; the
last was observed while XRTwas in an engineering mode. Hill et al. (2006) have
reduced the data for GRB 050117 and find a similar light curve to the canonical
behavior described here. GRB 050509B is a short burst, and not included for that
reason (Gehrels et al. 2005).

14 See http://heasarc.gsfc.nasa.gov/cgi-bin/sdc/ql?.

Fig. 1.—X-ray luminosity in the range 2–10 keVas a function of time (both
measured in the cosmological rest frame of the GRB) for Swift GRBs with
established redshifts (colored symbols), plotted together with selected earlier
events (black symbols) from Fig. 3 in Kouveliotou et al. (2004).
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What limits 
      and     ? 	


Gravity!
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MADs in GRBs
• After core collapse, 

accretion power >> jet 
power → B subdominant:	


➡ jet power ~ constant	


• As Mdot falls, B becomes 
dynamically important:	


➡ jet emission shuts off 
abruptly	


• Naturally accounts for the 
observed constancy of 
prompt emission and 
steep turn off
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Magnetic “tomography” of stars

• Magnetic flux 
accumulation naturally 
accounts for:	


• constancy of prompt 
GRB luminosity	


• abrupt shutoff at the 
end of GRB emission	


• Can be used for 
“magnetic tomography” 
progenitor stars!

(Tchekhovskoy & Giannios, MNRAS, in press)
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Figure 16. BATSE X-ray lightcurve (in all channels combined) for GRB
940817 is shown with solid grey line (left y�axis). The cumulative light
curve is shown with dashed green line (right y�axis). Light green stripe
shows the analytical cumulative light curve for progenitor 16TI (Woosley
& Heger 2006) and the magnetic flux distribution index of � = 1.

Figure 17. The radial profile of gas and magnetic pressures corresponding
to Fig. 16.

We chose GRBs 940817 and 940210 because they are clean
examples of the linear increase of the radiated energy versus time
followed by a sharp turn o↵ of the GRB emission. In Figs. 16
and 18 we overplot the cumulative count rate from these bursts
with those for our model (we rescaled the time axis to fit the ob-
served duration). We adopt our fiducial model parameters: the mag-
netic flux distribution index of � = 1, the total magnetic flux of
�⇤ = 1027.5 G cm2, no mass-loss from the disk (� = 0), along with
the 16TI progenitor star model. The results for other combinations
of model parameters, �, �, and �⇤, and progenitor models are sim-
ilar (not shown).

As is clear from Figs. 16 and 18, our models naturally account
for the near constancy of the burst luminosity over its duration as
well the steep decline of the jet power at t � ttrig ⇠ 60 s and 30 s,
respectively. For comparison, in Figs. 17 and 19 we show the im-
plied gas and magnetic pressures as functions of distance in the
pre-collapse star for the same two models. The gas pressure domi-
nates magnetic pressure in the star by a typical factor of ⇠ 109.

Figure 18. BATSE X-ray lightcurve (in all channels combined) for GRB
940210 is shown with solid grey line (left y�axis). The cumulative light
curve is shown with dashed green line (right y�axis). Light green stripe
shows the analytical light curve for progenitor 16TI (Woosley & Heger
2006) and the magnetic flux distribution index of � = 1.

Figure 19. The radial profile of gas and magnetic pressures corresponding
to Fig. 18.

4.1 Magnetic tomography of progenitor stars

From Fig. 20 it is clear that gross properties of the cumulative count
rate from GRB 920513 can also be reproduced by this simplest ver-
sion of the model. However, the cumulative light curve has either a
pronounced bump at t � ttrig ⇠ 40 s or a deficit at t � ttrig ⇠ 60 s.

Such a deviation from the simple prescription where magnetic
flux scales with mass in the progenitor star can be used as a probe
of the stellar field structure. To account for the relative weakness of
the burst at the interval 50 . t . 80s, we introduce an additional
torus-shaped component of poloidal magnetic field centered at t �
ttrig = 64 s, or a distance r ⇠ 3 ⇥ 1010cm in the progenitor star,
that appears in Fig. 21 as a pair of bumps in the magnetic pressure
indicated by a vertical grey band. Namely, we superimpose on top
of our � = 1 magnetic flux profile a magnetic “knot”: a torus-like
poloidal magnetic field component of negative polarity, such that
the consumption by the BH of this knot temporarily depresses BH
magnetic flux. We take the time-dependence of BH magnetic flux

c� 2012 RAS, MNRAS 000, 1–17
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Figure 16. BATSE X-ray lightcurve (in all channels combined) for GRB
940817 is shown with solid grey line (left y�axis). The cumulative light
curve is shown with dashed green line (right y�axis). Light green stripe
shows the analytical cumulative light curve for progenitor 16TI (Woosley
& Heger 2006) and the magnetic flux distribution index of � = 1.

Figure 17. The radial profile of gas and magnetic pressures corresponding
to Fig. 16.

We chose GRBs 940817 and 940210 because they are clean
examples of the linear increase of the radiated energy versus time
followed by a sharp turn o↵ of the GRB emission. In Figs. 16
and 18 we overplot the cumulative count rate from these bursts
with those for our model (we rescaled the time axis to fit the ob-
served duration). We adopt our fiducial model parameters: the mag-
netic flux distribution index of � = 1, the total magnetic flux of
�⇤ = 1027.5 G cm2, no mass-loss from the disk (� = 0), along with
the 16TI progenitor star model. The results for other combinations
of model parameters, �, �, and �⇤, and progenitor models are sim-
ilar (not shown).

As is clear from Figs. 16 and 18, our models naturally account
for the near constancy of the burst luminosity over its duration as
well the steep decline of the jet power at t � ttrig ⇠ 60 s and 30 s,
respectively. For comparison, in Figs. 17 and 19 we show the im-
plied gas and magnetic pressures as functions of distance in the
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Figure 18. BATSE X-ray lightcurve (in all channels combined) for GRB
940210 is shown with solid grey line (left y�axis). The cumulative light
curve is shown with dashed green line (right y�axis). Light green stripe
shows the analytical light curve for progenitor 16TI (Woosley & Heger
2006) and the magnetic flux distribution index of � = 1.

Figure 19. The radial profile of gas and magnetic pressures corresponding
to Fig. 18.

4.1 Magnetic tomography of progenitor stars

From Fig. 20 it is clear that gross properties of the cumulative count
rate from GRB 920513 can also be reproduced by this simplest ver-
sion of the model. However, the cumulative light curve has either a
pronounced bump at t � ttrig ⇠ 40 s or a deficit at t � ttrig ⇠ 60 s.

Such a deviation from the simple prescription where magnetic
flux scales with mass in the progenitor star can be used as a probe
of the stellar field structure. To account for the relative weakness of
the burst at the interval 50 . t . 80s, we introduce an additional
torus-shaped component of poloidal magnetic field centered at t �
ttrig = 64 s, or a distance r ⇠ 3 ⇥ 1010cm in the progenitor star,
that appears in Fig. 21 as a pair of bumps in the magnetic pressure
indicated by a vertical grey band. Namely, we superimpose on top
of our � = 1 magnetic flux profile a magnetic “knot”: a torus-like
poloidal magnetic field component of negative polarity, such that
the consumption by the BH of this knot temporarily depresses BH
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We chose GRBs 940817 and 940210 because they are clean
examples of the linear increase of the radiated energy versus time
followed by a sharp turn o↵ of the GRB emission. In Figs. 16
and 18 we overplot the cumulative count rate from these bursts
with those for our model (we rescaled the time axis to fit the ob-
served duration). We adopt our fiducial model parameters: the mag-
netic flux distribution index of � = 1, the total magnetic flux of
�⇤ = 1027.5 G cm2, no mass-loss from the disk (� = 0), along with
the 16TI progenitor star model. The results for other combinations
of model parameters, �, �, and �⇤, and progenitor models are sim-
ilar (not shown).
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for the near constancy of the burst luminosity over its duration as
well the steep decline of the jet power at t � ttrig ⇠ 60 s and 30 s,
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Figure 19. The radial profile of gas and magnetic pressures corresponding
to Fig. 18.

4.1 Magnetic tomography of progenitor stars

From Fig. 20 it is clear that gross properties of the cumulative count
rate from GRB 920513 can also be reproduced by this simplest ver-
sion of the model. However, the cumulative light curve has either a
pronounced bump at t � ttrig ⇠ 40 s or a deficit at t � ttrig ⇠ 60 s.

Such a deviation from the simple prescription where magnetic
flux scales with mass in the progenitor star can be used as a probe
of the stellar field structure. To account for the relative weakness of
the burst at the interval 50 . t . 80s, we introduce an additional
torus-shaped component of poloidal magnetic field centered at t �
ttrig = 64 s, or a distance r ⇠ 3 ⇥ 1010cm in the progenitor star,
that appears in Fig. 21 as a pair of bumps in the magnetic pressure
indicated by a vertical grey band. Namely, we superimpose on top
of our � = 1 magnetic flux profile a magnetic “knot”: a torus-like
poloidal magnetic field component of negative polarity, such that
the consumption by the BH of this knot temporarily depresses BH
magnetic flux. We take the time-dependence of BH magnetic flux
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Figure 24. Similar to Fig. 22 but with the two knots containing magnetic
fluxes that make up 85% and 160% of those through the star (see text for
details). Note the qualitative di↵erence from Fig. 22 in which the knots con-
tain 55% and 85% of that through the star: having a greater than 100% leads
to “flat–steep–flat” behavior of the cumulative light curve, which appears to
be well-captured by our model (see the main text for details).

Figure 25. The radial profile of gas and magnetic pressures corresponding
to Fig. 24. Clearly, the magnetic pressure in the second knot is higher than
that in Fig. 23, reflecting the larger magnetic flux contained in that knot.

each magnetic knot is accreted by the BH, the knot’s magnetic flux
cancels out a substantial fraction of BH magnetic flux and leads to
a depression in GRB luminosity. We model the magnetic flux in the
knots similar to eq. (12):

�GRB940210
BH (t) = �⇤

 
Mcollapsed

M⇤

!
⇥
Y
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8>><
>>:1 � fi exp

2
66664�

 
t � ttrig � ti

�ti

!4377775

9>>=
>>; .

(13)
Here we choose f1 = 0.85, t1 = 6 s, �t = 3.25 s, and f2 = 0.65,
t2 = 18 s, �t2 = 4.5 s. Thick green line in Figure 22 shows the pre-
dicted cumulative GRB lightcurve with the thick solid green line:
the accretion of magnetic knots, which are indicated by grey verti-
cal stripes in Figs. 22 and 23, leads to the partial depressions in BH
magnetic flux and in turn to quiescent intervals in jet power, similar
to those seen in GRB lightcurves.

More generally, we suggest that rather long periods of silence
between bursts of prompt emission, such as in the case of GRB
940210 and GRB 920513, could be an imprint of large-scale mag-
netic field structure of the progenitor star. This opens up the pos-

sibility of stellar magnetic flux “tomography”: inferring the mag-
netic flux distribution in progenitor stars by inverting the informa-
tion contained in their GRB light curves, as we have illustrated for
GRB 920513 and GRB 940210.

Note that, as seen in Fig. 22, the GRB power does not strongly
change from one interval of activity to another (i.e., the cumulative
light curve slope is approximately the same among all active in-
tervals). But it very clearly changes from one quiescent interval
to another (cumulative light curves have di↵erent slopes in di↵er-
ent quiescent intervals). This behavior is common to many GRBs
(McBreen et al. 2002), and our model provides a natural explana-
tion for this: GRB power during quiescent intervals depends on the
magnetic flux in the knots, whereas the power during active inter-
vals is set by the net magnetic flux through the star and is there-
fore roughly constant throughout the GRB. This is consistent with
suggestions (Nakar & Piran 2002) that quiescent intervals follow a
di↵erent type of time-variability than (i) short time-scale, pulse-to-
pulse variability of GRBs and (ii) long time-scale variability set by
the duration of the GRB. The latter is set by the free-fall time-scale
of the outer layers of the star within our model. The former could be
caused by, e.g., the emission mechanism (Kumar & Narayan 2009;
Narayan & Kumar 2009), jet propagation e↵ects (Morsony et al.
2010), or the variability of the central engine. We discuss these
possibilities in more detail at the end of this section.

In both cases of GRB 920513 and 940210 the values of the
f�factor (see eqs. 12 and 13), which sets the depth of the dip in the
light curve due to the accretion of a magnetic knot, are of order of
unity. This is precisely what is needed for the quiescent interval to
be noticeable: in order to substantially modify the light curve, the
knot must contain a magnetic flux comparable or larger than that
on the BH, f & 1. For this reason, it is surprising that for both of
the above GRBs we find f < 1, i.e., the flux in the knot is lower
than the net flux through the progenitor star. How does a knot know
about the net magnetic flux through the star?

We tried and were unable to obtain a visually good fit to the
GRB 920513 lightcurve with f > 1. The reason for this is clear.
For a knot with f > 1, the magnetic flux on the BH would vanish
twice: once during ingress and once during egress of the knot. This
would lead to the cumulative GRB light curve that flattens at the
beginning and at the end of the quiescent interval and steepens in
between. No such behavior is obviously present in Fig. 20: in fact,
the cumulative light curve appears to rise continuously, suggesting
that the knot that led to the quiescent interval in GRB 920513 light
curve contained a relatively small magnetic flux compared to that
on the BH. The situation is di↵erent with GRB 940210, whose light
curve is shown in Fig. 22. The light curve appears to show precisely
the type of behavior in the light curve indicative of a large flux in
the knot, at least for the second quiescent interval of the two. In-
deed, we find that f2 = 1.6 gives a rather good fit to the cumulative
light curve, as seen in Fig. 24, with the rest of the parameters simi-
lar to those used for the fit shown in Fig. 22: f1 = 0.85, t1 = 6.1 s,
�t1 = 3.5 s, t2 = 18.4 s, and �t2 = 3.6 s. Figure 25 shows that the
magnetic pressure in the second knot (indicated with the right-most
vertical grey stripe) is higher than in Fig. 23, reflecting the larger
magnetic flux in the knot.

In the above, we assumed that the polarity of magnetic flux in
the knots is negative, i.e., once a knot is accreted, it causes a de-
pression in BH magnetic flux and a quiescent interval in the GRB
light curve. However, it is possible that in some cases the polar-
ity of magnetic flux in the knots is positive. This then leads to
“hyper-active” intervals and substantial di↵erences in GRB lumi-
nosity from one active interval to another. Statistical analysis of
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Figure 24. Similar to Fig. 22 but with the two knots containing magnetic
fluxes that make up 85% and 160% of those through the star (see text for
details). Note the qualitative di↵erence from Fig. 22 in which the knots con-
tain 55% and 85% of that through the star: having a greater than 100% leads
to “flat–steep–flat” behavior of the cumulative light curve, which appears to
be well-captured by our model (see the main text for details).
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Figure 25. The radial profile of gas and magnetic pressures corresponding
to Fig. 24. Clearly, the magnetic pressure in the second knot is higher than
that in Fig. 23, reflecting the larger magnetic flux contained in that knot.

each magnetic knot is accreted by the BH, the knot’s magnetic flux
cancels out a substantial fraction of BH magnetic flux and leads to
a depression in GRB luminosity. We model the magnetic flux in the
knots similar to eq. (12):
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Here we choose f1 = 0.85, t1 = 6 s, �t = 3.25 s, and f2 = 0.65,
t2 = 18 s, �t2 = 4.5 s. Thick green line in Figure 22 shows the pre-
dicted cumulative GRB lightcurve with the thick solid green line:
the accretion of magnetic knots, which are indicated by grey verti-
cal stripes in Figs. 22 and 23, leads to the partial depressions in BH
magnetic flux and in turn to quiescent intervals in jet power, similar
to those seen in GRB lightcurves.

More generally, we suggest that rather long periods of silence
between bursts of prompt emission, such as in the case of GRB
940210 and GRB 920513, could be an imprint of large-scale mag-
netic field structure of the progenitor star. This opens up the pos-

sibility of stellar magnetic flux “tomography”: inferring the mag-
netic flux distribution in progenitor stars by inverting the informa-
tion contained in their GRB light curves, as we have illustrated for
GRB 920513 and GRB 940210.

Note that, as seen in Fig. 22, the GRB power does not strongly
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light curve slope is approximately the same among all active in-
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Narayan & Kumar 2009), jet propagation e↵ects (Morsony et al.
2010), or the variability of the central engine. We discuss these
possibilities in more detail at the end of this section.

In both cases of GRB 920513 and 940210 the values of the
f�factor (see eqs. 12 and 13), which sets the depth of the dip in the
light curve due to the accretion of a magnetic knot, are of order of
unity. This is precisely what is needed for the quiescent interval to
be noticeable: in order to substantially modify the light curve, the
knot must contain a magnetic flux comparable or larger than that
on the BH, f & 1. For this reason, it is surprising that for both of
the above GRBs we find f < 1, i.e., the flux in the knot is lower
than the net flux through the progenitor star. How does a knot know
about the net magnetic flux through the star?

We tried and were unable to obtain a visually good fit to the
GRB 920513 lightcurve with f > 1. The reason for this is clear.
For a knot with f > 1, the magnetic flux on the BH would vanish
twice: once during ingress and once during egress of the knot. This
would lead to the cumulative GRB light curve that flattens at the
beginning and at the end of the quiescent interval and steepens in
between. No such behavior is obviously present in Fig. 20: in fact,
the cumulative light curve appears to rise continuously, suggesting
that the knot that led to the quiescent interval in GRB 920513 light
curve contained a relatively small magnetic flux compared to that
on the BH. The situation is di↵erent with GRB 940210, whose light
curve is shown in Fig. 22. The light curve appears to show precisely
the type of behavior in the light curve indicative of a large flux in
the knot, at least for the second quiescent interval of the two. In-
deed, we find that f2 = 1.6 gives a rather good fit to the cumulative
light curve, as seen in Fig. 24, with the rest of the parameters simi-
lar to those used for the fit shown in Fig. 22: f1 = 0.85, t1 = 6.1 s,
�t1 = 3.5 s, t2 = 18.4 s, and �t2 = 3.6 s. Figure 25 shows that the
magnetic pressure in the second knot (indicated with the right-most
vertical grey stripe) is higher than in Fig. 23, reflecting the larger
magnetic flux in the knot.

In the above, we assumed that the polarity of magnetic flux in
the knots is negative, i.e., once a knot is accreted, it causes a de-
pression in BH magnetic flux and a quiescent interval in the GRB
light curve. However, it is possible that in some cases the polar-
ity of magnetic flux in the knots is positive. This then leads to
“hyper-active” intervals and substantial di↵erences in GRB lumi-
nosity from one active interval to another. Statistical analysis of
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MAD conclusions

• Stellar magnetic flux is a constant ->  
    constancy of prompt emission	


• Magnetic flux becomes dominant (MAD!) ->  
    sharp GRB turn off	


• Knots of magnetic flux -> 
    quiescent periods, magnetic “tomography”!
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How do GRB jets form?
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So, jets are stable... or 
not?

B0 = 1015 G B0 = 1014.5 G B0 = 1014 G B0 = 1014.5 G
w/cavity
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Conclusions
• GRBs go MAD and shut off 	


• GRB light curves -> magnetic tomography of stars	


• Jets wobble their heads!	


• magnetic jets pretending to be hydro jets	


• Ambient medium affects globally jet stability	


➡can unstable jets blow up stars?	


• Jet morphology (FRI/FRII) caused by power variations 
(low/high) alone


