
GAMMA-RAY BURSTS

A tera–electron volt afterglow from a narrow jet in
an extremely bright gamma-ray burst
LHAASO Collaboration*†

Some gamma-ray bursts (GRBs) have a tera–electron volt (TeV) afterglow, but the early onset of this has
not been observed. We report observations with the Large High Altitude Air Shower Observatory
(LHAASO) of the bright GRB 221009A, which serendipitously occurred within the instrument’s field of
view. More than 64,000 photons >0.2 TeV were detected within the first 3000 seconds. The TeV flux
began several minutes after the GRB trigger and then rose to a peak ~10 seconds later. This was
followed by a decay phase, which became more rapid ~650 seconds after the peak. We interpret the
emission using a model of a relativistic jet with half-opening angle of ~0.8°. This is consistent with the
core of a structured jet and could explain the high isotropic energy of this GRB.

G
amma-ray bursts (GRBs) are explosions
observed in distant galaxies, character-
ized by a rapid flash of gamma rays last-
ing from a fraction of a second up to
several hundreds of seconds. The pro-

genitorsof long-duration ≳2 sð ÞGRBsare thought
to be collapsing massive stars, whereas short-
duration ≲2 sð ÞGRBsareproducedby themerger
of two compact objects (1). The emission of a
GRB consists of two stages—the prompt emis-
sion and the afterglow, which can partially
overlap in time. Prompt emission has irregular
variability on timescales as rapid as millisec-
onds, which is thought to result from internal
shocks or other dissipation mechanisms that
occur within the source. The afterglow emis-
sion is smoother and lasts much longer, with
the flux decay usually following a power-law in
time. The long-lasting afterglow is thought to
result from external shocks caused by the in-
teraction between relativistic jets (produced
by the GRB) with the ambient medium at large
distances from the source. The afterglow emis-
sion spans a wide range of the electromag-
netic spectrum. The radio to sub-GeV emission
is generally interpreted as synchrotron radia-
tion, generated by acceleration of relativistic
electrons by the external shock (1). The same
electrons can up-scatter the synchrotron pho-
tons through the inverse Compton (IC) mech-
anism, producing a synchrotron self-Compton
(SSC) emission component that extends to
very high energy [(VHE) >100 GeV] gamma
rays (2–5).
VHE emission has been detected from a few

GRBs during the afterglow decay phase (6–9).
However, those observations used pointed
instruments that had slew to the GRB position
(after it was detected by other instruments), so
they did not capture the prompt emissions

and rising afterglow phases. Extensive air
shower detectors have a larger instantane-
ous field of view, have an observing duty cycle
close to 100%, and do not need to be pointed,
so they could potentially observe the prompt
GRB and afterglow onset phases. However, at-
tempts to observe GRBs with extensive air
shower detectors have not resulted in detec-
tions (10–12).

Observations of GRB 221009A

On 9 October 2022, at 13:16:59.99 universal
time (UT) (hereafter T0), the Gamma-ray Burst
Monitor (GBM) on the Fermi spacecraft de-
tected and located the burst GRB 221009A
(13). The Large Area Telescope (LAT) on Fermi
also detected high-energy emission from the
burst (14). The Burst Alert Telescope (BAT) on
theNeil Gehrels SwiftObservatory (Swift) space-
craft detected this burst when it came into
view 53 min later, and Swift’s X-Ray Telescope

(XRT) observations began 143 s after the BAT
trigger (15).
The exceptionally large fluence of this event

saturated almost all gamma-ray detectors dur-
ing the main burst. The event fluence of GRB
221009A was measured by the Konus-Wind
spacecraft from T0 + 175 s to T0 + 1458 s as
≳5� 10�2erg cm�2 in the energy range of 10 to
1000 keV (16), higher than any previously ob-
served GRB. Later optical observations mea-
sured the redshift (z) of the afterglow, finding
z = 0.151 (17, 18). Assuming standard cosmol-
ogy, the burst isotropic-equivalent energy re-
lease Eg,iso is at least 3 × 1054 erg, among the
highest measured.
We observed GRB 221009A with the Large

HighAltitudeAirShowerObservatory (LHAASO).
LHAASO is a VHE gamma ray extensive air
shower detector (19), consisting of three inter-
connected detectors. At the time of the GBM
trigger, the location of GRB 221009Awaswithin
the field of view of LHAASO at a zenith angle of
28.1° (fig. S2). We analyzed the observations of
GRB221009Awith LHAASO’sWater Cherenkov
Detector Array (WCDA) (fig. S1) (19), which
detected the burst at coordinates of right as-
cension (RA) 288.295 ± 0.005 (stat) ± 0.05 (sys)
degrees and declination 19.772 ± 0.005 (stat) ±
0.05 (sys) degrees, with a statistical signifi-
cance >250 standard deviations (fig. S3).With-
in the first ~3000 s after the trigger, WCDA
detected >64,000 photons with energies be-
tween~200GeV and~7TeV associatedwith the
GRB. It was observed by LHAASO for ~6000 s
before moving out of the field of view. At these
energies, another detector reported no emis-
sion ~8 hours after T0 (20).
Figure 1 displays theWCDA light curve (count

rate as a function of time) of GRB 221009A.
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Fig. 1. Count rate light curve of GRB 221009A observed by LHAASO-WCDA. The energy range of
photons observed is ~0.2 to 7 TeV. The inset panel shows a zoomed-in view of the light curve during 220
to 320 s (yellow shaded zone) after the GBM trigger (T0), with the arrow indicating the reference time
T* = T0 + 226 s for our light curve analysis (see text). Blue histograms are the data, and black histograms are
the estimated background.
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The VHE emission exhibits a smooth tempo-
ral profile, with a rapid rise to a peak followed
by a more gradual decay that persists for at
least 3000 s after the peak. By contrast, the
MeV gamma-ray light curves,measured byGBM
(13) and other gamma-ray detectors (16, 21),
are highly variable. TheGBMemission includes
an initial precursor pulse lasting ~10 s, which
sets T0, followed by an extended, much brighter,
and multipulsed emission episode (fig. S10).
The contrast between the TeV and MeV light
curves suggests that the TeV emission has a dif-
ferent origin than the prompt MeV emission.

Analysis of the gamma-ray data

Gamma rays emitted from distant astronom-
ical sources are attenuated by photon interac-
tions with the extragalactic background light
(EBL). The gamma-ray spectrum that would
be observed if the EBLwere absent, referred to
as the intrinsic spectrum, can be inferred from
the observed events by correcting for EBL at-
tenuation. We perform this correction by as-
suming an EBL model (22). Figure 2 presents
both the observed and the EBL-corrected in-
trinsic flux spectra in the energy range from
~200 GeV to ~7 TeV, for five time intervals dur-
ing which the GRB was detected by LHAASO-
WCDA. The time intervals were chosen to cover
the rising phase, the peak, and three periods in
the decay phase.We fitted the intrinsic spectra
with a power-law model (23), which is con-
sistent with the data up to at least 5 TeV with
no evidence for a spectral break or cut-off. The
best-fitting values of the spectral indices g of
the power-law function are given in table S2.
These show amild spectral hardening in time,
with g increasing by ~0.2 between the first and
last time intervals. The uncertainty in the EBL
model (22) is equivalent to a similar change in
the spectral index (table S2). During the initial
main burst phase T0 þ 220; 230½ � sð Þ , no TeV
emission is detected (significance <2.3s), with
the 95% upper limits on the flux shown in
Fig. 2.
Figure 3 shows the light curveofGRB221009A,

converted to energy flux and integrated in the
energy range of 0.3 to 5 TeV. The peak ob-
served flux is ∼1:2� 10�5 erg cm�2 s�1, which
corresponds to an apparent isotropic-equivalent
luminosity of Liso;TeV ∼ 7:3� 1050 erg s�1 in
the range of 0.3 to 5 TeV, which is higher than
other known sources at these energies. Be-
cause the Fermi GBM triggered on the pre-
cursor emission of this GRB, which was very
weak comparedwith themain burst that started
after a quiescent period of about 200 s (fig.
S10), we set the reference time (hereafter T *)
of the afterglow light curves at the onset of
the main component (24). Numerical studies
have shown that this is a better approximation
than using T0 when investigating the after-
glow emission (24, 25). The first main pulse of
GRB 221009A lasted from 225 to 228 s after

the GBM trigger (16, 21), indicating that T * is
in the range of 225 to 228 s. We measured T*
by fitting the LHAASO light curve with a
model consisting of multisegment power-laws
(23), finding T ∗ ¼ 225:7þ2:2

�3:2 s (fig. S6). In the
following analysis, we adopt T * = 226 s.
Figure 3 has a four-segment shape, consist-

ing of a rapid initial rise, a slower rise up to the
peak, a slow decay after the peak, and then a
steep decay after a break, each of which is con-
sistent with a power-law function of time. We
fitted the data with a semismoothed quadruple-
power-lawmodel [(SSQPL) in which a smoothed
triple-power-law is connected to an initial rapid
power-law rise] (23). We find that the slope of
the rapid rise is a0 ¼ 14:9þ5:7

�3:9, the slope of the
slow rise isa1 ¼ 1:82þ0:21

�0:18, the slope of the slow
decay after the peak is a2 ¼ �1:115þ0:012

�0:012, and

the slope of the steep decay after the break is
a3 ¼ �2:21þ0:30

�0:83. The transition time from the
rapid rise to the slow rise phase is Tb;0 ¼
T∗ þ 4:85þ0:15

�0:10 s, the peak time is Tpeak ¼ T ∗þ
18:0þ1:2

�1:2 s, and the break time to the steep de-
cay is Tb;2 ¼ T ∗ þ 670þ230

�110 s (table S3).
Although the rapid rise is evident in the light

curve (fig. S8), the observations have insufficient
temporal resolution to constrain the functional
form of such a rapid rise. We assume a power-
law because it is consistent with the other three
segments of the light curve.
We verified that the steep decay is required

by comparing the four-segment model with a
three-segment model with only one segment
for the whole decay phase (Fig. 3). We find that
the four-segment model improves the fit over
the three-segment model with a significance of
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Fig. 2. Intrinsic and observed flux spectra for five time intervals. (A) The intrinsic spectra corrected
for EBL attenuation, assuming power-law functions in the calculation (23). (B) The observed spectra obtained
by reapplying the EBL attenuation to the corresponding intrinsic spectra. The shaded bands indicate
1s ranges of statistical uncertainties (inner bands) and systematic uncertainties (outer bands). The
systematic uncertainties are further divided into detector-related (middle band in light blue) and EBL-related
(outer band in light cyan) components. The 95% upper limits on the intrinsic flux during the initial main
burst phase T0 þ 220; 230½ � sð Þ are indicated by dark orange triangles in (A). The EBL model (22) and its
uncertainties are used to calculate the spectra and estimate the systematic uncertainties. The wave-like
features in the observed spectrum are caused by the EBL attenuation at different wavelengths. An alternative
calculation, independent on the EBL model, is shown in fig. S4. Goodness-of-fit tests are shown in fig. S5,
and the results are listed in table S1.
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9.2s (23), indicating that a separate steep de-
cay phase is justified by the data.
We also applied the four-segment model to

light curves of sliced data samples with different
energy bands (Fig. 4 and fig. S7). The best-fitting
parameters are listed in table S3. The peak times
for different energy bands agreewith each other,
within the uncertainties, without any spectral
evolution, which indicates that the peak corre-
sponds to the onset of the afterglow phase.
The break in the decay phase of the light curve
is observed in all energy bands. We find no
systematic shift of the break time, which is
also constant within the uncertainties.
We identify a small flare at T*þ 320; 550½ � s

(fig. S9). To check whether this flare affects
the break at tb,2, we masked the data during
the flare period when performing the fitting.
This analysis shows that the break’s behav-
ior remained the same, indicating that the flare

does not affect the identification of the steep
decay.
A potential systematic uncertainty in the

flux arises from the adopted EBL model. To
test whether the uncertainty in the EBL affects
the light curve, we recalculated the light curve
using the EBL intensities at the lower and
upper boundaries of the EBL model (22). We
then fitted the light curve with the same pro-
cedure, and the results are given in table S3. We
find that the slopes and break times in the light
curves remain almost unchanged, although
the intrinsic fluxes change systematically.

Interpreting the TeV emission

TeV gamma-ray emission could be produced
by relativistic electrons accelerated by internal
shocks during the prompt emission (26) or by
external shocksduring the afterglowphase (2–4).
The smooth temporal profile of the TeV emis-

sion in GRB 221009A suggests that it mainly
results from an external shock. Synchrotron
emission of relativistic electronshas amaximum
energy of≪1 TeV if the electrons are accelerated
and radiate in the same zone, therefore the TeV
emission of GRB 221009A is probably produced
by SSC of relativistic electrons in the external
shock, as has been proposed for previous TeV
afterglows (7, 27, 28).
In the external shock model, the rise phase

before the peak corresponds to the afterglow
onset, where the forward-moving external shock
sweeps up an increasing amount of ambient
matter before being substantially decelerated
(known as the coasting stage). The density n of
the ambient matter is described by n(R)º R−k,
whereR is the radius of the external shock, k=0
corresponds to a homogeneous medium, and
k = 2 is expected for a stellar wind from the
GRB progenitor. In the homogeneousmedium
case, the flux increases with time as t2 during
the coasting stage, where t is the time since T *
in the observer frame, provided that the ob-
served frequency is above the peak frequency
of the SSC spectrum (i.e., in the spectral re-
gime of Fnº n−p/2, where Fn is the flux density
at frequency n, and p is the power-law index of
the electron energy distribution) (23). In the
stellar wind case, the light curve of the TeV
afterglow is expected to be flat or possibly de-
cline with time in the same spectral regime
(23, 29). To produce a rising flux in the wind
medium case, the Lorentz factor G (defined as
G ≡ 1=

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� b2

p
, where b is the velocity of the

shock divided by the speed of light c) of the
forward shock must increase with time, per-
haps as a result of energy injection. The rising
slope that we observe, a1 ¼ 1:82þ0:21

�0:18 , is con-
sistent with homogeneous medium without
energy injection, so we infer k = 0. The initial
rapid rise phase has a high slope, albeit with a
large uncertainty. Fn º t4 might apply at this
stage because the spectrum is expected to be
harder (Fnº n−(p−1)/2) at such an early time (23).
This phase overlaps in time with the strongest
pulses of the prompt main burst emission
(16, 21), so energy could be transferred to the
external shock by the inner ejecta, producing a
rapid flux increase (23).
After the peak, the expected decay of the SSC

emission is t−(9p−10)/8 in the spectral regime
of Fnº n−p/2, when the IC scattering is in the
Thomson regime (28). Depending on the phys-
ical parameters, the scatterings could enter
into the Klein-Nishina (KN) regime, where the
photon energy (in the rest frame of the scat-
tering electron) becomes similar to the elec-
tron rest-mass energy. In the KN regime, the
decay is t

3
2�5p

4ð Þ in the spectral regime of Fn º
n−(p−1) (23). Both interpretations are consistent
withour observeddecay slope,a2 ¼ �1:115þ0:012

�0:012,
for p ~ 2.1, although the observed spectrum
in this period is slightly softer than the mod-
el prediction.
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Fig. 3. Energy flux light curve and spectral evolution in the VHE band for GRB 221009A. (A) The light
curve converted to energy flux, integrated over the energy range of 0.3 to 5 TeV. Blue points indicate the
observations, with error bars indicating the ~1s statistical uncertainty [the systematic uncertainty of ~10.7%
(23) is not included]. The solid orange curve shows the fitted model, consisting of four joint power-laws that
describe the four-segment features in the light curve: rapid rise, slow rise, slow decay, and steep decay. The
dark red dashed line shows the three-segment model, which has only one segment for the entire decay
phase. The best-fitting parameter values for both models are listed in table S3. (B) The temporal evolution
of the power-law spectral index (blue circles) of photons, determined from the time-resolved intrinsic
spectra. The orange line is the function g(t) = a log(t) + b fitted to the data points. This model is flat before
T0 + 230 s. The time intervals for the spectrum fitting in Fig. 2 are labeled a to e in gray in both panels.
The average spectral indices of these five intervals are indicated by gray hollow squares in (B).
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The light curve steepening at tb;2 ≃ 670 s
afterT * cannot be a result of theKN scattering
effect because the spectrum after the break does
not soften. The steepening that we observe re-
sembles a jet break, which occurs when the
Lorentz factor of a GRB jet drops to 1/q0, where
q0 is the initial half-opening angle of the jet. At
this time, the jet edge becomes visible to the ob-
server, causing a steepening in the light curve by
t−3/4 for a homogeneous medium (30, 31). If the
lateral expansion of the jet is fast enough (32–34),
a steeper decay is expected after the jet break
for the VHE emission (23). The early jet break
of GRB 221009A implies a small q0, given by

q0 ∼ 0:6°E�1=8
k;55 n1=8

0
tb;2
670 s

� �3=8

ð1Þ

where Ek is the isotropic kinetic energy of the
ejecta, n is number density of the circum-burst

medium, and we adopt the convention that
subscript numbers x indicate normalization
by a factor of 10x in centimeter-gram-second
(cgs) units. This reduces the required energy in
gamma rays to Eg;j ≡ Eg;isoq20=2 ∼ 5:5� 1050

Eg;iso;55
q0
0:6°

� �2
erg for GRB 221009A. This is con-

sistent with the typical energy reservoir of GRB
jets (35). It has been suggested that GRBs could
have a quasi-universal beaming configuration—
a structured jet with high anisotropy in its
angular distribution of the fireball energy about
the symmetry axis (36, 37). Under this assump-
tionof a universal jet structure forGRBs, a small
opening angle of GRB 221009A could imply
that the brightest core of a structured jet was
visible from Earth before the break, explain-
ing the high isotropic-equivalent energy of this
GRB. Combined with the low redshift of the
source, the small opening angle also explains
the high fluence (brightness) of this GRB.

Our identification of the TeV afterglow on-
set time can be used to estimate the initial
bulk Lorentz factor G0 of the jet. The peak
time (tpeak ~ 18 s after T *) of the light curve
corresponds to the deceleration time, when
most of the outflow energy is transferred to
the shocked external medium. The initial bulk
Lorentz factor is then

G0 ¼ 3 1þ zð Þ3Ek

32pnmpc5t3peak

 !1=8

¼ 440 E1=8
k;55n

�1=8
0

tpeak
18 s

� ��3=8

ð2Þ

where mp is the proton mass, and c is the
speed of light. G0 is almost insensitive to Ek and
n. The initial Lorentz factor of GRB 221009A
is consistent with the upper range of values
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Fig. 4. Energy flux light curve in the VHE band for six Nhit segments.
(A to F) The six segments are: [30, 33) (A), [33, 40) (B), [40, 63) (C), [63, 100)
(D), [100, 250) (E), and [250, +∞) (F). The median energy (Emedian) and
point spread function (PSF) are labeled in each panel; the PSF is given as 68
and 99% containment in degrees. The orange solid lines in (A) to (E) are

four-segment models fitted to the data. The overall fit in Fig. 3 is shown as
the dashed line in (F) for comparison. During fitting, two parameters—the
transition time from the rapid rise to the slow rise phase and the sharpness of
the transition from the slow decay to the steep decay phase—were fixed to the
values obtained from Fig. 3.
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for previous GRBs with measured G0 inferred
from afterglow deceleration (38). This im-
plies that more energetic GRBs (in isotropic
energy) have a larger initial Lorentz factor for
the outflow.

Multiwavelength modeling

Weperformedmultiwavelengthmodeling (23)
of the Swift-XRT, Fermi-LAT (39), and LHAASO
data assuming synchrotron plus SSC radiation,
within the framework of our interpretation of
the afterglow emission as arising from exter-
nal forward shocks. We use the full KN cross
section for the IC scattering and incorporate
two-photon annihilation (gg) absorption with-
in the source (23). For the jet break, we con-
sider only the geometric effect when the jet
edge is seen by the observer. Because the inner
core of the structured jet could be responsible
for the early-time afterglow emission, we con-
sider only the data for the first ~104 s after the
burst. The late-time afterglow emission could,
in principle, include additional contributions
from the outer wider components of the struc-
tured jet (40, 41).
We find a model that is consistent with

the broadband light curves and the LHAASO
spectra at various time intervals (Fig. 5) un-
der the following conditions (23): The ini-
tial isotropic-equivalent kinetic energy of
the forward shock is Ek ∼ 1:5� 1055 erg, and
the initial bulk Lorentz factor is G0 ~ 560. The
electrons and magnetic field behind the shock
carry fractions ee ~ 0.025 and eB ~ 6 × 10−4,
respectively, of the dissipated energy of the
shock. The power-law index of the electron
distribution is p ~ 2.2, and the density of the

circum-burst medium is n ~ 0.4 cm−3. Because
there is degeneracy in the parameter space,
these parameters are not the only possible
choice.
In this model, the x-ray afterglow is produced

by synchrotron emission, and the TeV after-
glow is produced by SSC emission, whereas
the 0.1 to 10 GeV afterglow measured by
Fermi-LAT has contributions from both syn-
chrotron and SSC emission.We find that ee >
eB for the external shock, which is a neces-
sary condition for efficient SSC radiation. The
internal gg absorption is not strong, with op-
tical depth ≤1 for gamma rays of 5 TeV (23).
The half-opening angle in themodel is q0 ~ 0.8°,
consistent with the analytical estimate. The
resulting model SSC spectrum is harder than
the observed spectrumat low energy during the
first two time intervals (Fig. 5B), similar to
the previously studied TeV spectrum of GRB
190829A (9). This discrepancy between the
model and observation could be a result of
additional contributions to the flux measured
by LHAASO-WCDA by some other emission
processes, such as external IC emission.

Limit on prompt TeV emission

In the optically thin synchrotron scenario for
prompt emission in GRBs (42, 43), the SSC
emission produced by the same population
of relativistic electrons generates GeV to TeV
gamma rays (26). Previous observations ob-
tained only loose upper limits on the TeV flux
during the prompt emission phase (44). GRB
221009Awas observed by LHAASO during the
main burst phase, yielding a differential flux
limit of ~6 × 10−8 erg cm−2 s−1 at ~1 TeV from

T0 + 220 s to T0 + 230 s (Fig. 2). Comparedwith
the averaged MeV flux during the same period,
which is 3 × 10−3 erg cm−2 s−1 [in the 20 keV to
15 MeV range; we regard this as a conserva-
tive estimate because of the saturation effect
on the gamma-ray detectors (16)], the flux
ratio between TeV and MeV emission is �R ≡
FTeV=FMeV ≤ 2� 10�5. This is a stronger con-
straint than previous observations.
The internal gg absorption suppresses the

TeV flux during the prompt emission because
the radius of the internal shock or dissipa-
tion is much smaller than that of the external
shock. The internal dissipation radius can be
estimated if we know the variability timescale
of the prompt emission. Before the saturation
of the GBM data, the shortest variability time-
scale of GRB 221009A was tn ~ 0.082 s (39),
implying that internal dissipation occurs at
a distance from the source of Rin ∼ 2G2

0ctv ¼
1015cm G0=440ð Þ2 tn=0:082 sð Þ. We estimate the
optical depth for TeV emission to be tgg ∼
190 Rin=1015cmð Þ�1

(23), producing strong at-
tenuation of TeV photons, which could ex-
plain the very low flux ratio between TeV and
MeV emission.

Summary and conclusions

LHAASO observed the bright GRB 221009A at
the epochs covering both the prompt emission
phase and the early afterglow in the TeV band,
revealing the onset of afterglow emission in
the TeV band. We identify a jet break in the
light curve of GRB 221009A, indicating that
the opening angle of GRB 221009A is ~0.8°. Un-
der the assumption of a universal jet structure
for GRBs, this implies that the orientation of
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Fig. 5. Multiwavelength modeling of GRB 221009A. Data points indicate the
observations, and curves are the output of the model, which assumes afterglow
emission arising from external forward shocks, emitting synchrotron and SSC radiation.
The adopted parameters are: Ek = 1.5 × 1055 erg, G0 = 560, ee = 0.025, eB = 6 × 10−4,
p = 2.2, n = 0.4 cm−3, and q0 = 0.8°, although these are not a unique solution

(see text). (A) Light curves at keV (0.3 to 10 keV; black), GeV (0.1 to 10 GeV; red), and
TeV (0.3 to 5 TeV; blue) energies for the first ~104 s after the burst. (B) LHAASO-
WCDA spectra at five time intervals. The shaded regions indicate 1s ranges of
statistical uncertainties (inner band) and systematic uncertainties (outer bands).
The five colored lines indicate the output of the model for the five time intervals.
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this GRB was such that the brightest core of a
structured jet was visible from Earth, ex-
plaining the brightness of this GRB.
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Editor’s summary
Long gamma-ray bursts (GRBs) are produced by the explosion of a high-mass star, which produces a jet of material
moving close to the speed of light. The LHAASO Collaboration observed the extremely bright GRB 221009A in very-
high-energy (tera–electron volt) gamma rays. The GRB serendipitously occurred within the large field of view of
their detector, so these data cover the rapid rise, peak emission, and gradually dimming afterglow. Modeling of the
observations showed that the jet had an opening angle of less than one degree, which must have been pointed almost
exactly toward Earth, explaining the unusual brightness of this GRB. —Keith T. Smith
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