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Gamma-ray bursts (GRBs) have been phenomenologically classified into long and short pop-19

ulations based on whether the observed duration is longer or shorter than two seconds1.20

Multi-wavelength and multi-messenger observations in recent years have revealed that in21

general long GRBs originate from massive star core collapse events2, whereas short GRBs22

originate from binary neutron star mergers3. It has been known that the duration criterion23

is sometimes unreliable, and multi-wavelength criteria are needed to identify the physical24

origin of a particular GRB4. Some apparently long GRBs have been suggested to have a25

neutron star merger origin5, whereas some apparently short GRBs have been attributed to26

genuinely long GRBs6 whose short, bright emission is above the detector’s sensitivity thresh-27

old. Still, there has been no known case that a GRB is genuinely short but originates from28

death of a massive star. Here we report the comprehensive analysis of the multi-wavelength29

data of a bright short GRB 200826A. This burst has a sharp 1-second spike, which is not30

part of an underlying long-duration event. Its other observational properties are, however,31

†E-mail: bbzhang@nju.edu.cn, orcid.org/0000-0003-4111-5958
‡E-mail: zhang@physics.unlv.edu, orcid.org/0000-0002-9725-2524
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inconsistent with those of other short GRBs believed to originate from binary neutron star32

mergers. Rather, these properties resemble those of long GRBs. This burst presents a chal-33

lenge to the traditional GRB classification scheme and reveals a class of core-collapse-origin34

GRBs with genuinly short durations.35

GRB 200826A triggered the Fermi Gamma-ray Burst Monitor (GBM)7 at 04:29:52 Uni-36

versal Time on 26 August 20208. Follow-up observations detected the optical counterpart9 and37

identified its host galaxy and redshift at z = 0.7481 (Ref. 10). The 10-800 keV-band light curve,38

as detected by GBM, is shown in Figure 1a. The duration in the same energy range of the burst is39

measuredi as T90 ∼ 0.96+0.05
−0.08 s (see Table 1 for a collection of all the measured parameters of GRB40

200826A, and see the details of data analysis in Methods). The lightcurve pulse profile is quite41

sharp. There is no signal above the background both before and after the burst, hinting that the42

short duration is genuine. We further measure the “amplitude parameter” of this burst12, which is43

defined as the ratio between the peak flux and the average background flux of the GRB lightcurve44

(see Methods). We obtain f = 7.58 ± 1.23 for GRB 200826A. To make a long GRB a “tip-of-45

iceberg” short GRB, the effective f value is typically < 1.5 (Ref. 12). The disguised short GRB46

090426 with a massive star origin6 had f = 1.48± 0.11, which is consistent with having underly-47

ing long-duration emission not observed above the detection level. The enormous f value of GRB48

200826A, therefore, suggests that it is a genuinely short GRB and cannot be the tip-of-iceberg of49

a long GRB (Figure.1b).50

Figure 1c shows the standard long/short classification diagram in the duration - hardness51

ratio domain, where the hardness ratio is defined as observed counts ratio between the 50-30052

keV band and the 10-50 keV band within the T90 duration (see Methods). One can see that GRB53

200826A falls into the distribution of short GRBs, even though near the softer end of the hardness54

ratio distribution (with a value 0.803). We perform the spectral analysis of the GRB (see Fermi55

data analysis in Methods and Extended Data Table 1). Its time-averaged photon index is α =56

−0.68 ± 0.05 and the spectral peak energy is Ep ≃ 120.29+3.93
−3.67 keV (see also Extended Data57

Figure 2). These are not too different from other short GRBs. Without the redshift and host galaxy58

information, this burst would be classified as a member in the short GRB population.59

The conclusion changes when the redshift information is considered. With the measured60

redshift, we derive an isotropic energy of Eγ,iso ≃ 7.09 ± 0.28 × 1051 erg based on the measured61

fluence of 4.85± 0.19× 10−6erg cm−2. This energy value is relatively large compared with other62

short GRBs but is typical in the long GRB population. Such a discrepancy is more obvious when63

GRB 200826A is plotted in the Eγ,iso −Ep,z relation for both long and short GRBs (where Ep,z =64

Ep(1+ z) is the spectral peak energy in the burst rest frame). Observations showed that there is an65

iWe note that Ref.11 presents a slightly different value of T90 = 1.14± 0.13 in 50-300 keV energy range.
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empirical relation between the two, the so-called Amati-relation13 (see Methods). Long and short66

GRBs are known to follow the same trend but form distinct tracks4. We find that GRB 200826A67

squarely lies on the long GRB track rather than on the short GRB track (Figure 2a).68

The peculiarity of GRB 200826A is also reflected in its value of the ϵ ≡ Eγ,iso,52/E
5/3
p,z,269

parameter14, where Eγ,iso,52 is the isotropic gamma-ray energy in units of 1052 erg, and Ep,z,2 is70

Ep,z in units of 100 keV. Following the convention of Ref. 15, hereafter we define Type I and71

Type II GRBs as those with a compact star merger origin and a massive star core collapse origin,72

respectively. It has been shown that GRBs can be more distinctly classified into their respective73

physical categories (Type I and Type II) in the ϵ − T90 space, with a separation line of ϵ ∼ 0.0374

(Ref. 14). We obtain ϵ = 0.33 for GRB 200826A and find that it statistically falls into the Type II75

rather than the Type I category (Figure 2b, see Methods).76

Long GRBs usually show “spectral lags”, with the softer emission arriving later than the77

harder emission16. Short GRBs, on the other hand, typically show negligible lags17. The (10-78

20) keV to (250-300) keV spectral lag of GRB 200826A is 0.157 s (Extended Data Figure 3, see79

Methods). This is at odds for short GRBs but is typical for long GRBs.80

The host galaxy and the position (see Methods) of the GRB inside the galaxy often carry the81

clue regarding the physical origin of a GRB18–20. We performed a follow-up observation of GRB82

200826A using Gran Telescopio Canarias (GTC) and identified the host galaxy (Figure 3a) which83

was found to lie at redshift 0.7481 ± 0.0003 (ref. 11). We measured its half-light radius as 0.77",84

corresponding to 5.7 kpc, in our GTC r-band image. The optical afterglow of GRB 200826A has85

a 0.35" offset from the center of the host galaxy, which corresponds to 2.56 kpc. The normalized86

offset is r = Roff/R50 = 0.45. We estimate the cumulative light fraction Flight = 0.79. We87

also calculated the star formation rate (SFR; see Methods) to be > 1.36 M⊙yr
−1 and specific star88

formation rate (sSFR) to be > 0.33 Gyr−1. Our results are consistent with those in Ref11. Binary89

neutron star mergers are the leading engines for short-duration GRBs. These mergers usually90

happen after a long delay since star formation so that the SFR and sSFR of their host galaxies91

are usually not high. Due to kicks at the births of neutron stars, these mergers also usually occur92

at a site far away from star formation regions, often in the outskirts or even outside of their host93

galaxies19, 21. In Figure 3b-e, we place GRB 200826A in the r, Flight, SFR, and sSFR distributions94

for long (Type II) and short (Type I) GRBs22. One can see that the host galaxy properties of GRB95

200826A are more consistent with belonging to Type II rather than Type I.96

To make our conclusion more quantitative, we apply the method of Ref.20 that classifies97

GRBs into physical categories using multi-wavelength observational data (see Methods). The log-98

arithmic odds logO(II : I)host using host galaxy information only is 2.5, indeed consistent with99
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a Type II origin. When the prompt emission information is considered, if one ignores the f in-100

formation, the overall indicator O, which is defined as the logarithmic probability ratio between101

Type II and Type I GRBs plus 0.7 and assigns Type II/I GRBs as positive/negative values, is 1.5.102

This places GRB 200826A into the Type II (massive star core-collapse) GRB category (Figure103

3f). When the very large f value (f = 7.58 ± 1.23, a character of Type I GRBs) is added as one104

of the criteria, the method of Ref.20 gives O = −3.1, still placing GRB 200826A in the Type I105

category. This again indicates the uniqueness of GRB 200826A, which points towards a genuinely106

short burst with other properties consistent with being a massive-star-core-collapse event, so that107

the GRB classification scheme requires further refinements.108

Finally, a Type II origin of GRB 200826 is further supported by the follow-up observations109

by Gemini-North 8-meter telescope11, which revealed a possible optical bump at 25.45±0.15 mag110

in i-band. This bump could be consistent with a supernova, a signature of a massive star core111

collapse event.112

The fact that GRB 200826A is genuinely short but its many properties are inconsistent with113

being of a neutron star merger origin raises a great challenge in identifying its progenitor star. For114

an accretion-powered GRB engine, the shortest timescale to power a relativistic jet is defined by115

the free-fall time scale of the star, which reads23 tff ∼ ( 3π
32Gρ̄

)1/2 ∼ 210 s ( ρ̄
100 g cm−3 )

−1/2, where ρ̄116

is the mean density of the accreted matter. One can see that for the typical density ρ̄ ∼ 100 g cm−3
117

of a massive star, the duration should be long. If the ∼ 1 s duration of GRB 200826A is indeed118

the total duration of the central engine, one immediately poses a lower limit on the density of the119

accreted materials, i.e. ρ̄ > 4.4 × 106 g cm−3 T−2
90 . This would directly rule out any massive star120

progenitor with an accretion-powered engine.121

There are two ways to get around this argument. The first possibility is indeed to introduce122

a compact object rather than a massive star at the central engine. One category of model invokes a123

white dwarf (WD) engine. Since single WDs cannot make GRBs, one may consider various binary124

mergers invoking WDs24, 25, e.g., WD-WD mergers, WD-NS mergers, and WD-BH mergers. One125

challenge of this scenario is whether such GRBs can still occur in star-forming regions in the host126

galaxies. Moreover, the detection of a possible supernova bump11 would disfavor this model. The127

other possible channel is that GRB 200826A’s progenitor was a massive star, but it collapsed some128

time before the GRB was made. Such a scenario, known as “supranova”, has been discussed in129

the literature26. The GRB is produced by the implosion of a supermassive neutron star, probably130

triggered by the spindown or fallback accretion of the neutron star. As the GRB jet is launched,131

there are no more low-density materials surrounding the source, so that the duration is short. The132

source is still in the star forming region. One challenge of this model is to account for the relatively133
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shallow decay in the X-ray afterglow, which seems to require additional energy injection during134

the afterglow phase (Methods). The possible supernova bump11 also requires that the delay time135

from massive star core collapse to GRB jet launching cannot be much longer than a day.136

The second possibility is that the true duration of the central engine is long. However, during137

the majority of the active central engine time, the γ-ray emission is below the detection threshold138

of GRB detectors. Such a “tip-of-iceberg” interpretation may apply to other short-duration, low-f139

Type II GRBs such as GRB 090426 (Refs. 6 and 12). However, the large f value of GRB 200826A140

makes this simple interpretation unlikely. One may consider two modified scenarios. One is that141

the total central engine timescale ∆teng is long. However, the majority of the time is used for the jet142

to penetrate through the stellar envelope in a timescale ∆tjet ∼ 10s. The observed GRB duration is143

∆tGRB = ∆teng −∆tjet, which could be as short as ∼ 1 s (Ref. 27). Within this interpretation, one144

needs to introduce a coincidence between ∆teng and ∆tjet. This possibility has been emphasized145

also in ref. 11. Alternatively, one may envisage that the engine indeed lasted a duration much longer146

than 1 s, but during the majority of the time the jet may carry heavy baryon loading and is mildly147

relativistic or non-relativistic so that no bright γ-rays could be produced during this period of time.148

One possibility is that the engine is a new-born magnetar which initially injects baryon-loaded,149

neutrino-driven wind28. The advantage of this model is that the X-ray plateau observed in this burst150

(Methods) may be interpreted as the spindown of such a new-born magnetar. A short duration for151

this scenario may be achieved by invoking differential-rotation-induced magnetic bubbles as the152

mechanism of producing GRB prompt emission29. With a relatively high initial seed magnetic153

field strength B ∼ B14 × 1014 G, the total duration may be estimated as t ∼ 1B−1
14 Ω

−1
4 s, where154

B14 = B/1014 G and Ω4 is the characteristic differential angular rotation speed in units of 104 s−1
155

(ref. 29).156
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Table 1: Properties of GRB 200826A

Duration [T90] (10-800 keV) 0.96+0.05
−0.08 s

f -parameters [f ] 7.58± 1.23

Hardness Ratio (50-300/10-50 keV) 0.803

Spectral photon index [α] −0.68± 0.05

Spectral peak energy [Ep] 120.29+3.93
−3.67 keV

Isotropic energy [Eγ,iso] 7.09± 0.28× 1051 erg

Total fluence 4.85± 0.19× 10−6 erg cm−2

ϵ - parameter 0.33

Time lag(10-20 keV ∼ 250-300 keV) 0.157 s

Redshift [z] 0.7481± 0.0003

Offset [Roff] 2.6 kpc

Half light radius [R50] 5.8 kpc

Normalized offset [Roff /R50] 0.45

Cumulatve light fraction [Flight] 0.79

O calculated with(out)f −3.1(1.5)

log O(II:I)prompt calculated with(out) f −5.2(-0.57)

log O(II:I)host 2.5

Peak flux [Fp] 9.11+1.47
−1.17 × 10−6 erg cm−2s−1

Peak luminosity [Lγ,p,iso] 1.41+0.23
−0.21 × 1052 erg s−1

Star formation rate [SFR] >1.44 M⊙ yr−1

Stellar mass [M∗] 4.1± 2.9× 109 M⊙.

Specific star formation rate [sSFR] > 0.35 Gyr−1

Optical transient location 00h27m08.5s 34d01m38.3s

SN-association likely
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Figure 1: Temporal properties of GRB 200826A. a, T90 calculation : The upper panel shows the

light curve and background flux level with blue and red solid lines, respectively. The accumulated

counts as a function of time are shown with the black curve in the lower panel. The orange hori-

zontal dashed (solid) lines are drawn at 5%(0%) and 95% (100%) of the total accumulated counts.

The T90 interval is marked by the green vertical dashed lines. b, T90−f(feff) plot, where feff is the

effective f parameter when a long GRB becomes a disguised short GRB by arbitrarily lowering

its flux level. GRB 200826A is highlighted by the red solid star. Blue circles correspond to f

parameter values of short GRBs, black circles mark feff values of long GRBs and green vertical

line is the division line at 2 s. c, GRB 200826A on the T90-HR diagram : Blue and black points

represent the short and long GRBs, respectively; red solid star marks GRB 200826A; and the black

dashed line separate long and short GRBs at 2 s.
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the nearby low-luminosity long GRBs. Probability contours of Type I and II GRB clusters are also
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line. All error bars represent 1-σ uncertainties. One can see that GRB 200826A comfortably falls

in the Type II region.
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Figure 3: Host properties of GRB 200826A. a, The Gran Telescopio CANARIAS (GTC) Image

of GRB 200826A’s host galaxy. b, Normalized offset (r = Roff/R50) distributions of our samples.

c, Distributions of cumulative light fraction Flight. d, Star formation rate (SFR) of the host galaxies.

e, specific star formation rate (sSFR; the ratio between SFR and stellar mass of host galaxy M) of

the host galaxies. f, Posterior odds O (II:I) of prompt emission and host properties. GRB 200826A

is marked with a red star. In b, c, d, and e, the black and blue histograms are for Type I and Type

II GRBs, respectively. The vertical dashed red lines represent the location of GRB 200826A.
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Methods235

Fermi data analysis. We extracted photon events collected by the Sodium Iodide (NaI) scin-236

tillation detector nb whose boresight has the smallest angle relative to the burst location and237

conduct the following temporal and spectral analysis as described in Ref.30.238

Light curve analysis: We subtracted the background from the light curves using the approach239

described in Ref.31. From the sharp peak from T0 + 0.09 s to T0 + 1.05 s (Figure 1a), we240

obtained its T90 ∼ 0.96 s, representing the time between the epochs when 5% and 95% of the241

total fluence are collected.242

Spectral analysis: We conducted both the time-integrated and time-resolved spectral analysis

during the T90 time interval. The time-dependent spectral analysis is performed by slicing

T90 into 19 segments with a bin size of 0.05 seconds. Each segment is guaranteed to have at

least 20 net photon counts. The background spectra were obtained by modeling the data in the

signal-free time interval using the baseline method31. We used GBM Response Generatorii

to generate the detector response matrices (DRMs). Finally, we adopted McSpecF it31 to fit

both preprocessed spectra and plotted the best fitting results. The mainstream spectra fitting

models, such as the single power law (PL), cutoff power law (CPL), band function (Band),

black body (BB), and their hybrids were utilized to fit both spectra. By assessing the fitting

performance via the combination of Profile-Gaussian likelihood (PGSTAT/dof) and Bayesian

information criterion (BIC)32, the CPL model was favored for best representing the properties

of both time-integrated and time-resolved spectra. The CPL model is described in the form of

N(E) = A
( E

100 keV

)α

exp
[

−(α + 2)E

Ep

]

, (1)

where α is the photon spectral index, A is the normalized coefficient, and Ep is the peak energy243

of the spectrum. We fitted time-dependent spectra in 19 aforementioned time intervals using244

the CPL model. Fitting results demonstrate an intensity tracking pattern of spectral evolution,245

which is shown in Extended Data Figure 1. Time-integrated fitting results are exhibited in246

Extended Data Figure 2. We list the results in Extended Data Table 1.247

Amplitude parameter. The f parameter is defined by f ≡
Fp

Fb
, where Fp and Fb correspond248

to the peak flux and average background flux of a GRB, respectively. In order to distinguish249

intrinsically short GRBs from disguised short GRBs due to the tip-of-iceberg effect, an effec-250

tive amplitude parameter feff =
Fp′

Fb
for long GRBs is defined, which is the f value of “pseudo251

GRBs” whose flux is re-scaled from the initial flux so that T90 above the background flux is252

iihttps://fermi.gsfc.nasa.gov/ssc/data/analysis/rmfit/gbmrsp-2.0.10.tar.bz2
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shorter than 2 s 12. By comparing the f − T90 diagram of short GRBs and the feff − T90 dia-253

gram of long GRBs, one can see that most of intrinsically short GRBs possess relatively large254

f than feff of long GRBs. A disguised short GRB would have f < 1.5. GRB 200826A has255

f = 7.58 ± 1.23, which is much greater than the range for a disguised GRB. As a result, this256

GRB is a genuinely short GRB.257

Hardness ratio. Long GRBs are usually softer than short GRBs, suggesting that they have258

a lower hardness ratio (HR). We define HR as the photon counts ratio between 50-300 keV259

and 10-50 keV energy bands. The GRB sample (from Ref33) and GRB 200826A are marked260

in Figure 1c by points and star, respectively.261

Amati relation. The correlation between the GRB isotropic energy Eγ,iso and the rest-frame262

peak energy Ep,z = (1 + z)Ep was discovered by Amati et al.34, and can be written as263

log Ep,z = a + blog Eγ,iso. Typically, long and short GRBs follow different tracks in the264

Ep,z−Eγ,iso diagram. We over-plotted the Ep,z−Eγ,iso diagram (Figure 2a) iii using GRB sam-265

ples with known redshift from Refs 4 and 34. Utilising the MCMC method, the optimal fitting266

parameters and 3σ uncertainties are constrained. We obtain a = −25.01+3.91
−4.25 and b = 0.52+0.08

−0.07267

for long GRBs, and a = −19.92+9.18
−7.60 and b = 0.45+0.15

−0.18 for short GRBs.268

ϵ parameter. With the parameter ϵ = Eγ,iso,52/E
5/3
p,z,2, where Eγ,iso,52 = Eγ,iso/10

52 erg and269

Ep,z,2 = Ep,z/100 keV, a classification method 14 was proposed to clearly divide GRBs with270

high ϵ (ϵ > 0.03) and low ϵ (ϵ < 0.03) at the separation line ϵ ∼ 0.03. The two classes nicely271

match Type II and Type I GRBs, respectively. We computed ϵ of GRB 200826A and plotted272

it on the log T90,z - log ϵ panel (Figure 2b). The classification of a GRB can be quantitatively273

evaluated by a GRB distribution probability, which is defined as the number of GRBs falling274

inside an area of dlog ϵ by dlog T90,z centered at log ϵ, log T90,z divided by the total number275

of the GRB samples. We assume this probability of each GRB in our sample pi has a nor-276

malized log-normal probability distribution p(log ϵ, δlog ϵ). We calculated the integral of pi277

over the range [log ϵ − dlog ϵ/2, log ϵ + dlog ϵ/2] and summed over the entire GRB sample278

to obtain the probability P (log ϵ, log T90,z). Dark grey (P (log ϵ, log T90,z) > 0.1) and light279

grey (P (log ϵ, log T90,z) > 0.003 at 3σ confidence level) regions in Figure 2b mark probabil-280

ity contours of GRB clustering, respectively. GRB 200826A falls into the high ϵ region with281

P (log ϵ, log T90,z) > 0.003, which suggests that it is of a Type II origin.282

Spectral lag. For most GRBs, time lags among different bands, also known as spectral lags,283

exist in the light curves35 due to the fact that photons with different energies arrive the observer284

at different times. We used the cross-correlation function (CCF)36, 37 to calculate the time lags285

iiiA cosmology with H0 = 67.7 km s−1 Mpc−1, Ωm = 0.307 and ΩΛ = 0.693 is applied in this paper.
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of light curves among different energy bands between T0 + 0.5 s and T0 + 1.6 s following286

the method described in ref38. We obtain non-zero spectral lags for GRB 200826A, which are287

shown in Extended Data Figure 3.288

X-ray Observations. The Swift/XRT has performed a follow-up observation for a duration289

of ∼ 6× 104 s after the GBM trigger. The observationiv provided an intrinsic column density290

of 6.0 × 1020 cm−2. The X-ray light curve is shown in the Extended Data Figure 4. We fitted291

the light curve using a broken power-law model and obtained the decay slopes as ∼ −1.5 and292

∼ −0.4, and a break at ∼ 105 s.293

Optical transient. An optical counterpart of GRB 200826A was located by Zwicky Transient294

Facility9(ZTF) and followed up by several ground and space facilities. We summarized our295

own observations performed by the Gran Telescopio CANARIAS (GTC), Lijiang 2.4-meter296

telescope, and LCOGT network observatory in Extended Data Table 2. Other sets of optical297

observations can be found in Ref.11
298

Host galaxy observations and properties. We observed the host galaxy with the Gran Tele-299

scopio CANARIAS (GTC) in r-band, LCOGT network observatory in i-band. Those results300

allow us to perform the following analyses on the host galaxy properties.301

• R50. The ZTF position is used to estimate the half-light radius R50. We used the302

PyRAF/ellipse routine to generate elliptical intensity isophotes, constructed the total303

flux profile as a function of semi-major axis, and calculated the half-light radius, R50,304

through interpolation. We obtained R50 ∼ 0.77", corresponding to 5.7 kpc at redshift305

0.7481. With a 0.35" offset mentioned by Ahumada, T. et al.9, the normalized offset306

Roff/R50 = 0.45 is a typical value for LGRBs.307

• Flight. We estimated the cumulative light fraction Flight with our GTC image. In the inten-308

sity versus total flux profile, we interpolated the mean intensity at the position of GRB309

200826A to estimate the total flux of the fainter regions and Flight = Ffainter/Ftotal =310

0.79. The offsets and Flight of GRB 200826A are typical for LGRBs. Comparatively,311

GRB 090426A has a smaller offset and larger Flight than GRB 200826A.312

• SFR. We calculated the star formation rate (SFR) with near-UV (NUV) observations313

(and emission lines). Since the rest frame wavelength of the g-band is in NUV, we are314

able to approximate the SFR with the Galactic extinction corrected g-band magnitude315

from DESI, as 8.7 M⊙ yr−1 based on Kennicutt 199839. The [OII]λ3727 emission line316

flux present in the GTC spectrum11 is 2.81×10−17 erg s−1 cm−2, which corresponds to a317

ivhttps://www.swift.ac.uk/xrt_live_cat/00021028/
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luminosity 1.03× 1041 erg s−1. The SFR estimated with Ref. 39 using the [OII] emission318

line is (1.4±0.4)×10−41L[OII] > 1.44M⊙ yr−1. Emission lines represent star formation319

rate with age 0-10 Myr, which is more related to the origin of LGRBs, hence serves as a320

better indicator of distinguishing LGRBs and SGRBs. We thus used the SFR estimated321

with [OII] emission line to obtain the Odds O(II:I) (see below).322

• Stellar mass. To estimate the stellar mass, we used the Code Investigating GALaxy Emis-323

sion (CIGALE) 40 v to perform Spectral Energy Distribution (SED) fitting in g, r, i and324

z bands after considering the Galactic extinction 41. Several models, including the sfhde-325

layed star formation history model with an initial SFR of 0.1 M⊙ yr−1, bc03 stellar326

population model42 with a Chabrier initial mass function, dustatt_calzleit dust attenua-327

tion model with the UV bump centroid to be 217.5 nm, dale2014 dust emission model43
328

with various AGN fractions, were taken into account. Our results yield a stellar mass of329

M∗ = (4.1±2.9)×109M⊙. Correspondingly, the specific star formation rate (sSFR) can330

be calculated as > 0.35 Gyr−1.331

O. A naive Bayesian scheme has been proposed by Li et al., 202020 to determine the physical332

categories of GRBs based on multi-wavelength properties. The parameter O = log O(II : I)+333

0.7 is the logarithmic Type II to Type I probability ratio corrected for the potential correlation334

between parameters. We calculate O based on the parameter sets from the prompt emission335

and host galaxy properties. A GRB is classified as a Type II or Type I if O is positive or336

negative. Without inclusion of the f parameter, we obtain a positive value O = 1.5, placing337

GRB 200826A in the Type II rather than Type I GRB category. With the method proposed in338

ref.20, we further separated the parameter sets into groups of prompt emission and host galaxy339

to compute log O(II:I)prompt and log O(II:I)host, respectively, and place GRB 200826A on the340

distribution diagram (Figure 3f).341

vcigale.oamp.fr
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Extended Data373

Extended Data Table 1: Time-integrated and time-resolved spectral fitting results of GRB 200826A374

with cutoff power law model.375

376

Extended Data Table 2: Observations of optical counterpart and host galaxy of GRB 200826A377

378

Extended Data Figure 1: Spectral evolution of GRB 200826A.379

380

Extended Data Figure 2: Spectral fitting results within the interval from T0 +0.50 s to T0 +1.60 s.381

382

Extended Data Figure 3: Spectral lag calculation383

384

Extended Data Figure 4: X-ray afterglow of GRB 200826A with broken power-law fitting.385

386
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Extended Data Table 1: Time-integrated and time-resolved spectral fitting results of GRB

200826A with cutoff power law model

t1–t2 (s) α Ep (keV) PGSTAT/dof BIC

0.50–1.60 −0.68± 0.05 120.29+3.93
−3.67 595.5/347 613.07

0.50–0.60 −0.51+0.41
−0.34 135.27+35.55

−14.42 188.4/347 205.97

0.60–0.65 0.11+0.52
−0.41 88.88+14.94

−10.73 169.1/347 186.68

0.65–0.70 1.50+0.81
−0.99 56.85+8.12

−3.76 155.6/347 173.19

0.70–0.75 1.34+0.69
−0.66 56.76+4.84

−4.53 175.1/347 192.65

0.75–0.80 0.67+0.65
−0.48 50.92+4.10

−3.90 195.6/347 213.13

0.80–0.85 0.89+0.74
−0.53 57.89+6.38

−4.56 174.8/347 192.37

0.85–0.90 0.09+0.39
−0.34 85.35+10.07

−8.68 188.8/347 206.34

0.90–0.95 −0.42+0.16
−0.20 137.62+16.87

−10.94 209.6/347 227.17

0.95–1.00 −0.62+0.14
−0.17 146.88+21.55

−13.52 195.1/347 212.66

1.00–1.05 −0.65+0.13
−0.16 212.36+39.28

−19.60 211.4/347 228.96

1.05–1.10 0.29+0.32
−0.24 98.21+6.82

−7.06 189.4/347 207.01

1.10–1.15 0.12+0.25
−0.33 80.44+7.98

−5.10 174.2/347 191.80

1.15–1.20 −0.42+0.16
−0.19 159.84+23.83

−14.12 226.4/347 224.01

1.20–1.25 0.01+0.26
−0.28 90.98+8.09

−6.55 158.4/347 175.93

1.25–1.30 0.39+0.47
−0.51 67.00+9.52

−4.91 177.2/347 194.75

1.30–1.35 0.60+0.66
−0.62 49.88+5.97

−4.41 130.7/347 148.30

1.35–1.40 0.21+1.17
−0.90 40.46+6.16

−5.88 129.4/347 146.93

1.40–1.45 −0.17+0.99
−1.42 32.51+11.21

−5.19 137.0/347 154.56

1.45–1.60 −0.86+0.69
−0.56 33.58+5.66

−7.86 162.9/347 180.45
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387

Extended Data Table 2: Observations of optical counterpart and host galaxy of GRB 200826A

Time(day) Telescope Band System Magnitude∗ Flux Density (µJy)

Optical counterpart

3.99±0.002 Gran Telescopio Canarias r AB > 24.9 < 0.40

72.05±0.006 LCOGT network observatory i AB > 22.7 < 3.02

72.48 Lijiang 2.4-meter telescope g AB > 22.58 < 3.37

72.48 Lijiang 2.4-meter telescope r AB > 22.07 < 5.40

72.48 Lijiang 2.4-meter telescope i AB > 21.81 < 6.85

Host galaxy

3.99±0.002 Gran Telescopio Canarias r AB 22.45±0.06 3.80+0.19
−0.18

72.05±0.006 LCOGT network observatory i AB 22.04±0.39 5.55+2.29
−1.39

* Corrected for foreground Galactic extinction on the line of sight (Ref. 41).388
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Extended Data Figure 2: Spectral fitting results within the interval of T0+0.50 s∼ T0+1.60 s. Top

left: photon count spectra overplot with the best-fit model and residuals. Top right: de-convolved

spectra and best-fit model. Bottom: corner plot of the cutoff power-law model parameters which

shows one and two-dimensional posterior probability distributions of parameters. All error bars

represent 1-σ uncertainties.
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Extended Data Figure 4: X-ray afterglow of GRB 200826A with broken power-law fitting. The

slopes are -1.41+0.24
−0.12, -0.43+0.17

−0.22 respectively, with a break at 1.51+0.31
−0.30 × 105 s. All error bars

represent 1-σ uncertainties. The dashed line is fitted by magnetar spin-down energy injection.
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Figures

Figure 1

Temporal properties of GRB 200826A. a, T90 calculation : The upper panel shows the light curve and
background �ux level with blue and red solid lines, respectively. The accumulated counts as a function of
time are shown with the black curve in the lower panel. The orange horizontal dashed (solid) lines are
drawn at 5%(0%) and 95% (100%) of the total accumulated counts. The T90 interval is marked by the
green vertical dashed lines. b, T90−f(feff) plot, where feff is the effective f parameter when a long GRB
becomes a disguised short GRB by arbitrarily lowering its �ux level. GRB 200826A is highlighted by the
red solid star. Blue circles correspond to f parameter values of short GRBs, black circles mark feff values
of long GRBs and green vertical line is the division line at 2 s. c, GRB 200826A on the T90-HR diagram :
Blue and black points represent the short and long GRBs, respectively; red solid star marks GRB 200826A;
and the black dashed line separate long and short GRBs at 2 s.



Figure 2

GRB 200826A in energy-related correlations. a, Ep,z − Eγ,iso correlation diagram for short and long GRBs.
Dashed borderlines show the 3σ regions for each correlation. b, One and two dimensional distributions of
GRB samples in the  − T90 space. Blue and black solid circles represent the Type I and Type II GRB
candidates, respectively. The special case of the shortduration GRB 090426 with a high- is marked by an
open black circle. Green diamonds denote the nearby low-luminosity long GRBs. Probability contours of
Type I and II GRB clusters are also displayed in the grey regions (see Methods). The dashed horizontal
line is the  = 0.03 division line. All error bars represent 1-σ uncertainties. One can see that GRB 200826A
comfortably falls in the Type II region.



Figure 3

Host properties of GRB 200826A. a, The Gran Telescopio CANARIAS (GTC) Image of GRB 200826A’s host
galaxy. b, Normalized offset (r = Roff/R50) distributions of our samples. c, Distributions of cumulative
light fraction Flight. d, Star formation rate (SFR) of the host galaxies. e, speci�c star formation rate (sSFR;
the ratio between SFR and stellar mass of host galaxy M) of the host galaxies. f, Posterior odds O (II:I) of
prompt emission and host properties. GRB 200826A is marked with a red star. In b, c, d, and e, the black
and blue histograms are for Type I and Type II GRBs, respectively. The vertical dashed red lines represent
the location of GRB 200826A.


