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Massive stripped stars are expected to become unstable before core collapse, but direct evi-57

dence linking such activity to the material shaping the ensuing explosion remains rare. Here58

we report optical observations of SN 2026gzf, a broad-lined Type Ic supernova associated59

with the Einstein Probe X-ray transient EP260321a, beginning just 1.25 hours after the X-60

ray trigger. Lulin Observatory discovered the optical counterpart and captured a luminous61

blue first-day excess that cannot be reproduced by a radioactive-powered model alone. Hy-62

drodynamic modelling indicates that interaction with approximately 0.02M⊙ of compact cir-63

cumstellar material accounts for this early emission. Archival Pan-STARRS imaging reveals64

variable emission at the explosion site over the preceding ∼ 12 years, with enhanced luminos-65

ity during the final ∼ 3 years before explosion, broadly consistent with increased mass loss66

during late oxygen burning. To our knowledge, this is the first stripped-envelope supernova67

progenitor with repeatedly detected pre-explosion variability spanning more than a decade.68

Together, these observations provide the first direct connection in a stripped-envelope su-69

pernova between long-term pre-explosion activity, compact circumstellar material, an X-ray70

shock-breakout signal and the first hours of optical emission. SN 2026gzf therefore shows71

how late-stage instability in a stripped progenitor system can shape the immediate environ-72

ment into which the star explodes.73

The final years of massive-star evolution are poorly observed, particularly for stripped-74

envelope progenitors. Shock breakout provides one of the few direct probes of the stellar surface75

and nearby circumstellar material at the moment of explosion. It occurs when radiation trapped76

behind the blast wave escapes, either at the stellar surface or within optically thick circumstellar77

material. For progenitor radii of 0.1–1000 R⊙, the resulting transient lasts from seconds to hours,78

with emission that evolves rapidly from X-ray to optical wavelengths as the shocked ejecta expand79

and cool. Such events are difficult to detect because of their short duration, especially for compact80

stripped-envelope Type Ib and Ic SNe, whose progenitors have lost their hydrogen envelopes and,81

in Type Ic events, lack prominent helium features. X-ray shock-breakout detections from stripped-82

envelope SNe remain rare; the best-known examples are SN 2006aj(1; 2; 3) and SN 2008D(4; 5),83

both discovered almost two decades ago.84

On 21 March 2026 at 12:23 UTC (MJD 61120.516; hereafter T0), the Einstein Probe (EP)85

satellite(6) detected the fast X-ray transient EP260321a(7), a luminous soft X-ray source consistent86

with SN shock breakout(8; 9, see Methods 1). Within 1.25 hours of the trigger, we began optical87
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follow-up observations with Lulin Observatory(10) as part of the Kinder program(11) (Methods 2).88

In these images, we detected a blue, rising transient at α = [09:59:42.88], δ = [+00:25:06.30]89

(Fig. 1, upper panel). The transient is coincident with a resolved galaxy at z = 0.0345(12) and with90

a blue point-like source visible in archival Panoramic Survey Telescope and Rapid Response Sys-91

tem (Pan-STARRS) images(13). Our dense photometric monitoring during the first night showed92

that the source brightened by 0.66 mag in the r band within 4.68 hours, confirming it as the opti-93

cal counterpart of EP260321a(10; 14; 15). We continued monitoring the event over the following94

weeks with multiple ground-based telescopes, tracing the rise, peak and decline of the optical light95

curve (Fig. 1, lower panel). All photometry was measured after subtraction of host-galaxy template96

images to isolate the transient flux. Instrument configurations are described in Methods 3.97

Spectroscopic follow-up classified the transient as a broad-lined Type Ic SN at a redshift98

consistent with the nearby galaxy(16; 17; 18; 19), directly linking the X-ray flash to the onset of99

a stripped-envelope explosion. The object was reported to the International Astronomical Union100

Transient Name Server and designated SN 2026gzf*. We obtained optical and near-infrared spec-101

tra with NOT/ALFOSC, ANU 2.3-m/WiFeS, LOT/UVEX, Keck II/NIRES and IRTF/SpeX. The102

spectra are similar to those of broad-lined Type Ic SNe, especially SN 2006aj(2; 20; 21) (Fig. 2).103

Radiative-transfer modelling with TARDIS(22) reproduces the main optical and near-infrared104

spectral features of SN 2026gzf and supports the line identifications. The models indicate that Fe-105

group, Si and Ca features dominate the optical spectra, with He I λ10830 contributing mainly in the106

near-infrared (Methods 4). SN 2026gzf is therefore unusual among SNe Ic-BL: it was discovered107

through its X-ray shock-breakout signal and followed almost immediately at optical wavelengths.108

The redshift measured from the spectrum of SN 2026gzf is consistent with that of the nearby109

galaxy, but the SN position is more closely associated with an underlying blue compact source110

visible in Pan-STARRS (Fig. 1, upper panel), Sloan Digital Sky Survey(23) and Dark Energy111

Spectroscopic Instrument Legacy Imaging Surveys (DESI-LS) images(24) (see Methods 5). Di-112

rect aperture photometry of archival Pan-STARRS, ZTF, Subaru and DESI-LS images shows a113

persistent baseline source with mutually consistent fluxes across surveys and blue optical colours.114

This source could be a compact star-forming region or an unresolved dwarf galaxy. A foreground115

star is disfavoured by the absence of measurable proper motion in Gaia Data Release 3(25). The116

probability of chance alignment with an unrelated point source of comparable brightness is also117

*https://www.wis-tns.org/object/2026gzf
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low: < 10−4 in the r band for our fiducial calculation, and < 1.4×10−3 under conservative assump-118

tions. The archival blue compact source, Pan-STARRS precursor residuals, and later SN positions119

are mutually consistent within the astrometric uncertainties, supporting a common physical origin.120

Archival photometry indicates that the blue compact source varied before the SN explosion.121

We analysed 60 epochs of Pan-STARRS imaging in the broad optical w filter obtained between122

2015 and 2026, using a deep stack of earlier Pan-STARRS images as the reference (see Methods 5).123

Image subtraction shows variable excess flux at the SN position over the 12 yr before the EP trigger,124

with the signal also detected in independent r-band images. The residual flux shows significant125

pre-explosion variability, with no evidence for periodicity (Fig. 3). This behaviour further disfavors126

an ordinary foreground variable star and supports pre-explosion activity from the SN progenitor127

system, probably embedded in or associated with the blue compact star-forming source.128

The precursor became brighter toward the final years before explosion. Its average brightness129

was w ≈ 22.8mag, corresponding to Mw ≈ −13.2mag at z = 0.0345, between −12 and −3 yr130

before explosion. During the final ∼ 3 yr, it brightened to w ≈ 22.2mag (Mw ≈ −13.8mag), cor-131

responding to a luminosity increase by a factor of ∼ 1.7. This long-timescale brightening suggests132

enhanced mass ejection during the final years before core collapse, broadly consistent with the133

expected duration of oxygen burning in a ∼ 15M⊙ progenitor(26; 27). For a progenitor of similar134

mass, silicon burning lasts only ∼ 18 d; an additional mass-loss episode on this shorter timescale135

could have produced more compact material, although no observations cover that final interval.136

The X-ray peak timescale of ∼ 700 s implies a characteristic breakout radius of ∼ 3 × 102 R⊙137

(9). This radius is substantially larger than expected for the surface of a compact stripped star,138

favouring shock breakout in CSM close to the progenitor. At the same time, it is compact on cir-139

cumstellar scales, suggesting that the relevant material was ejected only shortly before explosion.140

Together, the decade-long variability, final-years brightening and compact breakout scale provide141

the observational basis for linking the earliest emission to recent pre-explosion mass loss at the142

same site.143

The earliest Lulin observations sampled the transition from the high-energy breakout emis-144

sion to the initial optical rise of SN 2026gzf (Fig. 1, lower panel). These first optical data cannot145

be explained by a standard radioactive SN rise alone. The main rise to peak can be powered by146

radioactive 56Ni decay(28), whereas the first hours may also include shock-cooling emission from147
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the outer ejecta. For the compact progenitors of Type Ic SNe, however, this shock-cooling compo-148

nent is expected to be faint and short-lived(29). The first Lulin points place SN 2026gzf more than149

1 mag above the prediction of a hydrodynamic model without nearby CSM (Fig. 1, lower panel).150

Because the same model reproduces the main peak, the first-hour excess requires an additional151

power source (see Methods 6). This independent optical evidence strengthens the case that the152

breakout occurred not at the bare surface of a compact stripped star, but in dense CSM close to the153

progenitor.154

We modelled the early light curve with a simple spherical hydrodynamic calculation in which155

the SN ejecta interact with dense CSM. Guided by the EP shock-breakout signal, we adopted a156

compact CSM radius of 3 × 1013 cm, comparable to the breakout scale inferred from the X-ray157

duration and blackbody emission(9). The blue first-day excess of SN 2026gzf can be reproduced158

with a wind-like CSM density profile if the CSM mass is ∼ 0.02M⊙ (Methods 7). For a wind159

velocity of 1000 km s−1, typical of Wolf-Rayet stars and often invoked for stripped-envelope pro-160

genitors, this radius corresponds to material ejected during the final ∼ 3.5 d before explosion,161

implying a mass-loss rate of 2M⊙ yr−1. Such an extreme rate is far above that expected from162

standard line-driven winds(30), suggesting a dynamical mass-ejection process(31). Independently,163

a simple 56Ni-powered MOSFiT model reproduces the main multi-band light curve but not the164

first-day excess (Methods 8), supporting a picture in which radioactive heating powers the main165

peak while ejecta–CSM interaction accounts for the earliest optical emission.166

This mass-loss estimate assumes spherical symmetry and should therefore be regarded as167

an order-of-magnitude value. Some broad-lined Type Ic SNe are associated with GRBs and col-168

limated relativistic jets, but the early X-ray and optical emission of SN 2026gzf does not resem-169

ble a typical GRB afterglow. Independent analysis finds no evidence for a relativistic jet in this170

event(19). Dense CSM could also suppress a jet by causing it to stall(32). Alternatively, energy171

deposited by a choked jet into the surrounding material could produce cocoon emission and con-172

tribute to the early optical excess(33). Thus, although the geometry and detailed power source of173

the earliest emission remain uncertain, all scenarios considered here require dense material at a174

compact radius. Such material also provides a natural explanation for the unusually long dura-175

tion of the soft X-ray flash, if shock breakout occurred in extended CSM rather than at the stellar176

surface. This robust requirement for compact CSM links the earliest emission to recent pre-SN177

mass loss. The same site showed prolonged pre-explosion variability, suggesting that the material178
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inferred from the X-ray and optical data was part of a broader history of progenitor activity rather179

than an isolated circumstellar structure. Figure 4 presents a schematic illustration of this scenario.180

Additional possible evidence for structured CSM, possible shells associated with stronger precur-181

sor episodes, is discussed in the Methods 9.182

This sequence distinguishes SN 2026gzf from most previously observed stripped-envelope183

explosions. The early emission of Type Ic SNe is heterogeneous (see Methods 10): some184

events, such as SN 2020lao(34), show no shock-cooling signature, whereas others, such as185

SN 2018gep(35), exhibit a luminous early excess. SN 2018gep also showed precursor emission186

from the progenitor system, but only during the weeks immediately before explosion, rather than187

over years. Around maximum light, SN 2026gzf resembles luminous broad-lined Type Ic SNe188

such as SN 2006aj(36). Most comparable events, however, are discovered either through GRB189

follow-up, where afterglow emission complicates the early SN light curve, or by wide-field optical190

surveys, which usually do not precisely constrain the explosion time. The soft X-ray discovery191

of EP260321a and rapid Lulin follow-up therefore provide one of the best-constrained explosion192

times and earliest optical light curves for a broad-lined Type Ic SN.193

SN 2026gzf is also exceptional in its pre-explosion behaviour. Possible precursor emis-194

sion has previously been reported for the broad-lined Type Ic SN PTF11qcj, for which archival195

PTF imaging suggested a candidate outburst of Mr ≈ −13mag approximately 2.5 yr before196

explosion(37). Together with the weeks-long precursor of SN 2018gep, this shows that eruptive197

pre-explosion activity can occur in broad-lined Type Ic progenitor systems. However, these earlier198

cases involved either an isolated candidate outburst or activity confined to the final weeks before199

explosion.200

The precursor of SN 2026gzf reaches ∼ −14mag, comparable in luminosity to the remark-201

ably bright precursor of SN 1961V(38), while its short-timescale fluctuations resemble the strong202

variability seen in SN 2009ip(39), with variations of > 0.5mag and up to ∼ 3mag (see Meth-203

ods 11). Although SN 1961V and SN 2009ip likely arose from different, hydrogen-rich progenitor204

channels, they demonstrate that violent pre-explosion variability can reach similar luminosities in205

other massive-star systems.206

To our knowledge, SN 2026gzf is the first stripped-envelope SN progenitor system with207
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repeatedly detected pre-explosion variability spanning more than a decade. The lack of previous208

detections may reflect both the intrinsic rarity of such events and observational selection: at an209

apparent magnitude of ∼ 23mag, the precursor lies below the depth routinely reached by most210

current wide-field surveys. SN 2026gzf therefore offers a timely preview of the long-baseline211

precursor science that Rubin/LSST is expected to enable, allowing us to test whether such activity212

is genuinely rare or has largely remained hidden below previous survey limits.213

The local environment of SN 2026gzf is consistent with this picture of a young stripped pro-214

genitor. We obtained WiFeS integral-field spectroscopy to characterize both the host galaxy and the215

compact star-forming source associated with the SN position. Spectral-energy-distribution mod-216

elling with PROSPECTOR(40) (see Methods 12) gives stellar masses of log10(M∗/M⊙) = 9.04+0.09
−0.08217

for the larger galaxy and log10(M∗/M⊙) = 8.09+0.23
−0.07 for the blue compact source, showing that218

the latter is the less massive component. The global host properties indicate a low-metallicity star-219

forming system, with a dust-corrected star-formation rate of 0.37± 0.08M⊙ yr−1 and a gas-phase220

metallicity of 12 + log(O/H) = 8.00 ± 0.03. A spectrum extracted at the SN position, although221

contaminated by SN light, gives a similarly low metallicity of 12+ log(O/H) = 8.05± 0.04 and a222

local star-formation rate of 0.17±0.04M⊙ yr−1. These local values are based on a 3×3-spaxel ex-223

traction, and the blue compact source cannot be cleanly separated from surrounding host emission.224

They should therefore be interpreted as representative of the SN vicinity rather than the exact SN225

sightline. Nevertheless, the WiFeS data show that SN 2026gzf exploded in a blue, low-metallicity226

star-forming environment, with a local metallicity of ∼ 0.23 Z⊙ and a high specific star-formation227

rate of ∼ 1.37Gyr−1. This places the SN site at the low-metallicity end of the broad-lined Type Ic228

SN host population(19; 41; 42).229

Taken together, our rapid-response optical observations of SN 2026gzf, the EP shock-230

breakout detection and deep archival imaging provide a rare view of activity associated with a231

stripped-envelope SN progenitor system from the decade before explosion to the moment of core232

collapse. Rather than representing disconnected observables, the decade-long precursor variability,233

X-ray flash, blue first-day excess and compact CSM point to a single physical sequence in which234

the progenitor system became increasingly active before collapse and exploded into nearby mate-235

rial produced shortly beforehand. The historical light curve shows strong pre-explosion variability,236

with a clear increase in precursor luminosity during the final ∼ 3 yr, suggesting enhanced mass237

ejection on a timescale comparable to late oxygen burning. The compact CSM required by the238
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X-ray and early optical data likely formed later, during an even shorter mass-loss episode shortly239

before explosion, possibly associated with the final silicon-burning phase. SN 2026gzf provides240

direct evidence that pre-SN instability and early circumstellar interaction are physically linked in241

at least some broad-lined Type Ic explosions. More broadly, it shows that broad-lined Type Ic242

SNe can be highly heterogeneous at the earliest times. Rapid optical follow-up of X-ray-selected243

explosions will be critical for determining how often this sequence occurs(43), while deep time-244

domain surveys such as Rubin/LSST will test whether long-term precursor activity is a common245

but previously hidden feature of stripped-envelope SN progenitors.246

9



9h59m43.5s 42.5s

0°25'20"
15"
10"
05"
00"

24'55"

Right Ascension (J2000)

De
cli

na
tio

n 
(J2

00
0)

Sci (LOT r) Diff (LOT-PS1 r)Ref (PS1 r) PS1 (i/r/g)

Figure 1: Discovery and early optical evolution of SN 2026gzf. Upper panel, From left to

right: the LOT r-band discovery image obtained by Kinder, the Pan-STARRS r-band reference

image, the corresponding difference image, and a Pan-STARRS colour composite (i/r/g). The red

cross marks the position of SN 2026gzf. The transient position is coincident with a blue compact

source. Lower panel, Multi-band light curves of SN 2026gzf, including the earliest Lulin follow-

up observations and later survey photometry. The logarithmic x-axis highlights the high-cadence

first-day light curve and the rapid early optical rise following the X-ray trigger. All the magnitudes

in this figure are corrected for galactic extinction assuming AV = 0.067 mag. Upper limits in

corresponding filters are shown by downward open triangles. The g-band hydrodynamic models

with and without CSM are also indicated.
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Figure 2: Spectroscopic evolution of SN 2026gzf. Rest-frame spectral sequence of SN 2026gzf

from +9 to +43 days relative to the X-ray trigger (T0 = MJD = 61120.516). Optical spectra from

NOT, ANU 2.3-m/WiFeS and LOT are shown together with NIR spectra from Keck II/NIRES and

IRTF/SpeX. All spectra are normalized and vertically offset for clarity. The coloured curves show

the displayed binned spectra, while the grey curves indicate the original unbinned data. Earth

symbols mark wavelength regions strongly affected by telluric absorption. Narrow host-galaxy

H II-region emission lines are superposed on the SN features. Spectra of SN 2006aj at similar

phases are overplotted for comparison.
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Figure 3: Precursor activities of SN 2026gzf. Historical Pan-STARRS w-band data show vari-

ability at the progenitor site over the final ∼ 12 years before the SN explosion. Owing to the lack of

earlier w-band coverage, we cannot exclude the possibility that similar activity was already present

at earlier times. The precursor brightened from an average w ≈ 22.8mag (Mw ≈ −13.2mag) dur-

ing −12 to −3 yr before explosion to w ≈ 22.2mag (Mw ≈ −13.8) over the final ∼ 3 yr. This is

consistent with enhanced mass loss on a timescale comparable to late oxygen burning in a ∼ 15M⊙

progenitor. An additional, more compact mass-loss episode during the final silicon-burning stage

(∼ 18 d) may have produced the dense nearby circumstellar material responsible for the X-ray

shock-breakout signal, although this period is not covered by our observations. The upper inset

panels show 0.28′ × 0.28′ science and template-subtracted images at the site of SN 2026gzf for

selected Pan-STARRS w-band data (north up, east to the left).
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Figure 4: Schematic scenario for SN 2026gzf. Left, long-term precursor variability indicates

sustained activity in the progenitor system and may have produced extended or structured CSM.

Middle, shortly before explosion, an additional episode of mass loss forms compact dense mate-

rial close to the star. At t=0, the star explodes inside this nearby dense CSM, giving rise to the

soft X-ray flash detected by Einstein Probe. Right, by t> 1.25 h, interaction between the rapidly

expanding SN ejecta and the nearby CSM contributes to the bright, blue first-day optical excess.

The schematic therefore links the decade-long precursor variability, the EP X-ray trigger, the opti-

cal counterpart discovery at 1.25 h, the blue first-day excess, and the subsequent rise into a normal

Ic-BL SN.
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Methods340

1 X-ray shock breakout341

Einstein Probe (EP)(6) is a space X-ray mission designed to monitor the soft X-ray sky for transient342

phenomena and to perform rapid onboard follow-up of newly discovered events. By combining343

the Wide-field X-ray Telescope (WXT) with the more sensitive Follow-up X-ray Telescope (FXT),344

EP is optimized for the discovery and early characterization of short lived high energy transients.345

EP260321a was discovered by EP-WXT on 21 March 2026, 12:23:07 UTC (MJD 61120.516; T0)346

as a fast, soft X-ray transient(7; 9). The initial WXT exposure lasted only ∼ 432 s before being347

interrupted by the spacecraft’s autonomous follow-up sequence triggered by the transient itself,348

and thus represents only a lower limit on the true duration of the X-ray emission. Follow-up ob-349

servations with the onboard EP-FXT started 12 min later and revealed a previously uncatalogued,350

rapidly fading X-ray source within the WXT localization region. The X-ray spectra are well de-351

scribed by absorbed blackbody models with temperatures of 164+40
−29 eV and 121+3

−3 eV in the WXT352

and FXT data, respectively. A galaxy at z = 0.0345 lies within the refined X-ray position; if353

associated, the transient reached a luminosity of ∼ 2.2 × 1044 erg s−1. These properties make354

EP260321a a compelling candidate for the shock breakout phase of a SN(8).355

2 Discovery of the optical counterpart356

The search for the optical counterpart to EP260321a began immediately after the EP trigger. Our357

Kinder/Lulin campaign obtained the first optical discovery of the counterpart to EP260321a, start-358

ing only 1.25 hr after the X-ray detection(10). In these earliest Lulin observations, we identi-359

fied a blue source at α, δ = 09h59m42s88, +00◦25′06′′3 (J2000), projected near a galaxy (SDSS360

J095942.99+002504.0) within the EP localisation region (Fig. 1). We noted that this SDSS galaxy361

has a redshift of z = 0.034, as independently measured in the 2dF and DESI Legacy Survey DR1362

spectroscopic catalogues. At first, this source was plausibly interpreted as an unrelated variable363

star, as no unambiguous new optical transient had yet emerged and several contemporaneous obser-364

vations reported only upper limits(10; 49; 50; 51). However, the picture changed over the following365

day. Our continued optical monitoring showed that the source brightened(14), while independent366

detections from other facilities established a consistent counterpart at the same position(53; 54).367

Together with the early optical evolution(55), these data suggested that the initial emission was368

not dominated by a persistent variable star, but instead traced a rapidly evolving transient associ-369
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ated with EP260321a(15). Subsequent spectroscopy confirmed this interpretation(57). Broad SN-370

like features were identified at the redshift of the nearby galaxy, excluding a Galactic origin and371

demonstrating that the optical counterpart was an emerging broad-lined Type Ic SN(16; 17; 18).372

The combined X-ray and optical behaviour therefore supports a picture in which SN 2026gzf was373

discovered at an exceptionally early phase, when the SN emission was only beginning to emerge.374

We note that a variable blue source at the same position as SN 2026gzf was previously identi-375

fied in Pan-STARRS1 imaging (internally named PS18csa) on MJD 58465.55 (2018 December 13)376

with a w-band magnitude, 21.66±0.15mag. This detection was subsequently reported to the Inter-377

national Astronomical Union Transient Name Server as AT 2018mtl. This detection corresponds378

to one of the episodes of precursor variability of SN 2026gzf (see Fig. 3).379

3 Photometric and Spectroscopic data380

Our analysis is built on the high-cadence optical light curves obtained with the Lulin Observatory381

telescopes (LOT and SLT), which provide the core dataset of this work and capture the earliest382

evolution of SN 2026gzf. To improve the temporal coverage and mitigate weather-related gaps,383

we supplemented the Lulin data with additional imaging from Pan-STARRS, ATLAS, LSST, and384

public ZTF observations. At the earliest phases, we further included data from the Citra telescope385

and the Swope telescope obtained through POISE, which help bridge gaps in coverage caused by386

longitudinal separation.387

In addition to the imaging data, we obtained optical spectra of SN 2026gzf near maximum388

light with the WiFeS, the NOT, and the LOT spectrographs. The WiFeS integral-field unit (IFU)389

spectroscopy also provides spatially resolved information on the host galaxy environment, enabling390

investigation of the nearby H II region and the local environment of the SN. We further include NIR391

spectra obtained with Keck II/NIRES and IRTF/SpeX.392

Logs of the photometric and spectroscopic observations are provided in Tables 2 and 1, and393

the extinction-corrected spectra are presented in Fig. 2. All spectra reported here have been up-394

loaded to WISeREP(61). We use AB magnitudes in this work. We adopt a flat ΛCDM cosmology395

with parameters H0 = 67.4 km s−1 Mpc−1, Ωm = 0.315, and ΩΛ = 0.685, from the Planck 2018396

collaboration (62). Thus the distance modulus µ = 35.98, luminosity distance = 156.54 Mpc. The397

Milky Way extinction is AV = 0.067mag(63).398
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The details of the instrument configuration are as follows:399

Kinder We initiated follow-up observations of EP260321a as part of the Kinder collaboration(11)400

using the Lulin One-meter Telescope (LOT), equipped with the SOPHIA 2048BX camera, and the401

40-cm Seisi Lulin Telescope (SLT)†, equipped with an Andor EMCCD camera. The data were402

processed with a custom-built pipeline‡ that performs standard bias, dark, and flat-field correc-403

tions. Unless explicitly stated otherwise, all photometric measurements were performed using a404

homogeneous approach, including template subtraction. Whenever the observed filter matched405

the Pan-STARRS system, we used the corresponding Pan-STARRS image(13) as the subtraction406

template, in which we used Pan-STARRS stacked images as templates. For u-band measurements,407

the template and calibration were from SDSS. The SN brightness was then measured with point408

spread function (PSF) photometry on the subtracted images using AUTOPHOT(66), and the re-409

sulting magnitudes were calibrated using field stars from the ATLAS Refcat2 catalogue(67). To410

preserve the highest possible temporal resolution, we performed photometry directly on the indi-411

vidual exposure images. However, the observations obtained near peak (∼MJD 61129 and MJD412

61131) were affected by moonlight, so the individual images were combined to improve the signal-413

to-noise ratio (see details in the observing log).414

Follow-up optical spectra were obtained with the LOT using the Shelyak UVEX spectro-415

graph. The instrumental setup, consisting of a 300 line mm−1 grating, a 50 µm slit, and the416

ASI533MM Pro CMOS camera under bin-2 readout mode, provides a resolving power of ∼ 300,417

a wavelength coverage of 4200–7950 Å, and a dispersion of 2.49 Å pixel−1. Standard reductions418

were applied, including bias and dark subtraction, flat-field correction with tungsten-illuminated419

dome flats, wavelength calibration using the internal ArNe lamp, and flux calibration with spec-420

trophotometric standards GD 108 observed at similar airmass to the target. We adopted the A-B421

dithering pattern during the observation of the spectra, with an offset of 5” along the R.A. direction,422

for a better background subtraction.423

Citra We obtained images with the 0.5-m Citra Space Corporation’s PlaneWave telescope in New424

Mexico, which is equipped with a CMOS camera and a Sloan filter set. The CMOS camera Mora-425

vian C5A-150M has a 1.2× 1.9 degrees field of view, with a pixel scale of 1”. Observations were426

carried out in g and r filters, with individual exposure time of 60 seconds. The raw data were427

†“Seisi” is a word from the Tsou, an Indigenous people of Taiwan, referring to a minivet. The telescope is named

in recognition of the longstanding connection between Lulin Observatory and its Tsou resident assistants.
‡https://hdl.handle.net/11296/98q6x4
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processed following standard calibration procedures, including bias and dark subtraction as well428

as flat-field corrections.429

Pan-STARRS We undertook a multi-band (grizyw) observational follow-up campaign of430

SN 2026gzf with Pan-STARRS (PS), commencing on MJD 61131.3. The PS telescope system431

consists of two 1.8-m telescopes (Pan-STARRS1 and Pan-STARRS2) located at the summit of432

Haleakala on the Hawaiian island of Maui(13), and employs an SDSS-like filter system denoted as433

grizy, as well as a broad w filter, which is a composite of the gri filters(68). The imaging system434

provides a pixel scale of 0.26” and a field of view of 7 deg2(13). All target images of SN 2026gzf435

were obtained with Pan-STARRS2, and were processed with the standard Pan-STARRS pipeline.436

Target images were astrometrically and photometrically calibrated, before having a historical Pan-437

STARRS1 3π reference image subtracted to produce a final difference image, from which we438

measure PSF photometry(69; 70; 71).439

ATLAS Asteroid Terrestrial-impact Last Alert System (ATLAS) is a four-unit, 0.5-m wide-field440

survey system that monitors the entire sky(72). The transient is listed internally as ATLAS26dgs.441

The available ATLAS data were obtained in the cyan (c) and orange (o) bands, which roughly442

corresponds to the combined Pan-STARRS/SDSS g+ r and r+ i bands, respectively. We obtained443

the ATLAS points(73) from the forced photometry service(74).444

Rubin/LSST The Vera C. Rubin Observatory’s Legacy Survey of Space and Time (LSST) is a445

deep, wide-field optical time-domain survey that will scan the southern sky using an 8.4-meter446

telescope and a 3.2-gigapixel camera, driving unprecedented discoveries in time-domain astron-447

omy (75). To construct the optical light curves, we retrieved the photometric data for LSST object448

ID 314003014107006318 utilizing the Lasair broker (76).449

ZTF Zwicky Transient Facility (ZTF) is a wide-field optical synoptic survey carried out with450

the Palomar 48-inch telescope, using a 47 deg2 camera and g,r, and i filters for time-domain451

discovery and monitoring(77; 78). We supplemented our follow-up photometry with public forced452

ZTF measurements retrieved from the Lasair broker(76). The transient is internally designated453

ZTF26aaonmha, and the available public light curve consists of g- and r-band observations.454

WiFeS The Wide-Field Spectrograph (WiFeS) is an Integral Field Unit mounted on the Australian455

National University (ANU) 2.3m Telescope(79), located at Siding Spring Observatory in Coon-456

abarabran, Australia. WiFeS spectroscopy of SN 2026gzf was originally obtained on the 31st of457
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March 2026 near maximum light, using the Nod and Shuffle mode for three 1800s exposures, each458

made up of 900s on source and 900s on sky. We utilised the B3000 and R3000 gratings, along with459

the RT560 dichroic to produce R∼3000 spectra from 3300–9200 Å. The data were reduced using460

the PYWIFES pipeline(80). We further acquired an additional 4 WiFeS observations under darker461

sky conditions, and stacked the resulting datacubes to use in the spectral analysis of host galaxy462

properties.463

PRESTO and NUTS2 Three optical spectra of SN 2026gzf were obtained with the 2.56-m Nordic464

Optical Telescope (NOT)(81) at the Roque de los Muchachos Observatory on La Palma, Spain, one465

as part of the PRESTO project and two by the NOT Unbiased Transient Survey 2 (NUTS2)(82).466

The observations were carried out with the Alhambra Faint Object Spectrograph and Camera (AL-467

FOSC) and the data were reduced following standard procedures and flux calibrated using obser-468

vations of spectrophotometric standard stars obtained on the same nights.469

POISE Optical ugriBV imaging was obtained as part of the Precision Observations of Infant470

SupernovaE (POISE) programme (83) using the Swope 1-m telescope at Las Campanas Obser-471

vatory and reduced using the Carnegie Supernova Project (CSP) photometric pipeline (84). The472

reductions included bias subtraction, flat-field correction, astrometric registration, and PSF pho-473

tometry measured relative to a local sequence of field stars. The local sequence was calibrated474

using stars from the Refcat2 catalogue (72) transformed to the natural system of the Swope tele-475

scope. Host-galaxy contamination was removed through image subtraction using Pan-STARRS1476

(PS1) reference images. Specifically, PS1 g-band images were used for subtraction of the B, V ,477

and g-band data, while PS1 r- and i-band images were used for subtraction of the corresponding478

r- and i-band observations, respectively. Image subtractions were performed with the ImageMatch479

subtraction software§. No template subtraction was applied to the u-band imaging.480

HISS Three NIR spectra were obtained on the 10-m W. M. Keck Observatory Telescope II (Keck481

II) with the Near-Infrared Echellette Spectrometer (NIRES)(85) and the 3.2-m NASA Infrared482

Telescope Facility (IRTF) with the SpeX Spectrograph(86) at Maunakea, Hawaii. The observations483

are as part of the Hawaii Infrared Supernova Study (HISS)(87; 88; 89; 90). The data were reduced484

using the methods outlined in (87).485

§https://code.obs.carnegiescience.edu/Algorithms/imagematch
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HSC-SSP The Hyper-Suprime Cam (HSC)(91) is a powerful wide-field mosaic camera mounted486

on the prime focus of the Subaru 8.2-m telescope, which consists of 104 2k × 4k scientific CCDs487

with a mean pixel scale of 0.168”. It has an effective field of view of 1.5 degrees in diameter, with a488

modified sloan griz filter system. We collected the survey data under the framework of the Hyper-489

Suprime Cam Subaru Strategic Program (HSC-SSP)(92), a wide-field survey designed to address490

a broad range of cosmological and galaxy-evolution questions. In the latest HSC-SSP Public Data491

Release version 3 (HSC-SSP PDR3)(93), we retrieved 43 calibrated ’CORR’-level HSC exposures492

obtained over 14 nights.493

DESI Legacy Imaging Surveys Historical pre-explosion imaging of the SN 2026gzf site was494

obtained with the Dark Energy Camera (DECam)(94) mounted on the Vı́ctor M. Blanco 4-m tele-495

scope at the Cerro Tololo Inter-American Observatory. We retrieved archival pipeline-reduced496

science images in the g, r, i, and z bands through the NOIRLab Astro Data Archive. These public497

archival data primarily consist of observations from the DESI Legacy Imaging Surveys(24) and498

earlier DECam programmes. The dataset comprises a total of 55 individual exposures, spanning499

from April 2013 to February 2020. These long-term multi-band observations provide critical data500

for assessing the precursor activity at the explosion site prior to the Einstein Probe trigger.501

4 Spectral analysis of SN 2026gzf502

Figure 2 presents the rest-frame spectral sequence of SN 2026gzf from 9 to 43 d relative503

to the EP X-ray trigger time (MJD 61120.516; T0), based on optical observations obtained504

with NOT/ALFOSC, ANU 2.3-m/WiFeS and LOT/UVEX, together with NIR spectra from505

Keck II/NIRES and IRTF/SpeX. For visual comparison, the spectra are normalized and arbitrar-506

ily offset. The optical sequence exhibits broad absorption and emission features characteristic507

of broad-lined Type Ic SNe (SNe Ic-BL). Superposed on these are strong, narrow host galaxy508

H II-region emission lines, including prominent Hα, Hβ, and [O III] λλ4959, 5007. The NIR509

spectra extend our wavelength coverage to ∼ 2.4µm, and provide additional constraints on the510

spectral energy distribution (SED) and line identifications. For context, we also over-plot spec-511

tra of SN 2006aj at comparable epochs(2; 20; 21), illustrating the close resemblance in spectral512

evolution.513

To better understand the properties of SN 2026gzf, we undertake spectral modelling of a514

subset of our spectral sequence. For this, we employ the open-source TARDIS code(99) (specif-515
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Figure 5: Comparison between our best-fitting TARDIS models and the optical NOT and WiFeS

spectra obtained 17.4 and 38.0 (observer-frame) days post-explosion. We also plot the similar-

phase NIR Keck spectra for comparison to our model spectra. Finally, we over-plot the Pan-

STARRS photometry that was used to flux-calibrate the spectra. All observational data has been

de-reddened and shifted to the rest frame, for ease of comparison to our model spectra. Regions

corresponding to poor data quality or strong telluric absorption are masked by vertical grey bands.

The spectra in the lower panel have been re-binned (5×) for clarity.
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-1

0

0

0

1

1

2

2

F
lu
x
d
en

si
ty

(1
0
−
1
6
er
g
s−

1
cm

−
2
Å
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Figure 6: Top: Model decomposition plot for our best-fitting TARDIS model of the 17.4 d NOT

spectrum, illustrating the strongest contributions to the SED. Contributions from specific ions are

colour-coded; absorption is represented by shaded regions below Flux = 0, while emission is rep-

resented by shaded regions above Flux = 0. Bottom: Same as Top, but for our best-fitting model of

the 38.0 d WiFeS spectrum.
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ically v2025.05.25). TARDIS is a 1D Monte Carlo radiative transfer code that is capable of516

rapidly synthesising model spectra for a range of explosive transient types, including SNe Ic and517

Ic-BL(100; 101; 102; 103). The code approximates the ejecta from some stellar explosion as a518

homologously expanding, uniform sphere, with the ejecta discretised into two zones: an inner519

opaque region, and an outer line-forming region that is discretised into shells. The inner region of520

the ejecta is assumed to be completely optically thick, within which all energy deposition is as-521

sumed to occur (and assumed to completely thermalise). The outer boundary of this optically thick522

region represents the inner boundary of the computational domain, and thus it represents a sharp523

photosphere beneath the line-forming region. At the beginning of a simulation, some number of524

photon packets are spawned at this inner boundary, with random propagation directions and fre-525

quencies randomly sampled from a single-temperature blackbody (whose temperature is derived526

from the model luminosity). These photon packets are then propagated through the ejecta, and527

the code records each instance of interaction (via free e− scattering or bound–bound transitions).528

The simulation progresses until all photon packet paths have terminated; at this point the emergent529

packets are used to construct a model spectrum that can be compared to data. The user controls the530

position of the inner and outer boundaries of the line-forming region, as well as the density profile,531

composition and luminosity. While the code is time independent (i.e., each simulation represents532

a single snapshot in time), it is possible to construct a series of self-consistent models that can then533

be compared to a series of observations.534

For our modelling efforts, we focus on reproducing the SED and prominent features in the535

17.4 d NOT and 38.0 d WiFeS optical spectra. First, we flux-calibrate the spectra to the near-536

contemporaneous (∆MJD < 0.9 d) Pan-STARRS griz photometry. The data were then de-537

reddened (assuming AV = 0.067; Section 3) and shifted to the rest frame (assuming z = 0.0345;538

Section 2). In Figure 5 we overlay our Pan-STARRS photometry onto these observed spectra,539

demonstrating excellent agreement.540

Next, we generate TARDIS models to reproduce these two spectra. For our model setup, we541

utilise the nebular, dilute-lte and macroatom treatments for ionisation, excitation and542

line interactions, respectively. Additionally, to better reproduce the observed He features in the543

NIR spectra, we adopt the He NLTE treatment outlined by Ref. (104). By approximately account-544

ing for non-thermal excitation processes, we can more accurately recover He feature strengths in545

our model spectra. We stress that this is a simple, empirically derived approximation, and as such546

our inferred He masses should not be over-interpreted as true mass estimates.547
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From our model fitting, we endeavour to uncover the ions that are responsible for the promi-548

nent absorption and emission in the spectra. For our models, we assume a power law density549

profile, of the form:550

ρ(v, t) = ρ0

(

v

v0

)−Γ (
texp
t0

)−3

, (1)

where ρ0 = 6 × 10−11 g cm−3, v0 = 10000 km s−1 and t0 = 2 d are normalisation constants for551

the density profile. These constants define a reference point in velocity space and time at which552

ρ(v, t) has a specified value. The parameter t0 is therefore only a reference epoch for the density553

normalisation, and should not be interpreted as a fitted physical timescale or as the explosion epoch.554

We adopt t0 = 2 d because this is the default reference value used in our TARDIS setup; choosing555

a different reference epoch would be equivalent provided the density normalisation is rescaled556

consistently. From this parameterisation, we compute a consistent density at any other point in557

space and time. We assume Γ = 6, motivated by prior works modelling SNe Ic-BL(100; 102).558

We fix our texp values to be the (rest-frame) time between EP detection and the epoch of spectral559

observation. Finally, we assume an outer boundary velocity, vouter = 50000 km s−1. We compare560

our best-fitting TARDIS models to the observations in Figure 5. We also compare to the 14.7 and561

37.8 d Keck NIR spectra to check model agreement with the NIR properties of SN 2026gzf. We562

note that these spectra have not been flux-calibrated, and the phases do not perfectly match those of563

our TARDIS models; however, we find that our model continua and He I λ10830 features closely564

match the data. We summarise our best-fitting model properties in Table 4.565

To fit the data, we invoke a three-zone composition profile comprised of He, Si, Ca, Ti566

and radioactive 56Ni (which decays, providing 56Co and 56Fe). Our full composition profile is567

presented in Table 3. We note that this composition does not encompass all elements expected to568

be synthesised and ejected by a SN Ic-BL; our focus here was on line identification and general569

reproduction of the continuum, enabling approximate ejecta properties to be ascertained. We find570

that the spectral features, through the optical and NIR, can be replicated by our models including571

just these seven elements. The specific contributions of each element are highlighted in Figure 6.572

We note an apparent inconsistency in our composition profile between 17.4 and 38.0 d. We573

invoke a higher Ca mass fraction at 17.4 d than at 38.0 d (X[Ca]32000−18000 km s−1 = 8 × 10−3
574

vs. X[Ca]32000−18000 km s−1 = 10−4; see Table 3). A relatively large Ca mass fraction at 17.4 d is575

required by our models to match the data. At this phase, Ca II exists as a trace ion in our model; as576

such, we are extremely sensitive to the exact temperature profile. A modest tweak on the order of577
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a few 100 K may lead to substantial changes in the ion balance of Ca. To overcome this, we inflate578

the Ca mass fraction so as to provide our model with enough Ca II to produce a prominent P-Cygni579

feature at ∼ 8000 Å. While this may appear to result in some uncertainty in the quantity of Ca in580

the ejecta, we note that the Ca II mass fraction (the only Ca ion to which we are sensitive) evolves581

as anticipated; i.e., our model at 38.0 d contains more Ca II than our 17.4 d model (2.1× 10−5 M⊙582

versus 7.4× 10−7 M⊙; see Table 4).583

The species identifications and expansion velocities extracted from our sequence of best-584

fitting models match those inferred from similar analyses of other SNe Ic-BL (e.g., Ref. (100)).585

While our modelling indicates the presence of a small amount of He (∼ 0.072M⊙), this does not586

clash with the proposed ‘Ic-BL’ classification. SN classification schemes are typically based on587

the presence (or absence) of optical absorption features; in the case of SN 2026gzf, our models588

indicate that He only contributes substantially to the data at ≈ 1µm, through its λ10830 transition.589

Finally, we note that SN 2026gzf is not the first SN Ic-BL to possess He features. Optical He590

features have been identified in e.g., the Ic-BL SNe 2012ap and 2016coi (105; 106).591

5 Pre-burst activities592

Astrometric registration and source localisation We quantified the positional association be-593

tween SN 2026gzf and the historical blue compact source, by which we mean the persistent blue594

source visible in archival direct images prior to explosion, rather than the later Pan-STARRS dif-595

ference image residuals. In the present analysis we used archival direct images from DECam,596

Subaru/Hyper Suprime-Cam, SDSS, and Pan-STARRS, and compared these with representative597

post-explosion SN positions shown in Fig. 7 and listed in Table 5. Each archival image was598

tied to the Gaia DR3 astrometric frame using nearby reference stars retrieved through VizieR599

(I/355/gaiadr3), retaining stars brighter than G = 20 mag and excluding objects close to600

the image boundaries. For each image, the astrometric solution was refined in two stages. We601

first estimated a bulk translational offset by searching for the nearest local peaks around the WCS-602

predicted Gaia positions within a coarse search radius of 30 pixels, using a centroid box with a603

half-size of 7 pixels. The resulting shifts were sigma-clipped at the 3σ level to derive a robust604

global offset for each frame. We then carried out a finer local search within 10 pixels and fitted an605

affine transformation between the predicted and observed reference star positions. Only matches606

within 4 pixels of the shifted prediction were retained in the affine fit, and a residual clip of 2.5607

pixels was applied. The astrometric uncertainty for each image includes the rms residual of this608
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Figure 7: Astrometric association between the historical blue compact source, the Pan-

STARRS precursor residuals, and SN 2026gzf. Top, archival cutouts of the explosion site from

DECam r, Subaru r, SDSS r, and Pan-STARRS w, registered to a common astrometric frame. The

coloured crosshairs mark the independently measured centroid of the blue compact source in each

dataset. Bottom, sky coordinate comparison of the measured source centroids. The small open

circles show the individual Pan-STARRS precursor positions measured from w-band difference

image residuals, with the colour indicating the image seeing at each epoch. Filled coloured circles

mark representative later SN positions from optical imaging. The dashed ellipses indicate the as-

trometric uncertainty of the blue compact source centroid in each archival dataset. The best-seeing

precursor residuals lie very close to the SN and blue compact source positions, while small offsets

are expected because the centroid measured from a difference image residual depends to some ex-

tent on the adopted reference frame. Overall, the pre-explosion source, the precursor residuals, and

the SN positions are consistent within the astrometric uncertainties, supporting a common origin.
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local affine solution.609

We measured the centroid of the historical blue compact source in each archival direct im-610

age using photutils, extracting a small cutout around the target position, estimating the local611

background from the border pixels of the cutout, subtracting this background, setting negative612

pixel values to zero, and computing the centroid from the remaining flux distribution. The cen-613

troid uncertainty was estimated from the weighted second moments of the source light distribution614

and combined in quadrature with the local astrometric rms. For archival images in which a sta-615

ble local centroid could not be recovered, we retained the Gaia-registered prior-projected position616

rather than forcing an unstable centroid solution. The adopted pre-explosion position was defined617

from the archival direct image centroids of the blue compact source alone, and not from the Pan-618

STARRS precursor residuals or the later SN positions. The latter are shown separately in Fig. 7619

and Table 5 as consistency checks. The Pan-STARRS precursor positions were measured from620

w-band difference image residuals and are therefore expected to show small centroid shifts that621

depend to some extent on the adopted reference frame and subtraction template. Likewise, the622

later SN positions are not used to define the pre-explosion centroid, but instead to test whether the623

explosion occurred at the same site.624

Using the weighted mean of the archival direct image centroids listed in Table 5, we adopt a625

pre-explosion astrometric reference position of α = [09:59:42.88], δ = [+00:25:06.3] (J2000). The626

corresponding uncertainties are σRA,sky = 0.0268 arcsec and σDec = 0.0232 arcsec. All archival di-627

rect image centroids of the blue compact source are mutually consistent with this adopted position628

within the quoted astrometric uncertainties, and the later SN positions are consistent with the same629

site to within the overall astrometric error budget. Unless otherwise noted, we use this adopted630

astrometric reference position throughout the paper as the fiducial coordinate of the explosion site.631

Archival aperture photometry and flux homogenisation To characterise the long-term be-632

haviour of the explosion site, we measured circular aperture fluxes at the fixed adopted633

source position on archival images from Pan-STARRS1, ZTF, Subaru/Hyper Suprime-Cam,634

and DECam. All images were analysed with the same aperture photometry procedure using635

photutils.aperture photometry, in order to minimise survey dependent systematics.636

ZTF images were retrieved from IRSA, while the Pan-STARRS1, Subaru, and DECam images637

were taken from the corresponding survey or archival image products used throughout this work.638

For each frame, the source aperture radius was scaled to the image quality and set to639
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Figure 8: Long-term pre-explosion variability and the early rise of SN 2026gzf. Left, historical

photometry measured at the explosion site from Pan-STARRS, ZTF, Subaru, and DECam. The pre-

explosion measurements are based on direct aperture photometry at a fixed position and without

template subtraction, in order to track the total flux at the site of the blue compact source in a

survey consistent way. For each epoch, the source aperture radius was set to 0.8 × FWHM and

the local background was estimated from a concentric annulus with inner and outer radii of 1.0×

FWHM and 1.5 × FWHM, respectively. The dashed lines and shaded bands indicate the mean

pre-explosion flux level and its uncertainty in each band. Right, the rapid optical rise measured

by the Kinder/Lulin follow-up during the first days after EP260321a. The strongest pre-explosion

activity is seen in the blue bands, indicating that the explosion site was not fully quiescent before

the final outburst.
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0.8 × FWHM, while the local background was estimated from a concentric annulus with inner640

and outer radii of 1.0 × FWHM and 1.5 × FWHM, respectively. We adopted this relatively641

local background estimate because the source is projected on a structured host environment, so642

larger annuli risk incorporating unrelated galaxy substructure. The background level was esti-643

mated from sigma-clipped annular pixels, and the aperture-sum uncertainty was combined with644

the local background rms to obtain the final photometric uncertainty. To minimise calibration off-645

sets, all measurements were expressed in flux-density units (µJy) and calibrated against the same646

local Pan-STARRS1 field-star sequence, using nearby unsaturated stars and the closest available647

Pan-STARRS1 bandpass for each image filter. This common calibration strategy was applied con-648

sistently to Pan-STARRS1, ZTF, Subaru and DECam images, so that the measured differences649

primarily reflect source variability, bandpass mismatch and host-background structure rather than650

differences in the adopted photometric reference system. We did not apply explicit S-corrections651

across surveys; any remaining inter-survey offsets are therefore treated conservatively as arising652

from a combination of bandpass mismatch, seeing differences and structured host-background653

contamination. For the pre-explosion analysis, we used direct aperture photometry rather than PSF654

photometry on template subtracted images. Because a blue compact source is already present at655

the explosion site before outburst, the residual flux in a difference image depends sensitively on656

the adopted reference frame. In practice, different reference images can produce different residual657

amplitudes, making small long-term variations difficult to interpret robustly. Direct aperture pho-658

tometry at a fixed position therefore provides a more stable and survey consistent way to assess the659

baseline flux level and flux variance of the unresolved pre-explosion source.660

The long-lived activity of the source site is also independently suggested by the fact that661

the PS1 team reported the source in 2018 as PS18csa (later TNS name AT 2018mtl¶), discovered662

on 2018 December 13 at a w-band magnitude of 21.66. This motivated our closer examination663

of the pre-explosion variability in the Pan-STARRS1 data. However, because the direct aperture664

photometry used here measures the total flux at the site without template subtraction, we do not665

use it alone to quantify the amplitude of the precursor variability. Instead, in the following subsec-666

tion we analyse the Pan-STARRS1 pre-explosion images with template subtraction and PSF-based667

photometry to confirm and characterise the variability more directly.668

Independent aperture photometry from Pan-STARRS1, ZTF, Subaru, and DECam yields669

broadly consistent baseline fluxes at the source position (Table 6). In particular, the mean r-670

¶https://www.wis-tns.org/object/2018mtl
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band fluxes measured from the four surveys are mutually consistent within the expected survey-671

to-survey scatter, while the source is systematically brighter in the blue than in the redder op-672

tical bands. Table 6 also lists the corresponding AB magnitudes, computed from mAB =673

23.9 − 2.5 log10(fµJy). In the following subsection, we use the band-specific Average AB magni-674

tudes listed in the final row of each filter group to define the magnitude ranges of the comparison675

samples in the chance-alignment calculation.676

Chance-alignment probability of an unrelated foreground source To quantify the probability677

that the pre-explosion blue compact source is an unrelated source projected by chance onto the po-678

sition of SN 2026gzf, we estimated the local surface density of catalogue sources with comparable679

apparent brightness in a control field centred on the explosion site. Our primary calculation used680

the Pan-STARRS1 DR2 mean-source catalogue within a radius of 5 arcmin around the adopted681

astrometric reference position, excluding the immediate host region with a circular mask of radius682

5 arcsec. For each optical band, the fiducial apparent magnitude of the blue compact source was683

taken from the band-specific Average AB magnitudes listed in Table 6. Comparison samples were684

then selected within a magnitude interval of ±0.5 mag around the corresponding value for the685

fiducial calculation.686

For a given comparison sample, the chance-alignment probability was computed analytically687

as688

P = 1− exp(−πr2matchΣ),

where rmatch is the adopted matching radius and Σ is the local surface density of comparison689

sources in units of arcsec−2. Because the formal astrometric uncertainty of the adopted pre-690

explosion position is much smaller than the scatter among the pre-explosion and post-explosion691

positional measurements, we adopted a deliberately conservative matching radius of rmatch = 0.3692

arcsec for the fiducial calculation. We report two related probabilities: Pany, using all catalogue693

sources of comparable apparent brightness, and Ppoint, restricting the comparison sample to unre-694

solved point-like sources selected from the Pan-STARRS1 catalogue using PSF–Kron compactness695

criteria.696

For the fiducial case (Run A in Table 7), the inferred probabilities are low in all optical697

bands, with the smallest values obtained in the blue. Representative values are Pany = 3.70× 10−5
698

in g and 2.07 × 10−4 in r, while restricting the comparison sample to point-like sources yields699

Ppoint = 1.50 × 10−5 in g and 8.90 × 10−5 in r. The corresponding probabilities in the redder700
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bands are somewhat larger because the sky density of comparable sources is higher. As robustness701

tests, we repeated the same calculation with a substantially larger matching radius of rmatch = 0.5702

arcsec (Run B), and then with both rmatch = 0.5 arcsec and a wider magnitude interval of ∆m =703

±1.0 mag (Run C). As expected, the inferred probabilities increase under these deliberately more704

conservative assumptions, but remain low and do not alter the qualitative conclusion (Table 7).705

As an independent cross check, we also estimated the same probability by Monte Carlo sampling.706

We drew 105 random sky positions uniformly within the same 5-arcmin control field, rejected707

points falling inside the excluded host mask, and measured the fraction whose nearest comparison708

object lay within rmatch. The Monte Carlo results are consistent with the analytic surface density709

estimates, supporting the robustness of the calculation.710

These single band probabilities are themselves conservative, because they condition only711

on positional coincidence and comparable brightness in one filter at a time. The pre-explosion712

source is also unusually blue, and requiring a comparison object to match both the position and the713

observed colour of the blue compact source would reduce the chance-alignment probability further.714

We therefore regard the quoted single band values as conservative upper limits on the probability715

that the pre-explosion blue compact source is an unrelated foreground-like object.716

Photometry on Pan-STARRS pre-explosion images All Pan-Starrs pre-explosion images were717

stacked on a nightly basis using SCAMP(107) for astrometric refinement and SWarp(108). Stacked718

science and template images were then processed through the AutoPhOT pipeline(109). Astro-719

metric calibration was performed using astrometry.net(110) to align the World Coordinate720

System to the Gaia DR3 reference frame(25). Template images were aligned to the science frame721

using SCAMP(107) for astrometric refinement and SWarp(108) for resampling onto the science722

pixel grid, with distortion corrections. Alignment quality was verified through the rms scatter of723

matched sources. The PSFs were constructed empirically using PhotUtils(112) from isolated, high724

signal-to-noise stellar sources identified by SExtractor(113). Image subtraction was performed725

using the Sparse Field Flux Transport algorithm(114), which determines an optimal convolution726

kernel to match the template PSF to the science image. The template was convolved to match727

the science PSF such that transient sources retain the science frame characteristics in the differ-728

ence image. SFFT operates in either sparse-field or crowded-field mode depending on the stellar729

density. Photometric calibration was propagated through the subtraction process, and difference730

image quality was assessed via background statistics and photometric consistency of non-variable731

sources.732
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Photometric calibration was performed using synthetic photometry from Gaia DR3 spec-733

trophotometry. Reference star magnitudes in the target filter system were derived using734

GaiaXPy(115) to convolve the Gaia low-resolution spectra with filter transmission curves obtained735

from the Spanish Virtual Observatory (SVO) Filter Profile Service(116). This approach provides736

accurate synthetic magnitudes for calibration stars across a wide range of colours and spectral737

types, enabling consistent zero-point determination for each image. However, the magnitudes of738

the precursors represent a lower limit, as the contribution of the progenitor to the total light from739

the blue compact source at the time of the reference stack is unknown.740

Limiting magnitudes were determined using a photometric injection and recovery frame-741

work. Artificial point sources with magnitudes spanning the expected detection threshold were742

generated using the empirical PSF and added at random positions across the difference image.743

The 3σ limiting magnitude was defined as the faintest injected magnitude at which sources were744

recovered with signal-to-noise ratio ≥ 3 and positional accuracy within 0.5 pixels.745

Figure 3 shows a subset of w-band differences images. For the majority of w-band images, a746

clear detection is seen at the position of SN 2026gzf.747

Search for periodicity in the archival variability To test whether the historical variability could748

be explained by an ordinary periodic variable star, we searched for coherent periodicity in the749

pre-explosion Pan-STARRS1 light curve using the P4J periodogram package(117). We restricted750

the analysis to pre-trigger measurements and removed entries with non-finite times, fluxes, or751

flux uncertainties, as well as measurements with non-positive uncertainties. The periodogram was752

evaluated over trial periods between 1 and 1000 days.753

The resulting periodogram shows no significant peak over this range. In particular, no peak754

exceeds the adopted significance threshold, indicating that the archival PS light curve does not755

show convincing evidence for coherent periodic modulation. We therefore disfavor an ordinary756

periodic stellar variable as the origin of the pre-explosion variability.757

6 Early luminosity excess of SN 2026gzf758

Optical follow-up of EP260321a started at Lulin Observatory 1.25 h after the EP-WXT trigger,759

using the 1-m LOT and the 40-cm SLT, as part of the Kinder (Kilonova Finder) programme(11;760

118). The first observations began on 2026 March 21 at 13:38:02 UT (MJD 61120.568079), with761
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SLT following 23 s later. In this first epoch, LOT obtained six 300 s r-band exposures, while SLT762

obtained 24 separate 300 s i-band exposures. LOT later secured two additional r-band observing763

blocks. The second LOT block started at 4.15 h after T0 and comprised six 300 s r-band exposures.764

After a ∼ 44min gap, LOT obtained a third block of seven 300 s r-band exposures. During this765

later epoch, SLT obtained 24 frames of 300 s g-band exposures. The resulting high-cadence light766

curve during the first hours is shown in the zoomed-in panel of Fig. 1. The observing log is given767

in Table 1. In particular, the r-band source brightened by 0.66 mag (from ∼ 20.7 to ∼ 20.1mag)768

over 4.68 h. The g-band data also shows a rising trend, while the i-band measurements are broadly769

consistent with early brightening despite the sparser sampling. During these early stages, the770

SN exhibited very high temperatures, indicated by (g − r) colours of ∼ −0.5mag. These data771

demonstrate that the source was still emerging and brightening rapidly during the first five hours772

of optical follow-up, and show that SN 2026gzf was caught during the transition from the high-773

energy breakout phase to the earliest optical emergence of the SN. Over the following days, the774

source continued to brighten and evolved to redder colours.775

7 Hydrodynamic light curve modelling with STELLA776

We computed synthetic light curves to estimate explosion and CSM properties of SN 2026gzf by777

using the one-dimensional multi-frequency radiation hydrodynamic code STELLA(119). Moti-778

vated by the photometric and spectroscopic similarities to SN 2006aj, we assumed the same ejecta779

mass (2 M⊙) and explosion energy (2×1051 erg)(3). We adopted the 3.85 M⊙ C+O star progenitor780

model of (121) and set the mass cut at 1.85 M⊙ to obtain the assumed ejecta mass. The wind-like781

dense CSM ρCSM = 10−3(r/1010 cm)−2 g cm−3 is attached on top of the progenitor. The progen-782

itor radius is 9 × 109 cm and the CSM density near the progenitor surface is about 10−3 g cm−3.783

The radius of the dense CSM is assumed to be 3 × 1013 cm given the CSM radius estimate based784

on the X-ray flash(9). The CSM mass is 0.02 M⊙ and the required mass-loss rate to form the dense785

CSM is 2 M⊙ yr−1 assuming the wind velocity of 1000 km s−1.786

The light-curve models with and without CSM are shown in Fig. 1. In this scenario, the787

CSM is sufficiently dense to produce shock breakout at its outer surface, and the duration of the788

X-ray flash corresponds to the light-travel time across the CSM. A 56Ni mass of 0.5 M⊙ is required789

to match the peak brightness, and significant outward mixing of 56Ni in the ejecta is needed to790

reproduce the observed rise time of SN 2026gzf.791
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8 Semi-analytic light-curve modelling with MOSFiT792

To independently estimate the explosion parameters that explain the main light curve peak,793

we fit the multi-band optical photometry with the Modular Open Source Fitter for Transients794

(MOSFiT)(122). We use a basic 56Ni-heated model following the Arnett formalism(28), and as-795

sume a blackbody spectral energy distribution with absorption at blue wavelengths to mimic the796

effects of line blanketing(124; 125): Lλ(λ) = Lλ,BB(λ/λcut)
α, where α and λcut are free parame-797

ters. The other physical parameters of the model are the ejecta mass Mej and velocity vej, the 56Ni798

fraction fNi, the temperature at late times Tmin, and the gamma-ray trapping opacity κγ (we fix the799

photon diffusion opacity at κ = 0.1 cm2 g−1). Since our model does not include shock cooling, we800

do not fit to any data points prior to MJD 61123 (i.e. within the first ≈ 3 days of explosion). Given801

this simplification and the approximate nature of the model, we do not fix the explosion date to802

exactly match the EP detection, but instead make this a free parameter within a small window of803

5 days. Finally, we include a white noise parameter σ in the likelihood function following (122).804

We use flat or log-flat priors for all parameters.805

The fitting results are shown in Fig. 9. We obtain an excellent fit to the light curve in all bands,806

with broad metal line absorption significantly affecting the spectrum only below ≈ 4500 Å(u and807

g bands). The estimated explosion date is within 2 days of the true date from the EP detection.808

We find Mej ≈ 1M⊙, vej ≈ 11, 000 km s−1, and MNi ≈ 0.4M⊙. Although the statistical errors809

on these parameters are ∼ 10%, given the exquisite data, this is a highly simplified model and810

the systematic errors are likely much larger (see e.g. discussion in Ref of (126)) and we suggest811

that given the degeneracies visible between the main physical parameters, these numbers are likely812

reliable only to within a factor ∼ 2. The best-fit velocity is consistent with the observed spectra,813

and the masses of the ejecta and 56Ni are consistent with those in the hydrodynamic models based814

on the similar event SN 2006aj(3), further motivating their use to study the early light curve.815

9 On the presence of the CSM shells and the epochs of CSM interaction816

Our hydrodynamic modelling suggests that the early excess in the light curves can be attributed817

to the presence of dense CSM. The formation of CSM is supported by the precursor activities818

that started ∼ 12 years before the X-ray detection (Fig. 8). There have been incidences when the819

precursor activities have been linked to the formation of CSM or an extended environment. As a820

robust example of Type Ic-BL SNe with precursor activity, SN 2018gep showed detection about 15821
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Figure 9: MOSFiT fit to the multi-band optical light curve of SN 2026gzf. The points show

the observed photometry, while the solid curves show the best-fit 56Ni-powered model based on

the Arnett formalism. Data earlier than MJD 61123 were excluded from the fit because the model

does not include shock-cooling or circumstellar-interaction emission. The model reproduces the

main peak well in all bands and yields an explosion date within ∼ 2 days of the EP trigger, with

representative parameters Mej ≈ 1M⊙, vej ≈ 11,000 km s−1, and MNi ≈ 0.4M⊙.
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days before its explosion (35). The pre-SN detections of SN 2018gep were close to −14mag and822

were rather attributed to eruptive mass losses than a quiescent progenitor. Given the position of823

EP260321a in its host galaxy, a quiescent progenitor can be less favored. In Figure 3, we identify824

six w-band kinks at MJDs 57779.5, 60021.3, 60315.5, 60696.5, 60761.3, and 61053.5. These825

kinks possibly mark more rigorous activities following stronger eruptions which eventually would826

have formed denser CSM shells. Assuming a wind velocity of 1000 km s−1 for Wolf-Ray stars,827

we used equation 5 of (35) to estimate the radii of corresponding CSM shells. Corresponding to828

the above-mentioned six major eruptions, there would be CSM shells with radii ∼ 5.8 × 1014,829

3.1× 1015, 3.7× 1015, 6.9× 1015, 9.5× 1015, and 2.9× 1016 cm.830

Next, we adopted a broken power-law distribution to the velocity evolution (of Si II) for Type831

Ic-BL SNe of the form presented in (128) and estimated the tentative epochs of CSM interactions832

corresponding to the presence of CSM shells with the above-mentioned radii. The tentative epochs833

of CSM interaction for the last five eruptions (starting from the one at MJD 61053.5, only ∼ 67834

days before the X-ray detection) would be ∼ +1d, +14d, +18d, +93d, and +2350d (MJD 60021.3835

eruption). For the eruption at MJD 57779.5, the CSM shell radius is 2.9 × 1016 cm, thus, the SN-836

ejecta would eventually be too slow to reach there. With the tentative epochs of CSM-interactions837

estimated, the day-1 early excess in our light curves can indeed be associated to the presence of838

CSM resulting from the latest eruption. There were no reported radio observations close to the839

other predicted epochs of CSM interactions. Despite having optical spectra close to +18d, we840

hardly see any interaction features. This can be attributed to the lower resolution of the spectro-841

graph. Additionally, we can not rule out the possibility of the older mass loss episodes resulting842

with different wind velocities than the simplified assumption of 1000 km s−1, hence the locations843

of CSM shells and the epochs of interaction might be uncertain corresponding to those episodes.844

Nevertheless, even if interaction happens at these radii, the signatures could be subtle, Ic-BL SNe845

are not known to show strong interaction features.846

10 Comparison with other X-ray outburst stripped-envelope supernovae847

Figure 10 shows the rest-frame absolute light curves of broad-lined Type Ic SNe that were discov-848

ered sufficiently early to probe their initial emission, including SNe 1998bw(129), 2006aj(36),849

2018gep(35), 2020bvc(131), 2020lao(34), and the recent EP-discovered events (also Ic-BL)850

SNe 2024gsa(133), 2025kg(134) and 2025wkm(135). We also include SN 2008D(4), although851

it was a Type Ib rather than an Ic-BL, because it remains one of the best-studied stripped-envelope852
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SNe with an X-ray shock-breakout signal and exceptionally early follow-up data. We note that853

SN 2008D is known to suffer substantial host-galaxy extinction, with AV ≈ 2mag(4; 5). No cor-854

rection for host-galaxy extinction has been applied to any of the SNe except for SN 1998bw(129)855

as given in this plot.856

Panel (a) shows that the g-band luminosity evolution of SN 2026gzf is broadly consistent857

with that of luminous Ic-BL events, with a peak luminosity close to those of SN 2006aj and858

SN 2020bvc, but with unusually luminous measurements already present during the first day.859

Panel (b) shows the same behaviour in the r band: the later rise and peak are similar to those of the860

comparison Ic-BL sample, whereas the earliest data points lie above the smoother monotonic rise861

expected for an ordinary radioactive-powered light curve. Panel (c) shows that SN 2026gzf is also862

very blue (g−r ∼ −0.5) at the earliest epochs and then reddens steadily with time, broadly follow-863

ing the colour evolution seen in SN 2006aj and SN 2020bvc. Taken together, the three panels show864

that although the later photometric evolution of SN 2026gzf is broadly typical of luminous Ic-BL865

SNe, its earliest emission includes a distinct bright, blue first-day excess suggestive of interaction866

with nearby CSM.867

11 Comparison of the precursor activity of SN 2026gzf with other transients868

We compare the long-term pre-explosion variability of SN 2026gzf with a small, non-exhaustive869

sample of transients for which precursor activity has been reported, including SNe 1961V(38),870

2006jc(138), 2009ip(39), 2015bh(140), 2018gep(35), 2023fyq(141), and UGC 2773-OT(142), see871

Fig. 11. In terms of absolute magnitude, the precursor of SN 2026gzf is among the most lumi-872

nous in the sample, reaching M ≈ −14mag. The only clearly comparable case in this figure873

is SN 1961V, whose precursor was also extremely bright and likewise persisted for more than a874

decade before the main event; it has been interpreted as a pulsational pair-instability event from a875

very massive progenitor of roughly 100–115M⊙(143). Although SN 2026gzf is unlikely to arise876

from such an extreme progenitor channel, this comparison emphasizes that its long-term precursor877

activity was unusually luminous for a stripped-envelope SN progenitor.878

Moreover, the precursor of SN 2026gzf also shows pronounced short-timescale variability879

superposed on the longer-term evolution. Similar erratic behavior was seen in SN 2009ip, al-880

though that object was a hydrogen-rich Type II event rather than a stripped-envelope SN. The881

analogy is therefore not one of progenitor class, but of phenomenology: both objects show evi-882
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Figure 10: Lightcurve evolution of SN 2026gzf and comparison with other SNe. The upper

panels, (a) and (b), compare the rest-frame red- and blue-band light curves of SN 2026gzf with

those of the Ic-BL SNe 1998bw, 2006aj, 2018gep, 2020bvc and 2020lao, together with the recent

EP-discovered events SNe 2024gsa, 2025kg and 2025wkm. SN 2008D is also shown, although it

was a Type Ib SN. All light curves are plotted relative to Tburst. The lower panel, (c), shows the

corresponding colour evolution. SN 2026gzf rises rapidly at early times and exhibits unusually

blue colours, consistent with excess early emission shaped by interaction with nearby CSM.
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dence for violent variability shortly before explosion. This suggests that such eruptive behavior883

may not be limited to extended hydrogen-rich progenitors, but could also occur in compact stripped884

progenitors such as Wolf–Rayet-like stars.885

12 Host galaxy environments886

SN 2026gzf lies in a disturbed system (Fig. 1, right panel), consisting of the larger galaxy SDSS887

J095942.99+002504.0 and a nearby blue compact source, SDSS J095942.88+002506.2. The888

SN is spatially coincident with the latter, indicating that this blue compact source is its most889

likely immediate host. The larger system has a spectroscopic redshift of z = 0.0345, indepen-890

dently measured by the 2dF Galaxy Redshift Survey (2dFGRS; TGN352Z077) and DESI Legacy891

Survey spectroscopy (target ID: 39627799320858502). With an absolute magnitude of about892

Mr = −16.6mag, the blue compact source could plausibly be a compact dwarf galaxy(144) or893

a particularly luminous star-forming region, possibly associated with or orbiting the larger dis-894

turbed galaxy. Because young clusters in interacting galaxies can be very luminous(145), we895

do not attempt to distinguish among these possibilities given the available spatial resolution and896

signal-to-noise ratio, and therefore adopt the neutral term “blue compact source” throughout this897

paper.898

To characterize the host galaxy and the local environment of SN 2026gzf, we analysed899

WiFeS integral-field spectroscopy. Due to poor S/N, we stacked two of our WiFeS observa-900

tions that were taken during dark-time (on 2026-04-08 and 2026-04-16) to improve our data901

quality. We defined a flux-limited aperture (see Figure 12) to extract a global host spectrum902

from these stacked IFU cubes, measuring a Balmer decrement of 3.67 ± 0.35, corresponding to903

E(B−V ) = 0.25±0.09mag assuming a CCM extinction law with RV = 3.1. The dust-corrected904

Hα luminosity implies a star-formation rate of 0.37± 0.08M⊙ yr−1, and the gas-phase metallicity905

derived from the O3N2 diagnostic (146) is 12 + log(O/H) = 8.00 ± 0.03. We also extracted a906

spectrum from a 3x3-spaxel (1” per spaxel) aperture corresponding with the blue compact source907

at the SN position. This spectrum is contaminated by SN light, but provides a local estimate of the908

surrounding environment, with a Balmer decrement of 3.42±0.40, E(B−V ) = 0.18±0.11 mag,909

a dust-corrected star-formation rate of 0.17 ± 0.04M⊙ yr−1, and 12 + log(O/H) = 8.05 ± 0.04.910

When deriving maps of the host galaxy from the stacked WiFeS datacubes, there remain significant911

spaxel-to-spaxel fluctuations. We therefore produce maps by extracting spectra from a 3x3 sliding912

aperture centred on each spaxel, as seen in Figure 12. Given the limited data quality, properties913
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Figure 11: Comparison of the long-term precursor activity of SN 2026gzf with other tran-

sients. Absolute magnitude is shown as a function of rest-frame time in years relative to the peak

luminosity of the main eruption or SN light curve of each object. Time 0 marks the peak, so all

points shown correspond to precursor activity before the main event. The blue and red points show

the archival Pan-STARRS w- and r-band measurements of SN 2026gzf. For comparison, we also

show the reported precursor variability of SNe 1961V, 2006jc, 2009ip, 2015bh, 2018gep, 2023fyq,

and UGC 2773-OT. SN 2023fyq is shown for two assumed distances because the distance to its

Virgo-cluster host remains uncertain; the two tracks illustrate how this uncertainty affects the in-

ferred absolute magnitude of the precursor. Among these objects, the precursor of SN 2026gzf

is one of the most luminous, reaching M ≈ −14mag, and also exhibits substantial variability on

both year-long and shorter timescales.
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derived for a given spaxel should be treated as indicators of a local region surrounding that spaxel,914

rather than properties directly within the sightline of the spaxel.915

Although our dust map suggests elevated host extinction near SN 2026gzf, several indepen-916

dent indicators point to little extinction along the direct SN sightline. In particular, the Balmer917

decrement measured from the LOT spectrum is close to the Case B recombination value of 2.86,918

suggesting minimal local extinction. This is further supported by the absence of red colours in the919

SN peak photometry and the lack of Na I D absorption in the SN spectra, consistent with the SN920

lying on the near side of the system along our line of sight. Independent MUSE observations like-921

wise indicate little or no dust extinction at the SN position(19). The discrepancy with our estimate922

may arise because the blue compact source is not fully resolved from the larger galaxy in our data.923

We modelled the spectral energy distribution for both larger galaxy (SDSS924

J095942.99+002504.0) and the blue compact source (SDSS J095942.88+002506.2) considered as925

the host of SN 2026gzf. We characterized the host galaxy using archival ultraviolet-to-infrared926

imaging from the Galaxy Evolution Explorer (GALEX), Pan-STARRS and unWISE. Using927

HOSTPHOT(148), matched-aperture photometry was constructed across all bands using an aperture928

defined from the Legacy Survey r-band image. Specifically, we adopted an aperture size of929

11.729′′ × 7.022′′ for the larger galaxy and 1.015′′ × 0.999′′ for the blue compact source. The930

SED fitting was performed with PROSPECTOR(40), with posterior sampling carried out using931

DYNESTY. We adopted the Prospector-α model, which includes nebular line and continuum932

emission as well as dust emission. We adopted a log-uniform prior on the total stellar mass933

(total mass), covering 108 < M/M⊙ < 1012, and model the stellar metallicity (logzsol)934

with a top-hat prior ranging from −2 < log(Z/Z⊙) < 0.19. The star-formation history (SFH)935

is modeled non-parametrically via the z fraction prescription, complemented by a Beta936

continuity prior to ensure smooth transitions in the star-formation rate across cosmic time. For937

dust attenuation, the diffuse dust optical depth (dust2, τ̂2) is assigned a uniform prior in the range938

[0, 4.0]. Additionally, we account for IR dust emission using the (150) templates, governed by the939

minimum radiation field intensity (0.1 < Umin < 25), the PAH mass fraction (0.5 < QPAH < 7.0),940

and the mass fraction of dust exposed to a high-intensity radiation field (dust gamma, γ), for941

which we assume a prior range of 0.001 < γ < 0.15. Figures 13 and 14 show the host-galaxy942

broadband photometry and the corresponding best-fitting PROSPECTOR model. From the posterior943

medians and 1σ uncertainties, we infer log10(M∗/M⊙) = 9.04+0.09
−0.08 for the larger galaxy and944

log10(M∗/M⊙) = 8.09+0.23
−0.07 for the blue compact source. Its stellar mass is thus about an order of945
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magnitude lower than that of the larger galaxy, consistent with a dwarf-companion interpretation.946

By combining stellar mass with the star-formation rate derived above, we can calculate the specific947

star-formation rate. This yields ∼ 0.34Gyr−1 for the larger galaxy and ∼ 1.37Gyr−1 for the blue948

compact source. Additionally, their AV values calculated from dust2 are 0.076 and 0.043mag,949

respectively.950
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Figure 12: Host-galaxy colour image and WiFeS IFU maps of the host galaxy of SN 2026gzf.

Left: SDSS colour image of the host galaxy of SN 2026gzf, with the red rectangle representing the

WiFeS FoV for our observations, and the position of the SN marked as a green cross. The region in

purple contains sufficient WiFeS S/N per spaxel for host-property estimation, and this region was

used to extract global properties of the host galaxy. Right: WiFeS IFU maps of the host galaxy of

SN 2026gzf, constructed using a sliding 3 × 3 aperture on stacked datacubes from our dark-time

observations (2026-04-08 and 2026-04-16). When rotated by the 45◦ position angle of the WiFeS

observations, these maps correspond to the purple region in the left-hand panel. Shown are the

Balmer decrement (upper left), E(B−V ) (upper right), Hα-based star-formation rate (lower left),

and gas-phase metallicity (lower right). The SN position is marked with a black “×”. Owing to

the limited signal-to-noise ratio and spatial resolution, the maps provide only smoothed estimates

of the local host properties, and the compact blue source at the SN position is not cleanly separable

from the surrounding host emission.
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Extended Data951

Table 1: Log of optical photometric observations. This table presents a representative sample of

the dataset, displaying only the initial observational epochs from various instruments to illustrate

the data format and content.

MJD m σm Filter Telescope Exptime (s)

61120.568 20.74 0.06 r LOT 300.0

61120.568 >19.8 i SLT 300.0

61121.316 19.70 0.17 g P60 30.0

61123.052 18.34 0.01 r SWO 320.0

61124.122 17.82 0.07 g Citra 60.0

61124.377 17.98 0.06 o ATLAS 30.0

61131.349 16.96 0.03 g PS2 60.0

61136.021 17.01 0.00 r LSST 30.0
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Table 2: Spectroscopic observing log of SN 2026gzf. T0 is defined as MJD 61120.516 (the EP-WXT trigger time).

Date MJD Tstart − T0 Telescope Instrument Grating Exp. time Slit Resolution Wavelength Range

(days) (seconds) (”) (Å)

2026-03-30 61129.897 9.38 NOT ALFOSC Grism 4 1600 1.3 710 3001–9637

2026-03-31 61130.440 9.92 ANU 2.3 m WiFeS B3000/R3000 900× 3 IFU 3000/3000 3500–5700/5400–9500

2026-04-01 61131.530 11.02 LOT UVEX 300 600× 12 1.29 300 4200–7950

2026-04-05 61135.240 14.72 Keck II NIRES - 120× 4 0.55 2700 9648—24666

2026-04-07 61137.922 17.41 NOT ALFOSC Grism 4 1800 1.3 710 3001–9637

2026-04-08 61138.387 17.87 ANU 2.3 m WiFeS B3000/R3000 900× 3 IFU 3000/3000 3500–5700/5400-9500

2026-04-16 61146.543 26.03 ANU 2.3 m WiFeS B3000/R3000 900× 3 IFU 3000/3000 3500–5700/5400-9500

2026-04-23 61153.369 32.85 NASA IRTF SpeX - 120× 12 0.8 2000 6905-25450

2026-04-28 61158.341 37.83 Keck II NIRES - 120× 8 0.55 2700 9648—24666

2026-04-28 61158.471 37.96 ANU 2.3 m WiFeS B3000/R3000 900× 1 IFU 3000/3000 3500–5700/5400-9500

2026-04-29 61159.466 38.95 ANU 2.3 m WiFeS B3000/R3000 2700× 3 IFU 3000/3000 3500–5700/5400-9500

2026-05-03 61163.953 43.44 NOT ALFOSC Grism 4 2042 1.0 710 3001–9637

4
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Table 3: TARDIS model compositions.

Element Mass fraction

≥ 32000 km s−1 32000− 18000 km s−1
< 18000 km s−1

He 0.68 0.68 0.00

Si 0.12 0.12 0.12

Ca 4× 10−4 10−4 (8× 10−3)◦ 10−4

Ti 0.00 10−3 10−3

56Ni⋆ 0.20 0.20 0.88

We define a 56Ni mass fraction at t = 0 days. The code then computes the Ni, Co and Fe mass fractions at t = texp,

following the 56Ni → 56Co → 56Fe radioactive decay sequence.

At 17.4 d we invoke an inflated Ca mass fraction of 8× 10−3 (see text for details).

Table 4: TARDIS input model parameters, and selected output model properties.

Epoch 1 Epoch 2

(17.4 d NOT) (38.0 d WiFeS)

Inputs

texp (days) 16.82 36.73

Lph (1042 erg s−1)⋆ 9.0 5.5

vinner (km s−1) 18000 15000

Outputs

Tph (K)◦ 7110 4390

MLF (M⊙)□ 0.106 0.188

MHe (M⊙) 0.072 0.072

MCa II (M⊙) 7.4× 10−7 2.1× 10−5

Luminosity of the inner boundary/photosphere.

Temperature of the inner boundary/photosphere.

Total mass contained within the line-forming region of the simulation. This number should be ≪ Mej, as it only

accounts for ejecta material that lies above vinner.
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Table 5: Astrometric measurements at the site of SN 2026gzf. The upper section lists the

archival direct-image centroids of the blue compact source used to define the adopted pre-explosion

position. The lower section lists representative later SN positions shown for comparison only; these

are not used in the weighted mean.

Dataset RA (deg) Dec (deg) σRA,sky (arcsec) σDec (arcsec)

DECam r 149.9286600 0.4184164 0.030 0.025

Subaru r 149.9286680 0.4184338 0.118 0.119

SDSS r 149.9286642 0.4184014 0.266 0.266

Pan-STARRS w 149.9286802 0.4184167 0.067 0.067

Adopted position 149.9286637 0.4184170 0.027 0.023

LSST SN 149.9286667 0.4184342 - -

LOT SN 149.9286830 0.4184660 - -

Pan-STARRS SN 149.9286701 0.4184176 - -
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Table 6: Mean pre-explosion photometry measured at the site of SN 2026gzf. For each survey

and band, we list the mean flux density and statistical uncertainty, together with the correspond-

ing AB magnitude and propagated uncertainty, computed using an AB zeropoint of 23.9 for flux

densities expressed in µJy. Within each filter group, the “Average” row gives the inverse-variance

weighted mean flux across surveys and the weighted scatter in flux space. For the w band, only one

survey measurement is available, so the listed uncertainty is the measurement uncertainty rather

than an inter-survey weighted scatter.

Survey Band Mean flux (µJy) Uncertainty (µJy) AB mag Uncertainty (mag)

PS1 w 28.33 0.23 20.269 0.009

Average w 28.33 0.23 20.269 0.009

PS1 r 26.46 0.88 20.344 0.036

ZTF r 27.23 0.35 20.312 0.014

Subaru r 27.18 0.80 20.314 0.032

DECam r 27.84 0.57 20.288 0.022

Average r 27.29 0.36 20.310 0.014

PS1 i 11.82 0.75 21.218 0.069

ZTF i 15.82 1.19 20.902 0.082

Subaru i 9.02 0.22 21.512 0.026

DECam i 12.55 0.32 21.153 0.028

Average i 10.36 1.82 21.361 0.190

PS1 z 14.40 2.75 21.004 0.207

Subaru z 6.36 0.38 21.891 0.065

DECam z 12.05 0.36 21.198 0.032

Average z 9.40 2.87 21.467 0.331

ZTF g 33.58 0.37 20.085 0.012

Subaru g 43.32 1.85 19.808 0.046

DECam g 45.09 0.83 19.765 0.020

Average g 35.74 4.43 20.017 0.135
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Table 7: Chance-alignment probabilities for the pre-explosion blue compact source under

different matching assumptions. The probabilities were computed from the local surface density

of PS1 DR2 catalogue sources in a 5-arcmin control field centred on the explosion site, excluding

the inner 5-arcsec host region. For each band, the fiducial apparent magnitude was taken from the

band-specific Average AB magnitude listed in Table 6. Pany uses all catalogue sources of com-

parable apparent brightness, while Ppoint restricts the comparison sample to unresolved point-like

sources selected using PSF–Kron compactness. Monte Carlo random position tests gave consistent

results and are not listed separately here.

Run rmatch (arcsec) ∆m (mag) Band Pany Ppoint

A 0.3 ±0.5 g 3.70× 10−5 1.50× 10−5

A 0.3 ±0.5 r 2.07× 10−4 8.90× 10−5

A 0.3 ±0.5 i 1.16× 10−3 3.42× 10−4

A 0.3 ±0.5 z 7.70× 10−4 1.93× 10−4

B 0.5 ±0.5 g 1.03× 10−4 4.17× 10−5

B 0.5 ±0.5 r 5.75× 10−4 2.47× 10−4

B 0.5 ±0.5 i 3.21× 10−3 9.50× 10−4

B 0.5 ±0.5 z 2.14× 10−3 5.36× 10−4

C 0.5 ±1.0 g 2.75× 10−4 1.22× 10−4

C 0.5 ±1.0 r 1.59× 10−3 5.72× 10−4

C 0.5 ±1.0 i 5.41× 10−3 1.34× 10−3

C 0.5 ±1.0 z 3.03× 10−3 8.08× 10−4
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Figure 13: Best-fit SED focusing specifically on the blue compact source hosting SN 2026gzf.

By utilizing photometry restricted to the blue compact source, the model characterizes the stel-

lar population and dust properties of the host component while minimizing light contamination

from the larger primary galaxy. The blue solid line represents the best-fit model spectrum, while

red circles with error bars denote the observed multi-band photometry. Blue squares indicate the

model-predicted photometry integrated over the respective filter bands. The gray shaded regions at

the bottom illustrate the transmission curves of the filters used in the fitting process. The fit covers

a broad wavelength range from the UV to the mid-IR to constrain the integrated physical properties

of the combined system.
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Figure 14: Best-fit SED for the entire galaxy system. This system consists of a larger primary

galaxy and a smaller companion hosting SN 2026gzf. Symbols and colour schemes are identical

to those in Figure 13.
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