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Emissions from Massive Star Core Collapse

Supernova

⚫ optical band

⚫ days to weeks

⚫ tens of thousands 

(nearby)

Gamma-ray burst

⚫ gamma-ray band

⚫ seconds to hours

⚫ thousands detected

⚫ X-ray analogs from the 

extrapolation

SN Shock break-out

⚫ soft X-ray band

⚫ hundreds of seconds

⚫ very few X-ray SBOs      

(XRO 080109, GRB 

060218?)
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see Yuan Liu’s talk on EP240315a
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EP240414a: Detection by the Wide-field X-ray Telescope

✧ Fast X-ray transients (T90 = 155 s in 0.5–4 keV)

✧ Soft spectrum: photon index 3.1

✧ No gamma-ray signals detected: only upper limits given

by Konus Wind and Swift/BAT
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Sun, Li, Liu et al. accepted for publication in Nature Astronomy   arXiv:2410.02315

Upper limits 

Photon index Γ = 3.1−0.7
±0.8

T0 = 09:49:10 on 14 April 2024
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Follow-up Reports in GCN Circulars

FXT observation confirmed the optical detection 2hrs later
Kinder optical counterpart candidate

z = 0.4 for the potential host galaxy

LX,peak~1.3e48 erg/s
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Optical: Indication of a Type Ic Broad-lined SN
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A bright optical bump at T0+4 days

Later rebrightening due to the spectroscopically-

confirmed type Ic-BL supernova

CORE-COLLAPSE OF A WOLF-RAYET STAR 
 

Long-term light curve
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Optical: Indication of a Type Ic Broad-lined SN
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Shock breakout and cooling emission from the expanding 

hot material at large radii                      

Long-term light curve

Afterglow from a 

successful jet 

an extended shell
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Radio: originate from weak-relativistic jet
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✧ Detected at ∼ T0 + 19 days (ATCA , PI: An Tao)

✧ Rising spectrum between 5.5 and 9 GHz 

✧ Comparable to that of luminous GRBs 

T0 + 19 days

Γ0 ≳ 13
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Host galaxy
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Projected offset ~ 26.3 kpc

Significantly larger than the 

typical offset for SNe Ic-BL 

SN 2024gsa
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EP240414a: new type of fast X-ray transient
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✧ Much brighter than theoretical prediction from SN shock breakout  

✧ Much softer spectrum (E_peak < 1.3 keV), a unique outlier in the “Amati relation”

✧ Failed to satisfy the relativistic shock breakout relation 

✧ Large offset from its host galaxy 

Soft fast X-ray transient from a weak relativistic jet in an extended shell 

associated with core-collapse explosion

The relativistic shock breakouts can explain

very well the energy, temperature, and

timescales of the prompt emission of all

observed ll-GRBs (Nakar & Sari 2012 )
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Srivastav et al. 2025 

Optical Identification

Radio Monitor

Bright et al. 2025

van Dalen et al. 2025

Also see …
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More EP transients have been detected in association with 

SNe

EP250108a/SN 2025kg 

@z=0.176

EP250304a/SN 2025fhm @z=0.200see Andrew Levan’s talk on Tuesday

WXT WXT
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Coming more new types of fast X-ray transients 
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Yuan et al. Science objectives of the Einstein Probe mission. Sci. China PMA (2025)
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GRB 230307A: Magnetar Emergence from Compact binary merger

Celebrating 20 years of Swift Discoveries | 24-28 March 2025 | H. Sun

✧ EP-WXT Pathfinder LEIA 

• Launched in July 2022

• 0.5-4 keV 

• 18*18 deg2 

LEIA Image of GRB 230307A

Levan et al. 2024
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GRB 230307A

SBPL ̂α1 = 0.40+ 0.05
− 0.05 , ̂α2 = 2.32+ 0.16

− 0.15 , t b = 79.6+ 5.5
− 5.8  s

Magnetar model Bp = 2.1+ 0.6
− 0.5 × 1016 G, P0 = 3.3+ 0.9

− 0.9  ms, η = 5.4+ 2.0
− 2.0 × 10− 3

Sun et al. 2025, National 
Science Review, 12, 
Issue 3, March 2025,
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Summary
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✧ EP240414a/SN 2024gsa originated from the core-collapse explosion of an 
extragalactic massive star with its envelope significantly stripped prior to 
the explosion.

✧ Bridge the gap between traditional GRBs and those broad-lined SNe Ic
that do not have any high-energy counterparts, suggesting a diverse zoo of 
progenitor stars. 

✧ We are expecting more soft X-ray transients similar to EP240414a or other 
types in EP data. 

Thank you for your attention!

hsun@nao.cas.cn

mailto:hsun@nao.cas.cn


Event rate density

59%

3%

4%

10%

19%

5%

CCSN

II-P II-L IIn Ib Ic Iib

Local event rate densities:

 CCSNe: 105 Gpc-3 yr-1

 Type Ic SNe: 2*104 Gpc-3 yr-1 `

~20% of CCSN

 LGRBs: ~  a few Gpc-3 yr-1

 LGRB: ~ 103 Gpc-3 yr-1 

(Beaming corrected)

Smartt et al. 2009

Sun et al. 2015, 2022

High-energy extragalactic transients

Type 

Ic SN
Supernova shock 

breakouts

Long GRBs
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EP240414a/SN2024gsa-like events bridge the gap between traditional GRBs and those 
broad-lined SNe Ic that do not have any high-energy counterparts 

EP240414a-like:
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