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credit: G. Raffelt

Stars as Laboratories

400 years ago

Now
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• What is CircumStellar Medium (CSM)

• Why we consider CSM

• How CSM constrains on feebly-
interacting particles (FIPs)

Outline
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What is CSM
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Production of CSM

credit: NASA
credit: NAOJ

Mass loss via the wind

solar wind

SN wind (CSM)
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Observational Evidence

P. Chandra, arXiv:2510.20913

How do we know there is CSM surrounding SN?

between shocked ejecta and CSM
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Plenty of measurements!
Observational Evidence

W.V. Jacobson-Galán, 
arXiv:2507.08078

X-ray

Spectroscopy

Radio

Photometric
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Component of CSM
What makes of CSM

• Hydrogen

• Helium

• Carbon

• Nitrogen

• + Heavier elements

Spectroscopy

W.V. Jacobson-Galán, 
arXiv:2507.08078
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CSM Density Profile

E.A. Zimmerman et al. 
Nature 627 (2024) 759

our focus
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Why we consider CSM
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Traditional Method
After FIPs (X) produced inside a proto-neutron star (PNS) 

see also Edoardo’s talk
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Traditional Method

Decay inside mantle            Energy trapped

After FIPs (X) produced inside a proto-neutron star (PNS) 

see also Edoardo’s talk
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Traditional Method

Decay inside mantle            Energy trapped

After FIPs (X) produced inside a proto-neutron star (PNS) 

Constraint from low-energy SN

see also Edoardo’s talk
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Decay outside mantle            Energy escaped

Traditional Method

Decay inside mantle            Energy trapped

After FIPs (X) produced inside a proto-neutron star (PNS) 

Constraint from low-energy SN

see also Edoardo’s talk
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Decay outside mantle            Energy escaped

Traditional Method

Decay inside mantle            Energy trapped

After FIPs (X) produced inside a proto-neutron star (PNS) 

Constraint from low-energy SN Constraint from cooling, fireball, galactic 
positron (511 keV), prompt gamma ray

see also Edoardo’s talk
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Exsisting Constraints w/o CSM

A. Caputo, J. Park, S. Yun
arXiv:2511.15785

D. F. G. Fiorillo, T. Pitik, E. Vitagliano
arXiv:2503.15630
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However, CSM exists!
CSM as A New Playground
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CSM as A New Playground

However, CSM exists!
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CSM as A New Playground

However, CSM exists!

A new playground for BSM!
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How CSM constrains on FIPs
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Photosphere Induced by FIP Decay

FIPs decay into electron/positron inside CSM
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Photosphere Induced by FIP Decay

DP momentum
DP decay length  
DP momentum distribution
electron/positron energy
electron/positron energy distribution

# of e± produced at r                      integrated energy spectra

FIPs decay into electron/positron inside CSM
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Photosphere Induced by FIP Decay

FIPs decay into electron/positron inside CSM
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Photosphere Induced by FIP Decay

electron/positron energy deposition inside CSM

FIPs decay into electron/positron inside CSM
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Photosphere Induced by FIP Decay

electron/positron energy deposition inside CSM

FIPs decay into electron/positron inside CSM

credit: ESTAR
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Photosphere Induced by FIP Decay

electron/positron energy deposition inside CSM

CSM temparature increases

energy deposition efficiency
                                   internal energy density of ideal gas
ionization energy density
radiation energy density 

FIPs decay into electron/positron inside CSM
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Photosphere Induced by FIP Decay
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Photosphere Induced by FIP Decay

electron/positron energy deposition inside CSM

CSM temparature increases

extra blackbody (BB) emission

FIPs decay into electron/positron inside CSM
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Photosphere Induced by FIP Decay

electron/positron energy deposition inside CSM

CSM temparature increases

constrained by observations!

FIPs decay into electron/positron inside CSM

extra blackbody (BB) emission
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SN 2023ixf as A Case Study
Inside the nearby galaxy Messier 101, with a distance ~ 6.85 Mpc

credit: S. Gomez/STScIE.A. Zimmerman et al. 
Nature 627 (2024) 759
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SN 2023ixf as A Case Study
Early-time observations of SN 2023ixf

credit: Transient name server

inverted triangle: non-detection data
others: detected data
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SN 2023ixf as A Case Study
Early-time observations of SN 2023ixf

credit: Transient name server

inverted triangle: non-detection data
others: detected data

our focus
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SN 2023ixf as A Case Study
Early-time observations of SN 2023ixf

optical band (400 nm -- 900 nm)

Y. Cheng, CFK, L.-S. Lin, M.-R. Wu, S. Yun
PRL 26
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SN 2023ixf as A Case Study
Early-time observations of SN 2023ixf

optical band (400 nm -- 900 nm)

Y. Cheng, CFK, L.-S. Lin, M.-R. Wu, S. Yun
PRL 26
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SN 2023ixf as A Case Study
Early-time observations of SN 2023ixf

our conservative criteria:

optical band (400 nm -- 900 nm)

Y. Cheng, CFK, L.-S. Lin, M.-R. Wu, S. Yun
PRL 26
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Constraint on DP (i)

Y. Cheng, CFK, L.-S. Lin, M.-R. Wu, S. Yun
PRL 26
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Dust Sublimation

dust grains (molecules) exist in outer layer of CSM

credit: L. Nittler
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Dust Sublimation

absorb optical photons and reprocess into infrared

dust grains (molecules) exist in outer layer of CSM
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Dust Sublimation

absorb optical photons and reprocess into infrared

dust grains (molecules) exist in outer layer of CSM

optical signals
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Dust Sublimation

absorb optical photons and reprocess into infrared

dust grains (molecules) exist in outer layer of CSM

an additional dust-destruction requirement  
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Dust Sublimation

E. Waxman, B. Draine 
arXiv:astro-ph/9909020

same scale as Van der Waals force

How to destruct dust? Still heating!
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Dust Sublimation

absorb optical photons and reprocess into infrared

dust grains (molecules) exist in outer layer of CSM

an additional dust-destruction requirement  



      Chui-Fan Kong (IBS-CTPU-PTC)                   SSU 2026 @ Busan, August 24, 2026                                            43   

Constraint on DP (ii)

Y. Cheng, CFK, L.-S. Lin, M.-R. Wu, S. Yun
PRL 26
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Constraint on Axion-Electron Coupling 

Y. Cheng, CFK, L.-S. Lin, M.-R. Wu, S. Yun
in preparation
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Besides extra BB radiation, what’s more?
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511 keV Photon Production

Y. Cheng, CFK, L.-S. 
Lin, M.-R. Wu, S. Yun
arXiv:2609.xxxxx
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511 keV Photon Production

Y. Cheng, CFK, L.-S. 
Lin, M.-R. Wu, S. Yun
arXiv:2609.xxxxxour focus
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511 keV Photon Production

Y. Cheng, CFK, L.-S. 
Lin, M.-R. Wu, S. Yun
arXiv:2609.xxxxx
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511 keV Photon Production

Y. Cheng, CFK, L.-S. 
Lin, M.-R. Wu, S. Yun
arXiv:2609.xxxxx

Preliminary
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Experimental Sensitivities

AMEGO Collaboration
arXiv:1907.07558

COSI Collaboration
arXiv:2308.12362

AMEGOCOSI

launch planned in 2027
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Projected Constraints from 511 keV Line

Preliminary

Y. Cheng, CFK, L.-S. 
Lin, M.-R. Wu, S. Yun
arXiv:2609.xxxxx
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Summary

• Circumstellar medium (CSM) exists in the outsphere of SN

• CSM can be heated up by extra energy depoisition and emits light via 
blackbody radiation

• Early-time observation of SN 2023ixf luminosity provides a strong constraint 
on such extra energy depoisition

• 511 keV line search can also put a strong projected contraint
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Summary

• Circumstellar medium (CSM) exists in the outsphere of SN

• CSM can be heated up by extra energy depoisition and emits light via 
blackbody radiation

• Early-time observation of SN 2023ixf luminosity provides a strong constraint 
on such extra energy depoisition

• 511 keV line search can also put a strong projected contraint

Thank you for your attention!
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Back up

Back up
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SN 
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Back up



      Chui-Fan Kong (IBS-CTPU-PTC)                   SSU 2026 @ Busan, August 24, 2026                                            57   

Back up
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Back up
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Back up
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Back up

from Seokhoon Yun’s slides
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Explosion energy = Ejecta kinetic energy

Back up
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Back up

Survival probability
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Back up
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Back up


