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WHAT DO MASSIVE STARS DO BEFORE THEY DIE?
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(Beasor+ 2020)
(Davies+ 2022)

Direct detection of type II progenitors indicates red supergiant quiescence 
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WHAT DO RED SUPERGIANTS DO IN THE YEAR(S) BEFORE THEY DIE?
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First confirmed SN II precursor: SN 2020tlf

Tight constraints on precursor acvitivty in very 
nearby events: SNe 2023ixf & 2024ggi

Shresha+ 2024

WJG+ 2022a



WHAT DO RED SUPERGIANTS DO IN THE YEAR(S) BEFORE THEY DIE?
Ultra-rapid (“flash”) spectroscopy of type II supernovae 

indicates enhanced red supergiant mass loss 

  ·M ∼ 10−3 − 10−2 M⊙yr−1

RCSM ∼ 1015 cm

4000 5000 6000 7000 8000 9000 10000

Rest Wavelength [Angstroms]

°0.2

0.0

0.2

0.4

0.6

0.8

1.0

R
el

at
iv

e
F

lu
x

Supernova 2023ixf

+2.6 days post-explosion

Hydrogen

Helium

Carbon

Nitrogen

ConclusionsFlash SpectroscopyPre-SN EmissionMotivation

First two weeks of type II SN 2024ggi:

Shresha+ 2024
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tflash“FLASH IONIZATION” 

, ·M = 10−2 M⊙yr−1 r ≈ 1015 cm
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EXAMPLE CASE:
, ·M = 10−2 M⊙yr−1 r ≈ 1015 cm
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EXAMPLE CASE:
, ·M = 10−2 M⊙yr−1 r ≈ 1015 cm
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EXAMPLE CASE:
, ·M = 10−2 M⊙yr−1 r ≈ 1015 cm



·M ≈ 10−3 − 10−2 M⊙yr−1

tIIn = 5.5 ± 1 days

(Dessart & Jacobson-Galan 2023)

tIIn =
rτ=1

vsh
τc ≈ 1 ≈ ρcκTrc

ConclusionsFlash SpectroscopyPre-SN EmissionMotivation



τ ∼ 3 − 100

RADIATIVE TRANSFER MODELS

CMFGEN CSM Density Profiles

Mass-loss Continuum?

0.1 M⊙ yr−1

10−5 M⊙ yr−1
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τ ∼ 3 − 100

Linking observables to progenitor 
mass-loss and CSM structure
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RADIATIVE TRANSFER MODELS
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A PHYSICAL PICTURE OF A RED SUPERGIANT BEFORE COLLAPSE
1.  Densest CSM: Extended SBO + rising ionization ( )

2.  Pretty Dense CSM: Rising ionization + IIn-like signature ( )

3.  Extended Wind: Sustained CSM-interaction + SN II profiles ( )
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FUTURE: PRE-SUPERNOVA EMISSION

°140 °120 °100 °80 °60 °40 °20 0 20
Rest-frame Days Relative to Maximum Light

°18

°17

°16

°15

°14

°13

°12

°11

A
bs

ol
ut

e
M

ag
ni

tu
de

ZTF (100 Mpc)

YSE (100 Mpc)

LSST (100 Mpc)

2020tlf (r)

2020tlf (i)

2020tlf (z)

2009ip (R)

2010mc (R)

LSQ13zm (R)

2016bhu (r)

Woosley+ 2015WJG+ 2022a

★ Physically motivated precursor models 

★ Larger datasets from survey telescopes
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FUTURE: FLASH SPECTROSCOPY

Dessert & WJG 2023

★ Higher resolution grids of radiative transfer models 
with CMFGEN

★ Volume-limited samples of CSM-interacting SNe II

★ Very nearby (<7 Mpc) SNe e.g., 2023ixf, 2024ggi

★ “Flash” UV spectroscopy (HST, UVEX)

WJG+ 2023
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QUESTIONS?



tSBO

1. , ·M = 10−6 M⊙yr−1 r ≈ 1015 cm

LIMITING CASES:

💥 vshock

γ
γ
γ

τSBO ∼
c

vsh
∼ 30 ; (vej ∼ 3 × 104 km/s)

Tmax ≈ 6 × 105 ( R⋆

500R⊙
)−0.54 K

Erad ≈ 2 × 1048 ( R⋆

500R⊙
)1.74 erg/s

(Matnzer & McKee 1999)
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1. , ·M = 10−6 M⊙yr−1 r ≈ 1015 cm

LIMITING CASES:

💥 vshock

γ
γ
γ

trec = [αij ne]−1 (r = rsh)
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IONIZED tflash

tion =
V ne

Q
In steady state : tion = trec ≈ hrs
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1. , ·M = 10−6 M⊙yr−1 r ≈ 1015 cm

LIMITING CASES:

💥 vshock
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tIIn

1. , ·M = 10−6 M⊙yr−1 r ≈ 1015 cm

LIMITING CASES:
vshock
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2. ,  ·M = 10−2 M⊙yr−1 r ≈ 1015 cm

LIMITING CASES:

💥 vshock
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tII

3. ,  ·M > 10−1 M⊙yr−1 r < 1014 cm

LIMITING CASES:
vshock

γ
γ
γ

SN
Ejecta

lmfp < rCSM

(Dessart & Jacobson-Galan 2023)

NO LINES!
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