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Background
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Several pc ͯ  ρπ ρπ ὶ 

Molecular Emission
Montero-Castaño et al. (2009)

Bondi ͯ ρπ ὶ

X-Ray 
Baganoff et al. (2003)

Several ρπ  pc ͯ ρπ ὶ 

Infrared 
Hosseini et al. (2020)

Event Horizon ͯ ὶ 

Radio + 

polarization
EHT collaboration (2024)

How can we detect the nuclear environment?

For Sgr A*
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How can we detect the nuclear environment?

For Sgr A*

Hosseini et al. (2020)
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How can we detect the nuclear environment?

It is very difficult to resolve and 

constrain the gas distribution in the 

inner region

Especially for more distant galaxies

So, 

Are there any other indirect  ways
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How can we detect the nuclear environment?

Hu et al. (2025)Mou et al. (2021)

TDE outflow ï CNM interaction

It is very difficult to resolve and 

constrain the gas distribution in the 

inner region

Especially for more distant galaxies

So, 

Are there any other indirect  ways
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How can we detect the nuclear environment?

TDE outflow ï CNM interaction

Disk winds/jets/unbound debris 

interact with the CNM/ISM to 

produce radio emissions

Hu et al. (2025)Mou et al. (2021)
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How can we detect the nuclear environment?

Alexander et al. (2020)

Disk winds/jets/unbound debris 

interact with the CNM/ISM to 

produce radio emissions
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How can we detect the nuclear environment?

The power-law profile directly 

probes the history of accretion 

Ὧ ρ: outer stellar wind exists

Ὧ ρȢυ: Bondi accretion

Steeper Ὧ: Zero-Bernoulli accretion

Alexander et al. (2020)
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How can we detect the nuclear environment?

Alexander et al. (2020)

Russell et al. (2015)

broken power-law profile

Chandra 

X-ray 
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How can we detect the nuclear environment?

Cho et al. (2024)

GRMHD 

simulation

Russell et al. (2015)

Broken power-law CNM profile near Bondi radius

broken power-law profile

Chandra 

X-ray 



12

Background

2025/8/13

How can we detect the nuclear environment?

Some feedback  

model of Sgr A*

Cuadra et al. (2015)
Ressler et al. (2018)

Different broken profile also probes the galactic evolution  
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TDE outflow - BPL CNM interaction 

Matsumoto et al. (2024)

Profile transition may triggertwo radio peaks
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TDE Outflow ï CNM Interaction
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3D hydrodynamic simulations
 

Code : Athena++
Resolution :6144 x 256 x 64

ὶ ρȢυ ρπÃÍ
ὲ ςππ
Ὕ ρπ ὑ

Îθ ὶȾὶ
Ὧ ςȢυ
Ὧ πȢπ

ὓ πȢπς ὓṩ
ὺ πȢρ ὧ

Ὕ ρπ ὑ

Outflow

Broken power-law CNM 

Typical parameters of Sgr A*
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TDE Outflow ï CNM Interaction

2025/8/13 Free expansion  Ÿ Decelerations Ÿ Instability
open angle = 120° Lei et al.  Submitted
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TDE Outflow ï CNM Interaction

2025/8/13 Free expansion  Ÿ Decelerations Ÿ Instability
open angle = 30° Lei et al.  Submitted
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TDE Outflow ï CNM Interaction
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Synchrotron radiation
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TDE Outflow ï CNM Interaction
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The second radio flare is much weaker than the first, 

particularly from the windïCNM interaction

Lei et al.  Submitted
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TDE Outflow ï CNM Interaction
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The slope of second radio flare is roughly half of the analytical expectation 

Different profiles

Matsumoto et al. (2024)

Lei et al.  Submitted
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TDE Outflow ï CNM Interaction
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The spectral and light curve fits for AT2020vwl 
Lei et al.  Submitted
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TDE Outflow ï CNM Interaction
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The spectral and light curve fits for AT2020vwl 

Two power-law components?

This interaction can account 

for the weaker one
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TDE Outflow ï CNM Interaction
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Two power-law components?

This interaction can account 

for the weaker one

What about another component? 

Zhuang et al. (2025)

wind-cloud interaction        or          bumpy gas

Russell et al. (2015)
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Situation of Special Gas Structures
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The bumpy dense gas can also 

produce a delayed steep flare

Lei et al.  Submitted
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Situation of Special Gas Structures
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Delayed wind?

Off-axis jet?

 

Special CNM structure?

Can partly explain the 

radio delay
Cendes et al. (2023)

This delayed radio 

emission is not rare

Radio emission rises hundreds to thousands of days after discovery.



Cendes et al. (2023)
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Situation of Special Gas Structures

2025/8/13

PS16dtm : A TDE in a 

narrow-line Seyfert 1 galaxy 

Will there be anything new 

for TDE in AGN?

Radio rises in hundreds to thousands of days after discovery 
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Situation of Special Gas Structures
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3D hydrodynamic simulations
 

Code : Athena++
Resolution :384 x 512 x 2048

And set:

BH mass: ὓ ρπ ὓṩ

Star mass: ὓz ρπ ὓṩ 

Penetration factor: ‍ ς

Torus inner radius: Rin = 0.01 pc 

The interaction between

unbounded debrisand torus

Lei et al. (2024)
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Situation of Special Gas Structures
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The interaction can also  

produce non-thermal electrons 

that emit synchrotron radiation.

Interaction

Ÿ Outflow

Ÿ Expansion

Lei et al. (2024)
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Situation of Special Gas Structures

2025/8/13
A fast-rising, slow-falling radio light curve that occurs only in a few thousand days.

Lei et al. (2024)
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Situation of Special Gas Structures
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Higher than the radio emission from 

radio-quiet AGNs

A fast-rising, slow-falling radio light 

curve in more than several years.

Much sharper than the traditional 

outflow-CNM model

Lei et al. (2024)
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Situation of Special Gas Structures

2025/8/13
Lei et al. (2024)

TDE hosts are overrepresented in 

post-starburst that may belong to a 

fading stage of former AGNs

(e.g., Baron et al. 2017)

The cold gas/dust may still exist in 

the center of galaxies and move in

(e.g., Kawaguchi & Mori 2011 )

 

Model adapted to other TDEs?
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Situation of Special Gas Structures
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The spectral and light curve fits for PS16dtm 

Lei et al. (2024)
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Tidal Disruption of Supernova (TDS)
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For a solar-type star to undergo a 

TDE, need ὓ Ṃ ρπὓṩ

Leloudas et al. (2016)

For galaxies harboring 

overmassive SMBH, 

alternative observable nuclear 

transients must be considered.

How about SN explosion 

near central SMBH?
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Tidal Disruption of Supernova (TDS)
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Cantiello et al. (2021)

AGN accretion discs host 

many stellar populations

Migrat ion and Accretion

potentially triggering a significant 

number of supernova (SN) 

explosions in the nuclear region

SN in AGN disk
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Tidal Disruption of Supernova (TDS)
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SN

BH

Supernova near SMBH
If the progenitor star is on a circular orbit 

around the black hole, with ὺ ς

ρὺ , most SN ejecta will be tidally distorted 

toward the central  BH

We refer to this as the 

     Tidal Disruption of Supernova

                          (TDS) 

Lei et al.  In prep.



1. SN Explosion

2. Tidal Disruption 3. Self-intersection

4. Disk Formation
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Tidal Disruption of Supernova (TDS)
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Lei et al.  In prep.
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3D-HD Simulation of TDS
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3D hydrodynamic simulations
 

Code : Athena++
Resolution :96 x 96 x 192

BH mass: ὓ ρπὓṩ

Accretion rate: ὓ ρπ ὓ  (ADAF)

SN mass:                  ὓ ρπ ὓṩ

SN energy: Ὁ ς ρπ ὩὶὫ 

SN site:                    Ὑ ρππ Ὑ

Tidal Disruption of Supernova

Lei et al.  In prep.
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Tidal Disruption of Supernova (TDS)
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Tidal Disruption of Supernova (TDS)
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Explosion Ÿ Disruption Ÿ Circularization Ÿ Accretion

Core-collapse supernova

Lei et al.  In prep.


