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DECLINATION (J2000)

B Background

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

For SgrA*

2025/8/13

number density [cm™3]

1016

How can we detect the nuclear environment?

10'* 4

10'? -

1017 4

—_

)
[l
1

—_

o
[=2}
L

10% -

102 -

10°

.

MAD G
clumpy accretion

L ]

thin disc, M = 107° Mgyyr—!, a = 0.1
thin disc, M = 1078 Mgoyr !, a = 0.1
thin disc, M = 10"7 Mgyr !, a = 0.1
hot flow, v =1

hot flow, v = 0.5

100

LELELEE | . T Tl T T L T ™ T TTTT
10° 10* 10° 108

distance [rs]

= mm hot flow, v = 1.5
52 thermal limit * BaganOff+03
v S2: ambient shock for A=0.04
S2: ambient shock for A=0.02
S2: stellar-wind shock for A=0.04
: S2: stellar-wind shock for A=0.02
: i 7
: ZZ:L:::;EJHM v S2: synchrotron emission (max. flux difference)
? . I S2: synchrotron emission (fractional variability)
v
~ Marrone+-06,07
—4— Gillessen+19

Hosseini et al. (2020)



B Background

How can we detect the nuclear environment?

It is very difficult toresolveand
constrain the gas distribution in the
Inner region

Especially for morelistant galaxies

So,
Are there any othandirect ways
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B Background

How can we detect the nuclear environment?

TDE outflow T CNM Iinteraction

It is very difficult toresolveand
constrain the gas distribution in the
Inner region

Especially for morelistant galaxies

So,
Are there any othandirect ways

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

How can we detect the nuclear environment?

TDE outflow T CNM Iinteraction

Disk winds/jets/unbound debris
Interact with the CNM/ISM to

produce radio emissions

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

How can we detect the nuclear environment?

Disk winds/jets/lunbound debris
Interact with the CNM/ISM to

produce radio emissions
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B Background

How can we detect the nuclear environment?

Alexander et al. (2020)
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B Background

How can we detect the nuclear environment?

Radius (kpc) Alexander et al. (2020)
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B Background

How can we detect the nuclear environment?
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B Background

How can we detect the nuclear environment?
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B Background

TDE outflow - BPL CNM interaction

5 Matsumoto et al. (2024)
10 L ! ! ! ! L | ! ! ! E v ' LA I A L | L . LENNE N SELOE ) | X ! LI B L
ASASSN14li k=1 . Opti . .
m— .5 107 k l‘lst-OtphtilgEEihin I2nd:Deceleration 4
o AT2019dsg — ) 3
10t B A
5 - | =
= \CNSS J0019+00 | & 0% L
S m & 10
> 2,
3 - —
? 10 AT2022cmc 5 \];
E I = 1037 - . ) -
L I : I min - Bondi Radius §
o 1‘ : :
10" F
; R ggr p¥ - y
f M | 5 L 1 1 PR T T | L L 5 10 1 1 g g aaal 1 1 o1 g aaal L 1 PR T A N B 1
10" 10" 10' 10° 10’ 10*
Radius : R [cm] Time : ¢ [day]

Profile transition may triggdwo radio peaks

2025/8/13 13



B TDE Outflow T CNM Interaction

3D hydrodynamic simulations

Code :Athenat+ Broken power-law CNM
Resolution 6144 x 256 x 64
(R) = | B RIRs) %, R<Rs;
n —
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Typical parameters of Sgr A*
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B TDE Outflow i CNM Interaction
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B TDE Outflow i CNM Interaction
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B TDE Outflow i CNM Interaction

Synchrotron radiation

dE ;. = deme(:zymp—2 ~ e.dNkgTs,,

p_

B2
— = egngkpTs,

87T

€ = 0.1, eg = 0.02, and p = 2.5

2025/8/13

dL, =

Y

~

1 2

Ym \2 (v

dLVa(Va )5 (Va) ’ Vs Vm;

dL,, (L)’ , Vm SV Sy
L

dLVa (VL) ’ ’ Va S Va

19



B TDE Outflow i CNM Interaction
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B TDE Outflow i CNM Interaction

Lei etal. Submitted
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B TDE Outflow i CNM Interaction

Thespectral and light curve fifer AT2020vwi

Lei etal. Submitted

-3
10 4 375d

103 905 d
>
— 5104/ -
e 1 + -
N {' _10-3. 432d | | 1041 d
O] > > Moo
> -4 | < '.."
; 107 510744 1
. Py -
S 3 ¢ 1073 577d | | 1128 d
o B ¢
L
= ¢ ¢ E 10~%
x T
= ¢ 1.25GHz
10-5{ ¢ 2.75GHz t __ 1073 7654 | | 1265 d
¢  5.5GHz 3
¢ 9GHz E 10-4
+ 11 GHz TR + .’
10° 10 10°  10% 10°  10%
Days Frequency (Hz) Frequency (Hz)

2025/8/13 26



B TDE Outflow i CNM Interaction

Thespectral and light curve fifer AT2020vwi
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This Iinteraction can account
for the weaker one
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B TDE Outflow i CNM Interaction

What about another component? \
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Two powerlaw components?

This Iinteraction can account
for the weaker one
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B Situation of Special Gas Structures

Lei etal. Submitted
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B Situation of Special Gas Structures

Radio emissiomiseshundreds to thousand$ days after discovery.

This delayed radio
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B Situation of Special Gas Structures

Radio risesn hundreds to thousands of dafter discovery
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Days from Detection

PS16dtm :ATDE ina
narrowline Seyfertl galaxy

Will there be anything new
for TDE in AGN?
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B Situation of Special Gas Structures

The interactiorbetween

3D hydrodynamic simulations Unboundediebrisandtorus

Code :Athenat+
Resolution 384 x 512 x 2048

And set:
BH massv P TV

Starmassd. p m0g U

Penetration factof: ¢

Torus inner radiugk. = 0.01 pc

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

2025/

Z (Rin)

Z (Rin)

Lei et al. (2024)
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The interaction can also
producenonthermal electrons
that emitsynchrotrorradiation.
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B Situation of Special Gas Structures

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

A fastrising, slow-falling radio light
curve inmore tharseveral years

Much sharpethan the traditional
outflow-CNM model
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B Situation of Special Gas Structures
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Model adapted to other TDES?

TDE hosts are overrepresented in
poststarbursthat may belong to a
fading stage of former AGNs
(e.g., Baron et al. 2017)

Thecold gas/dusmay still exist in
the center of galaxiemmdmove in
(e.g., Kawaguchi & Mori 2011 )
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B Situation of Special Gas Structures

Thespectral and light curve fiter PS16dtm

Lei et al. (2024)
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B Tidal Disruption of Supernova (TDS)

Leloudas et al. (2016)
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For a solattype star to undergo a
TDE, need M p T4
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For galaxies harboring
overmassiveSMBH,

alternative observable nuclear
transients must be considered.

How about SN explosio
near central SMBH?
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B Tidal Disruption of Supernova (TDS)

SN in AGN disk

Y% Supermassive Star * 7 Nuclear Star Cluster
Y% Massive Star
%* Low-Mass Star gz * * o

o ¢ Compact Remnants & * *

Cantielloet al. (2021)
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AGN accretion discs host
many stellar populations

Migration andAccretion

potentially triggering a significant
number of supernova (SN)
explosions in the nuclear region
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B Tidal Disruption of Supernova (TDS)

Supernova near SMBH

If the progenitor star is on a circular orbit
around the black hole, with V¢
P L , most SN egjecta will be tidally distorted

toward the central BH
= @ =

We refer to this as the

\ @ Tidal Disruption of Supernova

(TDS)

Lei etal. In prep.
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B Tidal Disruption of Supernova (TDS)

Lei etal. In prep.
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B 3D-HD Simulation of TDS

Lei etal. In prep.

3D hydrodynamic simulations

Code :Athenat+
Resolution 96 x 96 x 192

BH mass: U P T ¢

Accretionrate: 0 p T U ( ADAF)

SN mass: U P T0g
SN energy: O ¢ pmm Qi Q
SN site: Y P T X

Tidal Disruption of Supernova
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B Tidal Disruption of Supernova (TDS)
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B Tidal Disruption of Supernova (TDS)

Core-collapse supernova

Lei etal. In prep.

ExplosionY DisruptionY CircularizationY Accretion
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