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Types of tidal disruption events (TDEs) in dense star clusters
Pavan Vynatheya, 2026
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Intermediate-mass black holes
● Masses 102 M⊙ – 105 M⊙

● Theorized to reside in the 
centers of globular clusters and 
dwarf galaxies

● Few potential observations, one 
conclusive candidate (Häberle 
et al. 2024)

● WD TDEs can be indicators of 
the presence of IMBHs
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Observational prospects of WD TDEs
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Consequences of extreme tidal forces on WDs
Pavan Vynatheya, 2026

Maximum distortion 
at periapsis

Compression

Extension

● Tidal compression → Very high densities → Very high temperatures
● C-burning (T > 5⨯108 K) → Ne-burning (T > 1.2⨯109 K) → O-burning (T > 1.5⨯109 K) → Si-

burning (T > 3⨯109 K) producing isotopes up to Ni
● Very short time spent at maximum compression  (< 1 s)

WD

(see also Rosswog et al. 2009)



Outline

❖ Perform hydrodynamics simulations of 
WD TDEs using the AREPO code

❖ Simulations include an on-the-fly 
nuclear reaction network

❖ mWD = 0.6 M⊙ (C/O) and mBH = 500 
M⊙ for different impact parameters 

❖ Follow up with 1D and 2D radiative 
transfer using codes CMFGEN and
LONGPOL, respectively

❖ Generate synthetic light curve and 
spectra
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Vynatheya, Dessart et al. 
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AREPO - an unstructured mesh MHD code

Finite-volume, 
static mesh/grid

Moving, unstructured 
mesh

Smoothed particle 
hydrodynamics
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Springel (2010), 
Pakmor et al. (2016)



Equation of state (EoS) and nuclear reaction network (NRN)

● Helmholtz EoS (Timmes & Swesty 2000) which accounts for arbitrarily 
degenerate and relativistic material

● JINA REACLIB nuclear reaction rates (Cyburt et al. 2010) and weak 
interaction rates (Langanke & Martínez-Pinedo 2001) for 55 isotopes

● Important isotopes: 12C, 16O, 20Ne, 24Mg, 28Si, 32S, 36Ar, 40Ca, 52Fe, 56Ni
● Hydro & gravity timestep → NRN integrated → Cell compositions & 

energies updated → …
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Tidal disruption of a white dwarf can lead to a supernova!
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Farther approach distance (b = 0.20) Closer approach distance (b = 0.15)

Scaled impact parameter b = rp / rt (ratio of periapsis distance to tidal radius)



Tidal disruption of a white dwarf can lead to a supernova!

Farther approach distance (b = 0.20) Closer approach distance (b = 0.15)

Pavan Vynatheya, 2026



WD-TDEs (plus 
thermonuclear SNe) 
for different impact 

parameters b
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Radial velocities in different planes
Vynatheya, Dessart et al. 

(2026)
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Takeaway: Most of the ejecta are contained within (roughly) a cone of 30°. This is the 
considered region in our radiative transfer calculations.



Isotope fractions 
as a function of 

TDE impact 
parameter

Vynatheya, Dessart  et al. 
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12C and 16O abundances decrease with decreasing 
b (deeper encounters) at the expense of massive 
isotopes, most significantly 56Ni.
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WD-TDEs (plus thermonuclear supernovae) chemical abundances

Takeaway 1: As approaches get 
closer (lesser b), higher 
fractions of massive isotopes 
are produced.

Takeaway 2: The ejecta isotope 
profiles are onion-like, with 
heavier isotopes on the inside 
and lighter isotopes on the 
outside (w.r.t the ejecta center 
of mass and not the IMBH).

Vynatheya, Dessart et al. 
(2026)



1D and 2D Radiative transfer 
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V1D: Livne (1993)
CMFGEN: Hillier & Miller (1994)
LONGPOL: Hillier (1994,1996)

3D hydrodynamics using 
AREPO for 500 s

Timescales:
~ 1 d: Homologous 
expansion reached
~ 40 d: Photospheric 
phase (optically thick)
~ 100 d: Nebular phase 
(optically thin)

1D radiation hydro. using 
V1D for 1 d

2D rad. transfer using 
LONGPOL upto 100 d

1D rad. transfer using 
CMFGEN upto 100 d

Note: For the radiative transfer, only the (averaged) ejecta within the cone of 30° is considered. 
Additionally, the luminosity only from nuclear fusion is considered, not from accretion/fallback.



Source of luminosity for thermonuclear supernovae
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● The initial rise to peak and decline
is powered by the decay of 56Ni to 
56Co. The half-life of 56Ni is ~6 
days.

● The later flattening in the light 
curve is powered by decay of 56Co
to 56Fe. The half-life of 56Co is ~77 
days.

Log 
Luminosity

Time

56Ni decay

56Co decay



1D spherically-extrapolated luminosities and spectra
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Takeaway: Closer encounters are brighter and exhibit stronger Fe III lines, while wider ones show 
stronger O I, Si II and Ca II lines. All lines are blueshifted.

Vynatheya, Dessart et al. 
(2026)
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1D spectra at 
100 d (nebular 
phase)

Vynatheya, Dessart et al. 
(2026)

Takeaway: As encounters 
get closer, Fe III and Co III
lines increase in strength, 
while O I and Ca II lines 
decrease in strength. 
Thus, a wide range of 
transients are covered by 
WD TDEs.



2D B-band magnitudes for different viewing angles 
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Vynatheya, Dessart = et 
al. (2026)

Takeaway: B-band magnitudes are highest for viewers opposite to the direction of the ejecta and 
for closer encounters, and vice versa.



2D spectra for different viewing angles at 100 d
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Takeaway: Spectral lines are strongly displaced and skewed by many 1000 km s-1 at nebular times. 
They are blueshifted for viewers in the direction of ejecta, and vice versa.

Vynatheya, Dessart et al. 
(2026)



Summary and 
future work
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Vynatheya, Dessart et al. 
(2026)

❖ Hydrodynamics simulations of WD TDEs, 
followed by 1D and 2D radiative transfer

❖ Very close encounters lead to runaway 
fusion, with 56Ni fractions up to 82%

❖ Highly asymmetric ejecta, most of it 
(roughly) confined within a cone of 30°

❖ Spectra of closer encounters have strong Fe 
and Co lines, while those of wider 
encounters have strong O and Ca lines

❖ Spectra are highly blueshifted for viewers in 
the direction of ejecta and vice versa

❖ Future work: 3D Monte Carlo radiative 
transfer for better accuracy



The end



Classical tidal radius
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More 
attracted

Less 
attractedCenter of mass

Stellar object
Black hole

rt ~ (mBH/m★)⅓ r★

rt: Tidal radius
mBH: Black hole mass

m★: Stellar object mass
R★: Stellar object radius

Tidal force: ft(r) ~ GmBHr★/r3

Binding force: fb ~ Gm★/r★2

The classical tidal radius is the (approximate) distance at which the tidal force on the stellar object 
that pulls it apart is comparable to the self-binding force that holds it together.



(Partial) Tidal disruption event

Pavan Vynatheya, 2026


	Asymmetrical supernovae triggered by the tidal disruption of white dwarfs
	Types of tidal disruption events (TDEs) in dense star clusters
	Intermediate-mass black holes
	Parameter space of WD TDEs
	Observational prospects of WD TDEs
	Consequences of extreme tidal forces on WDs
	Outline
	AREPO - an unstructured mesh MHD code
	Equation of state (EoS) and nuclear reaction network (NRN)
	Tidal disruption of a white dwarf can lead to a supernova!
	Tidal disruption of a white dwarf can lead to a supernova!
	WD-TDEs (plus thermonuclear SNe) for different impact parameters b
	Radial velocities in different planes
	Isotope fractions as a function of TDE impact parameter
	WD-TDEs (plus thermonuclear supernovae) chemical abundances
	1D and 2D Radiative transfer 
	Source of luminosity for thermonuclear supernovae
	1D spherically-extrapolated luminosities and spectra
	1D spectra at 100 d (nebular phase)
	2D B-band magnitudes for different viewing angles 
	2D spectra for different viewing angles at 100 d
	Summary and future work
	The end
	Classical tidal radius
	(Partial) Tidal disruption event

