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Figure 1 (Color online) Schematic diagram of the WD-WD collision in an AGN disk. (a) The system consists of a central SMBH (black dot) and two
WDs (blue dots). The two WDs orbit a SMBH in near-circular and near-coplanar orbits. (b) Two WDs collide resulting in a thermonuclear explosion.
The ejected material then rushed out of the AGN disk. Due to the SMBH’s gravity, most of the ejecta falls back onto the AGN disk, while a small amount
escapes the system. Ejecta that do not fall back are shown in green, while those fall back are shown in blue. We assume that an ejecta with an emission

angle 6 < ) = 89° can escape the AGN disk
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Table 1 The initial input model parameters for numerical simulations

g4 my,m p/Ry Ai N

Runl 6x 107 [0.8,4] 0 4000
Run2 6x 107 3.0 1073 R—? 1000
Run3 6x 107 3.0 1072 R—'f 1000
Run4 6x 1077 3.0 107! 5111 1000
Run$ 6x 1077 3.0 R—*l* 1000
Run6 6x 1078 3.0 0 1000
Run7 6x 107 3.0 0 1000

a) B TEME A ARBEPEFEHBON. NEBAHEZSZA
SRR, 55 =51 PRI AR R U < R ] B8, Bt Run 1 R
(8] KR FE[0.8 Ry, 4Ry ¥ 3257 STURARL. 5 DU 519 AT 8 B2 L3 1 2 )
TS i — SR BRI AL H
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Figure 2 (Color online) (a) WD-WD collision fraction as a function of
initial orbital separation at a given initial orbit @, . Different colours corre-
spond to different initial a;. (b) Closest separation as a function of initial
orbital separation. The solid black line corresponds to the initial orbital
separation. The red, cyan, green, and magenta dashed lines are WD - WD
collision separations of a; = 102, 103, 10*, lOSRg, respectively. The black
dotted line is the boundary between ‘stable’ and ‘unstable’, p. = 2 V3Ry
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Figure 3 (Color online) The light curves originating from the energy
dissipation caused by fallback ejecta hitting the disc gas. Different solid
lines correspond to cases with different SMBH masses. The remain-
ing parameters are: Explosion radius R.; = 100R,, explosion velocity
vej = 1.5 x 10* km s™!, and total ejecta mass Me; = 1.8 M
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Figure 4 (Color online) (a) The SEDs at the peak luminosity for different SMBH masses. The model parameters are the same as those in Fig. 3. (b)
The light curves at different energies around the MeV range for Msypn = 10" Mg
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White dwarfs (WDs) in the accretion disks of active galactic nuclei (AGN) are likely to migrate to the inner regions and
form restricted three-body systems with two WDs moving around the central supermassive black hole (SMBH) in close
orbits. Through N-body simulations, we find that such three-body systems are typically unstable, leading to collisions
between the two WDs during close encounters. We explore the evolution of these systems with different initial orbital
separations p, relative orbital inclinations i, and SMBH masses M. Our simulations show that close WD encounters
predominantly occur within the range 1.1 Ry < p < 2 V3 Ry, where Ry is the mutual Hill radius. For p < 1.1 Ry, most
WDs occupy stable horseshoe or tadpole orbits, with only a few undergoing close encounters if their initial orbital phase
difference is small. In cases where p = 3.0 Ry, WD-WD collisions are observed in the majority of simulated systems within
a timescale of 10° P, with numerous collisions occurring within # < 62 P; for smaller orbital radii, where P is the orbital
period. The peak of the closest separation distribution increases, and the frequency of WD-WD collisions decreases as the
relative inclination between orbits increases. This closest-separation distribution remains similar across different SMBH
masses, but the fraction of WD collisions declines with increasing SMBH mass. The estimated collision rate for WDs in
AGN disks reaches up to 300 Gpc™3 yr~!, which is approximately 1% of the observed Type Ia supernova rate. However,
the observational effects of WD collisions in AGN disks could differ from those of typical Type Ia supernovae. When two
WDs collide, they can trigger a runaway thermonuclear explosion, with most of the explosion energy stored in the ejecta in
the form of kinetic energy. Typically, this ejecta escapes the AGN disk rapidly without significant deceleration. However,
under the gravitational influence of the SMBH, most of the ejecta eventually falls back toward the disk. As this fallback
ejecta disperses over time and space, it interacts with the disk material, efficiently converting its kinetic energy into thermal
energy through shock. This interaction produces distinctive light curves characterized by a rapid rise followed by a decay
following L oc >3, with timescales ranging from hours to weeks depending on the mass of the SMBH. Such interactions
may also lead to the disruption of the AGN disk, potentially triggering changing-look AGN phenomena. The high-energy
radiation generated by fallback ejecta impacting the AGN disk material spans primarily the hard X-ray to soft gamma-ray
bands, with peak luminosities reaching > 10** ergs~!, which are potentially observable by upcoming MeV detectors, such
as AMEGO-X. Moreover, AGN disks could act as sites for heavy element synthesis, as WD collisions significantly enrich
AGN metallicity. These collisions thus provide a mechanism for increasing the abundance of heavy elements in AGNSs,
suggesting AGN disks may play an important role in nucleosynthesis.

active galactic nuclei, accretion disk, white dwarf, collision
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