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What is a TDE?

▪ Tidal disruption events (TDE)

➢ Black hole: disrupts a star

➢ Super-Eddington accretion disk

➢ Super-Eddington wind

▪ Great intensity

➢ Detect black holes

➢ Measure black hole’s mass

https://vajiramandravi.com/upsc-daily-current-affairs/prelims-
pointers/tde/
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Scientific background

https://doi.org/10.1111/j.1365-2966.2010.17448.x

▪ TiDE: light curve simulation

▪ 𝒇𝒐𝒖𝒕 parameter:

Lodato & Rossi (2011), Dotan & Shaviv (2011)
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Scientific background
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Goal of my work

▪ Implementation of the Dotan slim disk model

➢ Define 𝒇out parameter more accurately

▪ Implementation of the Shakura & Sunyaev thin disk 

model

➢ Analogue problem

➢ Validating my code

▪ Own numerical solver in C
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Shooting method
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Fourth order Runge-Kutta method
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https://en.wikipedia.org/wiki/Runge%E2%80%93Kutta_methods
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Brent’s method

▪ Hybrid method

▪ Superlinear convergence

▪ No numerical derivative

Secant method Inverse quadratic interpolation Bisection method
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Brent’s method

▪ 1000 iterations

▪ Brent: 0.005[s],  Newton: 0.06[s]

𝑥(𝑡) = 𝐴 ∙ cos(𝜔𝑡) + 𝐵 ∙ sin(𝜔𝑡)

𝑣(𝑡) = −𝐴 ∙ 𝜔 ∙ cos(𝜔𝑡) + 𝐵 ∙ 𝜔 ∙ sin(𝜔𝑡)

ሷ𝑥 = −
𝐷

𝑚
𝑥

Newton’s method – Harmonic oscillator Brent’s method – Harmonic oscillator
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Dotan & Shaviv slim disk model

porous layer

super-
Eddington wind

photosphere

Shakura-Sunyaev 
disk

convective
zone
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Dotan & Shaviv slim disk model

▪ Half-analytical model, can be solved numerically

▪ Horizontally:

➢ Outer boundary value: Shakura  & Sunyaev disk solution

➢ Inner boundary value : sonic point 2 − 3𝑅𝑔

▪ Vertically:

➢ Outer boundary value : Flux of photosphere

▪ Nested univariate boundary value problem
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Shakura & Sunyaev thin disk model

▪ Can be solved analytically

▪ Horizontally:

➢ Inner boundary value : 𝜏𝑟𝜑 = 0 3𝑅𝑔

▪ Vertically:

➢ Outer boundary value : Flux of photosphere

▪ Separated univariate boundary value problem
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Shakura & Sunyaev thin disk model
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Horizontal integration

▪ Initial value problem:

➢ 𝑅0 = 3𝑅𝑔 = 6𝐺𝑀/𝑐2

➢ ሶ𝑀 = 3 × 10−9
𝑀⊙

yr

➢ 𝜏𝑟𝜑 = 0

▪ Fourth order Runge-Kutta method
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Calculation of initial state

▪ Horizontal integration 𝜏𝑟𝜑

▪ 𝚺 guess

𝑇𝑐 =
𝑣𝑠
2𝑚𝑝

6𝑘
−
𝑏𝑇𝑐

4𝑚𝑝

3𝜚𝑘

▪ Brent’s method:

➢ 𝑓 𝑇𝑐 = 0

➢ 𝑇left = 102K, 𝑇right = 1010K
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Vertical integration

▪ Boundary value problem             shooting method

➢ Σleft = 0.01 kg/m2, Σright = 2 kg/m2
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Results: Shakura & Sunyaev solution

▪ 𝝉𝒓𝝋 = −𝟒. 𝟑𝟓𝟔𝟔𝟒𝟐 × 𝟏𝟎𝟏𝟓𝑵\𝒎𝟐

▪ 𝑹 = 𝟓𝑹𝒈

▪ 𝑷radiation ≫ 𝑷gas

▪ 𝝈T ≫ 𝝈ff = 𝟎, 𝟎𝟒 𝒌𝒈/m𝟐

Convergence of 𝜖r

Iteration
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Results: Shakura & Sunyaev solution

▪ Boundary value problem

▪ 𝑹start = 𝟏𝟎𝑹𝒈
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Results: Shakura & Sunyaev solution

▪ 𝑹start = 𝟓𝑹𝒈

▪ Median:  𝟑𝟒. 𝟕𝟐𝟏𝟑𝟖 s
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Future steps

Own C algorithm
Shakura-

Sunyaev disk

Dotan disk 

solution

2 31 4

𝒇𝒐𝒖𝒕
investigation
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Summary

▪ TDEs

▪ Dotan disk model:

➢ Super-Eddington disk

➢ Super-Eddington wind

➢ Nested initial boundary value problem

▪ Shakura & Sunyaev disk model

➢ Horizontal structure

➢ Vertical structure

▪ Brent’s method

▪ Own C implementation

Since the Shakura & 

Sunyaev disk model is a 

similar problem to the 

Dotan disk model, the 

implementation can be 
done, after which 𝒇out can 

be corrected.
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