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Multi-Messenger Picture
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In this talk:
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Optical Light

Radio Waves
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Gamma-Ray Light Curve – End of 2022

Kun, IJ et al. (2022)
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5% adaptive binning

Fit with two-sided 

exponential function
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The Jet Precession Model

3

period decreases
Inspiral 

stage

modified from de Bruijn et al. (2020)
spin-orbit coupling
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Flare Prediction in Gamma Rays

4

half-opening angle: 𝜁 ∼ 5.73∘

𝑃1→2 − Δ𝑃1→2

𝑃1→2 + Δ𝑃1→2

Δ𝑇GW

𝜙 Δ𝑇GW, 𝑀, 𝑞
= 𝜙 Δ𝑇GW  − 𝑃1→2 , 𝑀, 𝑞
 ±𝜁 + 360°

1. Step

Kun, IJ et al. (2022)
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Flare Prediction in Gamma Rays

4

half-opening angle: 𝜁 ∼ 5.73∘

𝑃1→2 − Δ𝑃1→2

𝑃1→2 + Δ𝑃1→2

Δ𝑇GW

𝜙 Δ𝑇GW, 𝑀, 𝑞
= 𝜙 Δ𝑇GW  − 𝑃1→2 − 𝑃2→3, 𝑀, 𝑞 

 ±𝟐𝜁 + 720°

1. Step

2. Step

Kun, IJ et al. (2022)
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𝑷𝟐→𝟑 − 𝚫𝑷𝟐→𝟑

𝑷𝟐→𝟑 + 𝚫𝑷𝟐→𝟑
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Gamma-Ray + Radio Light Curve

5

flare lasts 

until 

31.10.2023

data used 

until 

22.09.2023

Kun, IJ et al. (2024)
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Flare Prediction in Gamma Rays – 4th Flare agrees!

6

Kun, IJ et al. (2024)

half-opening angle: 𝜁 ∼ 5.73∘

𝑷𝟏→𝟐
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Flare Prediction in Gamma Rays – 4th Flare agrees!

6

half-opening angle: 𝜁 ∼ 8.34∘

𝑷𝟏→𝟐

𝑷𝟐→𝟑
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Flare Prediction in Gamma Rays – 4th Flare agrees!

6

half-opening angle: 𝜁 ∼ 5.73∘ half-opening angle: 𝜁 ∼ 8.34∘

Kun, IJ et al. (2024)

0.062 ≤ 𝑞 ≤ 0.088

Ilja Jaroschewski | TeVPA 2024



im Menü über: 

Start > Absatz > 

Listenebene 

Gamma-Ray 

Light Curve

+ Optical

+ Radio
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Flare durations
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Flare durations + periods
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Comparison: Binary Mass Ratios
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Double Peak Structure – an Explanation 

10

Kun, IJ et al. (2024)

Ilja Jaroschewski | TeVPA 2024



im Menü über: 

Start > Absatz > 

Listenebene 

Double Peak Structure – an Explanation 

10

Kun, IJ et al. (2024)

Ilja Jaroschewski | TeVPA 2024



im Menü über: 

Start > Absatz > 

Listenebene 

Double Peak Structure – an Explanation 

10

Kun, IJ et al. (2024)

Ilja Jaroschewski | TeVPA 2024



im Menü über: 

Start > Absatz > 

Listenebene 

Double Peak Structure – an Explanation 

10

Kun, IJ et al. (2024)

Ilja Jaroschewski | TeVPA 2024



im Menü über: 

Start > Absatz > 

Listenebene 

10 

Double Peak Structure – an Explanation 

Kun, IJ et al. (2024)
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Expected Gravitational Wave Signal

11 

innermost 

stable orbit

now

ℎ𝑐 𝑓 ∝
𝑞

1
2

1 + 𝑞
 𝑀

5
6

 ⋅
1

𝑟 𝑧 1+𝑧 1/2  𝑓−1/6 

𝑟(𝑧): comoving distance

Ilja Jaroschewski | TeVPA 2024



im Menü über: 

Start > Absatz > 

Listenebene 

4th Flare predicted successfully

→ Mass ratio range:

Jet precession due to spin-orbit coupling in a supermassive binary black hole inspiral
→ quasi-periodic multi-messenger signatures with decreasing periodicities

Analytical jet precession model developed        

applied 

on

Time range of next flare, if the jet will

point at Earth once more:

explains double-peak structure 

Summary
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explains double-peak structure 

in gamma rays and optical
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4th Flare predicted successfully

→ Mass ratio range:

Jet precession due to spin-orbit coupling in a supermassive binary black hole inspiral
→ quasi-periodic multi-messenger signatures with decreasing periodicities

Analytical jet precession model developed       → in combination with Spine-Sheath jet model

Blazar J1048+7143 Gamma rays

applied 

on

0.062 ≤ 𝑞 ≤ 0.088 2024 March 10 - 2026 November 6

Time range of next flare, if the jet will

point at Earth once more:

explains double-peak structure 

in gamma rays and optical

Summary
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Backup: Jet Precession Model

Kun, IJ et al. (2022):

𝜙Kun Δ𝑇GW, 𝑀, 𝑞 =
2 4 + 3𝑞

𝑞

5𝑐

32

3
4 𝜂 𝑞

𝐺𝑀

1/4

Δ𝑇GW
1/4 + 𝜓(𝜏, 𝑀, 𝑞)
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Backup: J1048+7143 – Centroid Method (Kun, IJ et al. 2022)

𝑋𝑖,𝑗 =
∫ 𝑡 ⋅ 𝐹𝑖,𝑗 𝑡 d𝑡

∫ 𝐹𝑖,𝑗 𝑡 d𝑡
 

𝑌𝑖,𝑗 =
1

2

∫ 𝐹𝑖,𝑗
2 𝑡 d𝑡

∫ 𝐹𝑖,𝑗 𝑡 d𝑡
 

𝑋𝑖 =
𝐴𝑖

𝐴𝑖 + 𝐵𝑖
𝑋𝑖,1

 +
𝐵𝑖

𝐴𝑖 + 𝐵𝑖
𝑋𝑖,2

𝑌𝑖 =
𝐴𝑖

𝐴𝑖 + 𝐵𝑖
𝑌𝑖,1

 +
𝐵𝑖

𝐴𝑖 + 𝐵𝑖
𝑌𝑖,2
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Backup: J1048+7143 – Flare Characteristics 1/2
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Backup: J1048+7143 – Flare Characteristics 2/2

Difference of main flare centers in the 

gamma-ray and radio light curve:

Main Flare 

durations:
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Backup: J1048+7143 – Possible Nutation in Gamma Rays
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