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Applying the Jet Precession Model in 2 Steps

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

1. Step
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   ±𝟐𝜁 + 720
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Constrained Binary Mass Ratios
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Expected Gravitational Wave Signal
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Summary – Blazar J1048+7143

analytical Jet Precession model applied with:

optical

• 3 flares observed

• Mass ratio constrained from above

Gamma 
rays

• 4 flares observed

• 4th flare (successfully) predicted

• Mass ratio constrained from above AND below

Radio 
waves

• 2 flares observed

• 3rd flare: more data necessary

in combination with Spine-Sheath jet model

double-peak structure in gamma rays 
and optical light curve explainable

0.062 ≤ 𝑞 ≤ 0.088

𝑞 ≲  0.19

2024 March 10 - 2026 November 6

Time range of next flare, if the jet will point 
at Earth once more:9 ilja.jaroschewski@cea.fr 

1.

2.

3.

More coming: 
• ZTF optical light curve → combined 

optical light curve
• Expected Neutrino upper limits
• Swift X-Ray light curve
• H.E.S.S. light curve nad/or upper limits

Goal → Combined MM picture!

Stay Tuned!!!
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Backup:

Gamma-Ray 

Light Curve

+ X-Ray

+ Optical

+ Radio

1 exp func: 𝜒red
2 ≈ 22.57

2 exp func: 𝜒red
2 ≈ 8.54

3 exp func: 𝜒red
2 ≈ 10.43



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
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Backup: J1048+7143 – Flare Characteristics 1/3
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Backup: J1048+7143 – Flare Characteristics 2/3

Difference of main flare centers in the 
gamma-ray and radio light curve:

Main Flare durations:



Backup: J1048+7143 – Flare Characteristics 3/3

Flare areas normalized to 
last flare



Backup: J1048+7143 – Possible Nutation in 

Gamma Rays + Optical 
Earth’s path through the jet
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