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Decoupling mixed modes
Stretched Frequency Recovers Pure P-modes
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Stellar frequency evolution
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Propagation diagram
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Propagation diagram
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p modes: 𝜔! > 𝑆ℓ!



Propagation diagram
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g modes: 𝜔! < 𝑁!



Propagation diagram
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𝜈#$%: where we see things



Propagation diagram evolution
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p/g modes
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p/g modes
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p/g modes
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mixed modes
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Θ(𝜈!, 𝜈")

Shibahashi (1979); Unno et al. (1989); Takata (2016); Jiang & Christensen-Dalsgaard (2014); Mosser et al. (2015); Ong & Gehan (2023)
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Θ(𝜈!, 𝜈#)

Shibahashi (1979); Unno et al. (1989); Takata (2016); Jiang & Christensen-Dalsgaard (2014); Mosser et al. (2015); Ong & Gehan (2023)
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Coupling strength

When 𝑞 = 0, 𝜈! = 𝜈" or 𝜈#

Shibahashi (1979); Unno et al. (1989); Takata (2016); Jiang & Christensen-Dalsgaard (2014); Mosser et al. (2015); Ong & Gehan (2023)
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𝜏(𝜈!, 𝜈") ≡
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Stretched frequency This work √

Shibahashi (1979); Unno et al. (1989); Takata (2016); Jiang & Christensen-Dalsgaard (2014); Mosser et al. (2015); Ong & Gehan (2023)



Evolution of stretched mixed modes
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𝜏(𝜈!, 𝜈") ≡ 𝜈#$% 𝑓(𝜈!, 𝜈#) ≡ 𝜈"



Evolution of stretched mixed modes
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Evolution of stretched mixed modes
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Evolution of stretched mixed modes

26
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Evolution of stretched mixed modes
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𝜏(𝜈!, 𝜈") ≡ 𝜈#$% 𝑓(𝜈!, 𝜈#) ≡ 𝜈"

pure g mode



Evolution of stretched mixed modes
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p mode glitch

𝜏(𝜈!, 𝜈") ≡ 𝜈#$% 𝑓(𝜈!, 𝜈#) ≡ 𝜈"



Evolution of stretched mixed modes
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Evolution of stretched mixed modes
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𝜏(𝜈!, 𝜈") ≡ 𝜈#$% 𝑓(𝜈!, 𝜈#) ≡ 𝜈"

pure p mode



Evolution of stretched mixed modes
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g mode glitch

𝜏(𝜈!, 𝜈") ≡ 𝜈#$% 𝑓(𝜈!, 𝜈#) ≡ 𝜈"



Where is this method relevant?
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Where is this method relevant?
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Main-sequence stars

High-luminosity red giants



Where is this method relevant?
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Low-luminosity RGB stars

Main-sequence stars

√

High-luminosity red giants



Where is this method relevant?
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Red clump stars

Low-luminosity RGB stars

Main-sequence stars

High-luminosity red giants

√

√



Applications

Mode identification

Acoustic glitch

Asteroseismic model fitting
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1. Mode Identification
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1. Mode Identification
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recovered ℓ = 1 modes

ℓ = 0 modes



2. p-mode (acoustic) glitch
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2. p-mode (acoustic) glitch
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𝜏!"##



2. p-mode (acoustic) glitch
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𝐴!"##
Helium abundance



2. p-mode (acoustic) glitch

44 See also Dréau et al. (2020)
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3. asteroseismic model fitting
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3. asteroseismic model fitting
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𝑟34, 𝑟35

See also Roxburgh & Vorontsov et al. (2003); Ball & Gizon (2014); Roxburgh (2016); Ong & Basu (2020)



3. asteroseismic model fitting
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𝑟34, 𝑟35

See also Roxburgh & Vorontsov et al. (2003); Ball & Gizon (2014); Roxburgh (2016); Ong & Basu (2020)



Summary

• Stretched frequency recovers pure p 
mode frequency in red giants.

• Applications include:

• Mode identification

• Robust estimation of acoustic glitch

• p-mode modelling for red giants

• Ensemble p-mode asteroseismology!
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