Decoupling mixed modes
Stretched Frequency Recovers Pure P-modes

Yaguang Li, Joel Ong, Daniel Huber, Jennifer van Saders

University of Hawaii



Luminosity (Lo)

No

-

Asteroseismic H-R Diagram

e®""e

\ Classical
\ Instability Strip ,’ ,’
\\ / /
\ ,/ / |
‘- B Cephei // | Cepheid
T ). ..
------------ R / I-I-
\ /
\ , A
\\r / ,' Mira
\ /
\SP / / .
N /
\\ /
RR Lyrae /
TIE N
O Scuti {
{OP\? —’—\-\

v Dor

Solar-type
stars

‘DAV

101010]0

10000
Effective Temperature (K)

S10/0]0)

Papics et al. (2013); Aerts et al. (2021)



V.04

0.03-

S

q,
= 0.02-
o

al

0.01-

0.00 ‘
1500 2000 2500 G10]0]0 3500 4101010, 4500

Frequency (uHz)



PN SN N SN S S S S B S SR S B S S S S S .

PN SN N SN S S S S B S SR S B S S S S S .

3000 3500 4000 4500
Frequency (uHz)

2500

2000



U S S S S S S S G S G S B S S S S S -

U S S S S G SR G G SR G SR G G G S S S —

U S S S S S S S G S G S B S S S S S -

|

60 0 100 120

Frequency mod Av (uHz)

40

4000 -

3500
3000 -
2500

(zHn) Abusanbald

2000 -

1500-

20



Frequency mod Av (uHz)

................... O
LN
—
o
O
—
o
o0
=
<]
— -O
O
K=
4
.................. -
al R
| | O n_u O O n_u
<+ ™M N = C
o o o o o
> O O O C 5 LN o LN LN
D> O O O cC <t M M N ——
19 MOd (zHn) Abusanbald



Frequency mod Av (uHz)

................... .
................... o
LN
—
o
O
—
o
o0
~
<]
— -O
O
K=
4
.................. -
al R
| | O n_u - O n_u
<+ ™M N = C
o o o o o
> O O O C 5 LN o LN LN
D> O O O cC <t M M N ——
19MOd (zHn) Abusanbald



0.01-
N NN

—
| R ——
P~ o
- (N
o —
1
)
o
B
—
O
0
=~
-) A
1
... Ay uw
@\
1
P—
D
4
O
a\
O - o & (- O
- B - I, e -
> LN D LN o= LN
<t M M a\ N —

(zHn) Abusanbald

Frequency mod Av (uHz)



Stellar frequency evolution
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Propagation diagram
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Propagation diagram
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Propagation diagram
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Propagation diagram evolution
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mixed modes

1/vy —1/vpy
ATl

F(Vin, vp,vy) = tan

O(Vm, Vp)

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

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

Vin — Vp 1/vy —1/vpy
F(Vin, vp,vy) = tan (n A )tan (n AT =\

Coupling strength

Whenq = 0,v,;, = v, orv,

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



mixed modes

— 1/vg—1
F(Vin, vp,vy) = tan (TC VmAV tan (T[ /Vm> —q =0

All

( ) = 1 1 N All, X qg(Vi)
Stretched period "\Vm,Vp) =|—|= arctan V,, —V
Vg Vm T tanm — Xy £
(Vi Vg) =l Vpl= Vi — &arctan 10m)
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Shibahashi (1979); Unno et al. (1989); Takata (2016); Jiang & Christensen-Dalsgaard (2014); Mosser et al. (2015); Ong & Gehan (2023)
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Evolution of stretched mixed modes
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Evolution of stretched mixed modes
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Evolution of stretched mixed modes
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Evolution of stretched mixed modes
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Evolution of stretched mixed modes

f (Vi Vg) = Vp
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Evolution of stretched mixed modes
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Evolution of stretched mixed modes
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Evolution of stretched mixed modes
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Evolution of stretched mixed modes
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Where is this method relevant?
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Where is this method relevant?
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Applications

« Mode identification
« Acoustic glitch

« Asteroseismic model fitting



Mode ldentification

- f(Vm: Vg) = Vp

T(Vim, Vp) = Vg
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1. Mode Identification

TV, Vp) =V - f(Vmvg) = vy

1

| 1 | 1 1 1 |

15 20 25 30 25 50 75 100 125 150 15 20 25
v mod Av [uHz] T mod A1 [s] f mod Av [uHZ]




Mode ldentification

TV, Vp) =V - f(Vmvg) = vy
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1. Mode Identification

TV V) = U, fv,, I/g) =1,
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2. p-mode (acoustic) glitch

R [ ¢ £=0 modes]

0.6 -

0.4 -

AV [MHZ]
——

0.2- J i

—0.2-

160 180 200 220
v [UHZ]

See also Dréau et al. (2020)



2. p-mode (acoustic) glitch
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2. p-mode (acoustic) glitch
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See also Dréau et al. (2020)



2. p-mode (acoustic) glitch
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3. asteroseismic model fitting
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3. asteroseismic model fitting

Frequency [uHZ]

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

&
o
&
@
EA
&
&
&
I
@
&
&
&
B

5 10 15
vV modulo Av [uHZ]

To1, 702



50

3. asteroseismic model fitting

Radius [Ro ]

s Yo 45 <0 Vo6 %o %

To1, 702

Age [Gyr]

B 1
Mass [M ;] Radius [R o] Age [Gyr]

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




E * Stretched frequency recovers pure p
z mode frequency in red giants.
* Applications include:
10°. PP
E * Mode identification
~ .
101- * Robust estimation of acoustic glitch
* p-mode modelling for red giants
10° .
' | * Ensemble p-mode asteroseismology!
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