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Structure — Seismology

Chromosphere
Photosphere P modes

Convection zone

Radiative zone
Core g modes
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Structure p— Seismology

Chromosphere
Photosphere
Convection zone
Radiative zone

Core

P modes

— Detected in main

sequence stars

g modes

— Not detected in

main sequence stars
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Structure — Seismology

Chromosphere
Photosphere
Convection zone
Radiative zone

Core g modes

Damping : "-i.: ‘_ '.' 20 — — Not detected in

. e v
Wave-turbulence coupling

P modes

— Detected in main

sequence stars

main sequence stars

Excitation sources
Turbulent convection

Stochastic excitation by turbulent convection

[/ﬂﬁ[][/[/ﬁ[]ﬁ b - » [Goldreich & Keeley, 1977; Kumar & Goldreich, 1988;
juil Balmforth, 1992; Belkacem et al. 2008]

Waves structure
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SOLAR MAGNETICHIELD

[Courtesy of Leila Bessila]

Magnetic field generated and
maintained by dynamo effect

— Interaction between
convection and rotation

21/05/2025 Eva Panetier (DD STEP’UP - Is convective turbulence the only exciting mechanism of global p modes in the sun? 4




e A En B by
5 SR S

~ -~
SOLAR MAGNETICACTIVITY -~ oo
QZL SIZP N S SNZ L S S RN

Flare Coronal Mass Ejection (CME)

Localized emission of Ejection of plasma mass from
electromagnetic radiation in the Sun’s corona into the
the Sun’s atmosphere heliosphere

Solar minimum Solar maximum



https://en.wikipedia.org/wiki/Electromagnetic_radiation
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Flare Coronal Mass Ejection (CME)

The number of sunspots as a proxy
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EQ

90 ‘
%570 1880 1890 1900 110 1920 1930 DA S 1960 70 D98 1% 2000 2010 2020

05 AVERAGE DAILY SUNSPOT AREA (% OF VISIBLE HEMISPHERE)

s 1

0.2 1, L | ‘ i, I \ ‘

Solar minimum Solar maximum 01 L | [

G 8 ) ) 4
1880 1890 1900 1910 1920 1930 1942)ATEI950 1960 1970 1980 1990 2000 2010 2020

http://solarscience.msfc.nasa.gov/ HATHAWAY NASA/ARC 2016/08

— Schwabe cycle: 11 years, with a change in polarity at each cycle end
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Flare Coronal Mass Ejection (CME)

The number oi sunspots as a proxy
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— Schwabe cycle: 11 years, with a change in polarity at each cycle end
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PROBING-IHE MAGNEFIC CRANGE WITH-THE MODE-PARAMETERS

V : frequency
H : height

I’ : width

E : energy

[Jiménez-Reyes et al., 2003]

frequency
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PROBING-IHE MAGNEFIC CRANGE WITH-THE MODE-PARAMETERS

1=0,1, 2
0.4 ——
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mode frequency \ ;
n
g
v : frequency ./ s
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I’ : width
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E: energy [Garcfa etal 2013] Pate (years)

[Jiménez-Reyes et al., 2003]

frequency

vV
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PROBING-IHE MAGNEFIC CRANGE WITH-THE MODE-PARAMETERS
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PROBING-IHE MAGNEFIC CRANGE WITH-THE MODE-PARAMETERS
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mode frequency
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E : energy \

[Jiménez-Reyes et al., 2003]

Frequency shift (uHz)
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[Garcia et al 2013] Date (years)
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A POWEREXCESS IN-THE MODES?

— Simulations of p-modes assuming a stochastic excitation do not reproduce p mode power excess
[Chaplin et al. 1997, Chang & Gough, 1998]

— No dependence on mode frequency appearing

- S 1'4 p‘molde I|:>air:s
"*-,k' with 2560 < v < 3440 uHz
= BiSON data

Sy | 25 l600 Isimullatecl:l { = 0,2I morde pairs
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[Chaplin et al. 1997]

| i t | | 1 | 1 | I |

0 5 10 0 5 10
Relative power Relative power

0.01 0.1

| I | I l

0.1

21/05/2025 Eva Panetier (DD STEP’UP - Is convective turbulence the only exciting mechanism of global p modes in the sun? 7

B
%




A POWEREXCESS IN-THE MODES?

— Simulations of p-modes assuming a stochastic excitation do not reproduce p mode power excess
[Chaplin et al. 1997, Chang & Gough, 1998]

— No dependence on mode frequency appearing
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A SUN-QUAKEFROM A FEARE

[MDI SoHO, Kosovichev & Zharkova 1998]

Solar flare
[Juan Camilo Buitrago-Casas, Berkeley Tech]
Solar photosphere A
"i‘“x"‘i“’iﬁ - 7T ; %f 1,(\ — A local acoustic wave
—-'_s Submerged i 4 4 was excited by a flare
acoustic source
") 7‘ ol W

N A P AP
= VA i
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A SUN-QUAKEFROM A FEARE

Solar flare

[Juan Camilo Buitrago-Casas, Berkeley Tech] A

Solar photosphere

i :&/ %

Eva Panetier

Submerged
acoustic source
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[MDI SoHO, Kosovichev & Zharkova 1998]

— A local acoustic wave
was excited by a flare

Is this also
exciting global p
modes?




AN

[

ZUNS
“ORZCA

i AN

-l

TN

NN N NI Z NN
N TN OSSO R OT
N2 [ 7 ) Nz 1) 7 1) g )

[Foglizzo et al. 1998; Foglizzo, 1998

—_

— Equi-distribution of the
input energy between all

the modes
V' small characteristic size
— is able to excite 10* modes
X strength
(Mean energy ~ 1030 ergs)
— too few energy per mode
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[Foglizzo et al. 1998; Foglizzo, 1998]

Flare - CME — Equi-distribution of the

input energy between all
the modes

— Exact location of the
origin of the CMEs?

V' small characteristic size ¢ larger characteristic size
— is able to excite 10* modes — should be able to excite
<100 low-degree modes
X strength v strength
(Mean energy ~ 1030 ergs) (Mean energy ~ 8.5 1039 ergs)
— too few energy per mode — enough energy per mode ¢
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[Foglizzo et al. 1998; Foglizzo, 1998]

Flare « CME — Equi-distribution of the

input energy between all
the modes

— Exact location of the
origin of the CMEs?

— 310 days of GOLF data
— Correlation between

v small characteristic size ¢ larger characteristic size several low-degree modes
— is able to excite 10* modes — should be able to excite
<100 low-degree modes
X strength v strength
(Mean energy ~ 1030 ergs) (Mean energy ~ 8.5 1039 ergs)
— too few energy per mode — enough energy per mode ¢
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[Foglizzo et al. 1998; Foglizzo, 1998]
Flare CME — Equi-distribution of the

input energy between all
the modes

— Exact location of the
origin of the CMEs?

— 310 days of GOLF data
— Correlation between

v small characteristic size ¢ larger characteristic size several low-degree modes
— is able to excite 104 modes — should be able to excite
<100 low-degree modes S —
X strength v strength ' '
(Mean energy ~ 1030 ergs) (Mean energy ~ 8.5 1039 ergs)
— too few energy per mode — enough energy per mode ¢
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Ordered values of combined energy
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Ordered values of combined energy

Low magnetic activity 1 o High magnetic activity

—— Linear fit
y=x

—— Linear fit
y=x

o3

Fk= 36, th quantiles

Fk= 36, th quantiles

° [ DNot compatible with a stochastic excitation by turbulent convection

Theoretical probability of observing these events:

P <1073 #* 1.6% observed
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Ordered values of combined energy

Low magnetic activity 1 o High magnetic activity

—— Linear fit
y=x

—— Linear fit
y=x

o3

Fk= 36, th quantiles

Fk= 36, th quantiles

° [ DNot compatible with a stochastic excitation by turbulent convection

Theoretical probability of observing these events:

P <1073 #* 1.6% observed

— Very significant
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CONCLUSION

The modes energy excess

\0 can not only be attributed to noise
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CONCLUSION

The modes energy excess

but this is not automatic

\
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CONCLUSION

The modes energy excess

but this is not automatic

\

e comes slightly more often from the most external
layer of the convective zone

21/05/2025 Eva Panetier (DD STEP’UP - Is convective turbulence the only exciting mechanism of global p modes in the sun? 11




21/05/2025

Eva Panetier

CDD STEP’UP - Is convective turbulence the only exciting mechanism of global p modes in the sun?




RETRIEVING ENERGY THME-SERIES OF THE MODES

[Panetier et al., in prep]

0.30
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' t
0.25 - fo(t) = f A2 D (wy + w) et dw
TR I LN I 1 © R
] AN s ; oN | N
o ! o |
. I 1
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0204 | ! i — Selected window of Aw = 8 uHz
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EXPLANATIONS 7O THE EXCESS Of
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Related to the instrumental noise or signal not related to modes (particles hitting
the detector, cosmic rays, etc)
O 26 high peaks correlated with noise

10!

Rotation peaks

10—1_

Power excess due
to p modes

10—3_

107> - T T m e = = o

107 { Photon noise

PSD [m?s~2uHz 1]

10—9_

1011 Background
(Activity + Convection + Photon noise)
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Frequency [uHz]

...................................................................................................................................................................................................................................................................................................................................................................................................



POSSIBLE EXPLANATIONS TO THE EXCESS OF-ENERGY

Related to the instrumental noise or signal not related to modes (particles hitting
the detector, cosmic rays, etc) — should be visible at other frequencies

0 26 high peaks correlated with noise

\ /
\\ s
:@: Related to the modes (82 remaining peaks)
/TN
/\
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POSSIBLEEXPLANATIONS TO-THE EXCESS OF-ENERGY

Related to the instrumental noise or signal not related to modes (particles hitting

the detector, cosmic rays, etc) — should be visible at other frequencies
O 26 high peaks correlated with noise

L/,
@’ Related to the modes (82 remaining peaks)
N\

\'l'o T T T T [ T T T T I T T T
—E %, 14 p mode pairs
. Q 'Y .
— should be observed by several instruments ,, S . with 2560 < v < 3440 uHz
= ", BiSON data
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No. of occurrences
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POSSIBLEEXPLANATIONS TO-THE EXCESS OF-ENERGY

Related to the instrumental noise or signal not related to modes (particles hitting
the detector, cosmic rays, etc) — should be visible at other frequencies
O 26 high peaks correlated with noise

L/,
@’ Related to the modes (82 remaining peaks) 3!
N\

O £=0 Z Z
074 A =1 =
f 1=2 A Q O a
— should be observed by several instruments 0.6 % O
0 14 high peaks also found in GOLF 05 A g x B
Q0.4 * o
0.3 8 A
A
0.2 8
0.1{ A *
0.0 1 g ©
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n
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POSSIBLEEXPLANATIONS TO-THE EXCESS OF-ENERGY

Related to the instrumental noise or signal not related to modes (particles hitting

the detector, cosmic rays, etc) — should be visible at other frequencies
O 26 high peaks correlated with noise

Related to the modes (82 remaining peaks)

— should be observed by several instruments
0 14 high peaks also found in GOLF

— correlations with flares or CMEs?
0 22 high peaks correlated with a CME

o 8 high peaks correlated with a flare
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Related to the instrumental noise or signal not related to modes (particles hitting
the detector, cosmic rays, etc)
O 26 high peaks correlated with noise

Related to the modes (82 remaining peaks) 0.87 — 2090-2620 uHz ~100 km
-=-= 2620-3160 uHz
0.71 — . 3160-3710 uHz M

0 14 high peaks also found in GOLF

0 22 high peaks correlated with a CME

O 8 high peaks correlated with a flare
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POSSIBLEEXPLANATIONS TO-THE EXCESS OF-ENERGY

Related to the instrumental noise or signal not related to modes (particles hitting

the detector, cosmic rays, etc) — should be visible at other frequencies
O 26 high peaks correlated with noise

Related to the modes (82 remaining peaks)

— should be observed by several instruments
0 14 high peaks also found in GOLF

— correlations with flares or CMEs?
0 22 high peaks correlated with a CME

o 8 high peaks correlated with a flare

020 high peaks from the lower frequencies
0 — location of the source of excitation - o 23 high peaks from the medium frequencies
028 high peaks from the higher frequencies

depth
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