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MPS) Observati

Global Oscillations at Low Freque
onboard ESA's Solar and Heliospheric
Observatory (SOHO)

10.5 years, 80 second cadence Garcia et al. 2005

GOLF observations, 80s cadence
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wes)  Reproducing Fos

e\leasure changes to the round-trip trav
time (RTTT) of the p-modes over this 16
yvears of observations

eDivide the data series iInto segments &
hours long, with a 4 hour cadence (36130)

¢ /cro-pad up to 106 seconds (278 hours)

GOLF observations, 80s cadence
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wés)  Reproducing Fossat

Compute the FT of each 8-hour padded
segment

Compute the mean 8-hour PS

Fit a Gaussian between 1.5 - 5 mHz

Fossat+ 2017 - Schunker+ 2018
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Fig. 2. From the same 16.5-year data set as Fig. 1, this is an average of
34 612 spectra computed from 8-h selections taken at intervals of 4 h.
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wés)  Reproducing Fossat

For each 8 hour segment, FT and filter for low-
frequency p-modes

Normalise by the Gaussian fit

Shift to zero frequency, zero pad 125 mHz, FT

regular spacing of the p-modes
with same harmonic degree

Frequency (Hz)

Fig. 3. Example of one of the 34612 GOLF power spectra, limited to the
range 2.32—-3.74 mHz and divided by the envelope of the mean spec-
trum of Fig. 2.
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MPS) Test: Measuring F

o\easure the RTTT by least-squares fitting
a quadratic function (4 hours 3 minutes) for
each 8 hour segment

Schunker+ 2018
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wes)  Reproducing Fossa

e Compare average temporal power spectrum

Average temporal power spectrum

x10*

. Fossat+ 2017

- Schunker+ 2018

Arbitrary scale
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Fig. 5. Sum of 34 612 power spectra similar to the spectrum shown in
Fig. 4.
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wes)  Reproduc

-4

®16.5 year long ser

ossat+ Wl

Fluctuations RTTT

2 4 6 8 10 12 14 16
Time (years)

Fig. 6. 16.5-year time series of 36 131 values of the time 7 fluctuations
defined in Fig. 4. The number of non-zero values is 34 261.

4 hour cadence (clipped at +

Schunker+ 2018

10 15

time [years since 11 April 1996]

Perturbations should vary at the frequency

of the density perturbations to the core

caused by the g-modes
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MPS

Power spectrum sho
frequency at wi
to density pertu
by g-modes

Fossat+ 2017

Frequency (uHz)

Fig. 7. Power spectrum Pg(v) of the time series shown in Fig. 6.

Reproducing

iIch tI
bations of the core caused

uld show the
e RTTT changes

Schunker+ 2018
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MES) Reproducing Fos

¢| ow frequency range looks similar.
No sign of SOHO orbit or solar cycle

x 10°

Fossat+ 201 - + Schunker+ 2
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Fig. 8. Enlargement of the lowest frequency range of Fig. 7. The arrows
indicate the frequencies of the solar cycle and of the one-year orbit.
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MPS) Reproducing

e Autocorrelate the power spectrum
ePecaks should correspond to rotational
splittings; , 2.9%x()p

Qualitative reproduction

Fossat+ 2017 Schunker+ 2018

Autocorrelation
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Fig. 10. Autocorrelation function A(v) of the frequency range
5.5-34.7 uHz of the power spectrum shown in Fig. 7. The first value
displayed is bin number 7, i.e., 0.013 yHz. The vertical lines are at 210,
630, and 1260 nHz.
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MPS)

e

eNumerous s
- amount of data
- cadence of the R

- lengtr

of the segments

- dmou

- normalisation (Gaussian)
- frequency band (2.32-3.74 mHz)

- width
- fitting

- smoothing (6 pixels ~ 11 micro Hz)

Nt of zero-padding (lo

to fit (800 seconds)
function to measure RTTT (quadratic)
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1. Repro

2. Sensitivity to p
. Fitting function t
i. Smoothing of AC
il. Start time of data series
iv. Cadence of RTTT measurem

3. MC parameter study

Hannah Schunker



MPS) Test: Measuring

o\easure the RTTT by fitting a quadratic
function (4 hours 3 minutes)

Hannah Schunker



MPs) Test: Measurin

e\easure the RTTT by fitting a quadra
function (4 hours 3 mir

which this fit is computed is again guided by the goal of mini-
mizing the random fluctuations of 7. A priori it should be made
at least on the true bin size defined by the inverse of the range
from 2.32 to 3.74 mHz, that is, about 700 s. In practice, the poly-
nomial fit made on a range of +£800 s around 14 800 s minimizes
the scatter of 7. This is on the order of the full width of this

peak and not at all the best fit on the peak profile, but it is the
least noisy estimate of the peak centroid. The profile of this peak

2.0
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wes)  Jest: Measuring R

o [ry other fitting functions

- Quadratic
" Gaussian
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Example of one 8 hour segment
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mes)  Jest: MleasL

o [ry fitting other functions
o(Clip at +/- 240s

' Quadratic
" Gaussian

3.8 3.9 4.0 4.1 4.2 4.3 4.4
time [hours]

RTTT fluctuations [seconds]

il

ir¢t°

rms=54 s

Gaussian—

rms=72s E

time [years]
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wés)  Jest: Measurlng

0.10
0.08 - 4 Quadratic fit

0.06
0.04 il e

o [ry fitting other functions
..uxl n \II»H g | ii Ahm ““H” “ Ll

Autocorrelation

AT
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Frequency lag [nHz]

Quadratic
Gaussian
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mes)  Jest: Measurinc
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2. Sensitivity to pa
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MPS) Test: Smc

Power spectrum

BSox-car smoothing 6 pixels (11 micro Hz

Auto-correlation

AUTOoCoOrreldartion

500 1000 1500 2000 2500 3000 3500
lag [nHZz]




Autocorrelation
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MPS)

Test: Smoo

eSmoothing is key to obtaining the Sic

significance [o]

quadratic

N W >
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smoothing [pixels]

Autocorrelation
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0.00
-0.02

500 1000 1500 2000 2500 3000 3500
lag [nHZz]

eRequired because the modes are not strictly

equally spaced (asymptotic)
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Test: Smooth

quadratic Gaussian centroid

X—X 210nHz
¥——X 630nHzZ
O>—© 1260nHz
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wes)  Test: offset data

eRemoved 2 hours from beginning ¢
yvear data series

8hrs GOLF observations, 80s cadence

y [m/s]

velocit

time [days since 11 April 1996]

Repeated exactly the same original analysis
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wks) Test: offset data

Autocorrelation

0 500 1000 1500 2000 2500 3000 3500
Frequency lag [nHz]
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wés)  Test: offset data

Autocorrelation Autocorrelation Autocorrelation

Autocorrelation
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wes)  [est: offset data se

4 hr offset is
5 T 7 T lequivalent to
X X 210nHz | -
% X B630nHZ | removing one
4% & & 1260nHz | RTTT
measurement

significance [0]

start time [hours]

Schunker+ 2018
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mEs) Test: cadence of RTTT mese

Original segments 8 hrs long with a 4 hr
Now we try 10 hrs long with a 5 hr cadenc

1 L L L 1 L L L 1 L L L 1
0.2 0.4 0.6 0.8
time [days since 0:00:30 (T.A.l.) on April 11th 1996 ]
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MES) Test: cadence of R

segmen’r length 10 hrs, cadence S5 hrs

0.10 - 360

0.08 i+ sf -+ 41
o.osi | M
0.04 = |
T
I
I

0.02 ¢

0.00 -
~0.02 0 N

0 500 1000 1500 2000 2500 3000 3500
Frequency lag [nHz]

Autocorrelation

eScaled the clipping of RTTT fluctuations by

the ratio to the rms of the nominal case
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MPS) Test: cadence of R

segmen’r length 10 hrs, cadence 5 hrs

0.10 -
0.08
0.06
0.04 i
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—0.02F | SL1| 531
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Assume Iargest peak S z = 1 m=1
), = 1862 nHz 4.3x Qp

(1277 £10 nHz, 2.9x ()

Autocorrelation
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MPS

Test: offset and ce

segment Ieng’rh 10 hrs, cadence S hrs

81% 6o | start time + Ohrs
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wés)  Test: offset and cz

segment length 10 hrs, cadence 5 hrs

X 498 nHz
¥ 1118 nHz
w—> 2257 nHz

—

i

significance [ o]
N
[ | T
[ 1 | [ 1

4 6
start time [hours]

o
o
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S —

e Retain 4 hour ca
¢ | ength of temporal pa
e Oversampling filtered p-m

e Offset start time by 2 hours

e [hree fitting functions to measure R
Gaussian, centroid)

e Smoothing of AC (4-9 pixels)

1000 realisations
fitting window to measure RTTT

wés) Mo

1. WIo
. Bar
3. Ran

th of
d-wi

G

{

getof

N Of fl

it Gau

ter for p-modes
ssian to normalise PS
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wés) Monte Carlo parameter
Nominally 800 s centred at 4h 3m
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wés) Monte Carlo paramete

Nominally 800 s centred at 4h 3m
GGaussian distributed standard deviation 50 s

arbitrary power

650 700 750 800 850 900 950 N — ‘
width of fittinc_:f_ window . 2.0 4.0 6.0

to measure RTTT [seconds] time [hours]
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wés) Monte Carlo parameter

Nominally 800 s centred at 4h 3m
GGaussian distributed standard deviation 50 s

arbitrary power

O U

650 700 750 800 850 900 950
width of fittinc% window

to measure RTTT [seconds] time [hours]
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wés) Monte Carlo parame

Nominal range 2.32 to 3.74 mHz
GGaussian distributed standard deviation 0.5 mHz

50 -

oL..

band width to filter for p—modes [mHz]
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wés) Monte Carlo paramete

Nominal range 2.32 to 3.74 mHz
Gaussian distributed standard deviation 0.5 mHz
Widths vary by 0.5 mHz to 2.4 mHz

p—modes
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Modified power spectru
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O
0

200 400 600 800 1000
Monte Carlo index

More or less modes, more or less asymptotic, more or less
amplitude....
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wés) Monte Carlo paramete

Nominal range 1.5 to 5 mHz
Gaussian distributed standard deviation 0.5 mHz
Minimum width 1.1 mHz, maximum 6 mHz

v

range to fit gaussian envelope
to boost p—mode power [mHz]

freq [mHz]
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wts) Monte Carlo parameter

Nominal range 1.5 to 5 mHz
Gaussian distributed standard deviation 0.5 mHz
Minimum width 1.1 mHz, maximum 6 mHz

power

de
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0
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o

range to fit gaussian envelope

0 200 400 o600 800
Monte Carlo index freq [mHZ]
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mts) Monte Carlo Da

work in progress

— Fossat
i{ ................... Spllttlngs _________

é!!“ “x lh I M

WW””' rigi

500 1ooo 1500 2000 2500 3000 3500
requency lag [nHz]
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wks) Monte Carlo paramete

work In progress

— Fossat : original parame
Splittings : 2hr offset

Autocorrelation

I \/C realisation
| 1.. Splittings . 7°9/

I w

Autocorrelation

i

500 1000 1500 2000 2500 3000 3500
Frequency lag [nHz]
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wks) Monte Carlo paramete

work In progress

— FOossat

original parame
Splittings g P

2hr offset

Autocorrelation

Fossat ; MC realisation
Splittings f #0666

Autocorrelation

500 1000 1500 2000 2500 3000 3500
Frequency lag [nHz]
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wPs) Monte Carlo para

Find maximum of autocorrelation

>30 nHz, <500 nHz

Significance of main peak for quadratic fit to RTTT
mean 2.90
mn 1.70
max 4.60

c
o
.;
O
o
| -
o
o
O
o
——
>
<

500 1000 1500 2000 2500 3000 3500
Frequency lag [nHz]

16% of main peaks have a significance > 4 o
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wks) Monte Carlo parameter study

1 work in progress
o10[ |7 T T
0.08 | 4.20 ~ — Fossat :

Splittings

0.06
0.04

0.02 'Y
0.00 f I
~0.02 -
~0.04 - |

Autocorrelation

| A |
0 500 1000 1500 2000 2500 3000 3500
Frequency lag [nHz]

|dentified maximu
peaks > 40
(>30 nHz, <500 nHz)

Computed locations
of expected splittings

4 pixel smoothing

Hannah Schunker



wfs) Monte Carlo parameter study

1 work in progress
0.10 b~ [l

0.08 | 4.2 — Fossat f 4 pixel smoothing
0.06 Spllttlngs -

0.04 :
Lol

B, Wik

Autocorrelation

—0.02
—0.04

0
0.10[ g5 : Original analysis

0.08 (no start-time offset)

0.06 -
0.04 ; 1.

0.02 i 4 pixel smoothing
ot i LR * * (6 pixel smoothing

-0.02 }

~0.04 | * shows 40)
500 1000 1500 2000 2500 3000 3500
Frequency lag [nHz]

Autocorrelation
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wfs) Monte Carlo parameter study

— Fossat 6 pixel smoothing

Splittings

Autocorrelation

Original analysis
6 pixel smoothing

Autocorrelation

500 1000 1500 2000 2500 3000 3500
Frequency lag [nHz]
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wfs) Monte Carlo parameter

work In progress

" Fossat eDid not fi |
Splittings eqguivalent si

oAt least a 1 in 5000
chance of finding a
similar signal

c
o
=
O
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C
C
o
o
o
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)
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500 1000 1500 2000 2500 3000 3500 (240 nHZ)
Frequency lag [nHz] Qg = 1286 ﬂHZ
jis this difference significant?
#32 Fossat

Start-time offset 2 hours 0
p-mode band width 1.77 - 3.9 mHz 2.32 - 3.74 mHz
Width to fit RTTT /41 seconds 800 seconds
Gauss fit window 1.57 - 4.26 mHz 1.5 -5 mHz
Smoothing 4 pixels (7 nHz) 6 pixels (11 nHZz)
a-mode rotation 1286 nHz 1277 = 10 nHz
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MPS)

e

1. Qualitatively

2. Detection Is sensitiv
in the analysis method
. Fitting function to measu
i.  Smoothing of AC
il.  Start time of data series
iv. Cadence of RTTT measurements (5 h

3. MC parameter study (2 hour offset)
- NO equivalent signal
- 1 In 5000 chance of finding a similar signal

Conclusion:
- easlily broken — fragile detection
- start time dependence extremely worrying

Hannah Schunker



1.
MDI, HMI, BIS

2. Explore physical assum
Assume;

3. Other stars with g-, p-, and mixed
Kepler
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