The CLEANest Process &
Step-by-Step Example of
Applying CLEANest in VStar



Cleanest removes aliases of the frequencies to which it
IS applied and improves the frequency selection by
doing local fits around all the frequencies input to
CLEANest

It is best to work with frequencies because Aliases and
other interactions are linear combinations of
frequencies not periods (P=1/f)

First perform DCDFT on the data & isolate the top pick.
You don’t need to perform CLEANest on the first Top
Hit

Create a model which subtracts model frequency(s)
from data to produce a residual



Run a DCDFT on the residual and identify the Top Hit

Check the residual Top Hit significance by looking at
the Power and Amplitude spectra.

Power spectra re-scale on every residual because the
scale factor is the inverse of the variance of residuals
after the model was subtracted. When you subtract
signal the variance goes down. Amplitudes do not re-
scale. A practical lower limit for significance is
amplitude peak at least 4x the average of the
background “forest” of amplitudes

Check the p value in the info dialog for residuals. Make
sure the means bin size makes sense for the residuals
variability of interest.



= Re-run DCDFT on the data series (not residuals) using
top hit(s) from the previous DCDFT on data plus the
closest frequency to the new residual Top Hits1>

= Run CLEANest with these frequencies selected

= Create a new model using the CLEANest output
frequencies at the top of the Top Hits list

m Check the Info dialog for the ANOVA F and p values of
residuals. Is the p value greater than 0.05? Did it
Improve substantially? Even if the p value is >0.05 you
aren’t done if there are significant peaks left in the

DCDFT spectrum.
<1> Check Slides 11-12 if there isn’'t a corresponding data DCDFT Top Hit



@ Repeat the process of getting a new Top Hit from residuals,
re-running DCDFT on the data, incorporating the new
residual Top Hit (or close data DCDFT top hits frequency to
It) in the CLEANest input selections, creating the new model
and checking residuals for significant peaks remaining and
ANOVA p value.

= When you think you are all done: the model visually fits well,
there don’t appear to be any significant peaks remaining in
the power or amplitude spectra and the residual info dialog p
value tells you that you can’t reject the null hypothesis that
the residuals are the result of white noise, make a final
check of the scatter of the means to see if they make sense
for the type of data or reported uncertainty of the data.
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Low Frequency
0.0001

High Frequency
0.02

Resolution
0.000001

| Cancel || OK |

On Some of the following slides you may want to zoom
To 200% to see some dialog box text
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= The top hit in the DCDFT of Residual-1 is not
on the top hits list of the initial DCDFT. The
second hit in this DCDFT was also the second
hit on the initial DCDFT so it is probably a
separate real frequency and we can’t use it as
an approximation of this new one when doing
the CLEANest.

11



=@ The “new” frequency Is included by entering its
period in the Variable Periods box and clicking
the adjacent “Add” button in the CLEANest
dialog. You must add it in each subsequent
cleanest application on visual data. Cleanest
doesn’t “remember” it between runs. The
Variable Periods box is used because we want
CLEANest to be able to vary the period
(frequency) as it does for the top hits we select.
If we added it as a Locked Period, the period
(frequency) would not be refined by CLEANest.

12
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e 1 Source Name: AA Cas; loaded: Sat Mar 11 09:31:08 CST 2017

— AUID: D00-BBC-733
Plot | Observationd|| | Variable Type: LB

T PR, s rve for AA cas  Residuals

~0. 7] | oec (32000) : 56.32917 degrees
-0.7
_0.4g] | series E
Loaded Cbservations: 874 1
“0-8| raincer Than: 1
-0.9] | Hode1: 873 |
_0.d)l| Residuels: e73
Visual:
-0.4
-0.4 §
Statistics
-0.F | confidence Interval: Mean error bars denote 95% Confidence Interval (twice Standard Error
_0.3] | Mean source Series: Residuals 4
& anova: Residuals, F-vi : 1.545807 on 46 and 826 degrees of freedom, D-value: 0.012794
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File Edit View Analy

Tool Help

S f RS T Il e o+
Eelr helew iy MM AR S
Plot | Observations | Means | Model | Residuals| . .
Light Curve for AA Cas [R eS|dua|S
0 B
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-0.65
-0.60 Period Amplitude
-0.55 i
264061262 5.06892 0.035416
-0.50 673.400673 4.240253 10033456
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-0.40 0.014564 68.662455 3.366857 0.028385
- 0.013776 50.566343 3.048757 0.027587
-0.35 0.012518 78.009205 2.545436 10.024641
_0.30 0.017273 57.893823 2.268307 0.02415
0.004438 235.326724 2.309808 0.023822
025 0.018516 54.007345 2.303892 0.023404
o 0.012141 52.365538 2.095658 l0.022527
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= _p.15 0.015271 65.483596 1659525 0.015684
(=4 l0.017986 |55, 598799 1.605492 0.01954
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= 0.05 0.01585 63.067608 0.861738 0.01435%
=
& o0.10 0.016517 |60. 543682 0.74706 0.013695
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Light Curve for AA Cas

65

75 Amplitude
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File Edif summary for AA Cas

4+« lll| scurce Type: BAVSO International Dacabase observation scurce
= ||| souzce Name: an cas: loaded: Sat Mar 11 09:31:08 CST 2017
AUID: 000-BBC-733

ﬁét‘[‘ Varizble Type: LB

SR T W t curve for AA cas  Residuals

Dec (J2000): 56.32917 degrees

Series

Loaded Observations: 874
Fainter Than: 1

Model: 873 '
Residuals: 873
Visual: 873

Statistics

Confidence Interval: Mean error bars denote 95% Confidence Interval (twice Standard Error)
Mean Source Series: Residuals

anova: Residuals, F-value: 1.257804 on 46 and 826 degrees of freedom, p-value: 0.120317

A

-0

.05
00
05
10

Brightness (|

15
20

25

30

pe oaiboe g

35 1

0.45 -
0.50
0.55

2,447,500 2,447,750 2,448,000 2,448,250 2,448,500 2,448,750 2,449,000 2,449,250 2,449,500
Time (JD)

Residuals —=— Means]




Power vs Frequency

litud vsﬁeu.lencvl[}ahll’q)lihsl

Amplitude vs Frequency

Period Analysis (DC DFT) for AA Cas

(series: Residuals)
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View Analysis Tool Help

s s Hs | o
Ml i RO AR S
Plot | Observations | Means | Model | Residuals| . .
Light Curve for AA cas ReSsiduals
1
-0.70
-0.65 | Power vs Frequency | Ampiitude vs Frequency | Data | Top Hits
-0.80 Frequency Period Fower Ampiitude
_0.55 ; 0.03985
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® o0.05 0.01158 86.355786 1.353769 0.01808
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File Edit View Analysis Tool Help ]
bol gl EW A o A
Plot | Observations | Means | Model | Residuals|
Light Curve for AA Cas
7.60
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File Edit Wl ™ Summary for AA Cas

5 Source Type: AAVSC International Database observation source

o Souzce Name: AA Cas; loaded: Sat Maz 11 09:31:08 €ST 2017

= AUID: 000-BBC-733

Plot [offfl| variable Type: 13 .
Spectral Type: M6T

RA (J2000): 19.25622 degzees Curve for AA Cas RESIduaIS

Dec (J2000): 56.32817 degrees

Series
Loaded Observations: §74
Fainter 1

Statistics
Confidence Interval: Mean error bars denote 95% Confidence Interval (twice Standard Error)
Mean Source Series: Residuals

anova: Residoals, F-value:

0.973371 on 46 and §26 degrees of freedom, p-value: 0.524447
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Period Analysis (DC DFT) for AA Cas

{series: Residuals)

H Power vs Frequency: (0.008, 4.67) |
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No high peaks left in power or Amplitude spectra. Highest amplitude
Peaks are less than 4x the background level.
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= Itis possible that an Alias (ghost signal) is the strongest
peak. This can come from an interaction between two
real signals or a real signal and periodicity (including
periodic gaps) in the timing of measurements

= If you remove the prominent Ghost and its aliases you
remove real signal because just as a ghost is an alias
of a signal, the signal is an alias of the ghost. It just
depends on which one you chose as real.

@ That is not very common but it is real problem for the
sequential CLEANest application we have just gone
through.
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= The solution is to apply CLEANest to as many of the
Top Hits as the program will accept down to some
arbitrary, low power level of say 2.0 or 3.0, depending
on the number of peaks, in the DCDFT power spectrum
of the original data. If the spectrum is dominated by a
small number of prominent peaks you may be able to
just use all of the dominant ones. That will usually
weed out the false peaks that would mask the real
ones that create the more powerful ghost. It is still a
good idea to do the sequential CLEANest for better
accuracy, but now you can leave out the false peaks
that might otherwise cause CLEANest to eliminate real
signal.
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