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REMARKS ON MODIFIED AUTO-CORRELATION
ANALYSES AND THEIR APPLICATION IN A SEARCH FOR
"TIME SIGNATURES” OF MICRO-VARIABILITY IN THE
dMe FLARE STAR, V1285 AQL

Characteristic time intervals between low-amplitude photometric variations
in dMe stars (henceforth termed flare star ”time signatures”) have been sus-
pected in several wide-band observations, notably in the U-band for three
dMe stars, V1285 Aql, V645 Cen and V1045 Oph (Andrews 1988a). The
modified auto-correlation (MAC) technique utilized, which employs a statis-
tic defined by the means of the squares of successive differences for equally-
spaced samples, stems from the work of Baines (1951) and Burki et al.
(1974). In order to test the method we have investigated the results from
several sets of synthetic data generated from a pure sinusoidal signal with
superposed gaussian noise. To a sinusoid of period 30 seconds and semi-
amplitude 0.15 units we have added gaussian noise with a sigma of 0.30.
The synthetic data consisted of 110 points, sampling continuously with 1-
second integrations. Performing the MAC analysis of this synthetic data we
have the result shown in Figure 1. The 30-second signal is clearly detected
over the entire range even though the noise in the data was substantial.
The "data” is plotted against time in days in Figure 2. The periodogram
of the MAC parameter was useful in this case since the MAC statistic was
weak (see Figure 2). For a good comparison with the data from V645 Cen
(Andrews 1988b) we have employed a larger number of data points (860)
for our synthetic data, again with 1-second integrations from a "star” mon-
itored continuously. This time we introduced two frequencies as shown in
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SYNTHETIC DATA SIGHAL (balow) and SIGHAL+NOISE (above)

signa = 2a

mec—-HHroID

Time (days)
' .8882 .0Be4 . 0086 .0008 6618 .0812

Figure 2



AUTO-CORRELATION SYNTHETIC DATR(sign=2a)
L g.5P 1.5P Z-TP 3.,9P .
L A ., / ]
F |ﬁ|| ’ P\'\,"'Il ll / ‘l..‘\"" \l (\‘nl i
] i} /.» r’“”'\\ Il o \ H,I'h"‘-\ N }‘I ‘I\ 'lll'\| \r"\‘j
_; “\ i \/’ ,." it A /

|

f | -
. P P i
8 ‘8885 Tipme lag (days) -8e18

Figure 3

SYHTHETIC DHTR Mlth noise (858 pts, 2 frequencies)

P, = 31.5 sec P,= 6.3 sec
- f.= 2743 cpd  f,= 13714 T
B Time (days) 7
8 .88z .o64 _ .086  .868 818

Figure 4



______

_______




Auto-correlation parameter
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POMER SPECTRUM OF AUTO-CORRELATION PARAMETER
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the "data” plot, and gaussian noise with a sigma of 0.3 (twice the semi-
amplitude, a, of the stronger sinusoidal signal; see Figures 4 and 5). The
weaker sinusoidal signal (period 6.3 seconds) was not detected in the MAC
analysis using a unit time lag of 0.00003 days, but the stronger signal (31.5
second) was detected (Figure 6). We see an amplitude modulation caused
by the time interval when this weaker signal occurred. The detection was so
clear that we did not construct the periodogram of the MAC parameter. We
find in the case of real stellar data that the MAC analysis is more powerful
than a straight-forward classical periodogram analysis and although there
are ambiguities in selecting time signatures” for dMe stars, the method ap-
pears sufficiently interesting to pursue further. As an illustration we show
new results for V1285 Aql using U-band data sampled at 7-second intervals
(see Figure 2 in Andrews 1988a). The U-band time signature was 39.3 sec-
onds (Figures 7 and 8), i.e. at a frequency too high to have been previously
detected using longer sampling intervals (Andrews 1988a). The unit time-
lag employed in the present work was 0.00003 days (near 2.5 seconds). The
results for V1285 Aql show the difficulties of spurious ghost frequencies in
periodograms which are present when there is insufficient sampling at high
frequencies. Further investigations into dMe time-signatures during ”quies-
cent phases” and near large flares, and in several photometric bands and in
spectral emission-line strengths, would be worthwhile.
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