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Sum of Spectral Power for All Seasons
Abstract 140 , —_ , ,
We present the results of our long-term photometric monitoring effort of VV 120 -
Serpentis, a Herbig Ae star with an edge-on disk that 1s known to undergo ' Sum of the periodigrams with a
periodic extinction events. We combine our 177 nights of data from the polynomial subtracted

) . . ) . 100 -
ANDICAM simultaneous visible/IR 1mager with two data sets from the _

literature to create a large, statistically significant, 1834 night data set spanning
23 observing seasons. A Lomb-Scargle analysis of this data set shows a broad 80 (\
peak in the periodigram at 30-35 days. This period corresponds to the
Keplerian orbital period of the inner rim of the disk, suggesting that the periodic
extinction events are caused by protoplanetary structure, which is expected to 60 % :
form 1n the same inner regions of the disk. '

Sum of the periodigrams

power

40

VV Serpentis
» A nearby (~260 pc) Herbig Ae star related to the Serpens Cloud.

* VV Ser 1s a UX Or1 star, a subgroup of young stars that are variable as a result
of dust occultations. Particularly strong occultations (~1.5-2 magnitudes in 0 10 20 30 40 50 50
V) are general accompanied by a “bluing effect” as a result of scattered light period [days)
from the disk accounting for a larger fraction of the observed flux.

 SED modeling (Pontoppidan et al. 2007) confirms that VV Ser has a nearly

edge-on (i~70°), self-shadowed dusty disk that is dominated by its puffed-up
inner rim.
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Periodigram of the full 23 seasons of data. The blue curve shows a peak at 35 days, roughly the Keplerian orbital period of the puffed up
inner rim radius of a 3 Me star. The red curve i1s the same data with polynomial fits subtracted from the data prior to generating the
periodigram. The green curve 1s the periodigram of Gaussian noise with equivalent rms, standard deviation, and sampling as the real data.

* Host star mass estimated to be ~3M@ with spectral type of B9 from SED

modeling.
» Photometrically and spectroscopically variable on time scales of minutes to : :
ears y P pieatly Sketch showing the geometry of VV Ser’s disk. Top
yrars. . left shows a protoplanetary disk with an inner puffed
R up rim that casts a shadow over the outer part of the
. disk. Top right shows the inner puffed up rim and the
1 | | | ' ' ' ' o inner photodissociation region. Lower sketch shows a
sl | cross section of the inner puffed up rim. In the case of
_ i . § g Bk v d booghogn i s, YV Ser, the line of sight passes thrqugh the edge-on
ol 2T g RE TR % : g% ¢w 1 g ! | disk. Protoplanetary clumps are predicted to be in the
A TG B i puffed up inner rim. Figure adapted from Isella et al,
125} : 5 8 - M . 2008.
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We combined our data from'the CTIO telescope in Chile (shown in blue) with fLm W - E W
that of two other groups to obtain a massive 23 season, 1834 night light curve. o) . . 0 |7 5 | |
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in, and Petrov 2010). The green data 1s from the Crimean e | & 10

=

5 : 1 8 5

0 . . . . ] . R R ) . . . R

0 20 40 60 20 40 60 0 20 40 60 20 40 60 20 40 60
period [days] period [days] period [days] period [days] period [days]

15

15
10 1 1 5 10
5 . | 8 s
T T R ' )

20 40 60 0 20 40 60 20 40 60 20 40
period [days] period [days) period [days] period [days] period [days]
15

15

10 . | = 10 | .
5 . . 5 . .

U =Zm @0 6 ' : ' e '
15

20 40 60 0 20 40 60 20 40 60 20 40
period [days] period [days] period [days] period [days] period [days]
15
10 : {1 § 10
5 ; {4 82
0

: k § 0 :
0 20 40 60 20 40 60 0 20 40 60

period [days] period [days] period [days]

Magnitude

Individual Lomb-Scargle periodigrams of all 23 observing seasons of data.
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Season light curve with polynomial fit Lomb-Scargle Periodigram
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Data of VV Ser from ANDICAM on the CTIO 1.3m 1n Chile.
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128+ S - An example of a polynomial subtracted from the light curve of one season. Top

| | | | . | | left 1s the light curve of the season with a polynomial fit and the corresponding
0540 9560 9580 9800 9820 9840 9660 periodigram (top right). Lower left, the light curve with the polynomial
D ays subtracted and the corresponding periodigram (lower right). The peak in the

periodigram around 30-35 days becomes stronger, while the lower frequency

Zoomed 1n section of V-band data showing sharp (few day) extinction events power disappears. Horizontal lines in the periodigram show 50%, 10%, and 1%
with characteristic ~30 day period. confidence levels.




