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ABSTRACT. The Digital Access to a Sky Century@Harvard (DASCH) project is digitizing the ∼500; 000 glass
plate images obtained (full sky) by the Harvard College Observatory from 1885 to 1992. Astrometry and photometry
for each resolved object are derived with photometric rms values of ∼0:15 mag for the initial photometry analysis
pipeline. Here we describe new developments for DASCH photometry, applied to the Kepler field, that have yielded
further improvements, including better identification of image blends and plate defects by measuring image profiles
and astrometric deviations. A local calibration procedure using nearby stars in a similar magnitude range as the
program star (similar to what has been done for visual photometry from the plates) yields additional improvement
for a net photometric rms of ∼0:1 mag. We also describe statistical measures of light curves that are now used in the
DASCH pipeline processing to identify new variables autonomously. The DASCH photometry methods described
here are used in the pipeline processing for the data releases of DASCH data,5 as well as for a forthcoming paper on
the long-term variables discovered by DASCH in the Kepler field.

Online material: color figures

1. INTRODUCTION

The Digital Access to a Sky Century@Harvard (DASCH) is
an ongoing project to digitize and analyze the scientific data
contained in half a million astrophotographic plates that cover
both the northern and southern skies from the 1880s to the
1980s (Grindlay et al. 2009, 2012). During the development
phase for the high speed DASCH scanner (Simcoe et al. 2006)
and analysis software, we have scanned over 20,000 plates in
five selected fields covering M44, 3C 273, Baade’s window, the
Kepler field, and the Large Magellanic Cloud (LMC). The ini-
tial photometry and astrometry developments are described in
Laycock et al. (2010, hereafter L10). The pipeline and database
are described in Los et al. (2011). Further astrometry develop-
ment is described in Servillat et al. (2011). As a pilot scientific
study, we have discovered interesting long-term variables with
∼1 mag variations over years to decades, which provide impor-
tant information about dust processes, accretion physics and
possible nuclear shell burning on the surface of a white dwarf
(Tang et al. 2010, 2011, 2012; Servillat et al. 2013).

Observational astronomy has now entered an unprecedented
era of time domain astrophysics (TDA). The Palomar Transient
Factory (PTF; Law et al. 2009), the Panoramic Survey Tele-
scope and Rapid Response System (Pan-STARRS; Kaiser et al.
2002), and the Catalina Real-Time Transient Survey (CRTS;
Djorgovski et al. 2011) are all steps toward the future Large
Synoptic Survey Telescope (LSST; Walker et al. 2003).
DASCH, with its unique 100 yr time coverage and sampling,
opens a new window for studying variables, especially those
with long timescale variations. This requires the correct removal
of plate defects (e.g., dust and scratches, that are more likely on
old plate images), as well as good astrometry and photometry on
each resolved object.

Here we describe further photometry developments beyond
L10, including identifying blended images, filtering out dubious
detections using image profiles and large astrometric errors,
and improved local calibration using neighbors with similar
magnitudes. These developments are all essential to finding real
variables on DASCH plates. We also describe statistical mea-
surements of light curves, which will be used for selecting vari-
ables. A subsequent paper in preparation will report on the
details of the initial DASCH variable search for the Kepler field
(Tang et al. (2013b, in preparation).

2. INITIAL PIPELINE AND PLATES IN THE
KEPLER FIELD

Here we briefly summarize the initial photometric pipeline.
More details can be found at L10. The DASCH scanner outputs
12 bit pixel�1 (each digitized pixel is 11μm × 11μm on the
plate) as a direct measure of the plate transmitted intensity,
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which is then inverted to give a positive image. Note that the
images are in photographic densities, which are nonlinear
and are different from linear flux. The bias level is about
50 ADU, and the maximum is 4,095 ADU. We divided each
plate into 9 annular bins and fit the calibration curve in each
bin separately to correct vignetting. After extensive experiment,
isophotal magnitude from SExtractor is adopted as the instru-
mental magnitude, which has better performance than area or
aperture magnitudes. A bright star can cover >1000 pixels, pro-
viding a large range of isophotal magnitudes, and therefore sat-
uration is not a severe problem in most plates (see, e.g., Fig. 2 in
L10). Most Harvard plates are blue sensitive without filters, with
a color response close to Johnson B. However, a small fraction
of the plates used red and yellow filters. In order to generate
consistent and precise magnitudes, it is essential to understand
the color response in each plate and correct it. We derive the
color term C, by minimizing rms in the calibration curve, as
shown in Figure 10 in L10. The distributions of C by plate series
and year in the M44 field are shown in Figure 11 in L10.

A particularly interesting field for long-term variability stud-
ies with DASCH is the ∼10° × 10° field observed by the Kepler
mission (Borucki et al. 2010), which provides very high sensi-
tivity measures of variability on short timescales. We have
scanned 3,735 plates taken from 1885 to 1990, in or covering
part of the Kepler field. These plates are from 17 different series,
each typically represents a single telescope (some series such as
mb, ac, and am contain data frommultiple or refigured telescope
objectives). Table 1 lists information on the number of plates in
each series, telescope aperture, field of view (FOV), median and

rms of limiting magnitude of the plates used in this work. Note
that each plate is divided into 9 annular bins for photometric
calibration to correct vignetting (as well as further corrections
in “local bins” for plate and sky variation corrections—see
L10), and each annular bin has its own limiting magnitude val-
ue. Most plates are blue sensitive, close to Johnson B. Since the
only plates scanned for the “Kepler field” were chosen to con-
tain part or all of the Kepler field, the coverage for any given star
decreases with increasing radius from the center of the Kepler
field, as shown in Figure 1. At any given point within the Kepler
field of view (FOV), there are at least 1500, 1000, 450, and 130
plates down to B ¼ 12, 13, 14, and 15 mag, respectively. The
Kepler field was, unfortunately, not observed as much by the
more sensitive Harvard plates (e.g., series mc or a), which cover
many other fields, so these magnitude limits do not reflect the
entire DASCH database.

For photometric calibration, we used the Kepler Input Cat-
alog (KIC) which contains Sloan-like griz photometry (Brown
et al. 2011). KIC covers ∼177 deg2, centered at J2000 R.A.
19h22m40s and decl. þ44°300, which is smaller than our
scanned region. In other fields, we used the Guide Star Catalog
(GSC) 2.3 (Lasker et al. 1990) and the newly released AAVSO
Photometric All-Sky Survey (APASS) catalog (Henden et al.
2012; http://www.aavso.org/apass) for photometric calibration
(the APASS catalog will be the default calibration for produc-
tion DASCH data releases). In this article, we focus on the
region covered by KIC. DASCH light curves of Kepler planet
host stars are presented in a companion paper (Tang
et al. 2013a).

TABLE 1

PLATE SERIES CHARACTERISTICS AND NUMBERS FOR 3735 DIGITIZED PLATES IN THE KEPLER FIELD

Series Number of plates Lens aperture (inches) FOV (deg) Median limiting magnitude RMS of limiting magnitude

ac . . . . . . 1578 1.5 34 × 43 12.1 0.9
i . . . . . . . . 690 8 9 × 12 13.8 0.9
dnb . . . . . 430 1.6 33 × 41 14.2 0.7
rh . . . . . . 342 3 22 × 28 13.4 1.1
mc . . . . . 321 16 6 × 7 17.0 1.2
bm . . . . . 96 1.5 22 × 27 13.6 0.9
aa . . . . . . . 75 24 3 × 4; 6 × 7 14.0 1.1
ay . . . . . . 63 2.6 39 × 49 12.5 0.8
dnr . . . . . 47 1.6 33 × 41 11.7 0.7
ca . . . . . . 40 2.5 34 × 42 12.3 0.8
ma . . . . . 19 12 5 × 7 16.0 1.5
dny . . . . . 12 1.6 33 × 41 13.8 1.0
mb . . . . . 8 3 to 6 22 × 28 13.5 0.7
aco . . . . . 5 1 35 × 43 12.6 1.1
am . . . . . 4 1 34 × 43 12.5 0.8
ax . . . . . . 4 3 39 × 49 12.9 0.7
me . . . . . 1 4 11 × 13 11.4 0.2

aNote that the Bruce telescope for ‘a’ series plates was moved from Cambridge, MA (latitudeþ42°) to Arequipa, Peru (latitude �16°) in
1896, and later to Bloemfontein, South Africa (latitude �29°) in 1929. At decl. ∼þ 45°, the Kepler field was very low in the sky when the
telescope was at Arequipa (1896–1928), and even lower when the telescope was at Bloemfontein (after 1929). As a result, most (73 out of
75) ‘a’ series plates processed in the Kepler field were taken before 1910, with much poorer emulsions compared with later ones, and are
much shallower than ‘a’ plates on average, which have typical limiting magnitude of ∼17–18 mag.
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3. IDENTIFY BLENDED IMAGES

With Galactic latitude of b ∼ 13:5°� 8°, the Kepler field is a
moderately crowded field. Moreover, due to overexposure and
trailing on some plates, many bright objects may have their pho-
tometry contaminated by nearby objects. Plates are nonlinear
detectors, and these blended images must be recognized and re-
moved (for now; image subtraction techniques will be explored
for future applications) from the photometry analysis. Other-
wise, large errors/deviations from the true magnitude in the
blended stars will lead to fake variables, which will pollute the
pool of variables we are ultimately looking for.

SExtractor is used for object detection and photometry
(Bertin & Arnaults 1996). It does some image deblending but
requires a saddle point in the point spread function (PSF) that is
usually lost for saturated stars. Therefore, many blended images
are not recognized as blended in SExtractor. To overcome this
problem, we use a second criterium to flag blended stars besides
the SExtractor flag. We adopt a critical separation radius,Δrcrit,
which is the sum of one half of the SExtractor full width half
maximum (FWHM) radius and the astrometric error, as deter-
mined by the rums of positions in that star’s “local bin”. For any
SExtractor object, we search the input catalog (which is KIC in
this article) for stars within Δrcrit. If there are multiple KIC
stars matching one SExtractor object, then only the brightest
star (in KIC, g) is accepted, while all the others are flagged
as blended. For the brightest star, if the total computed flux
of all the other stars within Δrcrit contributes more than 10%

of the computed flux of the brightest star, then the brightest star
is also flagged as blended.

The FWHM (by which we mean the FWHM given by SEx-
tractor, which is computed directly from the digitized measure
of photographic densities) of a star image on a plate depends on
the brightness of the star and the plate properties, as shown in
Figure 2. It ranges from 10″ to 20″ on small plate scale plates
such as the mc plates (with scale 98″ mm�1), and up to 40″–
100″ on large plate scale plates such as ac (606″ mm�1) and
dnb (577″ mm�1). Somewhat surprisingly, the asymptotic value
at fainter magnitudes (but still >1 mag brighter than limiting
magnitude) for the FWHM of the PSF in pixel units (1 pixel
for the DASCH scanner is 11 μm; see Simcoe et al. 2006)
is ∼10 pixels, for all plate series. However, within 0.5 mag
of the limiting magnitude, the FWHM does drop to ∼3–4 pixels.
The astrometric error is much smaller than the FWHM, with
typical values from subarcsecond to a few arcseconds, mostly
depending on plate series (L10; Servillat et al. 2011).

4. FILTER OUT DUBIOUS DETECTIONS

4.1. Image Profiles

There are many kinds of defects on the plates, including
emulsion defects, scratches, ink marks or dust particles not re-
moved in the cleaning process for each plate, and even airplane
tracks (post 1957), which all must be “removed” in the search
for variables. Ink marks from many users of the historical plates
(annotations of objects they were working on; present on about
20% of the Harvard plates), and most dust particles, as well as
“smudges”, are removed during the plate cleaning of the clear
glass back side of the plate, but other defects (e.g. occasional
scratches) remain there. Such defects must be flagged and
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FIG. 1.—Coverage contour of number of digitized plates in or covering part of
the Kepler FOV. Four panels show number of plates reaching limiting magnitude
of 12 mag (upper-left panel), 13 mag (upper-right panel), 14 mag (lower-left
panel), and 15 mag (lower-right panel), respectively. The Kepler FOV, as de-
lineated by the CCD arrays, is overlaid (black squares) in each panel. See the
electronic edition of the PASP for a color version of this figure.
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removed for new transient surveys or if within the astrometric
error or FWHM of a known object.

Fortunately, most defects have different image profiles from
real stars, which provides a way to filter them out. Plates are
highly inhomogeneous, and images in different parts of the plate
have different profiles, as shown in Figure 3, which shows im-
age parameters (from SExtractor) versus spatial bin location on
the plate; note that this plate is a highly trailed, and images have
exceptionally larger ellipticities than on-average plates. There-
fore, we divided each plate into N ×N bins to do the filtering,

with N ¼ minð10; ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

n=1000
p Þ, where n is the total number of

objects that are detected and matched with catalog stars. Objects
at edges (within 5% of the edges of the plate width and height)
and corners (beyond 85% of the distance from the plate center
to one of the corners) are excluded in the analysis to avoid
contaminations, as they are more often distorted. We used
SExtractor parameters as profile measurements, including ellip-
ticity, position angle (θ), instrumental isophotal magnitude
(MAG_ISO), FWHM (in arcseconds), SExtractor FLUXMAX

with background subtracted (which is computed directly from
the digitized measure of photographic densities), and isophotal
area above the analysis threshold (ISO0, in units of pixel2).

“Filters” are designed to constrain and identify defects by
selection within four regions of the available parameter space
of SExtractor parameters, as shown in Figure 4. The filters are
evaluated for each spatial bin on each plate as described above.

1. Log(FWHM) versus instrumental magnitude, as shown in
the upper-left panel of Figure 4. Objects are divided into ∼30
instrumental magnitude bins. In each bin, median and rms val-
ues of logðFWHMÞ are derived after three iterations of 3σ clip-
ping. Objects beyond 3σ are flagged as defects, where σ is

defined as the rms of the value in a given bin after clipping. The
threshold (3σ here; it could be different for different parameter
space, for example, 2.5σ threshold is adopted for ellipticity vs.
position angle) is chosen after extensive experimenting, to min-
imize false positives (defects not filtered out) and wrong nega-
tives (true images filtered out).

2. Ellipticity versus instrumental magnitude, as shown in the
upper-right panel of Figure 4. Objects are divided into ∼30 in-
strumental magnitude bins. In each bin, median and rms values
of ellipticity are derived after three iterations of 3σ clipping.
Objects beyond 3σ are flagged as defects.

3. Ellipticity versus position angle, as shown in the lower-left
panel of Figure 4. Median and rms values are derived after three
iterations of 2σ clipping. Objects beyond 2.5σ in ellipticity or
position angle are flagged as defects.

4. Log(SExtractor FLUXMAX) versus log(ISO0), as shown in
the lower-right panel of Figure 4. Objects are divided into ∼30
bins in both logðSExtractorFLUXMAX) and logðISO0Þ. In each
bin, median and rms values are derived after two iterations of 2σ
clipping and one iteration of 3σ clipping. Objects beyond 3σ are
flagged as defects.

Only good matches, i.e., images matched with KIC stars
within 2σ astrometric uncertainty and therefore most likely real
objects, as shown in blue dots in Figure 4, are used in the above
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plate bm 27. See the electronic edition of the PASP for a color version of this
figure.
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See the electronic edition of the PASP for a color version of this figure.
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calculation. The resulting thresholds are shown in black lines,
and objects beyond the black lines are considered as defects.
Red open circles are images >4σ away from the nearest KIC
stars, which are most likely defects. As shown in Figure 4, most
unmatched objects, which are most likely defects, as shown in
red open circles, are located at different regions in at least one or
more parameter spaces from real star images and are correctly
recognized.

Both real stars and defects have wide distributions in param-
eter phase spaces, and the ideal goal that all defects are filtered
out while all real stars are kept is impossible. Tighter constraints
lead to less contamination from defects, while more real stars
are lost; looser constraints yield more real stars, but with higher
level of contamination from defects. After extensive experi-
menting, we chose the above 2.5–3σ cutoff to balance, and the
resulting ratios are shown in Figure 5. The objects identified as
defects are flagged but are still kept in the pipeline so these can
be plotted in light curves and included in analysis if desired.

4.2. drad Filter

Since we started matching using a search radius (FWHM=2þ
astrometric error) much larger than our astrometric error, we
might include wrong matches, mostly real stars matched with
noise or defects. We define drad as the difference between the
SExtractor image position and the input catalog (KIC, APASS,
or GSC catalogs) position. The positions are adjusted for the
proper motions using the fourth US Naval Observatory CCD

Astrograph Catalog (UCAC4) catalog (Zacharias et al. 2013).
We first find the median jdradj in the local bin, which is initially
defined as 50 × 50 bins on each plate but is then redefined to
have sufficient stars (≥20) in each bin to derive sufficiently
small uncertainties on σdrad, the rms dispersion of the drad val-
ues in this bin. Thus, σdrad is a measure of the local astrometry
uncertainty. Stars with drad > 3σdrad þ 2 pixels) are flagged as
wrong matches. The typical values of (3σdrad þ 2 pixels) are on
the order of 5″–15″, depending on plate series.

5. IMPROVED LOCAL CALIBRATION USING
NEIGHBORS WITH SIMILAR MAGNITUDES

After defect filtering, we divide each plate into 9 annular bins
(first seven of equal area; the last two to cover plate corners and
outermost edge; see L10), in order to proceed with photometry
calibrations that will naturally take into account radial vignett-
ing effects from the original telescope. In each annular bin, we
derive the effective color response by minimizing the scatter in
the “effective” catalog magnitude (defined by catalog magni-
tude and color) versus instrumental magnitude plane and fit
the calibration curve for each bin (L10). After the annular cali-
brations, to correct the localized spatial variations in plate sen-
sitivity, a first-pass local calibration is performed in 50 × 50
“local bins”, where a clipped median magnitude residual (plate
magnitude–catalog magnitude) is computed for each bin, and
applied to each star’s magnitude (L10). As there are many more
faint stars in each bin which dominate the median residual, the
first-pass local calibration accounts well for the spatial varia-
tions of the fainter stars, but not well for bright stars, especially
the ones with B < 10–11 mag, as shown in Figure 6. In the two
brighter bins (upper panels, Fig. 6), there are large linear
gradients in the two brighter bins, with positive magnitude re-
siduals in the upper-left corner and negative magnitude residuals
in the lower-right corner, while in the two fainter bins (lower
panels, Fig. 6), the gradients have the opposite trends, with
smaller variations. Such residual gradients are due to the non-
axisymmetric components of plate inhomogeneity, which could
not be removed in the annular calibrations.

To further improve the photometry, we perform a second-
pass local calibration, using neighbor stars with similar magni-
tudes. We first divide stars in magnitude bins, requiring a
minimum number of 3,000 stars in each magnitude bin, and a
minimum bin size of 0.5 mag. For each magnitude bin, we then
divide the plate into ∼400 quasi-square spatial bins—for exam-
ple, 18 × 22 spatial bins for a 8 × 10 inch plate. If the number of
stars in a magnitude-spatial bin is less than 20, we expand the
bin until it contains at least 20 stars. We then calculate the
clipped median magnitude residual and apply the residual cor-
rection to the magnitude of each star in the bin. Figure 7 shows
the magnitude residual correction versus magnitude we derived
for 9 example spatial bins on plate rb07136. The median mag-
nitude residual depends on both the spatial location, which re-
flects the inhomogeneity of the plate, and the magnitudes of

FIG. 5.—Efficiency of defect filters (all 4 filters combined). They are based on
the SExtractor parameters characterizing the image profiles. The blue solid line
shows the percentage distribution of real stars, i.e., images matched with KIC
objects within 2σ astrometric uncertainty, that passed the filters; its median val-
ue, i.e., 0.83, is marked by the blue dash-dotted line. The red dashed line shows
the percentage distribution of fake stars, i.e., images not matched with KIC ob-
jects and thus most likely defects, that failed the filters; its median value, i.e.,
0.80, is marked by the red dotted line. The above results are based on 3,735
plates in the Kepler field. See the electronic edition of the PASP for a color
version of this figure.
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stars, which suggests that fitting a dmag versus catalog magni-
tude to a sequence of stars around the given star would further
improve the photometry. In principle, this is similar to what
people do when examining the plates using eyepieces, i.e., com-
paring the image of the target object with a sequence of neigh-
bor stars with similar magnitudes.

6. DASCH PHOTOMETRY PERFORMANCE AND
SENSITIVITIES FOR VARIABLES

There are two measures of DASCH photometry perfor-
mance. The first is light curve rms. As most stars are not vari-
able at the ∼0:1 mag level, the light curve rms is dominated by
photometric uncertainty, and the median light curve rms of all
stars corresponds to the average uncertainty. The second is the
number of unrecognized bad measurements, which ultimately
constrains our ability to find real variables. As shown in
Figure 8, the second-pass magnitude-dependent local calibra-
tion improves the median light curve rms (upper panel) and
greatly reduced the number of bad measurements by 1 order
of magnitude (lower panel). Here we use “nburst3”, defined
as the number of points in a given light curve of a star that are
≥0:4 mag brighter than the median magnitude, as a measure of
the number of “bad” points. In the next section, we describe
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FIG. 7.—Magnitude residual correction vs. magnitude of 9 example spatial bins on plate rh07136. The label x ¼ 1=4, y ¼ 1=4 means the spatial bin locates at 1=4 of
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how real variables are distinguished from this “nburst3” mea-
sure of the number of bad points. The “peak” at magnitude
∼12–13 is due to this being the approximate limiting magnitude
of the “patrol plates” (for example, series ac); the reduced rms at
magnitude ∼15 is due to the contribution of the finer scale plates
(series mc, mf, and a), which reach these fainter magnitudes.

We have also compared the photometry performance using
different input catalogs for calibration, as shown in Figure 9.
Four catalogs are used: the KIC, APASS, GSC, and an experi-
mental catalog built using APASS B magnitudes and GSC B�
V colors. For stars brighter than 12th magnitude, KIC and
APASS yield better results than GSC, due to more accurate pho-
tometry in these two catalogs. However for magnitude < ∼ 8:5,
the APASS photometry is not available and so stars are “lost,”
whereas GSC incorporates the Tycho catalog. For stars fainter
than 12th magnitude, the results are comparable, suggesting that
intrinsic errors in the plates dominate. Note that the experimen-
tal catalog with APASS B magnitudes and GSC B� V colors
has larger light curve rms than the real APASS catalog, showing
that the much betterB� V color in APASS than GSC helps our
photometry calibration. Note that even using the GSC catalog,
our typical photometric uncertainty, as measured by light curve
rms, is about 0.10–0.13 mag for stars of 8–16 mag. Compared
with the photometric uncertainty of 0.15–0.20 mag we got in
our initial photometric pipeline in 2010 (see Fig. 13 in L10),
this is a big improvement, resulting from our many develop-
ments in astrometry, photometry, and defect filtering.

7. STATISTICAL MEASUREMENTS FOR DEFINING
VARIABLE SEARCH

We have developed a set of statistical measurements for the
purpose of selecting variable stars. We first define “good” points
(AFLAGS ¼¼ 0 in the DASCH database; see the DASCHweb-
site6) for the definitions of flags, excluding the following cases:

1. Blended images either flagged by SExtractor or our pipe-
line (see § 3);

2. Images flagged as defects or with a large astrometric po-
sition rms (see § 4);

3. Images on multiple exposure or “Pickering wedge” (for
calibration) plates—see Los et al (2011);

4. Images in those local bins with anomalously large pho-
tometry or astrometry errors, and thus likely dubious;

5. Images on plates with uncertain date, or within 23.5° of
horizon, which are likely have wrong observing dates recorded;

6. Images that are too bright (typically B < 8–9) to be cali-
brated, due to the lack of calibration stars;

7. Images matched with galaxies given by the input catalog
(this “galaxy flag” does not eliminate them as candidate
variables).

Using these “good points” (for selecting stellar variables), we
then calculate the statistical measurements of each light curve.
The measurements used for selecting variables are listed in the
“summary table” shown in Table 2 and are described in the
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6 See http://hea‑www.harvard.edu/DASCH/database.php.
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following paragraphs. Description of other parameters in the
summary table can be found at DASCH website.7

Two amplitude measurements are calculated. The first one is
called range_local, which is the difference between the bright-
est and the faintest points minus the sum of their errors. The
second one is called range_local2, which is similar to range_
local, but after removing the brightest and the faintest points.
Light curve rms is calculated after 5σ clipping and is called
lightcurverms1 in our database.

We also de-trend the light curves by smoothing the light
curves using four different combinations of spans and methods
and then calculate the rms of the residuals to look for variables
with trends, which have residual rms significantly smaller than
their light curve rms. Methods used for de-trending are listed in
Table 2. The first two (lightcurverms2 and lightcurverms3) are
sensitive to variables with slow variations over years to decades,
while the other two (lightcurverms4 and lightcurverms5) are

sensitive to variables with more than 10–15 adjacent points
in the trend.

We use a set of different thresholds to define “outburst”,
“dip”, and “dev” (deviation) points. If there are multiple adja-
cent points in an“outburst” or “dip in a light curve, then it is
more likely to be a true variable. To quantify this, we define
parameters (adjacentburstdip, adjacentburstdip2, and adjacent-
burstdip3) to measure the number of adjacent points in a
light curve.

To further exclude possible dubious variables, which were
not caught by our blending and defect filters, we calculate a
set of correlation measurements, including the correlation coef-
ficients between magnitude and R.A., decl., and limiting mag-
nitude. We also calculate the difference between the median
DASCH magnitude of 20 deepest plates and 20 shallowest
plates. Blends and noise/defects trends have significantly higher
correlations between magnitude and other properties (R.A.,
decl., and limiting magnitude).

When using the statistical measurements in the summary ta-
ble for a given object, it is always recommended to compare the

TABLE 2

STATISTICAL MEASUREMENTS IN THE SUMMARY TABLE

Parameter Description

Group 1. . . . . . . . . . . . . . . . Light curve amplitude and rms:
range_local . . . . . . . . . . . . . Difference between the brightest and the faintest points, minus the sum of their errors
range_local2 . . . . . . . . . . . . Similar to range_local, but after removing the brightest and the faintest points.
lightcurverms1 . . . . . . . . . Light curve rms after four iterations of 5σ clipping

Group 2. . . . . . . . . . . . . . . . Rms of light curve residuals after de-trending:
lightcurverms2 . . . . . . . . . De-trended using smooth (x, y, 0.4, “lowess”)
lightcurverms3 . . . . . . . . . De-trended using smooth (y, 0.8,“lowess”)
lightcurverms4 . . . . . . . . . De-trended using smooth (y, 10,“sgolay”)
lightcurverms5 . . . . . . . . . De-trended using smooth (y, 15,“loess”)

Group 3. . . . . . . . . . . . . . . . Number of outburst and dip points:
nburst . . . . . . . . . . . . . . . . . . Number of points ≥0:8 mag brighter than the median value
nburst2 . . . . . . . . . . . . . . . . . Number of points ≥0:5 mag brighter than the median value
nburst3 . . . . . . . . . . . . . . . . . Number of points ≥0:4 mag brighter than the median value
nburst4 . . . . . . . . . . . . . . . . . Number of points ≥3σbrighter than the median value, where σ is the median value of photometry uncertainty in the light curve
ndip . . . . . . . . . . . . . . . . . . . . Number of points ≥0:8 mag fainter than the median value
ndip2 . . . . . . . . . . . . . . . . . . . Number of points ≥0:5 mag fainter than the median value
ndip3 . . . . . . . . . . . . . . . . . . . Number of points ≥0:4 mag fainter than the median value
ndip4 . . . . . . . . . . . . . . . . . . . Number of points ≥3σ fainter than the median value
ndev2 . . . . . . . . . . . . . . . . . . . Number of points ≥2σ brighter or fainter than the median value
ndev3 . . . . . . . . . . . . . . . . . . . Number of points ≥3σ brighter or fainter than the median value

Group 4. . . . . . . . . . . . . . . . Adjacent points in “burst” or “dip”:
adjacentburstdip . . . . . . . . Measure of the number of adjacent nburst3/4 and ndip3/4 points
adjacentburstdip2 . . . . . . Measure of the number of greater than five adjacent nburst3/4 and ndip3/4 points
adjacentburstdip3 . . . . . . Measure of the number of greater than seven adjacent nburst3/4 and ndip3/4 points

Group 5. . . . . . . . . . . . . . . . Parameters used to remove dubious variables:
magvsracorr . . . . . . . . . . . . Correlation coefficient between light curve magnitude and R.A.
magvsdeccorr . . . . . . . . . . Correlation coefficient between light curve magnitude and decl.
magvslimitingcorr . . . . . . Correlation coefficient between light curve magnitude and plate limiting magnitude
Malmquist_factor . . . . . . Clipped median DASCH magnitude of 20 deepest plates—clipped median DASCH magnitude of 20 shallowest plates

using “good” points
Malmquist_factorB . . . . . Similar to Malmquist_factor but also includes defects, low altitude, uncertain date, and second quality plates

7 See http://hea‑www.harvard.edu/DASCH/database.php.
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measurement values with its neighbor stars with similar magni-
tudes. DASCH is an inhomogeneous survey: (1) Stars in differ-
ent regions of the sky have different plate coverage; (2) At
a given region of the sky, there are multiseries plates with
different plate scales and limiting magnitudes; and (3) On a giv-
en plate, the DASCH magnitude uncertainty of an object is a
function of both the magnitude of the object and the location
of the object. The significance of variability or dubious corre-
lation of a star cannot be derived from the statistical measure-
ments of the star alone. The properties of DASCH plates
covering it must be taken into account, for which the best
and easiest way is to compare the statistical measurements of
the star with its neighbors with similar magnitudes.

8. SUMMARY

In this article, we describe our photometry and variable iden-
tification software that extend the original pipeline (L10), in or-
der to improve our science goal of finding real variables on
the 100 years of Harvard plates being digitized by DASCH.
These developments significantly improved the efficiency of re-
moving dubious measurements, as well as reduced the overall

photometric uncertainty to the 0.1–0.12 mag level. DASCH
variable identifications can now start with the summary table
(Table 2) by selecting candidates with excess variability measure-
ments compared with neighbor stars with similar magnitudes.
Details of an actual implementation of a variable search using
the methods described here are presented in our Kepler field
variable search, reported in Tang et al. (2013b, in preparation).
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