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~19,600 plates scanned
Introduction to DASCH 1.7x10° magnitude measurements

plates
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Digitize and Measure the Harvard Plates
to open the ~100yr TD Window

~500,000 photographic plates between
1880s-1980s covering the whole sky
(Grindlay et al. 2009).

~500-1500 measurements for each Two advantages of DASCH:

object with B<15 (up to 18 mag in Long-term variables; Rare bright variables
some regions)

Study temporal variations of
(stars to AGNSs)

Astrometry: 0.8-3 arcsec

Photometry: 0.1-0.15 mag (Laycock et
al. 2010; Tang et al. in prep).

Start half/full production in 2012: ~400
per day. Finish ~20157
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DASCH Pipeline
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Inks, scratches...
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emulsion defects, dusts
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Tang et al. in prep.
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Y IMAGE

Step 2. Photometric calibrations:
annular bins & local calibrations

to correct the inhomogeneity of the plates

10000
X IMAGE

Instrumental Units

Residuals Residuals

Laycock, Tang et al. 2010
Tang et al. in prep.
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Variable Search: Tang et al. 2012d

1. divided into local 2°x2° bins Light curve RMS/clipped RMS
2. calculate light curve statistics for each star | Amplitude/clipped amplitude
(variable candidates) RMS ratio before and after detrending

Number of outburst points

Number of dip points
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variable candidates with multiple
adjacent dip/outburst points
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Long-term variable candidates
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Example of a variable with adjacent

dip points... more on it later

MN233012397, ra = 9:53:10, dec = 33:53:53, Ngood = 122
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Further Analysis and Classification of Variables

Eclipsing le_K10311340_good.col Median Magnitude=11.52 RMS Local=0.30
1900 1920 1940 1960 1980
' )

Binary :
L M@z mgé‘mzéiw,;f% g I

(Algol system)
Objects with dips,
normal clipped rms

1

Magnitude
12
ETFHH“*T*T1T*T'

.
|

13

3
*

.*.. [ ] E'Y ] L

-

14

' Il ' 'l ' ' ' 'l 'l 'l l ' 'l ' 'l l Il 'l
2415x1o° 242><106 2425x10° %437)1 ® 2435x10° 2.44x10° 2.445x10°
I.IICII'I

lc_K11307603_good.col Median Magnitude=11.22 RMS Local=0.93
1960

Pulsating Star
(Mira, TU Cyq)
Large clipped rms

Magnitude

Il ' 'l 'l 'l Il 'l l 'l ' Il ' l ' 'l Il 'l '* ' 'l ' 'l l Il Il 'l Il l Il ' 'l ' ' 'l Il
2.415x10% 2.42x10° 2.425x10° u.::ﬁ’f)‘: 2.435x10° 2.44x10° 2.445x10°

lc_K8153411_good.col Median Magnitude=12.31 RMS Local=0.48
1900 1920 1940 1960 1980

T T I T *I T T T I

R TR LAY T

Exotic
(CV, MV Lyr)

12

Magnitude
14

% L]

N

1 M 1 | 1 1 M 1 | 1 1 1 1 1 1 " 1
2.415%10% 2.42x10° 2.425%10° 2. 4.‘5x106 2. 435x1o° 2. 44x103 2. 445><10‘@i
Julian Date




~ 104 are variables with amplitude >~0.5 mag

Demographics of DASCH Variables

Exofic  Flare stars
Eclipsing binaries 15%

48% —
.~

Pulsating stars 31%




KU Cyg: 5-yr dust accretion event

Tang et al. 2011, ApJ, 738, 7
Algol-type eclipsing binary
3.85 Mo F star + 0.48 Mo Kalll
(Smak & Plavec 1997)

accretion timescale
Increased mass transfer =>
increased disk mass =>
larger optical depth (dust
extinction and neutral hydrogen
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Magnitude

excretion disk

X-ray obs. needed (SWIFT)

Normal Be stars:
amplitude <~0.3 mag

(Mennickent et al. 2003)
Type 1 Be stars (showiﬂoutbursts

@ 10 duration AT (days)
g ‘ng
8 5| N
0 50 100 150 20
20E 3
w 15E §§ amplitudeA(mag)_i
27 M
NN NSNS T

03 04 05 06

07 08 08 10

Magnitude

Within the error circle of a Fermi source: pulsar + Be?

9.5

-
=]
T

et
__o

HD 228266 DASCH 1'111’1111@

i

Tang et al. in prep.

1900 ‘1910 ‘1920 1930

1840
Year

1950 19613 19?0 1980 1980

I LI
X per A known Be X-ray binary

Mag

Monotonic velocity chan

1998 2000

Year

5

e over emonth

2002 2004 2006

KEBEBEID ra= 21]84 dec 36: ?26 NgDDd 1216
T T T T
- : DASCH variable
0] L. -
105F e : MR
Ll . 5
11F . .'4‘"_
1 1 1 | 1 . 1 1 1 1
1890 1900 1910 1920 1930 1840 1950 1960 1870 1980 1990

Year; g=

10.7, g-r = 0.17




Discovery of new type of variable stars:
3 unusual long-term K giant variables;

Tang et al. 2010, ApJL, 710, L77
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Lightcurves and color evolution of 3 unusual long-term wvariables which were found in DASCH scans near NM4d4., Black dots with
rars are the lightcurves from DASCH, small green dots are the lightcurves from ASAS. Since ASAS data are in V band, while DASCH

es are the B-R color derived from plates with y-axis labeled in the right, and red dashed lines mark the weighted mean B-R
m 1970s to 1980s.



Probably a mix of two subgroups:

New K giants variables e
IN the Kepler field strong magnetic activities induced

by binary interaction; variations may

Tang et al. 2012¢ be rglated to ultra strong star spots

activity.

. Single stars; variations may be
caused by novel dust formation
processes during a certain
evolutionary stage.
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K giants in Binaries

MNZ230030599, ra = 7:36:6.51, dec = 2121411, Ngood = 521
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Single K giant Stars

MN22321301686, ra = 7:24:19.1, dec = 9:12:32_ Mgood = 169
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A peculiar 10-yr outburst Tang et al. 2012a, Apd, submitted
arXiv:1110.0019
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DASCH J0757, list of properties: [BSEEEislE Mol
From atmosphere fitting (Bob Kurucz), KeljdieINz=ilels! 119.18d+-0.07
radial velocity & ellipsoidal variation Eccentricity 0.025+-0.01
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Light curve of JO757 doesn’t look like the
accretion powered systems, such as

* Nuclear burning?

The outburst profile of JO757 more closely
resembles that of Z And and CI| Cyg, which
are believed to have gone through nuclear
burning powered outbursts (Mikolajewska
2003, et al. 2002). However, Z And and CI
Cyg are hot and luminous during quiescence
(H-burning in both quiescence & outburst).
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Mikolajewska 2010

M, [M,]
0.33 0.48 0.95
I ' I ' I
: thermonuclear runaways E 2 ® —
in symbiotic systems; only 9 symbiotic o R e §
novae known so far (e.g. Kenyon 1986) *;ﬂ 15 o) -
, Slow & quiet © - _% -
. q 1 - © ngﬂ Cyg —|
Our object: period 119 days, NO emission 3_'5 | !L | 4'5
line , NO indication of wind '
log L, [Lg]
JO757

Table 1. Observed properties of symbiotic novae Iben 2003

Star Distance |Period| Mgy Ly  Rmax (T5gd 7hlue)
[kpc] yr] | (7)  [Le] [Ro] |[yr] [y1]

AG Peg 0.7 226 | 1.6 4000 18 | 60 50
V1329 Cyg 3.7 2.60 § 18000 26 | 15 20
RT Ser 9.4 12.0 25 28000 100 | 25 40
PU Vul 3.2 134 | 25 25000 50 | 10 -
V1016 Cyg 3.9 >15 | 130 36000 6 | 0 >40
HM Sge 2.9 >15 | 100 28000 20 | 4 >20
RR Tel 2.6 >15 | 50 17500 110 | 7 > 30
RX Pup 1.8 \ 2007 ) 40 16000 60 \ 4 9




DASCH JO757 is a rare and Kato & Hachisu (2011): all w/ 0.6 Msun WD
t (yr) [for (a)]

new class of symbiotic 10 P orbs13.4 yrs
variables: o

Its current photometric and
spectroscopic properties is not
different from a normal red giant
binary. It would not be picked out
without the capture of its long
outburst in 1940s on DASCH plates.
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What sets the nuclear outburst
timescale?

« Companion may play an important
role (Kato & Hachisu 2011): a
closer companion helps drive wind
loss => shorter timescales

« With P=119 days, JO757 is at the
valley between
and novae in close
binaries (P<1 day)




A G8-KO0 dwarf binary with variations over decades

N2332330141, ra = 8:15:36, dec = 29:46:38, Ngood = 435
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An MOIIIl star with a 2yr+ dimming event:

MN233012397, ra = 9:53:10, dec = 33:53:53, Ngood = 122
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Dust process? ¢ Aurigae-like (8 AU disk)?
Eclipsed by a foreground cloud? 4yr x 10km/s = 8 AU

No significant 2MASS (JHK) & AKARI/IRC(9micron) flux excess

i N233012397 (09:53:10,0 +33:53:53 Stdmag: 12.21 color 2.912 iz 1 arcsec from search centel
mag Pointz: 29 AFLAGS: 2147453647 ra: 09:53:10.0 dec: +33:53:54 rms: 4.6 arcsec mag: 12.22 mag rms: 0.90

12 |

42




Dust process? ¢ Aurigae-like (8 AU disk)?
Eclipsed by a foreground cloud? 4yr x 10km/s = 8 AU

No significant 2MASS (JHK) & AKARI/IRC(9micron) flux excess

i N233012397 (09:53:10,0 +33:53:53 Stdmag: 12.21 color 2.912 iz 1 arcsec from search centel
mag Pointz: 29 AFLAGS: 2147453647 ra: 09:53:10.0 dec: +33:53:54 rms: 4.6 arcsec mag: 12.22 mag rms: 0.90

12}

20+ deep plates to be scanned
covering 1942-1945. Stay tuned!




Kepler planet-candidate host stars

Tang et al. 2012b

Example light curves: ———
— median of the Kepler field stars
8478994 (n= 1268 0.3H-—-1c(16and 84 pefcentiles)
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Agree with the assumption that these are MS stars (support the hypothesis

that the transit signals not due to background giant binaries).
And good news for the habitability of the plants.



Summary

We have developed photometry and variable search pipeline, which
enables us to explore stellar variations over decades.
discoveries:

« A 5-yr dust-accretion event in KU Cyg: first evidence of dust transportation and
evaporation in an accretion disk

« A group of large amplitude Be variables which might be Be X-ray binaries (Be +
Neutron star); opens a new window of hunting for high mass X-ray binaries

« Long-term K giant variables with ~1 mag variations over decades: provide new
insights into dust formation processes or extreme magnetic activities on stars

« DASCH JO757: a peculiar outburst in a peculiar symbiotic system, may be
powered by nuclear burning without significant mass loss and thus the WD
could grow.

« Another long-term variable may be a weird CV
« A candidate of Epsilon Aurigue-like system
 And many new variables...
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