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The DWAREF project:
Eclipsing binaries - precise clocks to discover exoplanets
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22-7-2013 727 planetary systems / 942 planets / 146 multiple planet systems

*S-Type the planet moves around one of the two stars

*P-Type the planet moves around the entire binary- circum-binary planets
(Muterspough et al. 2007)

Simulations show either of above possibilities has a large range of stable configurations

(see e.g., Broucke 2001; Pilat-Lohinger & Dvorak 2002; Pilat-Lohinger et al. 2003; Benest

2003 Moriwaki & Nakagawa 2004; Quintana & Lissauer 2006; Pierens & Nelson 2008).

HOW we detect
circubinary planets?




Three principal Techniques

1. Precise radial velocity measuremets to detect the wobble of the binary
mass center (Konacki et al. 2009)

RV precision insufficient...

There are hardly any binaries where the systemic-velocity changes
revealed a third component (unseen in spectra).
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Doppler Shift due to Orbital Phase
Stellar Wobble

2. Photometric detection of transits of the planets (s) across the disk of the
components of the inner binary

Very long photometric runs with ’

excellent accuracy

3 systems

Kepler-16b (Doyle et al., 2011),
Kepler-34b and Kepler-35b (Welsh et al.
2012).

3. Timing of the inner binary eclipses (Lee et al. 2009)





2. Previous and ongoing searches of
circumbinary exoplanets by timing

technique
Pulse arrival time (PSR1257+12,Wolszczan & Frail, 1992).
Timing of the eclipses in binary stars LITE
e (Pribulla & Rucinski, 2006, Beuermann et al. 2011)

Existence of low mass planetary binaries

« CM Dra (Deeg et al. 2008; Ofir 2008)

 HW Vir (a short-period EB system composed of an sdB and an M dwarf)
with two-planets (Lee et al. 2009, Horner et al. 2012)

\ (

Around post common envelope systems (WD+MS latetype

By March 23 2012 11 planetary systems (16 planets/4 multiple systems)
detected by timing ‘a &
HIC, ZUll)

NN SE(Beuermann et al. 2010), UZ For (Potter et al. 2011),DP Leo
(Qian et al. 2010),RR Cae (Qian et al. 2012).

global network of four

50cm robotic telescopes (Australia, Africa and South America) (Konacki et
al. 2011).




The Archival DATA play important role (...long periods)

Krakow database prepared and frequently updated by Prof. Kreiner
(http Ihwww.as. up krakow pl/lephem/)

/% I _. e Mt ’Suhora ‘Astronomical‘Observatory
iz PmE = B Ry .. ” w | i o : -~ Cracow Pedagoglcal Um\.fersﬂt}.r

ew minima / UMa stars

“om | Col | CrA | CrB | Crv | Crt | Cru | Cyg |
| Mor | Oct | Oph | Ori | Pav | Peg | Per |

Stars near eclipse | Eccentric orbit stars | Other stars

The database is described in the paper: "Up-to-date Linear Elements ose ries", IH l einer, 2004, Acta Astronomica, vol. 54, pp 207-210 . Please include a citation when using the
database for your research. This project was { Sup )

Current orbital phase is calculated based on YOUR COMPUTER TIME !!!!

Advantages
» it is complementary to the competing project SOLARIS covering the
Southern hemisphere
» it uses only existing facilities
»unlike other projects it would cover relatively extensive list of targets
increasing chance of new detection(s)
»it is a unique collaboration of many observatories




3. Target Selection
objects with sharp and deep minima

(i) systems with K or/and M dwarf components
(ii) systems with hot subdwarf (sdB or sdO) and K or M dwarf

components
iii) post-common envelope systems with a white dwarf (WD)

component

NSVS data (Hoffman et al., 2008),

HAT network data (Hartman et al., 2011) and

ASAS data (see Pojmanski, 2002; Pojmanski 2003, Pojmanski &
Maciejewski, 2004ab;Pojmanski et al., 2005)

Objects North of DEC = -10° with P<5d, R=10-17mag

Maximum amount of information but also neglected systems.
Follow up observations...




Preliminary target list
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Table 1 Target list

PTIFEE11.451 o045 450 415030 051 035 MIFEUD 30 354383163 DISETIO 07 00 153 -:"'..]
MEVE M307357 0138239 +237120 0466 028 EHAMI 47 347453801 0.5150BB36 O 023 Q2 138 125 1B 24 03
BXTn G20 50 +332048 051 026 MIVHERMHV 003 34 J1352.0616 019263590 033 03T 0072 134 125 42 13 {4
W2 Par GX 3T 333 +351401 J2500.5065 0026206090 IX35 (8]
=] 3236 0337141 L1030 03B 02B MYV 0.0z 39 7348835 077126000 021 Q19 0O03% 140 135 63 00 (5
WRLI Per 344 333 +35 5235 J32187.8323 057759120 QI 0.HD 131 Ly
HLIT1174E 03431668 +17480% O02B 027 WDEWD 68 J36LE42 011601540 055 Q07 16.7 163 i
Va7l Tam 63 30350 +1T1447 EXv+DA J2300.3434 0U5Z11E35T 007 OO0 B3 93 &)
HAT-Z16-0003316 0440230 +31 2646 BIPHRITN H4TL.3T4T 20413610 152 133 Ly
AP Tm M 450 26353214 J2300 1267 DRT7197ET0 130 (8]
HAT-131-0026711 05 15369 8374 H45TITID 066303310 030 010 143 Ly
HAT-133-0002525 0535252 434947 0.03 336324737 158457150 040 016 0058 138 4. Ly
WM Cam Oy I0s2]l HE5T44 04E 013 dBHM 008 &3 JIBZLTINE Q0568665 L0 020 0O0LlF 147 1448 12 34 {10
TN Gam 0734374 +315210 060 050 dMle 006 40 325004573 0.B142B330 Q055 05D 106 =21 {11}
HAT-136-0003262 OF 11 388 +430233 I3TILE3ST 0.648sEET0 060 0SF 0071 143 34 Ly
CEC IS 1748 OEZX5310 243704 056 065 MIVHAIV 40 33730730 226560000 091 040 453 1290 3¢ 13 {13
O Coc GE 31 376 +19233% 043 040 MV 0.03 31 02083068 277146800 013 000 0083 121 104 &1 0B (13)
HEVE 02302726 0844110 +342347 071 035 ESVEMIV 004 43 4075500 Q55975500 O30 03T 0084 140 134 3% 11 {14
EEC T80 245 RIS 123 +361334 068 073 MIVHROW 346 5345366763 036697100 050 060 007D 125 Lo 346
HAT-ZX3-0003420 0221 2B.4 +33255% 0.0z 43341858 082857500 08 02T 04T 145 & Ly
BS Ukia 1125410 +4134350 K-V 0.10 J2F00.3477 032050090 041 037 003% 1235 1LY 20 L&)
HW W 1244202 —0E4017 048 014 dB+DMET &2 52500.0580 011671847 &7 0205 0014 105 0.2 310 {17
DECWVn 1335353 433247 051 0451 MIWHDA 4E 52ITB4.3333 03651300 O OO0 128 1x:2 (LE)
MY Vir 1338461 —0z0l42 030 015 sd5+hIF &0 523000594 010101386 &Y Q15 012 133 135 06 100 {1
HEVE L3177 13453380 +791348 0.3 050 MBIV 002 44 334366796 036814180 Q50 060 005F 124 110 08 32 ({1
HAT-145-0001586 1345132 +46 1840 0.01 J3843.8268 1.3BTI2TI0 Q63 03T 004 143 31 iy
=K Boo 14 38 20.7 +363223 KXW 0.04 J2300.4350 0ATTITITD 05 07T 0091 1046 105 0.5 209
U Boo 121 386 +333609 060 0539 MOWLS 0.15 40 327235811 04BETIDOD 090 063 O+ 131 1x® 12 32 (21)
MEVE 07826147 1533804 +3735928 {0368 011 odB5HA5 T2 MI240197 01617004 M35 A0 0016 130 134 04 1B1 (1F)
E1T9-53 1547274 307351 026 026 M4 T 311328933 355001640 003 005 IX35 ey
N Ser I3 361 +11343F 035 011 DADI+A4 &0 525001202 013008015 2 OO0 16.7 22
HAT-192-0001841 16 ].; 16.7 +41 13131 0.0z J38533.505& 030BTIST Q46 0U3F 0037 140 21 Ly
C D 1534205 +3570844 023 021 M45W 0.03 T.7 JX300.TLTT 126838010 073 050 0038 128 10% 55 0B (23)
TrES-Elec-0T62]1 16530207 +463501 042 0450 MIWHAOW 44 3531397497 112078000 011 000 0080 1535 &8 01 324
HAT-1965-0006238 17 38 503 +33 35712 33623.7448 1.73E34310 149 Ly
a4 Oph IE33 263 HITOT 51 0.35955400 1x9 (8]
OT Lyr 1908 100 +2913 42 41224368 027109500 141 (8]
FF Egm 14 45E +193645 325002847 062200717 140 (8]
MEVE 142363827 20X 004 HE3ITIE 046 021 d0HME 35 512832198 01103710 OFF 022 0014 132 133 07 70 25
FIDwl X E 160 +1443 3% 323003 0.41502E10 146 (8]
ME Dl 331135 HS51308 060 043 EOW 001 37 JI5003087 0352169080 033 017 0073 110 E2 14 27 (2
B IZ130.64710 Z1 30 1B.35 71007 035 03537 MAHAD 41 52783.EE1% 0.5Z103563 2 OO0 130 27
HE 2231+3H1 34215 +245637 030 030 sdEHdM &3 0.110568728 140 140 £28)
HAT-205-000777T7 I24X07.5 4390244 331460021 111001010 146 Ly

Explanation of columns: ceoppo. o000 - egoatorial coordinates given for epoch and equinex 2000.0; &y 2 - masses of the components; speciral
ssification; Ao - observed O Connell effect ammplinede expressed as difference in maxima levels; AT - amplirode of the LITE for 1 fupier mass
planet orbsing the bipary on 10 vears arbit; HIDY, , Persod - ephemenis for the prmary (desper)) minimum: o ;, d;, - oumima depth for the [ passband
(for the V' passhand tvped n italics); [ - doraten of the primary eclipse; V7, N - out-of-eclipse brighiness of the binary; A - theoretically achiswable
mmmmpremmmmgnﬂ}mtdzﬂpe(equamﬂl-fmmepnmawm Ny =ATV A detection sensitvity of the bmary.



What are the chances to discover a
circumbinary substellar body?

i) precision and number of the minima which can be achieved

i) semi-amplitude of the LITE caused by the body

iii) intrinsic variability of the binary causing noise in minima
timings.

, At

D&
At = — -
dyf Ne—

Diameter of
telescope

At 15 1 100.2(m+XK‘) \/B

Henden & Kaitchuck, 1982
i Ad




LITE amplitude

Max — Min or peak-to-peak changes

Target Q2000 2000 M M2 Sp.type Aocrp AT HID; Period i) Dy - At Ng; Ref
Mp] Mpl [mag] [s] 2400000+ [days] g] [days]
DV Psc 0013092 +053543 049 051 ESVHMIV 004 4.5 52500.1150 030853740 15 0.082 1 41 (1)
PTFEB11.441 0045460 +415030 051 035 M3IS+WD 5.0 554383165 035871000 Xt (2)
NSVS 06507557 0158239 +252120 066 028 E9+M3 4.7 547463801 051508836 0062 134 12. 8 26 (3)
BX T 0220508 +332048 051 026 MIV-MAV 003 54 5 A 3 0.19263590 0072 13-« 3 2 13 @
V449 Per 0257335 +351401 52 I 0.94620690 (5)
GI 3236 0337141 +691050 038 028 M4V 0.02 5. 547349959 0.77126000 16 0.039 3 09 (6)

in the case of a Jupiter-mass
planet orbiting the EB in 10 years

The suitability of an object (N, in Table 1) can be defined as the peak-to peak amplitude
of LITE caused by such a body AT , divided by the theoretical precision of a single
minimum timing, At
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cover parts of the LC just before ingress and just after the
egress from the minimum, examine period before




DATA reduction process

» CCD frames reduction
Reduction of Raw CCD frames, dark, flat-field frames,
aperture photometry...
Resulting LC available on the DWARF page

» Reference time for the data
crucial to regularly synchronize the computer clock with the
ntp servers to provide the system time within 1 second off
the UTC...?... Barycentric Dynamical Time (TDB)
What about HJD (Heliocentric Julian Date) correction?
It is best to relate time to the Solar System Barycenter.
Hence we will use Barycentric Julian Dates in Barycentric Dynamical
Time (BJD-TDB)
» Minima determination and uncertainties

Kwee & van Woerden (1956) method
Fitting function F(x) = A + Bx + CT (x — D) (Pribulla et al. 2008)
Monte Carlo simulations




The timing analysis and its limitations

(O-C) curve (due only to the inner binary) can be described by a linear (constant
period) or quadratic ephemeris (linear period variation) and if a third body is
orbiting the inner binary adding the LITE effect, the times of the minima

can be computed as follows (Irwin 1959)

Minl =JDy+ P x E+ Q x E? +

. . )
1o SN 1 1 —e* o : _
sin(v +w) +esin w

c 1+ ecos v

a is the semi-major axis of the third (substellar) companion’s orbit around the

binary’s mass center, then - aM5

ﬂfl —+ ﬁfg + ﬁfg .

Determination of orbital elements......

Derive the mass function of the third body 12 (M, + M)
M3 sin® i ~ %
53

13 3
Ade




Eclipsing binary with confirmed
JEREE

HW Vir (sdB and an M dwarf) e HW Vir, and the residuals of the eclipse

Por,= 2.8 timings measured since the early 1980s
with respect to the linear terms of the
Ibanoglu et al. (2004) ephemeris:

e (a) the parabolic curve corresponds to a
linear period decrease, which might
arise from magnetic stellar wind
breaking;

e (b) residuals from the quadratic form;

e (c) residuals after including the effect of
the 15.8 yr planet;

e (d) residuals with respect to the two-
planet model. From Lee et al. (2009)

S ..-..._-+*,i!{.+h{,{“;" E Stable configuration?

son O

4000 D] L] I.l- =" Horner & Hinse 2012

Cytln

To further characterize the HW Vir system and constrain orbital parameters we
recommend further observations within a monitoring program as described in Pribulla et
al. (2012).




» Observing network and observations

»35-120 cm telescopes with CCD cameras

» Targets DEC>-10°

»R or | filter for M or K EBs and V for sdB or WD components

» Short period cover both shoulders to see the LC asymmetry

» For most binaries with M and K dwarf component both minima
» WD component only primary

Best comparison stars
» “Extensive” multi-color UBVRI photometry co|or brightness variations

»Medium to High resolution spectroscopy at the 2m telescope at
Rozhen
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Observing network and observations

Telescope network (status as of Apnil 22, 2012)

Obceratory

F

Long
[deg.]

Lat.
[deg.]

Telezcope

Aperture

[czu]

Camera

CLL) saze

FoV

[arcrmn]

L0ADEorea
TerskolRussia

OMLU Turkey
AnkaraTurkey
Kottarma Feypt
MAD MASU Ukramne

Slovakia

[254E
425E

35.2E
328E
3L8E
30.5E
30.5E
28.3E
271E
247E

236E
223E

SEOH
433N

4141
398N
295N
5041
503N
36.TH
384N
41.7TH

454
485N

Cazzemram
Cassegram

Schrmde-Cass.
Schrmdi-Cass.
Schrmde-Cass.
Schomdt-Cass.

Cassegram
Cassepram

Schrmdi-Cass.
Schrmde-Cass.
Schomdt-Cass.

Cassegram

Schrmde
Eit.-Chret.

Schrmde-Cass.

Cassepram

Schmidt-Cass.

%) .

4]
G0
35
25
35
40

T0
35
35
40
G0

200
40
100
35

=0

EIV D240
Pixel Vision

SBIG STL-1001
iC

STL-4020M1
Apoges Al 11-47
EEV CCD 4240
SBIG STL-1001
Folera MG

SBIG ST10 3ME
Apoges CCDMT-10
FLI ProLine 09000
FLI ProLine 16803
Vers Anay 1300B
SBIG STL-6303E
FLIFLI1001E

M G2-1600

BT 'IE]I"I.:"‘-

2045 = 2043
1024 = 1024
1024 = 1024
1024 = 1024
2048 = 2048
1024 = 1024
2048 = 2043
1024 = 1024
512 = 512
2184 = 1472
2048 = 2043
3056 = 3056
4096 = 4096
1340 = 1300
3072 = 2048
1024 = 1024
1536 = 1024
OB S G

1E = I8
1010
24 =24
2828
15 = 15
11 = 11
2T7=27T
24 =24
Tu=T
14 = 10
20 = 20
17 = 17
T3 =73
5.7 57
1= 16
10 = 10
12 &

21 21

T Lohon. Sianon widojevica

2L7E

383N

Schmids-Cass.

Ladi
(¥

SBIG ST10 3ME

2184 =« 1472

0= 14

Serbuia

Roztoky Slovakia
Stara Lesna
Slovakia

Szeged Hhmgary
TonumPoland
Bmo/Czech Rep.

HyvarCroatia
Graz/Austna

CatamaTtaly

Prague/Czech Fep.

TLS Germany

Jena

Germuany
Herges-Hallenbers (Germany
Trebur Gemmany
LOAOTTSA

Z1aR

2L5E
20.3E

20.2E
18.6E
15.6E

16.4E

8 4E

110.7TW

231N

49.4H
492N

462N
331N
492N

432N
471N

ITTH

30.1M
31.0M
509N

50.9M
30.7TH
49.5M
324M

Cassegam
Cazsegram
Cassegram
MNewton

wRas325329

= .
HESEBEBLE

Aposee Alta U327
Apoges Alta 11-47
M G2-1600
SBIG ST10 3ME
I GA-9000
SBIG ST7

SBIG STL-1001
SBIG STE
G2-4000

Apoges Al 11-47
SBIG STL11000M
SBIG ST-200050d
EAFIO01E
Apoges TTS000
SBIG ST10 3ME
Apoges AP-16
EXWV CCD42-10
EXW CCD47-10
SBIG STL-6303E
MI G2-1600
SBIG STL-4303E
ARCAE CCD

TR = J0an
1024 = 1024
1536 = 1024
2184 = 1472
3056 = 3056
765 = 310
1024 = 1024
1530 = 1020
2056 = 2062
2048 » 2048
4008 = 2672
1600 = 1200
1024 = 1024
3040 = 3040
284w 1472
4096 = 4096
2048 = 2048
1056 = 1027
3072 = 248
1536 = 1024
3072 = 2048
4096 = 4006

16 = I
Th= T8
12 = 8
=14
17 = 17
17= 11
12 = 12
17 = 11

Ex8
16 = 11
Q=7
125x 125
17 (dramseter)
M =16
132132
53 =53
21 =20
Tl =52
4832
10 = 7
28 = 28
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List of objects updated

Posted on 5. Movember 2012 | Leave a comment 14 September 2012 | Leave a Comment
New objects were added into list. The objects we Tywo objects were dropped from observational list:

WD + M dwarf

NT lusvw ~rlhAvars ik fArnAA AllTkcrATAAlL viAaviar iAKW~

Date Object Observatory Instrument Filter(s) Light curve

5DS5

LPi3:
CSS 4 2012-00-30 GJ 3236 Patras Schmidt-Cassegrain Ic Wiew Download

2012-10-01  GJ 3236 Patras Schmidt-Cassegrain Ic View Download

C554 2012-09-30 BX Tr Patras Schmidt-Cassegrain Ic View Download
SW Se

2012-09-29  GJ 3236 Patras Schmidt-Cassegrain Ic View Download

. 2012-09-20  BX T Patras Schmidt-Cassegrain Ic View Download
low-mass by I

2012-00-20 AP Tau Patras Schmidt-Cassegrain Ic Wiew Download

m Vg1 2012-09-28  GJ 3236 Patras Schmidt-Cassegrain Ic View Download
m KICg
m KICE

2012-09-28 BX Tn Patras Schmidt-Cassegrain Ic View Download

2012-09-28 CM Dra Patras Schmidt-Cassegrain Ic View Download

2012-00-27 BX To Patras Schmidt-Cassegrain Ic Wiew Download

2012-00-27 AP Tau Patras Schmidi-Cassegrain Ic View Download

2012-09-27  YY Gem Patras Schmidt-Cassegrain Ic View Download

T 3734 Pafras Srhmide-Cazseorain Tr View Dowrnlnad
2013-08-10 HS 223142441 MMAO NASU Celestron Clear View Download

2013-08-10  FP Sge Lesnild Schmidt-Cassegrain Clear View Download

2013-08-10  G179-35 Lesnild Schmidt-Cassegrain R View Download

2013-08-09  GU Boo Lesniki Schmide-Cassegrain E View Download



http://astronomy.science.upjs.sk/projectdwarf/2012/09/14/dropped-objects/�
http://astronomy.science.upjs.sk/projectdwarf/2012/09/14/dropped-objects/�

Conclusion

*the study of spot cycles in the RS CVn-like late-type binaries, detection of flares
(see Pribulla et al., 2001)

*A more accurate characterization of recently discovered detached eclipsing binaries
edetection of new low-mass EBs which is crucial to better define the empirical
lower main sequence

edetermination of absolute parameters of the components (in the case that

spectroscopic orbits are available)
edetection of EBs with pulsating component(s)

edetection and characterization of multiple systems with two systems of eclipses
edetection of new variable stars in the CCD fields covered

*Photometric detection of transits of substellar components across the disks of the

components of the eclipsing pair (see Doyle et al., 2011)
edetection of invisible massive components causing precession of the EB orbit
and changes of the minima depth (see Mayer et al., 2004).




Last but not least...
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