Search for binary central stars of planetary nebulae:
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Formation of PNe

What we (sometimes)
What theory says: observe:

Abell 39

Fast wind

BUT WE ALSO OBSERVE...
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Credits: Thomas Goertel, Space Telescope Science Institute
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e
A new Galactic PNe Catalogue

® Previous catalogues of PNe:

e First (known) catalogue of Galactic PNe: 1063 Perek & Kohoutek (1967)
e Strasbourg-ESO Catalogue of Galactic PNe: 1143 Acker et al. (1992)
e \/ersion 2000 of the Catalogue of Galactic PNe: 1510 Kohoutek (2001)
I e (I)ur Icataiogtle ]
e Our Catalogue: ool Kohoutek 2001) ]

Acker et al. (1992) |

We used TOPCAT, an interactive VO
tool, and gathered data from 30 already
published catalogues and works. Finally:
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A new Galactic PNe Catalogue

Catalogue of Galactic PNe

MNew and updated catalogue of Galactic PNe

m Data retrieval
| RA(m [ DEC(n | Radius () [SERIEES

oo : oo ! 180 ! all results 5 | default verb. ¥ | (Maximum Search Radius allowed: 180 degrees)

News Documentation Coverage Map Help-Desk

[-]1 Hide additional search fields

— SVOCat

List of rejected PN candidates (previously misclassified).

2951 data found.

RA (J2000) DEC (J2000) | RA (J2000) | DEC (32000) | GAL_LONG (7) PNG (7) [Halll-:"m] n
(deg) (deg) (hh:mm:ss) | (hh:mm:ss) (deg) { L::n}

59511.33 9.31679 -13.71628 00:37:16.03 -13:42:58.61 108.371 -76.1858 108.4-76.1 BoBn 1 3700
59952.75 11.76390909 -11.8719284 00:47:03.34 -11:52:18.94 118.8646 -74.709 118.8-74.7 NGC 246
76613.32 18.0954 11.3936 01:12:22.90 11:23:36.96 131.13 -51.1445 PG 01094111
109284.72 337.410588 -20.837122 22:29:38.54 -20:50:13.64 36.1612 -57.1179 036.1-57.1 NGC 7293 77
111609.66 353.97221 30.46844 23:35:53.33 30:28:06.38 104.2076 -29.6416 104.2-29.6 Jnl
112639.97 29.49612 10.94394 01:57:59.07 10:56:38.18 148.1113 -48.6473 GR 0155+10
135744.73 324.22071 12.78861 21:36:52.97 12:47:19.00 66.778 -28.2022 066.7-28.2 NGC 7094
140943.69 322.49742 1217431 21:29:59.38 12:10:27.52 65.022 -27.3113 065.0-27.3 Ps1 3200
150596.47 319.625 12,0267 21:18:30.00 12:01:36.12 62.9320580069826 -25.2133682993338 Fr 2-16
151849.00 327.79592259 28.86398793 21:51:11.02 28:51:50.36 81.8738 -19.2931 BD+28 4211
155594.95 351.4733 42,535 23:25:53.59 42:32:06.00 106.5584 -17.6006 106.5-17.6 NGC 7662 6200
162387.47 316.045321 -11.363406 21:04:10.B8 -11:21:48.26 37.7623 -34.5715 037.7-34.5 NGC 7009 6500
166663.98 319.217808 24.147719 21:16:52.27  24:08:51.79 72.6626 -17.1519 072.7-17.1 A 74
167717.95 323.87242 31.69592 21:35:29.38 31:41:45.31 B1.296 -14.9127 081.2-14.9 ATE

Aller et al. (2016, in prep.)
14



PNe: When, why and how? New catalogue of PNe Searching for binary CSPNe Summary

Exploiting archival data

© OGLE (Optical Gravitational Lensing Experiment): ® Kepler:

- Extensive I-band photometric database (LCO) - Space mission (high photometric precision)
- Limiting magnitude | ~ 20 - Limiting magnitude V ~ 16
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Exploiting archival data

®© ASAS (All Sky Automated Survey):

- Two observing stations (LCO and Maui)

- Monitoring stars brighter than V ~ 14

e OMC (Optical Monitoring Camera):

- Monitoring stars brighter than V ~ 18

®© SUPerWASP (wide Angle Search for Planets):

- Two observatories (ING and SAAQO)
- Magnitude range V ~ 7-15

@ Catalina Sky Surveys

- Three telescopes (2 Arizona + 1 Australia)

- Limiting magnitude V ~ 21
16
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Exploiting archival data

© ASAS (All Sky Automated Survey):

- Two observing stations (LCO and Maui)

- Monitoring stars brighter than V ~ 14

® OMC (Optical Monitoring Camera):

- Monitoring stars brighter than V ~ 18

® SuperWASP (Wide Angle Search for Planets):

Las Campanas Observatory (Chile)
Pojmanski (2002)

- Two observatories (ING and SAAQO)
- Magnitude range V ~ 7-15

@ Catalina Sky Surveys

- Three telescopes (2 Arizona + 1 Australia)

- Limiting magnitude V ~ 21
17
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Exploiting archival data

e OMC (Optical Monitoring Camera):
- Monitoring stars brighter than V ~ 18

Integral observatory €-@sa
Mas-Hesse et al. (2003)
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Exploiting archival data

®© SuperWASP (Wide Angle Search for Planets):

- Two observatories (ING and SAAQO)
- Magnitude range V ~ 7-15

SuperWASP- South observatory
Pollacco et al. (2006)

19
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*

Exploiting archival data

Catalina Sky Survey, University of Arizona

Drake et al. (2009)

@ Catalina Sky Surveys

- Three telescopes (2 Arizona + 1 Australia)

- Limiting magnitude V ~ 21
20
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Preliminary results (known binaries)

( Be UMa ]
This work Shimanskii et al. (2008)
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Preliminary results (known binaries)

(1SS 2018 |

This work Hilditch et al. (1996)
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Searching for binary CSPNe

Preliminary results (known binaries)

| Abell 46 |

This work Afsar & Ibanoglu (2008)

13 ' T T SN Inaass aasas aanas aasad RAARE RARAS RASAS RAAAS AARAS RASSY RALES RSN
s . s ° i
. ° . . . . 0.7 - M -3
% . .o . . ° .’... ° » ..o . .o . . ° .:.. ® | /
R PR NP oSt b alid 21.’ yi PTPRS -'..:' * e At :“ L \ 4
TSR GRS T T R QOB 0.2 e L
. o ... e § 1 R f‘
g \ ¢ o
& 0.3} !
g . N, Qe .'
5 L * 9
% (% =] [ ~
LN 8 0.8} o}
16 N ? S | P
8 » .
1.3} :”f)
F 3]
1.8} &
r o
- I | PP INPEPIPE INPINT IPPU [PPIPIPY PP IPIPIPPR [PPSR PO INPIPUPY IPSPPurY PP .
06 07 08 09 10 11 12 13 14 15 16 1.7 18

Phése

Power

Porb = 0.472 days

IIIIIIIIIIIIIIIIIII1

0.1 1.0 10.0 100.0 1000.C
Period (days)

23



Searching for binary CSPNe

Preliminary results (new candidates)
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Preliminary results (new candidates)
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Searching for binary CSPNe

Search for infrared excess

Mosthly Notsces
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The binary fraction of planetary nebula central stars - I.
A high-precision, I-band excess search
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ABSTRACY
We wtill do mot ksow what wpherical pls y ncbula (PN) mosphologies. A plassible
Bypothesis i that they s due 10 the presence of & clone wellar or subsieller compunion. So
faz, cnly ~40bisary central stars of PN have boen detected, almost all of Shem with sech short
persads that their binarity is revealed by photometric variabdity, Here we have eadeavosred to
discover binary contral stan at any scparation, thus determising the uabasscd bisary fraction of
contral stars of PN This sumder, when comperod 1o e bnary fraction of the presumod pasent
population, can ghve & first handie on the orighs of PN. By detecting the contmal stars in e
1 band we have searched for cool companions. We have found that 30 per cent of our sample
have an /-dand excess detected berween | and 2 few 0, possibly denctiag compenicns brigheer
than M3-4V aad with separations smaller than ~ 100 20. By for the undetecuable
compunions, we deteemine & debiased binary fraction of 67-78 per cont for all compamions
o Al sepurations. We compare s oumber 10 3 mais-soquence binary fraction of (50 =
4) per oot determined for spectral types FEV-GRV, appropriste if he progenitons of loday™s
PN cenmral st population are indeod the FOV.GIV stars. The emer on our estimase cansot
be conurained tightly, but we determine it %0 bo betwoen 10 asd Mpercmt. We conclude
that S central war binary fraction may be laper San expected from the potative pasmt
population. However, this resull i bused on & sasmple of 27 bona fide contral stars and shoudd
Be consadered prelsmisary. The success of the / dand medhod rests criticaly om bigh provision
photomctry and 2 reascashly luge sample. Foom o sinilar snalysis, salag the moee scauitive J
bund of a subuct of 11 contral stan, the blsary fracticn & 58 per cent for companions brigheer
an ~MS-6V md with sepantions smalier thas aboot 900 as. Deblasing this sumber in e
same way # wis dome for the J band we obtan a Mnary fraction of 100-107 per cont. The
two sumbers should be the same and e discropancy is likely due %0 small-sember statistics.
Famally, we note how the previowsly derived short-period PN binary fraction of 15-20 per cont
is far larger tan expected based cn the main sequence banary fraction and period dissibenion.
As a byprodect of cur asalysis we presest an accurasely vetied compilation of cbserved
min-soguence s sagnitudes, colours sod mamses, which cam serve s a reference for fetere
wadies. We sl presest sysihetic colours of hot wtaes 3 & fusction of temspersture (20-1 0 kK)
xad gravity (Jog g = 6-5) for Solar snd PG 1159 composition.
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The binary fraction of planetary nebula central stars - I1. A larger sample
and improved technique for the infrared excess search
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1 INTRODUCTION
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ABSTRACT

There is 20 coaclesive explasation of why ~80 per omt of planctary nebulae (PNe) ase
non-sphenical. In the Binary Hyposhesis, a binary isteraction is a preferred chasnel 10 foom a
nos-spherical PN, A fandsmental siep 10 cormoborate or disprove the Binary Hpotherir is %
evimate (e bimary fraction of central stars of PNe (CSPNe) and compuee il with 2 pradiction
based on the bisary fraction of the propmilos, smin-seguence population., In Bis paper, e
second in a series, we search for spatially unreselved /- and J.band flex cxcess in aa extended
sample of 34 CSPN by a refined measurement technigee with a betier quantification of the
uncerainties. The detection mate of £+ (/- )baad flux excess is 32 £ 16 per cent (50 £ 24 per
cent), This result is very close 50 what was obtaimed in Paper | with & smaller wmple. We
sccount conservatively for wobserved cool compunicns down 10 brown dwarf luminosities,
ncreasing tese fractions 0 80 = 20 per cemt (62 = 30 per cent). This step ks very seasitive
0 e adopted brightness limit of our survey. Accosnting for vissal companions increases the
binary fraction 1046 £ 23 per cent (71 £ 34 per cent). These figures are lower than in Pager L
The crror bawrs are better guamtifiod, but 447 smaccoeptably harpe. Taken ot face valee, the curmest
CSPN bimary fraction is i line with the main-sequence progenitor population binary fraction.
However, including while dwarfs companions could increase his fraction by 3 mech & 13
(21) per cemt poinits.

Key words: tochaiques: photometsic - marveys - bisariox goseral - star: evolution - stare:
stagstics - planctary sebulae: genesal.

and compare it with the binary fraction of the progensor popela-
Gon, Bhe mais-soquence stirs. If G bisary fraction of CSPNe were

B D0t wndersaond yer why 2 Mgh 80 per cent of planetary nebulse
(1) e moa-spharical (Pasker ot sl 2006} The Smary Nypoth-
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Search for infrared excess

SVO theoretical services . VOSA Filters Models Documents Other Services ' . My data’ LogOut

——

/'/’,\\‘\
p '/ - . - VO SED Ana'yzer - This is VOSA version 5.0

See old version 4.0
»

LU Objects | VOPhot. | SED | Chi-2Fit |BayesAnalysis | HRDiag. |SaveResults| Log | Refs | Help | Logout

Stars and brown dwarfs (Change) File: search_IR_excess.txt (Info) (Change)

Upload your own data file (max size=500Kb) Create a single object data file

It must comply with the required data format i Just write the coordinates (in decimal
(A small utility is available to help you to convert an : degrees) of one object that you want to
original file in ascii (csv) or votable to VOSA input : study and we will create a single object data
format) : file with the adequate format.
: RA and DEC are compulsory.
File to
upload:

Description:

Seleccionar archivo | Ningln archivo seleccionado

RA: (deg)
DEC: (deg)
Obj.Name:

Description:

Create

* Fluxes (erg/cm2/s/A)
File type: Fluxes (Jy)
Magnitudes

Upload
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Search for infrared excess

S$VO theoretical services VOSA Fillers Models Documments Other Secvices My dats ¢ . LogOut

=

J :
' \/O-SA VO SED Analyzer . s

+ AKARI/FIS All-Sky Survey Point Source Catalogues v €20 Spitzer and Ancillary Data
(ISAS/IAXA, 2010)

The AKARI/FIS AN-Sky Swrvey Beight Source Cataiog Vers

is VOSA version 5.0

¢

provdes positions and Nuxes v 427071 point sowrces in

infrared waveiongiig contered at 65, 90, 140 and 160pm, oPt'C.'
Fiters: « AXARIFIS NGO ¥ AKARLFIS WIDE-S
IFIE W nw .
IBAKARUVIS.WIDE-L (BAKARL/FIS.N16D ¢ Tycho-2 Catalogue ¢  Stromgren uvby-beta Catalogue (Hauck+ 1997)
- The Tycho-2 Catalogue is an astromelric reference catalogue This catalogue is an wodeled version of the one pubdliished in 1590
Search radius:5 arcsec containing potilions snd proper molions 4t wel as two-colour (Hauck and Mearmilhod, 1990) and contales Jata for more thun 63,300
Show flux Emits photomelric data for the 2.5 million Drightest stars in the sky.. More stavs in the Galaxy and Magelanic Oouds. More Info
indo Fiters: ¥ Generic/Stromgren u ¥ Generic/Stromgren v
Flters: #TYCHO/TYOHO.B #TYCHO/TYCHOY ¥ Genernd/Stromgren d ¥ Genernid/Stromgren.y
¥ GLIMPSE Source Catalog (I + II + 3D)
The Galactic Legocy infraved Midplane Swrvey Extraoedi Search radius: 5 | arcsec Search radius'5 | arcsec
(GLIMPSE), is & survey of Galactic Flane central parts Show magntude fmits Shew magntude Fmits
Infrared Array Camera (IRAC) aboard the Spitzer Space T
(SST).. More Info
Fiters: o Sotzer/IRAC.II o Spitzer/IRAC.I2 s H 9 ous M in the UBV System (Mermilliod ¢ SDSS Catalogue, Release 9
o Sotzer/IRAC.I3 « Spitzer/IRAC 14 1991) The SDSS Photometric Catalog, Refease 9., More Infe
W it vl - adlen o Sl B siBin FammBL. Phs daseibs la covsvoned bo sbnse B Sasnah sbimena

bbb S

v Galaxy Evolution Explorer [GALEX] v IUE HPDP photometry
The Galaxy Evolution Explorer (GALEX), a NASA Small Explorer A catalogue of around 400 objects with ultraviolet photometry
mission, is performing the first all-sky, deep imaging and spectroscopic extracted from IUE spectra.
ultraviolet surveys in space. The prime goal of GALEX is to study star Filters: «# IUE/IUE.1250-1300 « IUE/IUE.1450-1500
formation in galaxies and its evolution with time.. More Info. v IUE/IUE.1675-1725 ¥ IUE/IUE.2150-2200
Filters: |« GALEX/GALEX.FUV « GALEX/GALEX.NUV « IUE/IUE.2395-2445 |« IUE/IUE.2900-3000

Search radius:5 arcsec Search radius:5 arcsec
Show magnitude limits Show magnitude limits

Query selected services

WISE VVV - VISTA Variables in the Via Lactea, DR2 v ey (ISAS/IAXA, 20
AVWISE Data Refoase (Cutris 2013). More Info The VWV sarvaey will Larget the galactic Buige and a piece of the pue Version 1.0 provideés positions
Fiters: sWISE/WISEW! JWISE/WISE W2 adjacant plane in Z, Y, ), H, and Ks. The total area of this swrvey is od with the InfraRed Camera

Y WISE/WISE W] ¢ WISE/WISE. W4 Quive degroes and contains 355 cpen and 33 globular dusters. .

'!'IJ

Search radius. 5 arCsec The search is restricted to class «1 (star) or «2 (probadle star) objects.
Show megniude limts Fiters: #Paranal/VISTA) ¢ Pareral/VISTAM
o Paranal/VISTAKs ¢ Paremal/VISTALY
« Paranal/VISTA 2

RIJIRC . L18W
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Search for infrared excess
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Preliminary results (new candidates)
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Preliminary results (new candidates)
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Preliminary results (new candidates)
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Coming soon

The next step is to monitor the candidates by means of:
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Coming soon

Ultimately: Spectral analysis of CSPNe

There are about 3000 confirmed
Galactic planetary nebulae but...
spectroscopic information of their
central stars is available for only
13% of them!!!

(Weidmann & Gamen 2011).

Table 1. Summary of the spectral types of CSPN compiled in our cata-
logue, grouped by their atmospheric hydrogen abundance.

H-rich H-poor
Sp.Type Sample Sp. Type Sample Sp. type Sample
03-9+Beary 64 sdB I [WC4-11] 57
Of 20 Hybnd 3 [WOI-4] 33
Later that BS 38 Symbioticstar? 7 [WR] 11
Ble] 6 Blue 50 [WN] 5
DA+WD 12 Emission-line 25 PG1159 15
DAO 14 [WC]-PG1159 2
sdO 3 O(He) 3
hgO(H) 16 O(c)+0Of(c) 2
Cont. 16 H-poor 1
H-rich 3 DO 4

wels 72
Total 192  Total 86 Total 205

Notes. Here, we have discarded 9 objects without any specific spectral

type.
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Coming soon

R. Aznar Cuadrado et al.: Discovery of kilogauss magnetic ficlds in three WDs
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« | o
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Aznar Cuadrado et al. (2004) Napiwotzki & Schonberner (1995)

36



PNe: When, why and how? New catalogue of PNe Searching for binary CSPNe Summary

Coming soon

Hé/Hell
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Summary

Summary

* PNe are the late stage of low- and intermediate- mass stars (~ 0.8 - 8 Mg)
* Binary central stars: key to explain the complex and non-spherical PNe
* Highly needed to search for new binary CSPNe. Four steps:

To have a census of all CSPNe: Build a catalogue +/

Search for light curves in archival data

WO
Search for infrared excess with archival photometry %77
Follow-up the candidates to confirm and characterize them by

means of both photometric and radial velocity observations
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Gracias!



