Late stage evolutlon of planetary systems
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Exoplanets

270 candidates (26 multiplanetary systems

RVs (256)
Transits (34)
Microlensing (4) :
Direct imaging (4) I i S S i am s o
Timing: planets around pulsars (4), :

HB stars (1V391Peg hand WDs (17?):
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V 391 Pegasi:

a 29,000 K EHB (sdBV) sta
near central He exhaustio
(age of ~100 Myr after the ZAHE

known exoplanets

GD 66:

a 12,000 K DAV white dwarf
[planet candidate, Mullally et al. 200

Evolutionary Tracks off the Main Sequence
Eﬂ'mﬂw'!‘anwraml(

SUPERGIANTS l:I}I

RGBE - Red Giant Branch
HB -Horizontal Branch
AGBE - Asymptotic Giant Branch




from spectroscopy

(Dstensen et al. 2001

assuming BC = -2.95+0.02

U=13.35+0.03 B=14.35+0.02
V=14.57+0.02

T [K]=29,300 +500
logg [cgs units] = 5.4 £ 0.1
log(N(He)/N(H)) = -3.0 £ 0.3

R/Rg (M, g) = 0.23 £0.03
L/Lun (Tes R) =359
M, (L, BC) =3.84 +£0.28

d (V, M) [pc] = 1300 + 200

Age [Gyr]z 10
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The O-C (or timing) method

When a pulsation period changes linearly in time, the @iggram has a parabolic shape.

In our case, the phase shift expected for a secular \@ariédue to the evolutionary change
of the stellar structure) of dP/tL01? (or 1 s in about 30,000 yrs) is about 2 s per year.

NOT 2.6m 12/12/2006 ]
0.02 .

phase shift of 5.3 s
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The O-C diagram of the main pulsation frequency {
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The O-C diagram of the main pulsation frequency {
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The O-C diagram of the main pulsation frequency {
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The O-C diagram of f; (A;=1%) vs f, (A,=0.4%) with 1 point per season

2,500 3,000 3,500 4,000

dP,/dt = (1.46+0.07)x 16"
= T.= P/(dP/dt) = 7.6x16yr

[Illllllll |HH|HH|HII|[1I)’\|

dP,/dt = (1.97+0.18)x 1642
= T.= P/(dP/dt) = 5.5x16 yr

TTAT
/

Hl

2,500 3,000 3,500

t [BID—2,450,000.
2000 2500 3,000 The absolute values of ¢/at

and dB/dt match relatively
well theoretical expectation
for EHB evolved models
(Charpinet et al. 2002).
But their positive sign is
more difficult to explain
and suggests that the sta
IS expanding.
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Simplest (and basically unique) interpretation for
the sinusoidal component of the O-C diagrams:

The timing of the pulsation is cyclically advanced etayed
by about 5 sec due to the presence of a secondary ksghody.
Depending on its position around the barycenfrthe system, the star
IS closer to or more distant from us by 5.3 light secomis-(.600.000 km).




Orbital parameters




The low-mass companion is likely a giant planet !

assuming a random distribution of orbital plane
Inclinations there is a 97% probability that

V 391 Peg b is the 1st planet around a post-RGH st
(And one of the oldest planets known)




Temperature of V 391 Peg b |

From the thermal balance equation:

Stefan-Boltzmann l/ Bond albedo

constant \l
| 46 T 4= (1-A) Ec+ 4 &

/\ Es=L/(4n a%) = 1.6 x10 erg/cnr/s
IS the incoming flux from the star
(012 x solar constant of our Earth)

Assuming A=0.343 (like Jupiter) ande,«Eg
we obtain T 470 K (= bb max. at~6.2pm)



tidal interaction™ (R, /r)8




1) Common envelope . t
. The orbital distance is reduced because of srgnrfrcanttmtaes causing th

transfer angular momentum to the star. ‘Moreover, 4t #®0.7, the star frllsr E >

" lobe =ton 1983and the mass transfer to the planet starts, cau3|rr E

- torapidly spiral into the grant | '
.atmosphere Here accretron IS

> drsrupted and the sprral in due

. to accretron stops. The planet.
may survive if the sprral in .
'due to frrctron IS suffrcrently low.

%

2) WD mergrng scenarro , 3
The sdB star was created from the merging of two low- masWB y

 could be formed in. this Way Han et al. 2003) and V 394 P& a 3
' “planet (with a radius half of Jupitefape ) srmr ir
~ generation” pulsar S planets and to the planets supposadit mas:

" from the mergrng of two CO WD o




V 391 Pegasi b - SUMMARY

planets with orbital distances < 2 AU can survive
the RGB expansion of their parent star

the timing method is an efficient tool to detect planets
around evolved compact pulsators (sdBs and WDs)

COROT and Kepler will not search for post-MS planesrgtems !




" Nexi step:. new data on V39Pec
T

Time series photometry

rotational splitting
ellipticity
secondary planets

May
June
July

August
Septembe(-8 1-2m telescopes)

OctobernWHT/ULTRACAM)
Decembe(NOT)

Total: 100 nights !

Spectroscopy

star rotational velocity

RV (star orbital motion
time-resolved spectra
(mode identification)

May (H ET) [Edelmann, Heber et al
September (HET)schuh et al]

B

IR photometry ?
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Spitzer IRAC

alone (29,300K BB)

sdB+0.35 M, (3,475K BB)

or 3,500K Kurucz model

(from O’Toole & Heber 2004)




Next steps.searching for new systems
y Similar to V391 Peg

Ground based time series photometry:

(EXOplanet search with the TIming MEthod)

Collaborators: S. Schuh (Goéttingen), T. Oswalt (Malbe),
R. Janulis (Vilnius), and many others ...

Lol INAF small telescopes P—;
(Na, Bo, Ct) ~ Kepler - KASC

Target selection

e Search for sdB/WD pulsato!
e Observing proposals in the Kepler FoV




HST-NICMOS/WFCS3IR is the best near-IR photome
(still better than 8m class telescopes, at least ibaktls)

high-precision near-IR photometgyith NICMOS or WFC3 IR)
detect planets/BDs (for WD/sdB systems much closer tharl¥2ag)
% constrain inclination and companion mass (excludeastetbtmp.)

* help to discriminate between diff. formation scenamebris disk detectio

— opt. spectr(gas)[e.g. double-peaked Call emissiosinsicke et al. 2006, 20p7
- far IR (dust)[see e.g. the “Spitzer WD surveWullally et al. 2007

UV time-series photometmgTis FUV, ACS SBC or WFC3 UVIS)

pulsation amplitudes> mode identification- stellar parameters




- e
(pulsating) sdBs with planets: 1/1

(pulsating) WDs with planets: 1/16
[Mullally et al. 2008, ApJ in press]

[from Ferraro et al. 1997]
[but see alsaCaloi & D’Antona 2005]

Could planets be respon3|ble for the extreme
mass loss of the sdB progenitor?

or, in other words:

“Can planets influence the HB morphology ?”
[Noam Soker 1998, AJ 116, 1308]







