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radial-velocity method
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Doppler Shift due to
Stellar Wobble




1planet: 045 M, @ 4.2d
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2 planets

HD 12661  (Lick)
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3-body problem

(not restricted and r,/r << 1)

observed
star




Can an hierarcnical binary
systerm mimic a planet?

1)Binary system of two stars

2)Planet around a companion star

3)Earth-like satellite around a
Jupiter-mass planet

4)Earth-Moon system




Coplanar circular problem




Radial velocity of a planet

V,= K [cos(\ + 1) + & cos( )]
circula

a Yy =Kpcos( +ni)




Radial velocity of a binary

V.= Koo ,+ni)+V,

[
binary V, = K[ 6 cos(2S)cos( )
WODDIe 4 » y
+ 9 sin(2S)sin( )]




bmary wobble
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Can It mirmic a planet?
V, = K[ 6 cos(2(n,-n)t) cos(nt)
+ 9 sin(2(n,=n)t) sin(nt) ]

OF...

\/j) - K1 CO§(n1f) + K2 COS(nzf)
o n1 One Planet - e Pla”; ; °




Can we distinguisn oetweern
binary or two planets?

e




Can we misinterpret &
vinary as ONE planet?
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example
M,=0.70; M,=0.35
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50 points with HARPS (~0.8m/s)
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14 (M +M, = 1.050)
b M = 1.046 * 0.005

= a=9.95+0.06 AU
B (a=10.0 AU)
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Residuals Fourier analysis
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Residuals Phase-folded diagram
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(ny=2n, 3n=2
)

Ky =1.07 £ 0.19 xm/s (<, = 0.89 xm/3)




Residuals Phase-folded diagram
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Fourier analysis of binary + pla
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more examples (M.= 1)
(circular coplanar orbits)

Binary system Frequencies Amplitudes Planet

a ap 2n/n1 2ﬂ/n3 IK[l |Kg| Mp
(AU) (AU) (day) (day) | (m/s) (m/s) | (M)
1826 137.1 131.7 | 0987 0.197 | 23.90

1826 2656 2460 | 4081 0.816 | 123.1

2209 2226 2110 \ 0.888 0.178 | 17.26

21.82 3637 3333 | 1.000 0.200 | 23.47

2230 3806 348.1 | 0.114 0.023 | 2.59

2236 3825 3497 ‘ 0012 0.002 | 026

100 423 413 | 10 10 | 10

100 606 586 | 107 10% | 107
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what about non=-coplanar eccentric oroits




eccentric coplanar orbits

e =0.1:terms with A > 2

2nb—3n
2nb—4n
Nnb—3n
Nnb+n
Nnb—4n
Nnb—2n
nb—5n




e=0.1 ¢,=02 i=0 ¢,=05T=11y prec=0.8m/s
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"fourier.dat"

34 M, i 487 d
' 1.4 m/s @ (n,-3n)

“two planets” in a 2:1 rJesonance...
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circular inclined orbits

circular, Q2 =0, 1 =90

2nb-n
2nb+n
2nb-3n
2nb+3n
3n
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close binary, inclined orbits
=1.00;, M,=0.35; M,=0.15
Vo M, .
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"fourier.dat"

20 M- @516 d
1.4 m/s|@ 3n

“two stgble planets”

7M: @ 46 d
0.8 m/s @ (2n,-3n)
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e=0.2;, e,=0.0;, i=30°

7MEL46d

0.8 m/s @ (2n,-3n)

P=1305d ???




precession of the outer orbit

tirmie (yr)



Precession rate

(deg/ yr)

el=0 = = n 1 Kozai solution
O o=0.1 O o=0.1
S o=0.15 ¢ 0=0.15

e =0.2




fixed keplerian orbit

"fourier.dat"
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precessing keplerian orbit

"fourier.dat"




-Octantis A+B: tight binary system

Planet around  -Octantis A is about midway

between the stars... The system is highly unstable!
(see Gozdziewski, Slonina & Rozenkiewicz talk tomorrow).

r-Octantis A

ma = (1.4 £ 0.3) Mg

v-Octantis B + planet

T5 = (1050.11 £ 0.13) day Tp = (417 £ 4) day
Ko = (7032.3 £ 2.6) m/s Kp = (51.8 £ 1.6) m/s
eo = (0.2359 + 0.0003 ep = 0.123 = 0.037
w2 = (75.05 & 0.075)° w1 = (260 £ 21)°
I = (70.8 £ 0.9)° Iy, =7
Q= (87T £ 1)° Q, =?

mp = (0.5 £0.1) M: myp sinly, = 2.5 M
az = (2.55 £0.13) AU ap = (1.2+£0.1) AU

VX2 =42

rms = 19 m/s

Table 4. Fitted parameters for v-Octantis and possible planet
(Ramm et al. 2009).

Could planet be artifact caused by  -Octantis B
being unresolved binary?




fit

v-Octantis

T (day)

(1)
(0)
(0)+pl

1050.46 4 0.03
1050.11 4 0.03
417+ 1

K (m/s)

(1)
(0)
(0)+pl

7044.24 + 0.60
7032.27 £ 0.68
51.83 £ 0.53

(1)
(0)
(0)+pl

0.23553 4 0.00007
0.23589 4 0.00009
0.124 £0.010
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(1)

—0.860 +£ 0.017

/X2

(1)
(0)
(0)+pl

is)
R )

8.1
4.4

rms (m/s)

(1)

(0)
(0)+pl




What can be done to distinguish
planets from a binary?

 Use our expre\s\‘;‘s‘ions to predict binary parameters
that mimic a givér{ planet. Check if they are

realistic!!!

Perform 3-body fits with a binary and compare
with planet fits to predict most likely
configuration...

Be aware that we may not yet have enough
information to decide!!!

Refs: Morais & Correia, A&A 491 (2008), A&A 525 (2011), MNRAS sub. (2011)




