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RADIAL VELOCITY PLANETS DE-ALIASED. A NEW, SHORT PERIOD FOR SL’PER—EARTH 55 CNC E

REBEKAH L. pawson’ & paxieL C. FABRYCKY2

Hz;rvard—Smit.lwnizm Center for Astrophysics
60 Garden gt, MS-51, Cambridge, MA 02138 -
Subfniucd to ApJ, May 21, 2010 ' 1

ABSTRACT 0

Radial velocity measurements of stellar reflex motion have revealed many extra-solar planets, but
gaps in the observations produce aliases, spurious frequencies that are frequently confused with the
planets’ orbital frequencies. In the case of Gl H81d, the distinction between an alias and the tru€
frequency Wwas the distinction between a dead, frozen planet and a planet likely hospitable 10 life
(EE%& Ef‘. ﬁ]m . To improve the characterization of planetary gystems, W€ de-
seribe how aliases originate and present a new approach for distinguishing between orbital frequencies
and their aliases. Our approach harnesses features in the spectral window function to compare the
amplitude and phase of predicted aliases with peaks present in the data. We apply it to confirm prior
alias distinctions for the planets GJ 876d and HD 75898b. We find that the true periods of Gl 581d
and HD 73526b/c remain ambiguous. We revise the periods of HD 156668 and 55 Cnc &, which were
afflicted by daily aliases. For HD 156668b, the correct period 18 1.2699 days and minimum mass 18
(3.1 4+0.4) Me. For 55 Cnc e, the correct period is 0.7365 days the shortest of any known planet and
minimum mass is (8.3% 0.3) M. This revision produces a significantly improved 5-planet Keplerian
consistent dynamical fit describes the data just as well. As radial velocity
smaller planets, often found in systems distinguishing
! true periods from aliases vﬂ‘ bgggxgeripcreasingly important.
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A SUPER-EARTH TRANSITING A NAKED-EYE STAR"

JosHUA N. WiINN', JAYMIE M. 1\/1,4\'1"111};»\/52  REBEKAH 1. DAWSON3  DANIEL FABRYCKY” , MATTHEW 1. HOLMAPl} : ‘

THOMAS KALL1N05R2~", RAINER KUSCHN:G“ . DIMITAR SAssm.ov3 . DIANA DMGOMlR’ ,Davip B. GUENTHER
ANTHONY F. 1. MOFFAT" , JASON F. ROWE", SLAVEK Rucmsm‘” . WERNER WwW. W g1ss”

Submitted 10 ApJ Leuters

o ABSTRACT
— We have detected transits of the innermost planet “e” Orbiting 55 Cnc (V = 6.0), based on two weeks of
s | s, recise photometric monitoring with the MOST space telescope. The transits of 55 Cnc e occur with the period )
N ?\1 (0.744) and phase that had been predicted by Dawson & FabrycKy, and with the expected duration and depth for g

> the crossing of a Sun-like star by a hot super-Earth. Assuming the star’s mass and radius to be 0.96 = 0.10 M5

3| = and 1.10£0.10 Re, the planet’s mass radius, and mean density are 8.57 +0.64 Mg, 1.63+0.16 Ra, and
2 == 109+3.18 -3 The high density suggests the planet has a rock-iron composition as opposed 10 hydrogen.

4 water, or other light elements. This makes 55Cnce similar to the other transiting super—Eaxths in tight orbits

-~ around G stars (Kepler-IOb and Corot-7b), and unlike the lower-density super—Earths that are less strongly
N ) irradiated (Gl 1214b and Kepler-1 1d e f). The host star of 55Cnce is far brighter than that of any other known
- transiting planet which will facilitate further investigations
83 E: Subject headings: planetary systems — planets and satellites: formation, interiors — stars: individual (53 Cnc)
,.G. W&m dynamical fit describes the data just as well. As radial velocity

o techniques push to ever-smaller planets, often found in gystems of multiple planets, distinguishing

i true periods from aliases will béggr_ne increasingly important.
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55 Cancri e

e Minimum mass : 7.80 + 0.56 Me
e Expected radius: 1.3 -5.7 Re Pt — i

e RV semi-amplitude : 5.93 + 0.42 m/s 3 e
e Period : 0.736d - 17hr 40min .

Stellar parameters
¢ \V magnitude: 5.96

e Stellar type : KOV - G8V (a)
o Teff : 5234 K (a)

e Mass : 0.905 + 0.015 Msun (b)

. -

e Radius : 0.943 + 0.010 Rsun (b) T =~ ¥to observer

a) Fischer et al. 2008
b) von Braun et al., 2011
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55 Cnc e’s Transit on 6 January 2011

Spitzer IRAC 4.5-pm
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55 Cnc e’s Transit on 6 January 2011
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55 Cnc e’s Transit on 6 January 2011
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55 Cnc e’s Transit on 6 January 2011

Hinned photometry
1
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0.9 JOSHUA N. WINN', JAYMIE M. MATTHEWS®, REBEKAH I. DAWSON", DANIEL FABRYCKY'", MATTHEW J. HOLMAN", B
‘ THOMAS KALLINGER?®, RAINER KUSCHNIG®, DIMITAR SASSELOV?, DIANA DRAGOMIR®, DAVID B. GUENTHER', 3
0. ANTHONY F. J. MOFFAT®, JASON F. ROWE”, SLAVEK RuCINSKI'", WERNER W. WEIss® .
. Submitted to ApJ Letters " E
i :
ABSTRACT e
v We have detected transits of the innermost planet “e” orbiting 55 Cnc (V = 6.0), based on two weeks of i
e, precise photometric monitoring with the MOST space telescope. The transits of 55 Cnc e occur with the period ﬂ
- (0.74 d) and phase that had been predicted by Dawson & Fabrycky, and with the expected duration and depth for |,
N the crossing of a Sun-like star by a hot super-Earth. Assuming the star’s mass and radius to be 0.96 £0.10 M,
1991 — and 1.10£0.10 R, the planet’s mass, radius, and mean density are 8.57 :0.64 M, 1.63+0.16 R, and
joaes e 10.943.1 g cm™. The high density suggests the planet has a rock-iron composition as opposed to hydrogen,
' < water, or other light elements. This makes 55 Cnc e similar to the other transiting super-Earths in tight orbits
x I~ around G stars (Kepler-10b and Corot-7b), and unlike the lower-density super-Earths that are less strongly
2 ' } o irradiated (GJ 1214b and Kepler-11d .e.f). The host star of 55 Cnc e is far brighter than that of any other known
o transiting planet, which will facilitate further investigations.
; b_‘-q Subject headings: planetary systems — planets and satellites: formation, interiors — stars: individual (55 Cnc)
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55 Cnc e’s Transit on 6 January 2011
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55 Cnc e’s Transit on 6 January 2011
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55 Cnc e’s Transit on 6 January 2011
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55 Cnc e’s Transit on 20 June 2011
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55 Cnc e’s Transit on 20 June 2011

1.001 ]lllllllllll]lllllllllll

e
| B | 2
—
——
‘" e
o
—
——
——
—
- e
D ]
"V e
——
. I 1

FLUX

0.999 H me; |
T % il*ni
0.998 |- Py

0.997 |- &i%uﬁ-};

‘111111111111111111111111“

p—
t
N

| I

|

‘.-
.
V.-
—.—
——t
-

T

-0.1-0.05 0 005 0.1
dT (days)

Data analysis by M. Gillon (Gillon et al., in prep.)

Wednesday, October 5, 2011



55 Cnc e’s System

Parameters

Parameter Spitzer transit2  Spitzer transit 1 & 2 Unit
Transit timing 7', 5733.0094 00013 5733.0085'0001;  BIDzpp — 2450000
Orbital period P 0.7365437 (fixed)  0.7365460*0 9000047 days
Transit depth (R,/R.)? 463+ 458 + 47 ppm
Planet-to-star radius ratio (R,/R.) 0.0215 +£0.0013 0.0214 +0.0011
Transit circular impact parameter b 0:50015 -2 0500 2%! R,
Transit duration W 0.0589* 0005 0.05930002 days
Orbital inclination i B9 = 81.8"11 deg
Planet radius R, 22110 2.20 £0.12 R
Gillon et al., in prep.
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