COULD GENIE DETECT HOT JUPITERS?
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ABSTRACT

The prime objective of GENIE (Ground-based
Europeen Nuling Inteferometry Experiment) is to
obtan expeience with the desgn, condruction and
opaaion of an IR nuling inefaeomee, as a
preparation for the DARWIN / TPF mission [1]. In this
context, the detection of a planet orbiting another star
woud provide an excdlent demondration of nulling
ineferometry. Doing this through the amosphere
however, is a formidable task. In this paper we assess
the progpects of deecting, with nulling interferometry
on ESO's VLT, a Hot Jupiter, a gat planet in a dose
obit aound its paent da. Frg we discus the
definition of the optimd tage. Then we presat a
smulated obsarvdion of the Tau Boatis system, which
suggests that GENIE, in a L¢band sngle Bracewdl
configuration, could detect the hot Jupiter in a few
hours time with a dgnd-to-noise ratio of up to ~80.
Although there are drong requirements on the control-
loop peformance  background — subtraction  and
accuracy of the photometry cdibration, we condude
that a present there do not ssem to be fundamentd
problems tha would preveit GENIE from detecting
hot Jupiters Hence the answer to the quedion in the
titeisyes.

1. INTRODUCTION

GENIE is a collaboration between ESO and ESA, and
intended for commissioning on the VLTI in 2007. It is
presertly in its definition phese In order to as=ss its
peformaence, to asss in the requirements definition
and to prepae stence dudies we have developed a
GENIE stience smulator , GENIESm [2]. Its inputs
condsts of edfications for the inteferometer
corfiguration, taget source, obsarvaiond  scenaio,
amospheric conditions,  detector and  control  loop
peformance. The outputs ae a sies of deected
photon-dectron  numbers  (for  condructive  and
desructive inteference modes) as a function of time
and wavdength, mimicking actud CCD output. The
chdlenge we are fadng is to extract from this output
convinaing evidence for the presence of apland.

Even for a sngle Bracewdl configuration, the VLTI
dlows quite some combinations between besdine and
IR wavdengh band. The 93 plangay systems
identified so far with radid vdodty or occultation
methods, show dar-planet sparadions ranging  from
002 to sverd AU [6]. It is therefore a priori not
obvious which  combindion  between  basdine
wavdength band and target will provide the best
detection opportunity and a caeful sdection of the
target is part of the preparation of the smulation.

2. TARGET SELECTION

The draegy we goply here is to firg define the best
possible target in tems of didance, spectrd type, and
orbitd period, and then to see if there is a candidate on
the lig of das with plangay sysems that fits the
destription.  The optimd  taget for a nuling
interferometry expeiment is dose by, hes a bright
planet around a rdaivdy dim dar, with a contragt that
is maximum for the chosen wavdength bend, and with
a spadion that is mached to the inteferomeric
paten. There is some intend oonflicc in thee
requirements a brignt planet requires ether a hat,
bright dar, which diminishes the contrad, or an as
gmdl as posshle sgparation, which may put the planet
ingde the nulled pat of the inteferometric petten.
Moreover, messve, hot, bright sars ae genedly a
gregter digtances than light, cool, dim dars Also, while
nuling intefeomery a longer wavdengths rdieves
the requirements on the dability of the nul, the
amospheric background noise is more severe. For an
optima tage, these oconflicting reguirements  ae
traded off aganst each other. Table 1 shows the reaults
of such an exercdse As the figure of meit, we have
chosn the dgnd-to-noise ratio for the detection of a
plangt, which isdefined as
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where S, is the planetary signd, s% is the variance of
the background due to amosphere and insruments,



S %ea is the vaiance of the sar light that is transmitted
(lesked) by the nuller, and sy is the rms read-out
noise of the CCD detector. The variances s?,, ad

s ek actudly condst of the sum of two tems one
represanting the pure Poissonian noise and eguding the
average dgnd levd, while the other is assodated with
the fluctuations of the detected intendty due to, in this
ce flududing amogpheic  ad  indrumentd
conditions[3].

The SN raio was evduaed for a dngle Bracewdl
corfiguration congging of two UT tdesoopes ad
vaying the wavdength band, the basdine the gddlar
temperature, the digance and the orbitd period of the
planet. In orde to dreamline this search through a five-
dimensond paanger gace  some  amplifying
assumptions were necessary. Ingeed of usng the full
GENIESmM code, we used andyticd gpproximetions to
obtain vaues for the ddla leskage and assodaed
noise [4]. The nonPoisonian fluctudions of the
background noise ae neglected in  this paticular
goproach (see bdow). Additiond assumptions are the
planet is assumed to be in theemd equilibrium with the
dar; the Sze of the planet isequd to Jupiter (cf. [5]);

the minimum orbitd peiod is 3 days ad the
minimum disance & which mainsequence M, K, G, F
and A dars can be found are repectively 4, 10, 12, 14
and 25 pc (besed on the datistics of dars accessble
from Parand).

From Table 1 it becomes deer that the bes SN ratio is
to be expected for an L' band observation with a fairly
long besdine of 894 m. This table dso shows severd
trends, related to the tradeoffs discussed before The
rms leskage, Sie, IS (goproximaey) proportiond to
a=pqg:B/l , where g is the angular sze of the sdlar
disk and B the besdine projected onto the sky. As a
consequence, Siek decresses with increesing |, which
explans the difference in obtaindble SN ratio between
K and L¢ band. Insde the K-band the loss of sgnd is
traded agangt decrease in leskege when the dar is
further away. For the longer basdines the SN raio
will not improve for A stars because the increase in
plangtary flux (due to higher temperatures) does not
compensate the extra leskage due to a lager gsdlar
dik. In the M and N¢band advantage of lower leskage
is undone by the increesad noise from the background,
which compledy dominates the N¢ band reaults

Table 1. Edtimated best signa-to-noise ratio for the detection of hot dipiters (bold face), as a function of basdine and waveength
band, obtainable in 10" s Next line, null depth, defined as the tota stellar flux divided by the flux transmitted through the nulling
interfferometer, and modulation is defined as the ratio of maximum and minimum transmission. Then, stellar temperature in K, and
spectral type. Finally, distance in pc and orbital period of the hot Jupiter, in days. All planets are one Jupiter radiusin size, cf. [5].

SN ratioin 10* sec Basdine
null depth / modulation UT 14 UT 13 UT24 UT34 UT 1-2 UT 23
 Taar/ spectral type 1302m 1024 m 89.4m 625m 56.6 M 466m
distance [pc] / period [d]
Band ||, [rm] | DI [nm]
20.1 20.1 201 20.1 201 20.0
K 2.2 0.4 283/239 283/ 239 288/ 241 283/ 240 289 /242 321/250
7400/ FO 7400/ FO 7400/ FO 7400/ FO 7400 / FO 7400/ FO
375/30 205/30 26.0/30 18.0/3.0 16.5/3.0 145/3.0
82.0 87.8 88.1 76.4 718 62.5
L¢ 3.8 0.6 28412717 329/ 308 402/ 339 662 / 396 7781432 1047/ 528
5700/ G3 5600/ G4 5700/ G3 6000/ GO 6000/ GO 6000/ GO
15.0/3.0 125/30 105/3 125/33 125/35 125/43
67.1 60.1 54.3 510 479 39.6
M 4.8 0.6 2271219 354/ 295 452/ 377 477/ 454 569 / 502 791/ 566
7400/ FO 7400/ FO 7400/ FO 3400/ M1 3400/ M1 3400/ M1
145/3.0 145/33 145/4 45/3 45/3 45/3
8.7 6.7 5.7 3.7 3.2 25
N¢ 1125 25 612/532 939/ 743 1187/ 923 2124 /1483 2468/ 1657 3243/ 2024
3400/ M1 3400/ M1 3400/ M1 3400/ M1 3400/ M1 3400/ M1
45/3.0 45/3.8 45/3.8 45/6.8 45/75 45/9.3
Table 2. Properties of the currently most promising, spectroscopically confirmed, Hot Jupiter targets [5, 6].
Star Planet
Name  [Spectr [Temp. | dist. |Mass | Rad. [Lum. a d M sini | period e a T4 |Radius
type | [K] |[pc] |MJ [[R] |[L] M] | [d] [AU] | [K] | [R]
TauBoob [F7V [6276 | 17 142 [ 122 | 32 | 1347157 | +1727:25 | 414 |3.313 | 0.016 | 0.045 | 1600 1
HD179949b| F8V |6194 | 27 124 (118 | 218 | 1915332 | -24:10:46 | 093 |3.092 | 0.00 |0.047 | 1540 1
Gliee86 b | K1V |5070 | 13 [ 079 | 0.82 | 050 | 02:10:259 | -50:49:25 | 4.9 158 | 0.04 |0.117 | 660 1




The jump from M1 dwarf to FO gtar in the M band is
agan a rext of the trade-off between ddlar radius
and plangtary flux, which are both lager for hotter
das. The generd trend for the nulling depth ad
modulaion raio to improve with decreaesng basding
is due to the fact that both thee raios have a
denominator proportiond to the leskage dgnd, which
is itsdf (goproximatdy) proportiond to a’. Teble 1
dearly demondrates that there is no redion between
the nuling depth or modulation ratio and the adtud
SIN ratio for planetary detection.

We have atempted to find a matching target from the
lig of gars with confirmed planets [6], and found that
Tau Bootis matches best the propeties for the highest
SN deection in Table 1, and is accessble from
Paand in Chile Its propeties ae summarized in
Table 2, together with two other likdy candidaes A
Odaled Smulaion of its detection with GENIESm is
discussad in the next section.

3. PERFORMANCE OF A
BRACEWELL CONFIGURATION

SINGLE-

Fg. 1a illudraes the output of a smulaion of a one-
hour Tau Boo b obsarvation with GENIEsm for a
sngle Bracewdl formed by UT's 2 and 4. For five
differet wavdengths in the Léband range the totd
detected output sgnd in detected dectrons is shown.
Note that the signd is boxcar averaged over a 60 sec.
bin. The dedine of the Sgnd is due to the mation of
the source across the ky. In Fig. 1b the SN ratio for
the different wavdengths is shown as a function of
time. After one hour integraion, the SN ratios lie in
the range from 51 to 77, which is in good agreement
with the prdiminay edimaes in Tadde 1. Hg 1c
compares the different noise sources to the planetay
sgnd, showing that the noise due to ddlar leskage and
IR background are comparable, and dominate the SN
ratio.

One of the man tesks of GENIE is to correct for
optica path differences (OPD) between the two arms
of the intefeomee, which enhance the gdlar
leekege In GENIESm  we currently didinguish four
man sources a. datic, due to a smdl phase eror in the
achromatic phase shifter, (~7 mrad [9]); b. wavelength
independent OPD fluctuaions, due to the amospheric
pison efect, with a rms vaue of about 24 nm / 40
mrad (after correction by the VLTI and additiond
GENIE OPD control loops); c. wavelength-dependent
OPD fluctugtions, due to water-vapour disperson [7,
8], with a rms vdue of 21 nm / 34 nrad &ter the

GENIE control loop; d. intendty fluctuations between
the two ams due to Strehl raio and sdntillation
fluctuetions, with a rms vdue of 0.014 after the VLTI
MACAO and GENIE control loops. Although the
preciee vdues of thexe erors reman debaable it is
dear that technicd solutions do exis and can be
implemented for these effects

More fundamentd is the problem of the IR background
fluctuaions While the ingrumentd background dems
from a themdly dabilized ewironmet, the
amospheric  background is uncontrallable. The average
background can be ingantaneoudy subtrected from the
sgnd, eg by pladng two additiond fibers on ether
dde of the sdence fiber in the focd plane Assuming
that the background is highly corrdated over a few
acsec, this mehod can even ded with a fluctuaing
background. This is done in the curent runs of
GENIESm. However, the photon noise from the
background cannot be cdibrated avay and will reduce
the SN ratio (see Fig. 1¢).

Compaing the sgnd with and without the planetary
contribution shows thet in order to actudly disetangle
the plangtay dgnd from the other contributions
accurate  photometry  is  required. Moreover, the
photometry has to be dable over hours to days, as the
modulation of the plangtary Sgnd takes place on thee
timescdes. Fg. la shows that in order to detect the
plangt, this cdibration shoud have a (rdaive
accuracy better than 1%. We have saverd options to
accomplishthis
- Cdibration of the dgnd with an (ureolved) dar
of same goectrd type is a firg dep. This will
reduce the problem  from &bolute to reative
cdibration.
Next the comparison of the condructive and
Oesructive spectrdly resolved sgnds will tdl us
whether the nulled sgnd contains spectrd  features
indicative of the presence of apland.
Thirdly, modulation of the OPD might indicae
whether the ddlar leskege is due to bad nulling or
the presence of aplangt.
And firdly, if eveyting ds fals we coud
consder cdibraing the gsdlar leskage with a
double Brecewdl corfiguraion. This  would
imply a mgor complicaion, because in order to
combine the dgnds from four tdescopes, not one
but actudly three GENIES are required.
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Fig. 1 a Smulated totd detected sgnds for different waveengths with (solid) and without (dotted) the planetary
light. Time series were boxcar averaged over 60 sec. b. Expected sgnd-to-noise ratio’'s for the planetary detection, for
different wavdengths (dark: 4.04 mm, light: 356 nm). c. Various noise sources compared to the plangtary signd. Note

that background noise includes the background photon noise.
4. CONCLUSIONS

In this peper we discuss the smulated obsarvaion of
Tau Bootis, a nearby star for which the presnce of a
massve plangt in doxe ohbit has been infered
spectroscopicdly.  These  smuldions  suggest  that
GENIE, in a L'-band dngle Bracewdl configuration,
could detect the hot Jupiter in a few hours time with a
sgnd-to-noise ratio of aout 80. There ae, however,
sved provisons The fird is tha the proposad
control loop peformances and background subtraction
ae feasble in redity. The seoond is that the nulled
sgnd photometry can be cdibrated to within a per cent
accuracy, in order to infer the presence of the planet
from the light-curve moduldion. In a second dage,
spectrd  features can be used to peform plangtary
spectroscopy. At present there do not seem to be
fundamentd problems tha would prevent GENIE from
detecting hot Jupiters.
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