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Why ground-based characterization?

« Spitzer erye Warm Mission
« HST NICMQOS

« Ground based telescopes are big!
- 10m telescope has area >> than space facilities
(Spitzer, 38x; HST, 17x; NGST, ~2.5x)
« Unique instruments

- high resolution echelle spectrographs (no space
equivalent!)

- dedicated facilities & designs

« Numerous atmospheric molecular features within ground
accessible visible & near-IR bands
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What can we detect from the ground?

Abundant molecular signatures in visible & near-IR!
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Why higher resolution?

Higher resolution spectra reveal hidden features...

IRTF SPEX, R~470

(Swain et al. 2010)
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Even higher resolution requires tricks...
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The plan

We can apply this to close-in exoplanets,
treating them as spectroscopic binaries with
extreme flux ratios.

Correlation combines signal from multiple
lines, so is sensitive to companions below
the noise in a spectrum.

Molecular bands are excellent targets for 2D
cross-correlation!
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_ 55 Cancri:
« Cross-dispersed echelle « G8V, d=12.5pc, L=3.9mag

« 0.95 — 5.5um sensitivity Planet| Period (d) | a (AU)| Msini (M))
: e 2.82 0.04 0.03
« R~25,000, 0.42" slit 5 12,65 012 082
e 3.0-3.4 um (5 orders, with gaps) C 44.34 0.24 0.17
» Photon S/N~4000 in 2 hrs A A e bl e -
(L~5.4 mag) d 5218 5.77 3.84

I~53 + 6.8 for 55 Cnc d (HST/FGS

(NASA & NOAO time allocations) McArthur et al. 2004)

J Image credit: NASA/JPL-Caltech
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Thermal IR Observations: 55 Cancri

Observed Spectrum
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The TERRASPEC Algorithm

(Terrestrial Absorption Spectrum Corrector)

Observing hot stars is not practical because of H O variability &
observing time constraints

Forward model telluric absorption using Line-By-Line RT Model

Standard Atmosphere Non-linear
(Tropical, U51976, EtC) |:> LBLRTM I:> |ea5t_square5
+ (Clough et al. e :
2005) F— minimization
Current Ozonesonde (MPFIT, Markwardt 2008)
+
Current Radiosonde % y
+
Observing conditions Synthetic telluric absorption function
(ZA range, altitude, (R~500K)

summit temperature,

airmass range) Wavelength dependent instrument profile

Continuum normalization corrections
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IN @ convenient IDL GUI...

TERRASPEC: Terrestrial Absorption Spectrum Corrector
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For more information on TERRASPEC,
please see me later...
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Thermal IR Observations: 55 Cancri

Observed Spectrum
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Correcting telluric absorption

Observed Spectrum
Telluric Correction X Optical Fringing
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Correcting telluric absorption

Observed Spectrum = ( Telluric Correction x Optical Fringing )
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Stellar models

Observations of transiting exoplanets measure the stellar
spectrum during secondary eclipse.

For non-transiting systems, forward model the star:

‘ Elemental abundances ‘

ATMOQOS Spectrum
; Tl
Sauval linelist MOOG — Model
+ stellar

MARCS Atmospheres

J Y 1}

Precise emperical linelist Parent star physical parameters
for solar type stars +

(e.g. gravity, temp., mass, radius)

<:| spectrum
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Stellar models

Observations of transiting exoplanets measure the stellar
spectrum during secondary eclipse.

For non-transiting systems, forward model the star:
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Planet models

* For example:
- LTE
- log(g): 1.5 -3.5 (for 55 Cnc E, ~2 Rjup - 0.2 Rjup )
- TiO, VO rainout
- Energy redistribution

. At 3.3um, model spectrum is mostly H O

« Use a suite of models over plausible parameter space
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Planet models:

Flux
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TODCOR disentangles the star and
planet contributions:
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TODCOR disentangles the star and
planet contributions:

Excluded by SB1 parameters and
multi-epoch observations
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55 Cnc e as an SB2
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What's next?

« Better characterize atmosphere, including phase
dependencies, with addition epochs and bandpasses.

 Expand to additional known nearby close-in planets.

« Expand to the visible with HET + HRS.
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HET + HRS

HET (Hobby Eberly Telescope):
* McDonald Observatory (west Texas) AECASAEASI
« 9.2 x 11.1 m Arecibo type light bucket FATA A=F /N
« fixed zenith angle ~ 35° NTNVR 2 NS
 tracks targets by moving secondary
 max time to track any target depends

on DEC (typically ~1.5 hours)

e gueue observing mode

HRS (High-Resolution Spectrograph):
« cross-dispersed echelle
* bench mounted
* fiber fed
« R~30,000 - 120,000
« A=6200 - 9700 A
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Can the HRS do this?

F / F* (visible) << F

planet

/ F* (near-IR)

planet

_|_
HRS bandwidth much greater than NIRSPEC

SN >~ 6000 required for typical close-in planet
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Can the HRS do this?

F / F* (visible) << F

planet

/ F* (near-IR)

planet

_|_
HRS bandwidth much greater than NIRSPEC

SN >~ 6000 required for typical close-in planet

« HRS can achieve this in ~1 hour for typical targets

 Began observing in Spring 2010. Observations are ongoing
and should continue until HETDEX shutdown in Spring 2011.
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Can the HRS do this?
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Closing thoughts:

* Direct detection of planet light is necessary to
characterize the formation and evolution of exoplanets
and their atmospheres.

e Spectroscopy and imaging probe complementary types
of planets

« Sensitivity to non-transiting systems (and with ground
based telescopes) significantly expands the sample size
of planets that can be studied!

C. Bender | Spectroscopic characterization Lyot 2010 | October 26



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

