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CONCLUSIONS

e GTC/EMIR is able to do precision spectrophotometry!
e 200 ppm /10 min in K-band
¢ 240-450 ppm / 10 min in 30nm channel

e There is still room to improve with revised observing strategy

* Results of our EMIR science verification program:

e Thermal emission is detected at 12.6 sigma in the K-band for the hot
Jupiter WASP-43b

e Our measurements indicate a brightness temperature of 1668 + 32 K at
the probed pressure level in the K-band

e Our K-band emission spectrum shows tentative evidences of CHs and
CO absorption on top of the water absorption wing



LINK BETWEEN PLANET ATMOSPHERE AND ITS ORIGINS

* Metallicity enrichment in planet atmosphere

- expected according to core accretion planet formation theory
- first noted in Solar system giant planets

- exoplanets generally consistent with this trend
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CHARACTERIZATION OF EXOPLANET ATMOSPHERES
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CLOUDS AND HAZES ARE UBIQUITOUS
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CLOUDS AND HAZES ARE UBIQUITOUS
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WASP-43b AS A TARGET OF EMIR SCIENCE VERIFICATION

i

e Host star: e Planet:
- K7V - Teq: 1440 K
- Tefr: 4400 K - Mp: 2.03 Mjyp
- Matar: 0.72 Msun - Rp: 1.04 Ryup
" Rstar: 0.67 Rsun - log gp: 3.67

- Period: 19.5 hrs

* Science goals:
- to search for thermal emission from dayside atmosphere
- to constrain abundances of CHs and CO
- to complete the temperature-pressure profile
- ideal target for a science verification

Ground-based secondary-eclipse
observations are very challenging.

Only two succeed in spectroscopy:

- Magellan/MMIRS on WASP-19b
- Bean et al. (2013)

- LBT/LUCI on KELT-1b
- Beatty et al. (2017)




WASP-43b: THE MOST EXTENSIVELY STUDIED HOT JUPITER

* HST: HST/WFC3 phase curve

- WFC3 1.1-1.7 microns spectroscopy ——
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PAST GROUND-BASED SECONDARY-ECLIPSE OBSERVATIONS
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 Consistent with an isothermal atmosphere Gillon+(2012); Wang+(2013);

Chen+(2014); Zhou+(2014);
e But all inconsistent with HST/WFC3! Krei db(erg +4()2014)u (2014)



EMIR CAN FILL THE GAP IN THE K-BAND
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* HST/WFC3 is dominant by H20 absorption, cannot constrain other molecules



EMIR CAN FILL THE GAP IN THE K-BAND
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* HST/WFC3 is dominant by H20 absorption, cannot constrain other molecules
* Spitzer does not have spectral resolving power to break degeneracy of molecules



EMIR CAN FILL THE GAP IN THE K-BAND
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* HST/WFC3 is dominant by H20 absorption, cannot constrain other molecules
* Spitzer does not have spectral resolving power to break degeneracy of molecules



EMIR OBSERVING SUMMARY

Binned to R~70
2MASS JHK colore‘d E rrrrrrruni I LI L L I LI L L I L L L L=
= WASP-43
6 =
é Refernence
_5F
-
Ref. star. P E
Kmag o 9‘6 2 WASP-43 g 3 E— _i
: L4 = =
K -
» Targetstar . J . | | | |
Kmag = 9.3 LT 2.0 2.1 2.2 2.3 2.4
Wavelength (micron)
Eclipse 1 Eclipse 2 Eclipse 3
Night 2017-03-13 2017-04-13 2017-05-05
Observing mode Stare Nod Stare+Nod
Slit width 10~ 10” 10“
RAMP-30, CDS-10,
Read mode RAMP-60, CDS-15 RAMP-60 RAMP-60
Transit coverage Full (little pre-transit) Partial Partial
Usable science time 2.0 hrs 0.9 hrs 2.4 hrs
Comments  Highly variable seeing Stoppeccilgllllgsto thick Started in twilight

Chen+ (2017, in prep)
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WASP-43b: WHITE-COLOR LIGHT CURVES
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- Ramp effect
- Pixel dependency
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Chen+ (2017, in prep)
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WASP-43b: WHITE-COLOR LIGHT CURVES
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WASP-43b: SYSTEMATICS CORRECTED

e Light curves of individual nights and their best-fit residuals
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Relative flux

WASP-43b: SYSTEMATICS CORRECTED

e Light curves of individual nights and their best-fit residuals
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WASP-43b: SPECTRAL LIGHT CURVES

 GTC/EMIR (Chen+2017, in prep)
- 1 full + 2 partial eclipses (5.4 hrs)
- binned in 10 min:

- 240-450 ppm per 30nm channel
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 GTC/EMIR (Chen+2017, in prep)
- 1 full + 2 partial eclipses (5.4 hrs)
- binned in 10 min:

- 240-450 ppm per 30nm channel

1.00

i

0.99

0.98 ——

0.97 .

0.96

-50 0 50 100
Time from mid—eclipse (min)

White-color
2.038 pm
2.095 pm
2.095 pm
2.095 pm
2.125 pm
2.155 pm
2.185 um
2215 pm
2.245 pm
2.275 pm

2.305 pm

0.00

-0.01

-0.02

-0.03

-0.04

-50 0 50 100
Time from mid—eclipse (min)

Relative flux,offset

WASP-43b: SPECTRAL LIGHT CURVES
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- binned in 10 min:

- 120 ppm per 35nm channel
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WASP-43b: K-BAND EMISSION SPECTRUM WITH EMIR

* Results from our EMIR measurements:
- Thermal emission is detected at 12.6 sigma
- K-band brightness temperature: 1668 + 32 K
- Tentative evidences of CHs and CO

F, JFy(1077)

051 Red model: Our best-fit blackbody model
+ Blue model: Retrieved model based on HST+Spitzer
O'(?L.9 210 211 212 213 2!4 2.5

Wavelength (microns)

Chen+ (2017, in prep)



WASP-43b: K-BAND EMISSION SPECTRUM WITH EMIR

 Consistent with HST/WFC3 measurements
- Our error bars are dominated by red noise
- accounted by Gaussian process
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WASP-43b dayside emission spectrum
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WASP-43b: K-BAND EMISSION SPECTRUM WITH EMIR

* Compared to past ground-based secondary-eclipse observations:

- Our results are physically reasonable

- Literature photometric results are all biased to higher values

- their error bars are highly likely underestimated
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CONCLUSIONS

e GTC/EMIR is able to do precision spectrophotometry!
e 200 ppm /10 min in K-band
¢ 240-450 ppm / 10 min in 30nm channel

e There is still room to improve with revised observing strategy

* Results of our EMIR science verification program:

e Thermal emission is detected at 12.6 sigma in the K-band for the hot
Jupiter WASP-43b

e Our measurements indicate a brightness temperature of 1668 + 32 K at
the probed pressure level in the K-band

e Our K-band emission spectrum shows tentative evidences of CHs and
CO absorption on top of the water absorption wing
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SPECTRAL FLATS

* Spectral flats with 10”-wide slit
- Lamp on/ off to remove CSU pattern
- This flat correction does reduce the pixel-to-pixel variation

Flat lamp on

0.886 0.905 0.924 0.943 0.962 0.981 1 1.02 1.04 1.06 1.08



CSU BACKGROUND PATTERNS |
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Sky is constructed in wavelength space and

o Image reduction of Nod observation transformed back to pzxel space for subtractzon.
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COMPARISON BETWEEN DIFFERENT READ MODES

* Stick to one read mode through the whole observation:

- Relative flux level might differ in different modes
- Complicated systematics with more modes:

- Ramp effects could differ

- Sky contribution changes
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SLIT FAILURE IN ARC LAMP MEASUREMENTS
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