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Keck Interferometer 
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KI Timeline 
•  First fringes: March 2001. 
•  Original plan for modes and NASA science drivers: 

–  2 x D = 10m Kecks + 4 x D = 1.8m outriggers. 
–  Exoplanet differential phase. 
–  Exoplanet astrometry. 
–  Exozodi nulling. 
–  V2 science, not required, a bonus. 

•  Reality following elimination of outriggers, DP and Astrometry: 
–  Single Keck-Keck baseline (85m). 
–  High sensitivity (K~11, >3 mags improvement since 2004). 
–  Spectral coverage: H (1.6μm) ,K (2.1μm), L (3.8μm), N (10μm). 
–  Spectral resolution: up to K330 (R=2000). 
–  Nulling at N band (unique worldwide), or equivalently MIR visibility with 

0.6% precision. 
–  NSF-funded new modes: SPR, DFPR, Astrometry (ASTRA project). 

•  Current semester (2012A, ends in July 2012) is the last one. 
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ASTRA: (NSF funded KI Upgrades, PI: J. Woillez, KO) 
ASTrometry and phase-Referencing Astronomy 
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ASTRA status 
•  Self-phase referencing (SPR) mode fully operational.  

•  Sensitivity upgrade: Replacement for K/N dichroics èHope to reach 
NGC 4151 (Kmag = 9-10). 

•  Sensitive H band angle tracking (for red objects). 
•  Science papers published, instrument paper accepted. 

•  Dual-field phase referencing mode in shared risk operation. 
•  Routine Bright/Faint observations at K~12.5 (extrapolates to 

K=14-15) 

•  Astrometry mode also offered as shared-risk. 
•  Demonstrated 100nm rms correlation between primary and 

secondary on bright-bright pair è very good starting point for 
astrometry. 

•  Only a few more nights left in 2012A, strategic choices: 
•  Focus on Dual Field demonstration on galatic center. 
•  Make LGS-IF a top priority. 
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KI Demand & Usage 

•  About 6-9 KI nights per semester allocated. 
•  Over-subscription: 5-8 (TACs NASA, NOAO/TSIP). 
•  23 distinct PIs since 2003. 
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Refereed Publications 

•  38 papers since 2003. 
•  Main science themes: 

–  Preplanetary disks around young stars of all types (dust and gas). 
–  Transition disks. 
–  Young stars dynamical masses. 
–  Novae. 
–  Evolved stars (dust & molecular layers). 
–  Be stars (gas disk spectro-interferometry). 
–  Exozodi levels, and detailed debris disks studies. 
–  AGNs (dust tori size measurements). 

•  Instrument papers: 
–  Nulling theory & practice, fringe measurement & tracking, water 

vapor compensation, self-phase referencing. 

http://nexsci.caltech.edu/software/KISupport/KI_biblio.shtml 
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Papers since last CHARA meeting 
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KI close out 
 
•  2 more observing rums: 

•  Apr 29 – May 3 (V2-SPR, V2-K, V2-L & V2-DFPR) 
•  Jul 27-29 (V2-DFPR & V2-L) 

•  Close-out starts in May 2012, starting with sub-systems not needed 
for the last runs. 

 
•  But, maintain the KI functionalities for an additional year, in case 

there is a restart of operation. 

•  KI data will be transferred from the KI-specific archive to KOA (Keck 
Observatory Archive) during 2012 for long-term access. 
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Large Binocular Telescope 
Interferometer 
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LBTO & LBTI 
•  LBTO (Mt Graham, AZ) 

•  First light: 2005, 2008 
•  Partners: UA, Italy, Germany, Research 

Corporation, Ohio State U. 
•  Instruments for Vis-IR imaging, photometry & 

spectroscopy 
•  AO on each telescope (deformable secs, 

piramid wavefront sensor). 

•  LBTI: 

•  UA instrument, funded by NASA. PI: Phil Hinz. 
•  Installed Sep 2010. First fringes Oct 2010. 
•  NASA science drivers: sensitive exozodi 

survey, exoplanet imaging. LBTI 
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Instrument Overview 

•  Sensitivity: 
–  2 x D = 8.4m telescopes 

on a single mount. 
–  Simple optical path and 

cooled optics combiner. 

•  Resolution: 
–  22.7 m max. baseline. 

•  High contrast: 
–  AO delivers e.g. Strehl 

>95% at 3.8um. 

NSF-Funded 
science channel 
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Expected Performance 
LMIRcam
 NOMIC


Wavelength Coverage (μm)
2.9-5.1(1.5-5.1 capable)
 8-14 (8-25 goal)


Throughput
 >30%
 >20%

Pixel Size
 0.011”
 0.018”

FOV
 20”
 12”

minimum Strehl
 90% (3.8 µm)
 98% (11 µm)

Spectral Resolution
 350
 100

5 sigma detection, 1 hour
 19.8 (3.4 μJy) @ L’
 14.3 (70 μJy) @ N

Spatial Resolution
 40 mas @ L’
 100 mas @ N’


2 MJ planet 
at 1 Gyr 1/3 zodi  

debris disk 0.4 AU  
at 10 pc 

1 AU  at 
10 pc 

 Expected   
 calibration: 
  
 3 – 6 zodis (1σ) 
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Instrument Status & Plans 
•  Both AO systems have been commissioned. 

–  Observatory is ready for interferometry! 

•  LBTI is installed at the telescope. 

•  LBTI commissioning under-way, until Fall 2012. 

•  On-sky tests done thus far (& shared-risk science): 
–  Single telescope imaging with the LBTI cameras. 
–  Seeing limited interferometry. 
–  Aperture masking (Tuthill & Eisner). 

•  Nulling tests will follow, starting in Winter-Spring 2012 … 
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Demo Science 

First 10 um fringes.  
β Peg. Seeing limited 
under poor weather 
(~1.2 arcsec seeing). 

Contrast 
sufficient to 
detect 2 MJ 
planet  around 
eps Eri at 1 AU 

•  AO tests in May 2011 
demonstrated 95% Strehl at M 
(4.8 µm,  top right). 

•  Very stable PSF allows 
subtraction to the background 
limit outside of 0.3 arcsec. 
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Demo Science (cont.) 

First Detection of 4 planets 
around HR 8799 in methane 
absorption (3.3 µm)  

c 

e 

d 

c b 
K band L’band 

Skemer et al. submitted 
Rodrigas et al. submitted 

Scattered light from  young 
edge-on debris disk 
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NASA-LBTI Key Science 
Decadal Survey ASTRO2010: 
 
“… need to characterize the level of zodiacal light present so as 
to determine, in a statistical sense if not for individual prime 
targets, at what level starlight scattered from dust will hamper 
planet detection”. 

Roberge et al. 2012 
ExoPAG report 

Exozodiacal Dust: Impact on Imaging, Sensitivity of Current & Upcoming Facilities 7
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Figure 3: Sensitivity limits for detection of debris dust around nearby Sun-like stars, for various recent
(Spitzer, WISE), current (KIN, Herschel) and near-term facilities (LBTI, JWST, ALMA). The curves show
3σ detection limits in terms of the dust’s fractional dust luminosity versus its temperature. Recent and
current facilities are plotted with solid lines, near-term ones with dashed lines. On the right y-axis, Ldust/L!
is given in units of zodis. The instrument data assumed for these curves appear in Table 1. The temperature
ranges for dust in two zones around the Sun are shown with vertical bars, calculated assuming blackbody
grains. The habitable zone (0.8 AU – 1.8 AU) is shown in pink, the Kuiper belt (30 AU – 55 AU) is shown
in light blue. Image credit: A. Roberge (NASA GSFC).

any emission from much warmer/cooler dust, which is why a survey for habitable zone dust is best
done with an instrument that operates near 10 µm. Note that although JWST/MIRI will have only
moderate absolute photometric accuracy, the telescope’s large collecting area will allow MIRI to
achieve this accuracy for fainter stars than other facilities covering its bandpass.

For nulling instruments (KIN and LBTI), to convert the null leakage to a relative flux (Fdust/F!),
one must account for the fact that some dust emission may be removed by the dark fringes, de-
pending on the exact spatial distribution of the dust. A recent KIN exozodiacal dust survey found
an average value of 0.4 for the fraction of dust emission transmitted through the fringes, assum-
ing dust with a range of temperatures, like the Solar System (Millan-Gabet et al., 2011). The null
leakage error must be divided by this transmission factor to give the correct uncertainty on the
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THE NASA / LBTI Survey 
•  Survey of 60-100 FGKM nearby stars for exozodi levels with 3-6 zodi 

expected sensitivity (1σ). 
•   PI: Phil Hinz (UA). 
•  60 nights dedicated to this project (80-100 stars). 
•  Observations start after commissioning i.e. Fall 2012. Most observing 

to be completed by Fall 2015. 
•  Data archiving and public distribution at NExScI. 
•  NASA solicits members of the community to join the key science team. 
•  Expected selection and funding of 3-4 external team members; which 

will contribute critical expertise needed for the optimum execution of 
the key science exozodi survey (target selection, observing strategies, 
data analysis, and interpretation). 

•  Application deadline: April 27, 2012. 
•  http://nexsci.caltech.edu/missions/LBTI/cfp_keysci.shtml 


