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Abstract 
 
Adaptive optics holds a fundamental role in the era of thirty meter class telescopes; this 

technology has gained such import that is incorporated into all first light instruments of both 

the upcoming E-ELT and TMT telescopes. Moreover, each of these telescopes are planning 

to use advanced forms of adaptive optics to exploit unprecedented scientific niches, such as 

Multi-Conjugate Adaptive Optics and Multi-Object Adaptive Optics. The complexity of these 

systems requires careful preliminary considerations, such as demonstration of the technology 

on existing telescopes and effective calibration procedures. In this thesis I address these two 

considerations through two different approaches. First, I demonstrate the use of the Multi-

Object Adaptive Optics demonstrator RAVEN to gather high-resolution spectroscopy for the 

first time with this technology, and I identify some of the most metal-poor stars in the Galactic 

bulge to date. Secondly, I develop two focal plane wavefront sensing techniques to calibrate 

the internal aberrations of RAVEN and explore their applications to other adaptive optics 

systems. 

I analyze spectra of individual stars in two Globular Clusters to establish infrared techniques 

that can be used with the RAVEN instrument. Detailed chemical abundances for five stars in 

NGC 5466 and NGC 5024, are presented from high-resolution optical (from the Hobby-

Eberley Telescope) and infrared spectra (from the SDSSIII APOGEE survey). I find [Fe/H] = 

1.97 0.13 dex for NGC 5466, and [Fe/H] = 2.06 0.13 dex for NGC 5024, and the typical 

abundance pattern for globular clusters for the remaining elements, e.g. both show evidence 

for mixing in their light element abundance ratios (C, N), and asymptotic giant branch 

contributions in their heavy element abundances (Y, Ba, and Eu). These clusters were 

selected to examine chemical trends that may correlate them with the Sgr dwarf galaxy 

remnant, but at these low metallicities no obvious differences from the Galactic abundance 

pattern are found. Regardless, I compare my results from the optical and infrared analyses to 

find that oxygen and silicon abundances determined from the infrared spectral lines are in 

better agreement with the other -element ratios and with smaller random errors. 

Using the aforementioned infrared techniques, I derive the chemical abundances for five 

metal-poor stars in and towards the Galactic bulge from the H-band spectroscopy taken with 

RAVEN at the Subaru 8.2-m telescope. Three of these stars are in the Galactic bulge and 

have metallicities between 2.1 < [Fe/H] < 1.5, and high [/Fe] ⇠ +0.3, typical of Galactic disc 



and bulge stars in this metallicity range; [Al/Fe] and [N/Fe] are also high, whereas [C/Fe] < 

+0.3. An examination of their orbits suggests that two of these stars may be confined to the 

Galactic bulge and one is a halo trespasser, though proper motion values used to calculate 

orbits are quite uncertain. An additional two stars in the globular cluster M22 show [Fe/H] 

values consistent to within 1 , although one of these two stars has [Fe/H] = 2.01 ± 0.09, which 

is on the low end for this cluster. The [/Fe] and [Ni/Fe] values differ by 2, with the most metal-

poor star showing significantly higher values for these elements. M22 is known to show 

element abundance variations, consistent with a multipopulation scenario though our results 

cannot discriminate this clearly given our abundance uncertainties. This is the first science 

demonstration of multi- object adaptive optics with high-resolution infrared spectroscopy, and 

we also discuss the feasibility of this technique for use in the upcoming era of 30-m class 

telescope facilities. 

Lastly, I develop two focal plane wavefront sensing techniques to calibrate the noncommon 

path aberrations (NCPA) in adaptive optics systems. I first demonstrate these techniques in a 

detailed simulation of the future TMT instrument NFIRAOS. I then validate these techniques 

on an experimental bench subject to NFIRAOSlike wavefront errors. The two techniques are 

subsequently used to identify and correct the NCPA on both RAVEN and the NFIRAOS test-

bench knowns as HeNOS. The application of these techniques is also explored on the 

VLT/SPHERE system to identify what is known as the ’Low Wind Effect’ (LWE). I first quantify 

the LWE in simulation and then validate the technique on an experimental bench. I then 

estimate the LWE from on-sky data taken with the VLT/SPHERE adaptive optics system. 

Lastly, I apply my focal plane wavefront sensing techniques to estimate residual mirror co-

phasing errors seen on Keck with the NIRC2 adaptive optics system data. I first demonstrate 

the ability of my techniques to quantify these errors in a simulation of Keck/NIRC2 data. I then 

apply their capabilities to estimate the mirror co-phasing errors of Keck with on-sky data. 


