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Balloon-borne telescopes are a burgeoning technology in the astrophysical sciences, of-

fering distinct advantages compared to traditional approaches such as ground-based obser-

vatories and satellite telescopes. Despite having time-limited deployments, balloon-borne

telescopes are ideal for a wide range of astrophysical projects [1, 2, 3, 4]. Unlike ground

based telescopes, balloon-borne telescopes capture images above 98% of the atmosphere by

density and offer up to 80% transmission down to 300 nm (NUV) [5]. Compared to space

telescopes, balloon-borne telescopes are significantly less expensive alternatives that also

circumvent the safety and logistical demands of a space mission. However, balloon-borne

telescopes suffer from three engineering limitations:

1. weight limitations which constrain the size of the mirrors and lenses that can be used,

2. control limitations caused by instabilities in the upper atmosphere, and

3. observation limitations caused by the dynamics of the ballooning platform.

The Super-pressure Balloon-borne Imaging Telescope (SuperBIT) and its successors aim

to challenge the boundaries of these three engineering limitations inherent in balloon-borne

telescopes. During its upcoming summer 2018 test flight, SuperBIT will perform < 0.25”

imaging stability over a 0.5◦ field of view with a frequency coverage of 300 to 1000 nm with

a > 300-s integration time. Ultimately, SuperBIT will carry a facility-class instrument for a

100-day science mission. SuperBIT will measure 180 galaxy clusters through weak and strong

gravitational lensing in order to put constraints on cluster mass-observable relations. These

results will enable the resolution of discrepancies in constraints on cosmological parameters

derived from the cosmic microwave background radiation and cluster number counts [6].

Through the next iteration of SuperBIT, we will provide a best-in-class calibration on galaxy

cluster masses, at the 2-3% level [5].

In order to achieve these ambitious scientific goals, the engineering challenges that are still

facing SuperBIT and its successors must be addressed. These challenges are two-fold – the

1



design and construction of a gondola with sufficiently stabilizable gimbals that is lightweight

and meets the strength and safety requirements [7], and the design and implementation

of a diffraction limited optical system that is correctable under mechanical stresses and

thermal deformations. While I have resolved the first of these problems for the current

0.5-m telescope gondola system, the solution is not yet scalable to the significantly larger

future 1.3-m facility-class telescope. For the engineering portion of my thesis, I would like

to undertake both of these challenges for the next iteration of SuperBIT.

My recent research and design activities have centered on the latter of these two chal-

lenges. I designed an upgraded optics box with actively controllable elements that will

allow SuperBIT to achieve diffraction limited optics. We will build and install this new

optics box in 2019. I am in the process of designing an optimal actuation system for the

auto-alignment of the optical elements. This work employs techniques used in low order

wavefront-sensing [8], linear control systems [9], machine learning for regression [10], and

optical system optimization [11].

SuperBIT and its successors will fill an important niche in the astrophysical commu-

nity, reaching beyond the stated scientific goals of the experiment. In particular, its high

sensitivity UV measurements will provide valuable data for experiments such as WFIRST

and EUCLID [5, 12]. Since SuperBIT will provide a springboard into the next generation

of astronomical observatories, the design and development work discussed here will have a

lasting impact on many future and ongoing experiments in subsequent years. I look forward

to continuing to tackle SuperBIT’s engineering challenges in order to maximize the scientific

reach of the experiment.
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