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*First Project
In 1993, the Keck | telescope opened for full science operations with the HIRES echelle
spectrometer, an R~40,000 spectrograph with >5% throughput (an achievement for those

days!).

| would argue that this combination — a 10m aperture with a high-performance echelle

spectrometer — enabled an unprecedented breakthrough on studies of the IGM.

Consider the case for this argument:
¢ What were the key technical advances?
e How did this enable a fundamental leap in IGM science?

e What were the principal discoveries?

The lessons learned can and should inform you on future advances one may make on the

IGM with new technologies.

*Second Project

Given the lessons learned from the impact of Keck/HIRES on the IGM, identify the one or
few technical advances that could generate another qualitative leap. If provided unlimited
resources, what is the next telescope+instrument you would deliver?  How will reality —

the planned spectrographs on the 30+ telescopes — compare?
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[1] Cohen+2017 https://ui.adsabs.harvard.edu/abs/2017MNRAS.472.1915C/abstract
[2] Cain+2020 https://ui.adsabs.harvard.edu/abs/2020ApJ...898..168C/abstract
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- JWST User Documentation Homepage:

https://jwst-docs.stsci.edu/

- JWST Exposure Time Calculator:

https://jwst.etc.stsci.edu/

- Astronomer's Proposal Tools:
https://www.stsci.edu/scientific-community/software/astronomers-proposal-tool-apt
- JWST Call for Proposals for Cycle 1:

https://jwst-docs.stsci.edu/jwst-opportunities-and-policies/jwst-call-for-proposals-for-cycle-1
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Some metal-poor stars show enhanced carbon to iron abundance ratio relative to the solar
value by more than an order of magnitude, called carbon enhanced metal-poor (CEMP)
stars. There are several scenarios to explain the origin of CEMP stars. Discuss good and
bad points of these scenarios.
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Nucleosynthesis in the early Universe is studied mainly with the observations of (a) high-
redshift galaxies and (b) metal-poor stars. Discuss good and bad points of these
approaches and, if any, other approaches. Welcome to your original idea.
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[2] Becker GD, SargentWLW, Rauch M, Carswell RF. 2012. Ap. J. 744:91
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STMT+9 [ E% Y AT R T w4 https://tmt.nao.ac.jp/researchers/science/

-TMT B D BHAD TMT+Subaru DFFERRIZDUNT
https://tmt.nao.ac.jp/researchers/science/download/file/ScienceBook2020/ScienceBook202

0 _h 8.pdf
-Starship ME2EE: https://www.scientificamerican.com/article/spacexs-starship-and-nasas-

sls-could-supercharge-space-science/
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