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It has been a great pleasure that I have been working with Keck telescope and its data products
for 20 years since I was a student. The amazing capability of Keck produced a series of
discoveries in many areas of science and I do hope Keck telescopes keep producing great
sciences for decades to come.

Critical Instrumentation
Mapping the Universe (Wide-Field Imaging and Multiplex Spectroscopy) is such a basic concept
but full of new discoveries as history proves. I would like to promote a combination of
wide-field imaging and spectroscopy in the next 10 years. At the same time, there exist
unexplored science cases (High-Speed Imaging and Fast Spectroscopy) which Keck telescopes
should take a lead.

1) Wide-Field Imaging:
Given the fact, southern hemisphere is intensively observed by LSST/Rubin in the next
10 years, northern hemisphere should be observed equally in depth but with different
strategies. The proposed KWFI is capable of achieving this goal, and this sky map would
become a legacy of Keck for many decades to come.

2) Multiplex Spectroscopy:
The most popular and successful instrumentation at Keck is LRIS which has been on the
front line for more than 20 years. I can imagine 20 years from now, we are still in need
of equivalent of LRIS. The proposed FOBOS can do such observation with high
flexibility.   It would be great ifsome fibers can be fed to HIRES.

3) High Speed Imaging:
Now, we have CMOS sensor in hand which can take the movie of the universe. There
exists high speed astronomical phenomenon which nobody explored yet. Deployment of
CMOS sensor is essential and meets the mission of Keck observatory.

4) Fast Spectroscopy:
In the era of gravitational-wave astronomy, we are on high demand of fast spectroscopic
follow-up. Including LSST/Rubin, ZTF, LS4, ATLAS, ASASSN, there exists lots of
discovery machines for transients. However, we are in short of spectroscopic follow-up.
In fact, we are in need of larger apertures for spectroscopy which can act fast. GW, shock
break out, Fast Radio Burst and fast evolving transients, we have imaging data, but we
have so little spectroscopic follow-up facilities and mysteries are yet to be solved. Keck
telescopes can take a lead of executing spectroscopic follow-up.

Keck Data
The success of SDSS and the Hubble Space Telescope was due to the easy access to their
high-quality data. The data reduction is done by the pipeline team and reduces the burden of
students and researchers. We are in the era of AI and machine learning, and we should abandon
the idea of craftmanship on data reduction. Any great ideas or techniques should be centralized
and applied to all the Keck data including historical data. A great example is KODIAQ which



proved Keck data does not age if they are reduced and combined in uniform way. Similar
practice should take place to all of the instruments

Operating Mode:
A) Queue Mode:

I myself had experienced a series of bad weather, winter storm, snow on the dome,
volcano eruptions, power outages, and earthquakes while I was observing. Queue mode
needs to be introduced to execute high-scored science, however, Keck community needs
to keep the flexibility of executing observation as well. A mix of queue mode and
classical mode is needed in the next decade. The ratio needs to be well balanced and
needs adjustments every few years. But I do believe queue mode observation can help
achieve great sciences at Keck observatory.

B) Survey Mode:
When a new instrument is introduced, it is natural to have a large number of nights to be
invested in that instrument. The DEEP surveys are a successful example. In the future,
it would be great if the Keck community as a whole can invest in an even larger number
of nights. I foresee KWFI needs a lot of survey time, and it is important to start
discussing how to build a 5-year survey plan in advance.

C) ToO and fast turnaround:
It is important to have a time window of ToO (Target of Opportunity) which has been
proven to be very successful in terms of paper production. We should keep the window
of ToO, but ToO does not need to be a whole night. One-hour observation may be
sufficient. Gemini Observatory has been practicing the ‘Fast Turnaround’ system. It has
been very successful, although the fraction of the number of nights is small. Any good
science case can be applied, and we do not need to wait for one year to observe your
science target. It enables us to produce a good science paper in a timely manner.
However, queue mode is needed to introduce this fast turnaround system.

As it has been proved, the most exciting science cases (such as dark energy, the supermassive
black hole at the Galactic center, exoplanets, and brown dwarfs) were not on Keck telescope’s
bluebook when Keck telescope was conceived. I cannot list the great science cases here. Of
course, I am expecting to see nearby black holes, primordial black holes, signs of life etc.
However, I know what is needed to make them happen which is summarized above. Thank you
always for your great support.


