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Letter from the Directorw. m. keck observatory

Science
Of  the many discoveries made this year by astronomers using the 
Keck Observatory telescopes, one really stood out for me: the 
unexpected detection of  record-breaking galaxy EGSY8p7, the most 
distant confirmed galaxy, at a redshift of  8.68 a time when the 
universe was less than 600 million years old, a fraction of  its 
estimated age of  almost 14 billion years. This discovery demonstrated 
the phenomenal power of  the world’s largest optical/infrared 
telescopes equipped with the most sensitive instrumentation, 
observing from the premier viewing site on the planet.  Keck 
Observatory telescopes lead in detecting and characterizing objects 
at the furthest reaches of  the Universe.  

Instruments
Pioneering science requires a commitment to continuous innovation. 
In keeping with this, several long-awaited instrument projects neared 
completion last year and will soon become available for research. 

The National Science Foundation provided funding for a ma-
jor upgrade to NIRSPEC, a specialized, high-resolution, infrared 
spectrograph. The NIRSPEC upgrades follow a potent formula that 
this observatory has repeatedly used with excellent results: Upgrade 
high performance instruments as new technology (detectors, optics, 
computers) becomes available, using the original platform rather than 
designing from scratch. This revitalizes instruments that may be a 
decade or more old, allowing them to continue to contribute to the 
observatory’s scientific prowess, while significantly shortening 
development time and greatly reducing cost.

A major upgrade to the hardware and software that controls the 
telescopes drew close to completion; it will significantly improve 
telescope performance. Our long-researched and critical project to 
upgrade all of  the 84 Keck Observatory mirror segments began this 
year. Details of  both projects feature elsewhere in this report. Also 
highly noteworthy: our deploying a powerful new laser with ten times 
the performance yet requiring only five percent of  the input energy 
of  its predecessor, forming the foundation for the next major 
advance in our extraordinarily successful adaptive optics program.

Looking to the Future
Keck Observatory and its scientific community have begun 
developing a new strategic plan for the observatory’s role in the era 
of  the next generation of  ground- and space-based observatories. 
This strategic plan aims to keep Keck Observatory in the vanguard of  
astronomical research for the next decade and will form the frame-
work for decisions on a host of  critical technologies, instrumentation 
and observational techniques. 

In the near term, we are looking forward to the delivery of  the Keck 
Cosmic Web Imager, a powerful instrument to detect and characterize 
the cosmic web, the faint tendrils of  gas that link galaxies throughout 
the Universe. 
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“Since it came on-line for science in 1992, Keck Observatory 
has shaped astronomical research in dramatic ways. My 
vision is to continue Keck Observatory’s vibrant leadership, 
one for which we are fully prepared.”

We are also proceeding with the Keck Planet Finder designed to 
detect and characterize earth-like planets in the Habitable Zone – 
the area around a parent star where liquid water can exist. Identifying 
such planets is critical to finding places other than Earth where life 
may have evolved. The Keck Planet Finder passed its initial design 
review and has received several million dollars in initial funding from 
generous donors.   

People
This coming year, I will celebrate my 30th year with Keck 
Observatory.  As I look back over this time, I am as amazed by the 
people with whom I have had the honor to work as I am by the 
great scientific discoveries made over this period.  We have always 
attracted the best and brightest and have an extraordinary 
retention record. Of  our 120 current staff, more than 20 have been 
at Keck Observatory for 20 years or longer. We continue to attract 
outstanding talent to our team, such as new Chief  Scientist Dr. Anne 
Kinney, a 30-year veteran NASA leader. We work hard to maintain 
the sense of  ohana (family) that permeates our staff.

We also benefit greatly from a range of  very supportive people. 
Every day, volunteers at our Waimea headquarters enthusiastically 
educate visitors about astronomy, our telescopes and Hawaii’s 
leading role in discovery. Our public Astronomy Talks are very 
popular and our Evenings with Astronomers events draw the 
interest of  major donors. Through the generosity of  a single donor 
we can offer these thought-provoking occasions to community 
members and donors alike.

Since it came on-line for science in 1992, Keck Observatory has 
shaped astronomical research in dramatic ways.  My vision is to 
continue Keck Observatory’s vibrant leadership, for which we are 
fully prepared. We are committed to extending the scientific impact 
of  this great observatory far into the future. Our staff  is dedicated 
and creative. Our astronomical community is diverse, forward-
thinking and exceptionally productive. Supporting us technically and 
financially are some of  the finest institutions in astronomy, along 
with a community of  dedicated donors whose ranks we are eager 
to increase. The science we enable adds to the well of  significant 
human knowledge – a laudable achievement by any measure. Please 
join our quest by considering your contribution to the important 
task before us.

Sincerely,

  
Hilton Lewis
Observatory Director, W. M. Keck Observatory

Keck Observatory’s Keck I and Keck II telescopes continue to be the world’s most scientifically 
productive ground-based telescopes on a per-telescope basis.  Measured both in terms of  total 
papers published, and impact as defined by the number of  these papers’ scientific citations, Keck 
Observatory has demonstrated an astonishing productivity since it burst on the scene more than 
twenty-five years ago. Our talented employees and astronomers, along with our partner 
institutions and donors underpin this remarkable accomplishment.

All photography by Andrew Richard Hara



04 | ANNUAL REPORT 2015 ANNUAL REPORT 2015 | 05

science: 40 years of exoplanets

40 Years of Exoplanets at Keck Observatory
The year 2015 marked the 20th anniversary of  the discovery of  the 
first exoplanet orbiting a main sequence star. Let’s look back on an 
exciting two decades of  discovery at Keck Observatory and then look 
forward to the next two decades. 

The revolutionary detection of  51 Peg-b – a planet half  the mass 
of  Jupiter with a 4.2 day orbit – by Swiss astronomers in 1990 was 
made using the Doppler method, which tracks small variations in the 
motion of  a host star due to the presence of  an orbiting planet. Its 
existence was quickly validated by University of  California observers 
Geoff  Marcy, Paul Butler and Steve Vogt using the Lick and Keck 
Observatory telescopes. 

Since 1995 observers using Keck Observatory’s HIRES instrument 
were responsible for the discovery of  almost 250 planets with masses 
from four times the size of  Earth to 13 times the size of  Jupiter and 
orbital periods from two days to more than 10 years. At times, Keck 
Observatory accounted for up to one-third of  all known exoplanets. 

University of  Hawaii astronomer Andrew Howard and collaborators 
determined that about one-quarter of  Sun-like stars harbor an Earth-
like planet within a few tenths of  an Astronomical Unit (AU – the 
distance from Earth to the Sun) while California Institute of  
Technology graduate student Marta Bryan used 20 years of  HIRES 
data to estimate that roughly half  of  Sun-like stars host a Jupiter-sized 
planet somewhere between three and 10 AU.

The launch of  NASA’s Kepler spacecraft in 2009 marked a second 
exoplanet revolution. By detecting the small, hours-long dip in stellar 
brightness when a planet travels across the face of  its star, Kepler 
identified thousands of  planet candidates with radii ranging in size 
from Mars to twice that of  Jupiter. 

Follow-up observations with Keck Observatory were essential: 
eliminating “false positives” required advanced adaptive optics (AO) 
imaging; characterizing the host stars required spectroscopy; and most 
important, determining planet masses demanded dozens of  precise 
Doppler measurements. More than 350 nights went into studying 
Kepler targets and we now know the mass, radius, and bulk 
composition of  more than 100 planets: gas or icy giants, water worlds, 
or rocky planets like the Earth. 

Despite losing two of  its four stabilizing reaction wheels, Kepler was 
successfully repurposed to search for planets orbiting a wider variety 
of  stars than in the primary Kepler mission. With help from Keck 
Observatory, Kepler has begun to find transiting Neptunes in young 
stellar clusters that will eventually lead to the first measurements of  
the masses and radii of  planets in early stages of  evolution.

keck-tastic fact

Scientists using Keck Observatory 

statistically determined that 20 

percent of Sun-like stars in our 

galaxy have Earth-sized planets 

that could potentially host life.

“Since 1995, observers using Keck Observatory have discovered 
197 planets in 133 planetary systems, and have confirmed 
another 231 planet candidates in 109 planetary systems 
discovered by the Kepler mission.” Ed Bufil, Optics Technician

Direct imaging of  planets is challenging due to the extreme 
brightness ratio between star and planet. In 2008 Christian Marois 
and collaborators used Keck Observatory’s AO with the NIRC2 
instrument to identify a planetary system with four planets 
orbiting the nearby star HR 8799. Quinn Konopacky used the 
OSIRIS spectrometer to find carbon monoxide and water in the 
atmosphere of  the Jupiter-sized HR8799b. Most recently, Bruce 
Macintosh used Keck Observatory to confirm the discovery of  51 
Eri-b, a planet twice the mass of  Jupiter, first detected by the Gemini 
Planet Imager, and to characterize its atmosphere with Keck 
Observatory’s longer wavelength capability. 

The past 20 years have been marked by major contributions from 
Keck Observatory with the discovery, validation and characterization 
of  almost 250 planets. But dramatic new capabilities are coming. 
Some of  the highlights for the next five to ten years include:

The near-infrared spectrometer, NIRSPEC, is getting a long over-
due upgrade to enable higher sensitivity and spectral resolution. 
Starting in 2017, Keck Observatory observers will characterize 
the atmospheres of  dozens of  Jupiter-sized planets, determining 
their composition and in some cases even their masses. A second 
upgrade to NIRSPEC would use a laser frequency wavelength 
standard to make Doppler measurements of  Jupiter’s orbiting 
very-young stars and even of  super-Earths orbiting cool M stars. 

A new instrument, called the Keck Planet Finder, has successfully 
passed its system design reviews and could be available for 
operation by 2019, just in time to take advantage of  NASA’s next 
transit mission, TESS, which will survey the entire sky to find the 
closest, brightest transiting planets. 

Within the next five years, advances in the Keck Observatory AO 
system combined with the new Vector Vortex Coronagraph 
developed by Caltech’s Dimitri Mawet will enable imaging searches 
for Jupiters and Saturns orbiting nearby young M stars. 

On the 20-year horizon, the Keck Observatory community is 
considering a Doppler capability surpassing the Keck Planet Finder 
by a factor of  five to 10 in precision to enable a search for true Earth 
analogs in the Habitable Zones of  Sun-like stars. Such planets would 
be prime targets for direct imaging by 30-40 meter telescopes, such 
as the Thirty Meter Telescope and 8-10 meter telescopes in space, 
to look for biomarkers in their atmospheres. Keck Observatory has 
played an extraordinarily vital role in the past 20 years of  exoplanet 
discovery. But the past is only prologue to the next 20 years of  
research that could find Keck Observatory playing a key role in the 
discovery of  other habitable, or even life-bearing, Earths. 

By Dr. Charles Beichman, Executive Director 
NASA ExoPlanet Science Institute, California Institute of Technology

Member of the Keck Observatory Science Steering Committee, frequent user of 
the Keck Observatory telescopes, and the technical leader on a proposed major 
upgrade on a planet detection instrument for the observatory.
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keck observatory instrumentation

Maintaining and Improving Keck Observatory Telescopes
The two Keck Observatory telescopes have been making major 
scientific contributions since 1996 and they continue to be the most 
scientifically productive telescopes on Earth, and astronomers using 
these two telescopes lead the way in scientific discovery. The core 
technology of  these telescopes – the segmented mirror design – and 
the fundamental elements of  the telescope mount and structure are still 
the most advanced solutions for building large telescopes. Each 
telescope stands eight stories tall, weighs 350 tons and operates with 
precision measured in microns and nanometers. Each telescope 
employs a number of  computer-controlled electronic and electro-
mechanical subsystems in its operation. The telescopes’ primary 
mirrors are 10 meters in effective diameter and are each composed of  
36 hexagonal segments that work in concert as a single mirror. The 
telescope uses an altitude azimuth mount consisting of  an azimuth 
drive to rotate the telescope with respect to North, and an elevation 
drive to position the telescope between the horizon and the zenith. 

One of  our biggest challenges today is that the supporting 
technologies for our two telescopes are ready for an update. Thanks to 
continued advances in optical and mechanical engineering as well as 
in the complex control systems required to operate the telescopes, we 
are currently working on two projects that will improve both 
performance and reliability: one to renew the telescope’s individual 
mirror segment support structures; and one to replace the systems 
that point the telescopes at the desired celestial object.

Renewal of  the Segment Supports
Each of  the telescope’s primary mirror segments are 1.8 meters 
across and require a special support structure to ensure maximum 
optical quality from each segment. The renewal of  the mirror segment 
support structures started with the discovery that very small cracks 
were forming on the back of  some of  the mirror segments where a set 
of  small metal pads were glued to the mirror to provide the interface 
between the mirror and its support structure. While none of  these 
cracks have led to the failure of  a mirror segment, or damage to the 
telescope, if  not addressed it is possible that some cracks could grow 
and eventually make the mirror segment unusable. A team was formed 
at the observatory to solve the problem of  the cracks, and after several 
years of  research the team developed techniques to repair the cracks 
and replace the interface between the mirror segment and its support 
structure with an improved design and an improved process for 
attachment to the mirror segment. This was understood to be a long 
and difficult project since each telescope has 36 segments plus six 
spares or 84 in total for the two telescopes. In July 2015, the first segment 

keck-tastic fact

A group of astronomers observing 

with Keck Observatory discovered 

the first quadruple quasar system: 

four rare active black holes situated 

in galaxies in close proximity to one 

another.

“Following the successful demonstration of the upgrade
process, the team is now preparing to repair the remaining 
83 segments.”

Sky Hudek, Optics Specialist and Truman Wold, 
Mechanical Engineer, upgrading the mirror segments.

to be repaired was carefully moved from the summit facilities to a lab at 
the observatory headquarters where it was repaired over a two-month 
period. The repaired segment was then returned to the summit where 
it was re-coated and re-installed in the Keck II telescope. On-sky tests 
show that the combination of  the care taken in performing the repair, 
and the new design of  the interface to the support structure resulted in 
a very high level of  optical quality for the repaired segment, as good as 
or better than any previously measured for any of  the mirror segments 
on either telescope. Following this successful demonstration of  the 
repair process, the team is now preparing to repair the remaining 83 
segments.

Renewal of  the Telescope Control System
Control of  the telescope position in azimuth and elevation is the primary 
function of  a key telescope subsystem called the telescope control 
system or TCS. The TCS is a hardware and software system that allows 
the telescope to be pointed at a science target and then guided to track 
the apparent motion of  the target due to the rotation of  the Earth 
(sidereal motion). On a large telescope, this guiding motion must be 
very precise to avoid blurring the high-resolution image. The TCS 
upgrade is a project led by observatory engineering staff  that has 
developed a replacement for the existing TCS. Development of  the 
upgrade began in 2010 with the goals of  improving performance, 
increasing reliability, reducing maintenance, and addressing the serious 
issues of  obsolescence that existed for many of  the electronics and 
computers used in the TCS. Obsolescence is a major concern especially 
since a study of  disaster recovery performed at the observatory after 
the October 2006 Hawaii Island earthquake found obsolescence was 
the most significant factor affecting recovery from a disaster. Making 
an upgrade such as this also is an opportunity for knowledge diffusion 
and renewal. The installation of  the upgrade for the Keck II telescope 
was completed in the fall of  2015, and the process of  turning over 
the upgraded control system to operations began in March 2016. A 
key challenge for the upgrade process is the need to keep the existing 
control system operational and available for nighttime operations, while 
allowing daytime testing of  the new system. This required a complex 
series of  crossover relays that allowed switching to the upgrade for day-
time testing, and back to the existing system for nighttime use.  Testing 
of  the upgrade on Keck II demonstrates significant improvements 
in telescope pointing and tracking performance. The upgrade has 
successfully addressed the problems of  obsolescence and promises a 
long life with greater ease of  maintenance and service. Installation of  
the upgrade on the Keck I telescope was completed in March 2016, 
and testing is under way.

By Sean Adkins, Instrument Program Manager
W. M. Keck Observatory
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financials

annual report financials
for the fiscal years ending on september 30, 2015 & 2014 

Financial results for fiscal year 2015 saw two percent growth in total support and revenues and three percent reduction in expenses 
over fiscal year 2014.  Contributions and operating revenue increased by $968,000 and were offset by a decrease in investment income 
of  $635,000. Program services and fund raising expenses remained relatively flat while administrative expenses reduced by $652,000.  
The year ended with a surplus and total net assets grew by $274,000.  Keck Observatory invested additional unrestricted funds in long-
term investments during the fiscal year, decreased its liabilities by $669,000 and carried no long-term debt.

The figures that appear in the financial summary shown are derived from the audited 2015 and 2014 consolidated financial statements 
and have received an unqualified opinion. For complete, audited financials, please visit our website at www.keckobservatory.org. 

W. M. Keck Observatory Leadership

SUPPORT & REVENUE 2015 2014

Contributions $891 $378

Operating revenue $22,119 $21,664

Investment income $149 $784

Other income $270 $145

TOTAL SUPPORT & REVENUE $23,429 $22,971

EXPENSES   

Program services $20,020 $20,195

Administration and general $2,553 $3,205

Fundraising $582 $495

TOTAL EXPENSES $23,155 $23,895

NET RESULTS $274 -$924

(in thousands)

ASSETS, LIABILITIES AND NET ASSETS SUMMARY 2015 2014

ASSETS

Current assets $8,440 $9,763

Long-term investments $6,804 $5,857

Property and equipment $54,309 $54,329

TOTAL ASSETS $69,553 $69,949

LIABILITIES

Accounts payable and accrued expenses $2,942 $2,520

Advances $11,407 $12,498

TOTAL LIABILITIES  $14,349 $15,018

TOTAL NET ASSETS $55,204 $54,931

Hilton Lewis, Observatory Director

Bill Brown, Human Resources Manager

Anne Kinney, Chief  Scientist

Rich Matsuda, Operations Manager

Kevin McCann, Engineering Manager

Margarita Scheffel, Chief  Financial Officer

Peter Wizinowich, Optics Systems Manager

Board of  Directors
George R. Blumenthal, Chair
Chancellor, University of  California, Santa Cruz

Edward M. Stolper, Vice-Chair
Provost, California Institute of  Technology

Fiona Harrison
Chair, Division of  Physics, Mathematics and Astronomy 

Claire Max
Interim Director of  the University of  California Observatories

Aimée Dorr
Provost and Executive Vice President, Academic Affairs, 
University of  California

Shrinivas Kulkarni
Director of  the Caltech Optical Observatories, 
California Institute of  Technology

Liaison to Board

Günther Hasinger (UH Observer)
Director, University of  Hawai‘i Institute for Astronomy

Hashima Hasan (NASA Liaison)
Program Scientist, NASA

T. J. Keck (Keck Representative)
W. M. Keck Foundation

(in thousands)
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we thank you

Support Keck Observatory
We thank the patrons of  Keck Observatory for their generosity and commitment to fueling discovery 

and advancing humanity’s understanding of  the Universe.  Keck Observatory, the first of  a generation of  

large telescopes that provided an enormous leap forward in astronomical innovation, is a private, 501(c)3 

tax-exempt, nonprofit organization that relies on both public funding and private philanthropy for 

strategic instrument advances designed to generate enormous scientific dividends. Your support is 

essential to our long-term success. For more information on how to support Keck Observatory visit: 

www.keckobservatory.org/support/donate

Keck Nation is an international community of  individuals who are interested in astronomy and want to 

be among the first to learn about our educational programs and latest discoveries. Sign up for Keck 

Nation today and be among the first to be notified about great science.  

www.keckobservatory.org/fans

“This is an exciting time to be involved in astronomy as deep 
mysteries of the universe are unveiled and new questions can 
be addressed.  The twin Keck Observatory telescopes will continue 
to be at the forefront of discovery for many more years.”  
-gordon moore

Astronomy in Hawaii contributes more to 
humankind’s understanding of the Universe 

than any other site on Earth.

keck-tastic fact

Astronomers have used the Keck 

Observatory fitted with the 

powerful MOSFIRE spectrograph 

to discover the most distant 

galaxy yet, one whose light has 

traveled 12.9 billion years to reach 

Earth.
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