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By Briley Lewis

ANDREA GHEZ

and the mysteries of the galactic center

At the center of our Milky Way, there is a black hole known as Sagittar-
ius A* (Sgr A*). This fact seems commonplace to most current astronomy
students yet the discovery of Sgr A* is relatively recent, only as old as most
of those current students. Our very own Andrea Ghez, Lauren B. Leicht-
man and Arthur E. Levine Professor of Astrophysics, was awarded the 2020
Nobel Prize in Physics for this discovery, using observations from the Keck
Telescopes to decisively show that there is, in fact, a black hole at the
galactic center.

As Ghez, Director of UCLA’s Galactic Center Group, explains, under-
standing our Galaxy is vital to understanding the universe as a whole. The

galactic center is the only place we can observe a supermassive black hole

(SMBH) and its surrounding environment with such detail, exploring how

SMBHs shape galaxy evolution and how astrophysical processes work in

such an extreme environment.
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his Nobel-winning work began as a simple question:
there a supermassive black hole at the center of

recent faculty hire in the 1990s, Ghez

ric Becklin and Mark Morris to address

measuring the motions of stars around Sgr

galaxy? As

a
=amed up with Profs. E

~ by

A ey knew the Keck Observatory, which UC had a stake in,
2uld be revolutionary, and Chez knew she wanted to be a
part of that. “I turned down faculty offers to get to UCLA,”
ne remembers

t point, the Keck Observatory - two twin 10-meter
telescopes atop Hawaii’s Mauna Kea — was just about to come
ronomers were struggling with the idea of what was
enter of the Galaxy. Someone needed to show that the
extreme mass at the galactic center was confined to a small
enough volume that it had to be a black hole.

However, even with a facility like Keck, observing the galac-
tic center was no easy task. Measuring the motion of galactic
center stars from our vantage point on Earth is like standing
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s Angeles and seeing someone atop the Empire State
Building wiggle their finger.

in order to make that measurement, the team used a
technique pioneered by Ghez known as speckle imaging,
which used multiple short exposure images to improve
resolution. This idea was so outside of the box that it was
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GHEZ’S NOBEL-WINNING RESEARCH

Ghez (second from right) in

1996, observing at W. M. Keck
Observatory in Waimea (Kamu-
ela). From left to right: Prof. Eric
Becklin, Prof. Mark Morris, Ghez,
and Beth Klein.

originally rejected by the committee in charge of assigning
telescope time. They claimed that speckle imaging would
never work, and even if it did, stars at the galactic center
wouldn’t be moving fast enough to measure.
Their proposal was eventually accepted, and they

did, in fact, see stellar motions corresponding to orbits
around an extremely massive object, strong evidence for

a supermassive black hole. Speckle imaging worked, with
an unprecedented ability to resolve positions as small as 0.1
milliarcseconds — enough to see that wiggling finger in New
York City.

This success was only the beginning of the budding Galactic
Center Group at UCLA. By 2000, they had measured acceler-
ations for three stars in the galactic center, pushing back on
theories claiming that there couldn’t be a SMBH in our galaxy.
Ghez says, “This [evidence] has made the galactic center the
best case for a SMBH anywhere in the universe, demonstrat-
ing that these exotic objects really do exist...This is what the
Nobel Prize was for.” These observations also identified one
star, known as 5-02, with a period of 16 years — a reasonable
timescale to observe an entire orbit.

In the early 2000s, adaptive optics (AO) was added to Keck,
enabling even more precise observations of the galactic center
and dramatically increasing the evidence for our central SMBH.

The Nobel is not
‘You’re done!’ or time
to rest on your laurels,
but the opportunity to
help your group
continue,” Ghez says.

Spectra revealeq
“ne"(’f‘SightVe_
locities, Providing
33D view of the
Qalactic center,

The first spectr
of these starg also

. revealed a Mystery
known as the “paradox of youth”, since the closest stars to the

SMBH were unexpectedly young.

It’s unusual to see such young stars near Sgr A* because the
black hole’s tidal forces should make star formation difficult
(and the stars couldn’t have migrated there quickly enough).
Many solutions have been proposed to explain why the stars
are there, from atmospheric stripping of old stars to dynami-
cal migration, but the current hypothesis is that they actually
formed in situ. This implies there may have been more gas

around when these stars formed, and therefore past activity
of the SMBH, similar to what we see in other galaxies as active
galactic nuclei (AGN).

The group recently observed S-02 finish its orbit and make
its closest passage to Sgr A", allowing them to measure the
relativistic redshift as a test of general relativity. As 0f 2020,
the Galactic Center Group has been keepingan eye on Sgr A
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for 25 years, creating an incredibly rich decades-long data set

that will enable science for years to come.
“Over the years, | thought it was conceivable that the work

could have gone that far [to get a Nobel Prize], but | didn't
think we’d get there yet,” said Morris. “I've come to appreciate
that Andrea and her group had really punched through the
physics frontier in a more significant way than most astrono-

mers can ever dream of.”

his Nobel came as a pleasant surprise to everyone in

the group — Ghez included. She expressed delight that

this work has been recognized, understanding thatit’s
awonderful opportunity to spotlight the galactic center, her

Left: Close up of KECK Il single laser for the laser
guide star system, Photo by Laurie Hatch Photog-
raphy - http://www.lauriehatch.com/

Right: The orbits of stars within the central 1.0 X
1.0 arcseconds of our Galaxy. In the background,
the central portion of a diffraction-limited image
taken in 2015 is displayed. While every star in this
image has been seen to move over the past20
years, estimates of orbital parameters are best

constrained for stars that have been observed
through at least one turning point of their orbit.
The annual average positions for these stars are
plotted as colored dots, which have increasing
color saturation with time. Also plotted are the
best fitting simultaneous orbital solutions.

colleagues, and the amazing technical facilities they’ve
had access to. However, she also considers it a tremen-

dous responsibility.
“The Nobel is not “You're done!” or time to rest on

your laurels, but the opportunity to help your group

continue,” Ghez says.

A GREAT HONOR, A GREAT RESPONSIBILITY

As a scientific leader, she also wants to use this
recognition to highlight UCLA, and what makes it a
great place for this kind of scientific endeavor. In the 1990s,
when Chez joined the faculty, UCLA had a vision of becoming
a leader in infrared astronomy for Keck. UCLA’s involvement in
Keck has been critical to her work — she calls it her “laborato-
ry” and the “heart and soul” of this research.

Reflecting on her time at UCLA, Ghez describes how
fortunate she feels to work at an institution that has been
supportive of her research and ideas. She appreciates the risk
they took to hire her only one year out of her Ph.D., and the
strategy that our department has brought to hiring, finding
colleagues with overlapping interests to collaborate. “The
whole is greater than the sum of the parts in our department,”
Ghez says. “We can do things that are ambitious because

of collaboration!”

‘enter Group 1995-2020
A

Sy

Ghez also thanks UCLA for their role in helping the group
gain outside support, allowing them to grow from a small
collaboration to a full-scale research center. As postdoc Dr.
Anna Ciurlo says, “There are only a handful of places around
the world that study this region and UCLA is one of the best.”

Ghezis only the fourth woman to receive the Nobel in Phys-
ics, and she takes this prize as an opportunity to highlight the
contributions of women in science. “So few women are recog-
nized in this way,” she says. “It’s an opportunity to encourage
the next generation of women.” Through personal experience,
she recognized the importance of being a female role model,
especially since there aren’t many of them in physics. Ghez
teaches first-year undergraduate classes to show students how

awoman can succeed in STEM, and participates in documen-
taries and outreach efforts to reach a larger audience.

She also credits UCLA as a tremendous ally for her as a
woman in the field, including in her role as a mother. “They've
been amazing in supporting women and providing them with
the key support that continues to enable them to be at the
forefront...it sends the message that they believe in women

having kids and doing great work.”
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UCLA Calactic Center Group,
: members, has grown intod

started as a collab-

nter with 24 core members,
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e away, they continue to work to

pertise from yet another new institution.
this project — 25 years monitoring 3
n our galaxy - is so unique, and the data set
valuable. Even with the existing data,
+antly being done. “[Prof. Tuan Do) says this
u look at the galactic center in 3 new way,
d something that doesn’t match up,” says postdoc and

2d Dr. Abhimat Gautam. “The Nobel science
art of this big thing; this data set can tell us so many

g the galactic center is truly a team effort. Each
working on a piece of the puzzle, learning
o tease apart the story of this extreme region

giving.” Ghez has built a thriving group here at
many more discoveries on the horizon.

zinq the number of experiments that can come
done work, especially when you do it carefully like

~ very organized, driven, smart, methodical, very
& with, very enthusiastic, and a great supporter

~ UCLA and women in science,” says Becklin.

s emphasizes the importance of her leadership, saying
he fact that Andrea’s leadership has put a strong role
<cess of our group...everyone who has worked with her

jone through the group as a student or postdoc has been
really gratified to have been part of this experience. And that
includes me, it’s been the highlight of my career to have been a
part of this group and worked with Andrea.”

Congratulations again to Andrea Ghez and the Galactic

Center Group for the 2020 Nobel Prize!
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RE OF THE GALACTICC

Adaptive Optics

Keck, Adaptive opti

s GHEZ SAYS, “If you have the best tools, you can do

Athe best science.”
UCLA's Infrared Lab, founded in 1989 by

and Eric Becklin, was created with a goal of supporting

science “in the era of the Keck 10-meter telescopes.”

They have delivered multiple science instruments to Keck

other infrared facilities such as the airborne observato-

profs. lan McLean

and
ry, SOFIA. These instruments, such as NIRSPEC and

OSIRIS, have also been crucial to the success of galactic
center observations.

In the last few decades, there has been a revolution in
both infrared astronomy and diffraction-limited observa-
tion. New infrared detectors have allowed for longer-wave-
length and higher resolution images, and adaptive optics
(AO) entered into astronomy. Ghez has been a part of this
revolution, working on the development of AO at Keck
since 1995. She obtained the first ever diffraction-limited
images from Keck with her speckle imaging methods, and
her work in high resolution imaging has been an important

The Galactic Center at 7 7 po:
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cs, and the UCLA Infrared Lab

complement to the IR Lab’s work on instrumentation,
AO allows astronomers to reach the diffraction limit by
sensing disturbances in a wavefront, due to atmospheric
movement, and correcting them. Keck uses a laser guide star
system, where a laser excites sodium atoms around 90 km
off the ground. This creates an artificial star the system
can lock onto to observe how a light wave is perturbed
as it travels to the telescope. AO technology is critical for
the high-resolution observations required by the galactic
center group, as well as other science cases, suchas exo-
planet imaging. An upcoming upgrade to Keck’s AO known
as KAPA will add a fifth laser, enabling even more science.
“More lasers are always better!” says Prof. Tuan Do.

The UCLA Infrared Lab, as well as Ghez and the Galactic
Center Group, will be involved with the next big stepin
instrumentation: 30 meter class extremely large telescopes
(ELTs). The UCLA IR Lab is building an instrument known
as IRIS for the Thirty Meter Telescope, one of America’s

ELT projects.






