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10,000 solar mass black hole in a bulgeless dwarf galaxy
Jong-Hak Woo;, Hojin Cho,, Elena Gallo,, Edmund Hodges-Klucks.s.4,
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Gemini Observatory Press Release
For release at 11:00 am Eastern Time, 5:00 am Hawai‘i Time on June 10, 2019

Gemini Focuses on a Mid-sized Galactic Black Hole

Electronic version of this release (and other institution’s versions) available at:
www.gemini.edu/node/XXXX

Synopsis: An international team of researchers led by Korean astronomer Jong-Hak Woo obtained
deep spectroscopy from Gemini, combined with light echo measurements from multiple
observatories, to confirm a black hole "missing link."

A team of astronomers led by Korean astronomer Jong-Hak Woo of Seoul National University have
found strong evidence for an elusive intermediate mass black hole at the core of a small (dwarf)
galaxy. The groundbreaking work is published in the June 10th issue of Nature Astronomy.

Astronomers have long debated the existence of intermediate mass black holes with masses
between those of individual giant stars and the supermassive black holes found at the cores of
larger galaxies. Supermassive black holes can have masses with millions, or even billions, of solar
masses.

The team used light echoes, or light that bounces off material surrounding the galaxy’s nucleus,
to make the determination. "Using hydrogen gas emission features, we have measured the
shortest delay time for any echo ever observed in the light coming from the material falling into
a black hole at the center of a galaxy," said Woo. "When we combine that with the deep
spectroscopic observations from Gemini, our team determined that this black hole has a mass of
about 10,000 times the mass of our Sun."

According to Woo, the Gemini observations were critical in determining the velocity of gases
swirling around the black hole. "These velocities, which are over 400 kilometers per second, when
combined with our light echo measurements, provide a solid basis for estimating the mass of the
galaxy’s central black hole," adds Woo.

To determine the black hole’s mass, Woo and his team measured the velocity of gas clouds
orbiting around the black hole (using the Gemini spectroscopic observations) and the distance of
the gas clouds from the black hole (using the echo delay observations). Based on these two
measurements (velocity and distance), the mass of the black hole can be calculated using
the basic physics of Newton’s Laws.

The galaxy targeted by the team is a dwarf galaxy and goes by the designation NGC 4395.
Careful observations of the varying intensity of the light emitted from the center of the galaxy
confirmed that the additional "travel time"for the echoes of the emissions from gasses swirling
around the black hole is on the order of 80 minutes. This sets critical limits on the size of the
black hole’s influence and thus its mass.

At a distance of 14 million light years, the center of the dwarf galaxy NGC 4395 has been the
subject of extensive studies in the past. The brightness of its nucleus signals the presence of an
actively accreting black hole at its center but nailing down its mass has been difficult. "We
believe we have nailed it this time," said Woo.

"Research of this sort is made possible by international collaborations and the US National Science
Foundation strongly supports partnerships like the recent addition of Korea as a participant in the
Gemini Observatory," said Chris Davis of the National Science Foundation. "Korea is emerging as a
strong force in astronomy and this work is a glimpse of the future!"

In addition to the Gemini observations, which used the Gemini Multi-Object Spectrograph (GMOS)
on the Gemini North telescope on Hawaii’'s Maunakea, multiple observatories provided the data
used to measure the light echo delays. The light echo measurements utilized the MDM Hiltner
2.4-meter telescope, the 1-meter Lemmonsan Optical Astronomy Observatory (LOAO), and the
1-meter Mt. Laguna Observatory (MLO).

_10_



Science Contact:

Jong-Hak Woo

Professor

Physics and Astronomy

Seoul National University
Email: woo@astro.snu.ac.kr
Desk Phone: +82-2-880-4231
Cell Phone: +82-10-7125-4231

Media Contact:

Peter Michaud

Public Information and Outreach Manager
Gemini Observatory, Hilo Hawai’i

Email: pmichaud@gemini.edu

Desk Phone: (808) 974-2510

Cell Phone: (808) 936-6643

ABOUT THE GEMINI OBSERVATORY

The Gemini Observatory is a facility of the National Science Foundation (NSF-United
States), the National Research Council (NRC-Canada), the Comision Nacional de
Investigacion Cientifica y Technoldgica (CONICYT - Chile), the Ministério da Ciéncia,
Tecnologia e Inova 7 o (MCTI - Brazil), the Ministerio de Ciencia, Technologia e Innovacién
Productiva (MCTIP - Argentina), and the Korea Astronomy and Space Science Institute
(KASI - Republic of Korea), operated under cooperative agreement by the Association of
Universities for Research in Astronomy, Inc. (AURA).

The international Gemini collaboration provides access to two identical 8-meter telescopes.
The Frederick C. Gillett Gemini telescope is located on Maunakea, Hawai‘i (Gemini North)
and the Gemini South telescope is on Cerro Pachon in central Chile; together the twin
telescopes provide full coverage over both hemispheres of the sky. The telescopes
incorporate technologies that allow large relatively thin mirrors, under active control, to
collect and focus both visible and infrared radiation from space. The Observatory provides
the astronomical communities in each of the five participating countries with
state-of-the-artastronomical facilities that allocate observing time in proportion to each
country’s contribution. In addition to financial support, each country also contributes
significant scientific and technical resources.
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