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SOLVING A 30-YEAR-OLD PROBLEM IN MASSIVE STAR FORMATION 
 

An international group of astrophysicists has found evidence strongly supporting a 

solution to a long-standing puzzle about the birth of some of the most massive stars in the 

universe. 

Young massive stars, which have more than 10 times the mass of the Sun, shine 

brightly in the ultraviolet, heating the gas around them, and it has long been a mystery why 

the hot gas doesn’t explode outwards. Now, observations made by a team of researchers 

using the Jansky Very Large Array (VLA), a radio astronomy observatory in New Mexico, 

have confirmed predications that as the gas cloud collapses, it forms dense filamentary 

structures that absorb the star’s ultraviolet radiation when it passes through them. As a 

result, the surrounding heated nebula flickers like a candle. 

The findings, made by scientists working at Agnes Scott College, Universität Zürich, 

the American Museum of Natural History, Harvard-Smithsonian Center for Astrophysics, 

National Radio Astronomy Observatory, European Southern Observatory, and Universität 

Heidelberg, were published recently in The Astrophysical Journal Letters. 

“Massive stars dominate the lives of their host galaxies through their ionizing 

radiation and supernova explosions,” said Mordecai-Mark Mac Low, a curator in 

the American Museum of Natural History’s Department of Astrophysics and an author on 

the paper. “All the elements heavier than iron were formed in the supernova explosions 

occurring at the ends of their lives, so without them, life on Earth would be very different.” 

Stars form when huge clouds of gas collapse. Once the density and temperature are 

high enough, hydrogen fuses into helium, and the star starts shining. The most massive 

stars, though, begin to shine while the clouds are still collapsing. Their ultraviolet light 

ionizes the surrounding gas, forming a nebula with a temperature of 10,000 degrees Celsius. 



 

	  

Simple models suggest that at this stage, the gas around massive stars will quickly expand. 

But observations from the VLA radio observatory show something different: a large 

number of regions of ionized hydrogen (so-called HII regions) that are very small. 

“In the old theoretical model, a high-mass star forms and the HII region lights up 

and begins to expand. Everything was neat and tidy,” said lead author Chris De Pree, a 

professor of astronomy and director of the Bradley Observatory at Agnes Scott College. 

“But the group of theorists I am working with were running numerical models that showed 

accretion was continuing during star formation, and that material was continuing to fall in 

toward the star after the HII region had formed.” 

Recent modeling has shown that this is because the interstellar gas around massive 

stars does not fall evenly onto the star but instead forms filamentary concentrations because 

the amount of gas is so great that gravity causes it to collapse locally. The local areas of 

collapse form spiral filaments. When the massive star passes through the filaments, they 

absorb its ultraviolet radiation, shielding the surrounding gas. This shielding explains not 

only how the gas can continue falling in, but why the ionized nebulae observed with the 

VLA are so small: the nebulae shrink when they are no longer ionized, so that over 

thousands of years, they appear to flicker like a candle.  

“These transitions from rarefied to dense gas and back again occur quickly 

compared to most astronomical events,” said Dr. Mac Low, a curator in the Museum’s 

Department of Astrophysics. “We predicted that measurable changes could occur over 

times as short as a few decades.” 

The new study tested this theory with a 23-year-long experiment. The researchers 

used VLA observations of the Sagittarius B2 region made in 1989 and again in 2012. This 

massive star-forming region located near the Galactic center contains many small regions of 

ionized gas around high-mass stars, providing a large number of candidates for flickering. 

During this time, four of the HII regions indeed significantly changed in brightness. 

“The long term trend is still the same, that HII regions expand with time,” De Pree 

said. “But in detail, they get brighter or get fainter and then recover. Careful measurements 

over time can observe this more detailed process.” 

 

Publication: http://arxiv.org/abs/1312.7768 



 

	  

	  

AMERICAN MUSEUM OF NATURAL HISTORY (AMNH.ORG) 

The American Museum of Natural History, founded in 1869, is one of the world¹s 

preeminent scientific, educational, and cultural institutions. The Museum encompasses 45 

permanent exhibition halls, including the Rose Center for Earth and Space and the Hayden 

Planetarium, as well as galleries for temporary exhibitions. It is home to the Theodore Roosevelt 

Memorial, New York State's official memorial to its 33rd governor and the nation’s 26th 

president, and a tribute to Roosevelt’s enduring legacy of conservation. The Museum’s five 

active research divisions and three cross-disciplinary centers support 200 scientists, whose work 

draws on a world-class permanent collection of more than 32 million specimens and artifacts, as 

well as specialized collections for frozen tissue and genomic and astrophysical data, and one of 

the largest natural history libraries in the world. Through its Richard Gilder Graduate School, it 

is the only American museum authorized to grant the Ph.D. degree. In 2012, the Museum began 

offering a pilot Master of Arts in Teaching program with a specialization in Earth science. 

Approximately 5 million visitors from around the world came to the Museum last year, and its 

exhibitions and Space Shows can be seen in venues on five continents. The Museum’s website 

and collection of apps for mobile devices extend its collections, exhibitions, and educational 

programs to millions more beyond its walls. Visit amnh.org for more information.  
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Become a fan of the Museum on Facebook at facebook.com/naturalhistory, or visit 

twitter.com/AMNH to follow us on Twitter. 
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