
 

Tellurium is detected in one of its places of
origin

June 29 2018

  
 

  

Images of the planetary nebula NGC 7027 (left) and IC 418 or Spirograph
nebula (right) where infrared emission features have been detected, confirming
the presence of very heavy elements. Credit: NGC 7027: Hubble Legacy
Archive, ESA, NASA. Processed by: Delio Tolivia Cadrecha); IC 418: Hubble
Heritage Team (STScI/AURA), R. Sahai, A. R. Hajian

An international team led by a Ph.D. student from the Instituto de
Astrofísica de Canarias (IAC) and the University of La Laguna (ULL)
has identified the emission of tellurium in the infrared spectra of two
planetary nebulae and bromine in one of them.
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At the end of their lives, stars of moderate mass eject their outermost
layers forming planetary nebulae. Through this process, they inject into
the interstellar medium the chemical elements that have been
synthesized inside them for billions of years. Those elements that are
heavier than iron cannot be produced in the nuclear fusion reactions that
occur inside stars because that process would require more energy than
they could generate. These elements are formed by a process known as
neutron capture, which occurs in the final stages of a star's life.

"As they occur, these neutron captures give rise to increasingly heavy
elements," explains Simone Madonna, a Ph.D. student at the IAC and
lead author of this paper. And he adds: "This physical phenomenon
always occurs during the last episodes of the lives of stars: either in
violent events related to the death of very high mass stars, such as
supernova explosions or neutronstars collisions (one of which was
recently detected by gravitational wave observatories), which generate a
huge number of free neutrons, or in the final phase of the life of low
mass stars (between 1 and 8 masses of the Sun), where the neutron flux
is much lower. In the first case, the process is called the "r-process" (R
for rapid) and in the second case, the "s-process" (S for slow).

Jorge García Rojas, postdoctoral researcher at the IAC and Simone's
Ph.D. supervisor, states that " we have detected, for the first time, a
spectral emission feature of tellurium in the infrared spectral range of
two planetary nebulae (and bromine in one of them) thanks to the data
obtained with the EMIR spectrograph, on the Gran Telescopio Canarias,
and IGRINS, on the Harlan J. Smith Telescope, at the McDonald
Observatory in Texas, USA." Taking advantage of the technique of
spectroscopy, we analyse the light we receive from the nebulae, which is
decomposed into different colours like a rainbow, and we can determine
which chemical elements are present in the gas, as each element has a
unique pattern of emission lines embedded in this rainbow, the spectrum
of a nebula. Thanks to this, a tellurium emission line and a bromine
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emission line have been located for the first time in the infrared
spectrum of planetary nebulae. These are the clearest detections of ions
belonging to these two heavy elements in one of the places where they
form.

"The use of large telescopes and specific instrumentation is necessary
due to the extreme weakness of these lines, since they correspond to
elements in the Universe with very low abundances," comments
Francisco Garzón, another of the authors of the paper, who is professor
at the ULL, researcher at the IAC, and the researcher in charge of the
EMIR instrument.

"To determine the abundances of these elements, we have needed to
perform a theoretical atomic model to calculate the atomic parameters of
the observed ions," explains Manuel Bautista, an atomic physicist at the
University of Western Michigan and co-author of the article. The
importance of the detection of these lines in planetary nebulae is based
on the fact that they are better indicators of the abundance of the
element than the lines detected in evolved stars and give us the
opportunity to study the element at its place of origin. Tellurium is of
particular importance as it can be produced by both r-processes and s-
processes.

"The calculated abundances of Tellurium in the planetary nebulae
NGC7027 and IC418 indicate that this element is much more abundant
than expected in the solar vicinity, where the abundance pattern is
distributed as expected if the r-process were responsible for the origin of
these heavy elements," notes Simone, "so some of the tellurium in these
planetary nebulae must have originated through the s-process.

Nicholas Sterling, professor at the University of West Georgia and
Simone's Ph.D. co-supervisor, states that "investigating these elements in
all their places of origin (planetary nebulae, neutron star mergers, and
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supernovae from massive stars) helps us to better understand the
contribution of the s-process and the r-process to the formation of heavy
elements, and to refine theoretical models of the chemical evolution of
the Universe."

  More information: Simone Madonna et al. Neutron-capture Elements
in Planetary Nebulae: First Detections of Near-infrared [Te iii] and [Br
v] Emission Lines, The Astrophysical Journal (2018). DOI:
10.3847/2041-8213/aaccef , arxiv.org/pdf/1806.05458.pdf
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