
 

Researchers pinpoint the end of 'cosmic
dawn,' the epoch of reionization

June 8 2022

  
 

  

Schematic representation of the view into cosmic history provided by the bright
light of distant quasars. Observing with a telescope (bottom left) allows us to
gain information about the so-called reionisation epoch (“bubbles” top right) that
followed the Big Bang phase (top right). Credit: Carnegie Institution for Science
/ MPIA (annotations)
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A group of astronomers led by Sarah Bosman from the Max Planck
Institute for Astronomy have robustly timed the end of the epoch of
reionization of the neutral hydrogen gas to about 1.1 billion years after
the Big Bang. Reionization began when the first generation of stars
formed after the cosmic "dark ages," a long period when neutral gas
alone filled the universe without any sources of light. The new result
settles a debate that lasted for two decades and follows from the
radiation signatures of 67 quasars with imprints of the hydrogen gas the
light passed through before it reached Earth. Pinpointing the end of this
"cosmic dawn" will help identify the ionizing sources: the first stars and
galaxies.

The universe has undergone different phases from its beginning to its
current state. During the first 380,000 years after the Big Bang it was a
hot and dense ionized plasma. After this period, it cooled down enough
for the protons and electrons that filled the universe to combine into
neutral hydrogen atoms. For the most part during these "dark ages," the
universe had no sources of visible light. With the advent of the first stars
and galaxies roughly 100 million years later, that gas gradually became
ionized by the stars' ultra-violet (UV) radiation again. This process
separates the electrons from the protons, leaving them as free particles.
This era is commonly known as the "cosmic dawn." Today, all the
hydrogen spread out between galaxies, the intergalactic gas, is fully
ionized. However, when that happened is a heavily discussed topic
among scientists and a highly competitive field of research.

A late end of the cosmic dawn

An international team of astronomers led by Sarah Bosman from the
Max Planck Institute for Astronomy (MPIA) in Heidelberg, Germany,
have now precisely timed the end of the reionization epoch to 1.1 billion
years after the Big Bang. "I am fascinated by the idea of the different
phases which the universe went through leading to the formation of the
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Sun and Earth. It is a great privilege to contribute a new small piece to
our knowledge of cosmic history," says Sarah Bosman. She is the main
author of the research article that appears in the Monthly Notices of the
Royal Astronomical Society today.

Frederick Davies, also an MPIA astronomer and co-author of the paper,
comments, "Until a few years ago, the prevailing wisdom was that
reionization completed almost 200 million years earlier. Here we now
have the strongest evidence yet that the process ended much later, during
a cosmic epoch more readily observable by current generation
observational facilities." This time correction may appear marginal
considering the billions of years since the Big Bang. However, a few
hundred million years more was sufficient to produce several dozens of
stellar generations in the early cosmic evolution. The timing of the
"cosmic dawn" era constrains the nature and lifetime of the ionizing
sources present during the hundreds of million years it lasted.

This indirect approach is currently the only way to characterize the
objects that drove the process of reionization. Observing those first stars
and galaxies directly is beyond the capabilities of contemporary
telescopes. They are simply too faint to obtain useful data within a
reasonable amount of time. Even next-generation facilities like ESO's
Extremely Large Telescope (ELT) or the James Webb Space Telescope
may struggle with such a task.

Quasars as cosmic probes

To investigate when the universe was fully ionized, scientists apply
different methods. One is to measure the emission of neutral hydrogen
gas at the famous 21-centimeter spectral line. Instead, Sarah Bosman and
her colleagues analyzed the light received from strong background
sources. They employed 67 quasars, the bright disks of hot gas
surrounding the central massive black holes in distant active galaxies.
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Looking at a quasar spectrum, which visualizes its intensity laid out
across the observed wavelengths, astronomers find patterns where light
seems to be missing. That is what scientists call absorption lines. Neutral
hydrogen gas absorbs this portion of light along its journey from the
source to the telescope. The spectra of those 67 quasars are of an
unprecedented quality, which was crucial for the success of this study.

  
 

  

From Earth, we are always looking into the past of the cosmos. The light from
distant quasars from the early universe passed through the already partially
ionised gas of the reionisation epoch, arranged around early galaxies. The neutral
hydrogen gas between the galaxies produces the signatures of absorption. Due to
the expansion of the universe, absorption lines appear differently redshifted
from the UV range. Credit: MPIA graphics department
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The method involves looking at a spectral line equivalent to a wavelength
of 121.6 nanometers. This wavelength belongs to the UV range and is
the strongest hydrogen spectral line. However, the cosmic expansion
shifts the quasar spectrum to longer wavelengths the farther the light
travels. Therefore, the redshift of the observed UV absorption line can
be translated into the distance from Earth. In this study, the effect had
moved the UV line into the infrared range as it reached the telescope.

Depending on the fraction between neutral and ionized hydrogen gas, the
degree of absorption, or inversely, the transmission through such a cloud,
attains a particular value. When the light encounters a region with a high
fraction of ionized gas, it cannot absorb UV radiation that efficiently.
This property is what the team was looking for.

The quasar light passes through many hydrogen clouds at different
distances on its path, each of them leaving its imprint at smaller redshifts
from the UV range. In theory, analyzing the change in transmission per
redshifted line should yield the time or distance at which the hydrogen
gas was fully ionized

Models help disentangle competing influences

Unfortunately, the circumstances are even more complicated. Since the
end of reionization, only the intergalactic space is fully ionized. There is
a network of partially neutral matter that connects galaxies and galaxy
clusters, called the "cosmic web." Where the hydrogen gas is neutral, it
leaves its mark in the quasar light, too.

To disentangle these influences, the team applied a physical model that
reproduces variations measured in a much later epoch when the
intergalactic gas was already fully ionized. When they compared the
model with their results, they discovered a deviation at a wavelength
where the 121.6 nanometers line was shifted by a factor of 5.3 times
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corresponding to a cosmic age of 1.1 billion years. This transition
indicates the time when changes in the measured quasar light become
inconsistent with fluctuations from the cosmic web alone. Therefore,
that was the latest period when neutral hydrogen gas must have been
present in intergalactic space and subsequently became ionized. It was
the end of the "cosmic dawn."

The future is bright

"This new dataset provides a crucial benchmark against which numerical
simulations of the universe's first billion years will be tested for years to
come," says Frederick Davies. They will help characterize the ionizing
sources, the very first generations of stars.

"The most exciting future direction for our work is expanding it to even
earlier times, toward the mid-point of the reionization process," Sarah
Bosman points out. "Unfortunately, greater distances mean that those
earlier quasars are significantly fainter. Therefore, the expanded
collecting area of next-generation telescopes such as the ELT will be
crucial."

  More information: Sarah E I Bosman et al, Hydrogen reionization
ends by z = 5.3: Lyman-α optical depth measured by the XQR-30
sample, Monthly Notices of the Royal Astronomical Society (2022). DOI:
10.1093/mnras/stac1046
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