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This Illustration shows two merging neutron stars. The rippling space-time grid represents
gravitational waves that travel out from the collision, while the narrow beams show the burst of
gamma rays that are shot out just seconds after the gravitational waves. Swirling clouds of material
ejected from the merging stars are also depicted, glowing with visible and other wavelengths of

light.
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Introduction

Watch a cosmic gamma-ray fireworks show in this animation using data from Fermi’s Large Area
Telescope (LAT) from February 2022 to February 2023. Each object’s magenta circle grows as the
source brightens and shrinks as it dims. The yellow circle represents the Sun following its apparent

annual path across the sky. The animation shows a subset of the LAT gamma-ray records now
available for more than 1,500 objects.

Credit. NASA’s Marshall Space Flight Center/Daniel Kocevski
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On sunny June 11, 2008, NASA’'s Gamma-ray Large Area Space Telescope (GLAST) launched from
Cape Canaveral on Florida’s eastern coast. The telescope soared above anxious crowds and into
the clouds on a Delta Il rocket until it reached its destination safely, 350 miles above Earth. For the
next two months, scientists tested and calibrated GLAST's instruments as the telescope orbited
Earth every 96 minutes. The telescope worked as planned. On August 26, 2008, it adopted a new
name chosen through a public competition: the Fermi Gamma-ray Space Telescope, named for
pioneering physicist Enrico Fermi. Though its primary mission was to last five years, the spacecraft
has surpassed all hopes and expectations, reaching 15 years of operation with no sign of slowing
down. Every day, Fermi provides unprecedented gamma-ray data that shapes groundbreaking
discoveries for astronomers and astrophysicists around the world.

Scientists began conceptualizing the nearly $1 billion Fermi satellite more than 16 years before its
launch. The astronomical community had long wanted a telescope to better study high-energy
physics, a desire only heightened by the retirement and intentional deorbiting of NASA's Compton
Gamma Ray Observatory in 2000. NASA built Fermi as Compton’s direct descendent, with a team
that included many of the same people who worked on Compton. Fermi has always been an
international collaborative effort, with important contributions from the U.S. Department of Energy
and partners and academic institutions in France, Germany, ltaly, Japan, and Sweden. When Fermi
began operations in 2008, the speed and depth of its observations astounded scientists. In just 95
hours, Fermi generated a map of the gamma-ray sky that took years for Compton to produce.

Scientists and their families watch
the GLAST launch from NASA'’S
Goddard Space Flight Center on
June 1l 2008.

Credit National Archives
(255-GSD-G-2008-0298-019)
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Fermi studies some of the highest-energy light in
the universe: gamma rays. We can’t see gamma
rays with our unaided eyes. Earth’s atmosphere
protects us from the damaging nature of high-
energy light, but it also prevents ground-based
telescopes from observing It directly. Fermi
provides a unique view of the universe and allows
us to study some of its most curious phenomena.
Fermi’s position Iin low-Earth orbit enables It to
detect thousands of gamma-ray sources and
reveal new high-energy discoveries. Fermi Is the
first IMmaging gamma-ray telescope to survey the
entire sky each day, with one full survey taking
only three hours. Importantly, Fermi does not work
alone; some of Iits iImportant discoveries have
also relied on observations from the likes of
NASA's Nell Gehrels Swift Observatory, Hubble
Space Telescope, and James Webb Space
Telescope.

Fermli's groundbreaking observations enable us
to study phenomena from cosmic rays and dark
matter to colliding neutron stars and gigantic
gamma-ray-emitting structures In our Milky
Way galaxy known as the Fermi Bubbles. Today,
sclentists carry out research at the forefront of
astronomy and astrophysics using Fermi, and will
continue to do so as we keep probing the wonders
of our high-energy universe.

NASA’s Gamma-Ray Large Area Space Telescope (GLAST) launched from Cape Canaveral Air Force
Station’s Launch Pad 17-B at 12.05o0m EDT on June 11, 2008.

Credit. NASA/Jerry Cannon, Robert Muray
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Fermi’s Naomesake

The Fermi mission undertook great efforts to select a name for the pioneering GLAST satellite.
Enrico Fermi, a trailblazer in high-energy physics, was ultimately the right fit.

Enrico Fermi was born on September 29, 1901, in Rome, Italy. The son of a railway inspector and a
schoolteacher, he showed promise in math and physics from an early age, completing his Ph.D.
IN physics by age 21. In 1926, Fermi discovered the laws that govern a type of subatomic particle
now called fermions. He spent much of his early career studying general relativity and statistical
and quantum mechanics. In 1934, Fermi showed that almost every element can undergo nuclear
transformation when bombarded with neutrons, a discovery that helped lead to nuclear fission
— the process that drives nuclear power plants. He receilved the Nobel Prize in Physics in 1938 and
iImmigrated to the United States shortly thereafter. At the University of Chicago, Fermi directed
a series of experiments that led to the first sustained nuclear chain reaction. As an expert on
nuclear physics, Fermi was invited to become the associate director of the Manhattan Project
at Los Alamos National Laboratory in New Mexico and was present for the Trinity test, where he
calculated the force of the first atomic detonation. When he returned to Chicago in 1945, he turned
his sights to high-energy physics — specifically, the origin of cosmic rays and subatomic particles.

Fermi passed away from cancer on November 28, 1954, in Chicago. He Is remembered as o
prilliant theoretical and experimental physicist. His legacy lives on In institutions such as the
Fermi National Accelerator Laboratory outside Chicago; honors such as the U.S. Department of
Energy’s prestigious Enrico Fermi Award for science and technology; fermium, the 100th element in
the periodic table; and the Fermi Gamma-ray Space Telescope.

Enrico Fermi was a pioneer of high-energy physics and
IS the namesake for NASA’s premier gamma-ray space
telescope.

Credit. National Archives (434-0OR-7(24))

WWW.Nnasa.gov Our High-Energy Universe




Fun Fact:
An Incredible Name

About four months before Fermi, then called GLAST, launched into space, NASA put out a public
request: help namethe observatory. NASAwanted a name that would engage the public ingamma-
ray science while conveying the excitement of the mission. The name also needed to be catchy,
easy to say, and a good candidate for dinner table and classroom discussions.

While Enrico Fermi, the eventual namesake, would grant the observatory a name fitting all those
criteriq, the public had another candidate in mind. When results rolled in, one name kept appearing:
The Incredible Hulk. While not a scientific figure, the Hulk brought gamma-ray science to the public
over four decades before Fermi’s historic mission began. In the popular comic series, a physicist
named Bruce Banner gets transformed into the Hulk due to an accident involving gamma rays.
This creative, If scientifically untrue, use of gamma rays in popular culture is an example of just how
compelling high-energy science can be. While the observatory doesn’t carry his name, we can
thank Hulk for making people all over the world aware of the fascinating world of gamma rays — o
goal Fermi hopes to advance.

An illustration of the Fermi spacecraft.

Credit. NASA

m Our High-Energy Universe WWW.Nasa.govV



Gamma Rays

Seeing the Light

f you've ever made a phone call or seen a sunset, you've interacted with radiation. Radiation is
the name for energy that moves from one place to another in a form that can be described
as particles or waves. There are many types of radiation, and electromagnetic radiation —
radiation that has both electric and magnetic fields — Is represented on what's known as the
electromagnetic spectrum. The scale on the electromagnetic spectrum is often in wavelengths,
or the distance between peaks (or troughs) of each wiggle of a wave of radiation, which directly
translates to energy. The scale can also be Iin the wave's frequency or energy. You may already
think of sound or light as traveling in waves, but this is true for all electromagnetic radiation; each
type has a characteristic band of wavelengths that scientists can use to identify It.

Visible light is only one part of the electromagnetic spectrum, encompassing all that we see with
our eyes. The band of wavelengths for visible light is typically 380 to 700 nanometers, with energies
from 3.3 to 1.8 electron volts, respectively. Stars, galaxies, and material around black holes In
our universe emit radiation with wavelengths and energies far outside the range of visible light.
Telescopes help usview this radiation and piece together the hidden picture our universe is showing
us.

The electromagnetic spectrum, showing the frequency of light waves at the top and the relative
size of photons at the bottom. Gamma rays are the highest-energy form of light and span over
eight orders of magnitude.

Credit. NASA and the Space Telescope Science Institute
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What Are Gamma Rays?

Gamma rays are especidlly hard to understand because they are the form of electromagnetic
radiation with which most people have the least familiarity. We use radio waves to play music In
our cars, microwaves to cook our food, and X-rays to look at our bones; we feel infrared waves as
heat from the radiator in the winter and ultraviolet rays from the sun in the summer. Of course, we
see visible light, which lends itself exceedingly well to space images from telescopes like Hubble.
Gamma rays are the least present in our everyday life, and we should be thankful — their radiation
IS harmful to our bodies.

Fermi Is specifically designed to capture gamma rays, the type of electromagnetic radiation
with the shortest wavelengths (fewer than 0.01 nanometers) and highest energies (greater than
500,000 electron volts). In fact, while the lower-energy boundary of gamma rays overlaps with
the highest-energy X-rays, there is no known limit to how energetic a gamma ray can be. Fermi’s
range spans over eight orders of magnitude, and some observatories that study very high-energy
gamma-rays have seen even more energetic particles than that! Gamma rays come from the
hottest and most energetic objects In our universe, like neutron stars and the regions around
black holes. Radioactive materials and thunderstorms also generate gamma rays here on Earth.
f we were to see the night sky In gamma rays, it would be unfamiliar to us. Each time we looked
upward, we would spot new sources of gamma rays among a consistent spattering of shining dots.
Our Milky Way would glow constantly, and roughly once a day, a bright gamma-ray burst would
catch our eye, lasting from fractions of a second to minutes. One might think of a cosmic firework
show more than the starry constellations that have become familiar.

Since gamma-ray wavelengths are so short, they cannot be captured and reflected by mirrors, o
crucial part of observatories like NASA's Hubble and Webb. Gamma rays would pass right through
the spaces between the mirrors’ atoms! Furthermore, Earth’s atmosphere absorbs gamma rays,
preventing scientists from building observatories on the ground that detect them directly. Fermiand
previous gamma-ray observatories have had to take a different approach with the instruments
they design to record gamma rays and revedl| the mysteries our universe holds.

A qgif of  the gamma-ray
sky as it might appear over

the course of a year.

Credit: NWARYANS Goddard
Space Flight Center Scientific
Visualization Studio
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An artist’s rendering of the jet of a gamma-ray burst breaking out of a collapsing star.

Credit. DESY, Science Communication Lab
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Multimessenger Astronomy

Scientists use light across the electromagnetic spectrum to learn about the wonders of space.
There are also cosmic signals outside of light that can tell us fascinating things. Light and other
signals are powerful on their own, but they are even more illuminating when used together. We
can think of them like our senses. On its own, the sense of sight is powerful — it can give us a sense
of what an object is (for example, a radio). Combining sight with hearing can tell us both what
the object is, and what it is doing (for example, a radio that is playing the jazz station). Using this
technigque In astronomy Is known as multimessenger astronomy, and it is one of Fermi’'s most

Important areads in science.

The most common messengers are light, particles, and gravitational waves. Telescopes like
Hubble, Webb, and Fermi detect light. Sensitive particle detectors exist on Earth and in space
to catch neutrinos, highly energetic particles formed when cosmic rays interact. Gravitationadl
wave detectors on Earth measure the ripples in space-time that travel across the universe.
Scientists have also devised clever ways to search for gravitational waves using radio and
gamma-ray telescopes. When scientists work together across all three messengers, we learn
more about the universe than we can working independently. Collaboration is crucial for
interpreting all the information that the universe is sending us.

An animation of three messengers in multimessenger astronomy as they travel through space.
Particles are shown on top, light in the middle, and gravitational waves on the bottom.

Credit. NASA’s Goddard Space Flight Center
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Fuh Fact;
A Curious Kind of Constellation

Within the first decade of Fermi's mission, the science team had cataloged more than
3,000 individual gamma-ray sources — compdrable to the number of bright stars that
make up the constellations. To celebrate the achievement, the Fermi team created 21 of
their own, unofficial constellations. What appear as “stars” in these constellations are In
fact different bright gamma-ray sources like blazars, pulsars, and even normal galaxies
similar to our Milky Way. Since we can’t see gamma rays with our own eyes, we can only
Imagine the Fermi constellations as invisible shapes against our usually dark night sky.

Some of the most popular Fermi constellations are Godzilla, the USS Enterprise from
“Star Trek,” the TARDIS from “Doctor Who,” and the Incredible Hulk. Some constellations
give nods to Fermi’s partner nations, like Mt. Fuji to represent Japan and the Colosseum
to represent ltaly. Still others reference high-energy science, like Albert Einstein and o
black widow spider, which references a type of star system where one star slowly devours
another. The Fermi spacecraft itself makes an appearance, its solar panels stretched
wide. The goal of the Fermi constellations is to celebrate the observatory’'s exciting

discoveries, and to engage the public by tying pop culture to the frontier of
gamma-ray science.

To celebrate the mission’s 10th year of operations, the Fermi team devised a set of
unofficial gamma-ray constellations, some of which are shown above. The prominent red
band is the plane of our Milky Way, bright colors indicate brighter gamma-ray sources.

Credit. NASA

WWW.Nnasa.gov Our High-Energy Universe _



Observatory Design

The Fermi Gamma-ray Space Telescope when it was still GLAST, installed in the Delta Il rocket that
would carry it into space.

Credit. NASA/Jim Grossman
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Hundreds of scientists and engineers collaborated to design and build an observatory that could

meet the challenges of studying gamma rays. The technology had to be sensitive enough to

detect the smallest-wavelength and highest-energy radiation, all while withstanding the harsh
temperature, pressure, and radiation of space.

Not including its antenna and solar arrays, Fermiis 9.2 feet (2.8 meters) talland 8.2 feet (2.5 meters)
wide — about as tall as an ostrich and as wide as a school bus. With the solar arrays, Fermi is as big

as d tennis court. Fermi weighs three tons and has nearly a million electronic channels. Despite its
size, Fermi uses less energy than the average hair dryer. This is thanks to its low-power electronics,
some of which engineers designed just for Fermi. Fermi’s technology allowed for an impressive
jump Iin the frequency and accuracy of gamma-ray observations over previous telescopes.

Engineers assemble Fermi's Large Area Telescope (LAT) instrument.

Credit. Courtesy of SLAC Communications
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To capture and record elusive gamma rays, Fermi has two instruments: the primary Large Area
Telescope (LAT) and the complementary Gamma-ray Burst Monitor (GBM). Scientists and
engineers designed these instruments to survey the whole sky continuously to catch as many
gamma rays as possible. The LAT views about one-fifth of the entire sky at all times, with the
ability to locate bright gamma-ray sources to within one arcminute (about 1/30th the apparent
diameter of the full Moon). The GBM can see two-thirds of the entire sky at any time, since Earth
blocks the other third from view.

The LAT Is a pair-production telescope, which works by converting gamma rays into pairs of
electrons and positrons, the antimatter counterpart of the electron. When a gamma ray enters
the telescope, it passes through many sheets of thin tungsten metal, which converts it into such
a pair. A part called the tracker, composed of silicon detectors interleaved with the tungsten
sheets, measures the path of the particle pair to determine the direction from which it entered
the LAT. Next, the pair enters a device called the calorimeter, which measures the energies of
the particles and — through conservation of energy — the original gamma ray’s energy. The
calorimeter iIs made of cesium iodide and works by producing a blue glow with intensity
proportional to the energy of the particle pair. The LAT Is around 30 times more sensitive than any
previous space-based gamma-ray instrument.

Pair production occurs when a gamma ray grazes an atom and interacts with it. The reaction
annihilates the gamma-ray photon and creates an electron and a positron — a matter/antimatter
pair. The light energy converts into matter according to Einstein’s famous equation, E=mc2.

Credit. NASA’s Goddard Space Flight Center
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One of the biggest challenges with detecting gamma rays is knowing what to filter out. Cosmic
rays, highly energetic particles moving near the speed of light, can mask the fluxes of gamma
rays that hit the LAT. For every gamma ray that enters Fermi, 100,000 to 1,000,000 cosmic rays do,
too! Therefore, the LAT is built to reject 99.999% of the signals that cosmic rays generate. To do
this, before hitting the main part of the instrument, all particles first enter an apparatus called the
anticoincidence detector (ACD), the first line of defense against cosmic rays. Since cosmic rays
are charged and gamma rays are not, cosmic rays passing through this detector produce a signal
that tells the LAT to reject those data. The ACD is not perfect though, and some cosmic rays still
sneak by. As the cosmic rays pdass through the rest of the instrument, they leave additional clues
(such as their shape and energy) that allow software to filter them out of the gamma-ray data.
The carefully engineered system enables Fermi to identify the signals that come from gamma rays,
and uncover our universe’s high-energy mysteries.

Cosmic rays (blue) wander randomly through the galaxy, while gamma rays (magenta) travel
to Earth straight from their source.

Credit. NASA’s Goddard Space Flight Center
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The LAT primarily operates in “sky-survey mode.” When surveying, the LAT views the entire sky In
only three hours, detecting gamma rays with energies from 20 million to more than 300 billion
electron volts. Fermi can also target specific areas of the sky for more focused observations. The
U.S. Department of Energy and NASA collaborated to fund the LAT's development, with important

contributions from academic institutions and partners in France, Italy, Japan, Sweden, and the
United States.

In Palestine, Texas, on Aug. 4, 2001 — nearly seven years before launch — scientists flew a prototype
of the LAT to around 100,000 feet via a scientific balloon to test its ability to operate in space-like
conditions. This step Is a crucial proof of concept when engineering a new type of space instrument.
To the LAT team’s delight, the instrument operated as planned, signaling that the design worked
and that the materials could withstand space. This test was made possible through NASA’s Balloon
Program Office and Columbia Scientific Balloon Facillity.

Fermi’s LAT detects gamma rays by tracking the electrons and positrons they produce
after striking layers of tungsten metal. The LAT Is built to reject 99.999% of cosmic
rays, which enter the Iinstrument In significantly greater numbers than gamma rays.

Credit. NASA’s Goddard Space Flight Center Conceptual Image Lab

Our High-Energy Universe WWW.Nasa.gov




Fun Fact:
Dressing to Impress

The days surrounding Fermi’s launch were full of excitement and anticipation. The engineers
who had spent years designing and building the telescope hoped everything would work as
planned, and the scientists were eager to see what Fermi would show them of the gamma-
ray universe. After launch, there was an intricate sequence of instrument tests necessary

to check the telescope’s condition. The Fermi team was especially anxious to test the LAT,
Fermi’'s primary instrument.

On the day the LAT was to be turned on, the LAT operations team decided on an unofficial
dress code to celebrate: Hawaiian shirts. The control room was a blur of color as scientists
and engineers came Iin to work flaunting their favorite florals, flip-flops, and leis. When the
LAT turned on successfully, the team deemed their outfits a good luck charm. Hawaiian shirts
have been an unofficial uniform for important days in Fermi’s life ever since. After 15 years in
orbit, the outfits have seemingly remained a good luck charm!

The Fermi LAT team sporting their unofficial uniforms.

Credit. Courtesy of Jana Thayer
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As for the GBM, engineers and scientists specifically designed it to
detect , which are sudden flashes of gamma
rays that occur about once a day anywhere In the sky. The GBM has
a total of 12 low-energy detectors that detect gamma rays on the
lower end of Fermi’'s range, 8,000 to 1 million electron volts. These
detectors are shaped like thin disks and made out of sodium iodide.
When a low-energy gamma ray enters one of these disk-shaped
detectors, it produces a faint glow of visible light proportional to the
energy of the gamma ray, which a sensor called a photomultiplier
tube reqgisters. Detectors pointed toward the gamma-ray burst glow
more than detectors pointed away from the burst, since they detect
more individual photons. Since the GBM detectors are spaced around
the spacecraft, the instrument compares the rate of flashes from
Multiple detectors to triangulate the direction from where the
gamma-ray purst came.

A Fermi scientist sets up the GBM detectors inside a test chamber at NASA’s Marshall Space Flight

Center. The chamber Is temperature- and pressure-controlled so scientists can ensure the de-
tectors will function well in space.

Credit. NASA

Fermi's GBM also has two high-energy detectors made
of a compound called bismuth germanate. These detectors
catch gamma rays from about 150,000 to 30 million electron
volts, overlapping In range with both the GBM’'s low-energy
detectors and (narrowly) the LAT. They are positioned on
opposite sides of Fermi, enabling gamma-ray burst
monitoring for nearly the whole sky at once. Combined, the
low-energy and high-energy detectors help the GBM detect
around 240 gamma-ray bursts each year, as well as

: , and other sparse
gamma-ray events. NASA's Marshall Space Flight Center,
the University of Alabama at Huntsville, and the Max Planck
Institute for Extraterrestrial Physics In Garching, Germany
collaborated to develop and construct the GBM.

This image, taken in May 2008 as the Fermi Gamma-ray Space Telescope was being readied for
launch, highlights the detectors of the Gamma-ray Burst Monitor (GBM). The GBM is an array of 14
crystal detectors designed for transient lower-energy gamma-ray outbursts.

Credit. NASA/Jim Grossman
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One of the most technically demanding challenges for any spacecraft is its launch into space.
Situated on a Delta Il rocket, Fermi needed to withstand speeding up to 10 times the acceleration
due to gravity on Earth, which made the three-ton telescope feel like 30 tons. During the launch,
Fermi dlso needed to survive acoustic and vibration shocks from the rocket’'s roaring and shaking.
Engineers carefully designed the instruments to withstand temperatures from minus 4 to more
than 130 degrees Fahrenheit (minus 20 to 54 degrees Celsius), though milder temperatures of 32
to 68 F (0 to 20 C) are actually experienced in orbit. Though we usually think of launches as hot,
the instruments sit at the front of the rocket where it pushes through the cold atmosphere. The
body surrounding Fermi’s instruments and spacecraft is aluminum, and the different parts are
held together with graphite epoxy — both can withstand the intense heat and vibrations of launch.
The mechanical structure of the LAT is made of strong carbon fiber. Other exposed surfaces on

the telescope are covered In thermal control paint or solar cell cover glass, both of which resist
radiation and heat.

Before launch, engineers fastened thermal blankets over the telescope to further protect it from
extreme temperatures. The blankets also protect the spacecraft from micrometeoroids — pieces of
rock and debris in space that are smaller than grains of sand. Since the instruments must function
IN absolute darkness, If micrometeoroids moving at rapid speeds were to puncture them, they
would no longer do their jobs. Micrometeoroids could also damage the electronics and detectors
within the instruments. The multilayered thermal blankets include layers of foam; heat-resistant
synthetic fiber called Kevlar; ceramic fabric; and Kapton foll, a special, metallic-looking film that can
withstand temperatures around 750 F (399 C). The blankets help maintain controlled temperatures
for the instruments while shielding the detectors from micrometeoroid damage.

The spacecraft shortly before Ilaunch.
The solar panels are folded at the sides. The
LAT (top) is covered in a silver micromete-
oroid shield to protect the instrument from
damage In orbit.

Credit. NASA/DOE/Fermi LAT Collaboration
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Fermi also boasts two large solar panels which provide the power for the telescope’s instruments
and spacecraft systems. Each time the panels come into view of the Sun on the spacecraft’'s orbit
around Earth, they charge the batteries on board with enough energy to keep the instruments
and spacecraft running. Fermi’s 15 years of operation have proven it to be a well-designed and
exceptionally reliable spacecraft. In fact, the only piece of hardware that has failed is the device
that controls the movement of one of the solar panels. In 2018, 10 years after launch, one of the solar
panels froze In a slightly over-rotated position. This forced the Fermi mission to change the pattern
of rocking the telescope up and down so the solar panel could view the Sun enough to generate
sufficient energy for orbit. The team proved their problem-solving ingenuity by making sure Fermi
could keep viewing as much of the sky as possible regardless of the freeze.

Over the past 15 years, the LAT and GBM have been responsible for many compelling advances in
our understanding of high-energy astrophysics. The instruments continue to be in good condition
and provide scientists with the data they need to study our universe’'s most energetic events, from
oblack hole mergers to

_ Our HiGH-ENERGY UNIVERSE WWW.NASA.GOV



Fun Fact:
Adapting to the Freeze

Just past 1:00 a.m. on March 16, 2018, the Fermi flight operations team got a concerning
message: the observatory had entered safe mode. Used only rarely in a telescope’s life, safe
mMode occurswhenanissue arises thatendangers a spacecraft's instruments or subsystems.
it activates software that automatically instructs the observatory to power off its instruments
and wait for further instructions. Members of the Fermiteam rushed to the mission operations
center at the Goddard Space Flight Center to examine the source of the issue, which turned
out to be a nonfunctioning part for a solar array called a rotational drive. Fermi gets its daily
power from batteries powered by two solar arrays, which are angled to receive maximum
sunlighteach time they come into view of the Sun. The drive would notrespond to commands,
meaning that one of the solar panels was effectively frozen.
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