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— Gamma-ray burst explorer

* Fermi (aka GLAST) — launched 6/11/2008
— High energy gamma-ray sky survey +GRBs

* NuSTAR — launched 6/13/2012
— Focusing hard x-ray telescope
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The second most
energetic band of
the EM spectrum

Atmospheric
Opacity

Photon Energies
, <
range from around Frequesch
1000 to 100,000
times that of visible
light

Emitted by objects Wavelemgts ==
at temperatures of
millions of degrees.
Including supernova . Everest
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ELECTROMAGNETIC SPECTRUN

The diagram shows the entire spectrum of
electromagnetic waves. The scale at the
bottom indicates representative objects
that are equivalent to the wavelength
scale. The atmospheric opacity determines
what radiation reaches the Earth’s surface.
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NASA’s newest “Eyes on the Skies”



http://www.nustar.caltech.edu/
http://www.nustar.caltech.edu/
http://www.nustar.caltech.edu/

lower
energy
X-rays
* Similar
energy

range to
Chandra




The most
energetic band of
the EM spectrum

nuclei

Energies more than
a million times that
of visible light

Only the most
energetic events in
the universe, like
black holes and
pulsars, can
produce gamma
rays by accelerating
charges patrticles.
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The diagram shows the entire spectrum of
electromagnetic waves. The scale at the
bottom indicates representative objects
that are equivalent to the wavelength
scale. The atmospheric opacity determines
what radiation reaches the Earth's surface.




* X-ray Telescope (XRT)
* Studies Gamma-Ray
Bursts with a swiit

response — usually
within ~1 minute

http://swift.sonoma.edu



http://swift.sonoma.edu/

over a very wide energy
range

* http://fermi.sonoma.edu



http://fermi.sonoma.edu/

* Gamma-ray
Burst Monitor










and gamma rays

* Galaxies that point
their jets at us are
called “blazars”

* How do the black
holes send out
jets?
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So blazar flares can
be seen on
relatively short time
scales

Coordinated
campaigns with

many ground-based
telescopes are
providing
Information about
how the flares are
occurring
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* Purple, blue and cyan
are different X-ray
bands from
XMM-Newton

* Yellow iIs infrared and
radio in red from

Herschel Space
Observatory




Since BHs
are not in
center, they
are probably
“Intermediate
mass” BHs

IC 342/Caldwell 5
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X-ray Image of Galactic Center

Pre-Flare

Flare

Infrared View of MilkyWay

Post-Flare
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Credit: R. Jay GeBany




Blue shows the
highest energy
X-rays, not
Imaged before
NuSTAR
Green and red

show the lower

energy X-rays,
also seen with
Chandra
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g -rays
from radioactive Titanium. Yellow is non-radioactive
material emitting low-energy X-rays (from Chandra).




from a pulsar formed
IN a supernova
explosion

High-energy X-rays
seen by NUSTAR are
In blue (lower-energy

In green and red from
Chandra)
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Long bursts (>2 seconds) may be from a hypernova: a
super-supernova

Short bursts (<2 s) may be from merging neutron stars
GRBs are birth cries of black holes

Each GRB emits as much energy as our Sun in its entire
lifetime!
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Fermi GRBs as of 140219

© 180 RA

1312 GBM GRBs
174 Swift GRBs
73 LAT GRBs

* About 4-5 bursts per week
* Follow bursts on http://grb.sonoma.edu
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GLAST Burst Monitor — 2008, Jul 23, 253742 UT

’L

* 1300+ GBM bursts seen to date
* 70+ LAT-GBM bursts seen In first 5 years




GRB130427A - a “shockingly
bright” GRB




* Burst emission persisted for ~day

* Seen by many satellites, ground-based
telescopes

* 3.6 billion light-years away

Swift X-ray image of
0.1 seconds of data




GRB 130427A
From Visible Light to Gamma Rays
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Why the GRB was so bright



* Itis only by putting together observations
at many different energies that we can get
a complete picture of our Universe




http://fermi.sonoma.edu
http://xmm.sonoma.edu

http://grb.sonoma.edu
http://www.nustar.caltech.edu







How the jets emit X and y-rays







Coded
Aperture

rdded-4

Shield

Optical
Bench

Module
Control Box

Power

Radiat
adiator Supply Box

BAT Dejfector Array

X-rays blocked by
the lead tiles create
a “shadow” on the
detectors
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* This is Fermi’'s Large
Area Telescope
* Itis a pair-conversion

telescope with a
calorimeter




electron or
positron

E = energy

Anti-matter partners of e- are p&SitFSAETe+)
When they meet, they annihilaté €ach other!




conversion” as
the incoming
gamma-ray
converts into an
electron/positron

pair

tungsten




* Tungsten _—
converts
gamma rays
Into e+ e- pairs
* Calorimeter

measures total
energy

T j incoming gamma ray

electron-positron pair
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higher-energy X-rays

A 2 x 2 array of Cd-Zn-Te
detectors and electronics




remote telescopes

* GRBs and flaring
blazars

* Coordinated with
Fermi and other

satellite data
* http://gtn.sonoma.edu
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Fermi skymap — new discoveries

Bright blazar

Gamma-ray pulsar

\'9 Unidentified

High-mass binary | B / |

=t o by ' Cosmic
/ . rays from
X SN W44
Radio galaxy e /,O
Globular
cluster
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1.0 1.5 2.0
Pulse Phase

* Pulsar Is not at center of 4

S N R Fermi 95% error box
* It's moving at 450 km/sec

kicked by the supernova :

explosion that created it TP

RX J00070+7302

CTA 1 supernova remnan
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Pulsar Explorer interactive

* http://www.nasa.gov/externalflash/fermipulsar/
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Burst =< 7 days old @ Burst = 7 days old Burst = 60 days old .

GRE |D: GRB 100122A star Field

Galactic Coordinates -

Longitude: -22.22 Latitude: 204.18°
Fight Azcension: 05:16:45 Decination: -02:42:00

Constellation:  Orion

Burst Dretails

"This burst had two pulses, the first a weak one,
followed by a much stronger one beginning 21
seconds |later and lasting 6.6 seconds. The
spectrum is fit by a Band function with alpha =
-0.98 +/- 0.05, beta = -2.31 +/- 0.03 and Epeak
= 45.6 +/- 1.5 keV.

Fermi HETE-2 Integral

Selected burst

Kaonus-Wind

Burst ID:
GRB 1001224
Burst date:
2010/01/22

Burst time (UTC):

REAL-TIME SKY MAP

Burst summary:

"This burst had two pulses, the first a
wealk one, followed by a much stronger
one beginning 21 seconds later and

lasting 6.6 seconds. The spectrum is fit

14:47:37.31 by a Band function with alpha = -0.98
Detecting mission: |+/- 0.05, beta = -2.31 +/- 0.03 and
Fermi Click the GRE to learn more...
Burst ID Cat= Time Mission =

GRB 1002248 2010/02/24  02:40:55.48  Fermi =
GRB 1002234 2010/02/23  02:38:09.31 Fermi

GRB 1001314 2010/01/31  17:30:57.67 Fermi

GRB 1001224 2010/01/22  14:47:37.31 | Fermi

Suzaku

49

After Glow

More Info

Swift



Size qf star
creating GRB 1 million miles

Gamma-ray bursts detected by Swift
Long Ultra-long
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Credit; CNRS/Céline Lavalade




Types of bursts

et oy

Tidal disruption by
supermassive black hole

Ultra-long GRBs

Minor body disruption and
supernova shock breakout

Normal long GRBs

Boration >
52



* Some theories of quantum gravity predict
that higher-energy photons will interact
with the “quantum foam” of space-time
and will travel slower than low-energy
photons




Two photons
which differed
In energy by
106 arrived at
Earth within 1

second, after
traveling for
12.2 billion

years
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67.8 +/- 1.2 keV
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supergiant
companion star

NuSTAR saw it
in the soft state




*

Bright knots




— 10 keVto 1 MeV
— Burst triggers and locations
* 2 bismuth germanate detectors

— 150 keV to 30 MeV

— Overlap with LAT
* http:/l[gammaray.msfc.nasa.govigbm/







Retrograde
Rotation

the high energy
X-rays which help to

differentiate these
. = /L/\ models

Prograde
Rotation

5 10 2l0
Energy (keV)

* General Relativity predicts line shapes for
spinning black holes

* Different spin directions produce different
shapes
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