Blazing galaxies, exploding

stars and monstrous black

holes: High-energy visions
of the Universe




E/PO Group Satellite Missions

* XMM-Newton — launched 12/10/1999
— Focusing soft x-ray telescope

* Swift — launched 11/20/2004
— Gamma-ray burst explorer
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NuSTAR

* NASA’s newest “Eyes on the Skies”

* Focuses X-rays creating images at higher
energies than ever before

http://www.nustar.caltech.edu


http://www.nustar.caltech.edu/
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Swift GRB Mission

* Burst Alert Telescope
(BAT)

* Ultraviolet/Optical

Telescope (UVOT)
 X-ray Telescope

Swift in GSFC
'Clean room



http://swift.sonoma.edu/
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Fermi Gamma-ray Space
Telescope

 Launched June 11, 2008
e Studies gamma rays


http://fermi.sonoma.edu/

Fermi before launch

* Large Area Telescope

* Gamma-ray
Burst Monitor




How to detect gamma rays?

 Can’'t image or focus gamma rays

* Special detectors: scintillating crystals,
silicon-strips




Pair-annihilation

E = mc?

m = mass
of the
electron or
positron




Now In reverse....

This process Is
called “pair
conversion” as
the incoming
gamma-ray
converts into an




How the LAT works

T j incoming gamma ray
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Gamma-ray Burst Monitor
(GBM)

* All sky coverage

* 12 sodium iodide scintillators
— 10 keV to 1 MeV

— Burst triggers and locations




Fermi skymap — new discoveries
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Studying Active Galaxies

* Active Galaxies
emits both X-rays
and gamma rays

* Galaxies that point
their jets at us are



Monitoring Flares from

“Blazars”

Fermi scans the
entire sky every 3
hours

So blazar flares can
be seen on

relatively short time
scales

Coordinated
campaigns with
many ground-based
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X-ray Image of Galactic Center

Pre-Flare

Flare
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NuSTAR images two BHs in
__distant galaxy

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




Life Cycle of Stars
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NuSTAR Cas A image

Blue shows the
highest energy
X-rays, not
Imaged before
NuSTAR
Green and red
show the lower
energy X-rays,
also seen with




Gamma-ray Bursts

* Long bursts (>2 seconds)
may be from a hypernova:
a super-supernova

* Short bursts (<2 s) may be
from merging neutron
stars

e GRBs are birth cries of




Swift Gamma-ray Bursts
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Fermi Gamma-ray Bursts

Fermi GRBs as rf 120921
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1000 GBM GRBs




Typical strong GRB seen by GBM
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* 1000+ GBM bursts seen to date
* 40 LAT-GBM bursts seen In first 4 years




Using GRBs to test Special
Relativity

* Short GRBs can be used to test Einstein’s
claim that light travels at a constant speed

* Some theories of quantum gravity predict
that higher-energy photons will interact




Will quantum foam entangle

photons?
* Fermi sees no evidence for this to date

Two photons
which differed

B in energy by
10¢ arrived at
Earth within 1




Latest news - ultralong bursts

Size of star Y v

creating GRB 1 million miles

Gamma-ray bursts detected by Swift
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Blue supergiant system




Resources

http://epo.sonoma.edu
*http://swift.sonoma.edu
*http://fermi.sonoma.edu




Backups follow
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NuSTAR’s mirrors and
detectors
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Global Telescope Network

* Students do
ground-based
visible-light
observations using
remote telescopes

* GRBs and flaring




Fermi finds 1t gamma-ray only pulsar
in CTAl

P =315.86 ms
age ~1.4 x 104
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Pulsar Explorer interactive

* http://www.nasa.gov/externalflash/fermipulsar/
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Burst ID:
GRB 100122A
Burst date:

2010/01/22

14:47:37.31

Burst time (UTC):

REAL-TIME SKY MAP

Burst summary:

"This burst had two pulses, the first &
weak one, followed by a much stronger
one beginning 21 seconds later and
lasting 6.5 seconds. The spectrum is fit
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 Date Time Mission &

GRB 1002248 2010/02/24 02:40:55.48 Farmi ‘_
GRB 100223A 2010/02/23 02:38:09.31 Farmi

Burst = 7 days old #® Burst = 7 days old

GRE |ID: GRB 100122A

Galactic Coordinates

Longitude: -22.22° Latitude: 204.18°

Fight Azcension: 05:16:48 Dechination: -02:42:00

Constellation:  Ornion

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

GRB 100131A

2010/01/31 17:30:57.67 Fermi

GRB 1001224

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

Burst = 60 days old # Selected burst
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More Info

Suzaku Swift
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Types of bursts

Tidal disruption by
supermassive black hole
1111209 A
o
e

Christmas burst

B Ultra-long GRBs

Minor body disruption and
supernova shock breakout
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