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500 GRBs Observed by Swift




GRBs Uniform on Sky =>
Extragalactic

2704 BATSE Gamma-Ray Bursts
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we show that the fundamental defining characteristic of the short-burst class 1s that the
negligible spectral evolution at energics above ~25 keV. *- Noms & Bonnell 2005




Gamma-Ray Bursts in 1 Slide

» Most energetic events in the universe
— Measured to z = 8.2 (GRB090423)
— Can be seen to z~12 with large detectors

- Gamma-Ray Bursts (GRB) last msec — hr.
- Measured up to GeV (rest energy of a proton)

- Afterglow can be detected weeks after burst,
has power law decay light curve in all bands for

some long type GRBs

- Long Type GRB associated with massive star
collapse SuperNovae
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Black Hole disrupts and swallows star




Voracious Black hole




Gamma-Ray Bursts (GRBs): The Long and Short of It

Long gamma-ray burst
(>2 seconds’duration)
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Central engine:

e.g. black hole formation

by massive star core collapse
Jet of relativistic particles

Internal shocks in jet (GRB)

Reverse shock : prompt V|5|ble/X-rays

Jet shock on interstellar medium -
Forward shock : visible/X-ray/radio /a_fterglowq




Inspiraling & Merging Neutron Star Model

Crashing neutron stars can make gamma-ray burst jets

Magnetic fields

Neutron stars

Masses: 1.5 suns

Diameters: 17 miles (27 km)
Separation: 11 miles (18 km)

Simulation begins 7.4 milliseconds 13.8 milliseconds

Jet-like
magnetic field
emerges

Black hole forms
Mass: 2.9 suns
Horizon diameter: 5.6 miles (9 km)

15.3 milliseconds 21.2 milliseconds 26.5 milliseconds

Credit: NASA/AEI/ZIB/M. Koppitz and L. Rezzoll;




Neutron Star Inspiral Model Video




Stellar Death Cr
















Extlnctlons or Sterilization of Earth

Using cutting edge research, the latest scientific
theories and incredible CGI to bring prehistoric
animals back to life,
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BAD ASTRONOMY
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What is the Reionization Era?

A Schematic Outline of the Cosmic History

Time since the
Big Bang (years)

~ 300 thousand

Reionization
z=6-157
st.<1,Gyr
Rare sources form O 3
ionized bubbles A, ' -

. L '

- fonized bubbles
First stars ®overlap A
(z ~ 15-307) 3

- . P

Cosmic Dark Ages
z > 15-30?
t < 100-270 Myr

.

Neutral IGM

-

First galaxies
(z=10-30?)

~ 9 billion

~ 13 billion

<The Big Bang

The Universe filled
with ionized gas

<-The Universe becomes
neutral and opaque

The Dark Ages start

Galaxies and Quasars
begin to form

IGM mostly ionized
- Z2=0-6,t>1Gyr

X5 ye
Y .
-

“Modern galaxies form .-~
: o $4 ;

A -
Galaxies evolve
The Solar System forms

Today: Astronomers
figure it all out!




Super-solar Metal Abundances in Two Galaxies at z ~ 3.57
revealed by the GRB 090323 Afterglow Spectrum

n N L FI




w

AV,

Znll| 4

it

Flux density (10-!7 erg ecm=2 s-! A-1)

)

Observed wavelength (&)

The optical VLT/FORS2 spectrum of the afterglow of GRB 090323. Indicated
are the main absorption lines associated with the two systems GO and G1 at z
~ 3.57. Many other lines, associated with intervening systems are present, but
not marked. Znll absorption is identified in G1. The red line at the bottom is the
spectrum of the Earth atmosphere. The two stars indicate the telluric
absorption.



SHGRB Origin Unknown

SHGRB now associated with coalescence models
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— SHGRB faint
compared to LGRB, lower energy.

— Usually not in star forming regions, far from galaxy, so
could be evolved system - like dead neutron stars
(NS) or black holes (BHs)

— No actual proof;

2005 July 25.01
SGRB050724

- Compact object coalescence would mean S
Gravitational Waves (GW), likely detectable by
next-generation GW detectors, if close enough.
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Very Short GRBs ?
Black Hole Evaporatlon Bombs’?

VI B ORMa0E APERL 20, 700 TR NOVEM

“Does Very Short Gamma e R o
Ray Bursts originate from . £\ &=
Primordial Black Holes?” by .. [\

D.B. Cline & S. Otwinoski bl e ol \
arXiv:1105.5363 iy

Primordial Black Holes with

mass of about 5 x 104 gm  ime et o HATSE St et o o L
evaporate now in a final state E ‘
explosion. (Power goes as 1/
m* and lifetime as 1/m? and
plot to right)

N(t)
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time [s)
Fig.10. Composite burst profiles for all VSGRB (black line), for bursts from Galactic
Anticenter region (red line) and for bursts from outside that region (blue line). The

analytical fit (dashed line) is given by Eq.1. Better fit for the decay part is provided by Ryde
& Svensson function (Eq. 2) [10].



To learn more about the GRBs
and the Universe
Need more GRBs observed
earlier, localized, and follow up

* Trigger on GRB quickly
» Catch them early

* Observe direction more precisely so
that large telescopes can follow up

— Spectra
— Time response



Faster-Steer the Beam

- SWIFT rotates entire spacecraft to point opt instrument

Step 1- Wide FOV—— Step 2- Spacecraft
X/y-camera locates | rotates to pOi% at GRB
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» We use mirrors to steer the beam, not the spacecraft
. - much faster.




UFFO pathfinder design

- MODEST!-20kg, 10 W

UFFOPathflnder

. SMT
< .z" ‘."' Opt -Uv
UBAT X/y W s, 7 Telescope
Trigger L

: Steering
Detectors Electronics Mirror

SMT Primary




UFFO -pathfinder mission

- We were *given® 20 kg on the Russian Lomonosov
spacecraft in UNIVERSITAT program-Launch in Nuire ?

‘O-Pathfinder
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IBIS-like mask

50 cm

ll-.'ll'll

35¢cm

Ta 0.2 mm
Sn 0.5 mm
Cu0.3mm

Al 0.5 mm

42cm —>

like CdTe polycell

IBIS-




Coded Mask




BAT = Burst Alert Telescope — Structure
Coded Mask and detector focal plane




UBAT
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BigBOSS Survey

. s !: ;“ < NS . )
([} 3 e 0 < @
LR 5 3 (o IEaIas Voo,
oy R 0 St L RS F VI AT, > > )- ! '/
v DR %u’%* 111!%‘;‘ e MTEN P

- SRR A N P .bi XD L LTINS S 2 sty 8

SN D v, Loy & W 14 avro i) QYA % s 3

4 ¢ oS '4,‘-‘ A [ Sl 35 PaLaN SN

Actual Lyman-alpha| . ’,-v‘\':.;.,-‘-.,.-. ’,?},"‘-,..r,f:%h...%l‘.:;-','?':-,,. ,;5? ORI 0 fjﬂ ,}"4’5 ;:{.
¥ 9 :e -' 795 Y L S " Yy o uft: ..'. Yl A """’ Ry .’. 'o..
o 1,’%; N ?;"" l?n*—'- 3 .
. . /. .

r=3.0 Gpc/h

Observed by

r=2.0 Gpc/h
BigBOSS

BOSS galaxies r=0.5 Gpc/h

3D map of 50 (Gpc/h)? volume with 4M Luminous Red
Galaxies, 14 M Emission Line Galaxies, 2M Quasars

Tomographic surveys of density/velocity field.




Baryon Acoustic Oscillations

In the beginning... (well, 10-350,000 years after)

It was hot. Normal matter was p*,e- — charged — interacting fervently with photons.
This tightly coupled them, photon mfp << ct, and so they acted like a fluid.

Density perturbations in one would cause perturbations in the other, but gravity was

offset by pressure, so they could not grow - merely oscillated. Then swift decoupling

so on the largest scales, set by the sound horizon, the perturbations were preserved.
L ! L

" M. White ]
Radiation (CMB) -

The same primordial
imprints in the -~
photon field show _
_up in matter density
fluctuations.

\ )

8,010 /k |

Sy Galaxy
cluster

Baryon acoustic oscillations = patterned distribution of sz
gdlaxies on very large scales (~150 Mpc).



Cosmic Structure

Galaxy 3D distribution or power spectrum contalns
information on: o

* Growth - evolving amplitude

- Matter/radiation density, H - peak turnover
* Distances - baryon acoustic oscillations
* Growth rate - redshift space distortions

* Neutrino mass, non-Gaussianity, gravity, etc.



Baryon Acoustic Oscillations

Photons Baryons

Name CMB acoustic | Baryon acoustic oscillations
peaks

Scale 1° 100 h-' Mpc comoving

Base amplitude 5x10° 10-1

Osc. amplitude O(1) 5%

Detection 10'%/hand/sec |indirect: light from <107° gal

Scale of oscillations informs re cosmic distances.
Angular separation - angular distance d(z)
Radial distance in z = expansion rate H(z)

Cosmic volume surveys can
41 measure d to <1%, H to <1.5%
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120 kg design
X-Ray Coded Mask
30-cm optical teles

Science Goals
— Lorentz factor
— Calibration

aa=ases |)[U — Internal vs External
' | shocks
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 Next Generation

« XT — X-ray timing and large area imaging
 GR - hard X-ray and Gamma Ray detectors
combined with UV, Opt, Infrared observations



Conclusion

* There is still much potential science to
come from GRB observations

« c. f. GRB workshop at MSU in June

FROM THE DARK AGES...

After the emission of the cosmic microwave background radiation (about 400,000 years after
the big bang), the universe grew increasingly cold and dark. But cosmic structure gradually
evolved from the density fluctuations left over from the big bang.

4 pillion yea

4 00 million ye2"

4 million years

BIG
BANG
Emission of
cosmic background
radiation Dark ages
Firststars
Firstsupernovae
... TO THE RENAISSANCE and

black holes Protogalaxy

The appearance of the first stars and protogalaxies mergers

(perhaps as early as 100 million years after the big bang) set off

a chain of events that transformed the universe. MoOSN N



