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Physics of GRBs



Physics of GRBs

* Bursts of y-rays - Most powerful explosions in
the sky

» Discovered in the 60's by nuclear bomb
surveillance satellites +90

sky

distribution
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Physics of GRBs

* Two populations:
. , 1 = 2s & peaks at energy
e Long & Soft, t = 2s & peaks at lower energy
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GRBs models

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

 Long gamma-ray burst
(=2 seconds’ duration)
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Short gamma-ray burst
(=2 seconds’ duration)
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The resulting torus
has at its center

3 rful

black hole.

Long GRBs
« Massive rapidly spinning star
collapse and explosion
(hypernova)

Short GRBs

» Coalescence of a neutron star
and a compact object

Both:
« Asymmetric, compact, relativistic

Typical distance ~ 1 Gpc
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Gravitational Waves

G 8 ?TGN T
T T
tells how to curve
PBS' Nova Elegant Universe Cu rved tel IS hOW

to move

One of the predictions of GR: spacetime
curvature can propagate as a wave (not in
but of spacetime itself)

GW astronomy: a new window on the
universe



GWs vs EM waves

Space as medium for the

Spacetime itself

field
superposition motions of huge
from particles masses/energy
than
compared to sources: sources: poor spatial
images resolution

Detectors have small
beams

Detectors have large solid
angle acceptance

10 MHz and up

Few kHz and down

Absorbed, scattered,
dispersed by matter

Very weak interaction

Can measure
(sensitivity ~ 1/r?)

Can measure
(sensitivity ~ 1/r)

Lots of signal

No direct signal... yet




Interferometers for GWs Detection



GW Detection with an
Interferometer

* Photodetector signal
depends on the difference
In light travel times in
arms

« GWSs change differential
lengths of arms

» Need to measure ~ 10 m
(proton: ~ 10> m)
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Existing GW Detectors
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The LIGO Detectors

Best Strain Sensitivities for the LIGO Interferometers

Comparisons among S1

h[f], 1/Sqrt[Hz]

b

m

b .-wi-"lu P

Frequency [Hz]

- S5 Runs

LIGO-G060009-01-Z

R

..u |-.||lln MM““H‘

Nmm : ."IIHmmImIMr“"‘

‘.'IF“H "“l?m .:

FRl

Sensitivity Progress

Neutron star binaries visible in

Milky Way
(~ 50 kpc)

September 2002

Andromeda
(=700 kpc)

March 2003

Virgo Cluster
(15 Mpc)

September 2005-7

13



LIGO

for Interferometric
Gravitational Astronom
*The Univ. of Adelaide
*Andrews University

*The Australian National Univ.
*The University of Birmingham
*California Inst. of Technology

LPI'GO Scientific Collaboration

A () & & 2 _. £ ST N *University of Michigan

w2 *University of Minnesota
2] *The University of Mississippi
7 *Massachusetts Inst. of Technology
o : *Monash University
%SI)VYE?SIT -rAv °£ontana State Ul.nver.sny
- UNIVERSITY  *Moscow State University
*National Astronomical

Observatory of Japan
*Northwestern University

Universitil
degli Studi
del Sannio

*Cardiff University M il w *, *University of Oregon
.g;rleltonsgol!:e%e i U'\':F .RS[T Yol WISCONSIN I .Pennsylvania State Uni verSity
*Charles Stu niv. Ans GonpARD sPACE FLIGHT CENTER - *R ochester Inst. of Technology
°Columb1:f University . : é“"‘% %II‘WA‘UKEE . %mﬁ‘“f r;.  *Rutherford Appleton Lab
*Embry Riddle Aeronautical Univ. 0&‘ Kg : *University of Rochester
*Eétvos Lorand University ;‘?f.«‘é?*‘ * @ 5 *San Jose State University

eUniversity of Florida

*German/British Collaboration for EES}J\,OE i Et,a Tt $
the Detection of Gravitational Waves

*University of Glasgow

*Goddard Space Flight Center PENNSTL
*Leibniz Universitit Hannover
*Hobart & William Smith Colleges
*Inst. of Applied Physics of the
Russian Academy of Sciences
*Polish Academy of Sciences
*India Inter-University Centre
for Astronomy and Astrophysics ; = *Trinity University

*Louisiana State University B i, vt CA RD!I FF M *Universitat de les Illes Balears
*Louisiana Tech University WASHINGTON STATE : : UNIVERSITY MONTANA  «Univ. of Massachusetts Amherst

t Tech R
Loyola University New Orleans UNIVERSITY ofnsl‘;?::i'l[aympton STATE UNIVERSITY o iniversity of Western Australia
*University of Maryland - *Univ. of Wisconsin-Milwaukee

*Max Planck Institute for 4 *Washington State University
E % mam.n|DnLE Al *University of Washington

Gravitational Physics
UMALUTI!ICAL UNIVERSITY F UN[VERSITY Of
UF FLORIDA

: ‘7;;? T{Q *Univ. of Sannio at Benevento,
TRINITY Ry1W and Unfv. of Salerno
UNIVERSITY - .. .' P, 'UH]VEI’Slt}’ of Sheffield
. a5y f_,,"__..iﬁ “ . eUniversity of Southampton
"L 02 % eSoutheastern Louisiana Univ.
. eSouthern Univ. and A&M College
*Stanford University
*University of Strathclyde
*Syracuse University
*Univ. of Texas at Austin
*Univ. of Texas at Brownsville

Universitat de les
Illes Balears

OF ADELAIDE
AUSTRALIA

V4

NAC S

Science & Technology Facilities Council

@ Rutherford Appleton Laboratory

~ UNIVERSITY OF MINNESOTﬂ

Universitat Hannover I I I ‘5"’&5%?3? UNIVERSITY

& Machanical Collage

CHARLES STURT
\&/

UNIVYERSITY



GWs Data Analysis — GRB Search



What Can We Learn?

Confirm the of GRBs

Determine of binary system
Luminosity . Independent of distance
ladder

Neutron Star Equation of State
Test of strong-field GR
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GWs Data Analysis

Binary Coalescence Hypernova

Merger Ringdown

i |
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known - 5upercomputer|<—known—:-
S G simujgtions | Waveform, amplitude uncertain
Waveform mostly known Main emission mechanism unknown
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Matched Filtering

» Filtering method within signal processing
» Best filter method for Gaussian noise

= Data is not strictly Gaussian, but can be frimmed (x*-test)

» Method:

= Cross correlation of data with a template (waveform)
» Returns a signal-to-noise ratio (SNR)

data

P [SUID) 4"
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Matched Filtering

Data Template Power Spectrum
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GRB Search Characteristics

 Arrival of GW and GRB expected to be

« Geometrical considerations and high Lorentz factor:

should by ms
e Semi-analythical description give |
]
 Numerical simulations: |

] to ~1 second |

]
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Search Detalls
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Recent Results

051114
0512140

« S5 search
(Nov 2005 to Sep 2007): e

060429
» 21 short GRBs o
I :: Iilh:::[lhjr

. 7 I -
7020

« S6 search
(Jul 2009 to Oct 2010):

e 23 short GRBs

O7OE10B

070023




GRB 070201

- A very bright short GRB
detected in direction of M31

Performed accelerated data
analysis of GW data

Merger in M31 excluded at
>99% C.L. [1]

GRB probably merger
farther away or a SGR In
M31 [2,3]
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DEC (degrees)
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Multimessenger Astronomy
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| «— short GRB, beamed

Ll

long X, UV, and optical afterglows
uv

EM
opt.

radio very weak, if at all —»

HE| B HE-v coincident with GRB

LE
NS/NS

0 seconds minutes  hours days weaks

time after peak GW emission

Collaboration with external
telescopes: analyse data

promptly,
and try to



The Near Future: Advanced
Detectors

. UGOtoday . gensitivity:
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Conclusions

» Gravitational Waves are an exciting new
window on the universe

* GWs in coincidence with GRBs would provide
lots of information

* Results becoming astrophysically relevant
» Analysis of current 2009-2010 data nearly done

» Advanced detectors (~ 2015) will likely start the
era of routine detection: GW astronomy
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