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Observatlons by anc:lent
cultures _»

85/AD: Ptolemy, fll‘&t theory
built on known observathns

1564 AD: Galileo blrths
observatlonal astronomy

1905 AD: Jansky fathers
radio‘ astronomy- ;

Arecibo Radio Telescope

McDonald Observatory(NASA)

. .

+ Much much more, astronomy is a content'rich fiel



Light

our.observational standard

i

* Also known as
electromagnetic waves

* Spans more than VISIb|e
spectrum . P

By-product of charged
particle
acceleratlon/ motion

* Electric Field
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& nght Sources -
’ : . Stellar Dust to, Stellar Cores +
e Stellar formatio

are gravity po

[reactions.
red...

Isftlon mduced |on|zat|on.
uses electromagnetlc
radlatlon

The Planck one-year all-sky suruey Eesa {0 ESA, HFT and LFT consortia, J
. T i b
. .
Bulk masses are also « ,\
accelerating.. . JSENERE
- - .

. Is there a gravitational analogue to -

radiation emission from . ‘

accelerated charges? - .

i
s
'. i Ut from a Supermassive Black Hole in Galaxy System 3C 321 (©) HUBBLESITE.org
.
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" General Relativity .
----- curiouser and curiouser views of g'ravjﬁ,_
n N .

-
-

. y - . ‘ i
* Newton'_s_‘vity .

- . Instantane s(aé" ]
*‘ atadistan% P

* Aforce (méehénical)
[* Einstein's Gravit). .

#_ +.* Limited by speed of -
Y ightt -

. * Geometrical

»

-‘J\/Vhat about every day

4
d '



G_ravitational R_adiation

» How big'is this wave? -

* As expected on earth
‘de-18m*

* Wave has two
polarizations!

e Cross

X

\

| ,E\n ASTrom  -100.000 fm

"o Plus . |
H+H | ..-l’r
- 0.0000000000000000001m



Unknown Waveform to Known Waveform

]

%rawtatlonal Wave Sources

Short Duration to Long Duration Signhals

& e ' . .

Compact Binary
- Coalescence Periodic

Stochastic




Gtawtattonal Radlatlon Antenna

simplified - +

. Pre Stabilized Laser
e Input Test Mass
. Output Test Mass
 Beam Splitter )
: [ Output Photodioc’e .

s
K h ,
. - iF
i . 4




G’rawtatlonal Radlatlon Antenna

NOT so simplified *

“Input
Laser e
Housing*
L]
rge
Optics
Housing
N ';f’7ﬁ¥f
N
Output N
Photo-diode |

Housing



Gfawtatlonal Radlatlon Antenna

NOT so simplified + _

- Very susceptible to', .
enwronmental effects

g Wlnd
o Baln |

_- Ground I\/Iotlon ¢
8




G’rawtatlonal Radiation Antenna

NOT so simplified +
s
’ : " ’ d -

* New technalogies for -
ultra-high precision®. .~ _ @ ,
measurements . ?’*1
. Ultra stable Jaser N /- p |
. New optical coatings " S ‘ 0

' e o g P ! - a  fg t
« Complex isolation ¥ NG
control servos _—— —
. ¥



' Gravitational Radiation Antenna:
NQT so simplified ' * 4

B 339622 & .
| #1906 * 3

L Y.,
4

- For required high. >
precision measurements
new technologies
developed , .

i

_* Ultra stable laser

"o New optical coatings' &

 Complex isolation & '
control servos . .




"+ 300m (Tokyo)

Global-GW Detector Network

LIGO (United States)

e 4km (Livingston) «

+ (4km.& 2km) Hanford
Virgo (Frenbh/ltalian) C A

- 3km (Cascina) .
GEO (German/Brltlsh)
. 600m (Sarstedt) ~ & e
TAMA (Japan) . .

« LCGT ~ .
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Gravitation Wave Astronomy
. | _ <

o Fundamentally Different... How so0? , r

B -

« Source physms trgvels universe undisturbed .

« Generated by all d'ynamlcal astronomical size systems_
(several solar masses and above, and dense!) &

. » .
 Observing the Sky! =

* Doesn't rer on Ilght

e ‘Omni-directional . .

« Poeor sky resolution of
potential sources

« Observatory network |
needed
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A Typ,e.laﬁgpernwge\lents i > 4

’ @ravnau@n Wave Astroh*omy‘
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' @awtatlén Wave Astron*omy‘

»
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Grawtatlen Wave Astr

Exotlc unknown plgenomena
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Mechanics of GW Searches

-« Search Types + v
* Match Filtering _»

- " " "
L ]

e Excess Power .«
- i » .

- Coherent Integration *
* Cross Correlation =

e Observatories Involved
g NE) less than.2 sites
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Compact Binary Coalescence
Use theoretical + :

knowledge to constr ‘IC'[
S|gnal models © *

Compare models t& ’
'observa.tory.datar .

Account for envwbnme.-
Compare common

interesting events ~ &

o |f e\§/ents pass criteria...

DETECTION



Compact Binary Coalescence

Use theoretical + -
Signal Only

knowledge to construct
signal models

Compare models to"
observatory, datas

amplitude

Account for environment

Compare common
interesting events

- |f events pass.criteria...

DETECTION.



Compact Binary Coalescence

Use theoretical +
Detector Noise

knowledge to construct
signal models

Compare models to© *, =
observatory, datas g

O i
L= Y
-

-

=3 I_
=
w

Account for environment

Compare common
interesting events

- |f events pass.criteria...

DETECTION.



Compact Binary Coalescence

Use theoretical * e
1Detectt::vr Noise with Signal Overlay

knowledge to construct
signal models

Compare models to"
observatory, datas

i 0
L=
=

=

a :
=
o

Account for environment

Compare common
interesting events

- |f events pass.criteria...

DETECTION.



Ask not what GWS can do for you...
PRI TEITERAE

e ﬁ"é‘\ |
-, E: X}% ) _- W . e ‘ C'ﬂ h ﬂ@ﬂ From Spuce
| . L ST ) Sl
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. Search Target Sour!,es E'nstem@Home P

 Continuous wave P oy SRk

. !

 Radio Pulsar -
identification - X gl e - S

. % N " B v ° P4
. NN L RERT. AR A AL S
BOINC Information \ w4 "\, 1/ oA Search Information
Ascension: 282.18 deg
Declination: 4.87 deg
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'What IS ‘ahead in our ffld’7

Major mstrumentaT . \

upgrades to incre j
sensitivity (3-5yfs)

Advanced LIGO, 1000X '
obseryational volume

mcrease S ‘

Alla.observatorles In -
network in snﬂultaneous

R

'upgr@de X

g w
_Regular observatlons will. o O i i e
start occurring.. 4 .

4

. S
. .



Relaxing as a GW physicist’

-« Playing video games *
. Slmgshet-';»
. Spacetlme' S

Quest \
o Publlc Outreach *

. Educational activities ! (g
. Observatory.tours




. We Cn Do lt!
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- Interesting Links +

http:/missionscience.nasa.gov/ems/
www.ligo.org

http://youtu.be/yHKMYpKEXh8

http://slingshot.wikispot.org/

http://www.gwoptics.org/processing/space_time_quest/

Al's Relativistic Adventures (‘05 Pirelli Relativity Challenge)



http://missionscience.nasa.gov/ems/
http://www.ligo.org/
http://youtu.be/yHkMYpKExh8
http://slingshot.wikispot.org/
http://www.gwoptics.org/processing/space_time_quest/
http://onestick.com/relativity/
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