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Electromagnetic VVaves e Gravitational VVave
*  Oscillations in electromagnetic field induced by * | Oscillations in spacetime geometry (time of
accelerating charges flight of massless particles between test masses in free fall)

o
[1] http://web.mit.edu/course/urop/8.emfields/Public/animations/dipint3D.mov [2] http://www.nasa.gov/imov/ | | 6648main_CollidingWdwarves.mov
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transducer - the .Mlchelson
! mterferometer

Gravitational wav®&s cause
flugtuations in the difference between * -
. the arm lengths. Define differential length as:

s / Cor i = Iy, .'

BEAMSPLITTER 2

MONOCHROMATIC ' v : : e
LIGHT SOURCE = any noise sources cause fluctuations

*in the sum of the.arm lengths. Define
common.arm Iength as:

' L.+ L
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3 ® :
Gravitational waves "excite
differential strain, deﬁrled' ase

. #he problem is that for realistic signals
. & . . h S 10—21

The detected quantity, the signal, is L_ , excited by gravitational waves in /.
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o % Signal strength versus source distance .~

Electromagnetic antenna o - Gravitational waVe antenna
6_; . . .

> .
Vo = :
- . o - [
Detect current through load, proportional to ) .
electric field. But the sources are usually Detect displacement of mass, proportional to
incoherent across the baseline, and therefore gravitational potential. But Dlces 2oUcesahe
: ) g ' coherent, pot stochastic, therefore
stochastic, averaging to Zero. Therefore . h ’
y 4 measur:e <E2> | infer V from h, and,
X . .
' . - o 1 . | 1 ‘ ' - - 1
. — 2 ; o e V ox —
.Exocr. SO <Eac>0<7ag ’a . - T
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Livingston beam saitter installation
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35W CW output 1.06um laser amplifier (Enhgnceg LIGO)

Initial LIGO fused silica optics
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“S2” Mar 2003
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LIGO design
Frequency (Hz) goal

Narrow line features removed by characterization and subtraction”

" Some extess noise above initial LIGO design remains below 100Hz.
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Assumés wave is + p@larized with
/espect to the arms - pattern for ,
other x polarization is different

/

Degrees North Latitude

Sensitive lobes are very broad, with
most of the sky having better than
52%,%5 E et Longitg‘;e . 40% pickup. Exceptions are waves

incident down I|nes parallel to either
of the two arms.

Rather as for early gamma-ray detectors, a single interferometer will fire in response to
most of the sky, but it will not tell you where the source is. So...

"
.

[3] - LIGO T-040202 http://antares.ligo.caltech.edu/dcc/default.htf y y .
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Lo'ngest baseline is approximately 10’ m . | 5 SR
< | . Estimate the resolying power. :
For a gravitational wave

transient centered at 100 Hz;

C
A= — =3 x10°
00 0™

A 3 x 10°m 1 ,
) ~ 07 m ~ 3 radians )

. ‘ . L
Does this mean that the
‘network can’t tell you whete a
‘source is 7 No, it doesn’t.

- @

© 2008 MapLink/Tele Atlas

Image NASA . A l .
© 2008 Europa Technologies 2008 COOS e
© 2008 Tele Atlas . .
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* Poor resolvihg'powerseems’ like aProbIem buit it is not. The interpréetation is that the
LVC network can’t resolve the source image on the sky. But this is not what we are
trying to do here We requiresan accurate estimate of the central position offthe source,

*  notan image. 2 B
& v r4
- B ’ B
b For a source close to the zenith:
source . . y. . cot ’
. zenith Op ~ ——
position : D

6t is the reciprocal of the Nyquist frecq.uenéy.

-
-

For detectors separated by the Earth’s radius, and
where the sampling rate is 16384Hz}¢he precision .
with which yoy gan measure arrival time leads to

o9 > 0.35° ;

Actual, pointing accuracy worse than*this; source
rarely close to zenith, détectors not aligned,

detector | detector 2
polarization of source is uncertain. In reality,
Te, : _ ' & the current best case Is:
) . op ~ 1 — 20
o o - . . . .

LSC/Virgo network pointing is at the degree accuracy level,
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* ® -Consider the detector plane viewed edge-on S

Edge-on |
view of \
detector plane

® In this simplified model, three interferometers glves yowtwo possible sky
positions. A fourth out-of-plane interferometer removes the degeneracy

y . ® |n fact,in theory, three non-aligned interferqmeters are sufFC|ent to break
the two position degeneracy This is also a subject of much work. .
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Neutron stars « . _Supernqvae
«Soft gamma | Anqmal.ous . Neutru/ 4 grawtatlor;al
repeaters : . X-ray pulsarse , - ).tlses N . " wave bursts ?

.‘Long period (>2s)’

? ?
I?ulsars ! Orphan afterglows i gamma fay bursts
' ; - s
+ _ Coalescing compact binaries
) Gravitational ? Gravitational 2 ‘Short period (<2's)’.
wave ‘chirps’ ? - wave bursts? gammatray bursts ? .
e R ? Radio afterglow ?. 7 Optical afterglow ? |

-?Neutrino
pulses !
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Other interferometers in operation (GEO and/or Virgo)

S5 SCIENCE ENHANCED S6 SCIENCE ADV.

RUN LIGO RUN LIGO
INSTALLATIO ENG.

ENGINEERIN

RUNS

e S6/VSR2 run will be 1.5 years long. . .
* A key goal is to run analysis algorithms for transients in the detector network in real tlme
é e Group delay from S|gnal arrival to reconstruction <30 mins. S
E
2 "/' - » . o
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Approved by N. S Fin U S.
. . . .

| ; e |80W laser power ‘. A
s -~ * HEPI actMe vibration isolation at bothsites
: e High Q compound pendulum suspensions | , ,
+. 7 * 40kg optics to reduce radiation pressure noise NEEREEEN [T -
e Signal recycling mirrdr for narfowbanding g

* Parallel comparable upgrades to Virgo

HEBI h}dfauli.c actuator _ I80W laser ampllf'er prototyﬂe (Germany) Quad suspension prototype
/ ' R Y . : 2 . (U K) .

,/'
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..and others.This is big science.

Virgo is a separate collaboratlon ‘with whom LSC has a data sharlng agreement
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LSC and Virgo scientists are very keen to collaborate with other entities. .External enlty could be an
"individual (astronomer with target’of oppdrtunity observmg time, for example), a working group, or a-
' facility, - deC|ded ona Case- by case basis. .

. External collaborations are-one of the best patlw/to exciting science W|th
* LSC /Viggo mterfercyaeters '

- Some guidelines for setting up collaborations.

e There must exist a memorandu understanding (M@U) between LSC/Vlrgo and any
external collaborator before gSoperative efforts can commence? .

¢ Collaboration is between the whole LSC/Virgo collaboration and the external entity, not

~ just individual members of LSC/Virgo. > 8 | . e

e Collaboration must be-for an identified purpose. i . .

* No collaborations guaranteeing exclusivity are permitted. ’ .

e MOU must include agreeement of the model for«data sharing between the colla'borating
.

-»

entitites. ;
e MOU, must include statements of policies on jomt publication of results / limits / technical
¢ work i - . A , .
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* Ground based gravitational-wave interferomteryhas delivered the sensitivity it advertised

. on-schedule. ’ y ¢
o World-W|de efforts are now coordlnated through the LSCHVirgo collaborations. ’ .
« The restmg ‘network of interferometers is capable of wide-field coverage for detection of .
sources, but also of determination of the polnt.of origin at the degree level. \
* Though nd sources have yet been detected, the funded advanced LIGO upgrade will pushr
. the search volume up by a factor of 103 compdred to its current value.
* Transient sources observed both in gravigational waves and in photons. would be one of the
most convincing smoking guns for first’detection of grawtatlonal waves. - +
. » Multi-messenger information on astrophysical sources would openstip hew wmdows on
strong gravitational fi f‘elds compact objects, and beyond. " .
‘s Therefore LSC{Virgo is interested in pursuing collaborations with astronomers,in the hope

that the LSC/Virgo instruments are about to become obserwing togls!

One of several alligators resident at the Livingston site. Don’t annoy the operators



