Enhancing &
Advancing LIGO

4 years of Detector upgrades

Sam Waldman
Feb 28, 2008
University of Maryland



Waldman

LIGO Outline

| \‘ IGO0 S5
10—16:_ —— Enhanced LIGO+-
| “ Advanced LIGO
e GW Detectors .
i :
e |nitial LIGO = u l
810_185‘ v
e Advanced LIGO § \l
g
e Enhanced LIGO "
10‘20;—
o 10

Frequency [Hz]



Albert A. Michelson

(Incidentally disproved the
existence of the ether)

Waldman
Maryland ‘08

LSC

First GW
detector




LIGO

10 W

Laser

1O

MC

Initial LIGO
o . Y

Fl

Waldman

1012 =101 m



Waldman

LIGO LIGO detectors

.LI__G'O Hanford:

_____ %lﬁﬁﬂ;-

T L o T P — - /]
T - -+ T i . —-—....-.._.q., — s
- ™ o ] ey s .

Tt o

r
. . - Y
e N
SR ".-,.:':."'J-;}j)'(
! . -
al= - = u
By -:|,'|:

LIGO Livingston:
4 km L1



LIGO

*Austraiian Lonsortium
for Interferometric

Gravitational Astronom_
*The Univ. of Adelaide
*Andrews University -
*The Australian National Univ. " /Iil NP

Universita
degli Studi
del Sannio

UNIVERSITY
of

GLASGOW

UNIVERSITY OF

Il WASHINGTON

*The University of Birmingham SSEUNL,
*California Inst. of Technology T S 3Dy fa B 7
*Cardiff University 2 mir’ i :.-.é = e S T
«Carleton College Bl ROCHESIER
*Charles Sturt Univ. Yo A9 UMMILWAUKEE
*Columbia Universit ) ;
.Embry Riddle Aeroi;autical UniV. ’§f§> e&g "‘“_'__--""J THE AUSTRALIAN NATIONAL UNIVERSITY
*Eo6tvos Lorand University ’y
I

*University of Florida THE UNIVERSITY OF

San Josc State : WESTERN AUSTRALIA

*German/British Collaboration for |\ veErs Ty
the Detection of Gravitational Waves

*University of Glasgow
*Goddard Space Flight Center PENNSTAL
*Leibniz Universitiit Hannover ‘
*Hobart & William Smith Colleges
*Inst. of Applied Physics of the
Russian Academy of Sciences

TRINITY

Universitat de les
Illes Balears

®

LIGO Collaborations

UNIVERSITY . A

=, Andrews 8 University B );

Waldman
Maryland ‘08

*University of Michigan

vzl *University of Minnesota

)] *The University of Mississippi

*Massachusetts Inst. of Technology

*Monash University

*Montana State University

*Moscow State University

*National Astronomical

Observatory of Japan

. *Northwestern University

‘4 *University of Oregon

L_Y; *Pennsylvania State University

*Rochester Inst. of Technology

*Rutherford Appleton Lab

*University of Rochester

*San Jose State University

*Univ. of Sannio at Benevento,
and Univ. of Salerno

*University of Sheffield

*University of Southampton

*Southeastern Louisiana Univ.

*Southern Univ. and A&M College

*Stanford University

*University of Strathclyde

*Syracuse University

*Univ. of Texas at Austin

*Univ. of Texas at Brownsville

*Trinity University

*Universitat de les Illes Balears

*Univ. of Massachusetts Amherst

*Polish Academy of Sciences EIEIE_\BEI{\AIIESEITY NORTHWESTERN
°India Inter-University Centre & AUSTRALIA

for Astronomy and Astrophysics EII 1 | _!'___ M
*Louisiana State University PAH e CA RDI FF

*Louisiana Tech University WASHINGTON STATE University UNIVERSITY SD&&I{\JIE‘%I{\S]I%

*Loyola University New Orleans
*University of Maryland
*Max Planck Institute for
Gravitational Physics (=

NA(J u
& Science & Technology Facilities Council

W@ Rutherford Appleton Laboratory
Universitat Hannover I I I ‘é’#é%%‘;%?

of Southampton

[UNIVERSITY

.~ EMBRY-RIDDLE
/ j‘ *ﬁﬁ%yhi-.'-!i.ik-‘.tll!f..‘u UNIVERSITY
=

UNIVERSITY OF MI}IHESGE

»
SOUTHERN

UNIVER S ITY
Agricultural & Mechal

al College

== CHARLES STURT

*University of Western Australia
*Univ. of Wisconsin-Milwaukee
*Washington State University
*University of Washington

UF UNIVERSITY of

FLORIDA

&
m

UNIVERSITY




Waldman
Maryland ‘08

tico Worldwide network —_—

Earth at Night =i e - O Astronomy Picture of the Day
More information available at: ,_ R A 2002 August 11
http://antwrp.gsfc.nasa.gov/apod/ap020811.html AI G O http://antwrp.gsfc.nasa.gov/apod/astropix.html




Waldman

LIGO Outline

| \] IGO0 S5
10—16:_ —— Enhanced LIGO+-
| “ Advanced LIGO
e GW Detectors .
i :
e |nitial LIGO = s 1
210_185‘ )
e Advanced LIGO § \l
g
e Enhanced LIGO "
10‘20;—
o 10

Frequency [Hz]



Waldman
Maryland ‘08

LIGO Noise Budget

L1 UGF = 151 HZ 14.8 Mpc, Predlcted 15.6, Feb 09 2007 04:28:56 UTC
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LIGO Noise Budget

L1 Noise Contributions — Range: 33.5 (36.3) Mpc
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LIGO Facility limits
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uGo  Suspended mirrors

10 kG test masses
 10” diameter
~0.5m pendulum
'~ 0.76 Hz resonance
» %% Voice coil actuation
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T ~10ppm
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LIGO Shot noise limit

L1 UGF = 151 HZ 14.8 MpC Predlcted 15.6, Feb 09 2007 04:28:56 UT!
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LIGO Thermal noise

Dissipation in lossy
materials (wire,
substrate, coating)
causes fluctuations
in the measured
displacement
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co Real world problems
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LIGO Noise Budget

L1 Noise Contributions — Range: 33.5 (36.3) Mpc
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LIGO
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LIGO Advanced LIGO i

______

® |Increased power
® I[mproved isolation 750 KW
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® Signal recycling
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uco Quadruple pendulum

e jsolation of f®
above a few
Hz

e fZfiltering of
actuator noise

® reaction mass

e fused silica
suspension

o 40 kG test
Mmass

Controls prototype @ CIT 2007 23
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LIGO Active isolation
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uco Tailor made response
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LIGO Signal recycling
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Lo  The next 2 years

e Advanced LIGO start in mid-2008 (NSB
meets end of March)

e First IFO decommissioned in 2010

e Use Enhanced LIGO to
® |ncrease exposure 10x
e Minimize aLIGO risk
Decomm

S5 run * S6 run s

2006 2007 2008 2009 2010 2011

Enhanced LIGO
Advanced LIGO
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Initial LIGO uses RF
heterodyne detection
to overcome 1/f

noise
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LIGO DC readout

| ' :ETM
Advanced LIGO uses Output ModeCIeaner |
detection to

overcome RF noise
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aLIGO prototype
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