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GW science activities

e | started working on GW in 1994 in Virgo

* | have been a member of LIGO-lab and LSC from its
foundation, and a council member until 2006, in the
years of its constitution writing

* | have been an active GW instrumentation scientist
practically from the very beginning, without
interruptions, to the present, and | expect to
continue my activities on GW instrumentation until
my retirement (if any)
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Present and Future work for LSC

* Develop better mirror coatings for room
and cryogenic temperatures

e Parallel work at LCGT (not LSC, but producing
many results listed in the White paper)

e Develop techniques and parameters for 3
generation observatories including 3™
generation seismic attenuation techniques
(Homestake, w. Minnesota, ET)




A comment on percentages

e A specific percentage of my time on optics was
specified [35%, my activity at UniSannio].

e Difficult to make a clear cut for other activities

e Most R&D activities overflow the confines of
individual GW Observatories

e Assisting LCGT, an activity started while | was still in
the LIGO-lab (Lazzarini, 61100218 p.16), has wider effects
besides helping creating a new observatory, it

 produces first-hand know-how for the white book and
for when LSC will attack the 3 generation issues. | &
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Mirror Optics

* Wider beams to suppress thermal noise; Mesa
beam profiles, mexican hat mirrors 12

Reflectivity and thickness optimization

* Optimized coatings (many cubic parsecs of
addEd V|S|b|||ty VOlume) < > RICCARDO DESALVO

Directional radiative cooling thermal compensation for gravitational wave

* Radiative thermal compensation  inerferometer mirrors

Carl Justin Kamp**, Hinata Kawamura b Roberto Passaquieti®, Riccardo DeSalvo ?

(thought for LIGO now used in . ’
a heating variant in Virgo) optica| Coatings
* Motivating and stimulating many and Thermal Noise

< >

scientists on material developments in Precision
 Fundamental R&D on coating noise Measurement
(Chao and Innocenzo presentations ) EDITED BY
' . . Gregory Harry
* Cryogenic coating studies Timothy P. Bodiya
Riccardo DeSalvo

—— ]
del Sannio
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aLIGO Optical levers

* Found angular instability problem from laser
mode jumping

e Partially mitigated using angle cut fibers
* Eliminated using S-LED

Future work
e Optical levers to mitigate Newtonian noise
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Third generation GW Obs.

* Past
* Xylophone concept

* Cryogenic suspension studies
 Underground “seismic weather” studies
« Newtonian noise subtraction techniques

} step §

Present/future /J
° . . . /!/
e Homestake seismic noise studies ,

 Down-well seismic isolation techniques
 LCGT has double use

Einstein gravitational wave Telescope

Gainesville27th September 2011
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Seismic attenuation (past)

Introduction of Maraging in GW springs

Virgo

SAS ¢
SAS C
SAS ¢

SAS ¢

Superattenuator design (before LSC)

esign for LIGO (=>HAM SAS)
esign for TAMA (=>LCGT design)
esign for AElI 10 m facility

esign for Virgo injection benches
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Seismic attenuation (present/future)

e SAS design for LCGT
* Development of underground configurations

* Phasing out Maraging ?

* Seismic attenuation for 3" generation

* Cryogenic

Gainesville27th September 2011
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More on Maraging

Introduced Maraging for seismic attenuation

Studied maraging creep,
enabling its generalized
use in GW observatories. 5w, o

in elasticity of metallic springs:
Observations of a new dissipation regime

Discove ry Of SElf OrganiZ- Riccardo DeSalvo, Arianna DiCintio and Mark Lundin
ed Criticality (SOC) of dis- 7= @ spring
locations in metals

Impact on future suspensions

* Operational modes

* New designs Universitl

degli Studi
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SOC fall-out

* Developing new class of tiltmeters

— Enabling active seismic attenuators to work at
lower frequency (for a-LIGO)

— Rotational seismology

* Developing new class of seismic sensors
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My best achievements
in the GW field ! 1

Some played physics with me
for years

Some just touch and go

| am proud of every single one
and of their achievements,

Several active in GW ||

All of them, | am sure, are
proud of having played some
GW physics with me

They all remember:
if it is not fun, it is not physics!

Abhik, Adele, Akira, Akiteru, Alberto, Alberto,
Alberto, Alessandro, Allyson, Amanda,
AnaMaria, Andrea, Angelo, Andrey, Annalisa,
Arianna, Barbara, Bianca, Brett, Brian, Caroline,
Catia, Charles, Chenyang, Chiara, Christopher,
Claudio, Hareem, Edward, Emanuele, Enrico,
Erika, Eric, Fabian, Federica, Feng, Florian,
Francois, Francesco, Franco, Giancarlo, Gianluca,
Giovanni, Gong, Greg, Guido, Gutong, Eshter,
Hinata, Isidoro, Jan, John, Jonathan, Jose, Juri,
Justin, Kazuhiro, Kenji, Kentaro, lain, llaria, Lisa,
Luca, Luigi Maddalena, Malik, Maria, Maria,
Michaela, Michael, Michael, Mike, Marco,
Mathieu, Morgan, Morgan, Mark, Nicky, Nicolas,
Orsola, Peter, Roberto, Rosalia, Sean, Simone,
Sonia, Stefano, Stefano, Steve, Stoyan, Szabi,
Tara, Tatsuo, Thomas, Tommaso, Valerio,
Vincenzo,Virginio, Vladimir, Youichi, Yukiyoshi,

Yukiko, Yumei, Xavier —
2

(| apologize with those friends, g
hopefully few, that | forgot ! ) University
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Seismic Attenuation Systems

1) The Seismic Attenuation System (SAS) for the Advanced LIGO
gravitational wave interferometric detectors.

Alberto Stochino et al.

Published in Nucl.Instrum.Meth.A598:737-753, 2009.

Cited 5 times

2) Operational status of TAMA300 with the Seismic Attenuation
System (SAS).

R. Takahashi et al.

Published in Class.Quant.Grav.25:114036, 2008.

Cited 4 times

3) Recent results of a seismically isolated optical table prototype
designed for advanced LIGO.

V. Sannibale, B. Abbott, Y. Aso, V. Boschi, D. Coyne, R. DeSalvo, S. Marka,
D. Ottaway, A. Stochino.

Published in J.Phys.Conf.Ser.122:012010,2008.

4) Control system for the seismic attenuation system (SAS) in
TAMA300.

K. Agatsuma et al. 2008.

Published in J.Phys.Conf.Ser.122:012013,2008.

5) Improvement of the seismic noise attenuation performance of
the Monolithic Geometric Anti-Spring filters for gravitational wave
interferometric detectors.

Alberto Stochino, Yumei Huang, Riccardo DeSalvo, Virginio Sannibale,
Published in Nucl.Instrum.Meth.A580:1559-1564, 2007.

Cited 1 time
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6) Inverted pendulum as low-frequency pre-isolation for advanced
gravitational wave detectors.

A. Takamori et al.

Published in Nucl.Instrum.Meth.A582:683-692,2007.

Cited 3 times

7) Passive Non Linear mechanical structures for Seismic attenuatio
R DeSalvo,
J. of Comp. and Nonl. Dyn., Trans. of the ASME, 2, 290-298 (2007)

n,

8) Design and prototype tests of a seismic attenuation system for the

advanced-LIGO output mode cleaner.

A. Bertolini, R. DeSalvo, C. Galli, G. Gennaro, M. Mantovani, S. Marka, V.
Sannibale, A. Takamori, C. Torrie,

Published in Class.Quant.Grav.23:5111-118,2006.

9) Monolithic geometric anti-spring blades.

G. Cella, (Pisa U.), V. Sannibale, R. DeSalvo, S Marka, (LIGO Lab., Caltech)
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Published in Nucl.Instrum.Meth.A540:502-519,2005.
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, A

10) M. Mantovani, R. DeSalvo, One hertz seismic attenuation for low
frequency gravitational waves interferometers, Nucl. Instr. and Meth. in Phys.

Res. A 554, 546-554 (2005)

11) Anatomy of the TAMA SAS seismic attenuation system.
S. Marka et al. 2002.
Published in Class.Quant.Grav.19:1605-1614,2002.
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References related to GW

12) Mirror suspension system for the TAMA SAS.
A. Takamori et al. 2002.
Published in Class.Quant.Grav.19:1615-1621,2002.

13) Seismic attenuation performance of the first prototype of a
geometric anti-spring filter,

Cella, et al.,

Nucl. Inst. And Meth. A487, 652-660 (2002)

14) Recent progress on the R & D program of the seismic
attenuation system (SAS) proposed for the advanced gravitational wave
detector, LIGO II.

A. Bertolini, G. Cella, W. Chenyang, R. deSalvo, J. Kovalik, S. Marka, V.
Sannibale, A. Takamori, H. Tarig, N. Viboud.

Published in Nucl.Instrum.Meth.A461:300-303,2001.

15) Measurement of the VIRGO superattenuator performance for
seismic noise suppression,

G. Ballardin, et al.

Rev. Sci. Instr. 72-9, 3642-3652 (2001) Erratum: 73-1, 233 (2002)

16) Performances of an ultralow frequency vertical pre-isolator for
the VIRGO seismic attenuation chains.

R. DeSalvo et al.

Published in Nucl.Instrum.Meth.A420:316-335,1999.

17) New Seismic Attenuation System (SAS) for the advanced LIGO
configurations (LIGO2).

A. Bertolini, G. Cella, E. D'Ambrosio, R. DeSalvo, V. Sannibale, A.
Takamori, H. Yamamoto.

Published in “Pasadena 1999, 3rd Edoardo Amaldi Conference on
Gravitational waves” 320-324, Jul 1999.

18) An inverted pendulum pre-isolator stage for the VIRGO
Suspension System,

G. Losurdo, et al.,

Rev. Sci. Instrum., 70, 2507-2515 (1999).

19) Seismic Noise Filters, Vertical Resonance Frequency Reduction with
Geometrical Anti-Springs, a Feasability Study,

A. Bertolini, et al.,

Nucl. instrum. methods phys. res. A 435 (1999) 475-483

20) Seismic isolation by mechanical filters at very low frequencies.
E. Bougleux et al.
Published in Nucl.Instrum.Meth.A409:480-483,1998.

21) Extending the VIRGO gravitational wave detection band down to a few Hz:
Metal blade springs and magnetic antisprings.

M. Beccaria et al.

Published in Nucl.Instrum.Meth.A, 394:397-408, 1997.

Cited 4 times

Inertial Sensing
22) Long term seismic noise acquisition and analysis in the Homestake mine

with tunable monolithic sensors.
Fausto Acernese, et al.

Published in J.Phys.Conf.Ser.228:012036,2010.

23) Mechanical design of a single-axis monolithic accelerometer for
seismic attenuation systems.

A. Bertolini et al.,

Published in Nucl.Instrum.Meth.A556:616-623, 2006.
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References related to GW

24) Readout system and predicted performance of a low-noise low-
frequency horizontal accelerometer.

A. Bertolini, R. DeSalvo, F. Fidecaro, M. Francesconi, S. Marka, V. Sannibale, D.
Simonetti, A. Takamori, H. Tariq.

Published in Nucl.Instrum.Meth.A564:579-586,2006.

25) Monolithic folded pendulum accelerometers for seismic monitoring
and active isolation systems,

A. Bertolini, R. DeSalvo, F. Fidecaro, and A. Takamori,

IEEE Trans. Geo. Rem. Sens. 44-2, p273-276, 2006

26) Constant force actuator for gravitational wave detector's seismic
attenuation systems (SAS).

C. Wang, H. Tariq, R. DeSalvo, S. Marka, V. Sannibale, (Caltech, Kellogg Lab &
Florida Inst. Tech.), Y. Nishi, Y. lida, A. Takamori, (Tokyo U.) . 2002.
Published in Nucl.Instrum.Meth.A489:563-569,2002.

Cited 2 times

27) The linear variable differential transformer (LVDT) position sensor for
gravitational wave interferometer low-frequency controls.

H. Tariqg et al.

Published in Nucl.Instrum.Meth.A489:570-576,2002.

Cited 4 times

28) Geometric anti-spring vertical accelerometers for seismic monitoring.
A. Bertolini, N. Beverini, G. Cella, R. DeSalvo, F. Fidecaro, M. Francesconi, D.
Simonetti,

Published in Nucl.Instrum.Meth.A518:233-235,2004.
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(Pisa U. & INFM, Pisa & Caltech, Kellogg Lab & Tokyo U.) .
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waves” 409-410 Jul 1999.

30) Ground tilt seismic spectrum measured with a new high sensitivity
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A.N.Luiten, et al. :

Rev.Sci.Instrum. (January, 1997).

Future GW observatory studies

31) Improving the sensitivity of future GW observatories in the 1-Hz to 10-Hz
band: Newtonian and seismic noise.

M.G. Beker et al.

Gen Relativ Gravit 43:623-656, 2011

32) Characterization of the seismic environment at the Sanford Underground
Laboratory, South Dakota.

Jan Harms et al.

Published in Class.Quant.Grav. 27 (2010) 225011 arXiv:1006.0678v1 [gr-qc] 3 Jun
2010.

33) M Punturo, et al. “The third generation of gravitational wave

observatories and their science reach” (144 authors)
Class. Quantum Grav. 27 084007 (2010)

34) The Einstein Telescope: a third-generation gravitational wav
M Punturo et al. 2010 Class. Quantum Grav. 27 194002, 2010
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References related to GW

35) A Xylophone Configuration for a third Generation Gravitational Wave
Detector.

S Hild et al 2010

Published in Class. Quantum Grav. 27 015003, 2009.

Cited 6 times
36) Simulation of underground gravity gradients from stochastic seismic
fields.

Jan Harms, (Minnesota U.) , Riccardo DeSalvo, (Caltech) , Steven Dorsher, Vuk
Mandic, (Minnesota U.).
Published in Phys.Rev.D80:122001,2009.

37) Gravity-Gradient Subtraction in 3rd Generation Underground
Gravitational-Wave Detectors in Homogeneous Media.
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38) Proposal for lower frequency companions for the advanced LIGO
gravitational wave interferometric detectors.

G. Conforto, (Urbino U.), R. DeSalvo, (Caltech) .

Published in Nucl.Instrum.Meth.A518:228-232,2004.

Cited 2 times

39) Lower frequency companions for the advanced LIGO gravitational wave
interferometric detectors: An observational opportunity?

R. DeSalvo, (Caltech, Kellogg Lab)

Published in Class.Quant.Grav.21:51145-51154,2004.

40) Relevance of Newtonian seismic noise for the VIRGO interferometer
sensitivity.

M. Beccaria et al. 1998.

Published in Class.Quant.Grav.15: 1-24 3339-3362,1998
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Solid state physics, Material science

41) The Role of Self Organized Criticality in Elasticity of Metallic Springs;
Observations of a new Dissipation Regime.

Riccardo De Salvo, Arianna Di Cintio, Mark Lundin.

Eur. Phys. Jour. Plus, September 2010

42) Anomalous low frequency dissipation processes in metal springs.
Riccardo DeSalvo, et al.
Published in J.Phys.Conf.Ser.228:012033,2010.

43) Directional radiative cooling thermal compensation for gravitational wave
interferometer mirrors.

Justin Carl Kamp, Hinata Kawamura, Roberto Passaquieti, Riccardo DeSalvo.
Published in Nucl.Instrum.Meth.A607:530-537,2009.

44) Dislocation movement and hysteresis in Maraging blades,
A.Di Cintio, et al.,
Class. Quant. Grav. 26 (2009)

45) Extended-time-scale creep measurement on Maraging cantilever blade
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Nicole Virdone, et al.,

Published in Nucl.Instrum.Meth.A593:597-607,2008.

46) Study of Quality Factor and Hysteresis Associated with the State-of-the-art
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47) The creep problem in the VIRGO suspensions: A possible so
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References related to GW

48) Non stochastic noise in gravitational wave detectors.

R. DeSalvo, (INFN, Pisa) .

Published in “Geneva 1997, 2nd Edoardo Amaldi Conference on Gravitational
waves” 228-239, Jul 1997.

49) Mechanical shot noise induced by creep in suspension devices,
C. Cagnoli, et al.”,
Phys. Lett. A, 237, 21-27 (1997).

Mirror coating thermal noise

50) Measurement of Thermal Noise in Multilayer Coatings with Optimized
Layer Thickness.

Akira E. Villar et al. Apr 2010.

Published in Phys.Rev.D81:122001,2010.

51) J. Agresti, G. Castaldi, R. DeSalvo, V. Galdi, V. Pierro, I.M. Pinto,
“Optimized multilayer dielectric mirror coatings for gravitational wave
interferometers,” in Advances in Thin-Film Coatings for Optical Applications lll,
M. J. Ellison, Ed., Proc. SPIE, vol. 6286, SPIE, Bellingham, WA, USA, 2006, pp.
628608-1 — 628608-10 (ISBN 0-8194-6365-5), 2006.

Mesa beams

52) Thermal distortions of non-Gaussian beams in Fabry-Perot cavities.

J. Miller, (Glasgow U. & LIGO Lab., Caltech), P. Willems, H. Yamamoto, (LIGO
Lab., Caltech), J. Agresti, (LIGO Lab., Caltech & Pisa U.), R. DeSalvo, (LIGO Lab.,
Caltech) . 2008. 17pp.

Published in Class.Quant.Grav.25:235016,2008.
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Applied Optics, Vol. 46, Issue 26, pp. 6648-6654 (2007)
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Virgo-TAMA
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59) Current status of Japanese detectors.
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General public outreach
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Carlo Bradaschia, (INFN, Pisa) , Riccardo Desalvo, (Caltech)
Published in CERN Cour.47N10:17-20,2007.
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