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About these ideas

• Started from a study of low frequency feasibility
• Found some astrophysical motivations

– (will skip rapidly through it)

• Found a window of opportunity for realizing it in
a short time scale, tell you how

• This presentation is an hybrid between scientific
and political one

• It is all hypothetical so far.
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GW interferometer oversimplified
fundamentals

• The sensitivity of a GW interferometer is constrained
between two slanted walls and a floor
– The shot noise wall on the high freq. side,

• Pushed at higher frequency by more stored power

– The radiation pressure fluctuation at low freq.
• Pushed at lower frequency by less stored power

– And below, The thermal noise floor
• Controlled by spot size and quality factors

• The separation of  the two walls is determined by the
mirror mass

• Seismic, suspension, and even gravity gradient noise are
manageable
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GW I advancement game

• Presently the walls are spaced more than the observable
(useful) frequency range and the sensitivity curve looks
like a wide valley.

• Most of the efforts for advanced GW interferometer
development is in the direction of lowering the thermal
noise floor
– By glassy suspensions in A-LIGO
– By cryogenics in LCGT

• The more one will win on thermal noise floor,
the more the sensitivity curve will look like a narrow
canyon.

The position in the frequency range of the sensitivity canyon
in determined by the stored power in the arms
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GW I next step?    the Dual interferometer

• Contrary to  the case in Virgo and LIGO,
in cryogenic GW I the canyon will be so narrow
that a xylophone of interferometers will be
necessary.

• In advanced interferometers we start seeing this
effect and can already profit from twin
interferometers
– (not omozygote interferometers, though,
– Need to be different enough)

• Need GW I optimized for different frequency
ranges,   =>   the dual interferometer.
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Shifting the canyons

• These two
curves are
shifted by a
small
difference in
stored power

• Note the
different TN
slope,
sapphire
optimal at
H.F. fused
silica at L.F.
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Taking advantage of dual interferometers

• Can use different materials for different f. ranges
• Can design optimized suspensions
• Dual interferometer in each site will greatly enhance online

time for coincidence with other GW I
• Will have wider sensitivity coverage
• Will have large coverage overlap in the prime (central)

frequency range from radically different GW I thus
improving credibility

• A L.F. GW I will give free hunting license to its H.F.
brother for narrow band searches.

• A L.F. interferometer needs not to worry about the H.F.
end, so that it can be simplified and focus, later on, to the
gravity gradient limit
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• Low power requirements (simplify optical layout)
– Can reduce circulating power by factors of 10 to 100

– Can increase finesse and further reduce input power

• Can use larger fused silica masses to reduce the thermal
noise with larger beam spots (Tsubono’s presentation) >>>

• Can reduce seismic wall below 6 Hz (Virgo seismic
attenuation scheme and no shot noise requirements)

• Can reduce suspension thermal noise with longer or more
elaborate suspensions
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Tsubono’s idea

Also see
Shoemaker’s
bench estimations
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• Low power requirements (simplify optical layout)
– Can reduce circulating power by factors of 10 to 100

– Can increase finesse and further reduce input power

• Can use larger fused silica masses to reduce the thermal
noise with larger beam spots (Tsubono’s presentation)

• Can reduce seismic wall below 6 Hz (Virgo seismic
attenuation scheme and no shot noise requirements)>>>>

• Can reduce suspension thermal noise with longer or more
elaborate suspensions
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Reducing the gap to LISA

Will need gravity gradient substraction
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Other

• Low power requirements (simplify optical layout)
– Can reduce circulating power by factors of 10 to 100

– Can increase finesse and further reduce input power

• Can use larger fused silica masses to reduce the thermal
noise with larger beam spots (Tsubono’s presentation)

• Can reduce seismic wall below 6 Hz (Virgo seismic
attenuation scheme and no shot noise requirements)

• Can reduce suspension thermal noise with longer or more
elaborate suspensions
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Why do we need to cover the L.F. range

• Lots of well known reasons, just a new one,
• Also listen to Francesco

Intermediate mass black holes
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Intermediate mass BH
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Intermediate mass BH
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More on IMBH
A short lived donor is needed
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More on IMBH
A short lived donor is needed

Beaming,
the necessity of a donor for visibility and the
short lifetime of donors
make for a large populations ! !
A donor is a binary, how many BH binary?
How many of them are BH binaries?
How many are hardened in inspiralers?
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IM-BH coalesce at low frequency
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A surprizing reason for better coverage
of high frequency range

• 1987-A oblated, spinning-down NS

• Spinning at 467.5 Hz, spinning down and
precessing as required by GW emission from a
 10-6 oblate NS

• Nautilus being tuned and beefed up for detection
possibly within a year
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1987-A oblated, spinning-down NS
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1987-A oblated, spinning-down NS
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1987-A oblated, spinning-down NS
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1987-A oblated, spinning-down NS
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Additional reason to narrowband A-LIGO
at High Frequency

• At L.F. we believe that we know the inspiral
physics

• At mergers we will need the maximum possible
sensitivity to directly detect wave shapes to make
physics and constrain theories
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So why a L.F. GW-Interferometer?

• This source may be detected by bars, but as there
is one there will be many to look for,

• will need sensitivity at high frequency

• => narrowband scans

• =>  Better have a low frequency interferometer in
both tubes to free up the H.F. ones.
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Desirability and Feasibility

• Need a dual GW-I to cover both fronts
• Interest in Europe (Japan) to contribute

LF GW Interferometers to complement A-LIGO
– Scientific, to take advantage of the Virgo technology
– Financial, not enough money in the next five years for a full second

European interferometer but interest for a second European effort
– Staging, will be personnel availability in the right time frame

• Will build more WW.Collaboration for future enterprises
• Price tag for LIGO

– Commit to, later- on, complement an A-LIGO HF GWI inside Virgo
– Concentrate efforts contributing on LCGT for a cryogenic R&D

effort for the future
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Is a LF-GWI for LIGO 
too big a challenge?

• Many ways it will be a bread and butter and
K.I.S.S. interferometer than A-LIGO (and
cheaper)

• Lower power
• Fused silica optics
• Passive wherever possible

– Many less degrees of freedom (1/10)

• Will require much less development
• Will focus all efforts into best possible mirrors and

lowest suspension thermal noise
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Who builds a LF GWI for LIGO?
Boundary conditions ! !

• Will not draw energies from advanced LIGO
– Does not mean will not draw information an support

• Cannot draw energy from Virgo until I will be fully
operational

• Will not draw energies from TAMA until its sensitivity
will become negligible compared with the three larger
brothers but:

Propose to valorize it using it as the development
laboratory of LF development (equivalent of LASTI)

• Complete support to the cryogenic efforts of LCGT to
make it the precursor of a family of cryogenic GWIs.
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Who could build a LF GWI for LIGO?

• Initially a small seed staff

• Hope to attract external collaborators

•  Will come after Virgo and take advantage of the
TAMA and Virgo and LIGO I experiences

• Will get manpower support from external
contributors, as well as construction TAMA and
Virgo teams as they get freed up while the LIGO
people are busy building LIGO II
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A-LIGO and   LIGO- LF GWI
installation scheme

Present LIGO maintained at both sites
to be replaced by LF LIGO 

Advanced LIGO at both sites

4 Km

4 
K

m

Present LIGO 4 Km both sides

Present LIGO 2 Km at Hanford

2 Km

2 
K

m

2 Km

2 
K

m
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A-LIGO and  LIGO-LF GWI installation scheme
(Shoemaker’s suggestion)

• Install 2 broad band advanced LIGOs in a folded configuration
maintaining the 2 LIGO 4 Km operational.
– This way LIGO, at that point debugged, will remain operational and

continue taking data while advanced LIGO starts-up

• Close the gate valves and install Low Frequency LIGO in place of the
old LIGO without even breaking the vacuum of Advanced LIGO
– This way one can pre-assemble LF GWI for LIGO and install it in

relatively few day shifts while taking high quality data in evening and
nights with Advanced LIGO

• As LF GWI for LIGOs starts up, A-LIGO will progressively narrow
band.
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Master Plan

• Get an expression of interest here and now
• Organize a Low Frequency Interferometer working group

meeting at LSC meetings and in between
• Verify within 12 months if the idea is sound, affective and

feasible
• Solicit collaborators, funding and contributions for

realization
(should not weaken A-LIGO or other ongoing projects by competing
for manpower/funding)

• In parallel continue on the cryogenic developments
focussing on LCGT for a next generation of GW
Interferometers to give a clear mission

• Interested persons to get in touch with me to start LF-WG


