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Cosmic Explorer’s team



LIGO Seismic 
Isolation (SEI) 
and Suspension 
(SUS) today 
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Test mass suspended by a quadruple 

pendulum, attached to three stages of 

active isolation (Internal Seismic Isolation 

platform + HEPI) to reduce seismic noise

Final stage of test mass suspension all 

fused silica, very high quality factor, 

designed to reduce thermal noise

LIGO-P1200056

https://dcc.ligo.org/LIGO-P1200056


A lot of lessons learned (summary by Brian Lantz and Giles Hammond)
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Suspension under design for A# (BHeavyQuadSus)
● A# suspension design elements (work led by Brian Lantz):

○ Several improvements over current suspension 
○ See for example Edgard’s talk at LVK LIGO-G2401974

● Incorporates many of the ideas in the previous slides 

4Credit: Edgard Bonilla, LIGO-G2400740

https://dcc.ligo.org/LIGO-G2401974
https://dcc.ligo.org/LIGO-G2400740


● Keep the basic seismic platform + suspension scheme as LIGO
● Rely on A# BHQS for many aspects of the design:

○ mass distribution concept, controllability improvement, etc.
● Since CE has fewer facility constraints, we can extend the parameter space a bit more , c

○ Brett Shapiro’s “cage as reaction chain” redesign idea 
○ Virgo payload design

Inspirational ideas for CE design
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Virgo payload designBrett Shapiro, LIGO-G1601426

https://doi.org/10.3390/universe7090322
https://dcc.ligo.org/LIGO-G1601426


Design motivating principles of “CEQS”

● Compensation plates and reaction masses “behind” 
the test mass are problematic for CE

○ Need to keep loss as low as possible in recycling cavities
○ Gas damping noise (not considered in initial aLIGO design)

● Concentric reaction mass is useful
○ Allows for isolation of baffle closest to Test Mass (see inset) 
○ Can replace the cage as the main-chain earthquake stops, 

reducing motion of objects closest to the Test Mass 
● Concentric chains minimize the 

footprint of a very large suspension

Credit: Elio Angile (MKI) 
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Suspension dimensions
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Masses:
TOP: 560 kg
UIM: 300 kg
PUM: 400 kg
TM: 400 kg

Masses:
RTP: 300 kg
RPM: 400 kg
RTM: 400 kg

Credit: Elio Angile (MKI) 



Other suspension features

● As with BHQS, avoid cross-couplings with
○ wires all vertical
○ Shorter blades, all parallel to beam direction

● Three-stage reaction chain 
○ BHQS analysis shows that 4 stages are not necessary

● Split cage avoids long rigid structure
○ Also provides some isolation of cage near testmass 

to reduce spurious couplings (e.g., electrostatic)
● Cage is isolated (by ISI), and available to support

○ Additional baffles (not shown)
○ Thermal actuators
○ Thermal/electromagnetic shielding
○ etc.
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Performance with Controls Driven Design

● We would like a way to optimize over suspension parameters based on 
performance as seen in the detector, including local and global controls
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Find 
Equilibrium

Compute State 
Space Model

Optimize all 
Controllers

Compute 
Performance 

Metrics

Optimization loop



Suspension simscape model
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○ Fully parameterized (easy to modify the model by changing parameters file) 
○ Returns state space model

Credit: Haidar Lakkis (Liege)
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Suspension simscape model

Credit: Haidar Lakkis (Liege)



Many open areas of investigations

● Blade springs – how big do they need to be?
● Control aspects (length, angles)
● Cage design
● How to integrate thermal compensation
● How to incorporate better sensors (focus of next XGCD)
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