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LISA

e 2.5 million km triangular
interferometer in space
* GW frequencies 0.1mHz—1Hz

Images courtesy Einstein Telescope, LISA, Cosmic Explorer
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LISA Einstein Telescope (ET)

2.5 million km triangular * 10 km underground triangle
interferometer in space * 6 interferometers in “xylophone”
* GW frequencies 0.1mHz—1Hz configuration:

* Cryogenic low frequency
* High power high frequency
* GW frequencies 7Hz—2kHz

Images courtesy Einstein Telescope, LISA, Cosmic Explorer
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LISA Einstein Telescope (ET) Cosmic Explorer (CE)

« 2.5 million km triangular * 10 km underground triangle * 20 km and 40 km L-shaped
interferometer in space * 6 interferometers in “xylophone” surface observatories
* GW frequencies 0.1mHz—1Hz configuration: * scaled up LIGO technology &
* Cryogenic low frequency enhancements

* High power high frequency  * GW frequencies 10Hz—2kHz
* GW frequencies 7Hz—2kHz

Images courtesy Einstein Telescope, LISA, Cosmic Explorer 2
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* Charge: “...recommended list of GW detection network configurations
that will deliver a detector with sensitivity an order of magnitude greater

than the LIGO A+ design....”
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- Established by NSF, Chaired by Vicky Kalogera (Northwestern)

* Charge: “...recommended list of GW detection network configurations
that will deliver a detector with sensitivity an order of magnitude greater

than the LIGO A+ design....”
* Cosmic Explorer submission: Evans, Corsi, +: arXiv.2306.13745
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* Charge: “...recommended list of GW detection network configurations
that will deliver a detector with sensitivity an order of magnitude greater
than the LIGO A+ design....”

* Cosmic Explorer submission: Evans, Corsi, +: arXiv.2306.13745
- MPSAC “Kalogera” Report approved by NSF, public March 2024
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* Else: one 40km and one 20km Cosmic Explorer
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From LIGO-Virgo-KAGRA to the next generation
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Frequency-dependent squeezing-
enhanced dual-recycled Fabry-Perot
Michelson interferometers (like LIGO A+)

1 Historical layout, for better, see later slides, talks, ask our session chair Paul Fulda, U Florida 5



Laser Stabilization
and
Lock Acquisition

input mode
cleaners
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pre-stabilized
laser
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Cosmic Explorer design basics EXPLORER

320 kg end
test mass

Core Interferometer Optical Design
and
Interferometer Sensing and Control

320 kg input
test mass

beﬂmphtter 40 km Fabry-Perot
arm cavity

/i|_|

squeezer

e Readout

output mode | balanced and
cleaners

£ 1 homodyne  Quantum Enhancement
w detector

Frequency-dependent squeezing-
enhanced dual-recycled Fabry-Perot
Michelson interferometers (like LIGO A+)

Quantity
(06)

Arm length (km)

Wavelength (nm) 1064 1064
Mirror mass (kg) 40 100
Mirror diameter K% 46

(cm)
Arm power (MW) 0.8
Squeezing (dB) 6

1 Historical layout, for better, see later slides, talks, ask our session chair Paul Fulda, U Florida 5



Cosmic Explorer’s
view into the
universe
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CE White Paper
for NSF MSCAC ngGW,
arXiv:2109.09882
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Cosmic Explorer Timeline
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Conceptual
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Cosmic Explorer Timeline

Project phases

| - . o Conceptual Design (3+years)
G Preliminary > Preliminary Design (2-3 years)

Phase 2

A N

Current Effort o Final Design (2 years)
XXF,. Infrastructure Lifecycle from NSF’s > Construction (5 years)
ST > Operations (25 - 50 years)
o Decommissioning/Divestment
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Cosmic Explorer Timeline

Project phases

| - . o Conceptual Design (3+years)
conceptual Preliminary o Preliminary Design (2-3

Phase 2 ry gn (2-3 years)

A N

Current Effort o Final Design (2 years)
Infrastructure Lifecycle from NSF’s > Construction (5 years)

o QOperations (25 - 50 years)

o Decommissioning/Divestment

Partnership & Relationship-Building

COSMIC Site Evaluation Constr.ucFior? &
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CDR sjte PDR FDR
selected

White Paper for NSF MSCAC ngGW -
https://arxiv.org/abs/2306.13745 2030 mid-2030s
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« Site evaluation: completed national identification,
visiting regions, developing relationships
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« Site evaluation: completed national identification,
visiting regions, developing relationships

+ Optical design converging on “Long Crab” with
“Reverse alLIGO” as backup and wavefront control
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« Site evaluation: completed national identification,

visiting regions, developing relationships
+ Optical design converging on “Long Crab” with

“Reverse alLIGO” as backup and wavefront control
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« Site evaluation: completed national identification,
visiting regions, developing relationships

+ Optical design converging on “Long Crab” with
“Reverse alLIGO” as backup and wavefront control

- Stray light mitigation: baffle strategy solidifying
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« Site evaluation: completed national identification,
visiting regions, developing relationships

+ Optical design converging on “Long Crab” with
“Reverse alLIGO” as backup and wavefront control

- Stray light mitigation: baffle strategy solidifying

+ Gravity gradient noise mitigation, data system
architecture efforts starting

Filter Cavity

In this

session:

Luis Bonavena
Tyler Rosauer
Pooyan Goodarzi

—~ M e Sagar Kumar
N\, & Liu Tau
N N

1] N
‘ M. Todd, Optical

Design Team

/)

Co=i=l

Suspended Baffle Configuration A. Kontos, Stray Light Team 8 L .



E,%:E:‘.s‘én @COSI’T‘]IC Explorer Statas™ &

« Site evaluation: completed national identification,
visiting regions, developing relationships

+ Optical design converging on “Long Crab” with
“Reverse alLIGO” as backup and wavefront control

- Stray light mitigation: baffle strategy solidifying

+ Gravity gradient noise mitigation, data system
architecture efforts starting

 Science Traceability Matrix (ala NASA) developing
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« Site evaluation: completed national identification,
visiting regions, developing relationships

+ Optical design converging on “Long Crab” with
“Reverse alLIGO” as backup and wavefront control
- Stray light mitigation: baffle strategy solidifying

+ Gravity gradient noise mitigation, data system
architecture efforts starting

 Science Traceability Matrix (ala NASA) developing
« Observatory civil costing requests in preparation
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« Site evaluation: completed national identification,
visiting regions, developing relationships

+ Optical design converging on “Long Crab” with

“Reverse alLIGO” as backup and wavefront control
- Stray light mitigation: baffle strategy solidifying

+ Gravity gradient noise mitigation, data system
architecture efforts starting

 Science Traceability Matrix (ala NASA) developing
« Observatory civil costing requests in preparation
« CE Beamtube Experiment started
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[Submitted on 1 Oct 2024]

Criteria for identifying and evaluating locations that could
potentially host the Cosmic Explorer observatories

Kathryne J. Daniel, Joshua R. Smith, Stefan Ballmer, Warren Bristol, Jennifer C. Driggers,
Anamaria Effler, Matthew Evans, Joseph Hoover, Kevin Kuns, Michael Landry, Geoffrey
Lovelace, Chris Lukinbeal, Vuk Mandic, Kiet Pham, Jocelyn Read, Joshua B. Russell, Francois
Schiettekatte, Robert M. S. Schofield, Christopher A. Scholz, David H. Shoemaker, Piper
Sledge, Amber Strunk

Cosmic Explorer (CE) is a next-generation ground-based gravitational-wave observatory that is
being designed in the 2020s and is envisioned to begin operations in the 2030s together with the
Einstein Telescope in Europe. The CE concept currently consists of two widely separated L-shaped
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EXPLORER CEBEX Underway at LIGO Hanford

LIGOY
endstation

CEBEX Lab (existing)
(proposed)

At LIGO Hanford, 120m-long
sector test of Cosmic Explorer
beam tube vacuum technology,
with full instrumentation

midstation
(existing)

Credit: Mike Zucker 10 https://dcc.cosmicexplorer.org/CE-G2400094
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COSMIC EXPLORER

See the CE booth at APS!

Contact Info:
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