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2. Science Goals

2nd Generation GW Telescopes
LIGO, Virgo, KAGRA

Astronomy
BH, NS, SN, Pulsar etc.

3rd Generation GW Telescopes
Einstein Telescope, Cosmic Explorer

Astronomy +
Cosmology

• Sensitivity: z>50, much far than optical telescopes
• Events: BBH: z~50, 106 events/yr, BNS: z~2, 105 events/yr

Statistical analysis is possible.



https://cosmicexplorer.org/sensitivity.html

3. Science Objectives

Thanks to good low-frequency sensitivity, 30% of 
200 Mpc BNS events can be detected with sufficient 
S/N 1-6 hours before the merger.

Possible follow-up observations

https://cosmicexplorer.org/sensitivity.html


3. Science Objectives
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Fig. 10 The event rates for Pop III (standard), Pop I and II (OLD), and PBBH merger as

a function of z. These rates are derived by differentiating the cumulative event rate in Fig. 5

with respect to ln z. Note here that the detectability may change by the mass distribution

of each model.

globular cluster (GC) M15. This suggests the possibility of the formation of BBHs in the

GC. A BH of mass ∼ 30M⊙ is much larger than the typical mass of the constituent stars,

∼ 1M⊙, so that it will sink down to the center of the GC or star cluster due to dynamical

friction. Then BBHs can be formed in the central high density region of GCs. Since the

escape velocity from GCs is 10 km s−1 or so, the kick velocity in the formation process of

BHs or the kick when BBHs are formed by three-body interaction is high enough for BBHs

to escape from GCs. Rodriguez, Chatterjee, and Rasio [67] performed such a simulation to

show that the event rate is at most ∼ 1/7 of Pop I and II origin BBHs. If we take their result

as it is, the dynamical formation of binaries in GCs gives only a minor contribution of Pop

II origin of BBHs.

From only the chirp mass, total mass and spin angular momentum, it will be difficult to

distinguish the origin of GW150914-like BBHs. This is because the number of parameters

that can be determined by the distribution function of the GW data is much smaller than

that of the unknown model parameters and the distribution functions assumed in each model.

However, the redshift distribution of GW events varies robustly among the models. Namely,

the maximum possible redshift is ∼ 6, 10, and > 30 for Pop I/II, Pop III, and PBBH models,

respectively (see Fig. 10). In Fig. 10, we show the event rates for each model. These event

rates are derived by differentiating the cumulative event rate in Fig. 5 with respect to ln z.

To observe the maximum redshift as a smoking gun to identify the origin of GW150914-like

events, the construction of Pre-DECIGO seems to be the unique possibility.

Pre-DECIGO can observe NS–NS and NS–BH mergers. However no detection of GWs

from the merger of these systems has been done, though many simulations exist. For the

same distance of the source, the SNR for NS–NS and NS–BH (30M⊙) are 0.08 and 0.25

times smaller than for 30M⊙–30M⊙ BBHs. We will here postpone discussing what we can

do using Pre-DECIGO about these sources until the first observations of GWs from these
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T. Nakamura, Prog. Theor. Exp. Phys. 2015,
arXiv:1607.00897v2 [astro-ph.HE]

Scenario Selection

observation is required

Astronomy → Cosmology
• Standard stars (POP I) ?

or POP II ?
→ Our universe is too young to

generate so many LVK BBH?

• POP III ?
→ Kinugawa et al. predict that binary 

merger of dozens-solar-mass BBHs 
can be observed present day. 

• Primordial BBH ?
→ Quantum fluctuation at the cosmic 

inflation era can generate many BBHs

https://arxiv.org/abs/1607.00897v2


4. Science Investigations
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4. Science Investigations  –NAOJ-GWSP’s contributions

• Cryogenics
• Underground experience
• Quantum Optics Technology
• VIS technologies

Our basic plan is to contribute with know-how rather than budget.

Our advantages ET
ET adopts cryogenic mirrors and 
underground site.
ET strongly encourages us to contribute.

CE
CE is constructed at the ground
Surface.
In phase 2, CE can introduce cryogenic
mirrors.

• KAGRA's features are key to 3G, 
and it is expected that its 
experience will be applied to 3G.

• NAOJ-GWSP has these
know-hows.

NAOJ-GWSP will be the core of 
the ET-Japan/CT-Japan group.



4. Science Investigations  –NAOJ-GWSP’s contributions
4.1 Science Investigations until 2033

-2028 ET: Design & R&D phase

2028-2033

KAGRA: O5 commissioning & Observation phase Our top priority
We make small contributions to ET on common researches and 
site studies with KAGRA, where possible.

We can receive human power support from ET to KAGRA

ET: Construction phase

• Participate in construction work in Europe to the extent possible
• Responsible for small-scale hardware production and testing

KAGRA: KAGRA-HF upgrade? • SRM replace
• Squeezer installation

Cryogenic device, Crystalline mirror & suspension, gravitometer etc…



4.2 Science Investigations beyond 2034

4.3 Threshold Science

• Contribution to operation, management and upgrade with budget
• Asian Data Center for ET/CE

• Tire-1 level storage
• GRID computing & CPU

• Multi-messenger Astronomy
• New dedicated follow-up telescope?

4. Science Investigations  –NAOJ-GWSP’s contributions
Observation phase

• ET construction must be started.
• Make NAOJ-GWSP RU

Planed Contributions

KAGRA ET/CE

〜2027

KAGRAʼs GW 
detection

ET construction

KAGRA-HF?

ET Observation

~2036

Within GWSP scale



7. Current Status

• ET was featured in the European 
Strategy Forum on Research 
Infrastructures (ESFRI ) Roadmap 2021. 

(1) ET

https://www.esfri.eu/latest-esfri-news/new-ris-roadmap-2021

• ET Collaboration has been launched in 2022.
91 research units are authorized (2024).

• Site Studies are on going.
Candidate locations: 

• Sardinia (Italy) 
• Maastricht (Euregio Maas‒Rijn)
• Lausitz (Germany)

• Fundamental design is on going.



7. Current Status: R&Ds ETIC – Einstein Telescope Infrastructure Consortium (PNRR)

INFN – LNS

ET

INFN – CA
Cagliari University

INFN – GE
Genova University

INFN – RM1
La Sapienza 
University INFN – RM2

Tor Vergata
University

INFN – PI
Pisa University

INFN – NA
Federico II 
University

Vanvitelli
University

INFN-LNGS
GSSI

INFN-PG
Perugia 

University

INFN-BO
Bologna 

University

INFN-PD
Padova

University

INFN – TO

INAF-Adoni
ASI-

Matera

Next Generation EU
Investment proposed 100M€ 
focused on ET enabling 
technology and Sardinian site 
candidature support
• 8% Human Resources
• 30% Scientific apparatuses
• 12% Distributed 

Infrastructures
• 28% ET design
• 12% Training

Additional 5M€ funding on the 
same framework for the site 
characterization

Feedback expected in June 2022

Discussion ongoing on an Italian 
share toward ET realization 

• KAGRA and ET have signed a LoI.
• Perugia-NAOJ-ICRR also signed a LoI.

Italy Ø SarGrav research facility is being built
on a former mine site in Sardinia. ~30ME。

Ø Italian government funded 50 ME in 2022 for
technology development and site study expenses.

Ø Italian government seems to be positive to fund
half of ET construction cost.

Netherlands Ø ET pathfinder research facility under construction in the
suburbs of Maastricht, a candidate site ~30ME.

Ø In April 2022, the Dutch government announced that
if ET is built on the Dutch site, the Dutch government
will pay about half of the construction cost, 0.9 BE

Germany Ø ET in the German RI National Roadmap
Prioritization Process

Ø 50ME/yr, total 1BE is requested.


