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The way to explore the dawn 
of the Universe

• The two landmark events that opened a new field 

• LVK science collaboration

• The path to 3rd Generation experiments



The first landmark event: 
GW150914

Nobel Prize in 
Physics 2017 
Rainer Weiss, 

Barry C. Barish 
and Kip S. 
Thorne

“for decisive 
contributions to 
the LIGO detector 
and the observation 
of gravitational 

waves”
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GW150914

Phys. Rev. Lett. 116, 061102



NS-NS merger : GW170817



Multimessenger astronomy is 
born



A lot of info !



As of today



Thanks to the increase in 
sensitivity

• LIGO proceed successfully with the plan

• VIRGO has got a problem after the upgrade (O3 > 
O4), will rejoin in April

• KAGRA is slowly improving (the recent earthquake 
did not help)



LIGO recent sensitivity curves

* the sensitivity refers to NS-NS events



Science requires statistics

• A couple of hundreds BBH

• A couple of BNS

• Not enough for an ambitious program like :



A lot of potentialities



One direction: suppress the 
noise

Thermal
Quantum
Newtonian



ET 3G concept
extend the band

+ go underground !





Why a Δ ?



Conceptual performance



A travel back in time



Where 3G will bring us !

z=10 
is close to where 

everything started !

The Pillars of Hercules 



The reason for LF
Relation Time-Frequency

𝜏𝑐 ∼ 2(𝑓0/100𝐻𝑧)
(−8/3)

sec

For a BNS
coalescence
1.4 solar masses
each



ET Collaboration to-date

Site choices



A billion Euro question 

Why a Δ and not 2L ?



Simple answers 
(given long ago)

• Self sufficiency (what US will do ?)

• Cost (building infrastructure in two sites costs 
more, maintenance & operations almost double !)

• Manpower (community was not large enough to 
operate two sites)



Nowadays 

• Two countries willing to provide money for the 
excavation 

• Community has grown

• US is engaging in Cosmic Explorer



COSMIC EXPLORER in USA



The working hypothesis

• Whatever combination is above ground 

• Shape is always L-like

• Different length considered : 20 km , 40 km 

• Calculations made for a single 20, a single 40, a 
20+40 and 40+40

• Both L’s in USA and also a comparison with one of 
the two in Southern Hemisphere



The possible futures



Matter of technology



No matter what

At the end of 2030’s we will
have a much better knowledge of our 

Universe



Quantum squeezing



Going toward a quantum limit



As simple as such



The difficulty

𝛿𝐿/𝐿 ≃ 10−21

Try this ….the distance Earth-Sun is 150 × 109𝑚
𝛿𝐿 ≃ (150 × 109𝑚) × 10−21 = 1.5 × 10−10𝑚

The radius of a typical atom is 10−10𝑚


