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2015-2017: Scientific revolution{/@}/\/u«

he detection of GW has been a huge scientific achievement, result of a century
f efforts, but actually it is the beginning of a new era in the observation of the
Iniverse

he discoveries announced by LIGO and Virgo are crucial milestones in Science:
e GW150914: “uGco mvire

* the first direct detection of GW. Confirmation of the Einstein’s prediction of GW. Discovery/
Confirmation of the existence of stellar mass black holes. Birth of the experimental physics of the
gravitation in strong field and of the astrophysics of stellar mass black holes

e GW170814: ueo (([@JNIRGD

* The first detection in a network of 3 GW detectors of GW emitted by the coalescence of black holes.
The first test of GW polarisation. The birth of the gravitational wave astronomy and astrophysics
thanks to the localisation capability.

e GW170817:uGo (([@JNIRGD

* The first detection of the GW emitted by the coalescence of two Neutron Stars. Test of GR versus
alternative theories of gravity. The birth of the multi-messenger astronomy and astrophysics with GW



How it has been possible?



he detectio

f effo

4: “UGOo VR

e the first direct detection ¢ onfirmation o
onfirmation of the existe ar mass ble
rophysig

: 3 detectors with ¢
I comparable sensitivity

by the co;
alternative theories of grz pirth of the

M.Punturo - G

N2 VIK

| psult of a century
a-crvation of the

GW170104

7 ]
RS

LVT151012

GW15122¢

\

GW17081

" GW150914

GW1708 14\ : = : LIGO/Virgo/NASA/Leo Singer

(Milky Way image: Axel Mellinger)



.
7
i

AdV, Cascina, 3 km' |

| 263 collaborators (mcIudmg -GEO) .
0 countries

3 computing centres .
"1.5 GS of total investment .

Virgo CoIIaborat-ion.ii'i' '

It will operate as part of the :
LIGO Network and CoIIaeratlon

343 coIIaboratofrsjt.i:
8 countries

5 computing centres

~0.42 G€ of total investment

KAGRA Collaboration: . .

260 collaborators

12 countries waE
5 computing centres
~16.4 G¥ of construction ¢




Short term evolutions E T

Five year plan for observational runs, commissioning and upgrades

2019 2020 2022 2023 2024 2025 2026

Virgo AdV+ Proposed upgrade plan

G Observing Run O3 (> 60 Mpc)
G Design, infrastructure preparation for AdV+

@ (stall signal recycling (AdV) and frequenc# dependent squeezing (AdV+)

- ? | Observing Run 04 (> 120 Mpc)
_ Install %Xd‘\H large mirror upgrades
- AdV+ commissioning

Observing Runs —

|
LIGO A+ Upgrade plan (see LIGO-G1702134) :
|

G /- fabrication
G stal A:+ upgrades

- A+ integration into chambers

- A+ commissioning

<> Completion AdV+ and A+

Note: duration of O4 has not been decided at this moment

VIR-0943A-17

M.Punturo - GW@PT2018 7



Plans for LIGO-KAGRA-Virgo runs

arXiv: 1304.0670v4 KAGRA & LIGO & VIRGO

Detection Early m=Mid Late  mmDesign
N
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o |8 ©
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o ) .
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™
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! | ! | l | | | !
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—
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J L

~—

h 4

Binary Neutron Stars Events

— 3L |~ — running at O2 sensitivity 32!
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- L |— — running at aLIGO 04 sensitivity no A+ upgrade
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P Pg 23(
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L
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£
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.
<R>

average astrophysical rate
V volume of the universe probed = (Range)?
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Short term evolutions

Five yeal@8lan for observational runs, commissioning and upgrades

2019 2020 2022 2023 2024

Virgo Ad

Proposed upgrade plan
Observing Run O3 (> 60 ./pc)

@ (stall signal recycling (AdV) and frequenc# depende
T ? | Observing
G st }xdw large

G AdV- co

Observing Runs

|
LIGO A+@bgrade plan (see LIGO-G1702134) :
G - obrication l

G st: A|+ upgrades

- A+ integration

- A+ commi

<> Comple

Note: dultion of O4 has not been decided at this moment

VIR-0943A-17
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2029 outlook

n 2029 we will have a really heterogeneous 2.xG network

* The concepts of “obsolescence” and “limit of the infrastructure”, that are driving th
quest for new research infrastructures (rather more than a new detector) apply
differently to the different continents

America HOO T ' 1
LIGO L1 !
Europe G.EO6OO o c &
Fa  Fam A
s KAGRA &N o
LIGO India <N l



How to keep a scientific
relevance in Europe?

Risk: Obsolescence and limits of the European
Infrastructures in a 20 years timeline
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ET history

2000 ESF exploratory workshop in Perugia on 3G GW detectors

ELITES (FP7) Project

EEEN ILIAS (FP6)
i***I Networking activity

of future GW

A ET conceptual

design study (FP7)

* X 3%

funded by ASPFRA-2

7
A

APPEC

M.Punturo - GW@PT2018 13



ET. Science targets



ome of the questions addressed by GW
dV+, ET)

1damental questions in Gravity: _ _
" New/further tests of GR HEPP Fundamental interactions, Dark matter, dark energy

' Exploration of possible alternative theories of Gravity

" How to disprove that Nature black holes are black holes in GR (e.g. non tensorial radiation, quasi normal modes inconsistency, absence
horizon, echoes, tidal deformability, spin-induced multipoles)

' Axions and ultralight particle through the evaluation of the consequences of new interactions, their impact on two bodies mechanics, in
population and characterisics of BHs, NSs

bing the EOS of neutron stars HEPP Nuclear physics, quark-gluon plasma

tic objects and phenomena (cosmic strings, exotic compact objects: boson stars, strange stars/gravastars, ...)
smology and Cosmography with GWs HEPP Cosmology

~urate Modelling of GW waveforms

/ models in alternative theory of gravitation [HEPP Cosmology

> population of compact objects discovered by GWs is the same measured by EM? Selection effects on BHs and NSs
at is the explosion mechanism in Supernovae?  HEPP Nuclear physics

1at is the history of SuperMassive black holes?

/ Stochastic Background? Probing the big bang? HEPP Cosmology, inflation

lltimessenger Astronomy in 3G? _ _ _
HEPP Astroparticle, GRB, Neutrino Physics

M.Punturo - GW@PT2018 15




me of the fundamental
estions

o0 - _ 100000
distance from center (light years) "

Finstein’s General Relativity THE theoryli grawtatlon?
Test of GR

Polarisations

Mass of the “graviton” TW]MP Taxlon
? Sa1G 8aG [{35\
 we need Dark Matter? G, =—T, =G, = (T _I_TDM)
Wimps, Axions or black holes? C c* %
TBH
3tG '+ 8aG w
P = =
) we need Dark Energy- G, 7 r, G,+G, i Luv atternative
Alternative theories of Gravity theories of
o ) G t
e Neutron Stars “strange”? A

EOS Of NS M.Punturo - GW@PT2018

16



GW150914 ... e BBH coalescences

M.Punturo - GW@PT2018
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Probing GR in strong field conditions

. | | | |
1C 1GAG
0 | |
1o !_ LISA |
| ekl
Dalescences R Double Binary Pulsar J
HOW to test S Le (Shapiro Delay)
e 10} @ . 1
' EHT
R In strong =_ 107k J
iy e Double Binary Pulsai
EId : 10 d o LAGFOS (Orbital Decav)
«, e - a ° L]
onditions T 107 .
(= | 10 assinm
1) T
o W ;| Lunar Laser Ranging
s N. et al. 10 o . -
- Rev. D 94, 084002 (2016) 10 - Peribelion Precession of Mercury =
d by ET science case team o7
14 . l l ] . | | |
10 3 .11 .10 9 = - i o8
10 | () 10} 1) 1 () 1 () 10 10) 10) 10 10 10) 10
h=N['1L.
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Test of GR: PN approximation

Going in strong field regime, allow to constrain eventual
discrepancies with respect to PN approximation of the GR

BBH template

0.3 — 20, Inspiral. : : : — 20 .
s 4 | s J0737-3039 first double pulsar (2003)
02 — A 10° =
0.1 0.5} ) I f i
Léi 0.0 I n.u-I O = == I - * 0 _‘ 10t L v I
03¢ -5 S E g3 3
—0.1 _a L
~1L0} | —10 = r ] H| 1
w1 L e ey
ey V05PN 1PN 1.5PN 2PN 2.5PN0 3PN~ 3p r E
Pi 107" L
B. P. Abbott et al. (LIGO Scientific and Virgo v LT j::;?f;]]; ]
Collaboration) 0= , : ; . . — 3
Phys. Rev. Lett. 118, 221101 — supplement material 0PN O5FN 1PN 15N 2PN 25PN 3PN 35PN
PN order
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Alternative theories of Gravity:
polarisations

R predicts a tensorial nature of GW with two polarisations

* Alternative theories of gravity could predict extra polarisations of GW (up to 6)

o%e
Y
Y
Y

. .
® o o o @ . v

' Present and future GW detectors are setting stringent limits

.....

* GW170814:

* Thanks to the presence of Virgo has been possible the evaluate the
contribution of extra polarisations in the detected GW resulted strongly
disfavoured

(b)

(d)




Is the Graviton (112J)))VIRC

massless?

the graviton has mass>0 the GW propagates slowly and with dispersion

, b=0, g=0, d=0.1 £20.,04

* Dispersion relation: E’ = p°c’ +m§c4
_ e A, = h/(mgc)
) {\;v— * Thanks to GW170104, measured at about 3
billions of light years it is possible to set an upper
limit:

A, >1.6x10°km= m, <7.7x10% eV /c*

Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and 2017 update

v (photon) IJFC) = 01017 7)

v MASS

Results prior to 2008 are critiqued in GOLDHABER 10. All experimental
results published prior to 2005 are summarized in detail by TU 05.

The following conversions are useful: 1 eV = 1.783 x 10—33 g = 1.957 x
1076 m_; X = (1.973 x 1077 m)x(1 eV/m,).

GW150914 909% exclusion region -

VALUE (eV) CL% DOCUMENT 1D TECN  COMMENT
] <1 x10-18 lryutov o7 MHD of solar wind
10 10 10 10 10 10 10 10 M.Punturo - GW@PT2018 21
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lltimessenger Astronomy and Fundamental
1YSICS
e beginning of the multimessenger astronomy, marked by GW170817
lowed several fundamental physics tests v v

3x10P s L <7x107"

' Constrain the difference of speed between y and GW: N

' Test the equivalence principle and discard families (tensor-scalar) of alternative theo
of gravity

» Shapiro effect predicts that the propagation time of massless particles in curved spacetime, i.e.,
through gravitational fields, is slightly increased with respect to the flat spacetime case:

. L+~ [ |

ofg = — 3 : {[I‘”J)f”
servation point € Jr,
ission point
ravitational 1 95 107 < vow — v < 2.6 x 1077
yotential

y factor parametrises the coupling of the
ity energy with the curvature; in the Einstein

eral Relativitv WG W =vIEM =1




Dark Energy and Dark Matter after GW170817 /{@}}W R

0817 had consequences for our understanding of Dark Energy and Dark Matter

GWs: many models of modified gravity ruled out!
Viable after GW170817 (c,=c) Not Viable after GW170817 (c #c)
% General Relativity
v
2 :
= Quintessence/K-essence Nicola Bartolo, private communi
- K-mouflage
v Brans-Dicke/f(R)
- DHOST with A;=0=B.=G,
©
S
Qv
é‘.ﬁ Also, e.g., Also strongly affected:
- Massive gravity - Vector Dark Energy
- Einstein Aether theories
- Some sectors of Horava gravity
- TeVeS
See, e.g., Ezquiaga & Zumalacarregui’17; - MOND-like theories
Baker et al. ’17; Creminelli & Vernizzi ‘17 - Generalized PROCA theories

23
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Ok, the Dark Matter paradigm seems
strengthened

But what kind of Dark Matter? G,, =—; (TW +T£M)



50-Virgo detections ((12J))\V|R

Masses in the Stellar Graveyard

in Solar Masses

' MACHO

-
Fu T«
-] P . '
- i femtoflensing |
B s
o K
S W !

NS/ capture
) |
,' - . ®
e @ . / '. 0.0 ®

LIGO-Virgo Neutron Stars

10~1 10-8 107
Mpgu/Mg GO-Virgo | Frank Elavsky | Northwestern

arcia-Bellido 2017 J. Phys.: Conf. Ser. 840 012032



ions and GW

ions or, in general, light scalar fields are a possible extension of the Particle
andard model and they could be a component of the dark matter or dark energy
 Axions could provide an inflation mechanism

hat GW could tell about Axions?

BNS coalescence | BH superradiance
repulsive attractive

force force -

B 1N
scalar < Log;o[A/m]
radiation 13 11 9 7 5

) T - S R R NN |

NS-NS Inspiral

yibuajaaem uojdwos
1
&
%,
\
\
\
4
%
\
Y
)
1

. 3 BH-NS Inspiral VG <4

: Junwu Huange 3 %
, arXiv:1807.021 2 _, Vo

time S

Pulsar \

| = 10-12 eV
—-18} —— _ i E— Ha '

1 " (actual)
100 150 2
ck Hole Mass (My)

-20 -18 -16 -14 -12
Logyg[maleV]



Cosmology with GW M2JIVIRC

N by coalescence of compact bodies are standard eandies sirens

N170817 has been the first taste of the potential of the multimessenger
tronomy in cosmology:
Measure of the Hubble constant with an independent method H, = 70.013%°kms=1 M

o ; ——=en] ¢ ET will reveal thousands of BNS coalescence:
N ' 5 * Test of the cosmological model

SHoES

I :
iLIGO+Virgo etal, ;Nature 551, 85 (2017) 1.0

0.9 g
0.8 '/ :H:H |||||¥ § ] _0.4} B.S.Sathyaprakas et al, CQG 27 (2010) 2
0.7 +VH = SSE : i
0.6} 1 R
0.5 -0.6 KA
0.4t Del Pozzo, PRD 86, 043011 (2012) 0
0.3} -0.8
0.2; =
! T — T T | T T 0.1 ' . g ' ! -1t
60 70 80 g0 100 110 120 130 140 0 10 20 30 40 50
Ho (kms=1 Mpc) number of cvents
—-1.27
Dy(2) c(l+2) [* dz
L\Z2) = — 1.4+
H ( )3 N\ 3(1+w)]L/2 ‘ . . .
turo - GW@PT2018 0 0 [-ZM(I + ‘*) + QA<1 + /*) ] -0.1 0 0.1 o 02 03



GW Stochastic Background and
inflation

flation, reheating, preheating models could be distinguishible in the GW stochastich
ckground in case of some blue-shift mechanism

» information on: new additional degrees of freedom, interactions and/or new symmetry patterns
underlying high energy physics of early universe

0
10 T T T T !
) § § ; Earth’'s Normal Modes, .;.} ; :
10_ L ..................... ....................... ................... I ..................... _
. : : : : § Initial LIGO-Virgo ,
10‘ R ................... ................... //:_ANN‘ ............ .................. e :
g ; g Indirett [@nits ~~~~-_
; 8 H H i :g I-IO-
o0 10 28
-10 * 1 8E
10 . : : | . ',UISBVI‘:,", ,8
T I\ Y T |mn:~§§ ............
W N CMB - -
S0 [ S— ,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,, ......... :u_,
10_1620 i18 i15 i12 |‘9 ' Ie ls lo 3 le 9
10 10 10 10 10 10 10 10 10 10 10
Frequency (Hz)

Axion inflation

ot, B.P. et al, Phys Rev Lett 118 (12), 2017, 121101 (see for example V. Domcke arXiv:1704.03464)
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Our Collider (M2J))VIRC




Neutron Star is a nuclear physics lab

utron stars are an extreme laboratory for nuclear physics

- The external crust is a Coulomb Crystal of progressively more neutron-reach nuclei
- The core is a Fermi liquid of uniform neutron-rich matter (“Exotic phases”? Quark-Gluon plas

A NEUTRON STAR: SURFACE and INTERIOR

ATMOSPHERE
— ENVELOPE
CRUST
OUTER CORE
INNER CORE

(O]
bt
=
=
©
=
()
o
5
'—

- Polar cap

\Z -

@ 5 “ v 4
‘f{,g: Hadrons

. Atomic nuclei

Néulron Superfiuid + Baryon denSity
Neutron Vortex  Proton Superconductor
Neoutron Vortex
{apnaetic £l t
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GW170817: Nuclear Physics
e‘;gﬁggﬁcrflme\@r\,GWUOSU has been a complex nuclear physics

periment, where it has been possible

The accurate measure the mass and radius of the NS through the tidal deformation of
the star - Constrain the EOS

To observe the production of heavy elements through r-processes

M2V



Constraining the NS EOS

leasuring the tidal deformation through the
2phasing in the GW signal is possible to
nstrain the EOS of the NS

dding the em information helps to impose

ore stringent constrain

» Knowing the EOS it is possible to describe the
status of the matter in the over- cr|t|caI pressure

condition in the NS T T

Juasi-circular Plunge Ringdown
inspiral and merger

5 (e ['I\Ill -

\ /\/\V/\/\I\ﬂ “AAA, #
AR 111 HAT

Black hole
>wtonian Numerical perturbation
riques relativity methods

-~ |J td | H4
-~ Injected value MS1 ||
i 1 95% ClSQM3
$ § 95%CIH4

$ ¥ 95%cCIMS1

HB —— ALR2 —— ENG —
— D2 —_— 1.5220 SFHo
———— .
1000 F /— _
I GW17(
800 | /“--i —
I —
< 600 F /
- A
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I AT2017
200F  Menirp = 1.188 Mg,
I N N N N 1 N s X M Lo P | P " P
e SQM3 0.5 0.6 0.7 0.8 0.9

1
| Nyl Illlliilliili I

200

— H4 —— BHBA¢ MPA1 —

q
D. Radice et al. (APJ Letters, 852, 2, 2C

M2JINIRG

M. Agathos et al, Phys. Rev. D 92, 023012 (2015)
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K, all done?

LIGO and AdV achieved awesome results with a
>duced sensitivity

/hen they will reach or over-perform their nominal
2nsitivity can we exploit all the potential of GW
bservations?

nd generation GW detectors will explore local
Iniverse, initiating the precision GW astronomy, but
0 have cosmological investigations a factor of 10
nprovement in terms detection distance is needed

Redshift

jiog

Horizo
10% de
50% de

lllllll

Primordial BH?

-~ R N

101
i BBHs from POP3 stars merger?
- Peak BBH merger rate rate from globular clust
]_00 | K;?‘{:;ng L \“\"\:A‘~
/* o [INTERVALL
,— oﬁ%f%:aleo s BT
10—1 JE: B Y [|NTERVAuL@fﬂVN$]0yager CE :
[ A L INTFRMAEL OCEI LE] . g B
10° 1t " 102 10?
N Total source-frame mass [ M]
107 iy
103

1 10 100
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Extreme gravity

* But, are the massive objects seen by aLIGO and AdV

really GR-BBH?

* Unable to disentangle the QNM

* Do exotic compact objects (Boson

stars, strange stars) exists?
* Do singularities and event horizons g

really forms?

2|h(f)|

Sn(f);

London et al. 2014

M.Punturo - GW@PT201
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i e N i Structure of a
Neutron Star

10721 ¢
10722}
1077}

10724}

1072°

1

— v Black hole

Post-Newtonian Numerical perturbation
techniques relativity methods

\G2
\({\'{\‘a\\’ - Stephen Fairhurst
ET meeting 27-28 March 2017
NS-NS EOS HB
AdvancedLIGO \

NS-NS
L merger

AFTER

: . NSNS

Emstefn TeleSCope merger

10 50 100 500 1000 5000
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Realising ET
Where we are?



ET:. project roadmap ET e

"has a clearly defined project roadmap, presented to APPEC:

2018-2019 Form the ET collaboration

2019-2020 ESFRI roadmap

* In Apr 2019 ET and the GW GRI (Global Research Infrastructure) will be presented as case study to the
body GSO (Group of Senior Officer)

 We need to define the site selection parameters before to submit the proposal
* The requirement to be compliant with alternative design options (A vs L) could be a crucial point

2022 Site Selection
* Technical/political activity

* Requirements need to be compared with the site characteristics through an intense experimental activ
the next 3 years

2023 Full Technical Design Report < | Here, the design options are frozen

- Cost definition
- 2025 Infrastructure realization start (excavation, ....)

2030 -2031 end of infrastructure construction, beginning of installation
2032+: installation / commissioning / operation

M.Punturo - GW@PT2018 37



ET collaboration: Letter of Intent ET g

Sp n, 35, 5%

H ngary, 54, 8%

ldressed to all the
ientists and
gineers interested
the 3G GW
ience and S

chnology

Belgium, 46, 7%
P land, 6, 1%

Switzerland, 4, 1%

ExtraEU; [VALORE]; [PERCENTUALE]

e signatories (642
rsons, the 3" of
tober) probably

Il become the
ture members of
e ET collaboration

http://www.et-gw.eu/index.php/letter-of-intent
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The Executive Board
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Geometry and
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Science
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" site: 3 candidates

viviiia
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®

\~s

Belgio

Pilgi
@lg
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(o]
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a
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o 10-14
D
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Mar Tirreno

e What are the technical
selection parameters

* How the site in Sardinia
matches these parameters

 Complete the site qualificat

Horizontal spectral motion at various sites

1071 |

_____________
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EUREGIO MEUSE-RHINI M RF%

yroposal to realize ET in the Limburg
3

EUREGIO MAAS-RIJN

N EIILES
3 TALEN | 3 LANDEN |

) Viegveld binnen 1 uur reistijd

trong asset: a detector hosted by 3
untries (B-D-NL)

tial funding (4-6M€) by NL and B

g ane

GEVESTIGDE BEDRUVEN

AANTAL STUDENTEN Ll
EUREGIO 74.000 MAASTRICHT + EUREGIO MAAS-RUN
NEDERLAND 200.000

Kandidaat Culturele Hoofdstad 2018
TU's NEDERLAND 34.000

RWTH AKEN 35.000 Partners:
« Provincie Limburg NL
AFSTUDERENDE WO INGENIEURS (jaarlijks) - Provincie Limburg B
RWTH AKEN 5.500 O L) ) .
NLTOTAAL 4.000 :“”h“'"'
- Maastricht
BRUTO REGIONAAL PRODUCT e
porjaar - Sittard-Geleen
-Aken
EUREGIO MAAS-RIIN €100 MILIARD - Luik
(Aandsel Zuid-Limburg 20%) . Hasselt
#Mnturo - GW@ PT2C REGIO AMSTERDAM €60 MILIARD . Gonk
REGIO ROTTERDAM €40 MILIARD - —
NEDERLAND €500 MILIA RD ® Metz
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2 earthquakes M>1.5 in the last 10 ye:

https://earthquake.usgs.gov/
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From the conceptual to the technical

design |
urrent$y ((?:Lr efforts are addressed to transform the ET infrastructure
yncept in a project
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ACtivities * We need to qualify the site with seismic and
environmental measures

at/for Sos * We need to put the seed for the future ET
» Enattos infrastructure
7 site * Thanks to the support of th Beglone Sardegr
we are realising an und““}iimol Iab (SarGrav
all the experiments thatéieedn
04.10.2018 Pl . S

fluctuations and gravity
e Archimedes
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Financial resources: Italy

Italian government promised 17M€ for the upgrade of AdV and the
candidature of Sos Enattos for ET

e 5,5M€ have been delivered to INFN in the 2018 FOE

* A good fraction is used to support AdV+

* A part of the remaining budget will be used to support Sos Enattos candidature

Regione Sardegna provided 1M£ for Sos Enattos activities
e Sassari University ~ comuneatstampe

() 22 FEBBRAIO 2018

ONDE GRAVITAZIONALI: MIUR, INFN E UNISS CANDIDANO LA REGIONE SARDEGNA A
OSPITARE IL FUTURO OSSERVATORIO INTERNAZIONALE

g COMUNICATO CONGIUNTO MIUR/INFN/REGIONE SARDEGNA/UNISS_II Ministero n
dell'lstruzione, dell'Universita e della Ricerca sosterra la candidatura della Regione

Sardegna a ospitare un Centro europeo per I'Osservatorio delle onde gravitazionali nella miniera
di Sos Enattos a Lula. Il MIUR, la Regione, I'lstituto Nazionale di Fisica Nucleare e I'Universita di
Sassari hanno firmato un Protocollo d'intesa finalizzato a mettere in atto ogni iniziativa utile a
favorire I'insediamento della infrastruttura Einstein Telescope nell'lsola, anche con lo scopo di
entrare nella lista delle infrastrutture di ricerca riconosciute a livello europeo. Il progetto era
stato presentato lo scorso 7 febbraio a Roma alla ministra Valeria Fedeli dal presidente della Regione Francesco Pigliaru e dall'assessore
della Programmazione Raffaele Paci, ricevuti al Miur insieme al presidente dell'Istituto Nazionale di Fisica Nucleare Fernando Ferroni e al

rettore dell'Universita di SassariMad3linitanonellGW @ PT2018
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A4: Science

Case

A3:
Enabling

technologies




. . EINS
Einstein Telescope E'T fs

" 01/02/1940 - 16/11/2017
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