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Avvertenze: 

• Per	  “ovvie”	  ragioni	  di	  tempo	  e	  di	  tempi	  il	  talk	  è	  
principalmente	  incentrato	  su	  detectors	  
interferometri	  terrestri	  

•  Il	  “fil	  rouge”	  del	  talk	  è	  indagare	  le	  future	  
potenzialità	  dell’approccio	  mul;messenger	  
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What Next? Let start from «What 
now»! 

•  First	  target:	  have	  AdV	  opera;ve	  and	  achieve	  the	  
target	  sensi;vity	  

3	  B.P.Abbo^	  et	  al.,	  Living	  Reviews	  in	  Rela;vity	  19,	  1	  (2016)	  
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Sky localization 
•  To	  localise	  the	  GW	  source	  we	  need	  a	  network	  (≥3)	  of	  
detectors	  (5	  parameters→2Δt,	  3	  Amplitudes)	  and	  a	  good	  SNR:	  

4	  

•  2	  detectors:	  a	  circles	  
•  Improvement	  by	  phase	  
rela;onship	  

•  3	  detectors:	  2	  points	  
2	  detectors	  
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Why this attention to the 
pointing capabilities?  
•  The	  detec;on	  of	  GW	  opens	  a	  revolu;onary	  paradigm	  
in	  the	  observa;on	  of	  the	  universe:	  

•  GW	  detectors	  listen	  the	  universe,	  localising	  the	  source,	  
giving	  informa;on	  on	  the	  mass	  and	  dimension	  of	  the	  
source,	  iden;fying	  the	  processes	  that	  involve	  	  large	  
amount	  of	  asymmetric	  and	  accelerated	  ma^er	  

•  	  “Telescopes”	  follows	  the	  indica;on	  on	  the	  localisa;on	  and	  
see	  the	  electromagne;c	  and	  astropar;cle	  messages,	  
describing	  what	  is	  occurring	  in	  the	  “external”	  shells	  and	  in	  
the	  neighbouring	  of	  the	  catastrophic	  event	  

• Mul;-‐messenger	  observa;on	  of	  the	  Universe	  
6	  M.Punturo	  -‐	  What	  Next	  2016	  -‐	  GW	  



OK, what we will do together?  
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…	  and	  some;mes	  alone	  	  

74	  MOUs	  with	  collabora;ons	  managing	  telescopes,	  neutrino	  observatories,	  satellites	  ,	  …	  
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Frequency/Sources Scenario 
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A.I.	  
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Fundamental Physics 
• What	  is	  the	  ma^er	  in	  the	  extreme	  condi;ons	  of	  a	  NS?	  
(𝜌> 𝜌↓𝑐 ~ 10↑15 𝑔/ 𝑐𝑚↑3 )	  

•  Nucleons	  (n,p,e,µ)?	  
•  Hyperon	  rich	  ma^er?	  
•  Quark	  Ma^er?	  Deconfined	  quarks?	  

•  Plethora	  of	  possible	  EOS	  of	  a	  NS:	  
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Observing BNS deformation 
•  GW	  observa;on	  from	  
NS	  coalescing	  binaries	  
could	  constrain	  the	  EOS:	  

•  Tidal	  
deforma;on	  λ	  of	  
the	  NS	  under	  
external	  field	  is	  
related	  to	  its	  EOS	  
and	  it	  affects	  the	  
binary	  orbital	  
evolu;on	  

•  Crucial:	  high	  SNR	  	  
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Discriminatin
g NS EOS 

•  Possible	  in	  2G	  –	  2G+	  -‐	  3G	  
•  EM	  counterpart:	  	  

•  GRB	  emission:	  
•  Confinement	  of	  some	  of	  the	  parameters	  (BH-‐NS	  coalescence)	  
•  Info	  on	  the	  external	  crust	  

•  High	  energy	  Neutrino	  emission:	  
•  Info	  on	  the	  nuclear	  processes	  in	  the	  Hyper-‐massive	  NS	  
•  Info	  on	  the	  shockwave	  	  
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Isolated NS 
• NS	  EOS	  can	  be	  constrained	  by	  observing	  GW	  emission	  by	  
isolated	  NS	  

•  E.M.	  counterpart:	  radiotelescopes	  	  	  	  

12	  



Isolated NS 
• NS	  EOS	  constrains,	  NS	  crust	  studies,	  glitches,	  but:	  

•  NS	  with	  plausible	  eccentricity	  have	  a	  faint	  signal	  
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GRB progenitors 
•  The	  simultaneous	  detec;on	  of	  GW	  and	  
sGRB	  from	  a	  coalescing	  BNS	  could	  
confirm	  the	  nature	  of	  the	  progenitors	  
of	  the	  GRB	  

•  But	  it	  is	  possible	  to	  obtain	  also	  a	  
measure	  of	  the	  cosmological	  model	  of	  
the	  Universe	  
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GW	  
ΩM:	  total	  mass	  density	  
ΩΛ:	  Dark	  energy	  density	  
H0:	  Hubble	  parameter	  
w:	  	  Dark	  energy	  equa;on	  of	  
state	  parameter	  

Affected	  by	  the	  Mass	  ambiguity	  due	  to	  the	  red-‐shiq	  
of	  the	  frequencies	  (in	  effect	  considering	  the	  merging	  
phase	  it	  is	  possible	  to	  resolve	  the	  ambiguity)	  
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Cosmography 
• But,	  how	  far	  GWDs	  need	  to	  observe	  GW	  from	  BNS	  to	  
have	  the	  coincidence?	  
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M.	  Tarnopolski,	  2016	  

• We	  need	  105	  of	  coincidences	  
at	  high	  z	  and	  high	  SNR	  

•  Future	  detectors	  (ET)	  

B.S.Sathyaprakas	  et	  al,	  CQG	  27	  (2010)	  2015006	  
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Supernova Explosions 
• Mechanism	  of	  the	  core-‐collapse	  SNe	  s;ll	  unclear	  

•  Shock	  Revival	  mechanism(s)	  aqer	  the	  core	  bounce	  TBC	  
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�  GWs	  generated	  by	  a	  SNe	  should	  bring	  informa;on	  from	  the	  inner	  massive	  part	  
of	  the	  process	  and	  could	  constrains	  on	  the	  core-‐collapse	  mechanisms	  

�  But,	  quan;ty	  of	  energy	  emi^ed	  in	  GW	  quite	  unpredicted	  and	  small	  
�  Advanced	  detectors	  expected	  to	  be	  sensible	  within	  the	  galaxy	  (few	  events	  per	  

century)	  	  
�  3G	  (ET)	  	  



Stellar explosions - SNe 

•  Low	  energy	  neutrino	  detec;on	  can	  contribute	  to	  the	  
determina;on	  of	  the	  explosion	  mechanism,	  but	  is	  there	  
overlap	  in	  the	  detec;on	  range?	  

•  Mton	  neutrino	  detectors?	  
•  Coincident/aqerglow	  E.M.	  observa;ons	  
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[C.D.	  O^	  CQG	  2009]	  	  

ET	  scenario	  
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SMBH and Galaxies 

•  Supermassive	  black	  holes	  forma;on	  
•  Observe	  merging	  history	  up	  to	  z	  ~	  5-‐15	  
•  Compare	  with	  EM	  observa;on	  of	  distant	  galaxies	  
•  Are	  IMBH	  the	  seeds	  for	  SMBHs?	  

•  SMBHs	  evolu;on	  with	  ;me	  
•  Case	  of	  Dual	  AGN	  

•  What	  are	  typical	  frequency	  ranges?	  
•  In	  the	  EPTA	  and	  eLISA	  frequency	  range	  

•  Probe	  EM	  in	  strong	  regime	  (physics	  of	  accre;on	  
disks	  and	  jets)	  

•  High	  energy	  Neutrino	  emission	  
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Intermediate mass Black Holes & 
A.I. 

• GW150914	  demonstrated	  the	  existence	  of	  stellar	  mass	  
black-‐holes:	  what	  about	  IMBH?	  
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•  IMBH	  could	  range	  from	  103	  
to	  105	  Ms	  

• A.I.	  aim	  to	  detect	  IMBH:	  
•  Technology	  to	  be	  
demonstrated	  (Magia	  Adv	  in	  
CSN2)	  

•  Realis;c	  noise	  models	  to	  be	  
developed	  

•  Newtonian	  Noise	  immunity	  to	  be	  demonstrated	  
•  Possible	  synergies	  with	  underground	  detectors	  	  
•  What	  about	  mul;-‐messenger?	  	   M.Punturo	  -‐	  What	  Next	  2016	  -‐	  GW	  



Stochastic Background 
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•  Similarly	  to	  the	  CMB	  we	  have	  a	  stochas;c	  GW	  background	  
of	  cosmological	  origin:	  

•  Its	  Energy	  density	  (Ω)	  depends	  on	  the	  infla;on	  model:	  
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visible	  

Infrared	  408MHz	  

X-‐ray	   γ-‐ray	  

Planck	  CMB	  

Cosmic	  rays	  >	  57	  Eev	  (Auger,	  2007)	  	   Neutrinos	  >	  30	  	  Tev	  	  
(Icecube,	  2013)	  	  
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visible	  

Infrared	  408MHz	  

X-‐ray	   γ-‐ray	  

Planck	  CMB	  

Cosmic	  rays	  >	  57	  Eev	  (Auger,	  2007)	  	   Neutrinos	  >	  30	  	  Tev	  	  
(Icecube,	  2013)	  	  

Preliminary	  
and	  
confiden;al	  

M.Punturo	  -‐	  What	  Next	  2016	  -‐	  GW	  



Timescale of Telescopes, Missions, 
Surveys 
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eLISA	  
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End 
Extra Slides 
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Questions: 

• What	  about	  the	  papers	  under	  publica;on	  by	  Fermi-‐
GBM	  and	  Fermi-‐LAT?	  

• What	  is	  the	  most	  promising	  frequency	  range?	  
•  Timelines?	  
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Timeline discussed at the 7th 
ET symposium 
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First	  detection	  on	  advanced	  interferometers

20
29

11

ET	  Conceptual	  design

ET:	  EU	  framework

R&D

Technical	  design

ESFRI	  Roadmap

ET	  Observatory	  Funding

ET	  Site	  	  and	  infrastructures	  realisation

First	  detector	  installation
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GW150914 – Fermi-GBM 
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Stochastic Foregrounds GW 
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ET infrastructure 
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