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Existing/ Planned Ground Based GW Detectors
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Gravitational wave signal
of 14 September 2015
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Artist’s  illustration of two merging
Neutron stars.

Discovery of the optical image by the Swope Telescope.
Host galaxy NGC 4993.
Top: 10.9 hr after the merger.
Bottom: 20.5 days before. 





 LIGO-Virgo events in O1 and O2: 10 BH events + 1 NS-NS event 



● O3 started on 1 April 2019 and lasted 

      till 27 March 2020.

● Some 56 alerts of candidate gravitational 

wave events were issued by LIGO-Virgo.

● KAGRA started the observation run 

on 25 February 2020.  



Unequal 
mass ratio 
event.



Secondary of
2.6 Solar masses 
might either be a 
neutron star or a black 
hole.



NS-NS 
event.



Most massive
BH event. 
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A smaller black hole orbits around a supermassive black hole

Extreme Mass Ratio Inspirals  (EMRIs)



LISA sensitivity: EMRI , ultra-compact binaries in the Milky Way
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The Laws of Nature

Confronting general relativity with high-precision measurements of
strong gravity: 

· Does gravity travel at the speed of light?
· Does the graviton have mass?
· Are there more than two transverse modes of propagation?
· Does gravity couple to other dynamical fields, e.g., massless or 
  massive scalars?
· What is the structure of spacetime just outside astrophysical          
  black holes?
· Do black holes have an horizon?
· Are astrophysical black holes described by the Kerr metric, 
  As predicted by GR?



Outlook 2030’s

Underground infrastructures for ≥ 10km arms: 
Einstein Telescope: 3 arms, each about 10 km in length 

Extend the sensitivity band to larger mass BHs at low frequency and to 
NS at high frequency



Black hole coalescence sensitivity for ET and LISA





ET could observe BNS up to z ~ 2  (Advanced LIGO only up to ~ 200 Mpc)

Will improve substantially our knowledge on the matter equation of state
in Neutron stars. 



GRAVITATIONAL WAVE RESEARCH 
IN SWITZERLAND

  At present both groups are working on Phase A of LISA
    (D. Giardini is the PI and P. Jetzer the co-PI of the Swiss Prodex  
    Contribution).
  
   Roles in LISA: 
   - D. Giardini: LISA board and executive board member
   - P. Jetzer: LISA board and ESA Science Study Team member
   - L. Ferraioli: co-lead of the Simulation management group
   - L. Mayer: co-lead of the Astrophysics Working group
   - P. Jetzer: co-lead of the Fundamental Physics Working group

   Since 2017 the group of P. Jetzer is member of the LIGO Scientific     
   Collaboration (LVC). Maria Haney is the LIGO council delegate of the  
   Group. 



GRAVITATIONAL WAVE RESEARCH 
IN SWITZERLAND

  - Michele Maggiore is member of the ET steering committee and 
     leads the  science working team
  
    - Several swiss scientists in Geneva and Zurich are members of 
      various LISA Working groups. In particular Prof. S. Paltani
      and his group is involved in the project of  a data center for LISA
      to be set up in the Geneva Observatory (in the Integral Data Center 
      ISDC)

    From the industry (besides RUAG) there is CSEM (Neuchatel)
    with the group of S. Lecomte who is involved (with an ESA contract) 
    in the laser metrology for LISA.



Outlook
● GW is a tool for astrophysics but also for

investigating topics in fundamental physics:

from dark matter to quantum gravity, stochastic 
background produced in the big bang, equation of 
state of neutron stars and thus QCD at ultra-high 
density. 

● Many technologies developed for particle physics 
 are needed for building GW detectors: 
cryogenics, optics, data acquisition etc.

● This is truly a topic at the interface between 
CHIPP and CHAPS.
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