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Detección de rayos cósmicos: el observatorio Pierre Auger

Un observatorio “híbrido”









Detectores de muones subterráneos: AMIGA





Auger: resultados



Auger: resultados







Detección de ondas gravitacionales
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r proton ~ 0.87×10−17 cm







+ waves







GW can propagate from the 
inflationary period, if it existed, to 
the present, contrary to EM waves

GWs

B-modes in the polarization. 
E.g. QUBIC instrument



      









Joseph Weber









Templates for GWs from BBH coalescence 

Merger: highly nonlinear 
dynamics. (Numerical Relativity) 

Ringdown  
(Perturbation  
 theory) 

(Brady, Craighton, Thorne 1998) 

Inspiral (PN methods) 

(Buonanno & Damour 2000) 

Numerical Relativity, the 2005 breakthrough:  
Pretorius, Campanelli et al., Baker et al. …  
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LIGO's interferometer is 
classified as a  
Dual Recycled,  
Fabry-Perot Michelson 
Interferometer.

a L I G O s t a r t e d 
operations in 2015



Gravitational waves detected by LIGO!

September 14th, 2015,  
09:50:45 UTC.  
Range: from 35 to 250 Hz





In 2017, Reiner Weiss, Barry Barish, and Kip Thorne 
received the Nobel Prize in Physics "for decisive 
contributions to the LIGO detector and the 
observation of gravitational waves." Weiss was 
awarded one-half of the total prize money, with 
Barish and Thorne each received a one-quarter 
prize.









The most intensively observed 
astronomical event in history: more 
than 5000 scientist involved.



Next steps
- To detect long gamma-ray bursts 
- To detect supernovae in other galaxies 
- To detect GW from close binaries (not mergers) 
- To detect supermassive black hole binaries

Romero et al.: A&A 2010



Implications of the detections:

- Gravitational waves exist and travel at the speed of light 
- Black holes exist. Pop III black holes? 
- Gravitational waves transport energy —> spacetime has energy in absence 

of matter/radiation 
- Spacetime has a dimensionality of n=4 or higher. 
- Short GRBs are mergers of neutron stars 
- Heavy elements are synthesized in kilo-novas  
- Constraints on modified theories of gravity  
- Constraints on the EoS of NS 
- Independent measure of the Hubble constant (no standard candles)

Gravitational wave astronomy is born!



Gravitational wave detection with pulsars
EPTA/LEAP 

IPTA

International 
Pulsar Timing 

Array

Nanograv



Búsqueda de ondas gravitacionales con púlsares desde el IAR



                                                              

To be launched 
around 2034





The arms will be 10 km long 
(compared to 4 km for LIGO, and 3 
km for Virgo), and like LISA, there 
will be three arms in an equilateral 
triangle, with two detectors in each 
corner. 




