
Astročásticová fyzika – 3. přednáška:

Neutrina – problém deficitu slunečních neutrin, oscilace neutrin
Temná hmota – gravitační projevy – galaxie a jejich kupy, 

silné a slabé čočkování, pokusy o přímou detekci, 
roční modulace signálu v experimentu DAMA, 

přebytek pozitronů pozorovaný družicí PAMELA 
a přebytek elektronů z balonového experimentu ATIC





























































Annihilations of neutralinos (majorana fermions;
i.e. their antiparticles are identical)











Družice
PAMELA





Astročásticová fyzika – 4. přednáška:

Neutrina – ještě douška k oscilacím
Gravitační vlny – nepřímé projevy a pozorování pulzarů, 

typické amplitudy, detektory gravitačních vln – LIGO, LISA
Gravitace a její měření na malých škálách – hledání možných 

projevů extradimenzí
Proměnlivé konstanta – proměnlivá konstanta jemné struktury, 

pozorování spektrálních čar kvasarů











arxiv.org: hep-ph/0405172 v6





Spin-Powered Pulsars: A Census

• Number of known 
pulsars: 1765

• Number of millisecond 
pulsars: 170

• Number of binary 
pulsars: 131

• Number of AXPs: 12

• Number of pulsars in 
globular clusters: 99*

• Number of 
extragalactic pulsars: 20

Data from ATNF Pulsar Catalogue, V1.25 
(www.atnf.csiro.au/research/pulsar/psrcat; Manchester et al. 2005)  

* Total known: 129 in 24 clusters 
(Paulo Freire’s web page)



P - P Diagram
.

• Millisecond pulsars 
have very low P and 
are very old
• Most MSPs are 
binary 
• MSPs are formed by 
‘recycling’ an old 
pulsar in an evolving 
binary system
• ‘Normal’ pulsars have 
significant period 
irregularities, but MSP 
periods are very stable

J0737-3039

.



Pulsars and Gravitational Waves

• PSR B1913+16: Pb,obs/Pb,pred = 1.0013  0.0021         
Precision of GR test limited by uncertainty in correction 
for acceleration in gravitational field of the Galaxy

(Weisberg & Taylor 2005)

• PSR B1534+12: Pb,obs/Pb,pred = 0.91  0.05 
Limited by uncertainty in pulsar distance;assuming GR 
gives improved distance estimate (Stairs et al. 2002)

• PSR J1141-6545: Pb,obs/Pb,pred = 1.05  0.25      
(NS-WD system)   (Bailes et al. 2003)

• PSR J0737-3039A/B: Pb,obs/Pb,pred = 1.004  0.014 
Expect 0.1% test in ~5 years! (Kramer et al. 2006)

PSR B1913+16
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Orbital decay in high-mass short-period binary systems 
accounted for by loss of energy to gravitational waves. 

First observational evidence for gravitational waves!
Observed rates agree with the predictions of general relativity!

. .

. .



R: Mass ratio
 : periastron advance
 : gravitational redshift
r & s: Shapiro delay
Pb: orbit decay

(Kramer et al. 2006)

Four times as relativistic as Hulse-Taylor binary pulsar
Detection of both pulsars gives the mass ratio of the two stars
Have measured five relativistic 

parameters in just two years!
Four independent tests of general 

relativity
Consistent at the 0.05% level!

PSR J0737-3039A/B - the Double Pulsar

















LISA: Laser Interferometer Space Antenna
• ESA – NASA project
• Orbits Sun, 20o behind the Earth
• Three spacecraft in triangle, 5 million km each side
• Sensitive to GW signals in the range 10-4 – 10-1 Hz
• Planned launch ~2015

Most probable 
astrophysical 
sources: Compact 
stellar binary 
systems in our 
Galaxy and merger 
of binary black 
holes in cores of 
galaxies
















