
Windows on the Cosmos
Three types of “information carriers” about what’s out 

there arrive on Earth: 
• Electromagnetic Radiation

– Visible light, UV, IR => telescopes (Earth/Space)
– Radio waves => Antennae (“Dishes”)
– X-rays, Gamma rays => Detectors (often Space/Balloon)

• Material Objects
– Comets, asteroids, chunks of planetary material
– Nuclei (mostly H and He)
– elementary particles (known and unknown)

• Gravity Waves !!!



Gravitational Waves



Gravitational Waves
• An astrophysical source of 

gravitational waves from a 
violent event somewhere 
in the universe

• .

• Gravitational waves 
interact very weakly with 
matter - even densest 
systems are transparent to 
gravitational waves 
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Gravitational Waves
• Sources

– Merging Neutron Stars/Black Holes
– Supernovae - Black-hole collapses?
– Rippels in Space-Time left over from 

Big Bang
• Detection Principle

– Measure changes in distance between 
mirrors suspended miles apart 
(2 perpendicular directions)

– Use laser interferometry to detect
• Example: LIGO -

2 independent telescopes



Gravitational Waves

LIGO-
G1601319
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Hadronic Particle Zoo
- what can one build from quarks?



High Energy Photons (g’s)
• Sources

– Accretion on BH
– g-ray bursts (“GRBs”)
– matter/antimatter annihilation

• Detection Principle: EM showers
• Example: Fermi (formerly known as “GLAST”) 

Gamma-ray
image of the
Milky Way



Observation of 100 GeV-
100 TeV photons

http://www.mpi-hd.mpg.de/hfm/HESS/

• Detect bright flashes of 
Cerenkov light in the 
dark night sky of Namibia 
from Compton recoil 
electrons in the upper 
atmosphere
– ge --> ge
– Electro-magnetic shower 

does not penetrate to 
ground (unlike nuclear 
shower from protons)



Example: g rays from the Large Magellanic Cloud



Cosmic Ray Spectrum



Charged Cosmic Rays are 
Isotropic

• Intergalactic Magnetic Field ≈ 10-12 T
– F=qv´B
– Radius of relativisitic proton orbit 

• r = pc/(eBc)
– Angular deviation after path length L:

• q = (eBcL)/(pc).
• 1 Tesla = 1 Vs/m2, c=0.3 Gm/s
• q = ≥ 1 rad for L ≥106 Light-yrz and pc<0.3 1019 eV.

• Only the highest energy charged cosmic rays can 
point to Local Sources



Electrons 
and 

Positrons



Protons + Nuclei

• Sources
– Shockwaves from Collapses/Collisions
– AGNs
– “Afterburners” - magnetic shock acceleration

• Detection Principles:
– Balloons, satellites
– “Cosmic rays” - muons

from air showers
– Scintillation, Cherenkov light

• Example: Auger, Milagro
• Super-high energy:

up to >1020 eV (107 LHCs)!
• Magnetic fields - hard

to point back



Where do UHE CR come from?

The celestial sphere showing directions of the 27 highest energy 
cosmic rays detected by Auger (>57 EeV), circles of radius 3.1°. 
The 472 AGN within 75 megaparsecs are shown as red *'s. 



Neutrinos

• Sources
– Sun => Famous “Solar Neutrino Problem” (not enough 

seen)
– Supernovae (remember 1987A)
– Big Bang Relics (too low energy to be detectable)
– Decay from violent cosmic ray interactions (pp->π->µ)

• Detection Principles
– n hits e-, nucleus -> recoil, or converts to electron, muon
– recoil moves through water/ice faster than c/n -> shock wave 

(light equivalent to supersonic boom) -> Cherenkov radiation
– Light collected and measured by gigantic phototubes

• Examples: Superkamiokande, Ice Cube



Solar Neutrinos, and their detection



Kamiokande
Originally a proton decay experiment

• 50,000 Ton H20+10,000 PMT



Sudbury Neutrino Observatory

Canadian 
D2O reserve 
for “CANDU”
heavy water 
nuclear 
fission 
reactors.
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Puzzle solved …

With SNO results:





Ice Cube



New ICECUBE detection: 
3 neutrinos in 100 s from 
roughly the same spot

Can other detectors identify a source?

SWIFT x-ray satellite FERMI g-ray satellite VERITAS UHE g-ray array 

HAWC UHE g-ray 
Cherenkov array 

…but, alas, no significant signal yet…



Particles: What else?
• WIMPs/Neutralinos?

– Predicted by supersymmetric extensions of the Standard Model of 
Particle Physics

– LHC at CERN is hunting actively for specimen produced in pp
collisions

– Could explain dark matter (see later); maybe passing through all 
the time

• Detection Principles
– Go deep underground to shield other cosmic rays 
– Scatter off atomic nuclei (through weak interaction) -> recoil
– Bubble chambers, acoustic detectors (phonon vs. charge), 

calorimeters (Lar / LXe Scintillator),
– Look for “WIMP wind”! (annual modulation)
– also indirect detection through annihilation products
– create at LHC



Particles: What else? cont’d

• And Axions?
– Predicted by some 

models to explain 
“strong CP problem”

– Interact mostly with 
photons (EM fields)

– searches going on, but 
so far no success

• Or heavy photons?
• Or super-heavy 

neutrinos?
• Or Planckions?

And what about “dark energy”? 
And what about the “inflaton”?




