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It all started in 1911...





Scott starting point (preserved)



  

14.12.1911 / 11.01.1912
●  “Yes, the 

Pole. But 
under much 
different 
circumstances 
than we had 
imagined.”



McMurdo & Scott cairn



Ernest 
Shackleton,
(picture from

first expedition)



Endurance Expedition
● Dec 5, 1914 - set 

sail for Antarctica 
from South Georgia 
Island

● Jan 18, 1915 - 
Endurance trapped 
in pack ice just one 
day from planned 
landing site on 
Antarctic shore.

● Oct 27, 1915 - Ship 
is crushed by ice 
after drifting with 
pack ice.  



July, 1915

October, 1915



Endurance Expedition
● April 9, 1916 - Launch 

of 3 lifeboats because 
ice floes are breaking 
up.  Later they land on 
Elephant Island.

● April 24, 1916 - 
Shackleton sets sail in 
one 22 1/2 foot lifeboat 
with 5 companions on 
800 mile voyage to 
seek help on South 
Georgia Island for men 
left behind.  Selects 2 
to accompany him for 
trek across the island.

http://www.flickr.com/photos/nationallibrarynz/2116827098/




Endurance Expedition
● May 10, 1916 - arrived South Georgia Island.  Had 

to cross impassable frozen mountain range to reach 
the whaling station.
– 40 km / 36 hours

● http://www.condorjourneys-adventures.com/antarctica_cruise4.asp

● Immediately turned around to rescue remaining 
crew on Elephant Island - 4 months more to 
complete rescue.



South Georgia 
Island

Trek from landing site 
at King Haakon Bay to 
Stromness Bay for 
rescue



Endurance Expedition
● http://www.kodak.com/US/en/corp/features/endurance/

That was all of tangible things; but in memories 
we were rich. We had pierced the veneer of 

outside things. We had "suffered, starved and 
triumphed, groveled down yet grasped at glory, 
grown bigger in the bigness of the whole. We 

had seen God in His splendours, heard the text 
that Nature renders." We had reached the 

naked soul of man. 
South, published 1919. In this extract, 

Shackleton was paraphrasing 'The Call of the 
Wild' by Robert Service, published in 1907. 

http://en.wikiquote.org/wiki/Robert_Service
http://upload.wikimedia.org/wikipedia/commons/9/93/ErnestHenryShackleton.jpg


  

Discovering the Rewards of CR Physics



  

More rewards (2)



      In the beginning (while RF Scott et al were ice-locked in a tent) 

Victor Hess (April, 1912, Austrian [Fordham U, 1938]): 1) 
Ionization increases with altitude 2) Ascent during solar eclipse 

shows that sun is not source



Measure discharge of Wulf 
Electroscope



Pierre Auger (1937, French)

Detection of Extensive Air 
Showers via coincidence 

measurements



Reed Richards (1961, USA) – The American approach





ISS astronaut blood cells

Practical consequences: Cancer rates in 
airline pilots x2 general population

Bush proposal to send man to Mars (2004)



A. Niger thrives in radiation environments! Why?
 KUbeSat project (launch 2020): astrobiology





Cosmic Rays in Everyday life



Time Difference (in milliseconds) 
between registration of cosmic 
ray and lightning strike

LOFAR measured Rx polariztion

Location of shower core



GRAPES-3 measured V
thundercloud

!
2014-12-01: GRAPES-3 (Gamma Ray Astronomy PeV EnergieS phase-3; Ooty) measures 

1.3 gigaVolt thundercloud potential!

0 V

+1.3 GV

Negative muons with KE<1.3 GeV don’t 
reach ground!



Your smartphone camera is a CR detector 
● http://wipac.wisc.edu/deco - (2-3/24 hrs)

muon

electron

http://wipac.wisc.edu/deco


What is the cosmic ray abundance on planet Zolar?

1-10 GeV/nucleon



  

Energy spectrum of various CR nucleiEnergy spectrum of various CR nuclei



The 
charged 
cosmic 
ray 
energy 
spectrum 
at Earth



By particle type, and sources



And overlaid with gamma-ray fluxes



  

Need large product of B-field x gyroradius



  

Sources of UHE Charged Cosmic Rays



  

источник космических лучей - отдаленные AGN



  

Active galaxies

Galaxy 3C296



  

AGN-many names

T(accretion disk)~105 K
Broad Line~2000 K
Elsewhere ~ 100 K



  

Shock Acceleration around AGN



  

g-ray observations 



  

HESS VHE g sources

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



  

Gamma-Ray Bursts



  

Taglines
● UHECR are out there

– Lots of uses, aside from just astrophysics
● Local environment is typical
● Protons, gamma-rays, neutrinos

– Primary vs. Secondary CR’s? 
● We really want the primary CR’s!



  

Next: CR’s are out there; 
how do we detect them?

Two Basic Approaches:
A) Stuck on Earth:

1) Identify the CR primary particle you’re most interested in
2) Identify the energy range that you’re most interested in for that CR
3) Look up the interaction cross-section of that CR, at that E, with matter (air, e.g.)
4) Figure out decay products (aka, `secondaries’)
5) Determine layout of an experiment designed to detect the maximum number 

of secondaries

B) Out in space:
1) No atmospheric target => detect primary directly!
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