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“Yes, the
Pole. But
under much
different
circumstances S
than we had E %

Imagined.”
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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
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Endurance Expedition

* April 9, 1916 - Launch
of 3 lifeboats because
iIce 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/
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Endurance Expedition

* May 10, 1916 - arrived South Georgia Island. Had
to cross iImpassable 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.
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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)

#@echo [Mvesti

Besson Spur is a slope in Antarctica.




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

Victor Hess (April, 1912, Austrian [Fordham U, 1938]): 1)
lonization increases with altitude 2) Ascent during solar eclipse
shows that sun Is not source



Figure 1: The Wulf electroscope. The 17 em diameter cylinder with depth 13 cm was made of
Zine. To the right is the microscope that measured the distance between the two silicon glass wires
illuminated using the mirror to the left. The air was kept dry using Sodium in the small container
below the microscope. According to Wulf JIG], with 1.6 ion pairs per second produced, the tension
was reduced by 1 V. the sensitivity of the instrument, as measured by the decrease of the inter-wire

distance.



Pierre Auger (1937, French)

Detection of Extensive Air
Showers via coincidence
measurements

JULY-0CTORER, 1939 REVIEWS OF MODERN PHYEICS

Extensive Cosmic-Ray Showers

FERRE ADOER
[t eallabaraten with
P. Etnesvest, R Maze, [ Davoiw, Rovery, A, Freoy
Farir, Framee

YOLUME 11



Reed Richards (1961, USA) — The American approach

BuT, THERE IS
TIME ENOUGH TO
LEARN OF THE
TASK WHICH

FIRST, LET US
DISCOVER MORE
ABOUT THEIR
ORIGIN-- LET US
GO BACK TO THAT
MOMENTOUS DAY
WHEN AN ANGRY,
BEN GRIMM (3
CONFRONTED
DR. REED
RICHARDS...

IF YOoU WANT TO

FLY TO THE STARS,

THEN YOU PILOT

THE SHIP, COUNT
ME OUT,

You KNOW WE HAVEN'T Y
DONE ENOUGH RESEARCH

INTO THE EFFECT OF COSMIC
RAYS/! THEY MIGHT KILL US
ALL OUT IN SPACE./

i

;mal' ™

¢ BEN, WE'VE GOT TO
TAKE THAT CHANCE...

I--I NEVER THOUGHT)
THAT You wouLD

BE A COWARD,!

D SO, LED BY A DETERMINED DR.REED
ICHARDS, THE LITTLE GROUP SPED
TOWARDP THE SPJ;\CEPOET ON THE OUT—
SKIRTS OF TOWN | DON'T’_ ":Ayyg' :
{ REED/ I'M YOU
RUE S \| ances! wrieze

WHAT WE'RE YOU GO, I GO

DOING.,. BUT
YOu--AND

AND I'M
TAGGIN' ALONG
WITH SIS--SO
IT'S SETTLED/

A COWARD/! NOBODY CALLS ME A
COWARD. GET THE SHIP./! TI'LL FLY
HER NO AMATTER WHAT HAPPENS./

Y NO TIME TO WAIT FOR

OFFICIAL CLEARANCE /
CONDPITIONS ARE
RIGHT TONIGHT.
- LET'S GO/

HIGHER AND HIGHER, LIKE
A SILVER BULLET, ROARS
THE SLEEK SPACE CRAFT...

BUT WE'RE
REACHING

Rax

—

PSS

TAC 7AC 7,3‘74‘.

THEY'RE \ BUT L DON'T
PENETRATING
THE SHIP./!

OUR
SHIELDING

bt
ANY THING

ISN'T NATURALLY.
STRONG THEY'RE
ENOUGH./f ONLY RAYS N

OF LIGHT/!
YOoU CAN'T
FEEL ‘EM--
8UT THEY'LL

BEFORE THE GUARD CAN STOP THEM, THE
MIGHTY SHIP WHICH REED RICHARDS HAD
SPENT YEARS CONSTRUCTING IS SCARING
INTO THE HEAVENS., TOWARDS OUTER

N

PSHE'S BEHAVING LIKE A BABY/ EVERYTHING

1S PERFECT/
YEAH, EXCEPT THE
COSMIC RAYS./ NO ONE
KNOWS WHAT THEY'LL DO...

HEAVIER
SHIELDING.!

IT2 MY BODY THE SHIP ANY MORE/ Mvy--
WHAT'S FEELS HOT-- AY ARMS ARE HEAVY--TOO
HAPPENING /| LIKE IT'S HEAVY-- CAN'T MOVE - - TOO
TO YOou?2 ON FIRE /! HEAVY-- GOT TO LIE DOWN - -

r SOMEBODY ELSE TAKE THE

I DON'T i
CONTROLS... I CAN'T HANDLE

KNOW, Sis !

CAN'T MOVE [/




YOU'VE TURNED INTO
MONSTERS... BOTH OF
you// IT'S THOSE
RAYS! THOSE TERRIBLE
COSMIC RAYS./

MINUTES LATER,
JOHNNY
STORM'S FLAME |
SUBSIDED

AND
LANDED NEAR [B%
THE OTHER

HE | WE'VE CHANGED! J | WE HAVE MORE
ALL OF Us/

NOW I KNOW WHY

I'VE BEEN FEELING I'M LIGHTER
SO WARM ! LOOK AT THAN AIR/!
I CAN FLY !
LOOK... 1
CAN FLY//

WHEN I GET
EXCITED I CAN
FEEL AAY BODY
BEGIN To BLAZE/

LISTEN TO ME, ALL
OF you,! THAT

MEANS YOU TOO,

BEN, TOGETHER

R THAN A
' E HUMANS HAVE
EVER POSSESSED!|

You ALL
THE WAY/

THEREE‘S ONLY

OCCUPIED
WITH THEIR
OWN
STARTLING
THOUGHTS/
1 CALLING \ SAME GoesY [ I AIN'T BEN ANYMORE -- +/AND SO WAS BORN
MYSELF THE FOR ME... T'AA WHAT SUSAN CALLED THE FANTASTIC FOURA!"
HUMAN THE ME--THE THING// AND FROM THAT MOMENT
TORCH==AND | INVISIBLE ON, THE WORLD WouLD
"M WITH GIRL/ NEVER Aci?mi BE THE
SAME.

AND I'LL CALL
ELF...

7%
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Practical consequences: Cancer rates in
Bush proposal to send man to Mars (2004)
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Space station mold survives 200 times the radiation
dose that would kill a human

By Richard A. Lovett | Jun. 28,2019, 8:05 PM



nature

Letter | Published: 02 November 2017

Discovery of a big void in Khufu’s Pyramid
by observation of cosmic-ray muons

Kunihiro Morishima B, Mitsuaki Kuno, [...] Mehdi Tayoubi

a Nagoya and KEK detectors b Nagoya and KEK detectors c CEA G2 (Brahic) d Nagoya KEK
NE1 NE2 HA1 H2
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Cosmic Rays In Everyday life

Runaway Breakdown
and the Mysteries
of Lightning

The observed electric fields in thunderclouds are generally
too weak to initiate the atmosphere’s electrical breakdown.

But cosmic rays can play a surprising role in the drama of
lightning.

Alexander V. Gurevich and Kirill P. Zybin




Lightning Detection at the Telescope Array Cosmic Ray

events per 0.1 msec
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GRAPES-3 measured V '

thundercloud™

2014-12-01: GRAPES-3 (Gamma Ray Astronomy PeV EnergieS phase-3; Ooty) measures
1.3 gigaVolt thundercloud potential!
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Your smartphone camera is a CR detector

* http://wipac.wisc. edu/deco (2 3/24hrs)
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http://wipac.wisc.edu/deco

What Is the cosmic ray abundance on planet Zolar?

10’ 1-10 GeV/nucleon
o —e— Solar System

He —e— GCR

Relative Abundances

Atomic Number (Z)



Energy spectrum of various CR nuclei
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By particle type, and sources

Energies and rates of the cosmic-ray particles
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And overlaid with gamma-ray fluxes

Energy flux [GeV/ m? s sr]
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Laogi0 Magnetic Field [T}

Need large product of B-field x gyroradius
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Sources of UHE Charged Cosmic Rays

" Radio. X-rays [ Radio, X-rays

Companion

-
star X-rays,

visible,

*Relativistic jet then radio

X-rays
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« black hole
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Active galaxies

Core of Galaxy NGC4261

Hubble Space Telescope
Wide Field/Planetary Camera

HST Image of a Gas and Dust Disk

Ground-Based Optical/Radio Image

/]

380 Arc Seconds
88,000 LIGHT-YEARS

—————————

17 Are Seconds
400 LIGHT-YEARS




AGN-many names

Radio Loud Quasars
e @

Blazars

MNarrow Line

Jet Region

Broad
. Adi® &
Line Radi P, P

Galaxies \'

Broad Line
Region

Narrow s
Line H_adw_n Black IV msel Broac
Galaxies Hole Disk =
Obscuring — “
Torus —— s
s * o <€
/ e Viewing Angle
L o S &=
e o
®* 9 s
Seyfert Galaxies Type 2 = @ >
/ o .\ L &
= . -
Seyfert Galaxies Type 1 s ¢

Radio Quiet Quasars




Shock Acceleration around AGN
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y-ray observations

The Fermi LAT 1FGL Source Catalog

AGN R e 5L i
AGN-Blazar - _ . BeR eyl
AGN-Non Blazar

No Association ~1 Starburst Galaxy PSR w/PWN
Possible Association with SNR and PWN Galaxy Globular Cluster
Possible confusion with Galactic diffuse emission = HXB or MQO

Credit: Fermi Large Area Telescope Collaboration



HESS VHE vy sources
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Gamma-Ray Bursts
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Taglines
e« 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) ldentify 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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