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roduotions
RUIPOSE” o this, Introduecton:..

IMISHSTNOIF meant to teach you
WETYhing you always wanted to know
el pParticie physics...

ERIis isisome “starter” background that will
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I'hree Generations of Matter

WIHEINS thEesmatter?
ELEMENTARY

——
_* These are the
.

o)ulllellglel 0)le)e:ies
— Quarks (and gluens)

combine to form
“hadrons”

— Hadrons and' leptons
don’t combine until
atomic scale

— Photon Is the only
“force carrier” found
outside bound
systems

— Anti-matter partners
of each particle
annihilate with matter
Into energy.



BI6\est mass particles
SAEnsition mechanism Is the weak force

.



SHGCEESSIVE “generations™ off matter appear
LENIENIEAVY/ coples of first generation
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Weak decays cascade from
heaviest to lightest states!
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SEONVIEL are cosmic rays7 =

SEEEMICays are believed torinitiate with very.
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IEIFENENC /( aﬁwStlc) protons
r\(relere c --smechanlsm IS unknown

Sl rf- or. Sma” \We Are Here
“Comox nent from solar

_.:__..-- Hres**cosmlc rays
,..._j,:‘-«-:erlgmate outside solar
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- system

= - — Probably galactic
(rates, energy)

" “The Milky Way Galaxy



errur/-.ee IC rays Interact In atmosphere

— il s -~ergy off cosmic ray creates a shower of
abier and anti-matter particles
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Exosphere — T

s 400 km albmde

~~ Thermosphere — . 30 kn

. Mesosphere ——® 50kn
Stratosphere ———m ¢

= Troposphere ——_10kn
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SOSINICTRAY SNOWENS
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SHOVEIT OF matt er
ZIE mgl.uer rag oS

— Y eel S into
J]gh-' es naturally o

pr_o_c rom hadrons ;
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= —'6 the ground: muons, XY A\
~ electrons, neutrinos T 1y,

, '"_'-‘ = Muon horizontal flux is |
~1/cm?/min v v\ W
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> Cllaifejge particles (muons  — 0n|y Interact weakly

rlnrl ele rons) scatter in — Lose little energy

. Hard 10 observéf .
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Altitude (lkm)
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JEIRsE cosmic ray

SWSEIVation on eartnh

=== \imosphere slows
glectrons and muons

— Muons decay (half-life of
1.5 microseconds)

— Neutrines... another story

Vartical flux  [m—= s~! sr1]
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Wiseiare the prope“tles of -—
SOEIIC qysh?%bserve

- Mlosilia 'ns
(lose en-' most slewly of detectable particles)

Sftha Tl|fe IS 1.5us, then how do they get to
-~ earth?
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—— Even at light speed, 1.5us x 300000000 m/s = 450 m
— But atmosphere is —~10000 m thick

— SO0 Ifi they make it here, they get here from relativistic
time dilation!

— That means they are going near light speed
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Wihiairangles do,they comesiom?2 ™"

SWANIIGSPIRERC tRICKAESS distorts spectrum
— F nIy e most energetic survive, but most
nergetlc are rare! ANGLE VS, RATES
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