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1 Volt

1 eV = kinetic energy gained by an electron when
it accelerates through an electrostatic potential of
1 volt

¢ 1eV=1.6x10"]

Einstein’s mass-energy equivalence allows us to quote mass in terms of energy.

The mass of subatomic particles are quoted in eV, MeV (million electron volts), GeV (billion
electron volts) and TeV (thousand billion electron volts).

mass of a proton = 1.67x107%” kg = 938 MeV/c? = 1 GeV
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OOMEHHM B3anMoaencTBmATa

All forces can be thought of as interactions between elementary particles.

force-carrying particle.

Throws Bowling Ball }1‘:5/ All forces are mediated by a

\Y4
electron )
i-LL'—|_LIEI-L|I:»t|:|+|1

-
. s -t ..!t__:-l_-
—
S i electron
Scanned at the American
Institute of Physics

Richard Feynman A Feynman Diagram for two electrons repelling each other
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The Electromagnetic
Force

*Felt by all charged
particles
*Carried by particles called
photons in the quantum
theory

1
‘u"!l — yyet

! ’: - "3’= C
ct’ J‘f J'.-" f’l’
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Two Simultaneous o P &
Events att=t, ’_,-.-f T Y
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o Space tl e {x".ct') = (0,1} _] ;,fa" \," 7
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Magnetism

L6\ tanh (A)= v/c
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gluon

0 mass

Binds quarks together to form
Binds protons and neutrons together protons and neutrons

to form atomic nuclei

The Strong Nuclear Force
*Holds nuclei and nucleons together.
*Quarks and gluons feel this force

*Mediated by particles called gluons
*Very short in range
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\“.e_ .p

beta-particle /j — a8
(electron) On Y GammaRay
. V  Neutrino
Officiates nuclear (beta) decays @ Fosion

Give us nuclear cycles... ... that powers our sun and
other stars.

The Weak Nuclear Force

*All matter particles feel this force
*Mediated by particles called W and Z bosons
*Short ranged
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Celestial Gravitation

# positson
of star

/

/

/

(i gnd representing
a8

Newton’s Law of
Universal
Gravitation

1
Laarth

Einstein’s
General Theory of
Relativity

Terrestrial Gravitation



Ob6eanHeHne Ha B3anMoOencTBuATa

Electricity
Electromagnetism

Magnetism <> < @ >\

Weak Nuclear Force _ _
But this theory predicts a new

~

undiscovered particle! Grand
__ Unified Force
(Too many
theories, none
tested!)
Strong Nuclear Force
<D
Celestial Gravitation
Uni | General No battletested
niversa Theory of guantum theory
Gravitation

Terrestrial Gravitation Relativity yet!
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Leptons —

Matter particles

\

Force particles

\

Quarks —

Electron
0.5 MeV

Electron
Neutrino

Up
~3 MeV

| —
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e T i,

Yoo m=————— N
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T Ve W EA v ey

- CTERTATE L —

S —
Muon Tau
Neutrino Neutrino

Bottom
4.2 GeV
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Quarks

down

bottom

strange charm

Leptons

clectron cleciron necutrino

miunmn muon neuirino

fau fau meuirino




EnemMeHTapHun yactmum - napameTpiu

Standard Model of Elementary Particles

three generations of matter three generations of antimatter interactions / force carriers
(elementary fermions) (elementary antifermions) (elementary bosons)
I I i I I I
mass =22 MeWic? =128 GeVic? =173.1 GeVlc? =22 MeVic? =128 GeVic? =173.1 GeVlc? 0 =124 97 GeVic?
charge ¥ ¥ ¥ -3 b’ -% b’ -¥ 0 o 0

spin |t l!f,,a L qﬁ L ._tﬁ L L;lj L (_:.# L -t g 1 @ 0 H

up ' charm | top u antiup b anticharm’ antitop J l gluon higgs
_ r

=47 MeVic? =96 Me\//c2 =4.18 GeVic? =47 MeVic? =96 Me\/ic? =4.18 Gelc? 0 N

-1 d -1 -1 b s d 2 g s 5 0 il m_;

7 Sil ; | . "a =

@ W |r ||| o

down ! strange ' bottom ' antidown ‘ antistrange, antibottom J l photon g W

’ =

]

N 0%

=0511 MeV/c? =105 66 MeVic? =17768 GeWlic? =0511 MeV/lc? =105 66 MeVic? =17768 GeWlc? =91.19 GeV/c? L ©

-1 -1 -1 1 + 1 = 1 = 0 _ S e

15 e 15 u Lh T 3 L5 e 15 u 3 s T 7 1 ‘w 3 %

electron | muon tau positron antimuon antitau LZ“ boson g 0
(7)) o 4 " 7 J =
% =22 eVlc? =017 MeVfic? =182 MeVic? =2.2 eVlct =0.17 MeVic? =18.2 MeVic? =B80.39 GeVlc? .' =80.39 GeVlc?

0 0 0 0 0 0 1 i -1 i
- @ @I || | @ || @| @
LLl electr_on muon tau_ el_ectror_'l muon _ tau _ W+ boson | | W- boson
—d neutrino  © neutrino | neutrino | antlneutrlno)_:_' antineutrino ; | antineutrino ; y
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Proton

Blue + Green + Red = White




EnemeHTapHu Yactuum
The elementary particles today:

= 24 fermions (constituents of matter)
+ 24 antiparticles

48 elementary particles
consistent with point-like dimensions within the
resolving power of present instrumentation

(~101%cm)

12 force carriers (y, W+, Z, 8 gluons)

+ the Higgs spin 0 particle (discovered 2012)
responsible for generating the masses of all particles



Quarks EnemMeHTapHn yactnuum
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The Higgs Field
Existing everywhere, the Higgs field gives particles their mass.

(_Higas field

~uarks interact stmng?y mth the ﬁdd.
. -gaining relatively large mass. o
(Quarks make up pmtms and neutrons. }

¢ // ; /Photons have no mass, because
Eler:trnns nnlwnlﬂrﬁlﬁhghﬂy /) theydontinteract with the field.
(Electrons form the outer shellsnf alm&s } : f
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Photon wiw- 2Z° Gluons

Higgs Boson
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The Cosmic Uroboros

© 2006 Abrams and Primack, Inc.
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The Era of Quantum Gravity (10 sec, 10°2 K)

* All particles, quarks, leptons, force carriers and other
undiscovered particles existed in thermal equilibrium.

*Gravity “froze out” in a phase transition to be a force
distinct from the strong nuclear, weak nuclear and
electromagnetic forces by the end of this era.




The Era of Inflation (10-*° sec, 10?” K)

* The universe inflates by a factor of 10°° in ~ 100
seconds. It reaches a total size of 10 m.

Degeneration of the Grand Unified Force (10-32
sec)

*The strong nuclear force “freezes out” as distinct from
the electroweak force.
*A billion to one excess of matter over antimatter
develops

(The LHC can reproduce this era!)



Electroweak Degeneration Era (10-1° sec, 10'° K)

* The weak nuclear force separates from the
electromagnetic force. The W & Z bosons put on weight

while the photon remains massless.

*Quarks annihilates with anti-quarks, leaving a tiny
excess of quarks.

(These conditions have been reproduced and studied in
previous experiments like the LEP)



Protons and Neutrons formed

Protons and Neutrons form (10 sec, 10!} K)

* Quarks remaining from the annihilation bind with each
other under the influence of the strong nuclear force to
form protons and neutrons

Neutrinos decouple (10 sec, 10° K)

*Neutrinos shy away from further interactions
*Electrons and positrons annihilate till a slight excess is
left

*Neutron:Proton ratio shifts from 50:50 to 25:75




Helium Age (100 sec, 10° K)

* Helium nuclei can form now. Conditions similar to
stars or hydrogen bombs.
*Atoms cannot form as yet.




Atoms form (300,000 years, 6000 K)

* Light particles (photons) are not strong enough to
break up atoms anymore. So, stable atoms of
hydrogen and helium can form.

*The universe becomes transparent to radiation and
finally there is light!



Stars and Galaxies form (1 billion years, 18 K)
* Stars begin to glow, turning lighter elements into
heavier ones (of which planets and ourselves are
going to be made of)

*Galaxies of stars begin to form



Today (13.7 billion years, 3 K)

* The dust of stars spewed out in supernovae
explosions accumulate into planets

*Carbon atoms concatenate into complex molecules
while the relentless energy from stars animate their
ever-more-sophisticated dance of self-replication.

*And out of the stardust living creatures emerge to
observe the universe and ponder its mystery
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Afterglow Light
Pattern
375,000 yrs.
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Dark Energy
(-69%) Dark Matter
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Out of a million
particles at 10 km, | peasure muon
how many will flux at 10 km height.

@ 1,000,000

reach the Earth?

Survival rate:
I -21.8

=t - o e L 2 | ‘_’ i F H \‘ ‘ \‘ “-‘

IL:mass207m, L0 e

A .
\\‘M‘“\jumj‘\\m“‘j“\‘\““

charge + or - Or only about
Rest halflife: of a million.

Tp=1.56 x 10> 880




Qut of a million
particles at 10 km, | ppeasure muon
how many will flux at 10 km height.

reach the Earth? Y
@ 1000000 T= 34x10s

Survival rate;

I '4.35

g — X :
Ig i

|

charge + or - 1
Rest halfiife: //L

-6
Tﬂ= 1.56x 10 sec




| LI
Out of a million | '\ \
particles at 10 km,

N

2001

Measure muon : N
how many wil flux at 10 km height. l\\}\iﬁ\ X108
reach the Earth? | ———— s e
0 1,000,000 T= 68x10 s=4.36 half

Survival rate:
-4.36

L : mass 207 m E;'_"

charge + or -
Rest halflife: Relativity

-6
TD= 1.56 x 10 sec factor

Lﬂ= 10 km




Out of a million
panicles il Measure muon

how many will flux at 10 km height. result,
reach the Earth? —_—

Relativistic
Muon Ground

—

[V mace 207

-Eha-rge o
Rest halflife:

5
Tp=1.56x10 sec
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CERN — European Centre for Nuclear Research




CERN — European Centre for Nuclear Research

lies the world’s fastest and most brutal racetrack. ..

Protons race
around a 27 km
circuit at

99.999999% the
speed of light,

crashing head on
into each other

40,000,000 times
a second.



CERN — European Centre for Nuclear Research

in the emptiest space in our solar system...

Heat Exchanger Pipe

1 ___.-v-f"‘"f'
> -a W7
Spool Piece = v
Bus Bars - -3 - i w._‘

Beam Pipe
Superconducting Coils

Helium-II Vessel
Superconducting Bus-Bar
Iron Yoke
Non-Magnetic Collars

Vacuum Vessel
Quadrupole

Bus Bars Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole

Auxiliary
Bus Bar Tube

Instrumentation

Protection Feed Throughs

Diode

The beam pipe is evacuated to the same vacuum as interplanetary space
The pressure is about 1/10%™ that of the surface of the moon.



CERN — European Centre for Nuclear Research

in one of the cOldest regions in the universe. ..

Superconducting and superfluid liquid helium is maintained at -271.3 C or 1.9 K.

That is a little colder than interstellar space.



CERN — European Centre for Nuclear Research

will occur some of the NOtteSt reactions in our galaxy...

Violent collisions corresponding to temperatures a billion times higher than the core
of the sun will be produced.

That is roughly 160,000,000,000,000,000 C



CERN European Centre for Nuclear Research

The detectors together have 140 m|II|on data channels observmg at 40 m|II|on trmes a second



CERN — European Centre for Nuclear Research

and analyzed by the most powerful computing system in the world.

uuuu

1 year LHC data!
(~ 20 Km)

” H |E @ R[I D Sounding balloon ()
(30 km) - i. CD stack with

Concorde

(15 km) \

- e

Mont-Blanc
(4.8 km)

That is 15,000,000 GB
The detectors will spew out analyzed data at 700 MB/sec. (15 PB) per year

That is ~30,000 Encyclopedia Britannicas every second! 20 km stack of average
CDs per year.
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EnemeHTapHn yactuum - napamMmeTpin

mass - =23 Mal/ic?

charge = 213 1
spin = 1/2 w
up
=4 8 MeW/c?

LEPTONS

12

0.5
-1

12

-1/3 d

down
11 MeVic?

electron

=22 eVic?

0

142

Ve
electron
neutrino

su1l

213

1/2

275 GeV/c*

S

charm

=05 Me\/ic?

12

strange

105.7 MeV/c*

<.
0

172

muon
17 MeVie?

muon
neutrino

=173.07 GeV/c?

213

1/2

=4

1/2

t

top

18 Gelie?

-1/3 !E

bottom

1.777 GeV/c*

-1

1i2

tau

=15.5 Me\V/c?

0

112

tau
neutrino

photon

91.2 GeVic*

0

1

Z boson

80.4 GeVic®
1

1

W boson |

GAUGE BOSONS

=126 GeVict



LT Hadrons Y .
Ssggﬂn:eilrif ||/{"‘i e “QLGE\I {‘{’ 'h £ T‘B::l com I';USE: of one
three quarks \ hﬁf‘ ;,." / \ 1,_;,5 - - “# CIUEI-F and one
q, 0 " N antiquark
‘%‘":'-".-, ,_"'I-‘"I o
Baryons Mesons
Nucleons Pions
Particle Mass (MeV/¢?) T (sec) Particle Mass (MeV/c?) T (sec)
P 038.2 ~ 10! T . 139 2.5 % 1078
n 939.5 103 70 135 1.8 x 10-16
Hyperons Kaons
. 5
Particle Mass (MeV/c2) T (sec) Particle Mass (MeV/c?) T (sec) .
A 1115 2.6 x 10~10 K=.K* 494 1.2 x 10~
0

=+ 1189 0.8 x 1010 K 498
50 1192 1014 " 550 10—18
- 1197 1.6 x 10~10
z° 1314 3x 10710
ok 1321 1.8 x 10—10
§2- 1675 1.3 x 10~19
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