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Radioactive Decay
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Standard Notation

What do you notice about the notation written below?
Can you determine what each color represents?

Mass Number
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Atomic Number




23
S Na

Try This

Mg

Mass Number 23
Atomic Number 11
# of Protons 11
# of Neutrons 12

Mass Number 25
Atomic Number 12
# of Protons 12

# of Neutrons

13




Sample IB Question

A nucleus of Californiunc{) contains 98 protons and 154 neutrons.
Which of the following correctly identifies this nucleus of Californiu
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Isotopes & Nuclides
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of Carbon

Same # of protons
Different # of neutrons




Fundamental Forces
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5 Opposite charges attract

Like charges repel




Fundamental Forces

Strong Nuclear Force e

A Very shortrange @&,
A Very strong i 1

Electromagnetic Force Like Velcro
Gravitational Force

Weak Nuclear Force




Unstable Nuclel

. Line of More neutrons than protons

: Stabilitx\ r’ proton neutron

120

\)

. -y

100} R\ ' .
!: = A\ ‘ D, .
Pl VAR )

~ L)
N

A-Z

Neutron number N

y
SN o y
SN \ WA
A 'y : \ N
) S A . 3\
N A . OO \) "
A R WY %
\ LN ‘\
5 o
SR \ A X o 3
» . \ N AN \\
5 X N A\ 5\ \
W . W\ . “.\ \\\
. ! \ !
N VG » Ny »
y W . \ N A "
.
N o
S o \ Qs

. A . o

\
AL,
)
-
W
\
N

Neutrons serve as a buffer between repelling protons

Proton number Z




Radioactivity

Radioactivity is a process where unstable
elements decay into new elements and
release energy gsrticlesand/orwaves




Alpha Decay

An unstable nucleus sheds alpha particle (helium nuclel
made from2 protonsand2 neutrons

A
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Parent Daughter Alpha WL e
Nuclide Nuclide Particle S\

Complete the missing notation:
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Alpha DecayPredict
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BetaNegative Decay

In an unstable nucleus, sometimes a neutral neutron Is

converted into a positive proton and negative electron.

When this happens, another particle called an antineutri
ul* is also formed




BetaNegative Decay

BETA-DECAY SET WITH MINI PARTICLES

$48.99



https://www.particlezoo.net/collections/particle-packs/products/beta-decay-set

BetaNegative Decay

80 8 A Ur

Parent Daughter Electron Antineutrino
Nuclide Nuclide
Before After
**The proton stays /
and the electron and | , o-
antineutrino flies 33 33 ~
gl e | a aN. ‘ Ve
Parent Daughter \




BetaPositive Decay

In an opposite process, a positive proton can be convert
Into a neutral neutron and positively charged electron
(known as gositron. When this happens, another
particle called a neutrina is also formed
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BetaPositive Decay

8 © 8 A U

Parent Daughter Positron Neutrino
Nuclide Nuclide




Beta DecayPredict
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Gamma Decay

After an unstable nucleus has emitted an alpha or beta
particle, it can contain excess energy that is released as
gamma radiation
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The Math Always Adds Up
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Particle Review

T

. b Proton
. | Neutron
A Electron
A Positron
ol Antineutrino
U Neutrino
o) ( A Alpha Particle




Sample IB Question

24. Which of the following correctly identifies the three particles emitted in the decay of the nucleus

45 . 435
-, Ca into a nucleus of | Sc?

A o, Py
B. PB.v.v
C o, Y.V




lonizing Radiation

\ \ CLOSTER OF
I M PosSITIVE THIS

ISN'T Good poR ME ANTomS /N BRAIN .
o Most mass

Most ionizing
More mass allows particles
to more efficiently transfer

energy and ionize an atom




Radiation Penetration

Paper Aluminum Lead
6' 5 cm of air

| —— —)

30 cm of air

Highly
Penetrating




Remember the Right Hand Rule

Thumbpoints in direction of theurrent
Fingergpoint in direction of thdield lines

Palmpoints in direction of théorce

| 26 R2 @2dz NBLINBASY(l | RANBOI

Into the paper x Out of the paper @




Radiation Deflection

magnetic field out of screen

—————————————————————————————————————————

Less mass
More deflection




Radiation Deflection




Summary of,J , andH

RelativeCharge +2 +1 or-1 0
Relative Mass 4 0.0005 0
Typical Penetration 5 cm of air 30 cm of air Highlypenetrating

Helium nucleus Positron or Electron Electromagnetigvave

Typical Speed 10’ m st 2.5x10® m st 3.00x10®m st
( For Aor 1 rorf
lonizing Effect Strong Weak Very Weak

Intensityhalved by 2

Abosorbedy cm of Lead

Paper or skin 3 mm of Aluminum




Valley of Stability
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alpha emitters ~7
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Unstable nuclides lie o
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Graphing Decay

r Z I - Decay
3 21 N
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Proton NumberZ Proton NumberZ
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Alpha Decay

Lead Bismuth Polonium Astatine Radon Francium Radium Actinium Thorium | Protactiniun] Uranium | Neptunium| Plutonium| Americium| Curium Berkelium | Californium

82 83 84 85 86 87 88 89 90 91 92 93 94 95 | 96 97 98
Pb| Bi | Po| At | Rn| Fr|J Raj Ac| Th| Pal U | Np| Pu| Am| Cm| Bk | Cf

h Decay of ’ N
Radium226 2 N 2 I ( lﬁ
I - Decay
Z+1 Mass #

<

Same

Neutron NumberN
Neutron NumberN

Proton NumberZ Proton NumberZ




Beta Decay

94 95 96 97 98
Pu|l Am| Cm| Bk | Cf

Plutonium| Americium| Curium Berkelium | Californium

82 83 84 85 86 87 88 89
Pb| Bi | Po| At | Rn| Fr | Ra| Ac

Lead Bismuth Polonium Astatine Radon Francium Radium Actinium

I - Decay of 0 A) 5 A UI,_

Protactinium234
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Lead Bismuth Polonium Astatine Radon Francium Radium Actinium Thorium | Protactiniun|  Uranium
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HalfLife

The amount of time It takes for one half
of the original sample tdecay

Radioactive Nuclidd ~ Halflife £ o

Uranium238 4.5x10° years -

70%

Radium226 1,600years g o
= 50%
RadonR222 3.8 days g 0%
) ) g 30%
Francium221 4.8 minutes 2 o
Astatine217 0.03seconds : %
0%
) . 0 1 2 3 4 5 6
This can be in the scale of seconds, # of Half-Lives

minutes, days or even years!




HaltLife Example

How many halfives does it take for there to
only be % of the original sample remainin

100% / 2 0% remains after 1 halifife
50%/2 = 25% remains after 2 halfives

25%/2 =12.5%  remains after 3 hailfives

ntage of Parent Isotope Remaining

12.59%/2 =6.25% remains after 4 haidfives
6.25%/2 =3.125% remains after 5 hailfives

Perce

# of Half-Lives




¢cKS fSy3auK 27

Uranium238 4.5x 1P years

100%

90%

. | Radium226 1,600years |
0% Radon222 3.8 days
60% Franciura221 4.8 minutes
20% Astatine217 0.03seconds

40%

30%

20%

10%

Percentage of Parent Isotope Remaining

0%
NEm KIYA1i9) 29t {1!)) ®400 A® Oty

Tihragggeansls)




Half Life Problem:

How many haifives does it take for 100 g of a radioactive sample to decay to 12.

1 2 3 :
100gA 50gA 259gA 125g |3 Halt-Lives

If the halflife of the sample is 7 years, how long will this take?

(3 half-lives) x (7 years) = |21 years

The haliife of radium226 is 1600 years. What percentage remains undecayed af
3200 years?

(3200 yearg + (1600 yearg= 2 Half-Lives
100%,61, SO%A% 25%




Radiocarbormating

How old is a sample of rock that has 6.25% of its
original Gl4. The haliife of G14 is 5,730 years.

100%A 50%A 25%A 12.5%A 6.25%
(4 half-lives) x (5730 year9 =
22,920 years

ntage of Parent Isotope Remaining

0%
% 6.25%

Perce

5,730 11,460 17,190 (22,9200 28,650 34,380

Time (years)




1+1>2

Energy and Mass Defect:
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Unifled Atomic Mass Unit

When measuring and reporting the mass of individual atoms and
adzol G2YAO LI NIGAOfSasz (Af23aANIY

Theunified atomicmass unitis defined as onewvelfth of
the mass of an isolated carbd® atom

1 mole of Carbon Atoms = 0.012 kg

TeLpk & pdow pmm EC

@8rg pT
\ 4

PREPT_EC11.661x1077kg=1u




Unifled Atomic Mass Unit

Electronin,) | 9.110x103'kg | 0.000549 u
Proton M) 1.673x102%’kg | 1.007276 u
Neutron (n,) | 1.675x102%’kg | 1.008665 u

Unified atomic mass unit

1.661x 1027 kg

This is the only time that we
will ever use 7 sig figs. In this
case, rounding to 1.01 u just
g2dzZ Ry Qi Odzl




IB Physics Data Booklet

Quantity Symbol | Approximate value

Speed of light in vacuum c 3.00 x 10°ms!

Planck’s constant h 6.63 X 1034] s

Elementary charge e 1.60 x 107 °C

Electron rest mass m, 9.110 x 10-31kg = 0.000549 u = 0.511 MeV c2
Proton rest mass m, 1.673 x 10-*"kg =1.007276 u = 938 MeV c?
Neutron rest mass my 1.675 x 10-27kg =1.008665 u = 940 MeV ¢ 2
Unified atomic mass unit u 1.661 x 10-?kg =931.5 MeV ¢ 2

Solar constant h) 1.36 x 10°Wm~—2

Fermi radius R, 1.20 x 105 m




OAYAauUSAYyQa CI

According to Albert Einstein
aYlFraa |yR S
different manifestations of
0KS alrys

E=mc?




OAYyauSAyQa ClI

E=mc?

[T\

Energy Mass  Speed of Light
[J] [kg] 3.00x 108 ms'

What is the energy equivalence of 1 g of matter?

E=(0.001 kg)(3.00x 108 ms1)2= 9 x 1013 ]




IB Physics Data Booklet

Sub-topic 7.1 — Discrete energy and radioactivity Sub-topic 7.2 — Nuclear reactions
E=hf AE = Am c? |
1= hc

" E

Sub-topic 7.3 — The structure of matter

Charge Quarks Baryon Charge Leptons
number
-1 e Tl T
2, u|c |t 1
3 3 0 Ve | L, | v,
L d| s | b 1
3 3 All leptons have a lepton number
All quarks have a strangeness number of 0 of 1 and antileptons have a lepton
number of -1
except the strange quark that has a

strangeness number of -1

Gravitational Weak Electromagnetic Strong
Particles experiencing All Quarks, leptons Charged Quarks, gluons
Particles mediating Graviton W+, W-, 70 ¥ Gluons




YOU MATTER.

Until you multiply
yourself times the speed
of light squared.
Then you Energy.




New Unit for Energy!

ElectronVolt | eV 0& O "o
(0¢ Qi ‘Cagd L
1 MeV= 10 eV PH T p T

What is the energy equivalence of 1 proton (1.871872/ kg)?

O (pxopm )o pmM pPRTTUNPT *

P® TTL Y T~
PEH T p T

W T ey TR O T —




New Unit for Mass

O aw
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Unifled Atomic Mass Unit

Electron restnass(m.) | 9.110x 103'kg 0.000549 u 0.511 MeV @

Proton rest massi(,) 1.673x1027kg 1.007276 u 938 MeV @

Neutron restmassm,) | 1.675x10?"kg 1.008665 u 940 MeV ¢
Unified atomic mass uni 1.661x 1027 kg 1.000000 u 931.5 MeV @




Mass of the Nucleus

A neutral Carboil2 atom contains: Electron resmass(m,) 0.000549 u

Proton rest mass,) 1.007276 u
6 protons

6 neutrons
6 electrons

Neutron restmass(m,)) 1.008665 u

Unified atomic mass uni  1.000000 u

If the mass of Carbei2 is defined as exactly 12.000Q¢hen the nucleus mass is:

p@nnnmn@ mMinnr w 8 "]




Component Mass

A nucleus of Carbeh? contains: Electron resmass(m,) 0.000549 u

6 protons ‘ Proton rest mass,) 1.007276 u
6 neutrons Neutron restmass(m,) | 1.008665 u

What is the total mass in terms of y? Unified atomic mass uni  1.000000 u

6x 1.00/72/7/6 u

6 x 1.008665 u [ 12:099646 U




Mass Defect | 1+1 > 2

Mass sum of the Carbek® subatomic particles:
(@ PBITIXCX YO P8I PG wLPT 9O

Mass of Carbofi2 nucleus:p @ow @ X T O

Mass DefecCte=== p 8twoOop Bwox 1@

Energy

Where did the mass go?




Binding Energy

Binding Energy is the energy required to sepaalfitefthe nucleons

| Binding ‘ . |
‘-I- Energy - ""
X2NJ 0KS SYySNHE& NBfSIFaSR ¢6KSy |V

~ ~

Binding
Energy

:.Q. - -




Mass Defecf Binding Energy

Unified atomic mass uni 1.661x 1027 kg 1.000000 u 931.5 MeV @

o %oe@i‘)pd"b
pO .
W@ ¢ YucQ @
E=mc?
W@ @ UIQ @ o
8 "m




Binding Energy per Nucleon

Binding Energy for Carbd2 = 92.2 MeV
Number of Nucleons 6 protons
for Carbonrl2 =12 6 neutrons

Binding Energy per Nucleon2® ® Qw
PC

X W Qd) Q6 6 wda O




Calculate Binding Energy per Nucle

lodine 127 126.87544u
m 0.000549u
53 x 1.007276 u Mass Defect e
74 x 1.008665 u l m, | 1.007276u

pcapc ¢ Wephca x v® TpH L PG | M | 1008665
lu | 931.5 MeV &

wWo D!Q(&) R
PPLPOT &'p)’ 0 TUCD Q@

PO \ Convert mass
to MeV ¢

O do (pmW Q@)L p mwed Qo
P QEp ¢ x| 8 g0t g




Calculate Binding Energy per Nucle

*Eor vour assianed Element  Nucleus Mass (u) Element Nucleus Mass (u)
nucl?:je Calcu?ate 1 Hydrogen-2 2.013553 16 Iron-56 55.920662
the bind’ing energy 2 Helium-3 3.014931 17 Arsenic-75 74.903478
per Nucleon and 3  Hydrogen-3 3.015500 18 Krypton-84 83.891734
record data in 4 Helium-4 4.001505 19 Zirconium-90 89.882739
shared spreadsheet 5 Lithium-6 6.013476 20  Silver-107 106.879287
U odi N 6 Lithium-7 7.014356 21 Tin-120 119.874752
Se a periodic table to
P . 7  Beryllium-9 9.009987 22 lodine-127 126.875373
determine atomic # for
your element 8  Carbon-12 11.996706 23 Cesium-140 139.873608
9 Nitrogen-14 13.999231 24 Europium-153  152.886650
m 0.000549u 10 Oxygen-16 15.990523 25 Tungsten-184  183.910307
e .
11  Fluorine-19 18.993462 26  Gold-197 196.923199
mp 1.007276u 12 Magnesium-24 23.978454 27  Lead-206 205.929447
m 1.008665U 13 Phosphorus-31 30.965527 28 Bismuth-209 208.934833
n .
14  Sulfur-34 33.959083 29 Uranium-235 234.993420
1u 931.5MeV € 15 Potassium-39 38.953275 30 Uranium-238 238.000282




Binding Energger Nucleon

Binding Energy per Nucleon (MeV)

10.00
Sulfur-34 Iron-56 Krypton-84
9.00 Phosphorus-31 silver-107 lodine-127 . Gold-197
Europium-153 Uranium-235
Oxygen-16 Bismuth-209
8.00 Potassium-39 W Arsenic-75 Zirconium-90 Tin-120
Carbon-12 Cesium-140
. Tungsten-184
Helium-4 Magnesium-24 Lead-206
7.00
. Nitrogen-14 || fuorine-19 Uranium-238
2
=
6.00 .
5 Beryllium-9
@
3
= [, Lithium-7
e 5.00 n
= Lithium-6
w
w0 4.00
=
-
=
= most stable
3.00 Hydrogen-3
[
e
Helium-3
2.00
J Hydrogen-2
1.00 ¥
0.00
0 50 100 150 200 250

Mass Number




Atomic Spectra
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What Is Light?

Wave
Energy<
Particle

(photon)
e




Light Is Quantized

Photons of light can

only have certain
discrete

values of energy




Energy of a Photon

‘O ,’m
/ \
Energy Frequency

[J] [HZ]

01 Al Goksta h 6.63x1034J s




Energy of a Photon

O Q0 w 10

"Q (I)

0

I
I
~y

RS €
O —

W o8t p A




Quick Recap of eV
Q® QaQuwobd ¢ é

Unit of Energy

{O¢ Qi "(p
P T p T
e

{O¢e Q1 (Xbd




IB Physics Data Booklet

Sub-topic 7.1 — Discrete energy and radioactivity Sub-topic 7.2 — Nuclear reactions

E=hf AE = Am c¢?

1= hc
" E
Stefan-Boltzmann constant o 5.67 x 10-8Wm=2K*
Coulomb constant k 8.99 x 10° Nm?C-?
Permittivity of free space £ 8.85 x 10-12CIN-1m-2
Permeability of free space T 4n x 10" TmA-1
Speed of light in vacuum C 3.00 x 108ms-1?
Planck’s constant h 6.63 x 10-3]s
Elementary charge e 1.60 x 10-19C




CNE C¢CKAaX

Calculate the energy carried by one photon of microwaves of
wavelength 9 cm (as might be useawvfi signals) in J and eV

|
0.09 m
Vw ePo pmT 0 P .
— B C& p P
PBOW P TT
) m A6
0BT p M pow Y p




Shortcut timel

Sinceh andc are both constants,
hcacts as a constant as well

1 radian (rad) = %

T
Temperature (K) = temperature (°C) + 273 ‘O @)
1 light year (ly) =9.46 X 10" m

1 parsec (pc) =3.26ly

1 astronomical unit (AU) =1.50 x 10" m p&) 0 p TT * I/
*
1 kilowatt-hour (kWh) = 3.60 x 10%] 8 (b/ c & p p T

he=199x103m=124x10%eVm

P Y p1t A6




Energy Levels

Electrons Iin an atom exist at discrete energy leve

Abserbed

7’
A .,
vt RS _-
\ Sea--
VA
vy
\
vy
\
Ay
v
N \\
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N\ S --
Y
NS
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Energy Levels

A photon is emitted whenever an electron transitions from one
energy level down to a lower energy level

E, How many different transitions
are possible between these four
= energy levels?

=




Energy Levels

4D 0.00 eV
=5 -0.54 eV

n=4 -0.85 eV ]

n=3 1siev | EXCIted States
n=2 -3.40 eV

1sev | Ground State




Energy Transitions

Different Energy transitions result in different energies (wavelengt
of light that are absorbed or emitted

n==ua 0.00 eV
n=>5 -0.54 eV
n=4 -0.85 eV
n=3 B L’-‘—'— -1.51 eV

Y~ .

Paschen Seriefy
n=2 —__ \ A A A / 3.40 eV
\_Y_}

Balmer Seried/s ble)

n=1 -13.6 eV

— :
Lyman SeriesJ\)




Continuous Spectrum

When white light from the sun passes through a prism, the lic
IS dispersed Into its component colors in a continuous spectrt




Emission Spectrum

If an electric current is passed through an element in the form of a
low-pressure gas, it will produce its own unique emission spectrun

l b Slits B Prism

Ul \h p Blue-  Blue-
.

F. Violet wiolet green Red
Gas discharge —

tube containing
hydragen




Emission Spectrum

These spectra can be used to identify elements like a fingerprin

These are known as Line Spectra
= = el ool N

Hydrogen

Sodium

Helium

Neon

Mercury

B — N —
650 600 550 500 450

Wavelength (nm)




Absorption Spectrum

If white light Is passed through a sample of gaseous atoms or
molecules, it is found that the light of certain wavelengths is missir

Cold and transparent
cloud of gas absorbing
some colors |

Absorption spectrum

\ e -~
A = ~
| \ | T >
\ " o -
\ "N 1
. : o 15
i}
1 s
, ' - J
B
\ Al
\ : o
. . N N '
'\ \‘-",'A )
\ v
i
X

Hot source
emitting a
continuous spectrum




Absorption Spectrum

HYDROGEN SPECTRUM

‘ Absorption Spectrurnt

t 1 1 1
400nm 500nm 600nm 700nm

The emission and absorption spectra
are negative images of each other




ABSORPTION SPECTRA:
N . |
ELECTROMAGNETIC| "o

THE
SPECTRUM

THESE WAVES TRAVEL THROUGH THE
ELECTROMAGNETIC FIELD THEY
WERE FORMERLY CARRED BY THE
AETHER, WHICH WAS DECOMISEIONED
IN 1897 DVE TO BUDGET CUTS.

QTHER WAVES:

gisl Loy LoMUA ¥30N g3¥0
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C,x R 00
%5 PROTECT
(m |5‘ ©' ~|o‘ T " 0 10”6 100 10 10" ,9" 0t 6 16 i 0"
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thmu-nbu-lbh Ok IOGH,

-~ + 4 5 y —

Q ’o/b-IJ 17 m T 17 n ¢ e

T ———

From Randall Monroe | xkecd.co




Calculating Wavelength Emitted

. cooev What is the wavelength emitted?
n=4 0.85 eV
n=3 -1.51 eV O 0 @) pEB) 0 D 8'[(&6
n=2 -3.40 eV )
p& T pmt Ad 6 o o
- per ke P f
n=1 136 eV p ol

— hc | 1.99x102°Jm| 1.24x10%eV m




CNE C¢CKAaX

i cooev What is the wavelength emitted?
n=3 l -1.51 eV O 08 T T[fﬂJU CEB) U&G
n=2 -3.40 eV )
pg T pmt Ad :
= C® A6 8o f :
n=1 -13.6 eV t l""’m
Qw

— hc | 1.99x102°Jm| 1.24x10%eV m




What is the energy in eV for a
434 nm blue emission line?

1

434 x 109 m

Hydrogen emission spectrum

in the visible region

FHE =

Qo p& 1t pmt Ad Q
— - C& @A 6 _
TotTpT ) = O

hc | 1.99x10°Jm| 1.24x10°%°eV m




5 S5 35 S
I
w h~o1 O

-1.51 eV

-3.40 eV

-13.6 eV

O o8 Mm@t cARG

Hydrogen emission spectrum
in the visible region

410 nm

434 nm

What transition has an energy
difference of 2.86 eV/?

486 nm

0.00 eV Draw in the Energy Transition for a

-0.54 eV

0.85 eV 434 nm blue emission line?

656 nm




Particles and the
Standard Model

IB PHYSIQSATOMICPHYSICS







Fundamental Particles

Baryon
_ o A ® - p A t Z

_ A o) A - i 0 ¥ 0

All quarks have a strangeness number exéept the All leptons have a lepton numbef 1 and
strange quark that has a strangeness numbeof antileptons have a leptomumber of¢l

Symbol Symbol Antiparticles have the opposite charge a

O Sl their corresponding particle and have a [
A Down t Muon over their symbol

A Charm S

o Strange V) Electron Neutrino Symbol
O Top ¥ Muon Neutrino O Strange _

A Bottom 0 Tau Neutrino ir Antistrange =




IB Physics Data Booklet

Sub-topic 7.1 — Discrete energy and radioactivity Sub-topic 7.2 — Nuclear reactions
E =hf AE = Am ¢*
1ot
E
Sub-topic 7.3 — The structure of matter

-1 e Tl T

2, u | c t L
. 5 0 Ve | v, | v
L d| s | b L )
3 3 All leptons have a lepton number

of 1 and antileptons have a lepton

All quarks have a strangeness number of 0 number of -1

except the strange quark that has a
strangeness number of -1

Gravitational Weak Electromagnetic Strong
Particles experiencing All Quarks, leptons Charged Quarks, gluons
Particles mediating Graviton W+, W-, 70 ¥ Gluons




Fundamental Particles

O Electron

A Down _ _ t Muon P o)
A Charm — - Z Tau p P
O Strange - - 0 Electron Neutrino Tt p
@) Top _ - 0 Muon Neutrino Tt o)
A Bottom - - V) Tau Neutrino T P
6 Antiup Antielectron (positron)

A Antidown - — i Antimuon p p
A Anticharm — - Z Antitau p P
C'l}' Antistrange = = Dr Electron Antineutrino Tt p
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Classifying Particles

Leptons Hadrons
I /\
Electrons Mesons | Baryons
Muons | |
Tau Pion (") Proton
Neutrinos Kaon () Neutron
Others Others




Baryons

All Baryons are formed from a combination of 3 quarks or antic

Chargemust be an integer
value (1, O, or +1)

( d \ Proton Rule:
uu e
u
U Neutron
0 | d
dd o .

. Up Quark

| Charge =2/3

- Down Quark

A

7' Charge =_1/3

ua




Mesons

All Mesons are formed from a combination of a quark and antiqua

s A Kaon |
o \ A Rule: Chargemust be an integer

" value €1, O, or +1)
E | z
aq

0 ua
( A\ DMeson
KO -1 _ A o A _

All quarks have a strangeness number except the
strange quark that has a strangeness numbet.of

Qlﬂ




Quark Confinement

Quarks have never been observed on their own

— The amount of energy
K A \ required to overcome the
A strong nuclear force holding
| the quarks together gets

K q \ Cp- converted into mass and

\ g

forms a new quark pair




Conservation

For an interaction to be possible, the following must stay conserv
Baryorn# Lepton # Charge Strangeness

tof QO

Baryon # 1 1 0 0
Lepton # 0 0 1 -1
Charge 0 1 -1 0

This interaction is valid because all properties are conserved




Conservation

\ \ \
n QO¢ v
Baryon # 1 0 1 0
Lep>t/0n # 0 1 0 1 Yes
Charge +1 1 0 0 Valid
¢ no'Q  of
Baryon # 1 1 0 0
. No
Lepton # 0 -1 q. .
Charge 0 +1 +1 0 Invalid




Exchange Particles

At the fundamental level of particle physics, forces are explained
terms of the transfer aéxchange particlegauge bosonsetween
the two particles experiencing the force

rl 11

Repulsion Attraction

These interactions are not observable, so we call virtunal particles




Types of Forces

Gravitational Weak Electromagnetic Strong
Particles experiencing All Quarks, leptons Charged Quarks, gluons
Particles mediating Graviton W+, W-, Z° v photon Gluons

—
Weakest Strongest




Sample IB Question

26. Which of the following lists three fundamental forces in increasing order of strength?
A. electromagnetic, gravity, strong nuclear

B. weak nuclear, gravity, strong nuclear

C. gravity, weak nuclear, electromagnetic

D. electromagnetic, strong nuclear, gravity

Gravitational Weak Electromagnetic Strong
Particles experiencing All Quarks, leptons Charged Quarks, gluons
Particles mediating Graviton W+, W-, 720 ¥ Gluons
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https://www.youtube.com/watch?v=V0KjXsGRvoA

Sample IB Question

27. For which reason were quarks first introduced?
A.  To explain the existence of isotopes

B. To describe nuclear emission and absorption spectra

C. To account for patterns in properties of elementary particles

D. To account for the missing energy and momentum in beta decay




The Standard Model

Most Three Generations
Common of Matter (Fermions)
x| I i
mass—{ 3 mev 1.24 GeV 172.5 GeV 0 125.7 GeV
charge— 24 7 7 t 0 Y 0 H
spin—} 17 u Z. C Y5 1 0
name up charm top photon Higgs
6 MeV 95 Mev 4.2 Gev 0 0
32 =13 d =13 S -4 0 g 0 G
:13 15 ) P 1 2
5 down strange bottom gluon Graviton
<2eV <0.19Mev |[<18.2Mev ||50.2Gev
0 \) 0 \) 0 \)T 0 Z
Y5 e 15 u 5 1 .
electron muon tau weak n
neutrino || neutrino || neutrino force g
0511 Mev || 106 Mev 1.78 GeV 80.4 GeV @
211 e -1 -1 T +1 W_ 0
42 Y5 15 u Y5 1 v §
3 electron muon tau force c%

Currently
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Feynman Diagrams &
the Higgs Boson
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IB Physics Data Booklet

Sub-topic 7.1 — Discrete energy and radioactivity Sub-topic 7.2 — Nuclear reactions
E=hf AE = Am ¢*
1= hc

E

Sub-topic 7.3 — The structure of matter

Charge Quarks Baryon Charge Leptons
number
-1 e Tl T
2, u|c |t 1
3 3 0 Ve | L, | v,
L d| s | b 1
3 3 All leptons have a lepton number
All quarks have a strangeness number of 0 of 1 and antileptons have a lepton
number of -1
except the strange quark that has a

strangeness number of -1

Gravitational Weak Electromagnetic Strong
Particles experiencing All Quarks, leptons Charged Quarks, gluons
Particles mediating Graviton W+, W-, 70 ¥ Gluons




The Standard Model

Standard Model of Elementary Particles

three generations of matter
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The Large Hadron Collider

CERN Accelerator Complex
TOTEM

CMS

© i

North Area

(@ sps

Ly ATLAS
= T
AD

1898 (182 m] @

-

East Area
— ] @uNAQ (- <
< = Leir .
»ion b b fantiproton] =—tm /untiproton conversion b > elect

PS Proton Synchrotran




The Large Hadron Collider
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Evente/GeV

The Higgs Boson
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Feynman Diagrams

Useful to represent, analyze, and predict particle interactions




Feynman Diagrams are like Com

UP UP AND AKAY?

% ,ﬂnﬂ,ﬂw‘u}xﬂm“‘-

o

B

Event

Result

An electron and positron
(antielectron) annihilate
Into a photon
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Representing Time

An electron and positron
(antielectron) annihilate © o [
Into a photon

Time




Match these!

Time Time Time Time
—

a photon spontaneousl| an electron and

positron annihilate

G LI A NI LIND ﬁ)@@lgog a _sogrbs a| an electron emits a
P into a photon

electron and positron on and keeps goin| photon and keeps goin




