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Minicourse Outline

1.) The electron

2.) The atomic nucleus

3.) and Beyohd!
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Our Approach

How do we know what we know?
* More experimental than theoretical

C Somewhat historical

¢ in active learning!
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Q: Rutherford scattering — infinite
at zero degrees?

Small scattering angle - large impact parameter
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Q: How did they know Ep in
1930s?

“The energy (hence speed) of the protons could
be deduced by such means as determining what
thickness of metal foil they could penetrate
before being slowed down or by measuring
how many ion pairs they created in a Geiger

er; such measurements were well-

by this time.”

http://cit .ist.psu.edu/viewdoc/download?doi=
10.1.1.373\4484 &rep=rep1&type=pdf
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Kenr|

Atomic mass vs.
' nuclear mass

‘He+’H—"*He + p! r
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*He+*H—*He + p
mMass i =M, +M,
=3.016029:+2.014102u
=5.030131u
(mass g, = M., + M, |=5.010428u
MASS iing = 0.019702u o
*He+’H—*He + p
MASS g = 0.019702u|=18.35 MeV / ¢*

After this reaction,
the proton and
alpha have

18.35 MeV of
“extra’” energy

 Kinetic energy
* Nuclear Fusion
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TOP HAT Binding Energy
of the nucleus
Ex.) Photodissociation of the deuteron
What’s the energy
“of the gamma?

y+*H—->'"H +n

M., =1876.140 Mev /¢*| The gamma

N - | ray must have
M, = 938791 MeV/c”| ., energy of

M = 939573 MeV /c* | atleast

i

n
2.22 MeV
: Discovering the Subatomic World , 11

Similarly...

| MASS ey = 4.002603u

¥

2m._ . +2m

proton neutron

+2m,,,... =4.03298u

Am =28.30MeV / ¢*
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Binding Energy
‘of the nucleus
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http://h2physics.org/?cat=82
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A Model for the Deuteron

Consider a neutron in the potential
energy {V(x)} field provided by the
strong force attraction of the proton.

~ +o, x<0
v\‘\V(x):v—VO, O<x<a
0, a<x
\ \Dlscovenng the Subatomic World , 15
+oo', x<0 T
Vix)=3-V,, O0<x<a
a
0, a<x > X
-V, <E<0 E
_Vo
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Solution
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* For other values of ¥, and a we can
obtain more than one energy that

solves TISE

* Quantized Energy Levels

ell model for nucleons (protons
eutrons separate)
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Inside the nucleus there are protons
and neutrons

TOP HAT
What’s inside the proton?

wdo we know?
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“Deep inelastic scattering experiments”

First — Define“Cross section” for
scattering experiments.

“Broadside of
a barn door”

http:/ibackroadstraveller. biny ¢ pot.cdm/2013/41/all-kinds-of-barns. himl
\ Discovering the Subatomic World 20
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Rgca}l RutherfordWScattering_

A Macroscopic Analogy

11
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dN = A-db
L

The # of
projectiles per
width of bb
beam =N,,/x

What’s the expression for db ?

13
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size of the
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The angular

Vary R to
match the
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BB Scattering Results
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“Cross section” 1s proportional to the
probability that the scattering will
occur.
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“Deep inelastic scattering experiments”
» High energy electrons (at SLAC)

fired at nuclei in stationary targets.

http:#fhyperphysics.phy- Discovering the Subatomic World 32
astr.gsu.edu/hbase/nuclear/scateléyhtmi#c1
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“Deep inelastic scattering experiments”

» o for elastic scattering (nucleus remains
intact) decreases dramatically
connsammrmeanean. © O 10 iNClastic scattering
. (nucleus breaks apart)

pretty constant
[~
§‘§ * Suggests e scatters off
; of bits (p’s and n’s)
“0 that don’t break up (for
Squarc;o!enmgy(eev?) * these E )
::Eg:zzzsmgcsilﬁmlearlsm@\\tml#c\Dlscovenng the Subatomic World »
At Higher Energies....

* o for elastic scattering (proton remains
intact) decreases dramatically

m«ommm * o for inelastic scattering

— ‘0%@@@ (proton breaks apart)
JR %e\ pretty constant
- Inelaste ecafterng
e » Suggests e scatters off
ol Q of bits (quarks) that
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A Field Trip to the Subatomic Particle Zoo-

The Fundamental Particles and Interactions
Chart — basic particle physics |

http://www.cpepweb.org/cpep_sm_large.html

1077 m(One ten-
millionth of a meter)

Atomism —
Greek Atomos-

“Indivisible”

Proton 1~ T

1000
T.ess than
10"%¥m
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Strong force

Atomic nuclei
Fission and fusion
Quark structwre of

proton and neutron

Properky

- The Fundamental Interactions

“Electroweak force

Electromaguetic force Weak force

Atoms and molecules Neutron decay Solar system
Chemical reactions Beta radioactivity Galaxies
Lighvwaves Muon and tau decay Curved spacetime
Electronics Neutrino interactions Black holes

Properties of the Inferactions

he strength of the ele e ar B0 U guarks <

Weauk Eleclromagnefic
Interaction } Interaction

Quarks,

wt w- z0

08
19 @

Gravitation

http://www.cpepweb.org/cpep_sm_large.html
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Matter and Antimatter

Fermions and Bosons

all stable matter in the universe
ars to be composed, at some level,
ituent fermions.

Leptons spin =172

Eloctnic

charge

Leptons -
-pointlike
| (0009210~ | o J-do not interact

{via strong
interaction

(“elementary”) .

20
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Lepton Conservation
e Three families of Leptons,

® The number of leptons from each family is the
same both before and after a reaction.

e L, = +1 for the electron and the electron
neutrino; L, = —1 for their antiparticles; and
L, = 0 for all other particles.

r the muon and its neutrino and L_for the
ts neutrino similarly.

H—>e+V, + Ve

spin =1/2 (2
uarks -
S Clectric

charge
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Hadrons -

-composite particles
-made up of quarks
-DO interact via Strong
interaction

ons & Baryons
types of Hadrons

Mesons | Baryons

Quark- 3 Quark-

antiquark combinations
Bosons - Fermions

1l unstable Proton —only stable
undant baryon?

Others decay to
protons

22
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Quantum Chromodynamics

Consider the proton - uud
Quarks are fermions (spin = %),

So how can two up quarks be in the same
state? (Pauli Exclusion)

additional quantum number (called
Color) for the state of the quark

— “charge” of strong nuclear force

23
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Baryon Conservation

e For low-energy nuclear reactions, the number of
nucleons is always conserved.

e Define baryon number - B = +1 for baryons and
—1 for antibaryons, and O for all other particles.

e Conservation of baryon number

Strangeness Conservation

® Strangeness number S = some integer — property
of particles. :

e Conservation of strangeness number

24
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Quark Confinement-

Strong force | -V
increases with
distance

\ Excited
] neutron

Neutron

Extra energy
roduces more
rks — forming

) wicreated
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