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The Structure of Matter
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What is the Universe made off?
What are the most fundamental objects in Nature?

What particles where there in the beginning (right
after the big bang)?

How do they interact?

How do they form composite objects?
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hvdrogen

Periodic Table

halium

! boron 2
H 5 He
1.0079 4.0026
lithium beryllium boron carton nitrogen oxygen flucrine neon
3 4 5 6 7 8 9 10
Li | Be B|IC|N|O|F|Ne
6 941 90122 10,811 12 011 14,007 15999 18, 998 20,180
sodium magneskim ‘ —) 8‘ ‘ alumnium shoon phosphons SUfur chiorine agon
11 12 O, 13 14 15 16 K ¢ 18
Na | Mg Al | Si| P | S |CIl|Ar
22.900 24.305 26.962 28.086 30.974 32.085 35453 39.948
potassium caldum scandivm litanivm vanadiom chromium | manganesa ron coball nickel copper zinc galum germanium arsenic salenium bromine krypton
19 20 21 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36
K |Ca Sc(Ti|V |Cr(Mn|{Fe|Co|Ni|[Cu|Zn|Ga|Ge|As | Se | Br | Kr
39.098 40,078 44 956 47 857 50.942 51,9696 54 938 55845 58 933 58.693 63 546 6539 69.723 72.61 74,922 78.96 79.904 83.80
rubldium strontum ytirum Zirconum nobum molybdenum| technetium | ruthenium rhodium palladiom sliver cadmium ndum 1in antimony tellurum lodine XEnon
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb| Sr Y | Zr (Nb|Mo| Tc | RU{|Rh|Pd|Ag|(Cd| In |Sn|Sb|(Te| | | Xe
85468 87.62 88,906 01.224 92.906 95.9 98] 101.07 102.91 106.42 107.87 11241 114.82 118.71 121.76 127.60 126.90 131.20
caosium barium lutetum hamium Lantalm wungsten rhenivm osmim Fidivm platinum oold marcury thallium lead bemuth polonium astatine radon
55 56 57-70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs(Ba| * |LUu|Hf |Ta| W |Re|Os| Ir | Pt |[Au|Hg| Tl |Pb| Bi | Po| At [ Rn
132.91 137.33 174.97 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204 .38 207.2 208.98 [209] [214 [222]
francium radium lawrendum Jruthedordum]  dubnium | seaborgium bohnum hassium melinerum | urunniliom | unununium | ununbium ununquadium
87 88 89-102 103 104 105 106 107 108 109 110 11 12 114
Fr | Ra|(**| Lr| RfF | Db |Sg | Bh| Hs | Mt [Uun|Uuu|Uub Uuq
[223 [226] [262] [261] [262] [266] [264] [269 [268] [271] [272) [277] [259
fanthanum oarum praseodyrmiumy neodymim | promethum | samarum eropum gadoinkim terbium Ayspeosivm holmum ebium thudium yherbum
*Lanthanide series 57 58 59 60 61 62 63 64 65 66 67 68 69 70
La|Ce| Pr Nd|Pm|Sm|Eu|Gd|Tb|Dy|Ho| Er |Tm| Yb
138.91 14012 140.91 144.24 [145] 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.04
actnium thonum protactinum uranium neptunium putonium amenclum cunum berkelium calfornum | enstenium fermum  |mendelevium|  nobellum
**Actinide series 89 90 91 92 93 94 95 96 97 98 99 100 101 102
Ac|Th|Pa| U |[Np|Pu|Am(Cm|Bk | Cf | Es |Fm|Md| No
[227] 232.04 231.04 238.03 [237] [244] [243 [247] [247] [251] [252] [257] [25¢9] [259]
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Stable nuclei
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Electron
Scattering

arbitrary units

Scattered intensity
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Electron
Scattering ->
Nuclear Density
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Charge density, p 102° C/m?
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Nuclear
Level
Scheme
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All the nuclei in the universe

su perheavies?
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neutron number

Challenge: Most nuclear reactions in the Universe are at low
energies or involve the weak interaction (tiny cross sections) =>
Experiments and Theory are HARD! (subtle effects play big role!)

Fe, Ni,...



Nuclear Binding energies
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Nuclear
Stability
and Decays

Thorium series
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