O

spin

unchanged if we rotate by:

180°

360°

anything



Fermion Spin

t




Fermion Spin

Rotate once

1



Fermion Spin

t




Fermion Spin

Rotate twice

-1x-1=+11



Bosons and Fermions

matter constituents
spin = 1/2, 3/2, 5/2, ...

Quarks spin = 1/2

force carriers
spin =0, 1, 2, ...

FERMIONS

Leptons

BOSONS

Unified Electroweak spin = 1 Strong (color) spin =1

spin = 1/2

Electric
charge

Mass
GeV/c?

Electric
charge

Mass

GeV/c? LEUE

Name Flavor

p_ electron
€ neutrino

€ electron

Mass
GeV/c2

<1x10~8

0.000511

Electric
charge

Flavor

U up

d down

Approx.
Mass
GeV/c?

Electric
charge

muon
M neutrino

JL muon

<0.0002

0.106

C charm

S strange

tau
T neutrino

T tau

<0.02

1.7771

t top

b bottom
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time
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Compton scattering i
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Scattering

time-like

space-like

Y eL
boost changes space or fime ordering



Scattering

time




Scattering

time




Scattering

antimatter!



Pair Creation

time




Antimatter

relativity
+
quantum physics

|




Interchange

time




Interchange

time

inferchange = rotation
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The Fermi Surface Database

(click icong)

ek




White Dwart

stabilized against collapse by degeneracy pressure of electrons

radius /7, e mass ., nucleon mass M, e’s per nucleon ¢
assume constant density:

__4_p3 _ NM
V =37mR”, p=—7"
2 371'2Nq 5/3 2 37T2Nq 5/3 2 97 Ng 5/3
E h _ h _2h 4
1072me V2/3 ~ 107?me (7/3)2/3R2  15mme. R2

=
AdE grqn = —GMT(T)dM — —G(pi )p47r7“2d7“ — —ETFBG,OQ rdr

3 GNZ?M?
5 R

Egrav — —1—367'('3Gp2 fOR ridr = _1_67T3Gp R® =
Etot :E+Egrcw — % — %
dEtot S
dR 2R3 T R2 =0

2A = BR



White Dwart

24 _ 4R (9 5/3 5
R = B~ 157mme. (47TNq) 373G N2m?2

_ (9_7r>2/3 B2 ¢/ 7.6x10%m
— 7] GMZm, N1/3 — ~ N1/3

for a solar mass N ~ 1.2 x 10°", R ~ 7 x 10° m

2/3
Bp = oo (3r240) 7 = 20 (2 Ng) P = 1.9 x 10%eV

Erest = mec? =5.11 x 10°eV

TN =R | Er 1, more relativistic



