Physics 226

Relativity

time dilation/Lorentz contraction:

4-coordinates:

Lorentz transformation matrix:

Lorentz invariant dot product:

invariant interval:

4-velocity:

4-momentum:

4-force:

4-acceleration:
constant acceleration:
wave-vector:

observed frequency:

E&M field strength:

Lorentz force:

Constants and Units

a = e?/(4mephc) = 1/137.0- - -

c=2997---x 10® m/s

h=6.582--x 10722 MeV s
=1.055---x 1073 J s

kg = 8.617--- x 107° eV/K

hc =197.3--- MeV fm

Equation & Data Summary (Final)
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Ng=6.022--- x 10% mol ™!

1 (metric) ton = 103 kg

1 amu = 1 g/(N4 mol) = 931.5--- MeV/c?
1fm=10"%m

1 barn = 10~2 m?

(hc)? = 0.389--- GeV? mbarn

=1.661---x 10727 kg



Quantum Mechanics

Hamiltonian:

time evolution:

symmetry (time independent):
conserved charge:

continuous symmetry:

angular momentum addition:

Q'=Q,
T(a) = Q0
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Q. H| =0

J=0: (1L —11)
Nuclei
nucleus symbol rest energy lifetime spin* decay type
neutron n 939.6 MeV 15 min 1/2 B decay
hydrogen H 938.27 MeV stable 1/2 —
deuterium H 1875.61 MeV stable 1 —
tritium SH 2808.92 MeV 17.8 yr 1/2 3 decay
helium-3 sHe 2808.39 MeV stable 1/2 —
helium-4 3He 3727.38 MeV stable 0 —
helium-6 SHe 5605.5 MeV 1.16 s 0 3 decay
lithium-6 SLi 5601.5 MeV stable 1 —
lithium-7 i 6533.8 MeV stable 3/2 —
beryllium-7 "Be 6534.2 MeV 77 day 3/2 e~ capture
beryllium-10 19Be 9325.5 MeV 2.2 Myt 0 3 decay
boron-10 9B 9324.4 MeV stable 3 —
boron-11 1B 10253 MeV stable 3/2 —
boron-14 1B 13062 MeV 18 ms 2 3 decay
carbon-11 e 10254 MeV 29 m 3/2 et emission
carbon-12 12¢ 11175 MeV stable 0 —
carbon-14 13c 13041 MeV 5.7 Kyr 0 3 decay
oxygen-16 150 14899 MeV stable 0 —
calcium-41 3Ca 38146 MeV 1.5 Myr 7/2 e~ capture
bismuth-209  2Bi 194622 MeV 2 x 1019 yr 9/2 a decay

*In units of h.

TIn units of le] =1.602--- x 107 C.



Mesons

particle symbol rest energy lifetime spin charge!
pion 70 135.0 MeV 8 x 10717 s 0 0
pion T, 139.57 MeV 26 ns 0 +1, -1
kaon Kt K~ 493.7 MeV 12 ns 0 +1,-1
kaon K% KO 497.7 MeV 90 ps/51 ns 0 0
eta n 547.5 MeV 5 x 107 s 0 0
rho pt, 0 p” 775 MeV 4107 s 1 +1,0,—1
omega w 783 MeV 8x 1072 s 1 0
K-star  K*t K*~ 891.7 MeV 1072 s 1 +1,-1
K-star  K*9 K*0  896.0 MeV 1072 s 1 0
eta-prime n 958 MeV 3x 1072 s 0 0
phi b 1020 MeV ~ 2x 10725 1 0
Baryons
particle symbol rest energy lifetime spin chargeJr
proton P 938 MeV stable % +1
neutron n 940 MeV 886 s % 0
Lambda A 1116 MeV 0.26 ns 3 0
Sigma »t 1189 MeV 80 ps i +1
Sigma 30 1193 MeV  7x107%s 1 0
Sigma - 1197 MeV 0.15 ns 3 -1
Delta AT AT AP AT 1232 MeV 6x 1072 s 3 +2,+1,0, -1
Cascade =0 1315 MeV 0.29 ns 3 0
Cascade = 1321 MeV 0.16 ns % -1
Sigma-star DA YUlD i 1385 MeV  2x 10723 s 3 +1,0, -1
Cascade-star 540 ¥ 1530 MeV 7 x 10723 s % 0,-1
Omega O~ 1672 MeV 82 ps 3 -1

*In units of A.

"In units of |e| = 1.602--- x 107 C.



Leptons

particle symbol rest energy lifetime spin* chargef L
electron (anti)neutrino  v(7,) <2eV ~ stable  1/2 0 +1(-1)
muon (anti)neutrino V(D) <2eV ~ stable  1/2 0 +1(-1)
tau (anti)neutrino v (Ur) <2eV ~ stable  1/2 0 +1(-1)
electron(positron) e (et)  0.511 MeV stable /2 —1(+1) +1(-1)
muon(antimuon) w(pt)  105.7 MeV 2 us /2 —1(+1) +1(-1)
tau(antitau) = (rT) 1777 MeV 0.3 ps /2 —1(+1) +1(-1)
Gauge Bosons
particle symbol rest energy lifetime spin* charge'
photon 0% 0 stable 1 0
gluon g 0 — 1 0
W-boson W 80.4 GeV 3x107% s 1 +1
Z-boson Z 912 GeV  3x107%s 1 0
Quarks
flavor symbol mass spin* chargef
up u ~2MeV/c2  1/2 2/3
down d ~5MeV/c2  1/2 -1/3
strange s ~ 95 MeV/c?  1/2 -1/3
charm c 1.2 GeV/c? 1/2 2/3
bottom b 4.2 GeV/c? 1/2 -1/3
top t 173 GeV/c?  1/2 2/3

*In units of h.
"In units of |e| = 1.602--- x 107 C.



