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DAvID GRIFFITHS Leptons (spin 1/2)
RS Generation | Flavor Charge | Mass® Lifetime Principal Decays
first ¢ (electron) -1 0.510999 0 -
v, (e neutrino) 0 0 0 -
second u (muon) -1 105.659 | 2.19703 x 107° ev, 7,
v, {44 neutrino) 0 0 00 -
third 7 (tau) -1 177699 | 2.91x 1075 | ev v, pvevy, w7 v,
v (T neutrino) 0 0 00 ~

*Neutrino masses are extremely small, and for most purposes can be taken to be zero; for details see Chapter 11.

Quarks (spin 1/2)
Generation | Flavor Charge | Mass®
first d (down) -1/3 7

1 (up) 2/3 3
second s (strange) | -1/3 120
¢(charm) | 2/3 | 1200

third b (bottom) | —1/3 | 4300
t (top) 2/3 | 174000

*Light quark masses are imprecise and speculative; for effective masses in mesons and baryons, see Chapter 5.

Mediators (spin 1) |
Force Mediator Charge | Mass* Lifetime Principal Decays i
Strong g (8 gluons) 0 0 00 -
Electromagnetic | y (photon) 0 0 0 =
Weak W= (charged) | £1 | 80,420 | 3.11x 1072 | eV, uFv,, v vy, ¢X — hadrons
Z° (neutral) 0 91,190 | 2.64 x 1072 | ete™, utu~, v717, 4§ — hadrons




Baryons (spin 1/2)
Baryon | Quark Content | Charge Mass Lifetime Principal Decays
N 4 uud 1 938.272 00 -
n udd 0 939.565 885.7 PEV,
A uds 0 1115.68 | 2.63x 10710 pr=, na®
Tt Bus 1 1189.37 | 8.02 x 1071 pr®, npt
x0 uds 0 119264 | 7.4x107% Ay
T dds -1 119745 | 1.48 x 107° nw
g0 Uss 0 13148 | 2.90 x 1071° Ar®
g dss -1 13213 | 1.64 x 10719 A~
Af ude 1 2286.5 | 2.00x 107 | pKn, Anw, Tnn
Baryons (spin 3/2)
Baryon | Quark Content Charge | Mass | Lifetime | Principal Decays
A wuy, uud, udd, ddd | 2,101 | 1232 | 5.6 x 107%# Nn
* uus, uds, dds 10,1 | 1385 | 1.8x 1072 Am, Tm
B* uss, dss 0,—1 1533 | 6.9x 1072 Er
Q- 555 -1 1672 | 8.2 x 1071 AK-, BEx

Pseudoscalar Mesons (spin 0)

Meson Quark Content Charge | Mass Lifetime Principal Decays
n* ud, du 1,-1 | 139570 2.60 x 1072 oy
n° (Wl — dd)/2 0 | 134977 8.4x 1077 vy
K* U, sW 1,-1 | 493.68 1.24x 1078 vy, T, AT
s K%:895x 1071
e 43, 5d 0 | 49765 | {7370 o
K?:5.11x1078 eV, WUV, T
n | WE+dd-25/6| 0 547.51 51x 107 Yy, nmw
7 (u7h+ dd + $5)/4/3 0 957.78 3.2x 1074 nrE, py
D* cd, dc 1,-1 | 1869.3 1.04 x 10712 Knm, Kuv,, Kev,
5’ W, e 0 | 18645 41x1078 K, Keve, Kuv,
D¥ G, 1,-1 | 1968.2 50x 1071 np, ¢TI, Pp
B ub, b 1,-1 | 5279.0 1.6 x 10712 D*¢vg, Dévg, Do
db, bd 0 52794 | 1.5x 10712 D'evg, Dy, D*n

Fr55->

Vector Mesons (spin 1)

Meson Quark Content Charge | Mass | Lifetime Principal Decays
p | ud, (wu—dd)/v2,du | 10-1 | 7755 | 4x107% i
K* us, 45, sd, 10,1 | 894 | 1x107% Kn
K| © (% + dd) /2 0 | 7826 | 8x107% R, TY
¥ i 0 3097 | 7x 1073 | efe~, utu, 5w, In
D* od, ¢4, ue, 4t 1,0-1 | 2008 [ 3x 1072 Dr, Dy
T bb 0 9460 | 1x 1072 | gte, utu—, tte”
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Spin 1/2

G0 =) e )

ooy = 8 +iero, (@-o)b-a)=a-b+ic-(axb)

Pauli Matrices:

Ox

ol =oi=ol M = cosd i o) sine

Dirac Matrices:

J’OE<(1) _01> yiE(—Om 3)' R 4

1 0 0 0

, ! . 0 -1 0 0
{V“,y\} — zglu , g/u — g/u' — 0 0 1 0
0 0 0 -1

, 0 1
y* =iylylyty? = (1 0)' whyy=0. ()Y =1

(For product rules and trace theorems see Appendix C.)

Dirac Equation:
iy 8, —mcy =0

Y- me)u = 0, (}J—l— mejv =0,  w(—me) =0, i(}d—i— mey =0

117/ = 1‘//>i-)/0, T= yOFT)/O, }( = “/LV/L

Feynman Rules
External Lines Propagators

Spin 0 Nothing l

g% — (me)?

Incoming particle: u
Spin 1/2: Incoming antiparticle: v g + mc)1
Outgoing particle: T gt —(mc)?

Outgoing antiparticle: v




XVI

Massless: ng’“’
Spin 1: [Ioncom-ing: e‘: 1
t: : ,
e Massive:  —18sv — 4/ (mc)?]
7> — (mc)?
{For vertex factors see Appendix D.)
Fundamental Constants
Planck’s constant: B = 1.05457 x 1073*]s
= 6.58212 x 1072 MeV's
Speed of light: c = 299792 x 10® m/s
Mass of electron: me = 9.10938 x 1031kg = 0.510999 MeV/c?
Mass of proton: my = 1.67262 x 1072kg = 938.272 MeV/c?

Electron charge (magnitude): & =

Fine structure constant: a =
Bohr radius: a =
Bohr energies: E, =
Classical electron radius: . =
QED coupling constant: g =
Weak coupling constants: & =

& =
Weak mixing angle: 6, =

1A =
1fm

0.1lnm=10"¥m

10715 m

1 bam = 1072 m?

leV = 1.60218 x 1072
1MeV/c?2 = 1.78266 x 107 kg
1Coulomb = 2.99792 x 10° esu

Strong coupling.constant: g =

Conversion Factors

Marshx i Ho”owaj‘ Richard Balcer

1.60218 x 10~ C

4.80320 x 10710 esy

e?/hic = 1/137.036 i
B2 /m.e = 529177 x 107! m

—mee* /2R n? = —13.6057/n% eV

& /mc® = 2.81794 x 1075 m
L)=

eNAT e =0.302822  Gg (5

2./ sinf, = 0.6295; j e WG;ZS,
gw/ cos 6, = 0.7180

28.76° (sin’6, = 0.2314)

1.214

(Purdue)




