
















































































































































































































































































































































































































































































































































































































































































































































































































































































































426 1 A Th� Dim, �!ro Fundion 

In the neighborhood of the ith zero, we may expand g(x) as a Taylor series: 

g(x) = g(x;} + (x � Xi)g'(X,) + } (x - Xi)2g" (Xi) + .  - :;;: (x - Xi)g'(X;) (A.ll) 

In view of Equation A.9, the spike at Xi has the fOrm 

1 J(g(x)) = )g'(Xi)) J(X- Xi) (x:': Xi) (A.I2) 

The factor 18'(XI))-1 tells us the 'strength' of the delta function at Xi. Putting this 
together with the spikes at the other zeros, we conclude that 

• 

1 
.5(g(x)) = L --.5(x - Xi) (A.B) 

i.1 !g'(Xi) ) 

Thus, any expression of the form .5(g(x)) can be reduced to a sum of simple delta 
functions: 

EJ(ampl� A. J Simplify the expression .5(x2 + x - 2). 
Solution: Here g(x) = x2 + X - 2 = (x - I)(x + 2); there are two zeros, at Xl = 1 

and X2 = -2. Differentiating, g'(x) = 2x + I, so g'(X1l = 3 and g'(X2) = -3. 
Thu, 

1 1 J(x2 + x - 2) = 3.5(x - l) + 38(x+2) MIl 

The Dirac delta function can be thought of as the derivative of the Heaviside step 
function (Figure A.4):t 10, (x < o) O(x) ;;;; 

I, (x> 0) 

Obviously, dO Idx is zero everywhere except at the origin, while 

100 dB - dx = 8(00) - 8(-00) = I - ° = 1 
_00 dx 

so d91dx satisfies the defining conditions (Equation A.I) for 8(x). 

(A.14) 

(A.IS) 

It is an easy matter to generalize the delta function to three (or more) dimensions: 

(A.16) 

• Equltion A.ll is t:wct. notwith.sJanding tilt truncatrd Taylor =ies (Equation A.ll) I w;rd in its 
d�rivation. At Xi, tht '�xtra' \l!rntS ar� �ero, sinc� Ihey conJain powers of (x - Xi). 

t Th� valu� at th� discontinuity �ldom matt�rs. but if it worries you. d�fin� 0(0) _ 1/2. 
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/I(x) 

x 

Fig. A.<4 The Heaviside thet� ('step') function. 

This three-dimensional delta function is zero everywhere except at the origin, 
where it blows up. lbe triple integral over �l(r) is 1: 

,nd 

(A.IS) 

For example, the charge density (charge per unit volume) of a point charge q located 
at the point ro can be written as 

p(r) = o¥l(T - TO) 

Problems 

A.I laf li(2,.2 + 7x + l)�(x - If dx =1 
(hJ Ii In(l + x)�(". -x) dx =1 

A.2 Use Equation A.ll to simplify the expression �(..rxr+1 - "  - 1). 
A.3 Use Equation A.13 to simplify the expression 8(sin ,,). Sketch this function. 
A.4 Letf(f) = I; �(y - ,,(2 - xJ) dx. Findf(y). and plot il from y = -2 to y = +2. 

A.S I�l x' [;&�(x - 3)1 dx =1 [Hint Integrate by parts.) 
A.6 EvaJuate the integni (10 5 significant digits) 

{I 9(2x _ <4)e-lx dx i_. 

(A.19) 

A.7 Evaluate I r ·  (a - r)�)(r - b) dt" if a = (1, 2, 3), b = (3, 2, I), and the integration is 
over a sphere of rlIdius 1.5 centered at (2, 2, 2). 





Appendix B 

Decay Rates and Cross Sections 

Summary offormwas for decay rates and scattering cross sations. 

B.l 
Decays 

Suppose particle 1 det:ays into particles 2, 3, 4, . . .  , n: 

1 ...... 2 + 3 + 4 + " ' + n  

The decay rate is given by the formula 

dr = 141\n:l { [  {;n�:��2] [(;H�:��) l · ·  [(2:�:�EJ} 
X(br)�,,4(Pl -P2 -Pl - . . .  -p�) (B.l) 

where Pi = (E;!', Pi) is the 4·momentum oflhe ilh particle (which carries mass mj, 

so Ej = CJPT + mfc2). The det:aying particle is presumed to be at rest: PI = (mle; 0); 
S is a product of statistical factors; Ifj! for each group of j identical particles in the 
final state, 

B.l.1 
Two-body Oecays 

If there are just two particles in the final state, the integrals can be performed 
explicitly. The total deuy rate is 

where Ipl is the magnitude of either outgoing momentum: 

Ipl = -
'
- 1m· + m! + m4 _ 2m2"J _ 2m2m2 _ 2"Jm2 2m] V ] -. 1 ] -, ] J --, J 

lnlrodu«i"" 10 Eltm<nlO'l' Pdnidu. Socond Edilion. David Griffiths 
Copyright C> 2008 WlLEY·VCH Verlag GmbH & Co. KGaA. Weinheim 
ISBN,978-J.S27·-406Q1·2 

(B.2) 

(B.3) 

I'" 
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In particular, if the outgoing particles are massl(.SS, then Ip l  = ml e/2, and 

'.2 

s , 
r � -- I..KI 161Tfiml 

Cross Sections 

Suppose particles 1 and 2 collide, producing particles 3, 4, . . .  , n: 

1 + 2  ...... 3 + 4 + · · · + n  

The cross section is given by the formula 

(B.4) 

(8.S) 

where (as before) Pi = (E;!c, Pi) is the 4-momentum of particle i (mass mil, 
E, = elmfc2 + Pt, and S is a statistical factor (Ijj! for each group of j identical 
particles in the final state). 

B.2.1 
TWO-body Scattering 

If there are just lwo particles in the final state, the integrals can be performed 
explicitly. 

(a) In llu Clnter-ofmomenlum fratm 

>fld 

IB.� 

where Ip,l is the magnitude of either incoming momentum, 
and IPfl is the magnitude of either outgoing momentum. In 
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particular. for elastic scattering (A + B - A + BJ. Ip;l = IPrl. 
so. letting E ;5  (EI + E2)f2: 

cia = (",-)2 51.412 

dO 16n E2 

(h) 111 1m lab frame (particle 2 at rest) 

In the case of elastic scattering (A + B _ A + B). 

(8.8) 

(B.9) 

IPl lEJ cos 91 
(8.10) 

If. in particular. the incident particle is massless (m} = 0). this 
reduces to 

If the target recoil is negligible (m2c2 » EI). then 
Equation B.IO reduces to 

If the outgoing particles are massless (m3 = m4 = 0). 
Equation B.5 yields 

(B.ll) 

(B.12) 





Appendix C 

Pauli and Dirac Matrices 

Pauli and Dirac matrices. 

C.l 
Pauli Matrices 

The Pauli matrices are three Hermitian, unitary, traceless 2 x 2 matrices: 

(e.l) 

(Often we use numern:al indices: Ul = CT",CT2 = CT�,U) = Uz: CT is not part of a 
four-vector, and we do not distinguish upper and lower indices: CTI = CT I , CT l, = CT2, 
CTl = CTJ.) 

(a) Product ruks. 

(A 2 x 2 unit matrix is implied in the first term, and 
summation over I: in the second). Thus, in particular: 

(c'2) 

(0) 

(e.4) 

[CTi,CTj) = 2��1;<7l (commutator) (e.5) 

(CTi,CTj) = 2�� (anticommutator) (e.6) 

and for any two vectors a and h, 

(a CT)(b'CT) = a . b + io" . {a x b) 

I",rod"",;"" ,., £/tmmJary Ami&.. Sro:>tId flli.;"", David Griffiths 
Copyright 0 2008 WILEy.vCH Verlog GmbH & Co. KGlA-, Weinheim 
ISBN: 97S-H17-40601·2 

(e.7) 
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(b) Exponlntials. 

eiiJ." = ws O + ib · u sinO 

C.2 
Dirac Matrices 

The Dirac matrices are four unitary traceless 4 x 4 matrices: 

y
' � (1 

- 0 
0 ) . ( 0  "') 

-1 ; y' 
'= -u; 0 

(CS) 

(C9) 

(Here 1 is the 2 x 2 unit matrix, and 0 is the 2 x 2 matrix of zeros;.,.i are the Pauli 
matrices. Lowering indices changes the sign of the 'spatiai' components: Yo = yl1, 

Yi = -y'.) We introduce as well the auxiliary matrices 

For any four-vector al'. we define the 4 x 4 matrix I- as follows: 

(a) Product rules. In terms of the metric 

r - (1 0 0 1.) -1 0 
0 -1 0 0 

(note thatgl'"gl'" = 4), we have: 

yl'y' + y"yl' = 2g"', 

Yl'Yl' = 4  

YI'Y·Y" = -2y", 

y .. y"y�y" = 4g"�, 

y .. I-r" = -21-

y .. /�Y" = 4a· b 

(C14) 

(CIS) 

(CI6) 

(CI?) 

(CIS) 

y"y.y�y" y" = _2yay�y., Y"I-�'Y" = -2,$1-
(C19) 

(CIO) 

(CII) 

(Cll) 

(CU) 
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(b) Trace theorems. The trace of the product of an odd number of 

gamma matrices is zero. 

Tr(l) = 4 

Tr{y"y") "" 4g"". Tr(JijS) "" 4a· b 

Tr(yl' y"yl,y�) = 4{i'"gM _ g"l.g"tJ + y}'tJ g'l,). 

TrlP$,j) = 4 [{a. b){c . dJ - (a . c)(b . dJ 

+(a· dJ(b· e)l 

(C.ZO) 

(C.ZI) 

(C.ZZ) 

Since y5 is the product of an even number of y matrices. it 
follows that Tr{ySy") _ O and Tr{ySy"y"yl.) _ O. When yS is 
multiplied by an evm number of y 's, we find 

Tr(ys) = ° 

Tr{ySy"y') = 0, 

Tr(y5y"y"yl.y") = 4i€,,'1.<r. 

Tr{ySIJ51j) = 4i€,,"1.<r a"b,cl.do-

(C.23) 

(C.Z4) 

(C.Z5) 

where E'",l,,, = -1. if J.tLl.l.O is an even permuta tion of 01Z3. 
+ 1 for an odd permutation, and ° if any two indices are the 
same. Note that 

(C.Z6) 

(e) Anticommutation rel6tions. 

(y .... y") = Z8"". (C.Z7) 





Appendix 0 

Feynman Rules (Tree Level) 

Ftynman rules for QED, QeD, and IV((.II: interactioltS. 

0.1 
External lines 

Spin 0 :  (nothing) 

Spin� ; I Incoming particle : u 
Incoming antiparticle:  ii 
Outgoing particle : u 
Outgoing antiparticle : u 

S in 1 . j  incoming : E" p . outgoing : E; 

0.2 
Propagators 

Spin O :  "��=,, 
'I" (/>te)2 

Spin ! :  
i(d + me) 

q2 (me)2 

-ig." Massless : 
T 

Spin 1 : 

Massive : -i!g.,. - q"q./{me)2) 
q2 {me)2 

/n!rod",!i<Jn I<> Ek""nla'l' Partida. Smmd £di!i<Jn. D�vid Griffith$ 
Copyright 0 2008 W1LEY-VCH V�rJ.ag GmbH &Co. KG.A. W�inh�im 
ISBN: 97&.3-S27--10601-2 
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D.3 

VerteJl Factors 

QED: 

QeD: 

GWS: 

.,. 

w-

r , 

ig..y" (g. = .J4:rrrt) 

- ia. 
-""' >.."y" 

2 

_gJa/iY[&...(ql - q* + g.,d� - q))" 
+g..,,(q) - qJ).] 

_ig;lfatlqfy6� (g,,�g.p -g"pg.l) 
+rOQjtlrq(&,.8l.P _ g,,�gyp) 
+ryqf·tlq(g,.pg.� -g".84» ) 

�Y"(l - yS) (Here I is any lepton, and 

v! the corresponding neutrino.) 



" 

"'I Z 

X" W- Z 

W' Z 

" , 

f 
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�Y"(l - yS)Vq (Here i = u, C, or I,and) = d, S, 

or b; Vis the CKM matrix.) 

=fy"(.{. -�yS) Here! is any quark or lepton; 
Cv and CA are given in the 
following table: 

<. <, 

v" LI", V, l , 
, 

r-.J.t . <  -i +2 sin2 e ... -� 
U, C, t � - � sin2 /;l ... l 
d, s, b - t + i sin2e", , -, 

ig..cos9",[g"J.(ql - q2)" 
+g,.,,{q2 - ql). + &..(ql - qd.d 

w- w-X" w� W· 

" , 
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The weak coupling constants are related to the electromagnetic coupling constant; 

g... - � . - sin8.., , - " 
g. - sin liw cos e", . 

There are also 'mixed' couplings of the photon to the W and Z: 

ig.[g"J.('11 - '12)" 
+g.,,('12 -'13)" + g"o(q) - qllJ.] 

X' W- Y 

W· Y 
" " 



Index 

• 
A: sn Baryon number 
ABC th�ry 211-223 
Abelian 118, }65 

- Set also G�uge inV<lmnce; Groups 
Acccler�tor 4-7,401 
Additive quantum nwnber 141 
Adjoin! 236,361 
Alloww 120, 127, 161-162 
0; see Fine structure constmt 
0, 173 
cr., 308, 315 
cr particle 5, 14, 156, 388-389 
Amplitude 132-133, 156, 203-204, 

211-214, 244 
Anderson, C. D. 19, 21. 31 
Angular momentum 120-128 

- addition 122-125, 154 
- eigenfunctions: see Spherical 

harmonics 
- eigenvalues 120-121 
- matrices: see Spin matrices 
- orbital 120-121. 161-163, 182 
- spin 120-121 

Annihilation: It< Pair annihilation 
Anomalous magnetic moment 

- electron 18, 165, 167,246,266 
- muon 413 
- proton 168 

Anthropic principle 414 
Antibaryon 37.40 
AnticommuUtor 155,228,237,252,435 
Antielectron: see Positron 
Antimatter 21,23 
Antimeson 37.41 
Antineutrino 24.27.128 
Antineutron 21-22 
An!ip�rtide 3. 20-23.37. 39.61-62. 

230-234 

Antiproton 21, 33, 106-107 
Antiqu�rk 39,49 
Antiscreening 300-301 
Antisymmetric sute 122. 125. 183-184 
Antisymmetric tensor 110-111. 253 
Antisymmetri:ution 245 
Associated laguerre polynomial 162 
Associ.,ued production 34 
Astrophysics 7, 394, 396. 400-401 
Asymptotic freedom 68-70,83, 220, 

298-301 
Atmospheric neutrino 394-395, 399-400 
Atomic number 24 
Atomic weight 24, 3.87 
Axia! vector 139-141,3OS 
Axion 411,416 
A:timutha! angle 201 

b 
B; see Bottom 
B factory 47,148 
B meson 47.148-149 
b quark 47 
Bahcall./. N. 389-390, 416 
Bare: Stt Charge; Coupling consunt; Mass 
Barn 211 
Baryogenesis 411 
Baryon 19,30,32, 35,40,44,122-123, 

180-193 
- decuplet 36.40, 122-123 
- magnetic moment 189-190 
- mass 191-193 
- number 22, 33, 81, no, 408-409 
- octet 35.41, 122-123, 188 

Beautiful baryon 47 
Beautiful meson 47 
Beauty 47,49 

- Set (lisa Bottom 
p: stt Electron; Positron 

inlroduai"" 10 Eltmtnf<ll)' Panicle<, SwwJ Ediricfo. D ... id Griffiths 
CopyrlihlC> 2008 WlLEy.vCH Veri,s GmbH & Co. KG.A. Weinheim 
ISBN: 978·3·527-40601·2 
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Beta decay 23-29, 47-48, 56,76, 
136-137,318 

Bethe, H. A. 166, 219, 388 
Bev;o.tron 21, 106 
Bhabha scattering 62. 86, 246 
Big B�ng 71.409.416 
Bilinearco\';\ri�nt 235-238 
Bindingenergy 103, 159-160. 194 
Bispinor 229 
Bjorken, j. D. 44. 228, 233 
Blackbody 15 
Bohr. N. 15.24.162 
Bohr energies 162 
Bohr m�gneton 190 
Bohr model 15, 163 
Bohr radius 162 
Boson 122,141, 183 
Bottom 47 
Bonomonium 159. 175-177 

- See also '( (upsilon) meson 
Bound state 2, 159-193 
Branching ratio 79,198. 404-405 
Brane 413 
Breit frame 112 
Bremsstrahlung 403-404 
Brick WOlll frame: 5U Breit fr.tme 
Broken symmetry 135-136. 375. 378. 

402,408 
Brookhaven 29, 33,44,71, 147 
Bubble chamber 7 

, 
C: see cJu.rm; Charge conjugation 
c quark 44-45 
Cv. ',t 320,331-332 
Cabibbo. N., 77 324-327 
Cabibbo angle 321, 324-325, 329 
Cabibbo theory 324-328 
Camouflage 300 
Casimir's trick 249-254, 270 
Cathode ray 13 
Center of momentum 64, 106-108 
Central potential 161 
Centrifugal barrier 161 
Cerenkov radiation 7, 392 
CERN 6-7,42. 48,51, 72, 331-332,403 
Chadwick- I· 15,24 
Charge 148,165, )01 

- b;o.re 69-70 
- conservation: 5U Conservation l;aws 
- effective 68-70,266, 29'.l 
- eltttric 70.81, 408--409 
- exchange 132 
- independence 130 

- quark 39 
- renormali;:ation 219-221,265-267 
- _ak 71-72, 320 
- See also Coupling constant 

Charge conjugation 142-149 
- conservation 143 
- number 143 
- operator 142-143,269 
- photon 143 
- positronium, 171 
- violation, 143 

Charged weak interaction 72-78, 307-308, 
324-329 

Ch;orm 44-45,49 
Charmed baryon 45-47 
Charmed meson 45-47 
Channonium 159, 172-177 

- Su alw '" meson 
Chir.t.l stilte 340 
Chromodynamics 59-60, 66-71, 366-369 

- Su also Quantum chromodynamics 
Circular polarization 241,260 
CKM matrix 51, 77-78, 81, 148, 328-329, 

350,397,409-410 
Clebsch-Gonhn coefficients 124-125, 154 
Cloud chamber 7.30-31 
CM 64, 106-108 
CNO cycle 388 
Colermm-Gbshow formula 57 
Colliding beams 5, 108-109 
Collision 87, 100-102 
Color 43-44,49-50,66-67,70, 187-188, 

278-279 
- current 369 
- factor 173, 289-294, 304 
- field 369 
- octet 187.285 
- sextet 293 
- singlet 187, 285 
- state 284-286 
- SU(3) 187, 285, 366-369 

Colorless p;!rtide 43,285 
- See also Color singlet 

Commutator 155 
Comp;!ctification 414 
Completeness 230,2)4, 242-243, 270, 

308, 348 
Composition rule 40 
Compton, A. H. 17 
Compton 

- scattering 17-18, 2),62, 86, 1l3, 
246, 249, 271-272 

- wavelength 17,69 
Confinement 42-44, 71-72,289 



Conjugating pha� 410 
Conservlltion laws 79-84 

- angular momentum 26, SO, 117, 
119, 122 

- b;"ryon number 33,79,81,85 
- charge 79,81, 85,117,238, 270 
- color 67,81,85 
- el�tron number 29,75,81 
-energy 24,64,SO,87, 100-IOI, 117, 

213, 244 
- flavor 75,82, 324 
- isosopin 130 
- lepton number 28-29, 7'.1,81,85 
- mass 2, 100-102 
- momentum 64, SO, 97-101. 117, 

213, 244 
- muon number 29,75,81 
- p.arity 73, 141-142,309 
- quark number 81 
- stnmgeness 34,82, 324 
- tau number 75,81 

Conserved current 238, 270, 358 
Constituent qu;ork 58, 180, 190, 193 
Continuity equation 238, 270, 358 
Continuous symmetry 375-377 
Contraction of indices 96 
Contraction theorems 252-253 
Contravariant 94 
Cosmic ray 4-5,19, 30-31,110, 394, «11 
Cosmological constant 417 
Coulomb force 1,9, 18,61-62,73 
Coulomb gauge 2«1-243, 286, 307 
Coulomb potential 162-163,202,290,334 
Coupling constln! 67,84-85, 213, 3(6 

- bare 220, 265 
- dimensions of 213 
- df�tive 220, 265 
- el�tromagnetic 84-85, 244 
- physical 219-220 
- renonnaliud 219-221. 265-266, 

298-301 
- running 68,85, 220, 265-266, 

300-301, 405-406, 412 
- strong 67,84-85,283-284 
- weak 84-85, 308, )l5, 320, 332, 346 
- Stt also Charge, Fine structure 

constant 
Covariant 94, %, 226, 268 
Cnvariantderivative 360, 363, 367, 378 
COWlln, C. L 27 
CP 144-149,«19-411 

- IfJ system 148-149, 409-411 
- eigenstate 146 
- invariance 145-147 

- � system 145-149 
- violation 51,139, 147-149,328, 

409-411 
Cronin,). W. 146-149,409 
Cross product 368.408 

I"dn: 1 443 

Cross section 132-133, 156, 199-203, 209, 
430-431 

- A + A  ...... B + B  215-216 
- hard sphere 200-202 
- Mott 245-246, 254-255 
- nucleon-nucleon 132 
- pair annihilation (QCD) 198 
- pairannihibtion (QED) 261 
- Rutherford 202. 2S5 
- Su olso Golden rule. Scattering 

Crossing symmetry 22-23,62 
Current 

- charged weak 341-346 
- color 369 
- con�rved 358 
- electromagnetic 238.341-344. 

358, 360 
- neutral weak 343 
- Noether 383-384 
- weak hypercharge 342-344 
- weak isospin 342-344 
- Yang-Mills 365 

Cutoff 219,264-265 
CVC hypothesis 320 
Cyclotron fonnula 8 

d 
Dmeson 47 
D, meson 47 
d quark 39 
D'A1embertian 2«1 
Darkenergy 414-417 
Dark matter 414-417 
Davis, R. 27-28. 390.3% 
De Broglie wavelength 6 
Decay 2.65. 75-84, 87. 197-198 

- b quark 351 
- c qu;ork 351 
- gO) 410 
- t:.  77 
- 'I, 298. 306 
- Higgs 404-405. 419 
- bon 325 
- A 77-78. 324 
- leptoni< 325 
- muon 25-29, 75, lIO-315, 

394-395,400 
- neutrino )94 
- neutron 25-29. 76,80,315-311,324 
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OKay (",nld.) 
- nonleptonic 325-326 

- n- n-78 

- 4> 8) 

- pion (charged) 25-29. 7G. 80. 103. 

138, 321-324, 349,394-395 

-pion (neutral) 65, 138, 143,222 

- positronium 256-261 

- proton 32-33, 85,406, 4U!, 420 

- '" 82-84 

- quukonium 298 

- semiieplonic 325-326 

- tritium 25, 3% 

- two-body 24-27. 112. 206-208. 

429-430 

- zII 337. 350-351 

- Sa also Golden rule: Lifetime 
Decaymode 79,198 

OKay nt'" 197-198, 429-430 

Decuplet 36.40, 122-123 

Deep inebstic sC<lttering 42-43, SO, 68 

Degeneracy 163 

Oelbruck scattering 86 
to huyon 33, 133 

Delu. function 
- Dir.ac 20S. 423-427 

- Kronecker 155 

�nsity of states 203 

- See .. Iso Pluse space 
DESY 73 

�t:liled balance 23, 149 

Detector 7-8,203 

Deuteriwn 169 

Deuteron 43, 103. 130-131, 194.388 

Di.;ograrn 
- disconnWed 218 

- Feynman 60-64, 213 

- higher�rder 62-63,75, 86,212. 

217-221. 2G2-267 

- loop 70. 166-167,217-218, 263, 

288, 298-299 

- penguin 148, 157,410 

- trl'!' 157,217, 265 

Difterenti;d cross section 201-203, 223, 

430-431 

- Su a/w Scattering 
Dimensions 

- �mplitude 211 

- coupling constant 213 

- cross 5eCtiOn 211 

- field 357 

Dipole function 284 

Dipole moment 
- electric 150,411 

- magnetic 150.165, 168, 189-190 

Diquark 294, 408 

Dinc, P. A. M_ 15.21. 165,219 

Dinc delta function 205,423-427 

Dirac equ�tion 21. 225-229. 356 

- momentum. sp.Ke 234 

Dirac Lagr.lgnian 355-356 

Dirac matrices 228.434-435 

Dirac neutrino 28, 396 

Dirac sea 11. 230 

Dirac spinor 229 

Direct CP viobtion 148 

Disconnected diagr.lm 218 

Discretesymmetry 118, 136-151.375 

Dot product 95 

Down quark 39 

Downness 49 

Drell, S. D. 128,233 

Dresden, M. 221 

, 
Effectivecharge 68-70. 266 

Effective mass 135-136, 180, 220 

Eigenstate 318 

Eigennlue 126-127, 160 

Eigenvector Wi-l27 

Eight b,aryon problem 133 

Eightfold Way 35-37.39,133 

Einstein, A. 16,84.417 

Einstein summation convention 93 

Elastic collision 101-102 

Elasticscattering 101-101,199 

Electric dipole moment 150, 411 

Electric form factor 283-284 

Electrodynamics 59,84,238 

- Su "Iso Quantum electrodynamics 
Electromagnetic current 238,341-344, 358, 

360 

Eledromagnetic decay 255-261 

Electromagnetic field 239 

EI�omagnetic force 59 

Electromagnetic potential 239 

Electron 4-5,13, ISO 

Electron gun 4 

Electron neutrino 29 

Electron number 29.49 

Electron volt 9 

Electron-electron scattering 246-247. 266. 

m 
Electron-muon scattering 2-45-246, 

252-255, 265, 271 

Electron-positron sattering 
- elastic 247-248 

- inelastic 256-261. 266. 275-279 



Electron-positron �nnihibrion 256-261 
Electron-proton saltering 255, 279-283 
Electrowe�k inter�ction 3,43, 60,84,338 

- See Qiso GWS theory 
Electroweak interference 337 
Electroweak mixing 345-346 
Electrowe�k unifiGition 338-346 
Elementary p,articles: see Particles 
Energy 

- conservation of 24, 64,80, 87, 
100-101. 117, 213, 244 

- kinetic 99 
- oper.ltor 160,268 
- relativistic 96-100 
- rest 99 

Energy·momentum four·vector 98 
'I meson 31, 177-179 
'1'meson 41, 177-179 
I), meson 298. 306 
Euler-u.gr;mge�u.;otion 354-35{j 
Event rate 203 
Exclu.ngeofp,articles 18.61, 183 
bclusion principle 1, 3.21. 37. 43-44. 122. 

130. 183-184 
Exclusive 199 
botic atom 169 
botic p<lrticle 41 
Expansion of universe 416-417 
ExtelTl<ll line 63,65.213, 243.287,437 
Extra dimensions 413-414 

f 
f. (pion decay constant) 322-323 
Faithful representation 119 
Fedcev-Popov ghost 288 
Fermi, E. 24. 60.133. 204, 315 
Fermi constant (GF) 313-315 
Fermi's Golden Rule 203-211 
Fermi theory of bet<! dec<ly 24. 47-48. 60 
Fennibb 6,8,47,395,41)3 
Fermion 121-122, 141,183 
Feynman. R. P. 21, 29.60. 65. 166.205.219 
Feynmanc.akulus 64, 197-223, 373 
Feynman diagnm 60-64, 213 
Feynman niles 3, 64, 203-204, 369-372. 

437-440 
- ABC theory 211-214 
- GWS theory 307-308. 331 
- QCD 283-288 
- QED 241-245 
- weak interactions 307-308. 331 

Feynman-Sttikdberginterpretation 21. 230 
Field theory 354-358 

- SGilar 355, 357 

_ spinor 355-357 
- vector 356-359 

Field strength tensor 238 
Fifth force 285 
Fine structure 165-166,169-170 

/"du 1445 

Fine structure const�nt to,64, 162. 165, 266 
Fine tuning 412 
FbvOt 39,43,49, 57,70, 82.129-136, 

184-188, 397 
Flavor dyn�mics 59-60 
Fbvoreigenstates 324.328-329. 397-398 
Force 59-60 

- dectrom�gneric 59 
- gravity 59 
- strong 18-20, 30, l4. SO, 59 
- we�k 34.48,59 

Form factor 282-284, 303,319,322 
Four·momentum 98 
Four·vector 92-96 

- charge"CUrrent 238 
- covariant 94 
- contravariant 94 
- current 238 
- energy· momentum. 98 
-lighilike 9S 
- position·rime 92 
- proper velocity % 

- spacelike 95 
- timdike 9S 

Four·vdocity 97 
Free u.gnngian 369 
Free qu�rk 41-44,72 
ft·v;r.lue 319 
Fundamental represent�rion 119, 179 
Furry's theorem 273 
Fusion 388, 403-404 

• 
G: su G·parity 
GF: sa Fermi constant 
g. 332. }46 
g, 371 
g.. 308, 315, 332, 346 
g. 332, 346 
Gal;>eticrotation 414-415 
Gamma matrices 228 
Gamma ray 5,17 

- Sa ,,/so Photon 
yl 236-237 
Gauge field 360. 364-367. 407 
Gauge invariance 117. 304 

- abelian 365 

- broken 136, 375 
- global 358, 363 



4461 'nd« 

Gauge inl':lriance (comd.) 
- local 3. 358-361.363, 367 
- nonabelian 365 

Gauge theory 353-381 
Gauge transformation 239, 270, 360 
Gaussian units 9 
Gell·Mmn, M. 34-37,56-57.60,82,133, 

145-147 
Gell-Mann matrices 286-287, 367,384 
Gell·Mmn-Nishijima formula 130-131, 

156,343 
Gel\·Mann-Okubo formula 56-57 
Generation 49-51. 75 
Ghost 241, 288, 381 
GIM mechanism 77,327-329 
Glashow, S. L 44-48,60, 77,84, 327, 330, 

338,406 
Global transformation 358. 363 
Glueball 50.67 
Gluino 52 
Gluon 50,59-60.67, 368 

- octet 285 
Gluon-gluon coupling 67,70, 286, 288 
Golden R.u1e 203-211 

- for deays 204-20S 
- for sc.;ottering 208-211 

Goldstone boson 377-381 
Goldstone'S theorem 377 
G·parity 143-144,157 
Gradient 22&. 268 
Grand Unification 33, 52, 84-85, 405-409 
Gr.lvit:ltional lensing 415 
Gr.lvity 18, 49, 59.86,413 
Gr.lviton 18,49. 59-60,414 
Gr«k index 92-93 
Greenberg. O. W. 43 
Ground st:lte 373 

- Su also Vacuum 
Group 117-118 

- abelian 118 
- continuous 118 
- discrete 118 
- finite lIS 
- infinite 118 
- Lie 118 
- loren\x. liS 
- 0(,,) lIS-119. 153 
- SO(2) 376 
- SOP) llS-1l9, 12S 
- SO(10) 407 
- SO(,,) 11S-119, 153 
- SU(2) 128, 130, U5, 362-363. 365 
- SU(2)\ x U(1) 3«, 346.366. 407 
- SU(3) 128,133, 179,187,367, 407 

- SU(5) 407 
- SU(6) 134 
- SU(,,) 1I8-119, 153 
- U(,,) 118-119,153,361, 366 

Group theory 117,133 
GUT: 5U Grand Unification 
GUT scale 405-406, 413 
GWS (Glashow/Weinberg/Salam) 3.48. SO. 

60,71-7<),84,221, 332, 337-346 
Gyromagnetic ratio 165 

h 
Hadron 30 

- Su abo Baryon; Me-son 
Hadroniution 275-276 
Half·life 79.222,319 
Halo 415-417 
Hamiltonian 160, 268 
Hard·sphere scattering 200-202 
Heniside-Lorentz units 9, 245 
Heaviside step function 205, 426-427 
Heavy lepton 47 
Heavy neutrino 3% 
Heavyquark 159 
Helidty 28, 137-138,234, 241, 268, 324, 339 
Heisenberg. W. 129 
Heisenberg uncertilinty principle 6.56,80 
Hermitian conjugate 235, 367 
Hermitian matrix 362-363.384 
Hierarchy problem 412 
Higgs boson 6, 50, 52, lSO-3S1, 4{1l-405 
Higgs mechanism 84,338, 372. 378-381. 

401-402 
Higgsino 412,416 
Higher.order proce-ss 62-63, 75. 86. 212, 

217-221, 262-267 
Hole theory 21 
Home-st:lke mine 390,393-394 
't Hooft. G. 221, 330, 372. 409 
Hot dark matter 415 
Hydrogen 15, 159,162-168 
Hypercharge 36, 343-344 
Hyperfine splitting 167-168 

- baryons 191 
- hydrogen 167-168 
- mesons 180 
- positronium 169-170 

Hyperon 33 

Identical partides 1, 43,66, 183-184. 198 
ILC 6,401 
Impact parameter 199-201 
Inclusive 199 



J ndetenniruocy 3 
IndistinguisJu.bte particles I . •  3. 66. 

183-18-4 
Inel�$tic. sattering 199 
Inertial fram� 89 
Intermediat� vector boson 47_<43. 59_60 

- Sualso W; Z 
Internal line 63. 243 
Internal momenu 2U-214 
Internal qlUnlUm number 142 
Intem.t1 symmetry 117. 119. 129-110.411 
Intrinsic angular momentum 120 
Inlerl;«ting storage rings S 
Invarianc� 117 
Invariant 93-96. 1()4-107. 110 
Inverse beU d«ay 27. 309. 3S8 
Inverse Lor�ntz transformation 90. 109 
Inversion 139 
Inverted spectrum 396 
loniution 4.8 
Irreducible representation 119 
lsospin 129-136. 156. 365 

- weak 341-344 
Isotope IS 
Isotopic spin: su lsospin 

j 
J /. meson: su • meson. Charmonium 
let SO. 276 
lordan form 384 

• 
K meson 31. 34. 145-ISI 

- KI. K.! 146-1.7 
- Kt. Ks 147-149 

K�on; _ K meson 
KEK 43. 47.1<43 
Ket 3. 121 
Kinetic energy 99. 101. 373 
K1�in-Gordon eqlUtiOn 225-227. 240. 35S 
K1ein-Nishina formula 272 
KM m.atrix: su CKM mattix 
Kobayashi-MaskaWiJ matrix: su CKM matrix 
KronKktr ddta 155 

Lagrangian 357 
- classical 353-354 
- Dirac 3S5-356. 383 
_ Fi�ld theory 354-358 
- Free 369 
- Interaction ].69 
_ Klein-Gordon 3SS. 383 
- M_ll 3S7-36O 

- pfOC,J 356-3S7 
- QCD }66-}68 
- QED 358 
- R�ati¥i$tic 35.-358 
_ Supersymmetric 412.420 
- Yang-Mills 36S 
- Yukawa 38S 

ugr.lIlgian density 35 •. 357 
- Su .. IS<! Lagrangian 

Lamb. W. E. H.I66 

1m/ex 1447 

umbshift 18.166. 170. 194-195.220.266 
1\ (cosmological consunl) 417 
A (QCD sale) JOI 
A baryon 31-34 
A malrilc 93 
A, b.uyon .6-47 
.I. matrices 286-287 
undscape 414 
1..elIding log �pproxim .. tion 299 
Lederman. L M. '19. 1.7, 402 
�. T. D. 60, !}6, 142 
Left·handed 28. 137-138. 324. 339-342 
Left·handed doubl�t 343-344 
Leptogmesis 411 
Lepton 3, 19,30,45,47.49,122 

_ generations 10 .• 9 
- number 28.81, <408-409 
- uble JO,49 
_ �ak interactions 307. 310, 329-H7 
- Sa also Electron: Muon; N�utrino: T�u 

Leptonk deay 325 
Leploquuk 407-408 
Levi·Civita symbol ISS. 253, 271 
tHC 6, 47. 52.401. 403. 412-413,416-.17 
lifetime 79_80, 91, 197_198,212 

_ II 214-215 
- channonium 44 
- kaon 147 
- muon 313-315 
_ neutron 319-321 
- (1- 57 
- pion 323-324 
_ positronium 171,261. 420 
- proton 32-33. <406, <108, 420 
- sun 387,399 
- ze 51, H7. 350-351 
- Su.uso Deay 

LightqlUrk 159. 176 
Lightqu�rkbaryon 159, 181-193 
Li&htquarkm�on IS9, 176-180 
Lightlih 9S 
Uncar conidcr 5 
Unear·plus-Coulomb potenti.al 173 
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Local gau8� inv;r;rianc� 3, 358-363 
loc;ol gauge mmsfonnation 367 
Local phase invariance 360 
Logarithmic di�rgence 219,263 
Longitudinal polari:wotion 138, 307. 380 
Loop diagram 70. 166-167, 263, 288, 

298-299 

Lorentz gauge 240, 286. 307 
Lorentzcontndion 91-92 
Lorentz group liS 
Lorentz traos[onnations 89-93 
l<Jwering operator IS6 
Luminosity 202-203, 261 

m 
Mtheory 414 
Magnetic form factor 283-284 
Magnetic moment ISO, 165 

- anomalous 18, 266 
- b.aryons 89-190, 195-1% 
- electron 165 
- proton 168 

Magnetic monopole 409 
Majonna neutrino 28,273. 3%. 407 
Mandelst;am \t,I;irabl� 113 

Marsho..k, R. E. 19 
Mass fonnubs 

- baryons 191-193,195-1% 
- Coleman-Glashow 57 
- Gell·Mann-Okubo 56-57 
- Higgs 403 

- mesons 179-180.195 
- pion 56 
- quarkonium 171-176 

- WandZ 331 
Mns SI 

- b.ne 58, 135-136,220 

- constituent 58, 135-136, 180, 190, 
193 

- effective 135-136, 180,220 
- eigenstate 328, 391, 31'7-398 
- Higgs 403,412 
- matrix 362 

- neutral kaon 147 
- neutrino 31'5-3% 
- nonconservation 101-103 
- origin 381,402 

- physiC<lI 211'-220 
- quark 135-136, 180 

- relativistic 99, 101 
- r�norm;oli� 67,220-221,266 

- running 220 
- sh�U 65, 213 
- tenn 372-375 

- virtu;ol p;lrtid� 6S 
- WIMP 416 

Massive gauge field 372, 402 
Massless pilrtide 2, 21'-30, 9'9-100, 

138-139, 241. 308, 359-361. 377, 380, 392 
Matrix elem�n\ 203 
Maner-antimaner asymmetry 21,23,51, 

148,409-411 
Maxim;ol pilrity violation 137, 148, 309 
Maxwell, J, c. 84 
Maxwell tagrangi,m 357-359 
MaxwelJ's equations 238-239, 357-358 
Mechanics 2 
Mediator 18,47-48, 59-60, 67, 122, 307, 

315,407 
- See "Ise Gluon; Graviton; In\ermediat� 

vector boson; Photon; Pioo; W; Z 
Meson 15, 18-20, 30-31, 35, 40, 44, 

122-123, 176-180 
- mass 171'-180 
- non�t 31'-'H 
- octet 35-36,41 

Metric 93-94, 252 
Millikan, R. A, 16,41 
Minimal coupling 360 
Minkowski metric 93-94, 228 
Mirrorimag� 136-137,144, 148 
Missingmass 415-416 
Mixed t�nsor 96 
Mixing 

_ fIJ/Bo 145, 149 

- KO/Ko 391-394, 399 
- matriJr: 329,397-398 
- neutrino 391-394 
- �utral mesons 145, 149 

MNS matrix 397-398 

Moller scattering 61, 246 
Momentum 97 

- conservation 64, SO, 97-101, 117, 
213, 244 

- four-vector 98 
- opuitor 226 

- relativistic 96-100 

- spilc� 234, 370 
Mott scanering 245-246, 254-255 
M5M 402-406,419 
MSW �ffect 392 

Multipl�t 130 
Multiplicativ� quantum number 141, 143 
Multiplicity 130 
Muon 19,26-30,310-315 
Muon decay 25-29, 75, 310-315, 394-395, 

'" 
Muon n�utrino 29 



Muon number 29,49 

Muonium ]69 

" 
N: sa Nucl...,n 
", sa Neutron 
u: see Neutrino 
NNdermeyer, S. ]9 

Ne'em�n, Y. 35 

Neg.ative enerSl' sl<ite 21, 230 

Neutm weak intfi�ction 72-74, 308, 

329-)38, l43 

Neutralino 416 

Neutrino IS, 23-30, 1J7-1l9, 389, 415-416 

Neutrino m�ss 395-396 

Neutrino oscilbtions 30, 52, 74, 387-398 

Neutrinoless double beta-deay 396 

Neutrino-electron SGltlering 72-73 

Neutrino-nucleon SGlrtering n 
Neutron 15, 22. 29, 76, 129-130, 150, 

315-321 

Neutron electric dipole moment 411 

Ninth gluon 285-286, 368 

Noether's th...,rem 116-117, 383_384 

Nombelian gauge 365 

Nonet )9-41 

Nonkptonicdeuy 77,325-326 

Nonn:diution 
- Dine spinor 233. 237, 2&9 

- Pauli spinor 126 

- polariution vector 24),348 

- wave funo::tion ]60 

November revolution 44-47 

Nucleon 119-130 

- Ste..Iso Neutron: Proton 
Nucleon-nucleon sattering 131-132 

Nucleus 14-15,18,42, 56, 167 

• 
0(,,) 118-119,153 

Octet 35,41, 179 

- See .. 1so Baryon; Color. Gluon; Meson 
a- baryon 37-38, 57,88, 111 

'" meson 31, 177-179 

Oppenheimer, /' R, 19 

Orthogonal matrix 1 ]8-119 

Orthogonal pobriutions 242, 348 

Orthogonal spinon 268 
Oscill�tion$ 390-392 

OZI rule 82-84, 88, 17<4 

P P:. sa Parity 

'mlu 

Pair annihilation 2J. 62, 65, 170-171. 2<46, 

256-261, 29-4-298 

PaiT production 62,2<46 

P�is, A. 33-3<4, 1<45_1<47 

P�rily 136-1<42, 157 

- baryon 1<41 

- boson 141 

- conservation 7),1<4]-142, 309 

- fermion 141 

- invariance 116, 139 

- meson 141 

- oper;!ltor, oper;!ltor 1J9-1<41, 236 

- particle/antip;orticle 141 

- photon 141 

- qIQrk 141 

- violation 73. 136-1l9, 142, 148, 309 

Particle 1<47 

- a 5, 14, 156 

- antineutrino 24, 27,128 

- antineutron 21 

- antiproton 21 

- B meson 47, 148-149 

- B, meson 47 

- B, meson 47 

- " (bottom) qu;.rk 47 

- fJ: sa Electron: Positron 
- ' (ch�nn) qIQrk 44 
- Dmeson 47 

- D, meson 47 

- d (down) qu;.rk 39 
- IJ. baryon l3. III 
- deutfion 4), 103, 130-131. ]94, J.88 
- electron 1l, 150 

- I)  meson 31, 177-179 

- ,,'meson 41, ]n-179 

- ", �on 298, 306 

- y: see Photon 
- gtoon SO 
- graviton 18,49,59-60,414 

-J orJI+: see ", meson 

- K meson 31 

- �rged 31 

- neurral 31, 145-149, 151 

- bon: see K meson 
- A baryon 31-3<4, n 

- A� baryon 47 

- A, baryon <46-47 

- /I. (muon) 19,26-30, 310-315 

- u (neutrino) 15,23-30,1l7-H9, 

389, 415-416 

- neutron 15,76, 129, ISO, 315-321 

- nucleon ]29-130 

- O- wryon 37-38, 57, n,88, 111 

- Of baryon 47 

/'"  



450 l ind/!}( 
Particle (con/d.) 

- wm<':SOn 31, 177-179 
- ¢; m<':SOn 31, 83. 177-179 
- photon 15-18, 49, 59-60 
- 11: meson 19-20. 26-29. 178. 

321-324 
- pion: su "  m<':SOn 
- positron 5, IS, 21-22 
- proton 4.15. 32-33 
- oJ! meson 44. 82-84, 174-175 

- S", a/S() Charmonium 
- p meson 31, 178 
- s (strange) quark 39 
- 1: lnryon 33-}4 
- 1:� baryon 47 
- 1:< baryon 47 
- I (top) quark 47 
- r l<':pton 47 
- .. (up) quark 39 
- Y meson 47, SS, 175-176, 195 

- S", also Bottomonium 
- W 48-49 
- 3 baryon 33-}4 
- 3) baryon 47 
- 3, baryon 47 
- Z 48-49, 350-351 

PIlrtick Physics Booklet 10-11, 47 
Parton 44 

- Set illS() Gluon; Quark 
Pauli. W. 15, 24, 139.219.227 
Pauli (spin) Imltrices 127. ISS. 228. 363. 

433-4}4 
Pauli (exclusion) principle 1. 3,21. 37. 

43-44, 122. 130. 183-184 
PCAC hypothesis 320,326 
Penguin diagram 148,157,410 
Pentaquark 43 
Perturbation theory 373 
Phase transformation 3�-360 
Phasespate 203-205. 209. 323-324 
'" meson 31. 177-179 
Photino 52,412 
Photoelectric effect 16, 18 
Photon 15-18, 49, 59-60,238-241 
Pion 19-20, 26-29, �. 178, 321-324 
Pion decay constant 322-323 
Planck, M. 15-16 
Planck formula 16,100,163 
Planck's constant 6, 16 
Planck scale 413,420 
Plane wave 231. 240 
Point particle 220 
PoLuvector 139-141 
Polariution 138, 147, 307 

Polarization vector 240. 242-243, 286. 307 
PontecOlvo, B. 390 
Positron 5, IS, 21-22, 230 
Positronium 169-172,195-196 
Potential 

- Coulomb 162,202 
- four·vector 239 
- linear·plus·CouIomb 173.195 
- quark-quark 173, 289-294 
- vector 239 

Pot/:ntial energ)' 159-160.373 
Powell, C. F. 19-20, 25-26 
ppchain 3SS-390 
Primitive V<':rtI:X 60-61, 64-67, 72-75. 

78-80, 212,308 
Principal quantum number 163 
Proc:a equation 225, 356-357 
Projection operator 339, 349 
Propagator 213, 369-370.437 

- electron 244 
- gluon 288 
- modified 263. 336 
- photon 244 
- quark 288 
- spin zero 213. 370 
- spin one-half 244, 370 
- spin one 

- massive 308, 370 
- massless 244, 371 

- unstable particle 336 
- Wand Z 308, 333. 336 

Proper time 96 
Proper velocity %-97 
Proton 4.15, 32-33. 129-130 
Pseudoscal;o.r 140-141, 236-237 
Pseudoscalarm<':SOn 35-36. 122-123.177 
Pseudovector 139-141.237 
oJ! meson 44, 174-175 

- Set Il/'" Charmonium 

q 
Q: sa Charge, electric 
QCD (quantum chromodynamits) 3, 66-71, 

173. 283-JOI, 366-369 
QED (quantum electrodynamics) 3, 60-66, 

165. 225-273 
Quantum 16, 19. 369 
Quantum field theory 2. 10, 17. 20-21. 52, 

122. ISO. 159 
Quantum mechanics 2, 17, 20, 100, 

120. 159 
Quark 3. 37.45.49, 122 

- b (bottom) 47 
- , (charm) 44-45 



- confi�m"'nt 42-44,71-72 
- constitu",nt 58 
- d {down) 39 
- f� 41-44,72 
- m�sses 51, 58, 135-136 
- mod",] 37-44,47 
- num�r 81 
- p�rity 141 
- s",� 320 
- s"'�n:h 41-44 
- 5 (strang"') 39 
- I (top) 47 
- u (up) 39 
- tab]", 49 
- val",nc", 320 
- w",�k inluactions 324-337 

- Su.me. p�rticl"'$ 
Quuk·gluon plasm� 71 
Qwrk-quark int"'r�ction 289-294 
Quarkonium 169, 171-176 

- Su aha Bottomonium: Channonium 
Quasi·boundmt", 174-175.195 

, 
R 278-280 
Rabi. l. l. 30. 163 
R.oIdi;o] equ�tion 161 
R.oIdiativ", corr""tion 166 
R�ising operator 156 
R.oIng'" 18-19,48, >6, 285 
Rank 95-96 
R",actor 5, 27 
R",al particl", 63.65 
R..,(Iuc..,(l mass 169 
R",fI""tion 139 
R"'8ulariz;otion 219 
R",]ativistic cOTr""tion 165 
Rdativistic ",n",rgy 98-99 
Re!�tivistic mass 99 
Relativistic m""hanics 2 
Relativistic momentum 98 
Rd�tivistic system 159-160 
Rdativity 2. 89-113 
Reines, F. 27 
Renonn�lization 219-221, 262-267. 

298-301 
Repr�ntation 119,128,199 
Resonance 133, 156.279 
Rest energy 99. 102 
Review of Partidt Phyrics 10-11 
p meson 31. 178 
Richter, B. 44 
Right·hand..,(l 28. 137-138,324. 

339-l4O, 342 

Rochester, G. D. 30-31 
Rosenbluth fonnula 283, 303 
Rotation 117-118 
Rotation curve 414-415 
Rotation group 118-119.128.154 
Rotation m�trix 154_155 
Rubbi�. C. 48, 332 

Index 1 451 

Running coupling constant 68.84-85. 220. 
265-266, 301. 405-406, 412 

Running mass 220 
Rutherford, E. 14-15. 42-43 
Rutherford sOl.ttering 14-15,42-43. 202. 

245-246, 254-255 
Ryd�rg ronnula 163 

, 
S (strangeness) 34-35,40-41 
5 (strange) quark 39 
Salam. A. 48.60,84,330,338 
Sakharov, A. D. 409 
Scalar 123. 237 

- Su also Invariant 
Scmr product 94-95 
SOI.ttering 2, 197-203.430-431 

- A + A  .... B + B  215-217 
- Bhabha 62.86, 246 
- Compton 17-18, 62,86,113, 246, 

249. 271-272 
- cross section 132-133 
- deep inelastic 42-43 
- Iklbrucl< 86 
- elastic 199 
- eledron-e]""tron 246, 266.271 
- electron-muon 245-246, 252_255. 

265. 271 
- electron-positron 246-248, 

256-261, 275-279. 335-337 
- electron-proton 255, 279-283 
- gIuon-gluon 306 
- hard spher'" 200-202 
- inelastic 199 
- Moller 61,246 
- Mott 245-246, 254-255 
- neutrino·electron 309-310, 

330-334,392-393 
- nucleon-nucleon 131-132 
- pion-nucleon 132-133.156 
- Rutherford 14-15,42-43,202. 

245-246, 254-255 
- S •• also Collisions: Golden Rule 

SOI.ttering amplitud'" 132-133 
Scattering angle 17, 199-203 
Scatt",ring ""nter 200-201 



.. S2! ,ndex 
Schr&linger equation 159-162, 

225-227,230 

Schwinger,l,S, 60,165-166, 219 
Screming 68-69, 85, 167, 266, 299 

Se� quark 320 
See-s�w mech<mism 396 
SelKtron 52 
Self.energy 217 
Semileptonic deay 75,325-326, 350 
Separation ofvuiablcs 160-161 
Sextet 293 

t b�ryon 33-34 
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