Keview: K(/u'/l'é?o'mllfw D) rac ,_??:25_ . @
g Our wb7 L(./O'fo (’&//(,u,/a)Lr(V(7 the oss

kﬁg'/c Wkt

e I o Lo ete >yt in RED. Freed Lo
have to veviews relabivistic wwave ?’Ms for spin-O
(’K(’“(”‘é"”"”(”“”) d/ma[ fP""* /2 Pa_/‘/—:'cbs (D,‘rag)'
Tlis #s just to ¢ evuind. yOou of notratror | for
& wmore CWVQW&/R e vie CcOomsult Yo
)&a.,-\/o\/"l-e book. eg.

Mamdl +Stom , QET  (easlychaps, Prpprevodix all

P oy fayorite 2@?1,
-{.AH:-?US‘OQ + l\-«% écw_?t—”‘- in PMif\__aﬁfz/-S((,h.Bjﬁﬁeél—z f
‘ . also ca. ‘f)

Ly Leed for Heese notes

C¥ Re(w“ ":S)% @am /ML.M—:_‘:::E;

Bjov ke~ &-~:l)f£”/
(Lo classic,

ert

® WV\-@MM -eq‘m ¢(x> |
v froasbimst b im0 okl

-6 egwn 15 1005/"{/&" WA e 4
iy 7 $tat sas{des

ﬂvgpol‘d s 4o have aw -27'n

21"_)\3‘11-\—‘/\'\?‘ |

O €7 "¢




cr\ﬁcs 22>

n /%Z?é :(___ VLf— MZ)¢ \\

‘\

oY, " a)\(oxiaai\’ ﬂOWOﬂ (YCCéll d I—;QMJM>
[(G L ‘MZ) d)(l) 307 )Cbu'n—@wal&n ét?'w

L~

Nede Juax PH fo so (fz'«— 1)?5 =0 as r&7u,a'rco‘,

(omments
— (Pb{) u_),‘ it hQCc}‘VV“—C & q MW #feld o0 ‘0 W, I‘(’ w,'//

st sstﬁ e KG e7'n) UJ&u‘éA Lot he 4lee ~e7'rl‘ a£

O mo-h'o Haok (orreS  froe e u?rwﬁr’an oLursM%
_-ms s a f/,u, LR Ve e7'n —10 /'delrbng, Z+

wa g/ S ¢(x)~c“'P"<.

Thave Loev=t e—r.'ﬂ |‘mxuy aJl [Q‘./\ols oF Prob(/ew& a@s
W[ Ho fack +hot E= FJFE roull e »o
ro b@b/'&% AM;,;% PORS

< Ao

| /ha s ? [ .
sociates
f ikt 2

as o ' c ouse u.Mc—Q . P

not /-.:osrié‘a dﬂlfv’;«uilef—mof a 7000/ fca}u/

o protability densify, Sufhice 4 fo Sa
e ewsway §olns o reiwlapreted

. 7 '
‘ ‘particles o Hlewve's ﬂOP""é,&”"‘ ” ’
s W)LP - Se- A Lebison +;L,47/év o nile é(/fw“f'ro?,,




— Tlhe ¥-6 &7'1/\ 1S Saylﬂ‘&F{’al loxl each CMPO“'-‘-"j b_# i
(- e photon freld in Lored® gaiee (iee boto)
—S’P>n—, ‘F"C[AS 'MC d,?so?:"b,{d, by %QV-A/«-\/{()‘O‘YS") \ébtccl
a5 A for Huc photern. Kecall Hhak He clrssical
| 67‘94 o\C_, oo 7@*/ A is (0'3/140 SOWC,c;)
LA*-0™(3, A7) =0
In lLoveud= 30_,..47{’ QVAV: O) M,aaﬁk waupowuj

ol A SOJLI‘%C-’fs JAe macsless K& ' ,
— ¢ st be (a—m.’D[z.X 720 a‘lﬂswl‘bid f_,(Aa—:;-e;-{ fa'ja-—f %vlﬂ/O/.

ZD:‘Vac, Eo'n

- ‘ l‘f‘ _A‘—/M
ﬁ'f‘P‘AOu?L\ ¢lee K- Mf?"«‘l"(\/«' W7y Pfaé%w’l jo

- QM} to! e o red barrlin9, e Jdd (QaO\__@_',%fe. -
O o ol el ot o ST

R SV (e e elxctvon, Bt .-I-) ,,z:froo) Y |
-1 \ | o v

’ oA o houe ke e ewarqy s0(ns, Suda ts Scaeunce
i Tlds e D?;je L eveal e ' ¢ Fes%wu-e& lea
edstenc of o positvon (@ holeindhe Dirac 44,

4 RA- rc?k}
, s

o kG ‘P{Db(zm/l L-}/ ne a0 cnrvy Ms,,q.} W;
because 4's @ Zne prdlars £7'n, g0 D1rac Loojo |
for a ]zl‘ ordar ¢7'n. (D heen 4// B S Sa{ol G-

(see 'ﬂ"fls), e elecdron Lielal ‘-;LO() /6 R »‘Jvcomfowui

inor & (0\
pirer e Y6 - “fg

Cr ¢
| p

| J«@SV/’A&J by e eq Iz



-
&(‘: X'MQ/A “""‘)Lll’(x) 207 Mirac 27',,

C
;

Lo ke

I

“w o= @ 3! : o
). 4 ()’) v a/)? >3) L ‘

e O)F- L«JlAJ(;/{{\ ICEE s jg QA ‘fK‘lL Md.:“rl'x/,
tn e, Spinor Space, The mass m {5 understeod
to bz MH‘)PUC&[ W_Q 4}(4 :M‘Lb, V‘Laj\"b’l,)(, Te be-
exp i ) iY°99 M2ons /'?(M«

IY: )/102 a/, 3 )'/ ‘; ‘L @O \l/'

27(\; 9/:7/ e | (:aDL{’Z
0 "o » C 30’7‘3
- )Ltf‘ - . 7/.11_( : 3042\

%;fNDM\Wf: Tt are fovo pinds af index boe
~ lopetz ndex: Has is ploin old ndax

v doveckor 1OBMPB LTt~ wn S 9T (9453

- Dirac \UAJVQX Ve cs—M co{)’CiFoV\AJ‘V\Ol o +ae S"PFAO"
spac | e.q. LPL (i=1,23,¢) (T dsv X '7u\a_f¢,m)-e&

‘H/\OJ":C’” alwa,‘,ls wse wn (VV&L'»M%‘”)
o Loreniz
=) 3;/4 oS Fho L) elomaend of F~

{

Dirae




2.3

Mave nomenelatare @ A [ vector condmracted wadl,
O dhe F-madvices 15 o riHen as

Y, = ?{' ("a S(a%”)
o e Lo LOrte e Dirac e7’m as .
Li?—M)%{x) =0

tack obbar Hhough.) Zud

(tlus 'M V\"(AA.“y olowna wheu Y's aw cauJ‘Yac)"@k i

N\ma-/\ YM.DJ{'"QS
o e T madbrieo
| A/ﬂb Mer T me b you L% .

]C':S e Q:ﬁ____J" Canwj@'om

, ?(:D/M) )/VJZ = yHy Ty 5t ?—3’0.)

;§ [Olevte 3""’ 'S A% oLt—f——lMol abov < and 47&4" Touy 1S

P assuemed ¥o WH.,@L,( Hee rh,s, Tlas MCMM&
elin is a st M&daf Nc?wf"/\cl‘ g’ 'P"“V“ ie&@-o«-]

A/SCussnom O][ Ho Dirac «7"7

ﬂ,uv«c ayve KR blM((/\ o.r us—c{:vd 'f-&lGJHOAS +Fraca ~I—f~zorems
iv\\M‘\/u‘V\o' oo ¥ metrices et we Y‘bFroW hsv e

( {—\-(om qug The tacws shoco op [ omatoriy elrwio.
tede o lastons, Al of e a(a)’-‘Ws fo /o S

e Mcwa}a.),ﬂc}m re | 0s:




2.3

(ﬂ 4/[«44.—7;'4 1”&07 ‘ble o dhae (CSFL—IﬁS \/DL/L ¢ A -é-.m_a(
Heewmn ' 0./%-«7 ‘[4%(0{ \PLQOV/ Wﬁw \PL—t.o-/y koo, )

\ l

A.2 Dirac Matrices : : \
The Dirac y-matrices satisfy the anticommutation relations

{7} =7y + 9y = 29", (A.2.1)
so that

Pre=4-1, (A22)

where 1 isthe 4 x 4 identity matrix. In contexts in which the matrix character “
of I is obvious, it will be convenient simply to write 1. Other useful identities |
follow at once from the anticommutation relations: , |

!
‘ [ 7] = #77 — 7Y =20"9" — v'¢"); (A2.3)
i

YW= =2, (A29)
YV¥e¥ = 4,5 - (A2.5) 1
PVTo¥eln = =207, 00 (A.26) |
PVTVedeFn = 20:07,7e + Ya¥hsYo): (A2.7) |

|  The spin tensor is -

o = (D[ 7] = i — "), (A210) |
for which - - ‘
[o*",y] = 2i(y"g" — v"g"). (A2.11)
0 I P =iy =~ =rs - \
L) "= (i/8))epe? VY |
‘\ = (/40" Y0 e A215)
|

where the Levi-Civita tensor is defined as

—1, for odd permutations (A216) |
0, otherwise, ‘
and & = —g,,,,. Evidently

nvpe =

‘ +1, for even permutations of 0123 \
\:

|

|

s =1, | (A217) |
d : |
" (%7} =0. (A218) |

Some useful results from tensor calculus are these:

1, A=v |
1. — ’

949, =8 = {0, otherwise (A3.12)

—E e = ONOROY — OE5Y) — MBS — O45}) + SXBLSY, — 818Y);
— 8 gy = 23] — 825Y);

- elﬁr\'e.,” = 65: ’

(A3.13)
(A3.14)

. ‘ (A.3.15)
(:/5 o ey =24 (A.3.16)




Z.32
In evaluating the traces of products of y-matrices that occur in the com-

putation of transition matrix elements, the following theorems are useful:

tr(l)=4 & : (A3.1)

- tr(AB) =tr(BA) (A32)
” try)=0 . » (A33)
tr(odd number of y's) =0 L— (A.34)

v,y =4 &— (A.3.53)

w(@h)=4a- b€ : (A.3.5b)
—*?tr(v,.vvv,v.)=4[g,.vg,,—g,.,,gv,+g,,,gv,] (A.3.6a)

tr(dbid) = 4@ b)(c - d)—(a- )b - d)+(a-d)b- 0] (A3.6b)

tr(ys)=0 (A3

tr(ysy,) =0 - (A.3.8)

tr(ys7,7) =0 (A.39)

tr(ysy,0v7,) =0 (A.3.10)

tr(YsYuYvYoYe) = 4i8uvpe (A3.11a)

tr(y sdbéd) = 4it,, 00" b"c?d’ (A.3.11b)

Derivations and extensions of these results may be found in many places,
including Section 7.2 of Bjorken and Drell! and Section 28 of Berestetskii
et al.?
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