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Spin in Particle Physics

Motivated by recent dramatic developments in the field, this book provides a thorough
introduction to spin and its role in elementary particle physics. Starting with a simple
pedagogical introduction to spin and its relativistic generalization, the author successfully
avoids the obscurity and impenetrability of traditional treatments of the subject. The
book surveys the main theoretical and experimental developments of recent years, as
well as discussing exciting plans for the future. Emphasis is placed on the importance of
spin-dependent measurements in testing QCD and the Standard Model.

This book will be of value to graduate students and researchers working in all areas
of quantum physics and particularly in elementary particle and high energy physics. It
is suitable as a supplementary text for graduate courses in theoretical and experimental
particle physics. This title, first published in 2001, has been reissued as an Open Access
publication on Cambridge Core.

ELLIOT LEADER is Emeritus Professor in The University of London and Visiting Professor
at Imperial College, London. He received his Ph.D. from the University of Cambridge and
in 1967 became Professor of Theoretical Physics at Westfield College, London. In 1984 he
took up the Chair of Theoretical Physics at Birkbeck College, London, where he worked
for 16 years. Professor Leader has done research in universities and laboratories throughout
the world, including CERN, Brookhaven, Fermilab, California Institute of Technology and
the Lawrence Radiation Laboratory, Berkeley. He has published numerous papers and
review articles, and is the joint author of two previous books. An Introduction to Gauge
Theories and the ‘New Physics’, CUP (1982) and A4n Introduction to Gauge Theories and
Modern Particle Physics, CUP (1996), both written with Enrico Predazzi.

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

$o188Y J aponand up urds 119pesT J G|
UONIPa puoas ‘$NSAYJ oursanap (("pd) WM M bl
sonupudpos3da)q winupnd AN ' PUB A0QUD) "N ‘A €]
$.40192313(J 21o114nd fo SIISAY Y[ U210 ‘(I TT
UONIPS pu0ods ‘soisdyd A34oug-ySif 4o/ sanbuuyoa ]
sisdppuly pIn “ZION " PUe 21010 "H oog N ¥ I9[3d W MMy d 11
so154yJ yavnQy Kavapf 19SIA\ g "IN PUB IBUOUBIN ‘A 'V 0T

uon|oi4 JO ‘epues TV pue 181 T'T 6
sousdyd 42p1jjoD puv D0 19qqeM ¥ g Pue SUIING [ M SHIH Y 8
19POJN punT Y[ (UOSSIdPUY ‘g L
uoypnby 423u1poay>s Y3 pup soISAYJ 211140 UNIRI 'Y PUB 3SSOID 'H 9
$4039932( 2puing uadniny Dy ¢
$9SS2204 PIAPE] puv D0 ‘UOHUDIOLA-d)) (T awnjoq ‘SoIsAyd
2]014DJ UIDPOJA] PUD Sa1I0d1 [ 23NV 01 UONONPO.JU] UY :1ZZepald “J PUe 19pedT ' ‘b

JOPOJN UODJ Y] PUD SIIIIDI MAN, Y1 ‘SUOIIODIdIU] YDIMOAIII)T [ dwnjoq ‘soisAyd
2101140 J UAIPOPN PUD SILIOAYT 23NDD 0 UOIINPOLIU] U 1ZZepald " PUR Ioped] ‘H '€
12poJN pippuviS Y1 fo sonupud(q ‘US|l g pue yomojon ‘g ‘enysouod [

$o18AYJ ourynan 1(-pa) INUWIM

— N

JoyspueT ‘A ‘d ‘UOSOL L :SIONpPY [BISUSD)

ST
ADOTONSOD ANV SOISAHd 4VATONN
‘SOISAHd AT1D1LdVd
NO SHIVIDONOW dDAIIdINVD

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

CAMBRIDGE

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

SSHYd ALISHIAINN P

IOATIINYO g

uopuo ‘2831100 oridduy

JHAVAT LOT'TTH

SOISAHd HA'IDLLAVd NI NIdS

@© in this web service Cambridge University Press & Assessment www.cambridge.org


www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

"% CAMBRIDGE

UNIVERSITY PRESS

Shaftesbury Road, Cambridge CB2 8EA, United Kingdom
One Liberty Plaza, 20th Floor, New York, NY 10006, USA
477 Williamstown Road, Port Melbourne, VIC 3207, Australia
314-321, 3rd Floor, Plot 3, Splendor Forum, Jasola District Centre, New Delhi - 110025, India
103 Penang Road, #05-06/07, Visioncrest Commercial, Singapore 238467
Cambridge University Press is part of Cambridge University Press & Assessment,
a department of the University of Cambridge.

We share the University’s mission to contribute to society through the pursuit of

education, learning and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9781009401999

DOI: 10.1017/9781009402040
© Elliot Leader 2001, 2023

This work is in copyright. It is subject to statutory exceptions and to the provisions
of relevant licensing agreements; with the exception of the Creative Commons version
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https://creativecommons.org/licenses/by-nc-nd/4.0

All versions of this work may contain content reproduced under license from third parties.
Permission to reproduce this third-party content must be obtained from these third-parties directly.

When citing this work, please include a reference to the DOI 10.1017/9781009402040

First published 2001
Reissued as OA 2023

A catalogue record for this publication is available from the British Library.

ISBN 978-1-009-40199-9 Hardback
ISBN 978-1-009-40201-9 Paperback

Cambridge University Press & Assessment has no responsibility for the persistence or accuracy of
URLs for external or third-party internet websites referred to in this publication
and does not guarantee that any content on such websites is, or will remain,
accurate or appropriate.

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

CAMBRIDGE

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

exlog oL

@© in this web service Cambridge University Press & Assessment www.cambridge.org


www.cambridge.org/9781009401999
www.cambridge.org

CAMBRIDGE

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

@© in this web service Cambridge University Press & Assessment www.cambridge.org


www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

HA
0g SUOIIOUN] 9ABM PUR SP[OL]  $'T
0€ vonednluos o1y ¢€€7
87 [esIaral owWI] 7€
LT fQed  1¢€T
LT SUOIBULIOJSURI) 9JQIOSIP o] €T
¥ uorssooard sewoy ], oYL $TT
T saponyed SSOSSB]N LTT
€z SUOISI[00 A3I0u2 Y3y ®II[N] 97T
€T UOIBULIOJSURIY qB] 01 JAD JO NWI| JNSIANR[AI-UON  S'TC
€T Qe 0} JND WOI] UONJRULIOJSURI], $'T'T
w d 03 ansoddo 10 Suofe 1s00g  ¢€TT
12 SOX® JO 1500q ZIUdI0 ] 2Ind TTT
0z soxe Jo uonelor aIng 7T
0z SUONBIOI JIJUSIA, pue JOIA Jo so[dwexqy 7T
81 SSEW 0J9Z-UOU [JIM SO[OINIBJ 12
8T SUOHOUN} JABM PUE SPRY
‘saje)s AYI[PY U0 SUOHEULIOJSUEBI) JJIIISIP pue ZIUIO JO 3939 YL ré
ST SSBUI 019Z YA soponIed €77
4l $01®)8
uids [eotuoued pue L1012y jo uoneladioyur reorsAyd oy 77l
11 SSEW 019Z-UOU UM SopIed [T1
L $s9001d onsIANR[RI B Ul A)oey pue uidg 7T
7 sotueyoaw wnjuenb onsianeaI-uou ul suonelol pue uidg 17T
I L1y pue uidg I
TIIAX SUOLIUAAUOD [DUOLIDION
TIAX STUIWIZPa|MOUNOY
AIX aopfadd

SJUdU0))

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics

Elliot Leader
Frontmatter

More Information

4]
[4]
08
6L
8L
9L
SL
SL
SL
tL
€L

L9
£9
19
09
6¢
65

86
LS
LS
9¢
IS
6v

8y
14
Ly
Ly
9y
144
134
87
oy
6¢
6t
8¢

133
123

SJUSWIS[® XLIJBW JO 2INIONIIS
£309Y) play ur sopnijduie uonIsuBi],

sopmydwe £3101[9Y J0J SUISSOI))

sopmyrdwe L1010y o) jo senradord ondeue swog
vonednluod a318y)  $TH

soponJed [eonjUSpP] €T

[eSISAQ1 QWILL, T'TP

fued  TTY

sapnydwe A3o179Y Jo sanzadord Answmwig

suorjoeal onse[sopnasd pue snseld 10j sepnjdure AJOIRH
sopmydure uonIsueay

$J0302A UIds JUBLIBAOD)
soponied o1els [euy Jo xujew ANsueq  TEE
soponted [enmul au3 10J XIBW AJISUdT [CE
UOIOBAI B I0J SWIEBI) 90U2IJ3l JO $0107))
siojoweted ojodinuw 10] me[ UOTJBUIIOJSURI], 7€
XLIJBW
A1suap LJIO1[0Y 9y} UO SUOIIBWLIOJSURI} ZJURIOT JO 100P2 oL, €T€
sigjourered sfodninuwr L1019y Jo uontuyd(q ¢'TE
X1yew AJIsuop A1o19y oyl Jo uonuygdq  [TE
9SBO J1ISIANB[AI AU T,
XLIJeW A)ISUap oY) Jo AyAnISOd €€
suojoyd pue sopnied 1-uldg Z1'T°€¢
I[qUIASTD
ue Jo uonezueod Jo 91els oY) JO UONBZLI2OEBIBYD JUBLIBAU] [[']°€
SIJLIJBW SISEQ JO $AJI0UD IYIO O T'¢
sIXe uoneznuenb oy 'd jo uonezieuoderg 1€
XIJ1ew A}JISUOp 9y} UO SUONBIOT JO 1090 3y, 8T°€
uvonezuejod ppo pue usAg  /'T'¢
saponired Jo SwalsAs paurquiod 10§ siojowered sjodniniy 9'1°¢
sigjowrered oodnnw oYy, §T°¢€
d SurfJroads sioouresed juopuadoput oYy,  $I°€
sod£y sponired TeI0ASS JO SWISAS pauIlquIo)  €T°¢
s 10 sonjradord [erousd owog  7IE
uonwge  IT¢
XIIJBW A}JISUSP JNSIANEB[RI-UOU Y T,
xtpewr £1sudp uids Y],

soponrednue 10) s)odnnuw uidsosy 74T
SP[oY 9y} JO SUONBWIOJSUBI} 9)2I0SIP oYL  [HC

Sua1u0))

9y
SY
vy
197

(44
1%

ve

£

(43

1A

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics

Elliot Leader
Frontmatter
More Information

861
POl
161
Lyl
124!
eyl
LET
eel
tel
0¢l
6C1

94!
§Cl
34!
(44!
0cl
611

S11
SI1
el
41!
(41!
LOT
S01
¥01
01
101
66
66
86
86
96

¥6
€6
[49
4

68
¢8
4]

X1

Swreaq AIenJIo) pue AIBpuUOddS PIZLIB[O]

suojordnue pue suojoid jo uonezueod Yoe[IsnH-UINS  $'€Q
o¥BUS UBLISQIS SYT  €°¢9

sopnted pazirejod Jo UONIBIS[EOIE AU) UL SOOI T'EC9
101094 uIds ueowW SNSIATIB[AI 9} JO SOIWRUA(  ['€9
soronted pazuejod Jo UOIIBIS[RIOE A,

s1agrey jol-sen 779

s1o81ey uoZold 179

s1981€1 uojoad pozuejod

5001n0s U030id pozire[od

suopey paziejod jo uononpoad Juyy,

Xirjew A)ISUap @iels [euy pue sisjoweied uonoesl WD 1SS
SUOTIOBAI 2AISN[OUI pue Jpantednny
$O[QBAISSqO oY) }SSuowe suone[ael IBsUI-UON

suonoeal paonpur g/ -uids pue uojoyd usamiaq uonddUUO) 9§
soronted uids-Areniqie « /1 uids + /1 uids suonoear oy €'9°¢

0 urds 4+ ¢ uids « g /1 utds + g /1 uids
pue z/1 ulds + ¢ uids « ¢ /1 uids + ¢ urds suonoear oYy,  7'9°G

¢/1 uids + z/1 uids « /1 wids + /7 uids uonoear oyl 1'9°
7/1 uids g saponed (BRIl JOJ WSIBWIO) UBISAIR)) (suonedrddy

s1gourered uonoear A10jeIoqe sy,
12818) pue Weaq pezue[od PHS
weaq pazuerodun 9o818) pozuelod €S
10818} pazirejodun ‘weaq pazuelod  THS
oyers [enul pezurejoduny 1§
s1ojoweled uonoeal D Y} JO UOHBUILIIGPD [BIUsWIadxy
s1ojowrered uonoear W) 9y} Jo sentadold 1€
s1ojowered uonoRaI [BIMWRUAP Y) PUR SA[RAIISAO D YL
1) = g TedU SJUTRN)SUOD WMUAWOW Jnfuy €76
SuonIpuod jyuey  ¢T¢
uonmygsg  1T¢
X1eur £)1susp A)ON9Y 23B1S [eUy YT
guraneos
UOIdNIP—-UOIANNIP PUL UOIONU-U0IANNIP 0) uonedddy  ¢T1°¢
urds A1eniqie jo sspnied 7S
Bur101380s UOIPNU—UOIPNN  ['TS
wo109y) [eondo pazijersuds oyfJ,
UOI)IEII B JO SIqLAIISqO I,

Ay - €9y
Surdnos 101094-[BIXE PUE 10J03A 79

JUOIIND IOJO0A B JO SJUOWIOM XINBN  ]9Y

SjUa3uU0’)

v'9

£9

9
19

8¢
LS

9¢
Y

123

1Y

(43

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

6T suonoeas uonjd 10j swins 1o $Z101
L8T D +5H < n+ o oy epmudwe oy €707
98¢ opniyidwe von(§-u oy} Jo armponns LAILIPH 10T
G8T 2INJONIIS IN0J00 YL 2101
¥8¢C sopmirpdwre wonBuN :Ad0O 101
182 Suuayeos voydwo)) uwoni3 OO 1107
6LT Sumaness uoydwo) A810u0 YSIy (O 0107
QLT sjonpoad Jourds 10J wonigjou pueyUoys 07
YL $10300A uonRZLIR[Od 801
£LT sioutds QAISSBIN L0
T "+ _a « 14 _a2 £310u0 31y :opdwexy 901
0Lz auI] UoIuwIe) & woly armonais urdg  ¢of
897 SUOTULIS] SSI[SSBUI 10 WAI0aY) A1oney oYL 0]
$97 s1ourds sso[ssewr jo snnofes ayl, 1€l
£9¢ soponied sso[ssewl 10 so[nJ UBWUAS] €0
792 apO ur aoueleAur 38nes (8007 TOT
1594 ao0 01 wononponul Jouq v 01
86T suojied ssossewl Jo ppioam Iy ur uids :sorureufpowolyo wmuend) 01
LST Arewumg €6
§ST ared yrenbyue—srenb « _a_s uonowvar ayl, 7T6
1874 Jred UOTWIISJNUB-UOIULIY) «— ,2_2 UONORAI YL,  [T6
6€C [OPOIN PJEPUBIS ) JO §1S9) UOISIOAL] TG
344 [oPOJA piepuelg oy} Jo Arewumg  I'6
¥€T SUOTIORIANUI YLIMOI)IIT 6
€T oouruosal p-ulds ® Jo Aeoop oponaed-soIyl T8
60T soueuosal p-ulds Jo Avoap opnied-om], 178
60T sapnred ojqeisun 7’8
$02 UMOUY JOU WSIUBYIOW UONORSyY 718
18T POOISISPUN WISIUBYOIW UONOBY  ['T'8
981 sopnied o[qe1s  1'8
¢8I Ansurejod :sa1eys pazuejod Jo sisA[euy 8
181 DTS e uonezueoq €L
oLl VddH 1e uonezuejod 7L
9LT dd7T e uonezueod  [7TL
9L1 VdHH Pue dHT Je UonezLe[od  T'L
cL1 sgutr o8e101s J0opr0dwy 17,
91 Suur
93®103s 109J32d B UT SUNEINOID SUOIINIR JOo uonezurejod [Inieu YT, 'L
$91 +2 pazurejod jo wondnpoxd dyJ, L
STUDIUO)) X

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

60y [opow pun oyl T'G¢l
80v s[opotu [edrojouswoudyd S¢J
86¢€ [epour uolred QDO pIepUBIs ) puokag €]
16€ AnowwAse urds-o[3urs 10J WSTUBYIIW SUI[O) €€
8]¢ soowiAse sosAyd-1jos yim [epowr uolred-(IDO prepuels 7€l
£8¢ soyoeordde [eonatoayy, T1€T
78¢ sarpowAse uids-oj3uls IsIaASUERI) JAISR[dUI dpNIRd-2UQ €1
GLE soLIjowtuAse ulds-om) aSIdAsuURL],  $'7T
GLE uononpoid uex-[[o1( 24aIssew urds-o[gurs Ld-1adre T ¢¢7l
1LE uononpoid M urds-o[Suts Ld-1o818 T 7T'ECTI
69¢ uononpoid (7 pue 4 uids-o[fuls Ld-[lewrg ['¢Cl
{9¢ sojowwiAse urds-o[durs jeurpmyiduo] Suneoma-Aied €71
69¢ Surroness uoipey—uolde] sasnuI-fwas 7Tl
79¢ ¢ pue &/ Jo uonodnpoid uex—[pId  ¥'TTI
8S¢ X_14] < dd uonoear uex eI oYL €TTI
LSE uononpoid uojoyd ydworg 777l
ss¢ Xt < dd 1771
75¢€ sojowwiAse urds-om) [eurpmuo] 7TT
6v€ yoeoidde [e1ouag :SUOIIORAI QAISN[OUI-IUUSS PUB JAISTOU] [T

gpc  J[eas adie[ Je soLpdwwiAse uids-a[Surs Sunepons-Aued pue urds-omy 4|

P {SWBaq OULIINU :2Iiny o4y, (1’17
343 (;0x)bLly 10] vonnoAy T1'6°T1

6€€ uoaonu ayj Jo arnjoniis owolred [e1ouasd oul, G617
9¢¢ ] < X PUB () « X SB INOIABYdg ['§T]

1€€ suonnqusip uoyred-pozirejod a3 :£Jojouswoudyd §'J7
LTE aouspuadop swoyds (1opIo JUIpeo] puokadg TL11

97¢ uonnN[oA? PuB SUONAI0d DO  L'I1T
443 Arewoue uon[3 oyl 79Tl

€Z¢ [epowr uolred oy ur sisto ulds v 19T

61¢ sist10 uids o) pue So[NI WNS ‘SUONIUNJ INIONIIS YY) JO SJUSWOIN 9T
L1€ (x)23 :uonezuerod asioasuel], TGIT

9]¢ (x)18 01 uonnquuod yienb oy :uonezuejod [BUIPNISUOT [¢T]

80¢ [epowr uolied 2y} Jo UONBZI[BIUSF ONAIOI-PPRI]  S'TT
<1} epow uoyred odwis oYy, 171
70€ SUOTOUNJ 2IMIONIIS PUB WSI[RULIO) [RISUID)  ¢'T]
662 Sumropeos onsepour dee@ YT
86C uononponuy 171
86T Surropeos opsepur doop paziaeod :wodpnu ) jo uids dyJ, 11
96C sopniidwe von[3-u jo seniedoid swog 97101

v6( OO « DD 10j Wns Inojo7 $CT°01

X SIUIUO0)

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

99% 0+0<— (/g +T/1V TOIV
S9p U/1+0<T/T+0 10TV
SO sapmpdwie A)21[9Y Y} 03 UONIBI IRY) puUB SUCHIIBII

snoliea 10§ s1pweled uonosear yudpuddopur Apredur Ay, o xipuaddy

13514 siojowrered uonowda
qe 2uuosiy 3y} 10J INJB[OUIWOU PUB uonejou pueypioys, ¢ xpuaddy

19¢ s10jewreled uonoeal qe] suuoSly oYl T8V
6SP siojowered uonoeal WD oYL T8V
65t s1apoweled uonoeal uBIsdIE) AP Jo sapsadoad Ansuwuig g xrpusddy
LSt IWZLIIWMZ% SIALYI0d YL, L Xxipuaddy
997 (wp) 1 g5 SHIAIY00 Y, 9 XIpuaddy
€Sy sopmipdure A)dIPY Ioj suonejou uowrwo)) § xipuaddy
494 sapmypdure Ajis19Asueny jo sonsadoid ondeue swog  ¢Hvy
1§97 sopnjrdwe A1ISI0ASURT) JO AIJOWWAS  7'HVY
oSt sopnydwie £)is10AsUBn JO UOBIIUYR( [HV
oSy sopmydure Kyisioasuel],  xipuaddy
6vv uonenbe dBII( YL EV
Lyy suonjenbs ppoy pue fiued €€V
ovp spley wmuenb opsiane[al o[qNparl] TEV
1444 Sp[oy wnuenb onsiAneRY '€V
b suonenbd dseam pue sppRy Jo sansddord mdg ¢ xrpuaddy
444 suonejuasardar 101004 pue Joulds U2MIq UONOAUUOD) €TV
(334 szouldg 7TV
LEY suorjejuesardal [euoisuawIp-auy syl 7V

LEP suonejudsasdar Jay) pue suoneulIojsULY) Z)udlo| snodudouroly 7 xipuaddy

%% 72 (9)"5;9 suofduny uone)oI dY} pue
dnoag wopejox ay) 1oy saduyew uoneyuasaxdar JqonpaL 3y, | xipuaddy

1§37 Arewung  ¢°¢pl

LTh SUOMJBAI AISOOXD Jo suoneordwio) 7' €¥]

4 moraeyaq snoldwAise o], T¢I

TP JOJSURI) WINJUIWOW 251e[ 1B 3UIo)eos oNse[d ¢4

(\Ya4 POIISTAST JOUQIQJIAIUT ONAUSeWONd9 Tl

¥t [eIoudd :IoJSURI} WNJUSWOW [[BWS ]

c1v S31319U9 YSIY Je SuULYBIS dUSB[] 4!

1487 syrewa1 Surpnpuo) ¢6¢]

8% [Ppowr uoIssadard sewoy ] Ul TSET
STUIUO0)) 45:4

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

14914 Xopuy

Q¥ S20UL 2y

£8P woI09y} jusweduelrIest zIal] oYl 97TV
18% SUOTWLIAY SSO[SSBIN STV
18 uoneyussazdor [Aom UL v IV
08t uonejuasardar yned—oeiq oYl €IV
8Ly SUOT)BWLIOJSUBI} Z)UIOT pue sioulds AJDIOH TZIV
9L¥ santadoid [eIdURD) 17TV
9Lt SJUPUR[ XIjew pue sioulds sen@  ZIV
5% aDO 10J sop1 uemwuAd YL [ Xipuaddy
Ly H2/€)-0 < (/1) -0 ur uonponpoid sourUOSaI UOAIRY O]V
1Ly +(T/1)-1 « 4(z/1)-0 ur vononpoxd uosaur 101907 §OTV
oLy suosaw Iejeasopnasd jo wononpoidoioyq $Q1v
99¢ 1 udsynm e g+ < g+V €01V
115:¢ SIUJU0))

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

ATX

moN uononpoid g/ Jo A100y) [nyssaoons & Jurpraoid Apjuosedde £qaroyy
‘poONpOIIUL SBM JUIWRDUBYUD 19)00-INO[0D 0F ‘suone[no[es (D I9[Suls
-InOJ09 3y} Jo suonoarpaid oy uey) I1931e] opniuIeW JO JOPIO UB UBY) dI0W
2q 0} punoj oFe JUOJ IOM SUOI}IIS-SSOID PAINSBAJA ‘SUOISI[[OD JTUOIPBY
ur uononpoid [/ JO AIOdU) OU) SSOUIIM IPIS QANONIISAP, Y} UQ
"‘UONIOBIAIUI YBIMOIIDI[Q U] JO MIIA [BIUdWepuny Jno uodn 109y9
punojoid & pey aaey (Sur111eds U0)0Id—U0I109[2 Ul ATIOWIWASE UOIIRZIIR]
-od TeurpniiSuo] oY) pue yjnwsiq ur uonejol [eondo fune[orr-Ljed oY)
‘§'9) sjuowrradxa 91BoIPp puk 9)ISIMbx2 [BI0A3S pUR ‘URISURISET JEaM A}
JO w10} YV — A 9y} Sunjensuowop Ul puk SUOIIOBIAIUI JBIM U} JO dINIONIIS
oy} Suneprond ur 9[01 Loy & pake[d sAey sjuswdInsSLaW uids puy ‘swesq
oy} jo uonezirejodop UBUOSAI Y} JO JUAWAINSBIW B WOIJ SIWO0D AFIdUd
weaq 9Y) JO UONBUIULIdIOP 9SI0a1d JSOow Y} SSI[OYIoUOU DISY) SWUIRIS
-01d urds snoLIds B U29Q JOAU SBY I3} YInoy) usAg ‘NYHD 18 IdpI[jod
d971 9y1 el 1O ‘uonenys pazuejodun ay) yum paredwod sonsnels oyl
ur ¢z Jo 10108J ® Surured o} judeAamnba oq 03 Ino suIn) wWeaq UOIIIJ[D
pazurejod ® Jo asn oY) 219yM ‘pIojur)S I JudwIdadxd (IS 9Y) WOl SOWOod

‘Ly000°0 F 190€T°0 = 9 Jurs

‘o[3ue S19quUIop) Y} JO JUDWAINSBIW 351021d JSOW S pIom
oYL TOPOIN PpiepuelS oy} jo sidjowered oyy ‘Ojdwexs IOJ ‘SSOUIIA\
"A109Y} ©® ons JO UONBOYLIdA
pUB UONBULIJUOD Y} Ul [00) [nyromod B SB SQWNOWOS ‘AI09Y] JUILIND
B JO oSIdp oy jo 1o3uiqiey 9y} se sawnowos Jurnoe ‘soisAyd opnred
ATe1uaws[d Jo 2118aY) AY) Ul 93[0I IPAH pue [[AYo[ onewelp e sAeyd uidg
‘A[daap £10A sOINIONIIS [BO1}AIOAY) Sulf[1opun oY)
2qoi1d 01 pu9) 210J219Y) suonoral Jo douapuadop uids a1} Jnoqe suonsan()
-9)nquyie [eoweyodw wnuenb e st oppnied e jJo ulds oy, sajonaed Aie)
-uawapa Jo sorsAyd ay) ur uonesrdwos Juneurose) pue [erIudsss ue st urdg

eJId

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

Topow uojied 9y} JO SUONIRZI[BISUIT O1OIOA}-P[Y [BIIUISSI
so1nmbos pue [opowr uoyred opdums oy} ur [[e je uoneur[dxo ou JARY O}
Jno swIn} (X)%3 UonoOUN AMONIS A} PUY A[BWIOUR [BIXE U} ‘KI02) Py
Jo 10odse doop ® 03 payur st pue [epow uoipred ojduwis ay) ur pajoadxd
uey) 9)Iqns aIow yonw ST (x)13 uonsuny arnjonys juspusdap-urds oyl Jo
AI09U} 9y, "S91BI JU2Ad Jo uondrpaid arowr oY) uey} £109Y) © 0) 23US[[BYD
punojoid arow ® sasod vuowousyd juspuedep-urds jo uoneuejdxa ay)
1By} punoj sem 11 urede 2ouQ -Surra)ess onseour doop ur sogo uids
JO AJOSU) SJoym 9U) [OAQ] [BIULWEPUNJ 2IOW B JB ‘QUIEXI-dI O] 1IOYd
[€01121091]} SNOWIOUS UB PIsA[BIBD puk sieek 201y} JuIMO[[o]J Y} 10J Py
o) ur 1oded [ejuswradxa pajd-jsowr oY) awreoaq uonedrqnd HNH YL
"}[NS3T 9ATINIUI-IIUNOD
jsowr & — uids s.uojoxd oyl Jo IyuSe auo jnoqe L[uo o3 dn pappe uojord
® ur syienb ay) Aq pewted surds oy} Jo wns Y} eyl ‘Suppeads A[esoo]
‘porduur juswirodxs oyj swiid) [opow wojyred opdwis ur pojordiguy 303
-1v) pozuejod A[eurpnyiuo] & uo wedq uoido] pazuejod Afjeurpnjiduo]
e Suisn ‘Furreyieos uorpey—uoldey snseppur deap uo ‘NYFD e yuswrad
-X9 S.UOnBIOQR[[0) Uon ueadoinyg oyl JO S}nsa1 AIBUIpIORNXD AY) £q
L86] Ul pauayeme A[opni sem JI Uoiym wWoIj ‘AjiAnoe Jo 2jels [inbuen
A[oAne[a1 v ojur payup sorsAyd uids sgge] A[189 pue sQLg] 2y Sunn(
'soponded [enyaia oy Jo urds oy £q paousngul yonw SI sweIserp uewuidq
Jo Inoraeyeq A31ous ydiy oyl 1Byl pue paroudl aq jou pinods uids jey)
AJTe3]0 pareNsSUOWAP SIUAWO[AID 19)B] 00} 2I9( Ing ‘AIOIY) UOTORINUI
Suoxs ur synsar juedoyrudis jo Ayqiqissod ay) ‘owir 1siy ) Ioj ‘19O 03
powaas jeyl yoeoldde ue sem SIY) (UONBIUISAIJOI WRIS[OPURIA ) pue
sopnyiidwe Jurralyess Jo soniodord ondreue oyl yitm SUIISAIM UL JOI[QI
reonoeld Swos JUI 1BY) MIIA B ‘uonedrdwod [erjuassaul ue st uids, jey)
S096T 91 Jo UBZ0[S paAo] yonwr B Aq pasrdsur sem souajuas Sutuado InQ
jwole oruadorpAy © ul Jurdnos § - T 29U JO UONIB[NO[ED JY] 0]
01921109 9/, ()6 © saonpoid 10352 onsianear Apind e 1ey) JUSWI)IR]S pUNoJ
1JO U} Ul 3JBIOYDIIM JO JUSWI[D SNOIISUOIUN UR ST 1Y) PIspU] 'SOIUBYOIIW
wnjuenb o sjy00qIx9) Ul ‘paure[dxe A[ares Jng ‘pauonUIW SABMIE ST YT M
‘uorsseoard sewoy [, oY) Aq peziwolids syrepid snoxeSuep AQ papunosIns
se uo0os oq 0) pue uonepidon yim popiedar 2q 01 Papudl Sey ‘uonmi
-Ul INO pre 0} JIWI| 0UdIPUodsorIod [BOISSB[O OU Sey I asnedeq ‘urdg
'suonodrpaid s3I YIm UondIpeIIuod ul elep
juspuadap-urds Jo ssew Surie[NWNOOL UR JO 998] AU} UI UOYRBYS A[9IOAIS SBM
‘sJU01J AUBW UO [MJSSa0ons A[YS1Y 9InIon)s [eoroI0dY) [NJIIneaq pue aInuo
ue ‘1Y ‘A1091) 9[0d 2339y Jo ased 2y} B 9[edSs AW IA3UO[ B U
JuowiIadxa pur A103Y) UIMIRq
JUQWIA2IFESIP SNOLISS B ST 910Y[) 1By} ‘paururIolop st saponied J/r 943 jo uon
-eZ1re[od Jo 9)e)s oY} UISIdUM ‘SJUAWIAINSBIW PAUYDL dIOW WOIJ INO SWIn) 11

AX aovfosd

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

-2or[dUoUIIos e SISPI[0d 2,2
ur suosysod pue SUOIIN9O PIZLIB[OJ “INO POLIIBD UG 9ARY Weaq uojoxd
Sunemod e ur jo31e) jol-sed pozuejod e Suisn syuowiradxy VYHH 1®
weaq Uonod[e Junenon ay) ur uonerddo ur st [[90 se3 pazurejod [njssadons
AySy v ‘Suracidwir os[e s GONONIISUOD 105I8)-PAZLIR[O "d[qe[IEAR 3q A[[®
-NJUIAL [[IM ‘swedq pazueodun Aep-juosard se Ajsudjul owes Y} A[Ieau
s pue ‘vonezuejod ¢,007] Isowfe Jo sweaq uojord 1eyl 153330 $20IN0S
pazuejod ur syuowaArordur] 's1eoA maf jsed oU) 1940 A[[eonieWIRIp PIA0Id
-w1 sey sjuawaInseaw uids Jo ASojouysd) oyl ‘oprs eonoeid Y} uQ

nogp
A[snopuaiioy st (DO UI SUONOBAI JAISN[OXS JO AI0JY) Y} :osnepd adeosd
ue SI 019U} ISBI[ JB 219U IJNg DI9A3S JIOW USAD SI suonoipaid snojdwkse
DO 2ATRU 23U} pUE IJJSURI] WNJUIWOW o3I 18 Jomod Jursd[eue o) uo
BIBP OU) U0OMIDQ JUdWAITeSIp oY) dd «— dd YI] SUOIIORII JAISN[OXD U]
"9sB2I00p B UoNS Jo Biep juasaid oy ur uSIs ou ST 919y) 1ok
‘595LOIOUT JOJSUBI) WNJUSWOW I} SB INO JIP ISNW SOLIJOWWASE 3U) 1B}
1o1pard swISIUBYOAW Yons [[y SWSsIuBYdoW 2AneqInirad-uou 9Jos ayoAul
0} SBY 2UO pue [9A3] otuolred oy} je YSIueA [[& saudwwise a1, ‘DO Jo
NIomawedy 3y} urgim uredxs 01 prey £19a a1 SYUSWIIAAXD 9891 ], ‘PIAISqO
aTe — {T9A[ %0t —%0¢€ Ul 18 — suonezrerod 10 saujowmAse uids uoxadAy
o8ny yorgm ur aels [enrul pazueodun ue ynm ‘y + UorddAy « dd 10
‘998181 J0 wWeaq uojoid pezuejod A[esroasuen B YIM ‘XU « d;d i
SIUOWILIIA X0 QAISNOUI-TWOS JO ABLIER 9[OYM B SISIXD 019Y ] -2oudpuadop uids
SurpieJar suonsanb Suizifeiue) ae 2191 ‘00) ‘so1sAyd oruospey Ajaind uf
‘suoIpey jo
armponns uids [euralur 2yl jo Surpueisiopun Ino 10j suonesydur punojoid
yum ‘Surre)yeos onsepoutl doap pazuejod Jo BId mou & oje[dwoiuod ued auo
‘SIYY YA “9[qIseo] s1o81e) pazirejod SUNBW SNy} 010Jq I9AD URY[) 19)B2I3
sowir} ,Of J0 (O] sexny ournnau sadnpoid jey) ‘Furr s3erols uonw e uodn
poseq ‘AI010B] OUMINAU B 100IIsU0d 0} J[qrssod aq Aew 11 jey) sivadde
mou 11 ‘Areurproenxo jsow ‘g jdigsopieq e ozirejod 0} moy mouy jou
S0P QUO — ®BIBP OULYNAU JO FIB[ JY) wWol) s1pns ‘uosredwrod £q ‘osed
pazuepod oy 1, 's1081e) suuojory onuesid Suunbor 1038 oyl (7a a4 24)
sauo [ennau pue (‘o) sweaq uoyds| padieyo yjoq Suisn parpmis 3q
ued Sunaedos onsejour deop pozurejodun jey) 10BJ oYyl 01 UyoNw SOMO
UOT}BULIOJUT SIY) JO [Ipeaiq puk Midap oy "sonueuApowroIyd wnjuenb
Jo sjoadse ureirao jo Surisal Ayl Ul pue SUOIPEY JO OINIONIIS [RUIAUI Y}
Jo Surpuejsispun Ino ur 9[01 [eurwss € pake[d sey sjuswrradxs Surrs)ieas
onsepaur dosp pazueodun JO SIpPEOIP WO PauB9[S UONBWIONI Y[
‘uaARy300Ig 1B uonjerado ojur awod Isnl sey yorym ‘OIHY pue VYHH 1®
SHINYAH ‘NYAD 18 SSVJdNOD ‘siuaurradxa Arerodwayuod jolew at)

palenwms 2ABY ‘UIn) ul YoIgM ‘ASAJ pPut NUTD DOVIS 1B sowweld
-ord Tejuowradxo oarssew pajenwins os[e juswiedxs HNG UL

aovfosd TAX

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

‘qqer) uo( ‘arowming [9SIN ‘@oung A119n) ‘A[p1Inog opne[) ‘uorgog
BUQJ ‘I00¢ [PIUB(] ‘OUIW[ISUY OINBIN ‘NI ISARY [ Paljousq ud)jo
oAey [ osnJadxo pue 201Ape asoym woaj pue sorsAyd oponied Arejuswals
Ul sjuswainseow juopuadop-urds jo doueliodwil pue JUSWAIOXD Y UI
Jorjeq Aw areys oym sanged[[oo jo dnoi3 e 01 pojqopur A[JeaId we |

SIS PI[MOUYOY

"SUONIOBAI [BI9ASS 10J So[qealasqo juapuadop-uids pue sopmyjdwe Ad1oy
juspuadopur A[1eaul] ay) uo pue (DO I0J SINI UBWUAD oY) UO ‘SIOLI LW
-4 a3 Jo suonejuasaidar snoLeA pPue SJUSWRR XLIjewW puk siourds oseiig
uo ‘sdnoig zjuoIo] PuUB UONRIOI 3Y) JO SUOTIBIUISAIADI a1} UO 80 ‘synsar
[nyasn Jo raquinu 931e © 19U1a30)1 paroyled aaey am saorpuadde ayy ujg

-99foxd o3 yIm pasooid 03 usye) oq
M uoIs1oap aansod e jeyl odoy AJuo ued opy “Aouamdiye Y3y yim Apnis
PINOD 11 SUONOBAI oY) JO SwiIdl ur DIHY 01 Areyusuwopdwos Anjnnesq
dn-10s [ejuowIadxad ue 100 903181 UOIONU pazure[od Paxy B YIM ‘pnom
pue Sune)jess uorpey—uoldsf onsepour deop pazurejod ur owdar mau AJ2uIm
-ud ue 210[dxo 0} A)[ORJ SnojAAIeW B opraoid pnom vYHH 18 wWedq
uojoxd oty azurejod o} 109foxd N-VIdH 2y ‘proye 1oyingy Sumnjooy

'suojoid A9D) Sz pozurerod jo
swreaq Surpi[od st Y ‘sorsAyd urds jo swidas Jo-pawrearpun A[IOWIO)
® Sunropdxs ‘onbrun 2q M DIHY ‘usAryyooIg 1€ IIPI[0d DIHY oY)
e NIdS-OTHY PUe NJID 1B SSVAINQD ‘Siuowiiadxs jo uoneroussd
mau oY) ul parojdxa aq [ ey} so1sAyd Funoxa 3y} JO JWOS SSNISIP IM
PUV "'VIHdH 18 SHINIHH PU® DVIS 18 ¢CTH PU® yS1H ‘tp1d ‘TH1d
‘NAAD 18 DINS pue DINA ‘s1edk maf 1sed ayy Jo syuowrradxa sorsAyd
-urds Jolew oY) WO pedrowd aAry Jey) s)[nsar so1sAyd Surduseyo pue
UOLI 91} A9AINS 9\ SUOIIOBIIIUI JBIMOIIIJ[S JO [OPOJA PIBpURIS ) JO
arnjonns o) Jo aqoid paugas A3y © Surpraoid ur pue OO Sunsal ur
sjuswainseow Juapuadap-urds jo souritodwr oyl JYINUSIY 01 Ysm M (€)
‘11e 11ed ‘00usIos
11ed 99 031 SWA9S YOIYM InOoABIpUL Furnunuod e ‘sorsAyd uids jo apis
reyuowIadxa 9yl UO SIUSUWIAAJIYIR JnBWRIP A[QIN[OSqe Y} JO dWOS
ure[dxs pue jussord 01 ‘sonSes[jos [euswIadxo Jo ao1ape pue djoy oy
UM ‘PALI) QABY 9M ‘I9)1BW ) UI 3s11adxd Jo Yol & Sumrwpe Jym (7)
"sis[[eIuAWILIdd XD puk SISLIOdY) Yl0q 0 1SAIUL JO I ARUW PINOYS
‘odoy om 1By} [9A9[ B JB SUOIIOLII QAISN[OUI PUB OAISN[OXd AIenjiqle
I0J juouIieaI) [BISUAS payIun B 0) SpPe9| ‘ws[rwWIo) A0y ay) uodn
paseq ‘yorordde inQ ‘A191sAwr £1essaoauun s Jo 3 sdins ey} sorsAyd
onsiAnie[a1 ur uids jo jusunyean [eordodepad apdwis e 1ajjo 01 odoy op (1)

"PI0JO2IY} ST JOOq SIY} Ul WIk InQ

TAX SJUBWD B PI|MOUYDT

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

-V dV =udaV"8 =gy =9V

Se paulep ST g F SI10109A
-4 om] jo 1onpord Ie[eds dYl ‘JOSUD) dIAW JY) I0] uonenba ayy Juisn

AN =1

(F4+1dd"g) = (d°9) = ,d

a1ayM

ST W ssew Jo opnied € 10J 10)09A WNJUSWOUWI-{ dY} puUe
‘(Z‘{(‘X‘l) — (Xcl) — rix

QIUM (£T°T°0
= 11} ;X I0JO3A-{ JUBIIBABIIUOD U] AQ Pajousp aie sjurod awn-—a0eds

I- 0 0 0

0 I— 0 0 ot
= 8= g

0 0 I— 0 “”

0 0 0 1

SI JOSUQ) OLIW 9y [,
"SOUDYIIPA WnJupng) 213111

-Djay Ul ‘($961) [121J pue uayIolg Jo 18yl SMO[[O] A[[eIsusd uonelou InQ
SUOLIUAUOD D1ISIA1IV]IY

"0 < 2 :UOXII[A 1} JO 2FIBYD ) JO IpNIUIDUL OY) SN M
o31eyd Jo J1un dIseq 9y} 10, INOYSNOIY} Pasn e | = 2 = Y S)UN [BINJBN
s

SUONUIAUO) [euone)oN

aduosnuewr 9[qI39[ sAeme jou
Aur yo Surd£) jusmonge siy 10J 1[euue] enbsed Jueyl 01 ysmm I A[feurq
‘snyeredde
[eruowrIadxa Jo sureierp pue inoqe UOTIBWLIOJUI 10] Z)JBMS SIIIOJN PUB
9SAIUOUWIAJ OIAI] ‘UOZUAIO] TUBJIOA\ NOYNNOY JIIAJ-UBd[ ‘UOSUYO(
WI[ AN [PYOIN ‘Uruspus) wif ‘smoring diyd o1 pue ‘suoneindwod
[esuownu pue swesderp yum djay 1oy suorog euolg 0} [njojeid we |
P IOIN
sonboe[ pue A[a1Inog opne[) YIM UOIRIOGR[[0D UI JUOP JIOM 0} Yonu
MO 00q STy} Jo s1ajdeyd 1a11e2 o) Ienonsed u] ‘Sues[o30A JOUIOA\ PUB
uewonl] A1re] ‘A9AIa], 9]0 ‘Aouswielg JWI(T ‘Iopgos sanboe[ ‘UISnA[eg
3910 ‘aprIvy U ‘0ZUdd OP[Y ‘BISINN 00saduRIq ‘SISPINN 191d ‘onSel
-UOA UeLIg “IO[[RIA PIRYISD) ‘ISIDYRIA JOSNOA ‘[[OIY 1919 ‘UYOSIIY Ue[Y
‘QOYBf Iourey ‘AOYONSO[0N) A9319Q ‘UUBWIYIL) SBWOY], ‘AOWAIJH BA[OL

SUOIIUIAUOD [DUOLIDION TTIAX

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics

Elliot Leader
Frontmatter

More Information

obyn = n Kprequns {4 e = a aroym
ot —=a
*nzztg =a
£q pae[ar a1e “ApAnoadsar
0= (Da(u+4¢)
0= (In(w —¢)

suonenba seII(g
oy £ysnes yorym ‘a srourds opnaednue oY) pue n siourds opnied oyl
uoupzipuLIou pup siourds

($961) 11°XIQ pue udyofg
Jo v xipuaddy 23s saomew-4 2y} jo senredoid pue spelep JayuIny Ioq

. _ 1 —
Vel =Vl =il = Vol ="Vul =V

SB pauysp sI 7 10102A-p Aue pue sootnew { 9y} jo jonpoid Ieess oy,
"pasn u2}jo sl

cn ¢
[AA’ ﬂ((‘] 7 = P
’ uoneurquiod a1

€1 =110} ==yt

nq
b=t ot = Jot
sey Quo sajesnfuod uenmwisay ay) 104
€1 =1 10] [&— = l[(t
nq

‘sto=rl1 A= 4

‘soorrjewi-4 3y} Jo esodsuer) oY) 10j ‘SBY 2UO UONBIUSAIdaI SIY uf

NORAYE Y
<1 0)_EAZ&I&0A_1_SA_SA

AULIP M 'SIdLIJeW I[ned Jensn 3y) aIe fo 2Iaym
G bmp 6y 3 0 '['O_ _ ¢ I— 0 _
rer (8 )k (b Do
Jomgm ul uO!J,BlIIQSQ.Ids,I B osn oM pue
w87 = gl 4 Ayl

Aysnes sopnaed g/1-urds 103 seotew 4 oy
sao1430U-4

XIX SUOIIUIAUOD [PUOLIDION

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

Hub = (rdm {(€)nS)L =L
pue g/,¥ = ;3 sey auo uonejussaidar (jjrenb) joidiny ayy pue (¢) S 104

(o) 4L Hu= QD)LY

£q paugep st (¥).L uay) ‘,) xuew £q pojussardal are siojerdusd dnosd
o) uroysm ‘dnoid a8ned oyl Iopun Y uoneIudsaIdar owos 0) FuIpIod
-oe Surwojsuen) Jodumuw yoes ‘sopnred Jo sioidnnw fu are a19y3 JI

¢=[e)nslvo="D

SOJLIM QUO puR

pafprf = ()%

BIA (D)T) sauyap duo 297/ sjueisuod armonils Yum o dnoisd e 104
(8° T =) ,¥ £q PajOUIP e SPLIRW (¢)) § UUBN-[[OD YL
(€21=1" {2 10 'o se 10y310 UANILIM OIB SAOLIJRW T[NEJ SYL
‘ano dnoid a3ned 1nojfod

oyl 10) ¢ = N ey} 910N (N)NS dnoi3 a3ned oy soymwads N
"SINOARY JO Idquunu oY) st fu

"IN990 U2}JO S[OqUIAS
Summorjoy 9yl DO PuUR SUONIRIdIUI YBOMOIIJ[ dY) UM Juleap uf
soorput pup sjoquids dnoun

daquinu uonusdf Jo Moy Jo

"UONOAIIP Y] $IBOIPUI MOIIE Y} SWEISRIP UBWUAI Ul SAUI| UOTULIQJ U]
"UOISNJUOD JO I9FURP OU SI 9I9Y] JI
1 ysnf 10 (x)r uonum Adurs s wonwr ayy I0J (x)"d se yons pY B uaNjO
Sproid

"SSo[SSe

JO QAISSBW ‘SUOTWLIQ) PUB SUOSAW Y30q I0J SPoY (4961) [[24(] pue uayIofg
ur g xipuaddy Jo (7°g) B[NULIOJ UOI}03S-SSOIO AU} UOHBZI[BWLIOU INO [YIIAM
SUO01309S-SSOL))

Wy— = aa ‘wy = nn
soriduir aaoqe 9y}
UOTWIIAJIIUE JO UOTULIDJ QAISSBW B 10, 'SOULIINAU I0J PUEB SUOIULIYJ SAISSBW
IoJ [om Afenbe pesn oq ueo uonezieuuou sy} eyl Sureq jurod oy)
‘AT =aa ‘qr=nn
oZ1mn
M TIeIQ pue uoyIofg woIj SIOHIP uoneziewiou Joulds 1o 18y} 9JON

SUOIU2aU0D [PUOIIDION XX

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

"uonBOYLIRD IAYlIng 10J ‘pasn s qe, 1duosqns oy
sownawos ‘10AMOH ‘Td 39 ‘pasn st 1, aseo-yoddn 1dirosqns © A[[ewION
(qoT) 2wl Liowioqp] ayj 01 3utiafad s3driosgng

SINO[0d
() hyl()b ~ 40 = (0)%r
st
parduit st yeym uayy (77 = /) £ pafeqey st yrenb ayy jo 1nojod 9y J1inq
(x)/b,,4(x)/BID = (x)"5r

uaNLIM SI (2 Jo syun ur) J¢ a81eyo pue [ ioaey Jo yienb e Jo juaLInd
onaugewond9e oyl ‘ojdwexs 10 ‘pardul sSApmp st wns 4nojoo B sioyeiado
PIoy yJenb SUIAJOAUT SJULIIND U 'SUONORINUI JBOMOIIIOR UM Fulesp
uoym ADIONdXd UMOUS I9A9U JsOW[e SE pP[oy yienb ® uo [oqe[ INO[0d
oY) pUIQ-INO[0d, 2IB SUOIIORIANUI JJAUTBWOIIOI[Q PUB JYBIM O] DUIS
SJUDLIND 21JIUBDULOLIID]2 PUD YDIM Ul SWINS IN0JO))

£ = (19[dm () §)0 = 4D
seq] auo uonejuasardar jo1dun) o) pue (¢)N S 10g
M = (ote

BIA
(D)2 01 Asno3oreur (Y )7) SaUYIP U0 Y UONEBIUISIIAII 9A0QE ) I0]

IXX SUOU2aU0I [PUOTIDION

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

CAMBRIDGE

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

@© in this web service Cambridge University Press & Assessment www.cambridge.org


www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

{('p pws + 2o ¢ 500) 25 2y —
(gél(ptns + ;ﬁQSSOO);é‘ Yy + ;éz ;ﬁ .
(56 v + g 5) ¢ s § 500 —
gé‘ ‘ffé‘ ¢ S0+ 25 Zp § uis] My —
[(;ﬁ‘fé‘ + gé“fﬁ)qﬁugs &S00 +
gﬂg 3«6’ ¢ U + S5 v P ,800] TP+
(Qus 25 — 6500 [) (o)1 —
P Lo opIp

(¢H¥S%_¢SOD%)(V)V+[}D_Z)T ~ op
g

‘pear pnoys (g1°9°g) 'uby 611 9ed
", d pue gf usomioq
o[8ue ayj st ,¢ pue ‘d pue g usemijaq o[due oy} st ¢ ‘(9'g'g) Ul S ‘Ioym

QUIS

(9822 (b — o) us Fg uts = JlLus
urs
(/d7 — gd))SOO 0 S(;S:; gé urs + 0 UIS ge SO0 = /U‘ SO0
pue
(v8'22) (@ — g;;llfs Fp s = bLus
uIs
(h — 9h)s00 g sog Hé uts — gus 99 s0o = lsoo
Aq uoAtS

ore L pue L pue ‘(9°'g'g) Aq woals st ¥*Mg ‘(b9 d) = d,_ ] = ,d ooym

(LZZ) </\/ ‘/d| LL\(_z—a (WD?MH)Y’YP ,u,\(_za = (g)7S<Y ‘ d|

I8 SUO[SSS.I(IXS JORILIOO QY T, "JO9.LIOOUl oJ8 UOI}BUWLIOISUEL]) ZIUIOT

[erouad ® Jo J0ape oy} I0] (8°z'g) Pue (,°g'g) suolpenbe oYy :zg o8ed
.7 BIA G WOIJ poure}

-qo Vg ewrey "t -ipeal pnous (Lg'g’1) "uby eaoqe aulf oy} :H1 aded

BRI

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics

Elliot Leader
Frontmatter

More Information

]SB[ 9} WOI] POAOWAI 8¢ P[NOYS © JO I0}0e] auo :(GT'g) UbH ‘gYT 9deq

( 29d ‘6661 ‘oumd

-Uolog P[IOA\) "USY)) UISIJ "PH ‘8661 ATenue[ ‘“BIUIOJR,) ‘ASISJUOA ‘SOTUIRU
-A(q wreag Jo s30adsy wnjuent) :doysyIop) SotweuA(] weayq YD PoouRApY
YICT ¢ U0INPOLIUL UD—SHULL 96DL07S UL U0YDZLD]0d ULdS U004 PUD UOLII)H
‘loqreg]"d'(] pue (paysiqnd aq 0} ‘108ulidg) swvaq uojoid paziivjod fibioua
ybry fo main usapous Y ‘19))RISHOH H L) 99s ‘01d0] SIYY JO JUsuI)eal] WISPOul ©
104 "PleY oY} Ul a8esn JUaLITO YJim ULIOJU0D 07 ()0 pa[ed aq A[1091100 910
pInoys (g)u 103004 Y7 ‘1qI0 Paso[d ayj} uo s[oljred ' I0] :1/€L1 seded

)
{I(f/Ixz)ous — (f|Az

( ¢ s00 ;@‘f@q—
[(f1zx)¢us+ (f|z X
(

(

]

¢ s09| 54354-
]
]

N N N’ N

[(f1AZ) puss + (fIx7) 59| &yt +
[(flzx) ¢ us — (flzX) ¢509] [ e +

(£ AA) + (f]x X)) ¢ ws ¢ 00+
(J1AX) @ s + ([|X A) ¢ 500 ] vt
((£1AA) + (f]x X)) ¢ ws ¢ s00 —
(fIx &) ¢ ;uis + (f |AX) 0 800] ‘& o
((FIxX) — (f]Ax)) ¢ ws ¢ s00 +
1S — (f| AK) @ 500] ‘& y+
(FIx &) — (f1AX)) p uis psoo+
(f1AR) ¢ qus — ([ X X) @ 500] "+
(f122) & g + ({120) ;& + (f10Z) jo+
[(/1x0) ¢ ws — (/] X0) $509] "5+
[(flox) ¢ ws + (£]0.X) ¢ 509] J5+
[(/1.40) ¢ ws + (f| x0) $509] 5+

w1

op |

[
(flxx)¢
[((

[(flo&) ¢ ws — (flox) ¢ s00] ys

“jodun
P
B

LG
p GO) 77¥:| T

opp
0,p

(a o)y

‘peaI pnoys (0g'9'¢) ‘uby :1gT 98ed

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781009401999
www.cambridge.org

CAMBRIDGE

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

@© in this web service Cambridge University Press & Assessment www.cambridge.org


www.cambridge.org/9781009401999
www.cambridge.org

CAMBRIDGE

Cambridge University Press & Assessment
978-1-009-40199-9 — Spin in Particle Physics
Elliot Leader

Frontmatter

More Information

@© in this web service Cambridge University Press & Assessment www.cambridge.org


www.cambridge.org/9781009401999
www.cambridge.org

