| eotwve -

Previows Gocture -
00/:50&63&1& ﬁULCLA/\JrC”i:Q)T‘bO’V\ o(:
Pre o — abelian spin-1
qrvage Heda
Ruonfuzrokom . Knd * vormol mods’
Coung- &Lc&va% ol Leeodonn
MasS& 8S  Spn- 1 L Q /ahygfcgﬁ
/2*0@0/‘/'%0«»[53775
MQFT we Lool oo wnitery (Q™)
epresendetions of Rinase GIou-0
[ specior Tedodlvidty )
N adwad oﬁcj@@%s —> 4-vector “redd;s
ot hawve 4 oQﬂgma,s of Freedsm

To aluan%fg{ —  (=move 9 um,bhgﬁ“cq@
Polariza o s
for RED —»  polownizakion vececrs
57’;14 (9,)

We caued C@mp&d—e% remouve the
V(*@Maiv\,lvxj 2 polarizatens becowse



—A&.(ua 0o ouw A alwmég &,Q_Cou[o&,
Hom any F[/\/asicaﬁ o bservab@.
WW(}(Z —s A thg ot el S Yo
conserved current |
Uh’:;&”h‘[’ or Sinu Ceur
“The rmf»a wo +o Loolk for rewble
9 5@(7—@ u/\*['C\"CLC)JLCDm
" QET &5\,\«&—~@a—@éﬁ%+scaﬂ‘.
em@a moezeds Vo Lermion eoO/aS
‘/L/\_\_Ar_f\f
+ % -+ perm.

—~ '3—‘—0\/\(
Tach veqdex —a con served Cafven -
Or\ﬁ/\é exp&“c&@«é) Q,u?a——im Vo omt-
Yy ~ >
fems A (’—7—}‘,#‘@ and. @—W}?’“V)
TbW/ N NoN — albe icm “H/u@bf\g[ Jhis (S
aLF@O&OQ«&a dL{-H—@(‘Q/\'J‘: 33— cund 4‘—5&{611
nexachkon arises at reos— Lo veld

5,

Nhat's e /@—rogée,m with that ¢
MV\MV%%—TC&Q foleu 2ations Colupfe




b the gphzvzswa enes and atlectd
r MHWOS !

ngs cut —> Tnttodae Ecdiclous
8h05+ Held s

( meg s/o.‘m—svta,g_ M SS &a 50
Frefds > Hak coucel
e bur\p\/ua%?cQQ VOM[Z&;(M
Men (lest Lorent= - (nvowrant
VI =735 poN dxﬂ-%o’nms

7

N 84‘\/6, (e [prents Cny
werle v axel 6[0141?&,{
N O"\% worl_ with pisicald
polowrratisns
v Tos=iple PO blems Lot he
Q’%{) < f\avu@ow{ es
AL —g «—‘*i‘-r Sk
™) =
1T
Axral gouges are of Lowled)
use . oney when e
hotce of kEinematics is

natwal oro oprobam
at hand




OK , -this s all ﬁrwdt, bu -
W[Aé all we decived Lfor « rvow——cc[ﬂ&'om
5%%— Fe b W\é{ (s O"(£ a‘m&/ useg

Nndcl” now 1k s d‘uqu madtC z 7‘/»[1/15/5 cen
24;{* mote csm;/)/@@‘ﬁe& Fhan Q@ ED.

How do we lmew had SU () gonge
%L@Jré Lo she be s CU/LB[V%[(/LG reald :,Z
1. How 4o we lmow +hat QED Jdescribes
&Wé V[’LL,\\/\,j \'_CCLQ 2
Maxwe ¥ eciuva/@fﬁms Lollow drom

0ED  hagrangins
S T
L= T Wige)r- ed
Tree T Aeld ST S

Becarse jfL redirces 4o a classcal cur—
r{/H——/ eve/raiﬁlnj clboot dascical elocdrs.

-—

A’UWCLM/LQS (S %%M&fﬁ;&@@g inC(udad
Also  con Qoscribe s ﬁow/@/’@"g%

YLU.— .3 ¢
Jpanivm  eflecds &Lgd?/fag;m a,ﬂlzmc/
I-4 o Fuanpn VCE/FIVLFMS/‘ Compdon
SCQ)HCFcthjj i b

Ths tellonts Hhae qeneral path



from claSscal Jv 7va/m£«'~m,

field %%; stourt o familar
closgica l Wm—(—g ! —the n guz/ss (1s
quantum  analeq (wm‘%w"g represen -
+adlon of The Focncare 5&/\0&,0/‘
Consermd cwrrenys rovm Noether thosiew

—) seconA& qu@mﬂ\‘;ﬂi{m.,- >

O[o\/z?ou,s%/ s s not hew we WCE{/
Jm’ocg_g/& Th SYhe caze of- »CD .l
"Prwfc\ws&& shewq —that~ akhvush Shere.
'S a oonserved currentt, has no
classical realisatom |

So, Mo 7%5&53—71 cS 2 whg we. elen W%o
Xescrive 54'1”@7\,3 (intermction In +erms
of exof/\cunca/as of mass€eSS &pn—4

lov sons 2

To answer <Hus

inderaclen

First obscsvel phanonmenon « e exislence
o atomuc nuler

atoms are efec%rfcaﬁg% WQ(L{TQ,Q/ can be
(o NCred —> contorin  hound elecdren S/
Aomic nucbus consisit ot eruald Mimbher

~ whal < Sv[rb'ng




of elcdon and prodon, bud- (S
heqiter “Jhan Hhoce put togethor,

Neetrens have Yo be Hhare Ho malee
Hhe  penodic —‘able work

A[gon/ atomic nuclies 5 o (07 fmes moke
compatt dhan +he afern — Why does +he

Cotlowh vepulgion not push +he pTDIEN S
a/y.)obr‘—F i %2/5( e pressed %?d%uzf So
oﬁos&@a[ Q

A hwarvslc dea. — dhere s o Aorce
Jhad hotds Fhem -“Dgﬂﬂlﬁ\ﬁf Yhat (s mach
84‘1’07\,«'3}(" et Coplomh “Then wh(o]( we.
hane wvover experienced Hus forca intha
GCQ,S&’CO,Q woT Lk 2 — [he eﬁec:#-n"cﬂ}
cundl C,[/L,Q_Y\AIQH\&

O heumnskc explanadiem : 1t has
vers Shor- ange, <o That only at
A sdance ¢ e ordor of the nuclear
Siae e 4 Pm = (g0 Hel/ ) Tlhis tnlemnch,
manfesds, ~eelf,

OK/‘ Jhes ghouldd notl e —foo Smg/&:
at Easq[—/ we idn'd now that electrons
exisd belore we Jound prack cal By S
1y lkunock Yhem fose from the atom,



So , what sheuwed be #&O&Lmag

ol sh*zmg inbermctyn Lilke

Trem What we Larhed® alout
Iv\\—c(\a(k({am T‘CI/V\%/QQ——% meda for MaSJ
WC SM@OQ ‘QX/JQOVL m ~ m ~ 250 Mel/
cmol stremg  cotpling consrent g
so nucleons Yaf e potental

2

\/SN_%':{—Q—MF
% | I Ve

AC&&M %,{5 %u,@és s Faht
nclear ce. ¢S C@ﬂw/yﬂd /6’%
pron QMOW?/Q Tt m_= 735 Mel
AdA cdmnall); , e are SI’IG’WL'—W%
(&- vﬁunc:eﬂfa’n% cndrihrustcon's —that, as
mend el T~ Hhe conlext ol
SC’%WFV\%Z,(‘——PD S5 fE:(, are e
man Evﬁe_Svla)vLCma of Hhe /crumwfww
natre ol inderacdien .

This 1S not- ) at all ,/
4+ s SHLL Jhe relevany- pichere
o what- s gotng on i nuchc !



Modorn nuchaor M Operates
w it JWS’QL “Hese vagrcc@[e/aﬂ [ welf
‘a ki more wvolved | but at Lors—
o pproxi matton -Hats E@: Cool_
Lo soluttons 6+ S‘cﬁt—a“ob:wam a7, b
many- boc%t probir with e nuchon—
nwaclesn potenthald ~ frion 6»&}@\@«?@
+ centach ferms. NR eq. (s GTOQ!LC[(L@(Q
hecau se. “the nwchens are nen—reld.
i e bond Stetes @ Loy Hel/
e wedie ey foes nuclien .

St LUW@L s Yiis net e whole Sﬁfav ff

1. This “rexty does not explain why.
ndrons and pisns cQLCQ/gL

n— p+e+ v, Ta = /77 75BY)S
""‘i—%rsﬁ’r«/ 'c’/i')/e/ TS &6 ns

o 17
N —s ¥y Tpe = @S W0 S

Crmpore. +o muon Liledtne

}A—;e\/e,v,«—/ /C/T-L ~ Ja fe S

Al wumbers aye very Allerent I

R Weak VL/”{Ti GQ/LCQ/‘(}IS are oo
Jo He saue wealk neroctisn

=S Jthe nusn &Q«CQIEL [mcrﬂqu /J/zasz CPQQL)



. S &M% (S nNeNn — rensrma —
Ligaglelo 2 W Y i CLHQ/(MA\P—\— Lo
Com [ be C[W{‘\JU\/L Co Meofis7s,
wi @0 CQ/Cue/rcj/@, Back tn e
1950—60s 1| mas a no—ge, one Epoleod
3557‘ chcQaWMVLQQ WWMQ/&;%Q,@@L
Yuories Lohe OED dhat proved ifs
validlc ) 'um&“miled Vaﬂ&id}
(well, s also nod Yrwe : pure QED
(s inCompplte Oeup&?ﬁ con Stan -
hecCsme S 1 R‘M/CPJ@BL @D\f% at a&gmlm‘ov‘z\c
MMS,TQ,S) |
1L nuelions and (Tn\OﬂS are. Not
nd comen +al CQJL%FQ,QS. o cho‘lmn/
hen What ESZ

To Hnd endt — [srobe Ho nuchan
Strucdute  ®A k?ﬁ/ﬂwf Qmerﬁ{e, S,
Cle We DR Ho SplH- afoms into
e Cl (01— Zons/ ‘n MM) <rd) e’;
prodce. oty chomicel elemants in

nuclear veaclsns eds.

TEoom ol accelorador Mn,agfcs in 195Ds
—> a I’\(L,%:L noeem ve e ol rew pPardc s




produced : Leok. for poffems.

8 geneml kinds ob portachs —
> bargen s [ holf — tndeger Spin 6‘/%)

observed censerved number of-
oayens b +d b —» —

—3 medons (fmﬁeﬁef Qj@uhs)
Mmoson Aumber net conserved
4 ¥+r— ol
>N,
Al Hhese new porhls OQQCGH [rates —
WGQ;WS G e.—m./ weel o Sh’aﬂg |
Wym@) — &o q,@%”#\—@; are Nt
bind o mentel
Than, dhe d2a was : all hadens
(—:: [acu"ljbng Ou/\uQW\QQDM.S} ate keund

stabecs of Lundanmental Lermions
(olw&g — Cowed @y 6’6@4——/‘”[@:4%).

W C[LLQJ"LLS have S n é‘i

ond. would  give a baryon if odd number
67 a. meson as ﬂ[i —+ amq&*——@(v‘b bueld a
Lorentz Scolenr  vecor, €7LC.>,

This was \I:DLS—F =3 3%35; hadren s e



éfbca/mLqu GBJ-e,C;f—s . S0 J*ﬂ.ag oot
e reduced o fixed number of censfi—
d—we/n{—s/ eﬂ@két ‘g de  Toclk Spa.ce

et (941 @)@@)+... )
(A99 + 999 @&) ~ ... )

One observed 6ammewrrfe,s ‘n e hadren
Specshricm ¢ Plons (W% ) had very
CCDQ& MmacsSsS (Wi—-'/—“’ massS Alference. coun
bre_ refaoled to e—m 7&0/1/‘%
670‘&,@[— — > em Self onerasy )
—> cown Jafoc@pz.q o vecdor dvena
. Sprnor dtelds

SU(a) Symmasry —s <C/ZL> quo e

fronchborm as ene

SU (30 QOO %uqe(aslﬁr‘s el
ol madrices

Retakims (g)— U(§)

O T 4 &
U:EZ :{Il—’vi@'t—%—m

Sam —> means 4§ porficlhs,
WMT‘& 1 mass , 1 C&wp&“mj,



SU(a) S%mmh’g i flavor

S(PQ«C@. collled ESDSP{V\ SHMWLQ/W\OL
( (Sotopic S/afn)

Sein Q.Z%z,bm (A he isespin Space

S
Seneratore — &ell— Hanns 2™

(r
il (0{> Yomglorm as ore

SU(3) aLge brg
How yow can put Tthe blochks ﬁbaﬂ’[vﬁf?

Me Sens

Ruwoules are n fundanmoenfal repr. 3
Am%fc[u&rtas —  anilLundomantal repyr.

D
This is simiCar o smple. S nors

_ [ s

(i (gB F =g

Out off frase %ou con Construct
a matrix XA o scolas 7(+7C

E®%F = 3@



7\ Bi’h‘l\\}:Ok.Q, \"-Q,P[\ (S}ng&_——(—)
ad jount vepr. (octet)

Q_LLO/'\JH»-M N\rs_ Cha_r‘%e € = -2—3‘

by =€s=~=
SW%&VL@SS S=o (u,d)
S= -1 (s
S=+« (&)
. A
CS@” S5
7 A+
K \’L Q=+ 1

\ \

/ + i
,.\—-\" // ’ TTO \ T( (S - D

(7/ /

N\ S=-4
L .

Q-:_ - R=e Q=4

Octet stoles = K= g5 K= sa
l<+—:_ nS V =Sk
o A
= = —Ad
T | \Y‘D_ON )



¢

/\ = O"] F\\gz, (uT+ddess) ]

- \;\"—é (1T+da—as3)
CosS SnS
O'Y/ :<—8?/18 05-;5')
S ~ 11,5°
These oxe psrudloscalas mesons
CeNS(stent with Qﬁé[—) Co"r\/l}oo%\f*g’cbﬂ

PC L
T ,—E:E_ML_-M
Usual Selicflonn 1w leg
=0 -‘——_\_—_.‘_
\L-S|l € 3¢ L+S =G 1 2%y
L—Q—W‘Uu(armom

PE —3 =o5k=2

I SORY %\%Mku%n% were exact

— 5 all masseg would be Regene e

| OAﬂmem,Q ' fgre(&k&@& bﬂamw&,{’r?_/
A{Herent poutic e S afe
jws+ A Herent Ffb\je,&cfbﬂ§
of one poutlcle (o-dim.
or 4—Rewnr OQ@L/&‘M?&—P/

Sim(Royr Hov Spin—4 nugens

VM — S=4, L== J =4

L+A [+S

P el



I principd , L can 4ake any valus

—> i de dower of states
not all are cbserted — So—ca(led
f mfsgfma s+adec”
( oxrylfoct of naive quork moc@;zﬁ>

ln oo sinulaar kx)ou% — bov\’\%e—ns

Tlowo
PRSI R3 = 10 %H@gﬂ+ N
U Lol dp coniloru o sSpein  oand Plavor
—9 SU(6> SUM e 3T <5:">
0 Ry 9¢f'v
2 Vo
5& = 10
i N2 8& N — octet C&Ofm—yg)
A—dgcoplet (Spin— )
One member of the A—dacuplet, K7
KT =g iy Ug
ls observed QX‘(}U‘CVWLQ’L%{)QQ\&L but s
Yo hi by led ‘6\6, Termi Staftsdoes |
“This ntrodiicilen  wWos @o—rmaﬂtét Svlved



bvdt @o&&uMnj a new c[wammw
numper color wnder which “tho ola,ax/“[zs
Wwould e C}MOJ(‘O(\,Z_&

C 4 conm S0 build an MH\A%MMLLP[C

csm s viat oo
albc
o. b .. C

TThis wos dhe SjrovquCvxa (abtw[— ol sur
MQ&L\/\K the S0 (3) non—abelian gasge
"This Color 6lamvmg,{~r% +ans eud Ho be
esach

A no Huur wavx]y@ ol exact é\ﬁmm‘(ﬂ“%
ol totuye — UMU) of QED
C.[/\OUT‘%,Q_ cenSerJoAlon

To Tmplement SV () gonge symnetny
‘ndouce an octedt ol @fu»e‘n £ie 0d <
“‘Hhat Froeonslorw as acgoimL & pte sen-+atin



