]Quanus AND 4,,,_,_("3)_}
° A FLavan.

APPLICATION o F
RepREsEnTATION THeoRy

James Coox  Dpt. of Math NCsU
W/28/2ces

%burus :

® Tutho, To ELementary FarTicwss , GRIFE (TS

® Quavtum Micuanics : Symmewi€s 2&&1.', Grencr € M\yller
® GRovp THEORY AnD PuvslcS, S. Sveaneere _

® RepMsenTaTion THEOAY : A FiAsT ngsr, Fueton & HarRg

(%iue.n in order of incrmina nn.u.H\tMWca.l |
SQPhii"rI:.u&‘iun end decrmi/\% ph-asird
interpredation, Mostly Follows Gﬂewaﬂl)




. Q VANTU M MemT_;J

The wowefunction ¥ is o vector valued 'Fu.n:.fh'an.
which Whas dunamics governed by +the eq? below,

o _ &
LI%T_Q;]

A §%M of he ‘Hmrbnlm‘} - \s a».Jfrn.ns-[—orn‘u;}fdn
U N.‘\thl\ +f&h$-&rm5 q’"""“‘lj 'U-"I" Such -Hﬁ.ﬂd)

"P' (s olse a sol® o the Ewoa\‘tmcf metion abeve A\w
I) U'U =

L) y s a %\ﬁbaﬂ +eansformation (“"‘0((?1)
T) U= ( Z“r]-r) for gome

f( = Pu.m.me’l'trs ot %roup
Lr = %Gﬂefb*bﬂ' Q‘F %fﬁUF

[
|
i

@_: 'O"ts L smammd'na of c‘ &> [HJU] "":_5]

P{: i%"-'-eﬁw'@ i%(“%n-—: AU
e TR = HUY
& Und = ATY
&= ({,T



The sef of ol symmetiies G is a Lie Group

which has Lie Afg.dm 9 Frmed by +he genemors
of *he qroup. Other importunt ideas Hr vs
® ronk (G) = mox & of Cimm’fm% T.,.; (catntrxhs)
G (um)stm?led% 5 Gemi)simple .
» fm_\‘ha\*?"fi' ore G -~invariant \feducible

subspaces, o multiplet of states +r
whs  trse under G,

ms$

T\\ (R“"‘H) Fnr anyy samsm'tple s, Qrovp of fnnkﬂi
E\R Cosimmie npcm'-b:s C,z ’ A=\2.. ,Q which commute
with ¥he whale g oup. The wihpleﬁ of G can be
| labeled b"b e m%mvm'was C“C;, ., Cg becomse
‘\'\\t CNI.MI{’ afe constant thxm esh w-rl-\' p\e:k

Remack: +he multiplets ace ene rcad"culﬂﬁ cle%aneraia
Tole \lr‘“ \n Seme m\hp\e’(, Suppose it has

Er\lr% Eg MEMm H‘-" = E ‘-"’ Cﬂhuder l":

Ve s%mmﬁﬂa "H\Eah [H '0'] Q. hln'hml $i= -U"P
has

M

HY' = {UY%
'um»

A

U A UN AR

T‘\m-&re, each state i a mu/ﬁ:p/ef hos Same eneroy

o n



| Tsoseiy  SymmeTry : PHN]

Protons (P) and nuetrons (N) hove new%ﬂm
Same moss +hus we can place them in o maltiplet

of o symmetry colled sospin. (similar +o spin )

TN =)= (=P
T.p = ("3))= (%)=N
The aperdw %4- are FEE&"‘EJ Pn.wii- m-a.Jrrfces
T =T +% v o du(2) Lie Algebra.
e i - ’cJ-~ J}[HJ 2ty
"t.,. e {12
‘and

Costomaril. we rescete these o 7; z 'zLTu
techia cd(?_ I should say +hese give the irogoim,

TP =3(03)(8) =3()= 2P
TN =3 J(“‘)--*()--;-

Sf’af’e: in a rep. af .a.ufZ) can be labeled ﬁg e J .
G-JSMWLIHI'J o'f T and T which are T(T*f) and .T-Sz

= |2 %> isetpin
P = | Vt) \Sespin '
® T".-.-. Tt'-t'l';:-r 'I';: is +he Casimir operuchor 'FOF_M(Z.),

Hhe eiggmuelues T(T+1) specify the multiplets, |
B tKhMPIG ‘“".E T3>‘E - {N,P} .].he%iso—dnmbla'\'ﬁ |




[PIDNS' 7?':”‘, T™ form on iso-triplet |1 T

T

The plons olse have similar mess and fypr'ca/(;
are found in certuin nu:l_ear ren:'l'rans,

15057, _CONSEANEQ! |
T+ P—a T'+pP | 1ta =1+,
M eN = e | 1=Va ==,

\'TT°1»P =0+Y;

TO+P =N+ P | O+%2 = 0+Y
\‘Tr*‘.'” = |"'I'fz

‘11“+N = T+ N # G~ * 0N
T +p ==+

MT+pP — WP | -1+ ==+

\l"r['u.pN = D=

fn"nv N —> TN | -1-% =-I-% |
In Cach ﬂr the fll.t‘ﬁ':n; abeve we 'ﬁlhd" f%ﬂ-ﬁ f.!‘:@pf}? (;5)
is conserved if we asgiyrn He proas b an iro-teipht

:t |T*) = 1m*> R
Ry = B T = o)
BIFD = 1w 'Fi"=li-l>J




\ Hyepercuarse = YJ

If we e xamine ' {he isodeublet {N,P?

ond Hhe t'lafrfpkf f?."*, 'a".""""F ﬂ"f we notice 4hat
there it a certuin fegulerity in the electric Chn.ral. Q
of 4he stutes. We can describe +he pattern |:~3,

~ - M~ A GE“-MEHH
tQ i ?Y » Ta leh‘f&m celation (€= 1)
g (!'-.ﬁ"&.; Y 'FM“ 'JE,Y= S+ "-‘W)

for each Au(2)-isespin ma ltiplet we con aSign Some
value for hypercharge.

(NP} has Y=1) §N=(%?+i)N =
QP = (3Y+%,)P=

ﬂfﬂinﬁn‘i hes Y=0) Qnt =(%‘?+'},)‘ﬁ*= (o+iWr=T" /
g'n“ (1Y + H)T°= (0v0)T°= 0 v
QU= (FY+F)T= (-0 -1 /

®\We find Hud the h?n.rﬂdes ore ei%znst\es of Hhe
chorop eperator Q with eiganvalnes Q,+he  chargus
of Ma PH"HE‘I;, 1\\&.;«-] s G:“-Nann Nu‘\wm
ce\udion reprnc!uc!i Yhe knewn cln-mano of N, P and T_I'_*,nr‘.




\THE PARTICLE _ion]

Preteons , Nwetrons, pions

{_me Son N #ﬂe_‘!‘j

c® \Y .
A __1_1__11{
“f‘ % +
TI‘E | Tl": %
=1 \‘ -* .,..r % ‘.1 1;
‘- —_—
[Tk

[_én#ww Drcvmﬂ'} _ |

) ﬁ“‘-u-

leﬂra.in Gcéf '

. T

- S
J’ :"
’

- o 44
L W Y
\‘ z‘- z‘ﬂ' -,'rﬂl+ .
2 % -, % Yo il % 2
N Ny r=™
-2

Gt"- fﬁu.nn pﬂ.‘did’!d 1A I|C|5|

\Hﬂ-j fowwl (T lqﬁﬂl____’_,} :

® The particles

n each pat#ern
l“lm_ rfm;?w :pthf
mass and Fﬂ-ﬁ?ﬂ
This classiticahon

is Rnewn .as the

Cightfold - Wasy
it was propased
La GG”-MHM in (%6].
o hem, ... F nafg,
Wi ;vufd ‘ixplnin
+hese po\H'!m:
ba Soeme meﬂ'b%---



l_SU(?) has +he Lie ﬂ\a:hr-. M(‘a)r_w{}lsl_fl 1

The matrices below ore +he Gell- Mann matrices

o 1 8% 0 O o °0
2= (138 "‘ﬂ"(?::) "*-‘-'(:':;)
e =t Q S O -t e o0
e (30 asffi) w(iH)
e e (-3 ] d
Fle 5.2

- The;e Himiﬁ.n / Fraceless motrices ipan n// such mm‘ﬁ'ras‘.

® Cleor/y the Pauli-matrices of sulz) are embeddes above

'Asa.in a4 is c«;ﬁmug 1> rescale these # Torm 'F/!e “F-%f;?

F?%R;

i=I‘1f...‘,Sl

A very usefu/ change of basis ‘8,

il

® We can see 3 copies of aul2) which -

ocre cefered to oS T-U-V Spin

» sPl\tricJ .bru.si,s -
o DM (3)*

H

®




Lie olyebra of oul3) in the sphecicod basis

WY, :]=0
(S)[Y, U] = t Us
(GJ[YJ Vt) e 2 Y

[THM] [II-;U] [U+, ]'-'
1%, V)=-w
[T, U] = Vi
[Uu,V]= T

[‘T-aJY] =0 = Con use Commen g,tcapnrh:}es

to S‘{'u.cka irredrq:cGM.(?J - |

T‘*ﬂkm&l% | YD

: iF3|EY)=1§|1;Y> =
[YImvd= YIT |




E SHIETING  The  sTaTe \T-.Y>l @
Lt'f’s rﬁm’a how #he T,V,V subalyebras acton [T;V)
(TR My = (5%, e )ITw> ¢ viing ()
= (LTt Y
= (T _ 1)']’;}‘1'\1) TITY) has T, 'I",- 1‘.

Similar mfmfnﬁms 6n.ruf on (2.),(3) (%), (5), (¢.) reuu.ﬂj

'EITY) hes T,'= 1 Mn?'v-
U,|TLY> hes T3'= T3 Awe ¥=vei
V&lT,Y) has '\';-'l'i -'- ave Y'=Yt1

We can present 4his cesult afwoﬁf'ch.//? in the (ﬂy)'f’/ﬂm?;

Pgmﬁrk we've resculed +he Y- oxis 'f‘n moke +he
Jrlaﬂm S}rmr‘l‘n;




!mu:.rmwn oF "SU(3)]

1.) Hu(3) l':ls rnnk 2 g S0 .%.e e.i%uwnlues of 'T.s
ond Y suffice to classify the possivle ifred. reps.

2.) 2u(3) weitken 1n the sphtricnl basis clen.rk&
lr\o.s +heee copies of +he 'llospin u..\@.,btn. Aanl2z)
which we've deneted T-U-V |

?-).MLL'B) mixes the isespin sw‘on-\caebm.a ; +hos
eoch aul3) \rred. rep. must contain T-U-V
vied. cep. T other words the wmubkiplets
of Aual(3) displayed n the ('I;Y_)-p'hne
mwtt be nvertant wnder 120° cotations

Concrusion: Dul(3) ml{-iplt'l': mwst be
+ria.n%\¢;s or he.Xutann: ’
in the (TyY)-plane .




LOU&RKS: THE FuNDAMENTAL Rep oF SU(3) ‘

2u(3) multiplets can be formed b~a hnsarin%
[3] n variow cambin?\*ims‘,(ﬂ;m.?)

Tooether [3] and

| antiguarics ['3]

f
u. - . -

these ore +he smallest nontriviad e ps. We.
now lig+ +he dt‘thMa, 4raits of -Htf. qua cks”

name GIY| Q=3Y+T | 8|S
U= uvp ‘2| Y3 2/3 /3| ©
d=down |[%2|”3 =l/3 Vs'| o
| Ssstame 10 W] V3 1n- |
Uzonti-up "2 |7 ~%/3 [s| o,
d =onti-down |2 |73 /3 o
S = onti- o |% Ya __LVB +|
Fe ot
Bacgr " Shomneg
‘netice: Y=B8+§S

@



Buitone  Mesons with Quarwes |

PE‘C(PE ForR Tr: OwE Quakk 5‘ OnE ANTIGUARK

o Meth: [3])0[3]=[s]@[1]

® Puysics : mesoas are not F«Hdammﬁf constituonts
of mﬂ'ﬂ'ﬂ', rﬂ*‘*'hef -lhn;"re Campa;ii‘e _
particls. mesons cwe +heir ia’gnf.«'r%
to 4he guorhs that Compose +hem.

EM: Mmesons are pnot ué’argan_r & +hus -M\e
mesons showld have B=0 ond Mﬂa,
do 60:%1‘# t? = E_?_* %‘ = Vs 3 =0,

Mefon



More  SU®)_Fuaver : 31@13) = T6 1013

'Pu‘{' +wo qwks h%‘%‘ﬁ here’s how :

dd vd. yy

al

d u u
3 S

dd vd 71| o
L i ;A-.
— \‘ ‘ e ¢ \x
ds\ Kis %




! C ONSTRUcTING EAR Yows

fim‘:}:w'ns- the congtruchon [3]®[3J= [GJ@[E'J we
ode ancther Quark and ignore the (3] %or new,

®

)

dd ud v ol R
d T i i 1: . 4 "
@ = ®
'T' LA\ iy Q ¢
: ,.\._ Q ¢
35
U
Jdd Udd wd o udd uud
------ -2 ”a
] (‘.f "J ‘l,
= Jd::‘."w‘ H;i' .-*ﬁ“s e ‘\dda@ -!’“‘33'
dss®  Suss =Y
\g? i
=2y
- o + s
A‘:"E»*-%n--’% 'E-“-g
- o bt e 8" :
\ d - 5 &
= !._".’ -T" }"d ® ¢ @:f :ﬂ):
TR /oo /
L meay
\u‘n

o Mot :

® Pyygics -

[3]®[¢] = [10)®@[3]

BArYows are made of 3 guar/cs.

(Bmvms MAVE B = ByrB tBy =Yyrhiy = 1)




- e ———

1-. Cayp‘gs:my; Awv D (anmmr

® Yvarks have spin % , thus are -/éfmim,r’ FHAug
must 9517 the FPauli- Exclusion - R-':'an’Pa./. %’ve
r}nafe;/ this so our results are Schemati

f3] the gquarks , ond [3] +he onti rk# are
fondomentad rep. of |SUC3) FLAvEﬁL which
is o olobal symmetryy, FLAVOR symmetry

put widelines on +he overadl Pa.r{-ir.,le content
of 4he theory, it has ne dynamics,

The Iﬁ Pn;n‘l‘ abeve 15 solued 'Jla He in‘i"(n-ud,ub‘h'ﬂﬂ
&'F CoLoR SU(3), Each q,mrk \$ a-ss:'rﬁ,n{_:d
o color red green, or blue then SU(3) color is
used to explain how +he colored guerles inferact,

SL(3) coror 15 o local (gauge) Symmetny which
hog @ rich and complex Struacture (QC D)

We'w made no nﬁemyv‘ o relde itospin b “wea ke Gopin "

I'l"s 'Fu:im-t-in% how 5uce:.;-(:u.l -Hu:_%rk-nwal&[
has been, there is mudh more it explaing then we

hove +ime for here, T hope Qou've Seen enwdf
to understund why pesple Hhink guarks exist,
(WGH 'n oy Much b.f.r a.na«#.«'na f'z? &.Maﬂfa/ g,xr:rfa'...)




