Gluon State
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The %u,es‘b:on s how to get the & gluon statw. er ot leaet
why it looks the woy tt does. lLets stort Srom phenomenclegy -

From the <table bondons Made wup £ 33 guorks, we Pos\:u\cctzd
thot thee are 3 colowr charges . ond it 1 Stable when they
ore, colourless .
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The stong inteaction involves on exchange of gluons, ond
the colouwr kalonce should be maintained. The simplest possible
interaction model then involves o colow ~ anticolowr pour:
Consides :
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The colour is chonged. and the configuration remains stable or
colowsless. Notwally» $or 3 colowr chorges. e expect

3x2 = 9 posubilities Hr a colour- asticolour Poir . Howeven
$or combinations Like F
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There, is no other C&uou‘k ‘o ntzroct with . g0 there reolly ore
Just 3%2 = 6 possibilities based on this consideration
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These 6 states are independent of eacdh other, To check that
they ot oc-'chogmab we need some fepresesstotion.

Becouge the stuctwe of the guuon stote belng o

Colous - ansticolows podr, we con Mepresert them by o
2x3 meafsix ¢
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¥or orﬂ\osomutg in mokrices . we check the Yoz of the
mMmotix Pmeluc_‘t:
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While these € stotes are. orthogonal » they ore not hemittan.
To $orm hermition matices. notice that we coan learn Fom

the Fauli motrices » and form orthog onal hermiticn stotes
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matrices 5 ond form octhogonal hermiticn stetes
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This acCcounts for the & guon states
r < be . b -bf
= N
rgrgr _- g-gr
= B C =
bg + g% . bg-¢b
= e =
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Sor Simplcity
The nwwbeﬁc\g of Ns ove f?u[bow‘ms ‘the. notation of
Gell- Monn Matrices » Thot's thy o Aumber 1S sRipped.

Pls:

For the femouning States » Snce we used the idea of =x and gy
to construct the Stortes . 1t 8 nottral to consides the &g
eguivalent -
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but these are not independent, For example :
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NHowever. we con retain one of them:
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Taking 2 of them also does npc wocs because,

w{ (3% 2)(22=)3
=+ {(o2 %)
=\,

“they ore, not or-k}noso/\al. To mimic the Pauli mobnces,
then we need onother tracelees hermitian matrix “theck
s diagonal (becomse off diagonals cre olready covered
by e eorlir 6 gluon statesd and orthogonal to s :
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where, the lagt vonoble o ¢ Gxed By normolication. Thts
gives us “the Qaal gluon ctoke :
v ~ bk —-29g5
g —> L T2t
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Butr Pom Roudi madsices s we know that the tdovtzty maokes

the Set complete, and tha® produces the 2> possibilUties
as was expected okt the Start. whet about t 2

well, 5 - 59T
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Lohen constructing the matrix albove, T sgnored the coelficents



as was expeckzd ak “he Stort. Whet about it ¢

© i I O =
Well , ’A‘) - ( o1
o © |

produces o Stecde rF + b% Y 9g
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thet is s\gmmefo'ic undes colous Perm-xhq‘tjcn . whith mecns
W ois colowrless ¢ We know colourless state 8 stable, and iR
this gluon exists then stiong $or ca. would be leng rorge.
&inca the Stong forca s not g fonge, then this last
aluon state does not exist
Pls: Because " As” s o steble cofliguwortion much different
Lom the other &. we call this the colour singlet state
Clike the Spin gowns stote) ond the other & octet stote
(Uke the spin excited triplet) -
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