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Spin 'h ¥olx)
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£.e. Tt?-':-‘ i

Casimir invasiant' an Wa-fw et commii s witd & mw{oﬂ.
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ne conmel defire. a. propagator.
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Mm%&of&ﬁﬁw ;?20//5@ o .
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A tree-booel eromply
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otlognal), te kireti enorgy dorm s tutomatcall 1niarcant.
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e Moo orists d»&m(m a suh ot :
T #0

T srmfry (s ffm'l'wous% Jfo&éfm Now, shift 1% freltdl:

$i= Y tu
end expess [ ia terms of He 7 :
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(53 )y

T:égd r Efcpansien



smnee V mutt Ssatsty 1 . T .7 = o , (X4-3
| . K b, 7;“6

e tom diflorntinle wilf vespect o By and fon set a0 B 1.

By dew} {%%)3:%:0) s

MZ‘- (an/)t- = o

LM’\ Tav:'—'O or ﬁ.qV/[. is an &?ﬂﬂckr af Mz wvwi&to
&juu&:.

G:a= 7‘ ‘7:': V:,
s pmcde% Ve birear combinatron ‘b’ scubln foclh shose mass

i 2en0. Thse aa fhe Goldstore bosoms, omd tHoe ave
dim () ~Ain(H) fnJepey.M Solds fore maab.r, wiloe
H i 7R residual symee try group (correspondii fo TR
marcimall nombey of ;Z»-em% :nc{afe,../a.j omonds of 1% Lee
a.%,ebro. Yt annilibots tz Vaa/dm),



gjwnfmié,_ broken nom-abelian._gauge Hhaory — Yo recipe
1 Considen a ﬂaa.% fauge inversaad /009 -Milly ey cosalld
 fo Sme r?pfe.\'afvf‘m‘fm (prhaps reducible) o enbes +rablls. Wiffort
:. fmofpma%) we cam assumwe 1At e salan 406t e rval

. 6"4‘"’?&/ a %"g of one "”Ff&xfaaﬂh ¢&):Fi[¢,(x)+c?é6t))
i uegwi/aﬁd fo o f’eo(yo‘fﬂordxmﬁ‘ﬂJ ¢,&)J¢,_Cx),

Haw}r‘y chosen P work i a '7edd represantation”, e Na'fbﬁr

q /
3 ot ot om Hese .raﬁ/u' must be pene /&a?éaaag a.,&'gme bric matrices.
‘. WJS, <T % 2w real and Mkme'&'rt"-

If‘ﬁe/&«fe 7oy € a//a:ﬁc/
G= G rGyx...

w@f% 6:,; M“%L JI% Z{'e?qouﬂsof" U[//J 7220,
;e cvmrdant dorivahie tﬁﬁ}a% Scalen %ﬁéps%@:

(D/A )zg - &'4' % ""’QO‘IQTE; A:

W&:u:&,&@d Sum oveéa a . Hene g“m Hiaﬂa;m?e
Cau'&-:g ap,/yna)‘e Fo whek ﬁ e Wq"br T‘q%g:.

Notabom: %= ,53«-7'“ (no som over o)
Thon,
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o
|
]
|
o
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Du= St L°AS

‘BRELRAE A 800 LAl BEAERiNEd il . AAA. LFA8 BRAMiXEmE s . AR
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* Determine flo mact geronal sceben prbentild Kot i nvaranrt
oden - Frousformatims  (imsistent il sl sl divte anller
Comhivovs Symmetriec of imposed ).

¢ Debprmine plausalble miritimom ol ;7 Thon i

& - 7; tV;
vl ¥t (%) =0.
o Llech it Ho costied minmom i am acfuad Lol minsiven .
eg. dll sgomed-mages of plysicil Hgps subns ae po-repiv.

. 'Vu% et o mmimom corres pomds o ome Auck el
{‘ftc, M% o‘(‘ th ICJM Po?@qtlrij
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The sceben Maf e Z-d;ﬂm,{u\ s

= é(pﬂé-)(p‘tﬁ‘./ — V)
];\Sb'mna D,,,: 3A+LQA:) ﬁludg Y Loms 50‘!4/@746 and Bnda
m AL WMen we shifl e ng@aa fepl : LYty | we fod:

jmn: él.“M:b A:A“b
with N netationt
Mao = (Lav, Lsv) log)= 2 5: 4

I.'F LaV?L'O ﬁf‘d‘&ﬁftm x, ﬁm%frme{r; o< Afb)‘o\hJ

%W bnsm.r acxufre mass . D}aaomﬁq-!e 1% ;a‘ae B-.rm
bess matric:

OM*OT= ddg (0,0,.,0, mim:,... )
T we dofere :
[Zm = @;b L 57

yo ~ A
(8M38T)ab = (LQV) Lb V} = maa J;b

o
m::O ) La.v =0 a—'-'.l,.../ M uabmbanfv:
m:#o, L:,_ vEO ez M+l .., N brokem ;e-mlar;

M= dim H Tle numbey of massive Jouge bogems
Nz du;\c- ¥ 68‘».9 fo dim (6) ~dim (H).



- :m ecipe — Sfﬁf L
L= J(bH LRGN+ LAt ds) — VB
= L0 FN) + LMy AZ AR

LN, 9%9)+ L3y, 1AM + .

Defue: ([~
[A:E 9.;,!1:7

So fhet Z“ﬁ'; = a—gcaab LCA,: - L CA/“C
dcb
Thow,
%[L“ﬁ:y) 2“/) t he. = 5{-3’: 2 (Z.~Qr/ 7/ * 4.c.
whizk varishes wleu [y $0 .

a_ | o,
/ = '—W'{"' (L V) 7)

o

e

whew m, « e Cor'f‘apa)\ding gauge basrem mass.

We recognive G as Ho Goblstwe boron o 12 M Symme e
féorJ wndfout JEPR besons .

T L8)0B) ¢ AMEASA + o K2D4G* + .



The Co-«f&a? Ma A:al"@a %ffa—-'m % mrr}aamaﬁn e hanism.
4

F:Ea_nm ru.en.: M‘-Z\A.—--— - m‘zﬂf‘u’
Ay b

Thom, we eveluate o embributen to ¢ 7T “74):

‘gﬁn
= —ima BE +...
#3
m‘f "I%Wéfoumﬂrapo@ al léo aif‘fz'r afClbv n Pa,,"'\mbqﬁou
Haory . ﬁn%n..i\uw'm 2rsures That

WTT1R) = <[ BR— £’ ) TT(LY)

So flat
TS =
{a-
and

éa. — . " L = ¢
P4 A[1+778Y)] A= m;

We .fcg ‘ﬂd‘ fta_ ga«fa bosm "eafs“ or aLSorbS‘ ‘fﬁarres,m\c{t-g
Golds fone bogn awd M aczw}fef mass vee Tk ﬁlg:r mecAa.n}m_m_ ,

&



To show s m’Ilezprev‘uﬁ;» (¢ correct, we domanstrate Aot 16
@&/:/mz besoms M/mye a«n‘r)gc?‘.r %:‘an be removed é, a
Puge Hansto crmatron.
tom £¢; = “yg 1y /J.q?i- = =LA
aadus:a; 42-:7‘-1‘4(; wielk fr‘-=O/

J%: - L ‘:/la['/{- v/
= A1+ Av)

whoe A= [3A2= Z:“K“ F we defiie K«::'B;J-Ab.
Tion

|~ N ma J 2%
= —M";(L*v, /]‘/) —my N
: T 1
In omo’eﬂg,,” %
ndeponde st of 9.

Thes, T o checse Na. soed et Qo2 TEh: i cnllled




e b Al s e

P

B W W

MR A & i A mam i sad S basdiasn s . 8sas . ssb

Ks = g

Instead o‘Fﬁm'ng ﬂeaa,u?z bcy .retﬁ'-g G=0, A«
Somatimes more convemieat o add a Faepe —74&:"3 ferom o 72
La;awrm Té i?j gauge Corﬂ:pahd.r A qJJd\g

oér-' = -—é_(a!ﬁ} _ f"l‘-"([dy)‘-)a'

= -3.'{ [J‘K; ) +4 (L%PA{?V) 7/
30, Tt 49) - 5[0 (%) ]

— ampa)t a/fymp 2 2
J-g(o" Ax') "‘\’j’acv(a A) 5;« £ °
f

Z‘.’ pubce combrres it meAt 34G.
ma[éqa«ﬁ:l_{_ E/’:aAG‘aJ
= ma“(6C*R4)
whicd is @ +otaf AIV@\W whechd
Can be dropped Frm flo. Lagrangian



dnlhe K§ 30‘«?., we find T fo//om'mg Pr‘P“J“'IDrS" ——

—> 4 L

onana A4 [-3;.., t [I-j".) %f,]

—s & :
V/“ o 40. “1. . [_’Av+(’-§) 4"1" ]
— V+‘€ &_

V=W 2) m £°-Sm}
Gt ¢ —

TR £ $mS +ic

& c

-z 03

"~ fmaece

Note: Prmc.'\pgc §,¢§ is pessible suce for Zav: O we aw free f
checke an Mb:bnmy §-pa4mdp,\ .

§—->Ab M returns Jov o fle un‘c'i‘wug Fauge .

I addbion, oo muct o incluola alf interac tim ferms mvobn

65 and for G° F},,‘.%, e must afso incbudle Faddee,
3‘14951‘_' [

“Rpns?
A ) | |
Jrp = Wi \Dﬁf_f“ fulMaw, - §5°wa, (’[)TQTBV)
Va gma.o.zown .
guord~massS malrix
Qab: g‘abgla 3+ g_’[‘chA:
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TL f'cme 5'|ef’ 3

The originall medal comsiited of
Gouge bosen deres of Freedom. © 2(@m&)
Seallan degrans of freadom.: dim. R
Aftes fle Hggs mechamism
gorge. boson degroza of freedom !
massLess . 2 (dim H)
massive : 3 (dim G = dim H )
Scalan degear of Freedem,

Golds bme : removed —3
P*gs'bﬁ ng'gs baons©  dimR - (dlr'n & —dim H)

hotad: (A &) + A B
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