Sthueture ef He an-zoura'/(on space

ble want t ana/yze the Shucture gé%e Cbn;%mm%cbn space
ﬁr Jauge Heones 7%r whved all /Oarzé‘c/eé (K*Z‘al‘es) are ¢»
Zn- ¢nvarcant representakons of Be gauge group SUN).
Very often , Hhe statement fat gauge Qroup zs Suwv) g,
£s used fo a/eﬁ%e (Zf.‘iﬁara('{m‘xp) s Sttaateon. Gut ﬂr our
Omaﬁ/sv;r ot s beder % pbroceed in a 5/2‘74%4/ hrent way.

First of ofl , we take Aozo and analyze e confguraton
\S"‘/éace re/éVanz‘ ﬁr a HNawnlori an a”aé/‘.m\. The relevant
Spaces  are hen of, He Space 8f o F-chm gauge
/aofenﬁ@/sf‘ A;R), and Gy , e space of all gauge tancfo-
rmaveons. for e dader space conseder

fg = % g - R3 — 5"‘(/’"0\/)} D)

gff?) — G & SUN) af S/"éaﬁ'a/ z‘nfgm'&. e assume
Jo 15 Q constant , not nec'es;s”an'fv 4, nhkch s endbpen-
clent @,@ anyu/ar ks varebls as (Rl= w0, e

/boss*c'é/e Vadues eﬁ Geo )@rma Copy 57? SUwy. Mows
q@;@’ne

g = ﬁ g&I: R SV Such Hat

)
g—> 1 as (X -wof

Svedenty  Gye SV, the set of (gl ybis/
frans form akeans .

From e c’é.?ute concli¥eon for Jauge ﬁﬂn&"]é}md%’cns‘ and He
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Gauss baw , we hknow bt He wave fanckens Y are invariant
andler *ﬁv he ‘ggfa/ Z}'vnéﬁrmaﬁm& @/@' act as a
Noethr —sym meﬁ}/ generafeny  states w#{d are  malécplets of
SUN) . These are He c‘fa;yed’ States o;é/j Ac “eoy. (@C we
fave confinement, such states oo not exst and #He Rl
% act iﬁ'ln‘a/é/ on p/{y&/‘m/ htes. But hat és ofo a,/Vnamm/jz
oletermeped). e canzot tmpose G- invarcance at His Qﬁje.)

#e ZN- ﬂ'ansfgrma)éons are neees\sarc'é/ gééa/ Srnce
fhere s no smal deformaton of an elewment ©f Za. Rey
Wﬁs %e 2\, ~e/emenﬁ acf fc’w'a/; on the /éﬂfyse‘ca/
States @7()25{2 ﬁeoy senee we have only rep.s of S/ z,
ﬁr He Uﬁa;y@eq’ states.  Therefore, tna adlbteon to g,

we lan (mpose  Zy -(nvarcange on Yl lence we define

Gu= [go: RP> 5wy suek #oat
- g—> wezy asR-> ooff)

Jhes s He essentia] pomt i In a Beory wh Zy- rvariant
States, He group &f gauge FrancBrmatons s G, , not
<&

We mow Turn & &. Thc s wellknown % be an @;@ne
W@ i«'x# any o Potn#® Connecled éy ca&_}ﬁ*agyﬂ‘ dine.
(jf AC;'%x) , A§2x> are gauge /éo)émi‘a/x , Al e @A
ts alo a gauge /bo%nk‘a/ . B el pernts ) Montveal
ZZO/f)o/ojy arcies upon 7&:07@@“%‘{1} é/ tg,\« Lnsicter a
Seguence of potkenteals  geven é/
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AR o= Az + @- AR 25
Azg = g-’ Ae 9’ + 9" C)rff ~ I v (5)

Hhe end- pornts  of s bine n @on fegurafeons space are
gauge fransprms of each ofer f gD rs an elmeit
s fg*' Mus b ts & closed [‘50/5 ff such a @0/‘") €s

Conkackble, we can wn'te
-1
AR = g, A, R) 9@,1') + g‘é,c) 2, g x,0

Wih gRo s 1, g&E Y= gE). Hence gt
s a Smootk c/e]érmaffon%’\ K@mofb,bz‘ca&;ﬂi ucvefout @ ? £
If e  choose GZ) b be homotopeeally nontrevedd, fe
,éZOP s not conkuckble tn A/g,. Aspoo Ras  nonzero
rnstanton  number. (One Can make befer ehevess /'m@r/ﬁo/&#ws
whied wenrmixe #He Qeton grreng Hhe \S’foaﬁa/ /'nf)émém/.)

/Vbrma/éx te abore anaéf@‘s bock b He wsual rnsbantms
In our case , Yx us /é;yer stnee e asymplot'e behaviour
zs moR genered.  Stnce e behavcour at in %’}1/5/ £s modifeed
mh  Mansfrmatons  apmoaching W E Zy, allowed, e
de'm /bé’s’t way to Conskuct such ‘instantms” s ©
use fhe set of C’anﬁyumfvms vrA U + G,
ere U= URz. These are not Gauge fram;érmf o
A; scnee we ob not repudre Bat G —>1 oray aboo
]@Y a@ z. Jhe rnstantor "r)uméor Ay ea:z'é/ Ct/Ca/a)@o/‘
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A U AU + U ©)

dAY + A¥2 e YT YA+ AD U + dt B (UTAU+UTdY

UTFUY + o [-u"d u’A U+ UTAU
—wlh ey +ytd i)

]

U™[F saclud + Avu-au'au]y

= UY(F+ dt Da )y

= YIF-Da)v (7>
= -2 (T (F-Da)(F-Da
ve L (W (F-20(-22)
4772f( ‘ ) 95\1(%_7#) '

We meeq/ nonzero flux Fr F at gpakal co for Hhn b conkibute
Q= UU™  The time- mt‘eym/ ulfoa/c/ywe #e change in U

as j)/fam Uet bt zso b Usw at T=1. Ipne QXam(é/é
we Consedered/ F > Lq‘u_i(_ d$2 as [Rl—> c0 and

s T “f - A
U= exp/ z‘jfo'& £ gz, £ 1 as RI> o0,
@)

V=2 4 i oXTey faxX J2 dJdt
477'2‘} 7;< * ) <+
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V= o L a?xzz.rrf' dzr
672 A

(»
""'}22‘ ,

c%@ Gsympzfjft‘c é@%&n'@ar 9;9 (7 23 U—» -1
So Hhis deseribes G closed /20/3 7ér e SU (2)/’27& = J0@3)
theory. for SUN)/z., , we expect v= Y+ miger.
%’VAOS'Z'C’;’ a;(yumevfxvt ;gr 7%5 'S as ]é//;\:vs. nee/emenfa;
@0/0 tn  SYN) -7%607/ has v= 4 and vy B Coae
U= 1 a¥ (Xl , T:p. Sueh a Zzo,zs can be madk
é))/ N baversaks @é Be «ﬁb;*é ¥ em Zbo/b " SUCN)/ZN,
sinck U — ex,o(z%g) for #e elwentad %o/o n UYL, .

r2aNG = Y .
s svw;/z,ﬂN Suw)

as (X[ »o0 .

c%ere s anoﬂer ISsue we need! to aa/c/ress I'n Conhecteon
weh #es fackonal value of V. The mStanton number
occurs rn Be index Heorem. Now ean we have fackond/
niuméber &/ zero modes?  Srnee all fel/s are tn
Zy - rnvareavit Yelblasenfaz‘t'ons, Ae relevawt rndex g
/b)@/oon‘rona/ /o) 77‘6‘“5),? . The trace ¢ evaluated 1 a
rep - R whteh s 2, -rnvariant. S’mee_ Tttt )= An Ttate,
:é/‘gf“é, we ﬂ‘nal Hat

tindex & = Aq » (>

AR = & C/Q Q’I'MR 5 C& = WJm’SC_ Chsimer 74{ Q
dim G
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AR /s an c'm’egm/ mutbple of N for ol Zy-cuvartant repss
o SUN). Therefore Here will be wo dontradhcfrons wf He
tndex  Aeorew. S

INe now- eonsicler celsed moncontrack bl éo,a: saérhg
m e vacuum. F ke A=p as a )E/bmsemé#re
/bofnfz‘a/ ;ér Ae Wacuum. (classical vacuuw) The fna/
point en B s Ao pure gauge Confgurakon  gelg. The
entermechate  con fguratons (or Ke palf) may be faken
as , (em(d) wit A=),
" A- T gldg D

dA+A%= dt g7dg — T Qg + T2@G 4g)*
V= - ;72 f é/z- g7dg) (T2 {9"’d3)‘°—. 2

- =L frgHp (4-D

42
_ 1 - 3 . ;
= o.}z;z fo@ dgy = @ - (13

CP S mz'na’mg numéer ﬁr S3>6 maps. Sinee @ re
an z'n)(tyer, Vv /)QS b be an m/eyer: Thus Vvacuum —>
wacuum panSrtrons  mfl aays See an enkger value
ﬁr v. o s l'M/b/l‘QS dat latkce Srmubblons wh /zsen‘oa(‘c
bouma/ay}/ Condvhons  mll a/ways See N Copres af

He ﬁoc;étona/ IS fanons .
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E ne rgy Consiclratons

Nﬂ\k C/J" = 1 CQ Xg‘ng') = XL x,
2r =

F: -7 K’ e“z,g; Gba’q"‘ X dxkdxé

+ £ /1-Kk?2 % And
Q_..Z.. Oa Xa &' éb,df_& dxtdxf

r= .

a : ! A A

— Qo 2,
< ¢« X 5:‘ K2 éwmk
2

‘x>
riH

"

;\if‘" (éiavxe *c: ;(w\‘ Eawmc )tﬁ 2*)

- *‘x‘ A A =
+ = . |

Ad

T
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£2
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Uz /v
252
T(K) &z b
oY -
\ _ '2\‘@\2 2 7 ‘\\2 T A ’.A

= | \()'~ - _i“\*zé-&mcxcx“

2 T4 Y )
k@aw\\&x xv\

(=" ¢ 4 2@1"‘2@? R xc%&

= 4 "‘K’>2+ (1=K)° &
g\_‘F 2 4
i?’%e Hamebboncan ©s Gven é/
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Varcakonal Ansatz

be haviour &wﬁ 2K fr=00 =1

da= —vga ia(gv_r) 3t Xt dxbAdr — v or K(sHintY
z A/ or z r

dxe A«

E%. = 2r Kf 8% + 2r X%ka(f'—kf d,
- s o = (F'= %) &

Near r=o0 | K—>1. f and £/ shoulbd vanish o
r

Qvoud/ S”"’l'nju/ian‘)? due fo X2%X"™ . Thus Jﬁ@,)N r&+1
hear 7T=o

a ' 7 4 4 A p N La 2
Fon = =K' (€ame fp Ry= m<>0) = (1K ) €mne R4R0

e need/ K@o) =o , Kei=1. 7o avord sw‘nyu/zm‘@
olue % )?“)?'C) 1-K% = 2(-K) ~ r**€ .

Kae 1+ r*t¢ | I brs case i;/ ~ 1€ abo , o B
(s okay for boh terms.

§ =014 as Y- o0
pite as Y -»o6
77 S as *—>O
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Acéﬁca//y‘ we Ctan q/o a .vg‘#fe ée%r.

Fﬁ,”: — Emna K’ +[f7({"' 1=K2 [ €pppuc RK X4
r

2.

So , héar T-=o,
!;{_;’_- (k= [/‘”-——(.‘._,J)f —> 0 [f Kstar?
Hor & Be Coae of #e mano/ba/é.

SZWM/&Y Ym&omvy a/b/A/ws z&f f’~_£ vanishes ;4,-
far. So #He rez,wremenb‘& are

§: A 0SS yv—» o)
Y

s yvy—3o

K - 0 &RS Y=> sy
14+ ™ as vr=» O
We can choose a BPS ansatx weh He seale paramekr
s He V‘ar(aiona/ /é)arame)@r

2)

K= _wrx Ff=  tanh mr 3)

Srnh mY¥

More genem(lv , take

q‘(' = Ar f'
-S‘t'nh Ar

WH  two parameters A, m.
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Estrmate ol energy

f
He clecthrc feld E we used os just A Thus,
encludkng  He couplng Constunt ¢, He eneryy s grren by

3
e e g )

2K 4 @K &)
MG | J

4rz
= T + I + 1T 4+ lV
F= tanhmr  4'= m sech*mr
I= 2712.m* [dr r*(sed®mr) 41
e?4? v
. s, 4
= Smd 1 J/ u ut sechu
e2s2 M
= 813 1 T \ 4 &)
62/32‘ m .

Q0
L= 42, 4m /c/r r> A2 tanh*mr
e*p* Smhar
2]
= 1673

b
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I= w3 1 T (D | (7)
e*p* '
- =
L @) = fdu U2 fank2au 8)
() Jl'l’lézu
a-= 7n/9\ .

&S )"

—4 47rﬁrr’~ ..(i.( )[1-— J\rcot/i)\r
e* r Sinh A

= 4TA Q[M Cj - U CoﬂuDz
e* Srnh®u

= 47 U (a)

o a2 |
:J/Clu (lvucoﬂu) ~n O Q15 (/2
(/]

.S‘mﬁzu
V= L 47 j//drr* ’i-—-d\r) / A
8e2 J L smhind 14
[~}
= WA [de L 71— w2 )
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