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SOIllC(exthooks and repons c1ailll (hal (he Jacobian f},¡[AJ which arises in Ihe discussion or Ihe raddecv-Popov method to quanlizc non-
Ahelian gauge theories amI which is givcn by the derivative or the gallgc fIxing eOlH.litionsover tlle gauge group parametcrs. is gauge invariant.
O(lle!"refercnccs however prove Ihe opposite. In Ihis brief rep0r! \Veprcscnt a discussion about l!lis malle!".

I\C'YlI'ord\: FlIllclional integwtion: gauge invarinnce: gauge tranformalion

Algunos Icx(os mencionan que el jacobiano ~¡[AJ. el cual surge en la discusión del método de Faddeev-j'opov paw cuantizar teorías de
norma no ahclianas y e~tá dado por la deriv;;lda de las condiciones que lijan la norma con respcrto a los parámelros del grupo de simetría, es
invariante dc norma. Otras referencias mucstrnn lo contrario. En esle Irahajo se presenta una disrusión sobre este hecho.

IkWT'IJI0rl'.\': Integral runcional: invarianria de norma: transformación de norma

mes: II.IO.-Z; 02.20.Sv; 02.30.Cj

1. Introdllction

-1" -¡ A~,= ut A"U + i[Jt (D"U), (2)

wherc P..lI' = na.x dA~(:r) and lhe aClion S = J (["t.r e are
invariant under lhe gaugc Iransformation

(7)

(6)

(4)

",¡I [A,] = /r>y'J (1' [A '1'o])

= / D ('/Y) J (1' [A9,0])

/r>(y")J (F [,\yu]) = ",¡I[AJ.

",,[A] = I ~;, lo..
Somc tcxlhooks amI rcports [5) claim thal the Jacohian

~f[Al is gauge invarialll whcnlhey are cxplaining Ihe qll¡lIl-
til.alion 01" Ilon-Ahelian gaugc theories. Some olhcr refer-
cnces [G] statc witholll proof lhat Ihis determinanl is gallge
invarian!. The argumcnt of Rcfs. 5 ahOUI the gauge invariancc
01' ~ f [A] goes as follows:

Ihe pCrlurhative expansiono Thc trie k L1csigneLl hy Faddecv-
Popov. ror Ihis purpose. hegins \,"'¡Ih Ihe inlroduelion of Ihe
Jacohian

+(010)- -/DA" e'8[",,1 ",,[A,,] /DHJ [f[A~J]. (5)

J[A~¡(:r)] = O is called Ihe gauge fixing condilion and il
should havc a sollllion fJ(.r) for a gi\'en ..lIt [31. If (Jn is a I.ero
01' f[ ..l::], wc ohloin

""[A,,J = (/r>HJ [f[.\~J])-1

wilh DO = na J' dH(I(.r), so Ihal we can write Ihe expres-
sion ( I ) as

( 1 )

(.1)

with rl = eiO and B = a'lTa (setting lhe coupling constant
cqllallo one). The gencrators Tu 01' the sillllllclry group sat-
isfy the algcbra

Already lhirly years ago L.D. Faddeev and Y.N. Popov inlro-
dllL'CO thcir prcscription [1] to quantize non-Abelian gallgc
theorics. according to which lhe gaugc fixing conditions give
rise lo a system of anticommulaling scalar ghost fields which
enter only as intcrnallincs in reynman loops.

In non-Abelian gaugc thcories. considering only
lhe gaugc hosons, the VaClILJIIl-to.vaCUUIll <llllplilUdc
(11,+00111, -(0) '" +(0111)_ is expressed hy Ihe funelional
intcgralion [:!]

1\11 immcdiate prohlclll arises bccausc of Ihe divcrgelll
naturc 01" the functional integration (1), which is due lo
the gallgc invariance of the action. HcIH.:c an infinily fac-
101' should hc factorizcd ami removed hcrorc implemcnling
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Allhough lhe laSllhrcc cqualitics are correct, the tirsl olle
is \I,.Tong sincc il aSSlJlllCS thallhc group measure Dg is cqual
10 lhe paralllctcr Illcasurc [which cntcrs in lhe detlnition givcn
in Eq. (4)1.

D!I = IIdOu(.r) = DO.

No\\' ' ••..e sho\\' that we can ohtain lhe result (8) from
Eq, (.17) nI' Zaidi's papel' liT Firsl. lel liS expla;n how he oh,
tains Ihis equalioll,

Lel liS consider lhe fllllctional integral .r F[q]Vr¡ ami sup-
pose lhat \Ve wanl lo changc the function q(.r) in Ihc func-
lional inlegral hy anothcr fUl1Clion q'(.r) given hy

u,r

In Ihis note \1,.'(' sho\'.' (!lar this Jacobian is nm gaugc in-
\'arianl. and \Ve gi\'c an cxamplc. Atlhe ene! \Ve cxplain hm\'
Ihis rcsult is in agrct:ll1cnt with Rcf. 7.

. 1""1 I Eh¡, I '[1q =. dq¡ = D(/- Dq,
1=1 J

Nmv we wish to tind out what happens in lhe l'unctional
integral. For lhis aim ,••..c must seek the rclalionship hetwccn
Ihe I\VO IllCaSllrCS "[1(/ and '[1(/. Ir \ve expand q(.r) ami (/ (,1') in
tcrms of;ln orthonormal sct 01' functions {<¡)(.r)}. \vc ohtain

Arter Ihe gaugc lransformation Ji -+ A -o Ihe Jacohian
-"¡[AJ delined in lhe Eq,(4) Iransfonns as

(X)

whcrc H. (ji and (/" are rclatcd by

hcncc

/' I DIJ¡ I! "F['III'''I] = -;' F[1\ '1 IIdlJ J.
, DI) ,

(13)

and Ihe cxpollcnt .r#y is givcn by an infinilc Bakcr-
Camphcll-Hausdorff series 01"Illultiplc comlllutators [4]

1
,1'#.'1 = ,1' +.'1 + }'[,r,.'IJ

+ /2 ([,1', [,1',.'11] + [.'1, [.'1, :tl]) + ,.

Tllercforc (he variatioll iá(J", wilh rcspcct lo el is givcn by

(0)

I'qualion (13) is Eq. (.17) in Zaidi's papef.lJ¡ and '1; are the
cocflicicllts inlhc expansion ol' q(.r) and q' (l~).respcclively.

Ir IVe consider O" (.1') and e' (,1') inslead 01' q(,r) and '/ (").
rcspl'cli\'cly. and cxpand lhelll in lerms 01' the set of genera-
lors {7:¡} 01' Ihe gaugc lransfonnation as

"
, " '11 (,1') = L O"(:¡;)T¡,,

iMlu = ill#i(O' + MI') - ill#iO'

= iáO' - ~[O,áO'J - li
2
[O, [11,150'1] +"

so that in Icrms 01' Ihe components 01' fJ \Ve can wrile

For l'xample in SU(2) \Ve have Ca/I(, = f¡¡b('.

( 10)

( I I )

wilh F['I] = -"¡(,IJ, we ohl"in E'I, (8) fmm Eq, (13), In lhis
case (J" (.1') and fJ (;1") are relaled hy eiO" = c,oclO' == e"I#IO'.
Abo \Ve can see Ihat the cquivalenl cxprcssion to K(;r, y) is
not symlllctric,

\Ve also c<ln ohtain the rcsult (8) fmm Eq. (15.5.17) of
\Vcinherg's hook [7]. Firsl.let us mention that Eq. (15.5.1 )01'
this rcl'erence.

1= l 110!l[O] 8 [1[0]) !F[OJ!,

is cqual lo Eq. (5) with Ihc fol1owing correspondencc:

/J[J[0]) = á [F[A,,]) ,

I l'[r>] I = -"¡[A],

(14 ),11n[1>,\;J'i I
,1;""(11) '\~o'

whL'rc lhe F-lIIalri.x is

I (' • ')I + lTt O¡ + 11" + 113

x [O! +Oi +O¡ + 12) +. (12)

antl ohviously the Jacohian 'ó'¡(..l] is not gaugc invarianL
Note Ihat 10 get Eq. (R) \Ve have inlegrated over al1 pa-

rallH.'lcrs of lhe simlllelry group inslead 01' over all group el-
elllents. Wc would Iikc lo slress lhat the rel'erences [{)] get
Eq. (X) \\'ithout lile dctcnninanl IJRII/J(}'I. They have inlc-
gratcd over al! group clelllents.
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Equation (17) is Eq. (15.5.17) in Wcinbcrg's book. ami
il is cqual lo Eq. (8). \Vcinhcrg has introduced a wcight~
fUllctioll (J(.\) as

\\le

( IY)

(20)

j. IJ8" 1-1Ihe cntirc factor ve ~8'

Acknowled!(lIIcnts

which is lhe Faddcev-POp(lV prescriplion.
\Ve noticc lha! lhe conlrihulioll 01"~¡[A] is conlained

in (he inflnity factor \vhich is removed fmm lhe inlegra-
(ion. Thus. lhe expression (20) is obtained indepcndently
01"whcther .ó..¡(A] is gauge invadant or no!. If ,ó,¡[.4] wcre
gaugc invariant. then (lne \\'ould removc just I DH.

In conclusion. \••..e ha\'c showeJ that the Jacohian ~J[A]
is not gaugc invadant and gi\'cn an examplc, Also we have
cxplaincd hmv this result can he ohlaincd from Rcfs. 7.
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formation A -t .4 -9. Ihe integral (5) can he ",Tinen as

so thar rCllloving

\HiIC (19) as

(16)

( 1X)

( 17)

I
p(.\) = 11i[,\II'

J[ \1 = 010[9I,;.r11
. 9.. O (l .pI':: _p-,\

RO' _ Op"(:; A, Al I
~y - OA~(yl '\~o '

Ihus, p(,\) is IJ8" (J8'1-1•
Finally. ir \Ve use lhe gaugc invariancc orthe aClion S and

lhe lllcasurc DAII comhincd with (H). aftcr (he gaugc trans-

hCllCC

wirll

Ir \Ve consider lhe gaugc transformation with paramc-
ters I/\(.r: ,\. >..) in lhe 9 llclds as lhe product 01' lhe gaugc
transl'ormation wilh paramelcrs ,\ n (;r) followcd by Ihe gaugc
transfonnatioll \Virh paramclcrs .\ n (:r). we obtain
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