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The Yang-Mills (YM) theory: introduction

@ The generating functional for YM theory (in the
manifestly covariant gauge)

Zyy = / [D¢] e,
where,

1
Svm = / d*x[~ZF2,F2, + B?9,A2 + T2 M c?]

4 Mo
the field strength tensor F 7, and Faddeev-Popov
operator M3 are defined as

a __ a a abc pAb Ac
Fa, = 0.A, — 0A, — gf ™ ALA;
and
M?* = —9,D3F
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Nilpotent BRST symmetry for YM theory

@ The above YM action is invariant under following BRST

transformation:
a
5bAM
5bCa

opc?
dpB?

= —Dzbcb A,

1
— ngabccbcc /\7
= B A,

pu— O7

where, A is usual infinitesimal and anticommuting BRST

parameter.
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The Gribov-Zwanziger theory

@ The gauge fixing condition 9,A% = 0 can not fix the
gauge uniquely. Each gauge orbit intersects the gauge
fixing hypersurface I' = {A%; 0,A% = 0} many times.
Therefore the theory has Gribov-copies.

Such Gribov copies can be neglected in the ultraviolet
(perturbative) regime. It plays an important role in the
infrared (non-perturbative) regime, which is closely
related to the gluon confinement.

@ To avoid the Gribov copies, Gribov (1978) proposed to
restrict the domain of integration in the functional
integral to the Gribov region, whose boundary is the first
Gribov horizon.
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The Gribov-Zwanziger theory

@ Such a restriction can be achieved by adding a nonlocal
term in the YM action! as :

Sy = / d*x h(x),

hx) = o [ dty @AM ) ) FALY)

@ The nonlocal term S, can be localized? by introducing a
quartet of auxiliary fields (53¢, 03¢, &7¢, wic) as

Swer = [ % (BP0 — D00,D0 — 4N~ 1)

o ’72gfabCAZ(QOzC + S5'36) o gfabcauu—}iapzdcdwﬂ .

1D.Zwanziger, Nucl.Phys.B 323, 513 (1989).
2D. Dudal, S. P. Sorella and N. Vandersickel, Eur. Phys. J. C 68, 283 (2010).
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The Gribov-Zwanziger theory

@ The complete GZ action S¢z is given as
S6z = Sym + Siocal-
Which further can be recast as

SGZ - Sexact + S'ya

where
Sexact = SYM +/d4X [gb?c@upjbgpf?c —@f@uDwaF
gf"’bcﬁucbf’l)ﬁdcdgof] ,
and

S, =—+* / d*x [gfabCAZ(apZC + @ZC) +4(N? —1)77] .
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The exact symmetry for GZ theory

@ The BRST transformation for the fields :

1
a ab b a __ abc b _.c
WA, = —Djc’ A, 0pc? = ng c’c A,
5,20 = B A, 5,82 =0,
6b§0? - _wia /\7 5bw? - 07
51@,‘? = @,a /\, 6b(,0? =0.

@ The S, is not invariant under the above BRST
transformation. Thus the presence of v dependent term
breaks BRST symmetry of GZ theory softly.
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The extended GZ action

@ Further, S, is extended by introducing 3 doublets of
sources (U3', M), (V' N¥') and (T7, R/‘j”') as

Y, = / d*x (=M Db} — gf** U Dy c?of + U DiPw;

v
NID2PoP — VIDPE? + gf VI D cdof — MV
+ U:i N:i o gfabc RZIDZdCd(DiC + gfabc T:iDZdCd@f) ]

But we want our original theory. Therefore at the end, we
have to set the sources equal to the following values:

U2i|phys = Nsi’phys = T:i’phys =0

ab _ ab __ pab __ . 2gab
Mu |phys = Vu | phys = Ruu’phys = 770700

14 v
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The extended GZ action

@ Such that X, |pns = S,

@ > is invariant under following BRST transformation:
6bU,ji = /\/lji A, 5bl\/lji =0,
VI = =NIA 6NT =0,
T = —RIA, 0pR3 = 0.

@ Thus the nilpotent BRST symmetry is recovered for GZ
action.
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The Generalized BRST transformation

@ We are using the generalized BRST formulation? in this
case by allowing the usual BRST parameter to be finite
and field dependent

OpAL = —Dzbcb Olql, 5bca:%gfab°cbcc O[9],
5pe? = B? 9[g], 6pB? =0,
opp; = —wi O[¢], opwj =0,
opi = @ Old], opp; =0
U = M3 O[], 5pM3" =0,
5V = —NIe[gl, NI =0,
T = —R¥ O[], 0pR3 =0,

where O[¢] is finite, field dependent BRST parameter.

35. D. Joglekar and B. P. Mandal, Phys. Rev. D 51, 1919 (1995).
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The Generalized BRST transformation

@ For such a generalized BRST transformation we construct
the transformation

d(x) — ¢'(x),

by a continuous interpolation of « in fields
o(x, k), (0 <k <1) such that

o(x,k=0) = ¢(x)
Cb(XvH 1) = ¢/(X)

@ Such a generalized BRST is also symmetry of the action.
But the path integral measure of generating functional is
not invariant under such a transformation.
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The Generalized BRST transformation

@ The Jacobian J for path integral measure can be written
as e~*1l?l for some local functional S;[¢] iff

/[D¢] [1 dJ dSl[gb(;( K] exp [—(Sez + S1)] = 0

(0.1)
where ¢(x, k) is all fields involved in GZ action.

Sudhaker Upadhyay and B. P. Mandal The Euclidean Yang-Mills theory from Gribov-Zwanziger theor



The Generalized BRST transformation

@ The infinitesimal change in the J(k) can be written as

tal [ 09 0(x k)]
Jdr / d {iébqﬁ(’ ) 0p(x, k) |’

where + sign refers to whether ¢ is a bosonic or a
fermionic field.

@ The infinitesimal change in fields with respect & is
calculated as

do(x, k)
dk

= 5[0, WO [B(x, K]
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Relating the GZ theory and YM theory

@ The choice for finite BRST parameter is
O] = [ d'x 510,00 - UDPet - VD!

— UV 4 T gDy ] .

@ The change in Jacobian for this case

1dJ
LR / dx [~ 320, Db + 220, Dut
+ MIDLGE — UIDPLb + gf U Db s
iTyab—b iTyab,—=b b iTybd d -
+ Nj'DZ'w, + V: DZ P; —gf."’ VD cof
+ Mjl V:’ o UZI NZI + gfabCRZIDdeCd(D;:

— gfabc T:i'Dded@f + gfabcauu_f,?pﬁdcd@ﬂ )
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Relating the GZ theory and YM theory

@ We consider an ansatz for S; as

s, - / d*x [x1 320, Db + y2220, D
XsMIDPo? + xaUDiPw) + xsgf P U DY ¢k
XeNID2Pop + x7VIDPE? + xegf VI D) cdf
Xo Mji V:i + X10 UZi NZi + XllgfabcRZinZdCd(D,F
fabc TaiDbd d—=c fabca —and d c
X128 p Py €97 + X138 Wi Dcf]

+ o+ 4+ +
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Relating the GZ theory and YM theory

@ The constants x's can be evaluated using the necessary
condition given in Eq. (0.1). The correct expression for
S; after calculating x's

S /d4x (-~ @?@fo’g&f’ + K @;ﬁ*aﬂpgbw?

K MZiDZbgof’ + K UjiDwaf’ — k gfe UZiDﬁdcdgof
K N:’Dzb@f’ +K V:’Dzbgbf-’ — k gfe V:’ijdcd@f
K MIVE —k UINT + K gfabCRZ’Dchchf

— K gf* T:iDﬁdcdcﬁf + K gfabcﬁucv,-aDchdgpf] )

+ 4+ 4
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Relating the GZ theory and YM theory

@ The YM action is obtained by adding S;(x = 1) to Sgz

as
Ser+ Si(n=1) = /d4x[ F2,F2, + B20,A
L ie%0, Db
= Syu
Thus

Zes (: / [D¢1e—562) I T (: / [D¢]e—5w) 7

Sudhaker Upadhyay and B. P. Mandal The Euclidean Yang-Mills theory from Gribov-Zwanziger theor



Conclusion

@ We construct a generalized BRST transformation which
connects the generating functional of GZ theory to the
generating functional of YM theory.

@ The Jacobian for path integral measure in the generating
functional of GZ theory cancels the extra term in the GZ
theory.

@ Thus the theory which are free from Gribov copies (GZ
theory) can be related to the theory with Gribov copies
(YM theory).
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