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Gribov-Zwanziger theory

Yang-Mills action [Yang,Mills (1953)]

1
So(A) = —JFLFY, F, = 0,40 - 0,47 + frbeAb Ag

Gauge invariance
680 =0, OA%=D¢, Db =579, + frPAS
Faddeev-Popov action [Faddeev,Popov (1967)]

Spp(®) = So(A) + COK®(A)CP + x*(A)B®

o4 = (A%, B*,C*,C")

ox“(4)
ab _ cb
K*(4) = == D;
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Gribov-Zwanziger theory

BRST symmetry [Becchi,Rouet,Stora (1975), Tyutin (1975)]

Nilpotency

opSrp(®) =0

) = DPCa
) = SO
z) = B(x)u
)
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Gribov-Zwanziger theory

Landau gauge
AL =0, K =0"Di’ = 0", + [*PALO"
Gribov region
_ _ b
Q={4;, "A}, =0,K? >0}
Zwanziger functional

M(A) _ ’Y2 (fabcAZ(Kfl)adfdecAeu + D(NQ_l))

(Kfl)adeb — (5ab

D is dimension of space-time and 7 is the so-called thermodynamic or
Gribov parameter.
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Gribov-Zwanziger theory

Gap equation

Vacuum energy Eyac

i )
eXp {ﬁgvac} = /D(I) exp {ﬁSGZ((I))}
Gribov-Zwanziger action
ng((l)) = SFP((I)) + M(A)
Non-invariance

sM
SAS

D¢ #0,  0pSaz #0
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Gribov-Zwanziger theory

Open problems:

@ In construction of the GZ action the Landau gauge is used only.
What is beyond the Landau gauge?

@ The construction is connected with Yang-Mills theories only. What is
beyond the Yang-Mills theories?

@ For the GZ theory the BRST symmetry is broken. How does this
breakdown affect on physical quantities?

Our main assumptions:
@ In Yang-Mills theories Gribov horizon exists not only in the Landau
gauge.
@ Gribov horizon may exist for general gauge theories.

@ Gribov region can be described in the form of an additional functional
to full action of a given gauge system. This functional destroys the
BRST symmetry.

v
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Field-antifield formalism

General gauge theories
So :SQ(A), Ai, 1= 1,2,...,n, E(AZ) =&,

SA" = RL(A)EY,  Soi(ARL(A)=0,a=1,2,....m 0<m<n,

D= {1 ={A..} @Y =¢e4,

o* = {04} ={4],...}, £(®}) =eatl

S 5(@.0%), S(5.5)=ihAS
2

o*=h=0 = So(A)

S
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Field-antifield formalism

Antibracket

oF 0G
= 77 _ _1)[EE)+1]-[e(G)+1]
Delta-operator
. 0 1)
A=(-1) “MfA 557 220, e(A)=1

Extended action

_ 5¢
ot (B, D) = ((I), o 7)
Seat( )=29 +611>
Gauge fixing functional

P =9(@), e@¥)=1

Quantum master equation

1
i(sewh Seﬂf) =1h ASewt
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Field-antifield formalism

Generating functional
* i * A
Z(J,®*) = [ Do exp{ﬁ(sem(fb,q) )+ Ju® )}

Ward identity for Z
30Z(J, ®*)

J
AT50,

=0

BRST symmetry

1(®, ") = DP exp {%Sm(@, <1>*)}, Spl(®, %) =0

5Sext
50%

opdt = p 6p®5 =0
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Field-antifield formalism

Gauge invariance

Zp(0) = Z(0,0),  Zy15(0) = Zy(0)

Ward identity for I'
(=0

Gauge dependence
0T = (I, (50)),  (6¢) = 6u(®)

~ 1 1) 1" 1) or
A_ FA | - —1\AB 9l _ Y
O = ih ()P ams (U)as = 5ga (5@3)

Gauge independence on-shell
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Soft breaking of BRST symmetry

Modified action
S =8eqt + M, M=DMP,%)
%(M, M) =—ih AM
M = My + O(h), (Mo, My) =0
mo = My |g+—0, mo iR, #0

For the Gribov-Zwanziger theory mg coincides with the Zwanziger
functional
Modified master equation

%(5, )~ ihAS = (S, M)
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Generating functionals and Ward identities

Generating functional
* i * A
2(J,*) = [ D® exp{£(5(q>,@ ) + Ja® )}

Ward identity for Z

h 8Z(J, ®*) Ax N
i(JHMA)m — JAM™ Z(J,®*) =0
B ho .\ _ OM(®,o%)
Ma= MAG’E’(I’ > I N PN
ho SM(®, d*)
* Ax 1" Y F*) — ’
Ma=M ('5J’(I))_ 50% oot s
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Generating functionals and Ward identities

Generating functional of vertex functions

6W

D(®, &%) = W(J, %) — J,04, o4 = 57

Z = exp{i/hWV}
Ward identity for I'

r T
5MA*M5

(F L) = 5PA 6(1)*

T, = SM(@.9) T _ SM(®,2%)

04 losd’ 0%

d—P

-~ 1 5 1 5 5F
A_ A, - —1\AB 9l _ Y
¢7 =04 ih () Pegs, (T SDA (5@3)
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Gauge dependence

Variation of action

864 8Seat
O5eat = Spa 5%

P(®) = Y(P) 4 69(P)

08 = 0Seqt +0M

Gauge variation of Z

N 009 0Seat i " A
§Z(J,8%) = h/ch (5@/4 o +(5M> exp{h(S(cp,cb )+ Jad )}
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Gauge dependence

Gauge variation of I’

6T .
OF = g B4 (00) = MaF4(0w) + (9M)
5 0 " 8 oL\ 6
A_ _(_1epleat+l)p—1\BC [ 9l !
" 0% = ) (M)C 5@;) S0P

— =90 — ol #£0

A weak hope L
(6M) = MaF*(59)
In tree approximation
oM ~

OM = S5 By, Bt = (1) (s o (

51 55’) 51
5C 5% ) 0B
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Gauge dependence

Application to the Gribov-Zwanziger theory

§

a a a a S a
X“(A,B,§) =x (A)+§B =0"A; + 2B

2

_ 1.
¥ =C""(A,B,€), 5 = 5C B

Srp(®,€) = So(A) + C*K™(A)C" + x*(A, B,&)B
SGZ((I)ag) = SFP((I)7£) + M(A,f)

10M ~

LA ~a pa
55pa b0 CUB s

M(A,¢) #
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Conclusions

@ A definition of soft breaking of BRST symmetry within the
field-antifield formalism was given. It includes the Gribov-Zwanziger

theory as a very special (but important) case of Yang-Mills theories in
the Landau gauge.

@ It was shown the gauge dependence of effective action even on shell.
It means that S-matrix depends on gauge. In particular, vacuum
expectation values of gauge invariant operators such as Fgf do
depend on gauge.

@ It was proven that a consistent formulation of gauge theories with
soft breaking of BRST symmetry does not exist.
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Thank you!
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