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QCD has been renormalized to three loops and beyond in
various gauges: Landau, Feynman and general covariant

For various problems these choices of gauge may not be the
most appropriate

One property of the confinement mechanism is that there is
abelian dominance and abelian monopole condensation via
a Meissner dual superconductor picture

To study the possibility of abelian dominance the natural
choice of gauge is the Maximal Abelian Gauge, MAG

Currently MAG has only been renormalized to one loop for
SU(2)
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Main aim Is to ascertain whether a dynamical mass is
generated for the gluons

Problem has been examined in a ‘laboratory model’ called
the Curci-Ferrari model (1 < A < Ny)
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Lagrangian is renormalizable; includes quartic ghost
Interaction

Gluon mass term i1s BRST invariant

Massless Curci-Ferrari (CF) model is known as (nonlinear)
Curci-Ferrari gauge

Corresponds to a particular sector of the MAG

Problems

Lacks unitarity due to explicit classical mass term -
resolved via dynamical mass generation

Leads to the examination of the condensation of dimension

two operator A2 A4H — aEtc!
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Gauge and ghost fields split A = A% 4+ A, with

1 < a < NY (off-diagonal), 1 < ¢ < N¢ (centre or diagonal)
Gauge fixing is via a modification of covariant gauge fixing
procedure to give an interpolating Lagrangian

Landau _  s[1 4,444 1 a4
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=11 a pa 1 —a _a 1 1 1 —1 7
Lg/]lr_AG = & _§AMA Ko sactc + §§AHA “’] + (1 =¢)6 [c 8“’Au]

Landau gaugeisa =0,( =1

MAG is a # 0, ¢ = 0 (residual centre gauge symmetry is
fixed in Landau gauge a =0

Implement BRST transformations in FORM
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For condensation of operators in MAG examine the BRST
invariant dimension two operator O = ; A% A%* — ac*c”

Similar to CF operator but restricted to the off-diagonal
sector

For application of local composite operator, LCO,
formalism require its anomalous dimension at three loops

For the CF and Landau gauges the renormalization
structure was already available

Landau gauge LCO completed at two loops with massless
quarks (pole mass m, = 2.13AM—S using ONSHELL)
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Shortcut available in Landau and CF from Slavnov-Taylor
identity 7o(a) = —pB(a)/a + 7c(a)
Similar result in MAG vo(a) = —f(a)/a + 7.i(a)

Algebraic renormalization defines structure of
renormalization constants

NS = JZa AT Al = T A
cO = VZcc® ,cHh = VZcc®, (0 = Z¢§
Cb = \/Zcici, 510: \/677, @DO:\/ZQP?#,

uZgsg9 , ag = Z,'Zaa, ag = Z;ileia{

90
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Renormalize 2-point functions to deduce wave function
renormalizations (except for ¢*); 5-function emerges from
A" (cf background field gauge)

All the anomalous dimensions are required for checking
purposes

Renormalize A%c'c® vertex for Z..

Deduce yo(a) from these anomalous dimensions (explicit
two loop check)

Generate graphs with QGRAF
Convert output into FORM Input

Partially substitute Feynman rules
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Apply group theory rules (zero diagrams)
Substitute remaining Feynman rules
Apply MINCER algorithm

For one and two loop calculate with full interpolating
Lagrangian

For three loop calculate with Landau gauge first (o« = 0,
¢=1)

Repeat for MAG (a # 0, ( = 0)

Extra parameters slows the MINCER algorithm

Infinities absorbed minimally (MS) automatically
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1d once vtxggg(AA(A1?,m1?,pl?),AA(A2?,m2?,p2?),phot(E3?,m3?,p37?))
= - 1_*gg*( - d (m1,m2)*p1l(m3) + d_(m1,m2)*p2(m3)

+ d_(m1,m3)*pl(m2)

- d _(m1,m3)*p2(m2)*al -1*zeal

+ d (ml1,m3)*p2(m2)*al -1

- d (m1,m3)*p3(m2)

+ d (m2,m3)*pl(ml)*al " -1*zeal

- d (m2,m3)*pl(ml)*al -1

- d (m2,m3)*p2(m1) + d_(m2,m3)*p3(ml) );

1d once vtxggg(AA(A1?,m1?,pl?),AA(A2?,m2?,p2?),phot(E3?,m3?,p37?))
= - 1_*gg*( - d_(m1,m2)*p1(m3)

+ d_(m1,m2)*p2(m3)

+ 2*d_(m1,m3)*pl(m2)

+ d_(m1,m3)*p2(m2)*[(1-zeal)/al+1]

- d (m2,m3)*pl(ml)*[(1-zeal)/al+1]

- 2*d_(m2,m3)*p2(ml) );
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Green'sfunction || Oneloop | Twoloop | Threeloop | Tota
A AY 6 131 6590 6727

Al A, 3 54 2527 2584

c® &b 3 81 4006 4090

PP 2 27 979 1008
Al ¢t b 5 287 22621 22913
Total 19 580 36723 37322

Number of Feynman diagrams for each Green’s function for the MAG renormalization.

Green'sfunction || Oneloop | Twoloop | Threeloop | Tota
At AB 3 19 282 304

cA B 1 9 124 134

P 1 6 79 86
Adpp 2 33 697 732
Total 7 67 1182 1256

Number of Feynman diagrams for each Green’s function for the CF gauge renormalization.
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Due to splitting of fields need to develop new group theory
results noting f“* =0 and f¥¢ =0
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T (T°TY) = Twpo® , Tr(T°TY) = 0, Tr(T'TY) = Tps"
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faqubrs fqms fcmtfprt — 0 7 faqubijqms fcmtfpjt — 0
faqubrs quchcjtfprt _ 0 7 faqubrs fqms fimtfp'r’t — 0
d2 ~2
faprij fqmj fcmk fp’r'k — ]\;ANOC;A fabc
A
d di2
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gawd phrs gims pimt gert A
A
d2 2
fapj fbks fjms f’imtfpkt — szﬁlvng fab'i
d2 2
fapj fbks fijfcmtfpkt — J\;ANS;A fabc
A

Implemented in group module in FORM via the use of the
set notation

Various input assumptions on isotropy of basic results
checked in SU(2) and SU(3)
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Defi ne matrices (5*),, = b, (S%),, = f**°

tr (sisj S"’Sl) tr (sisj sksl) -

tr (sisj sksd) tr (Sisj sksd) -

tr (Sisj scsd) tr (Sisj scsd) -

—tr (Sisj sksd) tr (sisj sksd)

d3
Ni“Ch
ANg?

+ [GN;{ + N;{]
—tr (Sisj Sch) tr (sisj scsd)

d2 4
NA CA
8N¢3

_ [4N;{l2 _ N;g?]
—tr (Sisbscsd) tr (Sisbscsd)
+1r (sisP5est5i 5P 5e5¢)
Ftr (sisj §e5dgigi scsd)

NiCy

— [5N§° —angng + Ng? o
A

tr (S75b5°59) tr (S15°5°5%) and tr (5¢SbSe 945t 5P 5e94) cancel
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Vi (@)

1
ANG

NS ((—a = 3)Ca) + N (—2a— 6)Ca) | a

+ [NS? ((— 6a® — 66a — 190)C3 + 80C A Tr Ny)

96N S?
+ N§N§ ((— 54a® — 354a — 323)C3 + 160C A Tr Ny)
+ N{* ((— 60a% — 872 + 510)C3) | ?

1
6912N¢?

— 1944¢3 — 63268)C3 + (6912 + 622083 + 6208)C% Tr Ny

+ (— 82944(3 + 77760)C A Cp Ty Ny + 8960C 4T3 Ny

+ N2 N{((— 275403 + 648¢30” — 289170 — 4212(30 — 69309
+ 37260¢3 — 64544)C3 + (25488 + 103680(3 — 13072)C35 Tr Ny
+ (— 165888(3 + 155520)CACrTr Ny + 17920CAT5Nf)

+ [N$?((— 162a® — 2727a* — 2592(3a — 18036a

+ NSN?((— 7884a® + 22680¢302 — 8456402 + 97524¢3a — 47142
+ 433836¢3 — 56430)C3 + (25056 — 124416(5 — 18144)C% Tr Ny)
+ N2 ((— 6480a® + 34992¢502 — 7009202 + 8424(5a

+ 114912 + 77112¢3 — 161028)C3)] a® + O(a?)
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+ 8424a(z + 114912a + 77112¢3 — 161028)C3)] a® + O(a*)
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Structure of renormalization constants not inconsistent with
renormalization group

Landau gauge results emerge in the limita — 0, { — 1

Correct MS j-function emerges at three loops from 4 (a)
- independent of a, N¢ and N¢

Curci-Ferrari anomalous dimensions correctly emerge for
the off-diagonal sector in the limit N¢/N¢ — 0; difficult to
see in SU(N,)

Correct abelian limit emerges V N§ and Ny

MAG anomalous dimensions cannot be deduced from
Landau or CF gauge results
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Full three loop MS renormalization of QCD in the MAG
for arbitrary colour group (hep-th/0504051)

Interpolating gauge has been extended to a renormalizable
six parameter Lagrangian (hep-th/0505037)

Effective potential of O for the MAG has been constructed
at one loop (hep-th/0406132)

All the renormalization aspects for a two loop effective
potential are in place
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