


0.V.Tarasov,* A.A.Vladimirov

TWO-LOOP RENORMALIZATION
OF THE YANG-MILLS THEORY
IN AN ARBITRARY GAUGE

Submitted to AP

e

* . .
Moscow Ztate University,

Physical Jepartment.

- E2

- 10079



1. Introduction

Various kinds of ssymptotically free theorieu wers HUEZe -
ted as possible condidates for the utrong interaction model.
It is well-known that nop-abelian gauge fieldc are the necessary
ingrediente of the asymptotically free theory. Thie atimulates
the intensive investigation of non-abelian theories, particularly,
ﬁith the use of renormalization group technique,

In the preusent note Yang«Mills theory renovmelizat.on
group functiono (the Gell~Mann-Low function and the anctalous
dimensions of propagators) sre calculated in the two-loop order.
In contrast to earlier calculationn/1'2’3/ we do not fix the
gauge paremeter. This allowo ue to ntludy the gauge dependence
of the renormalization group equations and opens the poscibility
of using the most appropriate gaupe in applications.

The :elf-interacting Yang-Millg Lagrangian is as 8 rule
only a part of the total Lagrangian of the model but thry part
caupen the main calculation difficultien. Therefore we present our
resultn in tho form which enablen one to use them directly for

studying more complicated modeln including matter fieldn.

2+ The Method of Computations

The Lagrangian of the pure Yang-Mills field looks like

L = 98 ~D ! ﬂ)// g /? .
+j]lnb”c7-<¢§f/? ac/g —2,,6’/5’5),“
afc/qc/p cgdg / /
u //h '

3

(1



where 7[“& are the antisymmetrie group structure constanta.

Je need only three renormalization constanta, namely, the ones

of the vector propagator (Z;i/ ) ? ~ propagator (f;y
and EBQT - vertex (21) » to deteruine all renormalization
group functions. From theve three constants one can find the
charge renormalization and the Cell-Mann-Low functlonjother vertex
renormalizations are to be found from the Ward identities.

In the present note 't Hooft's scheme of renomaliz&tion“l
iz uped. Thig formelism is deseribed in detail in the excellent
work of Coll.ns and Iﬂucfarlune/w whoge notations we adopt {note,
Lowsver, our definition of oupace-time dimension: ¥} = 9-—28 Y.
The 't Hooft ascheme cxhibite mome remarksble features, and
among them explicit gauge invariance and maps- and momontume
independence of the renormalization constants. The latter pro=
perty renders the renormalization group equations applicable for
all momenta and enables us to simplify the computations of
the diagramg putting several external moments equal to zero.

it.phould be notsd that from the subtraction point of
view 't Hooft's scheme ie the standard type R ~gperation
where only the pole parts of divergent diamgrams are subtracted,
This version of the 't Hooft schome was suggented by Speer/GI
who also proved the squivalence of this scheme to usual
Bogolubov's approach.

The detuiled degeription of computation of the relavant
diagrams in the two-loop Yung-llills theory can be found in rar./%/
where the Feynnan gauge o =7 waus used, The most unple. nant
n:spuclc. of the cialculationy in an arbitrary gauge in the tremen-

dous growth of the number of terms in algebraic expressions,.

To overcome this difficulty we were forced to use a computer.
Namely we used the symbolic calculation program SCHooNsciip /77
for the following operations: Lorentz-index summation, reductior,
of the numerator of the integrand and the evaluation of the
atandard two-loop momentum integrols., The total time requ’ red
for calculating all the relevant diagrams with CDC-G400 computer

proved to be B4 minutes.

3. Hesults 2
/4 i Cz( 67
#e introduce the notation = [4 z 7 wherc
7/

af acd F‘-,J
C‘(G/J =f 7[ » Tho ren 'unlization conntanti in the

two-loop approximation lock like

ALy As2 2] A 5w uss] 4/ e s
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It in easy to verify that thece results satiufy the renormal. -
zation group conatruintnM’B/ on the ?11 starmus Prom (2)
the renormalization group functions can be obtained immediatel .
To recall the definition of these functions lat ugs writg down

the renormalization group equation for the propagator:

[pf‘}%+;é“%—i +Jéfx/d,a%—— J/gi%/Qﬁ;,jf./.mn

where K is an extarnal rranmentum,/‘1 in @ new dimonuional
paraneter ("unit of marm"M/), an analog of the subtractio.

point. The Gell-Mann-Low function iu
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/3/7__.]1 Z.Cz// 3? 6C2//
The anomalcus dimenpions of the vector propagator ( J/) and

Z -propagator ( f‘) are

J’@ <= cf/ée /-—+——/+//————.( j% -
(r/c?z»"’/=/4/‘ 3/*’4 :.r: f‘j’—

In accordance with rer. ﬁ -funotion 18 gauge 4independent.
However, tha gauge dependence of the ancmalous dimensicns X:]
non-trivial, unlike abelian theories, where only the one~loop
contribution to the enomalous dimensions of propagators ls gauge-
dependent, while in the multi-loop contributions the gauge
parameter in cancelled/9- BQ-(40-24)/.

in conclusion let ug compare our results with the previous
onaa,"e’aj. Tke expreusion (4) of /8 ~function agrees with that
from ref./213ana diffars fron’ s1n the latter paper the Landau
gauge wus used.If we putd =1 1n (2) our results for each Green
function coincide with Jones! onealal.

de are grateful to E,.5h.Egoryan for his help in this work and
check ol pome computationrs. Je would like to thank D.V.DBhirkov
for several useful discuspionns and commente. Je olso exprevs

our gratitude to L.V, Bobyleva and V,A.Rootovtnev for conoulta-

tions on the gubjeect of aymbolic manipulations by computer.

1.
2'

3. W

4.
5
6y
7.
B,

9

AshcBelavin, Adh,liigdal, Pig'ma JETP, 1

Helerencesn

) ...“'f', '9[4.

R, ToJones. Nuclibhys., BIS, 531, 1974,

«E.Caswell, Phye.Rev.Lett., 313, 244, 1974,

G, 't Hooft, Nucl.Phyﬁ-. &6_1; 455’ 13!}0

Ji«C.C0olling, A.J.Macfarlane. Phyo.Rev,, P10, 1201, 1vi4.

EiReSpeers JiMeth,Phyo., 15,1, 1974,

Hi,Strubbes Comp,Phye.Comm, , 8y 1, 1974,
A.B.Capwell, F.iWilczek. Fhys.Lett., 498, 291, 1974,
R«E.Kallogh, I.V.Tyutin. Yad.Piz., 20, 1247, 1974

L,Banyai, S.Marculescu, T,Vescan,lett,Nuove Cim., 11,

151, 1474,

N.HN,Bogoliubov, D.V.Shirkov. Introduction to the 'Theory of

Quantized Fields,

2nd ed,, MWoscow, 1973.

Received by Publishing Department
n September 1, 1976



	1
	2
	3
	4
	5
	6
	7

