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HBYXHETHEBBIG PACXOAUMOCTH B TeOPMIX C HeAWHe A H b MU
GHMME TR AMA

C HCnONLAORAHEEM HMHBADHANTEOHR POpMYNHNDOBKE MeTooa (OHGBOTS noad
neperopMUpOBKY NONyweHa ofmas opmyna HAS ABYXNeTNeBLIX KCHTPUACHOR
B TEOPHAX C EONAEeMHBIMA CHMMETPHAMA.

OCHOBHBIM MOMEHTOM SBAAeTCH NOCTPOEHHE XGHTPUNCHOE U3 UHBAPHaH—
TOR DPYNOL CHMMETpud B repmppax dopm Kaprana.

FaBGora eumonnewa B JlaSoparoper Teopermieckod dmeuxy OHMHH.
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Two=Loop Divergences of Field Theories with
Nonlinear BSymmetry

A general formula Is obtained for two-lcop counter-
terms of the field theories with the nonlinear realiza-
tion of symmetry group.

The investigation has been performed at the
Laboratory of Theoreticel Physics, JINR.
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In the recent paper/ 4 we have proposed an invariant formula-
tion of background-field method of remormalization for the Lagran-
ghang with nonlinear reslization of a symmetry group. The formalism
developed allowe ue to obiain counterterms, which eliminate ultra-
violet divergences in a manifeastly invariant form without consi-
dering the equations of motion. The counterterms are constructed
of a emall number of beforehand known invariants of a group,
furthermore the procedure of the determination of the coefficients
for the invariants enables us to calculate the minimal poseibdle
number of disgrams. _

In the present note we adduce the results of the application
of the proposed method %o the calculations of the two-loop counter-
terms at the theories with nonlinear reallization of a gemisimple
. symmetry group G =H®H with spontaneously broken aymmetry of
vacuut, It is of interest in comnection with the investigation of
the possibility of the dynemical restoration of symmetry in the
case of nonlinear reslizationa.

By the phenomenological Lagrangians method/ 3 the Lagrangian
invariant under the group (3 can be written in the form:

4
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where (.. (A) are differential Cartan forms of the group (G .
They can be defined via the finite transformations of the group
by the equation

G-qi(AS"h/“G(A): ([ On(AY+ @,ﬂ(A)}= ilcu/i X+ @; X.]

Here Xi are the generators of the subgroup H=@/H taken in the
adjoint representation { [{ is the vacuum stability subgroup),
C, is the quadratic Casimir operator. The parameters of the
group(A)are identified with the fields of particles.



In paper/T/ the following expreseion for one-loop counter-
terms | r,S O iS
DE, = Theriey LPPURG L 5 P“ﬂnw”wmwvlcs)
was obtained, using the continucus dimensional regularization,
where ¢ -¢l-4/2 , and o - 4 is space-time dimension.

To obtain /7 -loop counterterms it is neceseary: 1

(i) to change variables A+ A@)Y in the initial Lagrangien,
where the symbel (+) means additicn with taking account of the
geometry of curved isospace (guotient space G/H ), 1_._8.,

Gy GAYG(Y) or wm(A)»&“an(A,ﬂP) and (U (A,9) s
given by the formulse
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where (])Mq)) - (9"‘?‘! + E(Q/.A(M‘P) is the covazjiant derivative,
((mo D A LT 3‘; ('pkgp“j)' 3&:" are the ptructure

congtante of the group.

Pield < is the quantum intermal field, and field A is the
background one;

(ii) to expand &P(A(HLP) into the powers of ¢ wup to (PZ"'
and then to carry out the expaneion of the counterterms of lower
order up o LPZ"“‘ 2, The expansion of the counterterms reproduces
the subtraction in the pubgraphe.

In the two-loop approximetion the generating Legrangian has
the form

(2> 4 i i
SO [SEORE TR PRI
L) _4 4 Loy : 2(5)
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All coefficient funetions in Sff,\.[. are the products of
forms (K),.(AS and QM(M « Thig fact allows us to obtain mani-
festly invariant counterterms, written in terms of Cartan forms,
without expansion over fields.

The construction procedure for counterterms is based on the
initial group symmetry. Counterterms are constructed in the form

AF =a T+ + 0Ty (6)
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where ], ..., I, is the complete set of lineariy independent
invarianta of the group, and i1, ..., 4sx are the functions of the
regularization parameter defined by the contribution into invari-
ants from different divergent diagrams.

The invariante are represented asg traces of the products of
Cartan forme and their covariant differentialsls/, and if the

continuous dimensional regularization is used, they become uniform

structures of power [3&)_]2‘([&)12(”'*1_2@, K=0,4i,..., k-1, B is the

number of loops. Linearly independent invariasnts are chosen
allowing for the structure equationa of group;

YOy = U G + i[@ ,Qyjz—i['u{,,\,w,]—z- Crav,
Tt —’bvwﬂ.+z‘[@,,‘,w,,jz-;[wm@y]g o

and in the two-~loop approximation have the form

(1)

I.=Sp %wﬂwyw“w{,wr, , 15 = Sp W, Wnld], wpWp
Ty= Spuut, Wo Wty | Ty =Spuld, Wptil W,
Ts = Splnh W, W, | (8)
Lo = SpDun Dy, Ty= SpDd, o, @ w,

1y = SpDut. D, W W,y , Ty =Sp D, Dultf oo,
Lio=SpRup DWW, | Tz Sp Do, Dt i .

With the help of the etructure equations (7) the invariante can
be itranpformed into the form, where they are directly reproduced
by the combinations of the coefficient functions from the Lagran-

gian (5}, l.e., (see’1/)
. 4
Ii = IZ - I3 = ISPW/"‘COV C/.yw(,w{,: -EgPC’ VC/MVQ{')Q}(JJ
3, = I, + Ty= Spl ulh Wl () W, + LW, W tp&h ] |

3-5 = ""Iq + 5:‘:2 + Iq - E)IS = - iCSPC/'AvCP/MCVF’
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GCoefficients &,; are defined from the following diagrams
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The final result of our calculations im
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Here C, ip the Casimir operator, N is the number of group
parameters. We point once more, that invariants {8) do not include
the products of traces. Thie reflects the so-called property of
the algebraic duality/ &/ + To our mind, such products, even if they
appear should not contribute to the countertermas. Otherwise they
should be included in the initial met of the invariants (8).

Thua, we have obtained the general formula for the two-loop
counterterms of the field theories with nonlinear reslization of
a semigimple pymmetry group of the G = H ®H type.

Note, that in the proposed approach the power of the inva-
riants in the Certan forms increases with the number of loops.
Thie fact indicates that the pure-gymmetry arguments do not lead
10 the closed form of the Lagrangian and to its renormalizability
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in the ordinary sense. The situation is of interest, when the
coefficients for the higher invarients are not arbitrary, but are
determined by the coefficients for lower ones. Physically it
weans dynamical restoration of a symmetry group which is more wide
than the initial one. The role of the carrier of this symmetry would
play the bound state of initial fields. In the gimplest case this
possibility was already analysed in papex'/?/, where the dynamical
appearance of the igoscalar O -field was supposed, but ended in
failure. However, in the consideration of mbre complicated variant
of the O -model, including, for example, imotensor GO -fislds,
the one=loop approximation cen be interpreted in this manner., The
gqueetion on its validity in the two-loop and higher approximatiocns
ie now under consideration.

The authors express their gratitude to Dr.V.N.Pervushin,
Dr.E.A.Ivancy and Prof. D.V.Shirkov for useful discussions and
interest in the work.
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