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Motivation

@ Nonlinear sigma-models is an interesting object of study due to their remarkable properties,
namely because of the intimate connection with the differential geometry.

@ The divergences of the effective action in four-dimensional N=1 supersymmetric
sigma-models are studied in work of Spence in the case of vanishing (anti-)chiral potentials
and in the work made by (A.T. Banin , I.L. Buchbinder , N.G. Pletnev, 2006) in the general
case in harmonic superspace.

© Some assumptions about a structure of the possible one-loop divergences in N=2
sigma-models on the base of N=1 divergences were considered in the work of (Spence,1985).

@ The harmonic superspace was originally developed by (A.Galperin, E. Ivanov, S. Kalitsyn, V.
Ogievetsky, E. Sokatchev, 1985)

@ There are two types of hypermultiplets in harmonic superspace, the g-hypermultiplet and
w-hypermultiplet (A.Galperin, E. Ivanov, V. Ogievetsky, E. Sokatchev, Harmonic Superspace,
2001).

@ The derivation of the one-loop divergent contributions to the effective action of N=2
supersymmetric sigma model in manifestly covariant and N=2 supersymmetric manner was
not held directly in terms of N=2 superfields.
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Description of the model

The central basis coordinates of the N' = 2 harmonic superspace (A.Galperin, E. Ivanov, V.
Ogievetsky, E. Sokatchev, Harmonic Superspace, 2001)
(z,u) = (=™, 09, 0%, ut?), M=0,.,3 a=12 i=12. (1)
The analytic harmonic superspace coordinates
(¢ u) = (w%,GJr 6 uFh, x% =M _ 2i6(ioM§j>u;’u;, gre = uerO‘i. (2)

arVq

The classical action for the model
1
Slw] = / U (*5gab<w>D++w“D++wb + LI (@)D 4 LY <w>) : 3)

where @ = 1, .., n. The target space metric gqp, and LT and L(+4) are the arbitrary analytic
functions of the w?-superfields.
This action is invariant under reparameterizations transformations

w® = w* + A% w,u). (4)

in the assumption that superfields gqp, L& and L(+4) transform under (4) as a tensor of the
corresponding rank.
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Background-quantum splitting

Due to the manifestly covariant background field formalism we introduce the analytic superfield

p®(s) that satisfies the harmonic superspace geodesic equation

d?p*(s)
ds?

with the conditions

d
PO =00 )= b, s
The solution to the equation (5) reads
pe(s) =Q* + Z 'P(n)

The decomposition of the classical action (3) under (7)

S[p] = S[€] +i L d"Slp] =SS S

n! ds™

will be manifestly covariant.
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The explicit expression for So is written as follows
1 _
S2 = 3 / 4™ € (gea(VIT)G (VIO = Rlape DYHQEDTHQy 4+ V(o LEF (V)
V.V, Lt DY Qe 4 it R, DO + vava(“))gb, (9)
where we have introduced the harmonic covariant derivative
(VI = (VN "e" = DF et + 1%, (DT Hce’, (10)

and Vg is a covariant derivative along the curve p®(s) in the target space.



One loop quantum correction

The one-loop quantum correction I') to the classical action (3)
TM[Q] = £ Tr (4.0 In ((V++)2 (VL) VT X<+4>) , (11)

where the operator (VL*+)V++ means V(, LI (VF+)¢,). The expression X(+4) is written as
follows
XU = _Ré,.DPTQeDYTQ, 4+ V,V, Lt DT Qe
+LIYRY 4. DYTQC + VoV, LY. (12)

We introduce the new covariant derivative D+ = D+ 4+ pt+ = v++ 4 T4+ in terms of new
analytic connection YT+ =T+ 4 T+ Here (1), = T'%,,(Q)DT+Q° and
(TH+)2, = g*¢VeLf T, Then (11) reads

r = %Tr (4,0)In ((D++)2 + X(+4)>7 (13)

j(i#) = _—Ri,.DYTQeDTrQ, + LI+RdabCD++QC
—CLIt LT — (VIS T + VoV, LT DO 4 v v, LY. (14)
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Algebra of covariant derivatives

The zero curvature condition

(D)2, (D™7)F] = 65 Do. (15)
Assuming D~~ = D™~ + V™~ we obtain
oo ++y++ ++
Yy = Z(—l)"/dul...dun%. (16)
—_ (utul) ... (ugut)

Algebra of covariant derivatives like in ' = 2 SYM theory (A.Galperin, E. Ivanov, V. Ogievetsky,
E. Sokatchev, Harmonic Superspace, 2001)

Here we have denoted

{D, Dy} =2capW,  {Df, Dy} =245,

{DI, D7} = —{D%, D} = 2iDaaq,

_ Pt A - _ P y
(D3 Dgsl = DfeapWV, [Da:Dppl =DyeasV,
T _ pt - — D
[DZ, V] = DiesgWV, [Dg:Dssl = DgeapWV
Dt Di1=DF, [P ~,D{l=D,. (17)
D, =D, — DIV, Dos = Oaa — sDFDIV™,
W= (D")?v==, W= (D")2v—. (18)
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The one-loop divergences

To calculate the effective action, we represent it in the form
TW[Q) = i Tr (2.0 N DT + £ Tr (4.0 In (1 + G(O*O)X+4),
where the Green function G(9:0) satisfies the equation
(D} 2600 (1,2) = 637 (1,2).
Explicit solution of this equation has the form (A.Galperin, E. Ivanov, V. Ogievetsky, E.

Sokatchev, Harmonic Superspace, 2001)

(D) (D)672 (1 — ) 2

G0(1,2) = ,
01 (ufu;)?’

where §12(21 — z2) is a full N/ = 2 superspace delta-function and the analytic covariant
d'Alembertian

O = 30OHD )
= DyDM - L(D")?*WD " — IDIWD™ —
+3DL DTOW — 2WW.

I
DIwp—¢
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We use the proper-time representation for the operator 0 ~! in the Green function (21)

1 O (e 2\ S —isTly
— = . d(is)(isp”)2e (23)
1

The divergent contribution of the effective action (19)

1 _ 1 / 8 2
Ty = t d
div 3(am)% r zW
1 (ug ugy)? o (+4
= | a2z durdus U1 Y2 )7 g(+4)abipy g (+4) 9y 24
4(4#)26/ zulu(f;) M Xea ") @



Special cases

Assumption Lt T = 0 and L{(+%) = 0. The divergent contribution

(1) _ L / 8 112
T . [Q = ——Qt d®z W
R,dlv[ ] 2(471')26 r Z

1 / 12 (ug uy)? b
- d zduldug Rca d(l)Rebak(Q)
1(am= (u u})?

xDYTQd(1)DTTQ.(1) DT QR (2) DT Q. (2). (25)
The superfield connection V1 coincides with the Levi-Civita analytic connection
(D)8 = Dy, (DT Q.

Assumption the background metric, g,5(€2) = hqp, does not depend on the superfield Q2 and
superspace point z. The divergent contribution

F(Ll,)div = mtr /dgz w2
1 /dlzzdulduQM LU (1) LHDba(g), (26)
A(4m)2e (ujug)?
where
VEF = hgDTT + T,
LY = 0,0, LY 4 0,0, L7 T DT Qe — DT 4 (D)2, (27)
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The component structure of divergent contribution in bosonic sector

1 . R
FR ] =~ e [ @0 R as (Vaa) (75 0)e(V50) (VPR0)e 4. (28)



Summary

© The manifestly covariant approach for studying the quantum structure of the general N = 2
supersymmetric sigma-model in four dimensions was developed.

© 4D,N = 2 supersymmetric sigma-model (3), is formulated in N = 2 harmonic superspace in
terms of analytic omega-hypermultiplet superfields.

© The one-loop effective action for such a model is constructed in the framework of the
manifestly covariant and manifestly N = 2 supersymmetric background-quantum splitting in
N = 2 harmonic superspace .

@ One loop divergent contributions to the effective action was constructed for arbitrary
background hypermultiplet 2 with the use of proper-time technique.

© The one-loop divergences in two special cases were calculated.

Alexandra Budekhina (TSPU, Tomsk) Dubna, 2022 13 / 14



Thank you for your attention!
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