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Review part

@ Brief review of superfield models
@ Brief review of Sohnius, Stelle, West approach to N' = 4 SYM theory

Basic part

@ Developing the superfield formulation for A" = 4 SYM theory with central

charge in terms of N' = 4 superfields
Component formulation of A/ = 4 SYM theory with central charge has been
given by Sohnius, Stelle and West, 1980.

e Formulation of USp(4) central charge harmonic superspace and construction
of superfield action

Based on I.L.B, N.G. Pletnev, Nucl.Phys. B877, 936, 2013
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Review part

What is a supersymmetry

What are the superspace and superfields

Component and superfield formulation of supersymmetric field models
Example: N = 1 supersymmetric field models

Advantages of superfield formulation in quantum field theory
Conventional A/ = 4 SYM theory

Sohnius, Stelle, West (SSW) formulation
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Basic part

USp(4), N = 4 superspace

Gauge theory in USp(4), N' = 4 superspace

N = 4 central charge harmonic superspace

Gauge theory in A/ = 4 central charge harmonic superspace

Superfield action and its component form

Summary
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What is a supersymmetry

@ Supersymmetry in physics means a hypothetical symmetry of Nature relating
the bosons and fermions. In its essence, the supersymmetry is an extension of
special relativity symmetry. One can say, the supersymmetry is a special
relativity symmetry extended by the symmetry between bosons and fermions

@ From mathematical point of view the relativistic symmetry is expressed in
terms of Poincare group with the generators P, and .J,,,, satisfying the
known commutation relations

[Pra Ps] = 05
[JTSa Pm] = i(nrmps - nsmp'r)a
[Jmna Jrs] = Z(T]mr']ns - nmanr + nnstr - nners) (1)

Nmn i the Minkowski metric with the signature (—, +, +, +).
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What is a supersymmetry

@ Extension of special relativity means extension of the Poincare group by the
generators (supercharges) Qw, Qia, i1 =1,2,.... N

@ The relations among the supercharges (Poincare superalgebra) are given in
terms of anticommutators

{Qiou Q]ﬁ} = eaﬁZij
{Qia, @it = €45%i
{Qlom de} = 2§lj0moaipm (2)
71, Z;; are the central charges; €., €44 are the invariant tensors of the
SL(2|C) group, om = (00, 0%).
@ Supersymmetric field model means a field model invariant under the above
superalgebra. Since the supercharges are the spin s = % spinors under the

Lorentz groups one can expect that any supersymmetric field model must
contain both bosonic and fermionic fields
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Superspace and superfields

Minkowski space coordinates ™ have the same tensor structure as the
generators of space-time translations P™. Analogously ones introduce the
additional spinor coordinates §** and #® associated with the supercharges
Q' and Q;4. The additional coordinates have the fermionic structure as well
as the supercharges and anticommute among themselves.

Manifold parametrized by the commuting (bosonic) coordinates x™ and the
anticommuting (fermionic) coordinates 0**, 6" is called superspace

Function defined on superspace is called superfield

Since the fermionic coordinates are anticommuting, any superfield is no more
then polinomial in these coordinates. The coefficients of such a polinomial
are the standard bosonic and fermionic fields on Minkowski space. All these
coefficients are called the component fields of the superfield.

Ones define the supersymmetry transformations (supertranslations):

Qi —y gia 4 gla i _y gid 4 gid gmo_y am oy §em - The €@ and €Y are the
anticommuting transformation parameters, §z"" are expressed in special form
through the fermionic coordinates and the anticommuting parameters. The
supertranslations define the supersymmetry transformations of the
component fields.
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Superspace and superfields

Terminology

o Let F(x,0,0) is a some superfield and (b, f) is a set of its bosonic and
fermionic component fields.

@ Supersymmetry transformations have the following general structure
b =b+db,6b~ f
f'=f+df0f ~b.

o If a supersymmetric field model is formulated in terms of component fields
(b, f) ones get a component formulation.

5S[b, ] =0

@ If the same field model is formulated in terms of superfield F(x,0,0) ones
get a superfield formulation.
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Example: N = 1 supersymmetric field models

e N = 1 superspace: coordinates (z™,6%,6%).
e Chiral scalar superfield ®(z,6,0) = ¢'(®"0)9&(x, §). Component content
O(z,0) = A(@) + 0°Ya(@) + F(2)0? i
@ Antichiral scalar superfield ?(%,9,0) = e’z(f"m(’)amé(l’,é). Component
content A(z,0) = A(z) + 0,9%(x) + F(x)6?
@ Superfield model (Wess-Zumino model)

S[®, 3] = / A 200205z, 0,0)0(x, 0,0) + ( / A0V (®) + c.c.)
V(®) = 2d% + 59°.
Manifest supersymmetry.
@ Component form of Wess-Zumino model
S = /d4x(78mA8mA - %wammamz/?d + FF+ F(mA+ 3A2)+
A A2 o 1 &
+F(mA+ A ) — 1( m 4+ ANA) Y e, — (m + AA)pa )

Non-manifest supersymmetry.
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Example: N = 1 supersymmetric field models

@ Real scalar superfield V(x,0,0). ‘Component content
V(2,0,0) = A(z) + 0°¢a(2) + 020 (z) + 0°F () + 02 F(z) +
(00™0) A,y () + 020N o () + 020,0% (x) + 6202 D(x)

@ Superfield model (N = 1 supersymmetric Yang-Mills theory)
1 4. 52
SSYM[V] = @ /d xd 9tr(W°‘WQ)

Superfield V' takes the values in Lie algebra of gauge group,

Wo = —5D*(e7?V'Doe?V), D* = D*Dy, Do = 0o + i(6™)060%Om.

Manifest supersymmetry.
@ Component form of supersymmetric Yang-Mills theory

1 1 .
Ssvar = / dhatr(= 3G G — N0V A + 2D)

Non-manifest supersymmetry.
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Advantages of superfield formulation

@ The SUSY models can be formulated in terms of bosonic and fermionic
component fields. Supersymmetry is hidden. It is not very convenient in
quantum field theory: very many Feynman diagrams, miraculous cancelations.

@ Superfield formulation: manifest SUSY, comparatively small number of
supergraphs, origin of miraculous cancelations. Problem: how to formulate
the of N-extended SUSY models in terms of unconstrained A/-extended
superfields. General solution for arbitrary A is unknown.

@ Why do we want to get a formulation in terms of unconstrained superfields?
In quantum field theory we should calculate the variational derivatives of the
actions with respect of fields. But it is possible only if the fields are the
unconstrained functional arguments of the actions.

@ Conventional N' =4 SYM theory can be formulated in component form,
terms of A/ = 1 superfields, in terms of A’ = 2 harmonic superfields and in
terms of A/ = 3 harmonic superfields. Formulation in terms of unconstrained
N = 4 superfields is unknown
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Conventional N = 4 SYM theory

Conventional A/ = 4 SYM theory
Properties:

Theory was obtained in component form by dimensional reduction from
d=10, N =1 SYM to d=4

L. Brink, J.H. Schwarz, J. Scherk, 1977

Field content: 1 vector, 6 real scalars, 4 Majorana spinors

Global R-symmetry SU(4)

Most symmetric field theory (with maximal spin 1)

Conformal quantum field theory

Finite quantum field theory

Relations with D=3 branes

Basic theory for AdS/CFT correspondence

Formulation in terms of unconstrained off-shell A" = 4 superfields is unknown.
Attempt of superfield formulation: M.F. Sohnius, 1978.

Result: superfield constraints are so strong that they are equivalent to
on-shell conditions.
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Sohnius, Stelle, West formulation

Basic property: non-zero central charge

Central charge breaks SU(4) R-symmetry group of conventional A" = 4 SYM
theory to some of its subgroup, e.g. to USp(4) group.

N =4 SYM theory with central charge.

Properties:

@ Theory was constructed in component form
M.F. Sohnius, K. Stelle, P.C. West, 1980

o Field content: 1 vector A,,, 4 USp(4)-Majorana spinior fields A;, 5
antisymmetric, Q-traceless scalar fields ¢;; (€2 is invariant metric of USp(4) -
group). Besides, there are 1 pseudovector V,,, and 5 antisymmetric,
Q-traceless scalars H;;

@ Action

1 1 y
/d4 anFm" - fV VM4 Dmd)”Dm oY + QHZ-J»H” (3)

*i/_\i DX — NN, ¢i] + i[@bij: or)[07, 6*))
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Sohnius, Stelle and West formulation

@ Action is invariant under central charge transformations

@ Action is N' = 4 supersymmetric if the following the additional constraint is
imposed

1 _. »
D™V, + 5{)\1,’)/5)%} — ’L'[qﬁij,H”] =0
@ The constraint can be introduced into action with help of Lagrange multiplier

As

@ Solutions to equations of motion for V,,, and H;; are

Vi = =D As,  H;j =i[As, ¢ij]

o If to substitute these solutions into action, one gets the conventional SU(4),
N =4 SYM theory.
Scalar field As is unified with 5 scalar fields ¢;; and one obtains 6 scalar
fields of the conventional SU(4), N =4 SYM theory.

Aim: superfield formulation of this theory
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Sohnius, Stelle and West formulation

Abelian theory.

@ Constraint
O V™" =0

@ Solution in terms of second rank antisymmetric field
Vm = 6rnn'r‘anrs

Gmnr = aTrLBnr + 8ern + anBrm

@ Substitution of this solution to action yields N' = 4 Abelian SYM theory
where one of scalars is replaced by antisymmetric tensor By,
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Sohnius, Stelle and West formulation

Attempts of superfield consideration of A" = 4 SYM theory with central charge:

e B. Milewsli, 1983; Constraint in N = 1 superfied form

e J. Saito, 2005; Superfield strengths in A" = 4 central charge superspace,
superfield constraints and their solution in terms of a single superstrength

@ |.L.B, O. Lechtenfeld, I.B. Samsonov, 2008; USp(4), N' = 4 harmonic
superspace, N' = 4 SYM theory with central charge, low energy effective
action in terms of A/ = 4 superfields (F* term)

o |.L.B, N.G. Pletnev, 2013; A/ = 4 harmonic superspace, superfield
formulation of /' =4 SYM theory with central charge in terms of
constrained N = 4 harmonic superfields
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USp(4), N = 4 superspace

N'=4 central charge superspace
e Coordinates ZM = {z™ 2,02,0.} (i,7 = 1,2,3,4)
@ Supercovariant derivatives Dy = (O, 0., D%, DY)

i 9 pci i 2 9 o a
D; = @ + 0% 0na — 10,05, Dai = 5561 107 0n — 104:0:
o Algebra

{D},,Ds;} = —2i0} 00, { D}, Dé} = —2ie,5070,,
{Dai, D} = 2ie, 59450,
@ Invariant metric on USp(4) group

0 0 0 1
0 0 1 0
Y%= 0 100
-1 0 0 0
e Rising and lowering the indices (2;;Q7% = 6F)

d)az — Eaﬁgz]¢ﬁj7 ,&az _ gaBszq/;Bj
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Gauge theory in USp(4), N = 4 superspace

Gauge covariant derivatives Vs = Das + il

Superconnections T'xs(x, 2, 0, 0)

Gauge transformations V/, = "V e ~%"

Algebra of covariant spinor derivatives. Definition of superstrength W;;
{VM», Vﬁj} = QiEQﬁQisz + QiEaﬂWij
{Vai, Vi) = 20,305V 2 — 2ie,3Wij
{Vai,Vajt = —2iQ;Vaa,
Definitions of superstrengths Gui, Gai, Faim, Faims Vins Finn

[Vai, V2] =iGai  [Vai, V2] = —iGa;
[vaiy vm] = Z‘F‘ozirn [vdia Vm] = *iFdim
[va Vz] = ivma [vmv Vn] = ian

Superstrengths satisfy the reality conditions
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Gauge theory in USp(4), N = 4 superspace

Bianchi identities — Constraints on superstrengths

J. Saito, 2005

All superstrengths are expressed in terms of real superfield W;; and its gauge
covariant spinor derivatives

Solutions to constraints (I)

Foim = -0 G, Faim = Gl
VarWij = iQ4jGar + 2iQ,Gaj),  VaruWij = iQ;Gar + 2iQ;Gay)
5iG g = V’géWki, VZWij = Hij
1 1
Vm‘ng = —Eaﬁ'Hij — iﬂijFaﬂ + *Eaﬁ[Wika Wj k]

2

1 — 1 &
v""iGBj = *EdBIHij + iﬂideB — §€dﬁ'[Wik’ Wj ]

VaiGaj = iQ;Vas — VaaWij, VaiGaj = % Vas + VaaWij
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Gauge theory in USp(4), N = 4 superspace

Solutions to constraints (I1)
V.Gai = VaaGE + Wi, GE], V.G = V*Gai — [Wig, G
VaiVim = 07 Wik, G*] 4+ i(00n) 2V G s
VaiVim = =00 Wik, G°] + iV, G (Gmn)
Vaitje = =21 Vaa G5 — 21 Vaa Gy
—i[Wjk, Gail — i [War, GL] — 21 [Wi, G
Vaitljn = ik VaaGF + 2iQi;;Vaa Giy+
iWik, Gail +iQ5[Wip, GE] + 20 Wiy, G2
VaiFap =2iV(06Gayi,  VeyiFas = —2ie,oVp)aGY
¢ VaiF g = —2ie4(aV 03 GF

VaiFdB = 2iva(dGﬁ')i,
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Gauge theory in USp(4), N = 4 superspace

Solutions to constraints (l11)
i ik, L ak 1, = ~cek
vmvm:*Z[WzkaH ]+§{Gak,G }+§{GakaG }
VoV = —0™ (G, G} — %[Wik, Vo W] — Vo Fam
Vijk = Dij — %ij{Gai7Gai} — 27;{Gaj,Gg}+

i P | .
3 {Gai, GV} + 20{Gaj, G} + Q[ WaW* W]

Result: all superfields G, Gaiys Faims Faims Vm, Fmn, Hij are expressed in terms
of real scalar superfield 1V;; and its gauge covariant derivatives.
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Gauge theory in USp(4), N = 4 superspace

Constraints on W;;
° QijWij =0, Wij = Wi = szleWkl l]le el
@ Specification of the concrete values for |nd|ces 1,7, k,l and use of the matrix

Q yields the constraints for covariant spinor derivatives of W;;. For example
Va1Wiz =0, VaaWie =0

@ These constraints mean the very special dependence of W;; on
anticommuting coordinates

Wiz = Wia(602,60%,02,01), Wiz = Wis(62,0%,05,6,),
W24 == W24(013037§43§2)7 W34 = W34(91)0230_47§3),
W14(07,0;) = —Was (0", 0;)
(The coordinates ™ and z are not written down.)

@ Result: Wj; with different indices 4, j belong to different subspaces of full
USp(4), N = 4 superspace (short superfields).
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Gauge theory in USp(4), N = 4 superspace

Dependence on central charge

@ Set of constraints completely fixes z-dependence of all strengths
@ All z-dependent superstrengths are given by power series in central charge z.
For example W% = "7 W/ 2k

@ The constraints allows us to express all coefficients in these expansions in
terms of only two coefficients WZ(J)), W(ll) Consideration is analogous to one
in N' = 2 vector-tensor multiplet theory.

o If to switch off in the constraint [V,,, V.| = iV, all anticommuting
coordinates and put z = 0, one gets D,, A5 = V,,,. Here A5 = FS’)\ and

V;n - Vz(0)|
e If to switch off in the constraint [V, W;;] = —H,; all anticommuting
coordinates and put z = 0, one gets H;; = i[As, ¢;;]. Here H;; = H, O)| and
_ W(0)|

° Result. constraints yield the expressions for auxiliary fields V;,, and H;; in
terms of scalar field A5 in SSW theory. In the other words, a role of scalar
As is played by z-independent scalar component of connection T',.
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USp(4) central charge harmonic superspace

USp(4)/U(1) x U(1) harmonic variables

@ Harmonics: 4 x 4 unitary matrices uf with unit determinant, preserving the
antisymmetric matrix Q%

I—i _ sl Iy, J _ olJ
ujty =0y, u; Q7u; =Q

u't = Qg = QM ake,  w = Quult, ah = Qpul QM.

o Notations of harmonics in according with their U(1) charges

1_, (+0 2 _ . (=0) 3 _ . (0,4) 4 (0,—)
u; = u; , o Up =y y U =y , U =y

@ Orthogonality and completeness conditions. Various identities. Complex
conjugation, tilde conjugation.

@ Derivatives with respect to harmonics, integral over harmonics
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N = 4 central charge harmonic superspace

@ Harmonic projections of anticommuting coordinates
I —Tig _  Ipi gl _ ,Ipgi _ _ —Tip .
0., =—u"0q =u; 0, 0;=u;0,=—u"04

@ Harmonic projections of superstrengths W
(+ 0) ( O)WU W(O 0) ("r 0) (0 +)W2] W(+ +
u§+a0)u§07_)wij _ W(+’7), UE ,0) (0 +)WU w ,+)
U(A_’O)u(lo’_)Wij — W(*,*) u(.O’Hu(.O’_)W” — W(O 0) W(O 0)
7 7 ’ 1 J

@ Harmonic derivatives

9EE0) _ u(i,O) 9 90.+%) _ u(O,i) 9
g aug¥70) g augov¢)
0 0 +0) O ©oF O
GlEE) — 0 L0 ’ OEF) = & 02
! 811?’3F ! 0uf’0 ! aug’i ! auf’o

Commutation relations are equivalent to USp(4) algebra
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N = 4 central charge harmonic superspace

@ Harmonic projections of gauge covariant spinor operators

v(Ai,O) _ uZ(_i,O)Vg” Vé@,i) _ ugo,i)vg

@ Algebra of covariant derivatives in terms of operators Véi’o), Vg)’i)
{VS,O)’ VE;,O)} -0, {Vg)’ﬂ, VéO’Jr)} -0
(VED TFEN = 12iV,4, (V0D VOF) = 12iv,,,
{V(jL 0) V( 0y = QZE&ﬁV + 2ie, 4 Wl(o,o)’
(VD V7Y = 2165V + 2ie ;5
{v((;r,o)’ véo,—)} _ iQiE&BW(+’*), {vl(i+,0)7 véo,Jr)} _ iQis&BW(+,+)’

-0 0, . _ -0 0,— . -
(Ve VY = t2ie, WD, (VD VDT = d2ie W)
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N = 4 central charge harmonic superspace

Harmonic projections of W;; transform through each other under the action of
USp(4) generators

8“*'”)1/’[/(’**) _ W(+’+), a(+,7)W(7,+) _ 72vv((),())’

=0+ — W(*,H’ 9=+ — W/(Jrf)’ =) = 2W1(0,0)
8(++,0)W(+,+) =0, a(+.7)v[/(+,+) _ (’)(*Hr)v[/(qL.wL) =0.
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N = 4 central charge harmonic superspace

Harmonic superspace and analytic subspaces
USp(4), J\/ 4 harmonic superspace is parameterized by coordinates

(™, z p+:0) 9(0 ), ;) (&= (a, &)).

(et

Bianchi |dent|t|es and algebra of covariant derivatives in terms of operators
V(i 0) V(O %) show that each of the following harmonic projections

Wi +) W(+ =), WD W) ives on its own analytic subspace
Vf\‘ Oy ) — Vf:f" O+ = O+ T(»”’;)U'( ) —
Wt =W H (g, 2,00 “("X(/“" g0 GO0F) )
ViEOW D) = yOO o) = v(Rw ) = vj’f’-*’u* =) =0

WD) = W) (g, 2,0009 607 90 607) )
Analogously

W = WD (2, 2,059 90+ (=00 g0+) )

W) =W (22,0009 ,007) 90 07y,

Four different analytical subspaces of full harmonic superspace
W09 is not analytical
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N = 4 central charge harmonic superspace

Basic superstrength in USp(4), N' =4 SYM theory

All strengths G, Geiy Faim, Eaim, Vins Fron, Hij are expressed in terms of real
scalar superfield 1W;; and its gauge covariant derivatives. Then one introduces the
corresponding harmonic projections. Therefore the harmonic projections of above
strengths are expressed through the harmonic projections of W;;. They are
expressed in terms of W () with help of USp(4) generators. As a result, the
superfield W (%) can be considered as basic superstrength in USp(4), N = 4
SYM theory.
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N = 4 central charge harmonic superspace

Analytic basis

o Analytic subspace for W (1) is parameterized by the coordinates

{CM7 U} _ {'TZL’ 24, 0(();1»,0)7 0((10;%)7 é((j(+70), ég),-‘r)’ ugi,o) (0 i)}

:L,Zz _ xm_io ,0) me +.,0) 0(+ 0) mo( ,0) 0( me(O +)_ 9 (0,4) mo
A =z 4002l 4 g0 —)agO.+) _ iégj“o)é(_’o)é‘ _ igg),+)é(0,—)d
@ Covariant spinor derivatives

D((;r,()) 0 PO+ _ 0

short : —W, & —W,

long: D", DO, DY, DY

o Basic property: if ®(91:%2) is an analytic superfield, then it is harmonic

analytic superfield, i.e. if D(Jr 0 p(araz) = 0, D(0 P plara) = 0, then
DEH0)Plar2) — o, DG +Hplana) — =0, D(O +5) plarna2) — =0
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Superfield action and its component form

Requirements to superfield action
@ Dependence of N = 4 superfields
@ Gauge invariance
o N = 4 supersymmetry

o Central charge invariance

A proposal for action
S tr /dc(_4*_4>du((9(+70))2 _(@F0)2)((60))2 — (§0-4))2)£22)

£2:2) — ) ()
£22) is an analytic and harmonically short superfield.
d¢Hdu = d*w4d?0 0 @290 @290 20 dy

dC=4=Ydu = d*x 4d?0H0 q200H) 26(+:0)¢29(0 ) dy is an analytic superspace
dimensionless integration measure.
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Superfield action and its component form

@ Gauge invariance is obvious

o N =4 supersymmetry (analogously to N/ = 2 theory with central charge; N.
Dragon, E. lvanov, S. Kuzenko, E. Sokatchev, U. Theis, 1997, 1998 ) The
N = 4 supersymmetry coordinate transformations are

Gty = 2 OB+ OEID) 1oL 1 00
§2p = 2i(eX0CH0) 4 2(0)g(04) _ gl=0g(+.0)d _ 0.7)g(0 )y
59((;,0) _ 6((;,0)
Action transforms as follows

58]0y = / d¢TH N du{((0T)2 — (0H9)?) (00 )? — (61°1))?)x

xézAaiﬁ(“) _ (DR _ 0Ly (902 _ (04))2) £(22))
Za

After integrating by parts and using some identities, one gets §.5|,(—.0) = 0.
Analogously 45| .-y = 0. Action is ' = 4 supersymmetric.
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Superfield action and its component form

o Central charge independence (analogously to N/ = 2 theory with central
charge; N. Dragon, E. Ivanov, S. Kuzenko, E. Sokatchev, U. Theis, 1997,

1998)

is -~ i/d<(74,74)du((9(0,+))2 _ (5(0,+))2)X
8ZA

x (9FH0) —2i9(+:05mp(+0g 122 — ¢

The identities DT+ £(2:2) = DO.++) £(2.2) — 0 have been used.
Action is invariant under any central charge transformation.

@ Action constructed form A = 4 superfields.

All requirements to action are fulfilled
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Superfield action and its component form

Component form. Reproduction of SSW action.

/ ¢4 Dy =

d*2duE g, (O i)(v(— 0)) (v(—,o))2(V(0,—))2<@(0,—))2

@ Integration rule

~ 256

e First, integration over anticommuting coordinates #(%:1) §(0:+)

~ tr / d*zdud?9H0 LHH0) / dud*zd?>§+0 £++0)
++ 0) /d (0,%) v(— 0)) (v 7O))2)£(2,2)

_ _1 /du O,:I:)(G(+,O aG((j»,O + G(+,0)D¢G.+7O) _ 2Z-H(+,7)W(+,+))'
2 [0
@ Second, integration over harmonics u(%:%)
L£E+0) — u(+,0)(iu(+,0)j)£l,j

i
~H; "Wi)

1 .
ﬁij = —§(G?Gaj + G?Gd]‘ + 2
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Superfield action and its component form

(£,0)

i

@ Third, integration over harmonics
1 N (imas
S ~ —%tr /d‘%(V““V?X) — VéV“”)&ﬂe:o =tr /d4x£,

1 ) . ) . ) .
_ B . B . _ B
L= —%{[V LVLGEGay 4+ VPGV G, — VIIGIVLG,

VP VLGEG ey + VI GYV G, — VIIGIVLGa,

HVP, VG Gy + VPGV 5,Ga, = VIGIVIG,,

H[TH, V)G Gy + VG .G, — VI GETLG,
+%[V‘”,V{X}Hi lWﬂ%Hi Ve, VWiV Hy VW iV H, ' W,
%Wdi,vgm lWﬂ%Hi U W48 Hyy VWi H, )

Dependence on z and 0 is absent here.

I.L. Buchbinder (Tomsk) TOWARDS HARMONIC SUPERFIELD FORMULATIC Tomsk, 2014 35 /39



Superfield action and its component form

e Fourth, action (with common coefficient § can be transformed (after tedious
work) to the form

1 1
L= F"" o = 5V Vi +

1

3 1 y
SH”HU + évsz'ijW”—F

1 —_
+E[Wik,wj MW W+

1
2
V. is the covariant derivative of component fields.

FIGYY 50 GS + L[ Wi, GOF|GE + %[Wik, GE1Ga

This expression contains all terms corresponding to SSW action (1)
Identification of fields in above action with fields in SSW action:
U/” = 2(\/§)¢)2J,H” = 2H/ Gil = (2)/\31

@5

Result: the component form of superfield action exactly reproduces the SSW
action
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@ Harmonic superspace formulation of N’ =4 SYM theory with central charge.
@ Gauge theory in USp(4), N' = 4 superspace.

@ Lagrange multiple A5 and expressions of auxiliary fields V;,, and H;; in terms
of As, used in SSW theory, have a natural algebraic origin as the
consequences of the Bianchi identities for superfield strengths.

@ USp(4), N' = 4 harmonic superspace and several corresponding analytic
subspaces.

@ It is proved that Bianchi identities in conventional and harmonic N' = 4
superspaces with central charge provide the superspace treatment of all
components of the SSW model.

@ The harmonic superspace under consideration allows us to introduce the
analytic superfield strength W (1) which is a basic object for analytic
superfield Lagrangian £(22).

o Gauge invariant, N = 4 supersymmetric action, invariant under central
charge transformations is proposed and it is proved that this action exactly
reproduces the component action of SSW model
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Problems

@ Superfield action is not a functional of independent superfield potentials.
Unclear how to write the superfield equations of motion.

@ Problem of formulation in terms of independent unconstrained superfield
potentials open.
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THANK YOU VERY MUCH!

Buchbinder (Tomsk
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