2fiipy

OGBEAMHEHHBIR
MHCTHTYT
AAEPHbIX
WCCARADBANMA

AYOHA

E2-84-260

A.Galperin: E.lvanov, S.Kalitzin, V.Ogievetsky,
E.Sokatchev™

INTRINSIC GEOMETRY OF N=2
SUPERSYMMETRY AND SUPERGRAVITY

Submitted to XX!1 iInternational Conference
on High Energy Physics (DDR, 1984)

: Institute of Nuclear Physics, Tashkent, USSR.
* Institute for Nuclear Research and Nuclear
Energy, Sofia, Bulgaria.

1984



1. Up to now there were serious difficulties in constructing the
explicitly covariant supersymmetric extended Yang-hiills (SYM), super-
gravity (SG) and matter theories in terms of unconstrained superfields
(SF). A partial success along this line was a nongeometric formulation
of the N=2 Abelian Yang-Mills theory/]‘/ and ita extension to the non-
Abelian case within some recurrence procednrelz/. At the same time
nowadays almost everybody understands the necessity of such a const-
ruction. Probably the main reason is the drastic simplification of the
study of ultraviolet cancellations.

2. Such a construction for N=2 SUSY is given in the present paper.
It is based on the introduction of harmonic variables UJ{ (connected
with the sphere SU(2)/U(1)) in addition to the standard even coordi-
nates. U.f-: have indices of the two different types: i are sU(2)
indices and ¥ are U(1) ones. Being"zweibeins”, U.i-"._ provide a
bridgeX) between these groups. Teking into account a normalization
condition .

W =4 (1)
one may transform standard spinor coordinates 6.;(.', having SU(Z2) in-
dices (i) into ones Gj having U(1) indices *:
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it is of great importance that subspace purametrized by coordin-
ates
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[{ 6') -é- are absent) is closed with respect to N=2 supersymmetry
transfornations:
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#e shall refer to subspece (4) as the analytic cne and to SF's
@ (”(SA ut)as analytic SF's (they do not depend on 6-)5-. )
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The decomposition of an analytic scalar superfield in powers of
6*’6‘15 written down as

(5)

X) an analogy: the vierbeins €, in the ordinary gravity have both
the indices (m) of the general coordinate group end those of the
tangent Lorentz group, so making a bridge between these groups.
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As a whole @ is a representation of the U(1) group with the
charge q. Its component.s have charges varying from q to q—4 depending
on the number of 0* 5 in a given term of decomposition (6). Every
component itself is a function of new coordinates u* s €efey
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It is remarkable that in (6),(7) U(1)-charge5 are carried only by
harmonics U- and, correspondlngly, spinor coordinates G,‘ ,6::
while con.ponent -fields j«l “dn) (1A) are U(l)-chargeless,beeing
at the same time nontrivial representations of the sU(2) group. To
explain this fact note that (6), (7) is nothing but t.he harmonic ex-
pansion on the homogeneous space SU(2)/U(1) (see, e.g., ) (after fix-
ing the U(l)-gauge the number of independent parameters in Mg is
reduced to tWo spherical coordinates). 3

The harmonic expansion in symmetrized powers of ut (the spheric
harmonics) (6),(7) does not terminate.Supermultiplets :re characteri-
zed by two quantum numbers, just by superspin and superisospin. An
anslysis shows that for the scalar analytic SF's with U(1) charge ‘I,
the superspin is zero while the superisospin I has an infinite spect-

(P(i)(S-A Ut T= (1’. _1l+n n=0,4,... (8)

b For analytic SF's there exlsts a covariant harmonic derlvatlve
D" '. Acting on an andlytic SF ot preserves its analyticity. It also

respects the normalization (1)
< ot m-+2 ' (1:) (9)
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So we have succeeded in such a generalization of the Grassmenn analy-
t.icit.y/4/ that the SU(2)-symmetry is meintained! Analytic var1eb1es/a/
correspond to a particular choice U* ‘--' u"‘"& in (2). Note also
that a coordinate of the type .IA (4) appeared previously in/S/. One
more note., There exists a conjugation preserving the analyuc subs~
pace (4). It is given by a product of the complex conjugation (conver-

ting,e.g.; @ into ) and the new involution ¥

- & (uii-)*'-_- + UFl (10)

.
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(converting 6~ into-0 ). Using the combined operation — one

can define real analytic SF's.

When constructing action we shall need the notion of an integ-
ral over analytic superspace. This integral involves integration over
harmonic variables. It can be determined by the rules

Sdu.i =4 S‘ju U W in gl WImd- g , N+mM>0[11)

The volume element of analytic superspace is
A5 u = dix, 26 d* 8 du,
where dS' (4) has negative U(l)-charge (— 4)because the Grassmann
integration is egulvalent to differentiation.
3. Now we proceed to the construction of the N=2 supersymmetric

theoriea. We shall begin with the Fayet-Sohnius hypermultiplet
It has superspin O &nd superisospin 1/2 and contains two isospin 1/2
- gpin O fields and two isospin O - apin 1/2 fields. according to (8)
the simplest SF with this content is an analytic GF q+. The action
has t.he form

SJS 4)‘}“(@*5"‘1' +X('f)2(‘f) )* CC. Qa2

It leads to the equations of motion

D q’-l- i t-r (T-)Z. ) (133
By examining + one discovers new property. as follows from (8)
q+ contuins an infinite tower of auxiliary fields assigned to multi-
plets with superspin 0 and infinitely growing superisospins}’gﬁfé oo
Eq. (13) tellgus that all the fielda with superisospin exceeding 1/2
are equal to zero in the free case and are expressed in terms of
fields with superisospin 1/2 if )X 0 .

An analogous situation takes place also for the other type of
hypermultiplet, that of liowe, Stelle and 'rownsend/a/. It has super-
spin O and superisospin 1 (containing isosinglet and isotriplet sca-
lar fields and an isodoublet of spin 1/2 fields). Correspondingly, it
is described by the analytic SF (O(Sa ut) having superisospins 1,2...
The free action is

= §d59du DHLaDw. )

An analyela of the corresponding equations of motion (DH) w 0

shows that the infinite number of auxiliary supermultiplets with su-

perisospins 2 2 vanish on-shell. It is easy to build self-interaction
of ) , e.g.,0f the form

StSut = §4589du 9 (xw) D, 0 We » (15)



where g is a "metric" and .3 is a coupling constant.
The origin of difficulty with introduction of a self-interaction
/8/ is traced to the fact that there the constraint (in our notati-
on) (D+")3w=0 has been used. It is compatible only with the free
equations of motion.

4, N=2 SYh-theory has been known to date in three forms: in the
component formulation/ i , &8 a constrained SF t.heory/ 10/ x) and in
the unconstrained non-geometric SF description with the prepotentials
of high dimension/l 2/. N=2SYk multiplet contains a vector field

AA'(.‘I.) scalar fields k(x), N(x), D (x) and Majorana isodoublet
%C(‘x) Wou_ (1) . It has zero superspln and superisospin and can be
descrlbed by a SF v*’(s ut) (superspin O,superisospins 0,1,...).
Redundant superisospins are purely gauge owing to the invariance under

transformat ions + A u
(V“) N 43 e‘ A(3a u)(D i VH € GA) )) T (16)

T;_ being generators of the internal symmetry group. The transform-
ations (16) literally mimics those of the N=O YM theory in three as-
pects: derlvatlve g/ax"‘ is changed by D++, the connection Vim
by V* , the gauge function /\(1) - by a gauge analytic SF )(SA‘(«(')
The remarkable new phenomenon emerges:instead of one gauge degree of
freedom in )(I) we have now an infinite number of gauge degrees of
freedom in )\CSA ‘u_t) ! We postpone discussion of the action to the
more detailed paper. Notice only that coupling to the matter is intro-
duced straightforwardly: one should lengthen harmonic derivative,
DD+ g V**  in eqs. (12), 14), Q5).

Using the formulatlon of the N=2 SYM theory in terms of t.he pre-
prepotential v we can easily introduce a mass term

¢ = try/t+

= m 4)

Sm - SASA du v V.

It can be shown that the full equations of motion imply the following
irreducibility condition for V

m: Dyt =0

which singles out just one real superspin O, superisospin O massive
multiplet.

5. N=2 Einstein SG, The basic gauge group is chosen from the re-
quirement of preserving analytic representations, just as in the N=1
case it has been chosen to preserve chiralit = . One must add, to
the analyt.lc coordinates, a central charge corrdinate xf (in order

x) ‘Rosly/ll/ have already used variables of the type u..'_ for analy-

sis of the N=2 SYM constraints in the spirit of the Ward's paper/12{

=

to describe the graviphoton). The gauge group is primarlly reallzed
as a group of general coordinate transformatlons in { ‘xA ,ut}
leaving invariant the subspace {9\ > ut

83 = N'(5aU), 835= X3(3p,W). A

Harmonic variables HL as before, undergo merely rigid SU(2) and
U(1l)-rotations. The basic geometric quentities of the theory are ana-
lytic vielbeins

VG w, VG W. (18)

They transform as followa

SYHMSS s (§ U) VHH 3‘6 )U)"'ob—A ) ?S'A @ it

where . 9 f
b= uﬂfjl V+(3a “)97-" A AN (S'm“)axg‘
is a covarlantmatlon of the derivative (9),

It is a simple task to check that the component content of VH'H"I’_
in the W-Z gauge precisely coincides with the multiplet of N=2 SG (in
its first version ). The formalism of differential geometry can be
constructed by analogy with the case of N=2 SYM. All the convention-.
al conatralnta are again solved in terms of the analytic pre-prepo-
tentials V (S- u.) .

6. Maybe, the main goal of our approach is to simplify an analy-
a8is of quantum structure of N=2 theories. We postpone it to future
work. Here we shall glve only the expreassion for the propagator of
SYM pre-prepotential v (in the gauge D'H'V*' O):

V@ V@ UY>= A (08 xr8 -0 o)

It is written in full N=2 harmonic superspace {?M (::"'—xA -+
+2:6%"67 gf et) ol PR sl

are spinor derivatives bo( and 5 and finally

Au,u’y= 2: 1) _"'_*L*iz M(a‘__wc..“-j‘mu-j,,) !

m! {
W‘O 6 % u + ust 2
. G UG U Ul
is the harmonic S -function: }
fdu $wy A@u,un= 5.
7. Thus, all the extendend N=2 SUSY theories admit an explicitly
covariant unconstrained SF formulation in the harmohic superspace.



while the N=1 SUSY has demanded a"complexification”, in the N=2 case
a new step, "harmonization”, is required. Radically novel feature re-
veuled in this case is the infinite array of gauge and (or) auxilia-
ry degrees of freedom. It seems to us that this phenomenon is of ge-~
neral significance and may explain the origin of the well-known theo-
rems about non-existence of the finite nurber of auxiliary fields in

the

N=4 theories. The latter are atill to be analyzed. We sincerely

thank B.Zupnik for useful discussions.
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