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Spinning particles as a nonlinear realization of the superworldline reparametrization invariance
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The superdiffeomorphisms invariant descriptioNséxtended spinning particle is constructed in the frame-
work of the nonlinear realization approach. The action is universal for all valubkaofd describes the time
evolution of D +2 different group elements of the superdiffeomorphisms group of th¢) (duperspace. The
form of this action coincides with the one-dimensional version of the gravity action, analogous to Trautman’s.
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[. INTRODUCTION of the second rank - the metric fiefg, ,, which corresponds
to symmetric generators of the affine group. The generaliza-

As is well known there exist several equivalent formula-tion of this approach to the case of superspace was given in
tions of the massless relativistic particles. The second ordd].
and first order formalisms are examples of them. One more Alternatively, one can consider a nonlinear realization of
example is the conformally invariant descriptiph], which ~ thewholeinfinite dimensional diffeomorphisms group of the
starts fromD + 2 dimensional spacetime. The appearance irarbitrary (supeispace. Among the coordinates parametrizing
this consideration of (+1) additional coordinategone the group elemenfcoset spagein such realization there ex-
timelike and one spacelikés not surprising because upon ist usual coordinates of thesupeispace. The vielbeins and
quantization the physical wave functions in the model areconnections are represented by the other coordinates of the
subject to the conformally@(D,2)) invariant equations of Ccoset space. This approach in the caseDefdimensional
motion[2,3]. bosonic space-time naturally leads to the Trautmfsi<le-

The existence of alternative approaches always shedeription of the gravity action as an integral of external prod-
some new light on the nature of the physical system. In paruct of differential forms — two-form curvature an® (- 2)
ticular, as opposed to the conventional description of relativone-form vielbeins.
istic massless particles, when the particle coordinates and Obviously, in such form the action can be written only for
einbein being the fundamental variables play essentially difd=2. Nevertheless, as was shown#], the two-form cur-
ferent roles, in the conformally invariant description bothvature in itself, as a consequence of the Maurer - Cartan
these types of variables are constructed from the more furequation, is an external product of one-form vielbein with
damental one§l,3]. The geometrical nature of these initial another one-form, which is one of the Cartan’s forms, con-
variables has been understopt] in the framework of the nected with the diffeomorphisms group of thedimensional
nonlinear realizations approach and their connection with thepace. So, the approach can be applied for the cade of
dilaton(s) of the reparametrization symmetry of the worldline =1 space, in which it reproduces the conformally invariant
of the particle was established. description of the massless relativistic partidl&g]. Though

When it applied to different physical systems, the methodhis approach was not applied to tBe dimensional super-
of nonlinear realizations allows to understand the geometrispace(to describe the supergravityits application to the
cal meaning of the basic variables of the system and con:1,N) superspace with one bosonic aNdGrassmann coor-
struct the corresponding Lagrangians following some standinates ¢,9%),(a=1,2, ... N) (spinning particlesreveals
dard procedure. many features of the bosonic case.

As was shown if5], gravity can be treated as a nonlinear  The einbein and its superpartners, as well as space-time
realization of the four dimensional diffeomorphisms group.coordinates along with their own superpartners describing
The consideration was based on the fact that the infinite dithe spin of the particle, are connected to some parameters
mensional diffeomorphisms group in four dimensional spacddilaton and its superpartngrparameterizing the superdif-
can be represented as the closure of two finite dimensiond&omorphisms group of the proper-time superspac@l)(1,
groups - conformal and affine onf8]. As a consequence of As it was shown if{4], there exist problems in constructing
such a representation of the diffeomorphisms group, the bahe action in the superspace approach starting from the case
sic field in this consideration was the symmetric tensor fieldN=3. On the other hand, as it was claimed, the component

approach, developed in the papéf for N=1, is applicable
for an arbitrary value oN.
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is invariant with respect to the generall{},group of super-  =p3°+ P2 and N superconformal transformationg$,=
diffeomorphisms and coincides with the conformally invari- —in+ P8a+ Pgb_ So, all @+2) elements have the same

ant action[1,3] after some gauge fixing. parameters in the group space, except the last three ones

0%,11;,U;. This property of the elements is unchanged af-

II. NONLINEAR REALIZATION OF THE ter the left action

REPARAMETRIZATION IN THE (1,N) SUPERSPACE

With the help of the coordinate representation of the gen- G1=GoGy &)

erators in an auxiliary (N) superspaces(7°), with an arbitrary constant group eleme®. It is a conse-
guence of the representation

0...0a,ap,..., a,
— d Gr=KHz (4)
P o=is"nMip*2 . ptr—,
95 in which parameters of the coskéttransform independently
0... 0ay.a, .., from the parameters of the subgrobp.
—_— P In spite of the fact that the eleme@, is a constant ele-
P STyt gt —, (1)  ment, it contains infinite number of parameters, similarly to
an the element$2). Under such(infinitesima) transformations

Gozl+i6 (5)

one can calculate the corresponding algebra of diffeomor; .. a

. ; . the first two parameters and 9° transform exactly as the
phisms and forget about this representation. In what follows dinatesM =1 7 92! of the (1 £]
these generators will be considered as abstract ones. Usir%&or inatesc™={7,4% of the (1N) superspac
them one can write down thgroup elements of the diffeo- Sr=e(1,0%), 69%=e¥(r,9Y), 6)
morphismsgroup. Some parameters in the representation of
this group elements transform under the left multiplication asyhere infinitesimal superfunctions(r, ab) =e’(xM) and
the coordinates of the () superspace. They actually de- ¢2(r,9°)=¢?(x™) are constructed out of parameters of the
scribe the proper-time superspace of teextended spin- jnfinitesimal element
ning particles.

To describe th®- dimensional spinning particle in a con- e=e"Py+ey PMiyteMy m Pyt (@)
formally invariant way we introducel{+2) group elements
in the following form (Z=0,1,... D+1): which belong to the superdiffeomorphisms algebra. The ex-

plicit form of the eV(x) is the following:

. :qa ; a ab . 0a, .50y :.Cc pab .5bp0a

GI: el ™Pogi? (T)Paelpapoelcabpo el)(a(P0 +|Pa)e|§ach %Py " " " " " .

e'(X)=€"+e€ M XL € g XX (8)

% e <P aif P airaPO R i APOY. | GiO3G] il iUzl

One can consistently consider all other parameters in the

2 group element as superfields—as functions of all these su-

perspace coordinates. As it was already mentioned, such su-
d)_erfield approach faces difficulties whé&=3. So, in this

paper we will consider the so called spontaneously broken

?ealization, i.e., when the paramete¥d instead of being the

In the parametrizatior(2) all exponents, except last three
ones, are arranged by the dimensionality of the correspon
ing generatorg1) (in units Dim s=1,Dim »?=1/2). This
choice leads to the most simple transformation laws of th
corresponding parameters, as will be shortly discussed a b
later. The third exponent in the second line is chosen to b
such in order to simplify the form of resulting differential
invariants. In total, the exponents in EE) are in one-to-one
correspondence with the subset of the generdtrswhich
does not include only the rotations in the¥) subspace. _ b a_ a b

Strictly speaking, the expressié®) describes the param- or=er,9%(1), =€, (7). ©
etrizations of the coset space of the diffeomorphisms group
over its SO(N) subgroup generated by the rotations in the IIl. CONSTRUCTION OF THE INVARIANT ACTION

odd subspace of the proper-time supersgace-14. Since As is well known, the Cartan's differential form€;

the quantities which will be used for the construction of the:GgldGz are invariant under the transformatiaf®. Their

action are inert with respect to the stability subgr&@(N),  expansion coefficients at different generators in the series

one can consistently restrict the consideration to this coset

space. Q=0 Po+iwlP,+ - +iwd P+ -~ (10
The elementsG; (2) differ from each other only in the

last line, which represents the subgroup, generated by dilaare invariant differential one-forms which can be used for the

tion Lo=P)+1/2P2, one dimensional conformal booky  construction of invariant action integrals. In one-dimensional

rassmann coordinates of the superspace are the Goldstone
elds 9%(7) which depend on only bosonic coordinateAll

other parameters are the functionsrads well, though we do

not write this explicitly for shortness. The transformation
laws (6) appear in this case as
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space which is under the consideration the external products ~ 1 1. i
of one-forms vanish and the only nonvanishing differential A=A+ 3XakKa™ §Xa)(a+ §XaAaa
invariants are linear combinations of the coefficients

Consider the following expression for the action

Aa=Ag+ika+iApxn—=AapXn

1 0
S=-— EEIJ w7100 (11)
Aap=Aap— 1 Uap, (16)

where 2 ;=(—++---++—) is the signature oD+2 -
dimensional space-time and summation over external indeand play in the following the role of Lagrange multipliers.
7 is assumed. In addition, one can eliminate the field; with the help
The action(11) exactly coincides with the action fax of its equation of motion
=1 spinning particld4] and is analogous to the Trautman’s
formulation[8] of the gravity(in the form which admits the
one-dimensional consideratig®]). The expression for the
omega-formw,Y, is rather complicated and contains all pa-
rameters explicitly written in the expressi¢®). To make the
connection with the known action for the spinning patrticle ,
transparent, one has to gauge away some of them. Indeed, In térms of new variables
the transformation law6) shows that the Goldstone fields
92 can be vanished by the appropriate choice of the param-
eters €%(7,9°). Moreover, the residual symmetry can be
used to exclude some additional fie[®, namely the fields
pa,Cap and 5, . Indeed, the transformation laws of all these the action(11) gets the familiar forni3]
fields contain terms, proportional to the derivatives of the
transformation parameteeg 7, 9°(7)) and (7, 9°(7)) [9]:

1.
HIZEUI' (17)

xr=ev7%  wi=eY7?07 (18

1 . . ~ ~ ~
S=3 f drOC+iW3Wa+ 3AXZ— 2i A WX, — i A 4y WaWD).

Spa() = e(r, 9%+ - - -, 12 (19
pelT)= ey € O(T) (12)
So, the action(11) which is invariant with respect to the
52 o diffeomorphisms group of the proper-time superspachl) 1,
OCan(1)= ——————€(r,9%(7)+ -, roperly describes thi-extended spinning particle.
GPTTEyr TS property pinning p
(13
IV. CONCLUSIONS
52 . . . .
55y(7)= (r, 99+ - - - In the framework of nonlinear realizations of infinite

59%(7) 59°(7) dimensional diffeomorphisms groups of the_ N;L_,super- .
(14)  space we have constructed the reparametrization invariant
actions forN-extended spinning particle in arbitrary dimen-
o ] o o sion D. It is achieved by simultaneous considerationDof
These derivatives are indeed the variational derivatives and - group elements. The parameters of corresponding group
they have to be calculated at the poiifi(r) =0 because we points include the coordinates and momenta of the particle.
already have made this gauge choice. The interaction between coordinates which effectively re-
The explicit expression for the, in this gauge is duces the number of the space-time dimensions fibin2
to D is included in the action by the presence of the param-
eters with higher dimensions, which play the role of the
Lagrange multipliers and are the same for all considéed
i ; a_ a_ a + 2 points on the group space.
Xahat 21440726207~ 2R X0 It is worth mentioning, that the action obtained for tke
— 2iWapxpO3+ A ,0205—i2,,0205. (15  extended spinning particle have the same form as the Traut-
man’s [8] action for the gravity[9]. The first of them is
b a . ., invariant under the reparametrization of the N)L,super-
The rest of the parameteg,,2l, and «* are “eaten” by  gpace, having only one bosonic ahdGrassmann coordi-
parameters\, A, and A, which become, correspondingly, nates. The second one is written down Dadimensional
AA, and A 4y bosonic space-time. This analogy is very intriguing. So, it

w180: dTeUI{H%_’_ HI_ i %G)%_ 3A—XaKa+).(aXa
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