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The Hamiltonian and covariant generators of xk-symmetry and extra bosonic gauge symme-
tries of superstring and super p-branes preserving 3/4 of the D =4 N = 1 supersymmetry
are presented.

1 Introduction

As shown in [1] exotic BPS states preserving % fraction of N = 1 supersymmetry can be
realized by static configurations of free tensionless super p-branes (p = 1,2,...) with the ac-
tion linear in derivatives'. These static configurations were described by general solutions of
the equations of motion of super p-branes evolving in superspace extended by tensor central
charge (TCC) coordinates. Because of the OSp(1|2M) global symmetry of the model, its static
p-brane solution was formulated in terms of supertwistor previously used to formulate superpar-
ticle models [3-5] and forming a subspace of the Sp(2M) invariant symplectic space [6,7]. As
a result, the static form of the discussed supertwistor representation of the BPS brane solution
is not static in terms of the original superspace-time and TCC coordinates. It is static only
modulo transformations of enhanced x-symmetry and its accompanying local symmetries, since
the supertwistor components are invariant under these gauge symmetries, as shown in [8]. In
the bosonic sector the unphysical p-brane motions related to the gauge symmetries were geomet-
rically realized as the Abelian shifts [8] of the space-time and TCC coordinates by the Lorentz
bivectors (generally multivectors) generalizing vector light-like Penrose shifts of the standard
space-time coordinates [9]. Being inessential on the classical level of consideration, these shifts
may turn out to be essential in the quantum dynamics of strings and branes. This necessitates
quantum treatment of the model [1] in the original variables that belong to the superspace ex-
tended by TCC coordinates and auxiliary spinor fields. Interest to this problem is stimulated
by a conjectured relation of the tensionless strings with higher spin theories and free confor-
mal SYM theories [10,11,7], as well as by the presence of higher spin states in the quantized
OSp(1|2M) invariant model of superparticle [12].

In this talk we start study of the formulated problem on the example of D =4 N = 1 super
p-brane model [1] and consider its Hamiltonian description, based on the covariant approach to
the first- and second-class constraints division [13,14], correlating with the description [15] in
the fixed light-cone gauge. The covariant first-class constraints which are generators of the local
symmetries of the model, as well as, its Hamiltonian are presented. Further development of the
results towards the exploration of quantum dynamics and symmetries of the string/brane model
is discussed.

"New Wess—Zumino like super p-brane models nonlinear in derivatives and preserving % fraction of super-
symmetry were recently proposed in [2].
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2 Lagrangians for strings and branes
with enhanced supersymmetry and symplectic twistor

A new simple model [1] describes tensionless strings and p-branes spreading in the symplectic
superspace M,S\XSY. For M = 2[5] (D = 2,3,4 mod 8) this superspace naturally associates with

D-dimensional Minkowski space-time extended by the Majorana spinor 6, (a = 1,2,... ,2[%])
and the tensor central charge coordinates z,, additively unified with the standard space-time
coordinates x,, = xm(fymC'*l)ab in the symmetric spin-tensor Y,;. The supersymmetric and
reparametrization invariant action of the model [1]

1
S, = 3 /depa p“U“WWbUb (1)
includes the world-volume pullback

Wuab = @LYab — 2i(<9“9a9b + @ﬂbea),

of the supersymmetric Cartan differential one-form Wy, = W,.,d&H, where 0, = % and

¢ = (r,oM) = (1,7), (M = 1,2,...,p) are world-volume coordinates. The local auxiliary
Majorana spinor U%(r, o) parametrizes the generalized momentum P = p"UU? of the ten-

sionless p-brane and pt(r, oM ) is the world-volume vector density providing the reparametriza-

tion invariance of Sp. This action has (M — 1) k-symmetries and consequently preserves %

fraction of the original global supersymmetry.
By the generalized Penrose transformation of variables

YouUb = iY, + 7i0a, i = —2i(U%,), (2)

where 77 is real Goldstone fermion associated with the spontaneous breakdown of ﬁ supersym-
metry, the differential one-form U*W,,U? is presented as

UWUb = i{U%dY, — dU"Y, + dijfj} = dY GasY™. (3)

The new object YA = (iU®,Y,,#) in (2), (3) is OSp(1|2M) supertwistor and Gy = (—=)A¥T1Gxy
is OSp(1]2M) invariant supersymplectic metric

0 =6 0
(2M) a
GAZ:<WO O>: 5, 0 0 |,
! 0 0 i

which is the supersymmetric generalization of Sp(2M) symplectic metric w®M). In view of (2)
and (3), the action S, (1) is presented in the supertwistor form

1
S, = 3 /depa p“a“YAGAEYE (4)

that is apparently invariant under global OSp(1|2M) symmetry. For the particular case of
D =11 the action (4) is invariant under OSp(1|64) generalized superconformal symmetry [16].

The original action (1) is invariant under (M — 1) k-symmetries since the transformation
parameter k4 (7, ) is restricted by only one real condition

Uk, =0, (5)
as it follows from the transformation rules of the primary variables

0kl = Ka, 0 Yo = —Qi(eaﬁb + leﬁa), 0, U%=0. (6)
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It is easy to show [8] that all components of the supertwistor YA = (iU%,Y,, ) are invariant
under x-symmetry transformations (5), (6)

§:.Y, =0, 67=0, 6.U*=0,

so that new representation of S, (4) includes only k-invariant variables. Note that in 4-di-
mensional space-time Y contains only 9 real variables that is twice less than the number of the
original variables Yy, 0,, U®.

3 Example of OSp(1|8) string/brane. Primary constraints

OSp(1]8) is the global supersymmetry of the massless fields of all spins in D = 4 space-time
extended by TCC coordinates [6,7]. Therefore, we study D = 4 example of the string/brane
model (1) formulated in generalized (4 4 6)-dimensional space My4¢ extended by the Grass-
mannian Majorana bispinor 6,. In this case the D =4 N = 1 superalgebra

{Qa, @} = (4"C7Y) P+ (Y™ C ™) 4y Zrnn

includes the TCC 2—form generator Z,,,, and the matrix coordinates Y, are
Yaob = Zab + Zabs

where
Tap =T (V"CT )y 2 = 2an (YO,

with the charge conjugation matrix C chosen to be imaginary in the Majorana representation.
Here we use the same agreements about the spinor algebra as in [1]. In the Weyl basis real
symmetric 4 X 4 matrix Y, is presented as

B . af
z T € 0
y,b=v,,0% = "% o ab — ,
“ adC FoB za 3 ’ N 0 €4
In the D = 4 case the auxiliary Majorana spinor U%(7, ™) complemented by another auxiliary
Majorana spinor V@(7,o0™) forms a spinor basis together with the spinors (y5U), and (v5V ),

Ug = (gg>7 Vo= (gz>a (U75V) = —2i, (UV) = Oa

where the ys-matrix is

. <—z‘5§ 0 )
5= S I
0 15/3

Respectively the linear independent Weyl spinors u® and v* attached to the string/brane world
volume may be identified with the local Newman—Penrose dyad [9]

v, = uasagvﬂ =1, u%uy = v%, = 0.

In the Weyl basis the action (1) acquires the form

1 . ) .
S, = 3 /depa Pt <2uawuadﬂa + uawuaguﬁ + a%mgaﬁ) , (7)
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where the supersymmetric one-forms wyqg and w5 are

Whada = 8,uxadc + 2i(8M9a§d + 8u§d9a)7

Wpap = —8uzag — 22‘(8“%95 + 8“9[39,1),

(Dudﬁ = _8ﬂ2dﬁ — 22'(8“5,5{55 + auégéd).
The momenta densities fPSm(T, oM )

pmo Ok (P, 78, 798 7o z¢ pe e pe, BY, PP))
0Qum

are canonically conjugate to the coordinates
Qm = (Taq, ZafBs Edﬁ', Ugys Uy Var, Vet )
with respect to the Poisson brackets

{P7(3), (3" }p.. = 0767 (F — &)

with the periodic -function 6P(5—a"), where & = (o', ..., oP), for the case of closed string/brane

studied here.

As far as S, (7) is linear in the proper time derivatives, it is characterized by the presence of
the primary constraints. These constraints may be divided into four sectors.

The bosonic ®-sector includes the constraints ® = (CIDda, oB s ) with

(I)da — Pda _ pTuaﬂd ~0
1
P = 7P 4 §p7u°‘u/@ ~ 0, (8)
. . 1 L
(I)aﬂ —zaf | Z TaasB 0.
T+ 2p u-u
The constraints from the Grassmannian W-sector, where ¥ = (¥%, ¥%), are given by

T = 1% — 204 P — 4im®P5 ~ 0,
T = —(T*)* = 7% — 2iP*0,, — 4in*P0; ~ 0. (9)

The dyad or (u,v)-sector is formed by the constraints

E=u"v, — 120, E=u"s — 1 ~0. (10)
Finally, the p—sector includes the constraints

PP ~0, p=(r,M), M=(1,...,p). (11)
To find all local symmetries of the brane action, it is necessary to split the constraints (8)—(11)

into the first- and the second-class sets. Then the first-class constraints will generate the local
symmetries on the Poisson brackets in accordance with the Dirac prescription.
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4 The first-class constraints

To begin with consider the first-class constraints from the W-sector (9) that generate k-symmetry
transformations (6). To find their explicit form it is necessary to solve equation (5) restricting
the transformation parameter r,(7,d). Taking into account its decomposition over the dyad
basis

Ko = Kl + RUq, Ra = Rig + RUg
it follows from equation (5) that & = & thus & = &g is real. Then the 3-parametric xK-symmetry
transformation laws acquire the form

0xb0a = Kugq, 5n9_d = KU,

SnTas = —2i(Kuals + Riigha), dnzap = —2ik(uabs + ugby);

0ipba = RRVA, On Ga = RRUq, (12)
5,~§R:L‘ao'é = —QiRR(Uoﬂd + ’Uéﬁa), (5ng,15 = —QiRR(UOﬁ/g + Uﬁ@a).

Transformations (12) are generated on the Poisson brackets by three constraints
T = g2, ~ 0, T = Py, ~ 0, \Ilg;?) = 0%, + 0%, ~ 0

that belong to the first-class. The Poisson brackets of these k-symmetry generators

(00 (3), 0 (&) }p g, = —4idM67(7 - &) ~ 0,

{T0)(3), V(&) p g, = —8ITWP (5 — &) ~ 0,

{0 (5), 0M(&)}p.p. = —8iT™MP (G — &) ~ 0,

(0(@), %) (@) pp. = 8Ty 87 — &) ~ 0,

(0(3), ¥ () }pp. = —20(TH) —iT)sP(3 — &) ~
), W)

J 0,
{‘I’(U) (), 8(&)}pp. = —20(TH +iT)6P(G — &) ~ 0

are closed by 6 bosonic first-class constraints from the ®-sector that were chosen as follows

TW = 4, 0Pus ~0, TW = (TW)*, (13)
o) = uaq)a/éﬁﬁ, (14)
T = 0a95 + 56805 + 1090, = 0, (15)

TH) = 4 (U 04 + vatia) + 2 (<I> Pugaugy + @4 U{a 5}> ~ 0, (16)
T = [ 4% (uats — vaiia) + 2 <<I>a Uugavgy — ° a{dag})} ~ 0. (17)

The meaning of the constraints (13)—(17) is that they generate local shifts of space-time and
TCC coordinates along the directions defined by the moving tetrade attached to super p-brane
world volume [8]. Indeed, constraints (13) correspond to local shifts of TCC coordinates along
the conjugate momentum

2= o T

Op(w) Zaf = Ep(u)Ualpg R ﬂaﬁ, Op() 245 = EpnUaliy =

whereas the constraint (14) generates analogous shift for ordinary space-time coordinates

€
- e
Op(n) Tag = €glu) Ualla X o Tad
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The local symmetry generated by the constraint (15) is the shift of space-time and TCC coor-
dinates along another light-like direction parametrized by the dyad component v,

) Lad = Exv)VaUs O,5(0) ZaB = €x(v)Va¥ Os(0) 21 i = €x(0) U0 5
T}g) ad Tl(%) aVa, TRv) af T}(3> aUg, T](2 aB }(2) als

The action (7) is invariant under this transformation due to mutual cancellation of contributions
to the variation coming from space-time and TCC coordinates. Finally constraints (16), (17)
correspond to local shifts of space-time coordinates along the directions transverse to the world
volume

(=)

+
Of(+) Tad = e’f(-i-)méd)a Of(—) Tac = E7(—)Myg
compensated by appropriate shifts of TCC coordinates
Of(+)2aB = 2€67(+)UfaV8} s 07 Zap = 2650 WaTp;
57:(_)2@/3 = 2i€T(—)u{avﬁ}, 57:(—)2@,8. = *QiET(_)ﬂ{dl_}ﬁ'},

where ug,v5y = L(uavg + ugva).
In the dyad sector there present are two first-class constraints

P = Py, ~0,  P® =P~ 0

generating shifts of v, (U4) dyad components along wu, (ug). These shifts constitute apparent
local symmetry of the action (7) as S, does not contain v, (U4).
The first-class constraints of the p-sector are

PP ~0, M=(1,...,p)

They commute with all other constraints since canonically conjugate variables p™ do not en-
ter the primary constraints (8)—(11). Pjgg) constraints correspond to redefinition of p space
components p™ of the (p + 1)-dimensional world-volume vector density p# (7, 7)

o™ = M(1,3). (18)

The transformations (18) are new local symmetries of the action S, due to arbitrariness in the
definition of p™.

The first-class constraint that includes primary ones from the different sectors is provided by
the Weyl symmetry generator

Aw = (Pua + Piig) — (Pfve + Pivg) — 20" P = 0.
The local transformation generated by Ay, is the dilation that acts only on auxiliary variables
Ug, Vo and p*
e 672Ap“, ul, = Mg, v
/

Toe — Lacs Z(;ﬂ = Zaf; 9; = Ha. (19)

ax

The transformation (19) is identified with the Weyl symmetry of the p-brane action. From
the string point of view, the Weyl invariants pu,tis and ptuqug constructed from auxiliary
world-volume fields are similar to conventional Weyl invariant of tensile string

V—=99"" & pluat,

but here (19) is the symmetry the tensionless super p-brane action.
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Finally the set of the first-class constraints comprises p space-like reparametrization genera-
tors

Ly = P*wpjaa — T wirap — 77TC.“’6')°‘71\4015' + 00 + 00,00

+ (PYOrug + PYOMva) 4+ (PXOyriig + PYONTa) — O3 PP p¥ ~ 0

that are the secondary constraints. The remaining time-like 7-reparametrization constraint is
not independent and is constructed from the constraints T (13), ® (14) for 2,5, Taa and
some algebraic combinations of the other first-class constraints for the remaining generalized
coordinates.

5 The Hamiltonian

Having completed the construction of the first-class constraints we present the total gauge
independent Hamiltonian density of the super p-brane in the form of their linear combination

Hp(r,56) = kU 4 7, U 4 HR\I/g) + ay®™ + b, T + b, T + DT 4 ()
+ cg’)TJQZ’) +eP™ 4 &P 4 WAy + fMP](\g) + MLy ~ 0,

where the functions s, a, b, ¢, e, f, w and p form the set of (9 + 2p)p + 3 real Lagrange
multipliers. The above Hamiltonian density yields the covariant equations of motion.

6 Conclusion

The Hamiltonian of the simplest D = 4 N = 1 super p-brane model of which general solu-
tion describes the BPS state with exotic 3/4 fraction of supersymmetry was constructed. To
separate the first-class constraints in the manifestly Lorentz covariant way there has been intro-
duced additional Weyl spinor field v, (7, &) forming the local Newman—Penrose dyad [9] together
with us (7, ). It was shown that the model possesses 3 fermionic first-class constraints that are
generators of enhanced x-symmetry transformations and 2p+9 bosonic first-class constraints cor-
responding to space-like reparametrizations (p constraints), redefinitions of p space components
of the auxiliary world-volume vector density p* = (p7, pM), shifts of the dyad components v,
along u, (2 constraints), local Weyl symmetry (1 constraint) and 6 Abelian shifts of the space-
time and TCC coordinates along the directions specified by the bilinear combinations of the
dyad components. The first-class constraints fix the number of physical degrees of freedom of
the p-brane model to be nphys = 2(4 —p)p + 1r (0 < p < 4) and encode them by the OSp(1]8)
supertwistor, which is invariant under 85 + 3r gauge symmetries, as was proved in [8]. So,
in the supertwistor representation 8p + 3r redundant superspace-time degrees of freedom are
covariantly excluded just by the variables transformation without any gauge fixing.

The results obtained here constitute a reliable basis for the covariant separation of the second-
class constraints, construction of the Dirac brackets and performing the canonical quantization
of super p-brane model [1]. These results are presented in the recent papers [19].
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