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Introduction

Gauge invariant (Generalized Bell-Robinson) conserved currents of
different spins in 4d Minkowski space in terms of generalized HS
Weyl curvatures were constructed by Berends, Burgers, van Dam ( 1985)
Later conserved currents were considered by Anco, Pohjanpelto (2002)
in particular, within the unfolded approach OG, Skvortsov, Vasiliev (2006)

Non-zero charges were identified by Kaparulin, Lyakhovich,Sharapov (2011)

We analyze AdS, currents, built in terms of generalized Weyl tensors,
treating them as on-shell closed 3-forms, characterizing nontrivial

conserved charges.

Since exact forms do not contribute to the charges,

our goal is to find cohomology of currents .

The resulting list of charges matches the space of parameters of the

conformal HS symmetry algebra.



Currents in AdS,. Oscillator realization

Two sets of two-component spinor oscillators
Y =@hie), Z=(zh25)
Commutation relations [ 2%,y = §45% 7%, 751 = 6% 5%
Zﬂay] - 537 Zalayj — Ya’Yy
Current |J(Y|a;)> takes value in the Fock module generated

from the Fock vacua |0) that defined to obey z&|0> =0, Zg,|0> =0

Current equations (= rank two eq.) In AdSs OG, Vasiliev,2012
DLI(Y ) = (D§ + W (Y, Z0) ) |7 (V]2)) = 0,
D% Is the rank two Lorentz covariant derivative

D% =d + WLaﬁ(ylozZé + y2azg) + @La’ﬁ’(glalgé/ + §2a/5§/) )

/ _ _ _ _
WY, Zlx) = Xe?® (ylayla/ + Zolézol/ + Y20Y2, T+ zﬁzﬁl) :

d = dw”% IS the De Rham derivative, eO‘O" IS the frame field



Covariantly constant oscillators

Eight independent linear in Y, Z covariantly constant oscillators

AJ-A(Y,ZM:) and B%(Y,Zp:) (A= (a,a), a=1,2, a=1,2,5 =1,2) satisfying
DAY + W, A7) =0, DBy +[W,B]=0

form Weyl algebra Aj.

A]-A and B% are normalized so that
o / ! . _: . .

AX(Y,Z|0) =y, AY(Y,Z0) =%, BL(Y,Z|0)=2,, BL(Y,Z|0)=2z,.

T his normalization guarantees for arbitrary «
A LB ; ' ' B B
[A,L-—,.Aj—]zO, [BZA,BJE]:O, [Bj_,Az-—]:(SZJcSE.

If |J(Y|z)) is a solution of the current equations then n(A, B)|J(Y|z))
solves the current equations for arbitrary polynomial n(A,B) =

n(A, B) are parameters of the global conformal HS symmetry.



(slx)%

) . _ / . . - ~
Packing the oscillators yi*, y*, 2{, 2, Into 3", x "

o

—~

with n=— 4+ and A==, +
++_iy2a, K’&I__:_yl()éa K’(;—/I::Z(])l7 5_2_2237
_ - _— =1 —+ __ = — =
++ ZZ ol XO—Ié_/ — _Zala a/+ — Y1/ > XO/ — Y24/
nonzero commutators acquire the form
[ﬁnk’ kT zsnmgkngﬁa’ [Xg,/ ,an] — e mskngﬁla/

In these variables
WY, Zlx) = AP’ Kooy ﬁxﬁ/m ~

Analogously, the covariantly constant oscillators are packed into
”?’“(ﬁ; x|x) and vnﬁ(/{ x|x), so that

m”(ﬁ: x|0) = ﬁ;m"5o‘ and v} (g, x|0) = Xﬂ’ 55/
Nonzero commutation relations hold at any z

k() , vIA(2)] = emMekiey, , and [rk(z), 7P (z)] = enmek

3)

€ba



Howe dual algebra

1 ~ 1 oo
= Z{’%nmaﬁﬁmm}‘Fz{XﬁnmaXﬁ Y
nm _ - n _Bkm = n B km
g = 4{"‘3ﬁk , K b+ 4{X5/k » X }
form two mutually commutative vertical Ysl>, and horizontal hs[g

algebras which are dual to the covariant derivative of the current equa-
tions

Being covariantly constant, f € Ysl, and g € h5[2 keep the same form

in terms of the covariantly constant oscillators Tamfﬁ(/ﬁ:, x|x) and vg,”'f’f(m, x|x)
nm __ 1 n bmm 1 n a’mm
J _Z{Tb mo> T }_I_Z{Ua’ m Y }7

nim

1 ~ 1 ~ /
g :Z{TbknaTbkm}+Z{Ua’knﬁva km}



Conserved charges

Consider

(] = (MO {1y ™ X * 1 F X ™Y
where 1 = _%eaaleﬁa’%a’ iIs the differential tree-form. Then
QM+ QM (DL+ W) =0
For any solution |J) of the current equations
differential form w™"(nJ) = (Q™%|n(r,v)|J) is a closed form
=current form

w generates conserved charges (@ independent of local variations of >3

Q) = [ wng)

Exact w does not contribute to (Q = nontrivial charge Q are generatec

by closed non-exact forms /.e., by the current cohomology



Exact current forms

T he following generators

1 ) 1 ~ ~
grglbk == E{Ta k’ bk k} ) ga by — E{TCL k’ 'Ub’k k} ’ /b/ — {’U / ’Ub/k k}
form a Lie algebra o(8) that commutes with "sl, acting on the

hatted indices.

The central fact of the analysis of the current cohomology

(Q7F ()| T(V]2)), (7 oy ™ ()| T (Y]e))

are exact. As a consequence, the following forms are exact

(MG n(r,0)|T), QM GnEn(rv)|T), QTG v)|T)

Factoring out any polynomials in oscillators containing
antisymmetrization of a pair of the hatted Latin indices =
Remaining differential forms (Q™ ™|n(r'™, v7").J) have

totally symmetrized hatted indices.



HS current cohomology In AdSy

A space P 4,49 of preforms Qﬁﬁn(fg”bm,vgﬁ) with totally symmetrized
hatted indices is hslg—invariant and can be analyzed in terms of highest
weight reps.

The raising hstg-operator g_T"T' acts on preforms as ?8% :

while the lowering one acts vise versa. For instance

~ . - 9 - 9

R (G ARV T P Y, L Y C YD

N ~ ~ T 0 T 0 ~ ~
gt (™ ot = et 4 vm+a e mﬁgm,vg,“)]
Uy

Then the highest vectors in P 4,q are §2‘|'+77(Tg7’+,v3,+)
Then preforms of P 4,9 can be represented as
N, ~~ ~ ~
Z (adg/_\/_\> (Q++n(7-c€n+7 UZ/—I_)) CN(g—l__) )
N

with some coefficients depended on the Cartan element g+_ S h5[2,

encoding the freedom in normalization of charges.



Generating functions

The simplest choices of coefficients yvield the generating functions

AL, = exp+ (adg::) (Q++n(n§”’+, vZ/J“)) at(gt7)

with some ai(g ) The preforms /\gen generate nontrivial closed forms

wp = (F |Gy, Tt OlT (),
wo = (2 -G -l T[T (V)

AN

a:l::Tm‘F:l:Tm_’ Ul:l::'U/+:|:’Un,_, 5:|::Q++—|—Q:::|:QQ:+
Current helicity operator H = 7 ( FF —I—gA:>

Since [H,7"4] = £377, [, 0% +] = £3074, [H,QE] =+0F =

w4 and w_ depend on the parameters carrying non-negative and

non-positive current helicities, respectively



In the usual notations 2y — O, = %, 7=y =<
J

Ora~0la £0%, Yra~yla =t Yoa, etc

Nontrivial charges are represented by the closed three-forms

/ _. 1= -
wng) = HYYO_ad_m(0,8lgT )T WE, 75)z) R
~ / 3 _
w(iT) = HYYyadpyi(eegt )T (T, 75|x) o,
yT=y+=0
0—a = Ca®(2)0—a + sa® ()7, 00 = co®(@)yd + sa® (2)_,,,
€ a=Ca™ ()Y, + Saa/(x)g—l—o/a €4ta = Caa($)8+oz + Saa,(fv)g_a’

cB(z) and sP(z) are Killing spinors that obey
DEc(z) + AeP'sg(a) =0, DFsP(a) + AP ca(a) = 0.

A basis of the space of solutions of this system is formed by four
independent pairs of spinors (c,?(z),s.? (z)) and (c,?(z),s " (z))
labeled by ¢« = 1,2 and &’ = 1,2, obeying

CaB(O) = 5a5, Sa/B/(O) = (Sa/B/



Parameters of the 44 conformal HS symmetry
algebra

Let fields C’}i(y,ﬂaz) carry helicities h4 and solve rank—one equations
For bilinear currents J = C’;LI__I_(y+—|—y_, _+—|—§_|:1:)C’}:_(y+—y T —y7|2)

;0 0

HO o= e elhg—h— )G vy 100, (v it "_I$)| _
aa/ 0 0 + o+ = — —‘|‘ ——
H 5y +a o5 Ta (e elhy=h_)Cy, (v Y™, gy [2)Cy (T, va)y o

represent two generating functions for gauge invariant conformal HS
current cohomology in AdS,. The charges
/ _ _
/ " - _
— /fHOéO‘ 8_|_a(9_|_a/77(€, €||h_|_—h_)c};|_+0h_|

are supported by the parameters of non-negative and non-positive
current helicities, respectively. This list of charges matches the

space of parameters of the 4d conformal HS symmetry algebra



Summary

The exact currents forms in AdS are described manifestly, as those con-
taining antisymmetrization with respect to a dual si(2) algebra acting on

hatted indices.

The nonexact currents forms in AdS are associated with the parameters

totally symmetrized with respect the hatted indices.

Two pairs of oscillators carrying three sets of two-component indices are
introduced, providing a convenient basis for a dual 0(8) algebra allowing
to factor out exact current forms. The role of this algebra remains tc

be understood.



