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1 Introduction

In the context of ordinary field theory, there has been
great interest about the lagrangian study of higher spin
fields with external interaction [1-17]. These theories are
only known in certain backgrounds (i.e., constant curva-
ture, non Einstein’s spaces) because generally, a consis-
tent higher spin field theory with interaction does not
exist as a result of the no conservation of the degrees of
freedom and causality violation.

It is well known [18, 19] that the introduction of aux-
iliary fields, that vanish on shell, is needed in order to
obtain a Lagrangian formulation, in a flat space—time, for
a free massive field with spin s described by a symmetric,
transverse, and traceless, rank s tensor (i.e., 9"h,... =0,
h*,.. = 0). However, when an arbitrary interaction is
turned on, auxiliary fields become dynamic. Hence, they
could modify the number of local degrees of freedom.

Causality violation has also been noted [17, 21-23].
For this, let us use the following notation [17]: The equa-
tions of motion for an integer spin field, hq,ay..., Which
come from some lagrangian formulation can be written
as (Mg, gy-arag-- )"V Vyh*1@2 " ... = 0, with the
help of the lagrangian constraints [24]. Let the vector
n, used to define the characteristic matrix Mag(n) =
Mag"nyn,, where A, B are composed indexes. The
solutions of the characteristic equation det M 4p(n) =0

define characteristic surfaces that might describe some
propagation process. If the solution of the characteris-
tic equation gives rise to a real ng, the system is called
hyperbolic. A hyperbolic system is called causal if there
is no time like vectors among the solutions of the char-
acteristic equation. On the contrary, if there exists time
like vectors, the corresponding characteristic surfaces are
space like and violate causality. When an arbitrary ex-
ternal interaction is considered, the characteristic matrix
M ap(n) does not necessarily define a hyperbolic-causal
equation of motion system.

In this work, we are interested in the study of some
dinstinctive features related to the aforementioned prob-
lems in the lagrangian formulation of the selfdual massive
spin 2 field in 2+1 dimensions [25, 26] coupled with grav-
ity. This letter is organized as follows. We will start with
a brief review of the lagrangian constraints analysis of
selfdual massive spin 2 theory in a flat space-time with-
out external interaction. Next, we introduce the coupling
between selfdual massive spin 2 field with an arbitrary
gravitational background through a suitable set of non-
minimal terms in the lagrangian formulation, and we will
discuss the physical restrictions that arise in order to pre-
serve a consistent interaction. As expected, one can find
a constant curvature space solution in which the degrees
of freedom must be consistently preserved and causality
must take place. There, we obtain forbidden mass values
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for the selfdual massive spin 2 field. The construction of
the reduced action in constant curvature space-time is
noted. In the end, we discuss the one-particle exchange
amplitude. Finally, some remarks will be stated.

2 Lagrangian analysis of the selfdual theory
The action of selfdual massive spin 2 field [25], in flat
space—time is

2

= (huh” =h2)) (1)

Ssd — <% Euykhuaauh/\a _

where h = h#,, 12 = €!2 = 41, () = /d?’x( ) and

Minkowski’s metric is diag(— 4+ +). The equation of mo-
tion coming from S,4 provides nine primary constraints

(2)

Preservation of (2) takes us to the secondary constraints

3)
We observe that (3) can be replaced with the combina-
tion ¢(2)P ~ aqu(l)up_mepua(b(l)m = _m3epua.hw ~0,
which enforces h,,, to be symmetric. Relations dpWir =0
allow us to find the following accelerations

¢(1)MJ = m e Ao, h\" + m2(nﬂph — hPH) = 0

PP =M% 9, (Vi =m29Ph — m29,hPH =0

ﬁkp = 8kh0p + meik(éiph - hp l) (4)
and the ﬁop remains unknown.

The procedure continues with the preservation of ¢()?
~ 0, which gives rise to three additional constraints

()

saying that the symmetry property is consistent with
time evolution. If we look at (5), the p = 0 compo-
nent can be rewritten, on shell, as ¢3)0 & 8p¢(2)p =
—m3eP"*0,h,0 ~ 2m*h &~ 0, which shows the traceless
property of the tensor field. Then, preserving ¢(3)? ~ 0,
we obtain the last constraint

¢(3)P = ¢(2)p ~ —mSEPNO‘hW ~0

¢ = 2mth ~ 0 (6)

and two relations for the remaining accelerations, which
means that —m?’ek“ahw = 0. These allow us to obtain

(7)

The analysis of the lagrangian constraints ends with the
preservation of (6). This provides one more relation for
the accelerations m*h = 0 from which we obtain

hox = hiro = Ohoo + mﬁik(5i0h — Iy Y

hoo = —hii = —Okhox — meir(5'xh — hy,?) (8)

Therefore, it can be shown that the 16 lagrangian con-
straints indicate the existence of one propagated excita-

Pio J. ARIAS and Rolando GAITAN D., Front. Phys. China, 2009, 4(4)

tion, and it is described by a symmetric, transverse, and
traceless tensor field. In other words,

h(s)Tth:h(s)Ttw“ 8“h(S)TtW:O, h(s)Tt#“:O (9)

respectively, satisfying the field equation:

A REITEP (=) Tton = (10)
A hyperbolic-causal equation, (O — m?)h(*)T?,, =0 is
obtained from (10) using (9).

It can be observed that restrictions (9) leave just two
free components of the nine in h,, but relying on dy-
namic restrictions (10). It can be seen that only one
degree of freedom is locally propagated. From the ac-
tion point of view, one can also expose this unique
excitation through the construction of the reduced ac-
tion (S¥,;), which starts performing a 2 + 1 splitting
[27] for hl“” this means, n — h()o, Nl = hi(), Ml =
hoi, By =
(1).
realized introducing new variables defined by: N;
EikakNT + 8iNL, M; = EikakMT + 8Z-ML, h(s)ij
(6:;A4 — 0;0;)h™T + 9;0;hEL + (€41.0k0; + €1010;)hTE.
This decomposition establishes an easy way to obtain
the reduced action using the corresponding field equa-

| 1
tions, S, = /d?’x{PQ—§P2+§ Q(A—mQ)Q}, where
Q = V2ARTT and P = \/§mAhTL, which describes a

single massive mode.

1 1
i(hlj + hji)a V = ieijhijv in action

Then, a transverse-longitudinal decomposition is

3 Coupling with gravity

Now, we outline the model of selfdual massive spin 2
field non-minimally coupled with gravity in a torsionless
space—time as follows:

afo)

——haphor) (11)

Sedg = <% AR,V hag +

DN
, and

where V,, is the covariant derivative, e"'* =

now, ( ) = /d3x\/—g( ). Due to the fact that in 2+ 1

dimensions, the Riemann curvature tensor can be writ-
ten in terms of the Ricci tensor (i.e., Rxup = grvRup —

R
gz\pRuu - gm/R/\p + gNPR)\V - 5 (g)\ugup - gApguu))> the

non-minimal coupling in (11) is characterized by a tensor
24P7X wwhose general form is

QaﬁUA = m2 (gUAgaﬁ_gUﬁga)\)+a1 (RU)\gaﬁ +Raﬁgd)\)
+a2(RUﬁga)\ + Ra)\goﬁ> + a3Romgﬁ>\

+asRPA g7 + a5 Rg*P g7
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+agRg7Pg** + azRg*’ g°> (12)

with the property 2967* = X8 and real parameters
Gp,n=1,---,7.
Taking arbitrary variations on h,, in Ssq4 gives rise

to the following field equations:
PDHe = et A, @ + Q1A R,y & 0 (13)

which constitute nine primary constraints.
Three more constraints arise when (1% ~ 0 is pre-
served

P2~ v, ona = Qracdy h

+B* hgy ~ 0 (14)
where
+V, Qrao (15)

On the other hand, preservation of #(MF* ~ 0 leads
to six relations for the accelerations (m # 0, as in the
flat case)

v02hja _ _% Qkaa)\vohm\
S0t
_ ( ZZJ Vogkaaz\ + RanO ga/\) hg/\

+V,;Voho™ + R o hox (16)

remaining the unknown accelerations, Vo2hox.

At this point, the lagrangian analysis with free cou-
pling parameters in arbitrary background is equivalent
to the flat space—time case. The next step is the preser-
vation of the constraint e ~ 0. In other words,

@(3)04 ~ QOaO/\v(J?hO)\ + (QOaj/\ =+ QjaO/\)vjvohO/\
4 (_ % QOapouAkp+vOQOauA+Bauz\) voh#A

+ |:_ % QOalva Q[L)\k‘p _ -QOQMR#OZO + VOBa;LA

_QuaupR)\puo _ QU&VAR;LVUO] hu)\
—\QoalpR/\ploho,\ + Vof?ia“kvihu,\

+0219A,;Vohjy = 0. (17)

and we expect that this expression represents three addi-
tional constraints, as in the flat case. However, from (17),
it would be impossible to obtain any relation for the ac-
celerations V02h0>\, because (17) constitutes a complete
system for the aforementioned accelerations. We demand
that all matrixes 3 x 3, 2 x 2, and 1 x 1 built with £2°20A
have null determinants (i.e., £2°%%* totally degenerated),
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this means
200X =0 (18)

This condition gives rise to restrictions on coupling pa-
rameters. Using (12),

a) = —az2 =a

ag=—as =Db

az=as=ar; =0 (19)
and just two free parameters remain. Then,

QaﬁUA — aRaUﬁA + |:m2 4 <g _ b) R:|

(9*797* — g% g**) (20)

and now,

QaﬁcrA — ch)«xﬁ — _Qa)\crﬁ (21)

The object B, defined by (15), can be rewritten in

terms of the Einstein’s tensor, G, = R, — g% R as
follows:
Baor = meM G5 4V, Qreor = —BAroa (22)
with an antisymmetric property in virtue of (21).
With the help of (20), we can write the three con-
straints, #3)P =V d@? ~ 0 as follows:
) = NV hox + V27200V by + A hox
+0219AY ;Y ohjy + COAVhjx
+V 212, hiy + D hjy ~ 0 (23)
where
NA = %801@1 0kp QOAL | B0 — _ AfAa (24)
A = —% 00010 (201 Vo 20N ) + mR* 10
+mR006%,) + VoB* — QreOr R o
—QRVARO o (25)
Coir = —% gkt 20900 QTN | 4 BN 4 Vo 20072 (26)
DA = _% et 2001V Q3N | 4 BadA
—Q“aij’\puo _ Q“O‘”/\Rjupo
— 2042 Rigyq (27)

Going on the lagrangian procedure, preservation of
®B)P ~ 0 must represent, as in the flat case, two ex-
pressions for accelerations VOQhOU and one for the last
constraint (whose preservation allow us to get the re-
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maining accelerations, and the procedure ends). Let us
consider 3 x 3 and 2 x 2 arrays built with objects N,
the last request means that

det(N**) =0
det(NY) #0

(28)
(29)

Because the antisymmetry property of the odd rank ma-
trix (V**), relation (28) is identically satisfied. Expres-
sion (29) gives a physical restriction on the gravitational
field, and it conduces to

€0ij Nij # 0 (30)
It can be shown that this restriction will include non-
Einsteinian solutions. Although these type of solutions
exist, (30) will impose conditions on them. For illustra-

f(z)

T (g/\ugup - g)\pg;MJ)'
Then, restriction (30) enforces a constraint for f(x)
(ie., 6M* — m2f(x) + moe*oOrf(xr) # 0, with ¢ =
2
30~ b). Our interest is focussed in the particular so-
lution 9, f(z) = 0 (hence, (30) relates the mass with
cosmological constant), which is a dS/AdS type.
Considering a constant curvature space—time, with
cosmological constant A, has been related to a dS space
(A > 0) or AdS space (A < 0) via Einstein’s equation,

tion, let us consider Ry, =

R, — g% R —MAg, =0, where Riemann and Ricci ten-
sors are

Rypvp = % (GrvGup — Gpuv) » B = ggw (31)
respectively, and

R=—6) (32)

Tensor (20) is

QPN = M? (g*7 g7 — 970 g) (33)
where

M? =m?+0oR (34)

with 0 = ga —b. Using (33), the action (11) takes the
form

M2
2
and with the help of (22) and (33), the object N be-

comes

4 2
N = <6M — Rm ) £

m

m
Ssd)\ = <5 6””>‘h“avyh>\a — (hl“,hl'“ — h2)> (35)

(36)

Consistence relation (30) is now
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6M4— Rm? # 0 (37)

Considering (34), we can think about this relation as
a restriction on m? in terms of scalar curvature and o.
This means that

R
m2§£mi2zﬁ(1—120:|:\/1—240) (38)
showing the existence of some forbidden mass values in
order to have consistency, which represents a well known
fact in context of higher spin theories [3-5].

Now, lagrangian constraints are revisited, this time in

dS/AdS space. The primary nine, (13) are
P = et A, hy® + M? (ghh — h**) ~ 0 (39)

Secondary constraints (14)

P2 ~ M2 (V*h — V,hoH) + mTR €2 hyy a0 (40)

M2
can be written as ¢ ~ Vi pDpa _ —_ gao) Qi(l)#a
m

2R —6M*

= <m67 €2 oy &~ 0. Therefore, the symme-
m

try property for the h,,, field, in virtue of (37), is gained.

Preservation of #(® ~ 0 provides three more con-

straints

2p _ M4
B ~ (ﬁ) £*9A o hoy & 0 (41)
6m
Its temporal component, )0 ~ 0 is expressed as:
6M* —m2R
3)0 ~ 2 1
S0~ v, @0 . (T) on,
M2

It says that the spin 2 field is traceless (obviously, if
M? # 0). The last constraint arise from the preserva-
tion of #(3)0 ~ 0,
M2
M =V0B0 ~ — (6M* —m?R)Voh ~0  (43)
3m?
We observe that traceless and transverse properties for
a consistent description of the selfdual field demands the
additional condition
M? #0 (44)
as a consequence of equations (40), (42), and (43). If
one relaxes this restriction on M? (i.e., M? = 0), the la-
grangian system will not furnish the expected number of
degrees of freedom. Imposing (44), we can construct an
hyperbolic-causal field equation for h($)T* wv as follows:

<M4R

00— W + 5>h(s)Tt;u/ =0 (45)
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with O = V,V®. Therefore, the selfdual massive theory
studied holds forbidden mass values in dS/AdS spaces
because of (37) and (44). These facts can be resumed as
follows:

R o forbidden m
1
0 (AdS 0<o < —
>0 ( ) 7S5 m4
> 0 (AdS) <0 —oR
< 0 (dS) >0 —oR

We note that, in the study of the selfdual massive
spin 2 field theory coupled with gravity, a well-known
fact is verified: inside a possible set of solutions, those
of constant curvature spaces respect the number of de-
grees of freedom and causality. However, in contrast to
other type of spin 2 theories [17], the selfdual massive one
does not have massless limit, and M? # 0 is demanded
in order to guarantee equivalence between constraint sys-
tem and symmetry, traceless, and transverse properties
of selfdual massive field with a hyperbolic and causal
equation provided.

There are other issues related with the condition
M? # 0. On one hand, this condition, in a dS/AdS
background, mantains the selfdual lagrangian, (35), con-
formally variant due to the non null trace of the energy-
momentun associated with the selfdual field, 7", =

M2

_ T h(s)Tt’“,h(s)Ttwj.

Moreover, the critical value M? = 0 reveals the exis-
tence of an expected discontinuity in the degrees of free-
doms count, because it gives rise to a non consistent set
of lagrangian constraints, which is associated with the
nature of the quadratical terms in the action and not to
the features of the gravitational interaction. This kind
of discontinuity can be illustrated in a flat space-time as
follows. Let us consider the two parameter action

M2 ) (46)

Sml mo — <% euykhuaauh)\a -
which reproduces the selfdual massive model when we
choose m; = Particularly, when my =
0, the action (46) describes a model with no degrees
of freedom (in fact, the reduced action becomes null
identically). if mo # 0 is considered dur-
ing the procedure that leads us to the reduced action,

one can arrive to the expected relation: *

Sml,mg -
K {Q N M2)Q},

2
P=+2 m2Ah<S>TL andQ \/’ Ah(S)TT,

with M = 22
my
a singular function at mg = 0, saylng that the model
(46) does not have a well defined limit at my = 0.
In an analogous way, a discontinuity does appear in
the selfdual massive model when we consider a dS/AdS
background, (35) at the critical value M? = 0. In fact,

mg = M.

However,

)

which is

521

this behavior is manifested if we observe that equation
(39) is now gauge invariant under

(9.9 = o ) ot

which says that the only degree of freedom due to
h(S)Tt,“, can be gauged away, and the theory with M2 =
0 does not propagate degrees of freedom as in the flat
case.

ShITE,, = (47)

4 The reduced action

If in the context of a curved space-time, we want to re-
alize a procedure in order to obtain a reduced action for
selfdual massive spin 2 theory, one could try to perform
a description of the only progagated degree of freedom
through a field like h(®7*,, ™. In the flat space-time
it can be seen that the symbol “+” is associated with
a propagation of spin +2 [28]. However, in a non-flat
space—time this “flat” procedure will find serious obsta-
cles. Essentially, this is related with the problem of the
Fourier transform in curved spaces [29] and the defini-
tion of arbitrary powers of D’Alembertian and as a con-
sequence of the obscure business to obtain projectors.
However, we can say something following a covariant
procedure in order to obtain the reduced action, starting
with the a symmetric-antisymmetric decomposition:

hyw = h(S)W + EW,\V)‘ (48)
Using this in (35) conduce us to
m
Ssd)\ — <E Euuagﬁah(s)uﬁvyh(s)aa

M2

-5 (h() b — h)?)

+mVH(V, 0 —V,h) )

_% eIV, Y, V, — M2V, VH) (49)

with field equations
A _ 2M2h(s))\a

met AV, ), metv ey, h(),

+2M2gAhs) — 2mghrev, Vi
m(VAVY 4+ VoVA) =0 (50)
and

met AV, V, +2M?VA —mVAhE) +mV a1 =0 (51)
The trace and divergence of (50) give

M?2p(s)

—mV,VE=0 (52)

me AV, Hy — 2M2H P + 2M2VARGS) 4 mOvHe
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mR

~mVIVL VO — = V=0 (53)

with the notation H) = Vah(s)Aa.
we get

Using (53) in (51),

(Rm2 — 6M*)V, =0 (54)

Taking into account the restriction (37), we get V,, = 0.
This last relation with (52) gives the suplementary h(*) =
0, and equation (51) assure Hy = Voh®),% = 0. Then,
it is confirmed that in constant curvature spaces the self-
dual massive spin 2 theory is described by a symmetric-
transverse-traceless field, h(8)Tt

uv> and the reduced ac-
tion will take the form

Ssd)\@)* — <% Euuah(s)Ttuavuh(s)TtUa

M2
_T h(s)Ttwjh(s)Ttuu> (55)
which the equations of motion
mgapuvuh(s)TtVﬁ _ M2h(s)Ttaﬁ =0 (56)

From this, the causal propagation (45) is obtained.

At a point p of the manifold M, it can be attached
a tangent space T,(M) with locally coordinates £* pro-
vided. Therefore, in this reference, the hyperbolic-causal
equation is

M* R

with gy = 00,. Next, we define the locally “+” and
“«_7 parts of KTt (€) in the way

(57)

1/ 64,6¢ Oy
h(S)TtabjE =3 (—b +0%,6,7¢

= )h<S>Ttdc (58)
q Do)

[V

Rm? .
1-— SA[A" Then, with the

local on-shell relation (57), it can be obtained that

where the parameter ¢ =

4
<D<s> - % + g) BT, 5 (€) = 0 (59)
hOTE T (€) = 0 (60)

saying that the only degree of freedom locally propagated
is described through h(s)Ttab+ (R)Tt .7 ), if the spin is
+2(—2). Tt can be observed that expression (58) can be
rewritten as h(S)T’fabi = pde  h()Tt, where

1

1 (G 07,0)

Pidcab =_(
q

i(édaebrc + 6ca€brd) ar - )
Hee?
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is not a projector (i.e., PidcabPi“bef #+ Pidcef), be-
cause q # 1.

5 The one-particle exchange amplitude

Finally, we examine the one-particle exchange amplitude
that describes the interaction between sources. This
starts with the selfdual massive spin 2 action in the
form (49) but now minimally coupled with an exter-
nal, symmetric and conserved source T(%),,(z) (i.e.,
VAT, (x) = 0) as follows:

m
Ssd)\T — <5 sﬂucrgﬁah(s)#ﬁvuh(s)ga

2
_MT (W) O _ ()

+mVH(V,h) =V, 0 ")
—% eIV N, V, — M2V, VH
+,€h(5)MUT(S)M’J>

where k is a coupling parameter.
The field equations are emerging from (62) are

MM, 1), metre T B, — 2M 2
+2M2gAh(8) —2mgroV Vi +m(VAV O+ VOV )
= —2rT ()N (63)
and
met AV, V, +2M?VA —mVAhE) +mV a1 =0 (64)
Divergence and trace of (63) give

2 2
EZZAVEA VN 1O R %vah(sma =+ %Vﬂh(s)
m m

—2mVAV\VA + VA VAVA + OVE =0 (65)
and
2M2h) — 2mV VI = —gT() (66)
The curl of (64) is
—Eg”“Vquh(s)uu — 0OV, + VaV, V>
_%ngp#vpvu =0 (67)
and with the help of (65) conduce us to
(m?R - 6M*)V, =0 (68)

which again says that V, = 0. Then, we can rewrite (63),
(64), and (66) as follows:
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MEPAT 1), metreT 1, — 2M e

+2M2grp() = 2T () (69)
VAR — v, h&r = (70)
IM?h(s) = —kT) (71)

For the computation of the exchange amplitude, we
need the decomposition

h(s),uu = h(S)TtlLl/J’_vlLaTl/+vl/aT[L+v,uvl/¢+glLl/’l/)(72)

where V*a®, = 0. The following relations arise from
(72)

h(®) = 0¢ + 3¢ (73)

R
(—D + §> ay+ EV,0+2V,0 =0 (74)
where the last one is obtained with the help of (70). Di-
vergence of (74) provides RO¢+ 6001 = 0, and using this
in (73) with (71), we get

R Rk
_ — (s)
(D 2) ¥ 12M2T

Now, we need to write down A
source. The Tt part of (76) is

(75)

)Tt , in terms of the

mE“V)‘VUh(S)Tt)\a — M2p)Ttue — _ o(s)Ttue (76)

from which we obtain the hyperbolic-causal equation for
h(S)TtpV

4
<A<2> LM g) J(&)Ttua _ £M2p(s) Tt
m m

+ = etV T (77)

where A(?) is the Lichnerowicz operator that obeys the
following properties [30]:

A = 06 (78)
V“A(l)V# - A(O)V“Vu (79)
AV, V) = VAV, (80)
VEARLE) = ADTrpE) (81)
AP (g ¢) = g AV (82)
and T, is given by

T(S)Tt’“/ — T(S)NV — Q%T(s)

1 R R\

1 v - =g ) (O0=-=) T®

—|—2 <V;Lv 6 9u ) < 2) (83)

The exchange amplitude between two covariant con-
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served sources is A =

/d?’x\/—gA, where A =

T'(S)Wh(s)“”. Up to boundary terms, we can write A
using
A= T/(S)Wh(s)thw + TGy (84)

Considering (75), (77) and (83), we finally obtain

A M? _
—=— T’(S)aﬁ(A(Q) + p2)lrs)es
M2
~or3 T’(S)(—D + HQ)_lT(S)
m

2 - apoc S
+E T 5(AR) 4 )~ telar VpT( )THB)

-1
R e (-m%) T

- 12m2
AR ooyt (-0+2) T 10 (s9)
12m? 2

M* R
where p* = — + .

If one takes a look at the first three terms in (85),
2

M
two of them are proportional to — and the other to
m

2

2
—. Then, at the flat limit, they correspond to the am-

gllitude of a massive selfdual massive spin 2 in a 241
dimensional Minkowski space-time.

The two remaining terms in (85) give a cosmological
contribution, which disappears in the flat limit. In the
non-flat case, it can be observed that these last terms

R
have an unphysical pole at I = 27 which do not propa-
gate whatever the sign of the cosmological constant (i.e.,

M?R ( R -
the residue in the amplitude is —— + P -
12m? 2

—121;/[2 = 0). On the other hand, the physical pole
O = 12 has the residue
M? Am?

which is clearly non null only in an AdS space—time.

6 Conclusion

It is confirmed that the well known fact that a consistent
construction of the theory of a higher spin coupled with
gravity only can occur in constant curvature space—times
or non-Einstein ones. The adjustment of free coupling
parameters is not sufficient in order to respect causality
and the number of degrees of freedom. Therefore, severe
restrictions must arise on the background.

However, the selfdual massive spin 2 model has a
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distinctive property that makes this model remarkable.
Then, in a
constant curvature space—time, the selfdual massive spin

This means, there is non null mass limit.

2 model exhibits frobidden mass values, obeying restric-
tions, which are given by 6 M* — Rm? # 0 and M? # 0
with M? = m? 4+ oR. Both contain information about
the background, and they match in the flat space-time
limit with the known consistence condition of the model:
m # 0. Parameter M? appears as a quadratical power
of a “mass” in the action and this can be thought as
the non-flat version of the two parameters flat action,
which contains the selfdual massive spin 2 model as a
special case. Moreover, condition M? # 0 guarantees a
conformally variant selfdual massive model in dS/AdS,
matching with a similar situation in flat theory. How-
ever, one can distinguish between the models defined in
a dS or AdS because the residue R(o—,2) in the one-
particle exchange amplitude is not sign defined when
A > 0 (i.e., dS space).

Acknowledgements This work was supported by project
FONACIT G-2001000712, PI-03-00-5753-04 of CDCH-UCV and
project CDCH-UC 1102-06.

References

. Aragone and S. Deser, Il Nuovo Cim. A, 1971, 3: 709

. Aragone and S. Deser, Il Nuovo Cim. B, 1980, 57: 33

. Higuchi, Nuc. Phys. B, 1987, 282: 397

. Higuchi, Nuc. Phys. B, 1989, 325: 745

. Higuchi, Class. Quantum Grav., 1989, 6: 397

. J. Duff, C. N. Pope and K. S. Stelle, Phys. Lett. B,
1989, 223: 386

D Uk W N
2> > Q0

7.
. O. Hohm, Class. Quantum Grav., 2007, 24: 2825
. 1. Bengtsson, J. Math. Phys., 1995, 36: 5805

10.

11.
12.

13.
14.
15.

16.
17.

18.
19.
20.
21.
22.
23.
24.

25.

26.

28.

29.
30.

Front. Phys. China, 2009, 4(4)

O. Hohm, Phys. Rev. D, 2006, 73: 044003

A. Hindawi, B. A. Ovrut, and D. Waldram, Phys. Rev. D,
1996, 53: 5583

S. M. Klishevich, Class. Quantum Grav., 1999, 16: 2915
E. S. Fradkin and M. A. Vasiliev, Nucl. Phys. B, 1987, 291:
141

M. A. Vasilev, Phys. Lett. B, 1990, 243: 378

M. A. Vasiliev, Int. J. Mod. Phys. D, 1996, 5: 763

C. Cutler and R. M. Wald, Class. Quantum Grav., 1987, 4:
1267

R. M. Wald, Class. Quantum Grav., 1987, 4: 1279

I. L. Buchbinder, D. M. Gitman, and V. D. Pershin, Phys.
Lett. B, 2000, 492: 161

M. Fierz and W. Pauli, Proc. Roy. Soc. A, 1939, 173: 211
S. J. Chang, Phys. Rev., 1987, 161: 1308

L. P. S. Singh and C. R. Hagen, Phys. Rev. D, 1974, 9: 898
G. Velo and D. Zwanziger, Phys. Rev., 1969, 188: 2218

G. Velo, Nuc. Phys. B, 1972, 43: 389

D. Zwanziger, Lecture notes in physics, 1978, 73: 143

D. M. Gitman and I. V. Tyutin, Quantization of Fields with
Constraints, Springer-Verlag, 1990

C. Aragone and A. Khoudeir, Phys. Lett.
141

S. Deser and J. G. McCarthy, Phys. Lett. B, 1990, 246:
441; Addendum-ibid. B, 1990, 248: 473

B, 1986, 173:

. P. J. Arias, Spin 2 in 241 Dimensions, Doctoral Thesis,

1994; arXiv: gr-qc/9803083

P. J. Arias and R. Gaitan D., Rev. Mex. Fis., 2006, 5253:
140

S. Deser, Ann. Inst. Henri Poincaré, 1967, VII: 149

A. Lichnerowicz, Propagateurs et commutateurs en rela-
tivité génerale, Institute de Hautes Etudes Scientifiques,
Publications Mathématiques, 1961, 10




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


