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We start by describing two of the main proposals for duality in abelian gauge theories, n&(edty strength)-duality approach and the
S-duality formalism. We then discuss hakduality andS-duality can be applied to the case of linearized gravity. By emphasizing the
similarities and differences between these two types of dualities we explore the possibility of combining them in just one duality formalism.

Keywords: S-duality; linearized gravity; abelian gauge theory.

Comenzamos describiendo dos propuestas principales de dualidadas ébetianas de norma, a saber el enfoque de dualidad-(del campo)F

y el formalismo de dualidad-S. De faldiscutimos como la dualidad-F y la dualidad-S pueden implementarse para el caso de gravedad
linealizada. Haciendénfasis en las similitudes y diferencias entre estos dos tipos de dualidad, exploramos la posibilidad de combinarlos en
un lo formalismo de dualidad.

Descriptores: Dualidad-S; gravedad linealizada; teoabeliana de norma.

PACS: 04.60.-m, 11.25.Tq, 11.15.-q, 11.30.Ly

1. Introduction gin, namely the dual symmetry of the Maxwell equations dis-
covered by Dirac himself [32-33]. Since linearized gravity

Duality in linearized gravity [1] has been a topic of consider-can be understood as an abelian gauge theory [26] one be-
able interest [2-29]. There are at least two physical reasor@@mes motivated to see whether there is a kind of dual theory
for this increasing interest of the topic. The first possibil-for gravity in which both coupling and field strength dual ex-
ity arises from the hope of determining the strong couplingthanges are equally important. In order to find such a dual
limit for linearized gravity (See Refs. 1 and 2) via the ana_graVitational theory we first need to analyze Carefu”y the dif-
logue of theS-duality concept [30] in gauge field theories. ferences between the-duality (field strength duality) and
In fact, just as in a dual gauge theory the coupling exchangé&-duality in an abelian gauge field theory. For this purpose
g2 — 1/¢* describes a basic dual symmetry, one may expedh Secs. 2 and 4 we briefly discuss theduality approach
a dual gravitational theory with either one of the exchange®f Refs. 31 and 5, respectively. In Secs. 3 and 5, we briefly
lg — 1/lf, [2] or A — 1/A [1,26], wherel, is the Planck review theS-duality theory for abelian gauge fields proposed
|ength andA is the Cosm0|ogica| constant. in Ref. 30 and thé‘-duallty theory for linearized gravity de-
The second motivation comes from the idea of imlole_scribed in Ref. 1, respectively. With thesc_e reviews at hand_in
menting a dual symmetry of the linearized gravitational fieldsecs' 6 and 7, we propose a unified duality theory for ahelian

equations at the level of the corresponding action [5]. Sucf§auge field theory and linearized gravity, respectively. Fi-

a dual symmetry is the gravitational analogue of the cor—na"y’ in Sec. 8 we make some final remarks.

responding electromagnetic dual symmetry provided by the
electric and magnetic field strengths. In this case, the Riex . . .
mann tensor and its dual play the role of the electric anc?' F-duality for an abelian gauge field theory
magnetic fields strengths, respectively. This dual gravita;

tional approach has its origins in the old observation [31] tha{n this section, we summarize the main duality ideas of the
. bp gin T approach proposed in Ref. 31. Consider the field strength
in the case of electromagnetism, this kind of dual symmetr

y [T ) H
can be implemented at the level of the action if the infinitesi-F Frtandits dual

mal transformations are applied canonically to the gauge field
rather than to the corresponding field strength.

From the above comments we observe that while in the ) ) . o
S-duality approach [30] emphasis is placed on the couplingVheree*”*” is the completely antisymmetric Levi-Civita
exchange, in the case of the canonical approach attentidi‘?”s't.y in a Minkowski spacetime. The source-free Maxwell
is focused on the dual transformation of the field strength®duations are
Both generalized approaches have, however, a common ori- o, FF =0 2

1
PR = §Euya[3Faﬁ7 (1)
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and wherer™ andr~ are two different constant parameters given
o, F* = 0. (3) by
. It'is straightforward to see t[hat these field equations are = % +i0 (13)
invariant under the transformation g
OFHY = grErv (4 and
-1
and T = 7z i0. (14)
O"FH = —BFH (5)
wherej3 is an arbitrary constant. Here we used the fact that The fact that the parameters™ and 7~ are complex
*k UV — _ BV means that, in addition to the field strength duality transfor-
Since mation,
FMoF,, = BF"*F,,, (6) OFFB = + gt Fes, (15)
the action 1 - orinciole imol ; h
S; = f/d“xF*”’F,“, ) one can in principle imp ement, @, b,c,d € Z, the more
2 general duality transformation
is not invariant under (4) unless we write
,  a-+cT
F,, =08,A, —9,A,, (8) T v dr (16)

which means sol_vmg (3.)' The authors of Ref. 31 pomted OUbpserve that (16) generalizes the coupling duality transfor-
that this contradictory invariance can be solved if one CONnation

siders consistent canonical variations of the potentig] in- 1

stead of variations of the field strengf,,.. With the idea 9 - . (17)

of emphasizing the invariance of the action (7) at the level of g

the field strengtht’,,, according to (4), we shall refer to this In fact, it is known that the modular group described by (16)
approach ag’-duality formalism. can be generated by the elemefits: + — 7 4+ 1 and

S : 1 — —1/7 (see Sec. 1.4.3 of Ref. 34). So, if the
vacuum anglé vanishes, the&S—symmetry yields precisely

3. S-duality for an abelian gauge field theory the transformation (17)

Here, we shall briefly review th§-duality formalism for an The next step is to write a meaningful action which may
abelian gauge theory (see Ref. 30). Our starting point is thallow us to transfer information from the action (9) to its as-
action sociated dual action. First, one considers the generalized field

1 » 0 - strength
Sir = ?/C#CUF/ F/,Ll/+ 5/614131‘” F,ul/- (9)

Here, itis assumed thé,, = 9, A, —0, A,,. Thef-term

. - ; ; here G* is an auxiliary two-form. Secondly, one intro-
is topological and, of course, classically it can be dropped” X
povd y PPEGuces the dual field strengWi,, = 0,V, — 0, V., whereV,

from (9). This implies that in this case (9) can be reduced tqQ ¢ ¢ feld. Th lized action |
the action (7). However, if our goal is to quantize the theor S @ one-lorm vector gauge Tield.  the generalized action 1S
then written as [30]

described by (9), it becomes necessary to keeptterm.
Observe that in contrast to the formalism of Sec. 2, in this 1
approach emphasis is placed on the role played by of the con- Srv = 5(7*) / d*ztH" Y H,,
stantsg? andé.

Now, by introducing the (anti) self-dual field strengths + %(7—‘) / d%‘H‘“"HW

HM = FH — GHv, (18)

+ pof _ (l)ifoFT/\, (10) .
2 + / dat WG, — / A WG,y (19)
where

1
+ araf af . aB
NZ¥ ==(¢ , 11 : o . .
A 2( o FiET) (1) This action is invariant under the transformations
with 6% = 6267 — 3255 denoting a generalized delta, one
can prove that the action (9) can be written as 0A =B, 0G=dB, (20)
1
Srir = 5(7*) /d4:v+F“”+FW where B is any one-form. If we eliminat& from (19), we
see thatdG = 0 and therefore we can sé = 0. Hence
I 1(7*) /d4$*FltufF#V7 (12)  from (18) we see thal{"” = F*” and consequently the ac-
2 tion (19) is reduced to (12). On the other hand the gauge
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264 J.A.NIETO AND E.A. LEON

invariance (20) allows us to set = 0 and therefore the ac- It is not difficult to see that both field equations (26)
tion (19) becomes and (28) are invariant under the infinitesimal rotations
1 *
Siv = §(T+)/d4x+Guu+Guu ORvap = B Ruvap (30)
1 b e and
T 5(7— )/d v G G'w/ 6*Ruya[ﬁ = _ﬁRuua[ja (31)

where( is again a constant. Comparing the development of
Sec. 2 with the present section, we observe that these trans-
formations are completely analogous to the expressions (4)

+ / Azt WG, — / Az WGy (21)

Finally, after eliminating"G one finds that (21) leads to and (5). Thus, it is expected that the Pauli-Fierz action
_ 1 1 4, .+ v+
SV = 5(*;)/(1 X W’u’ Wl“’ SVI — 4/d4x(8ahuuaahuu
+ %(—Ti_) / Az W =W, 22) 28, h O hS + 207 b, — O°hdLh),  (32)

which is the dual action. We observe that the coupling conWhereh = hg is not invariant under (30) and (31) unless we
stantr transforms as-1/7. Actually, when quantum topo- describe an infinitesimal canonical transformation in terms
logical effects are considered, thetransformation can be ©f the potentialoh,, instead of the field strengthB,,, .
extended to the more general duality transformation giver@Nd”R,.was. Actually, theSO(2) rotations are achieved by

i means of two superpotentials; one is associate n
in (16) (see Ref. 30). f ial i iated kyithand
the other with its canonical conjugate momenta (see Ref. 5
. . . . for details).
4. F-duality for linearized gravity )
The Riemann tensor for linearized gravity is given by 5. S-duality for linearized gravity
1 Let us start by observing that the curvature Riemann tensor
Ruvap = 5 (0.98hva R,..q for linearized gravity, given in (23), can be written as
_apaahuﬁ_auaﬁhpa+auaahuﬁ) . (23) Rpuaﬁ = 8,uAl/aB - azzA,ua,ﬁy (33)
Here, the object,, = h,, can be understood as a small ywhere
. . . 1
deviation from the full metrig,,,,, namely Apas = 5(%%0 — Bahyg). (34)
Gpv = v + My 4 The expression (33) immediately suggests thf, s can
where be seen as an abelian field strength with,s = —A4,,3, as

_ oy the gauge potential. In fact, as mentioned in Refs. 1 and 26,
(nuv) = diag—1,1,1,1) (25) this interpretation is reinforced by noticing th&j,, s is in-

is the Minkowski flat metric. The vacuum Einstein equationsvariant under the gauge transformation

are

Ruﬁ =0, (26) 514;“1,6‘ = au)\aL% (35)
whereR, g = 7*Ry,ap is the linearized Ricci tensor. where),s = — s, is an arbitrary two-form. Now, it is not
Let us now introduce the dual tensor difficult to prove that, up to surface term, the action (32) can
" 1 - be written as [1]
Rp,ua[j = isuuapRag. (27) )
. .. . _ = 4 uvafB )T POP
We observe that due to the Bianchi identity Svir = 9 /d 2 YL Ry raap- (36)
Rvap + Rugva + Ruapy =0, Here,ng is given by
we ha-_ve thathuB = n#a*R#yag satisfies the dual field szl[:’ _ 524}11[/? _ 5fjhsz _ 534}15 + 55hg (37)
equation
“Ryp =0 (28) Suppose we add to the action (36) the topological term
or ) 1
§5uyopﬁ”aRZZ =0. (29) St = Z / d4$€lwaﬁR;/V\RZgST’\”P (38)
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and the cosmological constant term Now, let us consider the extended action
1
— Z/d4 EMVO‘QQTAQaﬂ‘ETXUp (39) SX — %(A+)/d$4€uyaﬂ+H;£\+Hg§87)wp
What we obtain is the generalized action [1]; 1
. +507) / dae" P~ HI D~ Hlheraop
Svirr = Z/d4$€“mBQ;ﬁ aBETATP) (40)

_ _ /d%e’“’”‘*Waﬁ*'Gmeaﬁw
whereQ%? is defined by

QY =R+ Q00 (41) / Az AW G e apap, (48)

Moreover, it is not difficult to prove that the action (40) is

reduced to (see Ref. 1 for details) whereW .o = 0, Vias — 0., Vyas is the dual field strength

satisfying the Dirac quantization law

1
Svirr = 1/d4 €WQBRTARQ,357,\G/J
/ W e 27, (49)

1
8/d4xh“”(Ruy = 5w R) . - . .
2 It is not difficult to see that, beyond the gauge invariance

4o . A — A—dX\ G — G, the partition function
—8/d z(h* — " hy). (42)

We recognize in the second and third terms of (42) the Pauli-
Fierz action for linearized gravity with a cosmological con-
stant, while the first term is a total derivative (Euler topo-iS invariant under
logical invariant or Gauss-Bonnet term). Note that the usual
cosmological factoA in the third term can be derived simply
by changing? — a2, whereaq is a constant, and rescaling
the total actionSy ;; — A1 Sy, with A = a?.

In order to develop as-dual linearized gravitational ac-
tion we generalize the action (40) as follows;

Z = / d*Gd~GdAdhdV e %% (50)

A—-A+B and G — G+dB, (51)

whereB,,.g = —B,,3. iS an arbitrary tensor.

Starting from (48) one can proceed in two different ways.
For the first possibility, we note that the path integral that in-
volvesV is

1
SIX — 7(A+)/d4x€uuaﬂ+Q‘r}\+Q0p€ N
2 ap=Taop /DVexp ( /d%e’““”’”Wﬁf*‘Gfﬁeaggp

)\ ) / Azt QT Qo errey,  (43)

/ drae AW G"ksww) (52)
where \™ and A\~ are two different constant parameters
(playing the analogue role of the parametersand 7~ in Integrating over the dual connectidn, we get a delta
the Maxwell case) and Q<7 is given by function settingdG = 0. Thus, using the gauge invari-
ance (51), we may gaugeto zero, reducing (48) to the orig-
Qo = )iNQﬁ o (44)  inal action (43). Therefore, the actions (48) and (43) are, in

fact, classically equivalent.
4 af For the second possibility, we note that the gauge invari-
Noy = *(67/\ Fie® TA)' (45 ance (51) enables us to fix a gauge with= 0. (It is impor-
It turns out that™ Q%7 is self-dual, while~Q4/ is anti self- tant to note that, at this stage, we are considerpg; and

dual curvature tensors. Therefore, the action (43) descnbe@w as independent fields.) The action (48) is then reduced
self-dual and anti-self-dual linearized gravity.

where

Following the steps of section 3 let us introduce a two- 1, s+ pras
form G and use it for defining =5 )/dﬂ? € P T Piferaop
Hy = Q0 — Gl 46 1
pv QMV pv ( ) +§(>\ )/d$4€uyaﬁ_P;3_ngfr)\gp
We assume thaGaﬁ satisfies the same indices symmetry
a3
properties agi;,, namely + d4x6pu‘r>\+Waﬂ+GT/\6aﬁ0p

G/u/ozﬁ = *Gp,z/ﬁa = *Gup,aﬂ = Gaﬂpzxv
(47)

'\\

d*ae AW G e apap, (53)
Guvap + Gupra + Guapy = 0.

Rev. Mex. 5. 55 (4) (2009) 262—269



266 J.A.NIETO AND E.A. LEON

where whereW,,,, = 9,,V,, — 0,V,, and then solving foF),,.. In this
P =) -G (54)  way, we obtain the relation

N pv

By eliminatingG7? in (53), we get the dual action

" P = —%sf‘”aﬁwag =W, (60)
Sxr= % (—)\1+> /dx4e””aﬁ+E;ﬁ+EZ§€TAap which can be used to get the dual action
—l—% (_)}_) /dx%;waﬂ—g;i—gzggﬂgm (55) S = %/d‘*wW”“Ww. (61)
Here,E;ﬁ means Observe that if one assumes (57), then the second term

in (59) is identically zero. An important change in this pro-
cedure arises if one assumes a nontrivial topology. In this
case, the solution (57) to (3) is no longer true. But the correct
expression is

200 =Wl + Qo).

(56)

Observe that the complex parameterhas been ex-
changed by-1/\ as expected.

. . . F/,u/ - H,ul/ = apAu - azzAp - Gum (62)
6. Arelation betweenF'-duality and S-duality

for an abelian gauge field where the two-formG is a “string” field associated with a
nontrivial topology, so thattG = 0. This phenomenon can

One of our main goals is to establish, in section 7, a possiblge emphasized if instead of starting with the action (59) one
link between ther’-duality and theS-duality for linearized  .,nsiders the action

gravity. But we shall first investigate a possible connection
betweenF'-duality andS-duality in the context of an abelian 1 . v vaB
gauge field theory. 5= 2 /d o B Hya + Wi Ha (63)
As we mentioned in Sec. 2, the Maxwell action (7) is not
invariant under the infinitesimal transformations (4) and (5)WIth
in spite of the fac that field Egs. (2) and (3) are. This problem H,, =F, —G.. (64)
can be overcome if one solves (3) in terms of the relation
Note that by assuming the relation (62) the action (63) is
Fu =0,A, — 0,A,, (57)  reduced to

and considers canonical variations of the potentid), in- 1 . e
stead of variations of the field strengih,,,,. In turn, in order S=3 /d4w{H” Hyy — "W, Gag}.  (65)
to maintain duality invariance at the level of the correspond-
ing canonical action, this forces us to introduce whatis called  This development leads to the conclusion that, rather than
superpotential (see Refs. 5 and 28 for details). However, ilooking for the invariance of the action (7) under the infinites-
this case we are already using the field equations (3) whichimal transformation (4), one should consider invariance of the
in principle, cannot be obtained from the original action (7).action (63) or (65) under such transformations. But one may
This means that the action (7) needs to be properly modifiedecognize that the action (65) has exactly the same form as
in such a way that the field equations (3) are a consequendhe expression (19) (see Sec. 3) which was considered in the
of an extended action. The procedure is well known: one incontext ofS-duality approach. The main difference between
troduces an auxiliary vector field Lagrange multipiéf and  (65) and (19) is that in (19) one considér&/**, *W,,,, and
writes the new action as iGaﬁ rather thand**, W,,,, and G,z as in (65). Further
1 the parametersr are considered in (19), while in (65) this
S=5 /d4$F’WEw + /d4x5“mﬂ‘/u3uFaﬁ- (58) s not the case. This means that (65) can be considered as a
) particular case of (19). And in this context one should expect

Here, of course we are not assuming the form (57) folnat invariance of (19) leads to a reduced invariance of (65).
Fl., otherwise the second term in (58) is identically zero. Injhgeed, the transformation (20), namély = B, 6G = dB,
fact, starting with (58) one can proceed in two different ways.yhere B is any one-form, also leaves the action (65) invari-
In the first case, varying, one obtains the field equation (3) ant. It is interesting to note that the infinitesimal transforma-
which has the solution (57). Substituting (57) into the secongjjg, (4) can be considered as a particular case of (20) as soon
term of (58) one sees that the action (7) is recovered. In thgs one also assumes the transformatich— 3*F for the
second case, it is first convenient to make an integration bystring" field G. One of our conclusions is that in order to
parts obtaining (up to the surface term) implement the transformation (4) at the level of the action of

1 P 1 4 vap Mawxell theory, one needs to introduce an auxiliary fiéld

5= 3 /d T FM E, + ) /d re WiwFap,  (59)  and consider (63) or (65) as starting point rather than (7).

Rev. Mex. 5. 55 (4) (2009) 262—269



ISSUES OF DUALITY IN ABELIAN GAUGE THEORY AND IN LINEARIZED GRAVITY 267

Let us use the notatio® = dB. From (64) we then S-duality provides the route that it is necessary to follow in

observe that the case of thé’-duality program. In factS-duality estab-
lishes that duality can be achieved at the level of the action
0Hyuy = 0Fu, —0Guy = Dy — Dy, (66) by adding & term to the Maxwell action and by introducing

an auxiliary two-formG. It turns out that this is also true for
linearized gravity, as we have pointed out in Sec. 7.

These results also suggest we consider the coupling pa-
rameterr in the F-duality formalism. This is because the par-

0G,, = B*F,,. Infact, this possibility seems to have passed,... . . 3 . )
unnoticed before, in the context Sfduality formalism. Per- 'gt:t(;n function Z(r) in the S-duality approach has the prop

haps this is because the invariance of (66) was written in
terms ofd A, rather than in terms ofF,, . Itis true thatf A, 1 1
implies §F),,, but the converse is not in general true; unless Z2(r)=2(-= or ZWN=2|-1/

one considers nonlocal formalism in the sefide= d~' D, ) )
which in the case of the variatiof),, = 3*F,, means as can be deduced from our discussion of Secs. 3 and 5, re-

spectively. In fact, writing symbolically

which is of course identically equal to zero. But writ-
ing 0H,, as in (66) suggests we should consider (4)
0F,, = B*F,, as a particular case witb,,, = 5*F,,,, and

dA = B = pd~™F. It is tempting to assume that from

the canonical point of view this is equivalent to introducing _

what is called superpotential [5, 31]. In other words, our con- Z(7) = /eXp(lSIv% (69)

jecture is that the "string” fields and the superpotential are o

closely related [35]. where Sty is given in (19), for the case of Maxwell theory
and

7. Duality and S duality in linearized gravity 20 = /eXp(ZSX)’ (70)

whereSx is given in (48), for the case of linearized gravity,

An application of the prescription of the previous section 0t 0m the results of Sec. 3 we may establish that (69) has the
the case of linearized gravity is straightforward. From (46),, - ji-its

one sees thall% = Q%5 — G2 remains invariant under

N pv

the transformations /exp(iSIU) - /exp(isw) - /exp(iS’v), (71)
5Q0 =D, 6GY) = Doy (67)

72 pnv

(where S;;; and Sy are given by (12) and (22), respec-
Here, D,(fff is an arbitrary two-form with the property tively), while from the discussion of Sec. 5 we may establish
D = dB, whereB is any "one-form”. This implies that the that (70) gives

action (48) is invariant under (67). . . .
As a particular case of (67) one writes /EXP(ZSIX) - /eXP(ZSX) — /eXP(ZSXI)v (72)
5Q00 =37 Q0. (68)  (whereS;x and Sx; are given by (43) and (55), respec-

) o » o tively). Therefore, one finds that (71) and (72) imply the
This corresponds to consideridf},’ = 5*Q}). Theex-  symmetriesZ(r) = Z(—1/7) and Z(\) = Z(—1/)), re-
pression (68) refers of course to infinitesimal rotations andspectively.
therefore we have found a mechanism to make the extended |t has been shown [30] tha(r) also contains the sym-

action (48) invariant under such rotations. Again, one can thnetry 7(r) = Z(r + 1) thereby showing thaf () is sym-

to relate (68) to the gauge field, acCOfdlng_tl(?k (33ﬁ), but  metric under the full grous L(2, Z). So, it may appear inter-
this would imply a nonlocal variatiofA = fd™"Qi. It esting to see whethdf-duality formalism may also be con-
is intriguing that with this procedure we do not even need tohected with the transformation — 7 + 1. In what follows
consider the perturbatiohy,, as in the canonical method of \ye shall outline this possibility.

Ref. 5. However, one should expect that if the action (48)  First we note that, if we consider the infinitesimal trans-

is written in a cz_:monical form, a link wom_JId_have to be found formations (4) and (5), we find that the self-dual (antisel-
between what is called a superpotential in Ref. 5 and th%lual) field strength transforms as

auxiliary field G52

STFB = 4iftFob. (73)
8. Discussion and final comments Therefore, we discover that the action (12) transforms as
In this work we have shown that tifé-duality is indeed con- . N 4t ot
tained in theS-duality formalism as proposed in Ref. 30. 0Srr =164 (7 )/d e F T Fuy
One of the advantages of this identification is that it is not
necessary to rely on canonical formalism in order to imple- —(r7) /d4wFHVFMV} ) (74)
ment duality invariance at the level of the action. In a sense,

Rev. Mex. 5. 55 (4) (2009) 262—269



268 J.A.NIETO AND E.A. LEON

In this case we have left the parameters and 7~ un- Since from (13) we have = 1/¢? + if, one obtains
changed. However, we can obtain similar result if we leaved = 56 and therefore the prescription (76) impli&= 1,
the field strengti#*? unchanged and we require the param-which means

eterst™ andr~ transform as follows: 0—6+1. (79)
Tt =7t 4iprt, 7T =1 —ifgr.  (75) So, by assuming the smallest possible value for
An interesting possibility arises if one considers the par- .
ticular case®? = - or 8 = -1, leading in any case to the /d oM F,
result
=1t i, 7T =17 —4, (76)  one may recognize that the terp(5.S; ;) leaves the parti-
which is similar to the expected form— 7 + 1. tion functionZ = Z(r*) invariant.

The result (74) means that the action (12) is not invariant  In Refs. 36 to 38 it is also discussed a kindfoduality
under (73) or (75) However’ if one considers the transfor.from the point of view of field equations rather than actions.
mations (76), this is not necessarily true for the associateffor new directions of research, it may be interesting to estab-

partition functionZ = Z(7%), namely lish the precise relations of such references with our formal-
ism.
Z(t%) = /exp(iSIII), Finally, in Refs. 30 and 39 it is explained that the ac-
tion (12) is invariant mod27n, not only under the change
In fact the reason for this is that, using (76), one discovers — 7 + 1 when M is an spin manifold, but also under the
that the expression (74) becomes changer — 7 + 2 for any closed four manifold/. It may
be interesting for further research to explore what this means
0Srr =1 {/d4x+F’“’+FW in both scenarios, Maxwell theory and linearized gravity.
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