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General motivations

The Spontaneous Symmetry Breaking is very important aspect
of our understanding of vacuum.

Therefore, it is important to understand how it works in curved
space-time.

The two most important applications are the induced gravity and
cosmological constant problem from one side

and the decoupling (Appelquist & Carazzone) theorem from
another one.
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Scalar field

The minimal action for a real scalar field is
1
So= [ xv=a{ 59" oo~ V) }

1 A
where  Vinin(p) = —5 mPo® — 27 o*
is a minimal potential term.
The possible nonminimal structure is
1
Snon—min = 5 /d4X vV _gf‘PZ R.

The new quantity ¢ is called nonminimal parameter.

Since the non-minimal term does not have derivatives of the
scalar field, it should be included into the potential term, and
thus we arrive at the new definition of the classical potential.

1 f
V(p) = -5 (m? +€R) ¢* + E(p“.
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In case of the multi-scalar theory the nonminimal term is
[ dxv=gs S R.

Further non-minimal structures involving scalar are indeed
possible, for example

/H’Waﬂapa,,go.

However, these structures include constants of inverse mass
dimension, therefore do not fit the principles declared above.

In fact, these terms are not necessary for the construction of
consistent quantum theory.
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Types of the counterterms:
® Minimal, e.g., m?¢?, (Vp)?, ipy"V 1.
® Non-minimal in the scalar sector, Ry?.

E.g., the quadratically divergent diagram

in the \p* theory produces log. divergences corresponding to
J d*/—gRy? counterterm.

® Vacuumterms A, R, R?, C?, etc.

Renormalization doesn’t depend on the choice of the metric!
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Along with the non-minimal term, covariance and locality admit
some terms which involve only metric. These terms are
conventionally called “vacuum action” and their general form is
the following

Svac = Sen + SHp

where Sgy = ﬁ; /d“x\/—g {R+2A}.

is the Einstein-Hilbert action with the CC

Sup includes higher derivative terms. The most useful form is

Shp = /d“x\/—g {ai1C? + &E + as0R + asR?}

where C?(4)=R%,.3—2R%; +1/3R?
is the square of the Weyl tensor in n = 4,
E=R.asR" —4R,zR* + R?

is the integrand of the n=4 Gauss-Bonnet topological invariant.
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SSB in curved space at classical level

Classical action of scalar ¢ coupled to the Abelian gauge vector

1 . ,
S = /d“x\/—g{ ~2 Fu F* 4+ g"" (0, — ieAL) ™ (0, + ieA,)p +

+ug e — Mg e)? + §R<P*<P} :
No much reason to consider nhon-Abelian theory, since for the
one-loop vacuum effects and the results are indeed the same.

The VEV for the scalar field is defined as
—Ov + pu2v + ERv — 203 = 0. (1)

If the interaction is minimal ¢ = 0, the SSB is simple, because
the vacuum solution of the last equation is constant

2
2 Mo
=% (2)
However, in the general case one can not neglect [0 in Eq. (1).

llya Shapiro, SSB in curved space: renormalization and vacuum stress-tensor



Let us consider

2
2 = Mo
07 22

(3)

as zero-order approximation and find the solution of the Eq. (2)

in the form of the power series in ¢
v(x) = vo + vi(x) + vo(x) + ...
For the first order term v;(x) we have
—Owvi + vy + ERvy — BAVE vy = 0,

and the solution has the form

_ § Vo p_ _ &%
““=95__2 = 2 M
O — p? +6Avg O + 4\
In a similar way, we find
R 1 5 8A¢W ( 1
2 O+4XZ  O+4xvE O+4xE \O+42

where the operator in each parenthesis acts only on the
curvature inside this parenthesis.

R)z,
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Induced gravity action

Of course, one can continue the expansion of v to any desirable
order.

If we replace the SSB solution v(x) back into the scalar action,
we arrive at the following induced low-energy action of vacuum:

Sing = /d4x\/fg{g“”8#v81,v + (U3 +ER) V2 — >\v4}. (3)

Making an expansion in the powers of the curvature tensor, in
the second order we obtain

Sing = /d“x\/fg{ — viOvy + p? (V3 +2vvs + 2v Vs + V2)

AV + A3 A3 +6VEVE) + ER(VE —|—2v0v1)} + O(R®).
and, finally, to

’
Sing = /d“x\/—g{/\v{)‘ + ERVE + €2 ngm
0
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Sind = /d“x\/—g{)\v{,‘ + ERVE + 2 V2R R + }

1
O+4M¢
The first term here is the induced cosmological constant, which
is supposed to almost cancel with its vacuum counterpart.

The second term is an induced Einstein-Hilbert action, which
also has to be summed up with the corresponding vacuum term.

The observable cosmological constant is extremely small
compared to the magnitude of Av; in the SM of particle physics.
We need a precise cancelation between the vacuum and induced
cosmological constants (Cosmological Constant Problem).

At the same time, for the Einstein-Hilbert term the vacuum
coefficient is the inverse Newton constant 1/167G = M2/16m,
where Mp ~ 10'° GeV is a Planck mass.

Obviously, the induced contribution becomes relevant only at
the GUT scale.



1

—— R+ ..},
O+4M¢ + }

Sind = /d“x\/—g{)\v{,‘ + RV + ViR

The nonlocal term in the induced action of gravity was first
noticed in
Ed. Gorbar and I.Sh. JHEP (2004); hep-ph/0311190.

Of course, this term becomes relevant only for a very small
mass field, for otherwise

R%H:RZ—H 52 R+ ...
O+ 4 Avg 4 v

But, even if the mass is large, it is important to understand how
the renormalization in such a theory is performed because, due
to the uncontrolled divergences even for the weak curvature
values the higher derivative terms can pose a huge problem.
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Let us start from the simplest ¢ = 0 minimal interaction case.

The effective action [y, g,.] of the scalar field can be presented
as the perturbative expansion

r[‘Pvguu] = SC/[(Pvg;uz] + hr(1)[(paguul + O(hz) .

At one-loop order we consider only the Y[y, g,,] term. Then
the effective equation for the VEV is

)
0Sa | ,or?
e oy
This equation can be rewritten as

: s s T
—Dg0+us0—2>\(90<p)<p+hw =0.
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Let us present the scalar field as ¢ = v + fi¢, where v is the
solution of the classical equation §S; /6o =0 and h¢ isa
quantum correction. Then we find, in the first order in 7, the
following relation:

sT[v, g]

Sv =0

—0¢ + u?p — 6AVZ9 + 1

The expansion in 7 yields
r[‘)ovg;ujl = SCI[V+ h¢7 gw/] + hr(1)[v + (b, guu] + ...

580/[‘/ g] + hl_-(1)[v7 gMV] + O(hz)

= SC/[V gu,l/] + h¢)
Taking into account the equation of motion §S;(v,g)/év =0, we
arrive at the useful formula

r[v+ hﬁﬁ, g;u;] = Sc/[V, gul/] + hr“)[va gul/] + O(h2)

The last relation holds even for the non-minimal scalar field. It
shows that at the one-loop level one can derive the effective
action as a functional of the classical VEV.
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Consider the SSB in the Abelian theory with ¢ = 0.

Let us define ¢ = v + h+ in. At one-loop we can keep the terms
of the second order in the quantum fields and disregard higher
order terms. In this way we arrive at the expression

5@ = [ axy=g{ (0uh)P+(0,m)P— F2,+26vA, i+ VP A, A — 4N 1)
W 17 4 H H J

where (0h)? = g**9,,hd, h. Introduce the "tHooft gauge fixing
condition, depending on an arbitrary parameter «

Ser = —21—a /d“x\/—g(VMA“ —2aevn)?.

The expression for the action with gauge fixing term is
1
S® 4 Sgr = / d4x\/_ 4 FZ, — o (0,A)2 + e2vZA, A

+(Ouh)? + (@) — AN — 208222 b+

where we kept second order in the quantum fields A*, h, .
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The action of the Faddeev-Popov is
SgH = /d“x\/—gé (D + 20462V2) C.
After all,

1)v#vy — R: 4+ 26PV2 oM

1-—
o

F[g,.] = éTr In {555 _ (

+éTr In(D+4>\v2)+éTr In(0+2a€?v2) — i Tr In (0 + 2 a€?v?).

For an arbitrary « the first term here is related to the functional
determinant of a non-minimal massive vector field.

For a = 0 there are massless modes, jeopardizing an expected
low-energy decoupling.

For all other values of « all the degrees of freedom are massive.

In the particular case « =1 there are only well-known
contributions of the minimal massive vector and scalars.



From the works

Ed. Gorbar & 1.Sh. JHEP 03,06 (2003); hep-ph/0210388;
hep-ph/0303124.

we know that, at least higher derivative contributions of massive
modes in curved space suffer the low-energy decoupling.

The last means that the corresponding quantum corrections to
the classical higher derivative terms vanish in the IR limit.

According to our consideration, in the theories with SSB the
decoupling is guaranteed if we can prove the gauge-fixing
independence of the effective action.
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The difference between one-loop correction with an arbitrary
value of the gauge parameter o and the one with o = 1.

ﬁ”[‘ﬁvglw; a] — r(1)[§0ag;w§ 1].
One of the operators is

. 1
Fla) = Fi(a) = 6,0 = (1= =) V" = Ry + P4y,

where we denoted m? = 2e?v2. Consider the difference

1 A 1 A
5 Tr In F(a) + 3 Tr In F(1)

1 y 1 y 1

For an arbitrary vector field we can prove (not a simple task)

1 1
M — ® =
(V O+m—-R. D+m2v )A" 0.
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Using this identity, one can rewrite the difference as an
expression involving only the scalar operators

g [m Fla) - In ﬁ(1)} = —% Tr In <

! EH—amz)- @)

O+ m

There is no gauge dependence in the contribution of the Higgs
scalar, for its mass My does not depend on «.

The gauge dependence in the contribution of the Goldstone
scalar is exactly the same as the vector counterpart of (2)

1 O + 2a €2v? 1 O+ an?
—TtTh | ——— | =—=TrIn|{ —— | .
2 O+ 2e2v2 2 O+ m?

Finally, the difference between the two ghost operators

contributes as
O+ am?
Trin | —— .
a4+ m?

Hence, the overall gauge fixing dependence cancels out!
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MS-scheme renormalization in the non-minimal case
Consider first the one-loop case.

Perform the background shift of the scalar according to
v =V+ h+in,

where h and 7 are real scalar quantum fields (Higgs and
Goldstone).

We face a problem of deriving the divergences in the theory with
quantum fields A,, h, n, while the background fields include
metric and v, which, in turn, also depends on the metric.

The renormalization of the theory looks standard in terms of g,,,
and v and very unusual in terms of metric alone.
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The part of the action which is bilinear in quantum fields
1 1 1
§”+Sg:i/dWwT§{§Aﬁmﬂ+§(1—5)GQAHZ—N%W%V
1
+ 5 MGA + (9,h)? + (9,m)? — MGHP — Min? — 2aen A“(auv)} ,
where we introduced new notations
M =222,  M2=6MP—1—ER,  MZ =282v2+2\v2—3—¢R.
One can rewrite these in a more useful way. We introduce
ek =2X (V2 —vg) =2av2 — 15
In the lowest order in curvature we obtain

26?2
K=-——0_
¢ O-+4xvZ

At low-energies the derivatives of curvature are very small
compared to v3. Then we can expand

1 1 O
= 1-— O(OR).
O+4xE 4@ ( ANVE + ) + O(CAR)

llya Shapiro, SSB in curved space: renormalization and vacuum stress-tensor

R+ O(R?).




In the low-energy approximation we arrive at the representation

higher derivative terms

&K = €R + v

For the general case

(@Qv)  piv+ERv—2AV3

. . =E(R+20\ —2\v2 = ER—¢K.

Now the elements of expansion may be written in the form

e2
M2:m2+T§IC, m? = 2e?V§;

M2=m2 — ¢R + 3¢K, ma = 4\VE;

M2 =m? — ¢R + (%2+1)€IC,

n

where m and mj; are the masses of the fields after SSB.
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Finally, the expression for the one-loop divergences is
Flav) — 7/d4x\/ (3m +mf) — (5— 1)sz?
1 (4m)2(n — 4) h 6/ "

—1mR+(2m +m)~3£l€+ =C2 8
2 A " el 45

1\2 3e* 2 1
He=g) A (G5 +8) 0 - [a(c-5) + g5  Aoex).
The expression above differs from what is usually expected for
the divergencies of the quantum field theory.

Along with the usual local terms, there are many K - dependent
terms, non-local with respect to the background metric g,,, .

One can prove that the same types of non-local counterterms,
Km?, KR, K2 are sufficient also in higher loops.

llya Shapiro, SSB in curved space: renormalization and vacuum stress-tensor



(T,.) of vacuum in the theories with SSB

Let us remember that the effective action is not supposed to be
the “final product” of our work.

Such a “product” is the equation of motion for the metric, in
other words we need the (7,,) of vacuum. Do we have some
surprises in this part?
By definition, the average of the dynamical EMT is
2 or

T..(x)) = .

< 12 ( )> /_g(x) 5g,u,1/(x)
At the classical level

Svac = SEH + SHD, where

_ 1 4
SEH——%/dX\/—Q(R—I-z/\) and

SHD:/d“x\/—g{eh C2+32E+83DR+34H2} .
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As far as are interested in the low-energy effects, we concentrate
on the part of Sgy and related quantum corrections.

At quantum level, the energy-momentum tensor (EMT) is

(Tw) = — \/L_—g 9ua9vp <O’%ga’j] 0>’

where ¢ is quantum field,
b~ uat +uta
and 3|0) =0.

As far as g, is classical external field, so we can take it out of
the symbol (|..|) freely.
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In the functional representation the basic object is generating
functional of vertex function, or Effective Action, I =g, ¢].
For the case of a scalar field

exp{él’[g,q&]} :/da_ﬁ exp{%<3[9,<5+¢]—%¢;¢]¢3}}-

In the one-loop approximation

s, g = S, gu] + FTV[6, gl

Then the one-loop EMT of the vacuum is

(T ()N = T (x) + TH (%),

where T, =-— 2 Gua Gup 95 ‘
v—g 09as 16— do
- 2h or
and T =_ """ a0vg —— .
nv /—_g gM g B8 6gaﬁ S—dbo

In both cases ¢, is the solution of the equations of motion.
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If we deal with purely classical theory, then one has to replace
value ¢y = ¢o.. At the one-loop level we have

6S[g7 ¢0] 6|:(1)[g7 ¢0] _
o0 +h 56 =0,
This equation can be solved by iterations in .
$o = doc + ho1,

where ¢q. is the classical solution.

In the first order in & we meet the equation

0289, éod] , , 0T Mg, doc] _
3¢50 oo

and obtain the solution in the form

(b _ 52S[g7¢00] - 5|=(1)[ga¢00]
' 3636 56

o1+
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So, at one-loop order we have

—1
_ 628[g7 ¢OC] 0 F(1)[97 ¢OC]
¢0—¢Oc_h< 5¢5¢ ) 5¢ .

One has to replace this formula into the expression for EMT,
2
= (
(Tar) = = —=5 OnaGos 55— " {Slg. 0] + hTV[g. 0]}

In this way we arrive at the general expression for the EMT in the
scalar theory with SSB:

2 Slg, ¢Oc] 5 r[g, ¢oc]
T, v) — T T — a Yv
< 14 > \/_—gg# g ﬁ{ 6go¢,8 6904,8
_, 0%510.60d] (°S1g.60e] | 57lg, dod
00ap0¢ 0pdop 0p '

The first two terms are pretty well known.

The last term is qualitatively new one. It is there because we
deal with an interacting theory with SSB.
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____________________________________________
M. Asorey, PM. Lavrov, B.J. Ribeiro, I.Sh., Phys.Rev. D85 (2012)
104001, arXive: 1202.4235.

Looking at the expression

J S[Q) ¢OC] J r(ll)[gv ¢OC]
T v) — T T — a Jv + h
(Tow) V=g e Gors { 09ap 09ap

519,00 (519,001 | 57V[g, 6ud
0Gap0d 0pdp Yo)

= <TMV(¢OC)>V + <T;w(¢06)>i~

the two following questions are in order:

® |s there a relation between the two quantum contributions?
® Does the new quantum term violate the conservation law?

Vu(T) =0
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The last question is especially important for the low-energy
physics. The reason is as follows:

Low energies for the gravitational field means metric close to the
flat one.

Then it is appropriate to perform the curvature expansion.
Up to the first order in such a expansion we have only local
expressions in the Effective Action.

Morever, the conservation law
VM<T#> =0
is fixing the EMT to be
(Tw) = C1 g + C2Guu s
where
Ci = kQ* +ho QP+ k IN(Q/ o) +ksin and  Co = L%+, In(Q/ o) +sin

with k4, ko, ki, kiin and b, I;, I, being numerical constants.



The identity corresponding to diffeomorphism invariance is

/d4X\/_{ 2 6r[ga ¢] ugu 1 6r[g7 ¢] guvuqﬁ}

AV 59;11/ \Y4 _g 5¢
One can take into account that
r
OT1g. éo] =0 and arrive at V(T =0.

0¢
At zero order in /i we obviously have

6S[g, poc]
7 =0 and VHT .

:0.

Next, at the first order in 7 the solution is ¢y = ¢gc + hig1.
One should expect that neither one of the two quantum terms
separately satisfy the conservation law and only for their sum
this equation must be valid,

V(T (oc))v + V*(Tuw(doc))i = 0.

llya Shapiro, SSB in curved space: renormalization and vacuum stress-tensor



-
Practical calculation: Classical Part

Keeping only terms linear in curvature tensors, we arrive at

1 v
THV((ZSOC) = §V§ (Ruu - E Rguu) - Tzog/u/-

This is the induced contribution to the Einstein equations, which
can be written as

(87‘(25\/30 + 87r23/nd> (R;w - % RQW) — (p/v\ac + M’Cd) G = Tlr;l;tter.

where

1 5 , AV
— = £V and jd — 0
87TG,'nd 5 0 PN 12

Guac and pp2¢ are the vacuum Newton constant and the
cosmological constant density - independent parameters.

Gina and pi are induced quantities which depend on the
details of the quantum theory of matter fields.
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The induced and vacuum cosmological constant densities are,
at least, 55 orders of magnitude greater than their sum

PR = PR + PR
This gives rise to the cosmological constant problem.
On the contrary, the relative magnitude of G4,

Gind _ 87T§ Vg
Gac M/% ’

is small for the SM case when vZ ~ 10°GeV?. Even if the value
of ¢ corresponds to the Higgs inflation, £ ~ 40000, the Planck
suppression is strong due to the M2 ~ 10%GeV? and hence the
induced contribution is irrelevant.

The situation can be quite different in GUT’s,

vZ ~10%%GeV?,  thenitcanbeeven - ~ 1.
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Practical calculation: Quantum Part

Quantum calculations are not too easy and have been actually
performed only in O(h) and O(R) approximations.

Because of the O(R) approximation we need only zero order in
the derivative expansion,

"(0.0) = [ d'xy=g{ ~ Verl) + 3Z(0)Vo) +..}.

so we need just
"0(g.6) ~ [ dxy=g{ - Ven(d)}

The reason is that

§Vo

5z ViR + O(VeR).

Vupoe = Vo +V,uvi = Vv =
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The renormalized effective potential is

{/ren

ot (Guvr ) = Vo' + VIR

— 1 1 " 2 2 1 1 2 V” - m2
- 2(4w)2[§(v —m)* = (e—5) ROV —m?) in( 2 )
where V = V(p) = \p*/4

The divergent part of the non-renormalized effective potential is

V& (G, ©) = V& + VAR, where

{ydiv _ 1 2 //_1 1 2\2 Q?
Yo _W{QV E(V m)Ian},
- 1 1 02
div __ o _ 02 " 2
and V= 352 (f 6){ Q° + (V'—m®) In _mz}’
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It proves useful to introduce a notation for the one-loop
contributions to the equations of motion for a scalar field,

(1
9 Ve(ff)

FOE ORI 1 6T _
¢0c 8¢

div T &fin = \/__QW
=(1)

After adding the corresponding counterterm, we meet ;.

Poc )

Let us now remember that Vs = V5(¢) + Vi(¢) R and

¢oc = Vo + V1,
Then,
(1 o1
51):_6%) o
a¢ ¢Oc 6(,25 ¢Oc
_ o e pan )
3¢ Vo a(,bz Vo ! 3¢) Vo 0 L
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The calculation of “vacuum” quantum part is easy

. 2h 5T g, doc]
Tu i =— a Y —
v NV R
7
36 v

1
- —2hV1(v0)(RW -3 F?gW> + hVo(Yo) G + hiVi Gy

h& v
2m?2

= —2hV4(0) Guw + WVo(V0) G — oot RE G

This formula confirms what we have anticipated above, namely:

® The first two terms are quantum contributions to the Einstein
tensor and cosmological constant part.

® However, the last term is odd: it violates conservation law
and can not be derived from the action principle.
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“Induced” quantum part is more involved.

First we rewrite (T,,); in a more useful form, J,=/dyv/=a(y)

62519, doc)
(T (X))i = 2h Gua(X) Gus(x //(F 69ap(X )5;5)0’))

1 6 S[g7 ¢OC] % 1 d |=(1)[ga ¢OC]
V—9(y) 09(y)é6(z) —g(2) 99(2)
The metric-dependent quantities are always understood through
the normal coordinate expansions, e.g.,

1
Guv = M — §R/J04V/3 yayﬁ + ...

2
V.V, = aual/ + 3 R* (uv) T Y7o\ + ...
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The next step is to rewrite the expressions in a more useful form,

1 528
V=G 66(¥)09,(X)

= §¢(vuvu - g/,wD) + (26 - 1)(vu¢)vu
1
+ <§ - 2£)gﬁw(v)\¢)v)\ + f(vuvu(b - guvD¢)
1 1 A
_§¢(F”uu - §Rguu) + §m2¢gm/ - g(bsguu

2y
= (e + 52 R) (D — 1i®) — £%0 R

1
+ 3690 [2( i) 410 RY)Y 00 R YV P 0 B 07y 9,05) |
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The second factor is

( 1 682(g, dodl

1
> = G(yaz; (;ZSOC)v
y.z

V=9 06909
This is the propagator of the scalar excitations near the point of
the minima,
1 552(g,60c] |
s P0c ~
X = Gy, z; .
([—g(y)w 9@~ 39(y) 5¢<z>> 2 Goc)
Using ¢.c = v + v we arrive at
1 %S 5 6m?
Fadess ~ e (- mr )

The Euclidean version of the second factor is

_ K ey [ 1 R
69 = [ gy @ |orame ~ (2 6) Gz
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The third factor is the effective equation of motion. One can
write it as a sum of classical and quantum parts,

e=20 4 pzM where 0=z 4 &

In the flat-space limit we have

Tul)f = 2héw [ d'zd'y 50— y)(0,0, - nui?),

d4k eik(yfz) )
VI E— z
x / @y ke s ame o (&)
k.k, — kzn;w glkx

k2 +2m?
Thus, the contribution of the new term to the induced
cosmological constant is zero.

= 2hE v gg”/d‘*k 54(k) - 0.
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The last step is to perform the curved - space calculation in the

O(R) approximation.
eik(y—z)

— —(1) 4tz “k (i) diy_y S 0 7
Tl = 20 [ atya'z [ G300 ) g gme

i=1

where
OEJ;/) =—-¢wA v s

o _ &w 2
OHV = W R(@u&, — UW(‘? ) y

2
Of) = 3% [A* (uyr + M A y70x,

1
Of/,4y) = §§V0 R;Lay,ﬁ yayﬁ 82 ,

]
Of) = 36vomu RS yy°9,0,.
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After certain (not small) algebra we come to the result

héVo (1
<T;w>/1' = m2 58)(_ R;w + Rmu).

Obviously, this expression is different from G,, and therefore it
violates covariance and conservation law.

However, if we sum up with the previous result for (7,,)! we
arrive at the expression which agrees with our expectations,

<T,u1/>1 = <T#V>I1 + <Tl“/>3/

h§V0

]
= —2hV4(w) G + HVo(¥0) G — — (RW - §ng)g-g”,

V
- —h[z Vi(vo) + %s—g;)} G + WVo(Vo) Gpuv -
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Now we can use

VEen(vp) = (417)2 m* In <2M_n;2)
and o -
VIT(v) = ~ Gy (5 )
to obtain
hm? 2m? m? o2m2
(Tuwbren = gz 10 (7) G — (4W)2[ (1+3¢) In (=7 - ) +3¢| G

For the divergent part we meet (7,,)av =

:2m22 a9 -2t 3(92)] g“”+1eh z (46 >{ —2m '”%Z} G
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Conclusions

® The SSB is highly non-trivial issue in curved space-time,
leading to classical and quantum non-localities in the induced
action of gravity.

® The renormalization can be performed in a consistent way
even in the broken phase, however it becomes more complex.

® There is a qualitatively new contribution to the vacuum stress
tensor, even after we have the Effective Action of vacuum.

® Finally, the conservation law still controls well the quantum

terms and we meet only usual vacuum terms, in the linear in
curvature approximation.
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