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Introduction

@ Unimodular Gravity is a truncation of General Relativty where the spacetime
metric is unimodular,
g=det gyy=-1

@ It has the nice property that the vacuum energy does not couple to
gravitation.

. 1 1.
5= [ anx (- 5y R+ 52" duvany - V()

@ Due to the unimodular metric the full diffeomorphism invariance is broken to
a subgroup with unit jacobian; TDiff (i.e. the generating vectors are
transverse d, & = 0).
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The fact that full diffeomoporhism invariance is broken is a technical issue since in
order to formulate a path integral one should integrate over constrained variables.

Pguv with ghvéguy, =0

There are several ways of solve this constrain,
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The fact that full diffeomoporhism invariance is broken is a technical issue since in
order to formulate a path integral one should integrate over constrained variables.

Pguv with ghvéguy, =0

There are several ways of solve this constrain,
e By adding a Lagrange multiplier W. G. Unruh, Phys. Rev. D 40, 1048 (1989).
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order to formulate a path integral one should integrate over constrained variables.

Pguv with ghvéguy, =0

There are several ways of solve this constrain,
e By adding a Lagrange multiplier W. G. Unruh, Phys. Rev. D 40, 1048 (1989).

@ Introducing a gauge 3-form M. Henneaux and C. Teitelboim, Phys. Lett. B
222, 195 (1989).
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The fact that full diffeomoporhism invariance is broken is a technical issue since in
order to formulate a path integral one should integrate over constrained variables.

Pguv with ghvéguy, =0

There are several ways of solve this constrain,
e By adding a Lagrange multiplier W. G. Unruh, Phys. Rev. D 40, 1048 (1989).
@ Introducing a gauge 3-form M. Henneaux and C. Teitelboim, Phys. Lett. B
222, 195 (1989).
@ Formulating the theory in terms of an unconstrained metric g,y by adding

Weyl invariance
1

Euv = giﬁguv
E. Alvarez, D. Blas, J. Garriga and E. Verdaguer,
Nucl. Phys. B 756, 148 (2006)
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|
Flat Space

The most general action principle for a spin two field

4
z=Y ¢ o

i=1

1
oM = 2 Oubpodt h°
o = —laphpca e
o0 = 73 \hdy, b

0" = —78ﬂh8“h
4
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|
LTDiff forces G, =1

Only two theories propagate just spin two
o Fierz-Pauli (LDiff).

CG=C=1
o WTDIff
2
=2
n
>
C, =1t
n

WTDiffis obtained by hyy — hyy — %hnuv. But this is not a field redefinition,
because it is not invertible. It is the linear limit of Unimodular Gravity.

It has been shown recently that this generalizes also to a curved space

C. Barceld, R. Carballo-Rubio and L. J. Garay, Phys. Rev. D 89, no. 12,
124019 (2014).
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We follow this idea of a non-invertible field redefinition to define Unimodular
Gravity from General Relativity. The truncation of General Relativity to
unimodular metrics is just

SUG = —Mgi2 / an(R[g]+Lmatt[Wiag]) =

-~ 1 n—1)(n—2)V,gVtg 1
=-Mp~ d”xlg"(’”( 4)n(z ! g Lmanlvi gl 77 guy]

And the equations of motion

1 n—2)2n-1 vV, gV 1 \Y%
R 77Rg”v7( )( )( ugvvg 1(Vg) gw>+

4n2 g2 n g
n—-2(V,Vyg 1V3g o
o ( g E?g“v =Mp T“V_ETg“V

which reminds to the ones posited by Einstein in 1919 when |g| = 1.
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Working in the gauge |g| =1, the trace can be recovered by using the Bianchi
identities

1 n—2 1
VR =-V'R= VuR=--V, T
a 2 on H n
-2 1
TRt IT=-C
2n n

1
R[JV - ERg/.tv - Cgpv = Tuv
The constant piece of the potential V{ does not source the cosmological constant.

The aim of the work we have done is to examine whether there are quantum
corrections to this situation since, if there were present (which are not) the
importance of the classical result would not be great.
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|
Quantum Corrections

We can focus now in what happens with quantum corrections.
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|
Quantum Corrections

We can focus now in what happens with quantum corrections.
We use a background field expansion

Guv = Buv + v gl=1
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Quantum Corrections

We can focus now in what happens with quantum corrections.
We use a background field expansion

Guv = Buv + v gl=1

The gauge symmetry is WTDiff. We make use of BRST quantization, which is
not trivial as we need to fix independently both symmetries.
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Quantum Corrections

We can focus now in what happens with quantum corrections.

We use a background field expansion

Guv = Buv + huv gl=1

The gauge symmetry is WTDiff. We make use of BRST quantization, which is
not trivial as we need to fix independently both symmetries.

Transverse ghosts are needed for TDiff, V¥ CJ =0 so we swap transversality with
gauge symmetry ¢, — V,f.

New ghosts are needed in order to close the BRST, we need "ghosts for ghost”.
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field || sp | sw
8uv 0 0
huv V] + Vel +cPTVphuy +VucPThyy + Ve Thyy | 2¢D (guy + huy)
c11)u (Qflx/l (CpTVpCTv) +Vu¢(0,2) 0
¢(02) 0 0
bill,—l) f‘go,o) 0
fu(o,o) 0 0
z(0,-2) (11 0
1) 0 0
c (0,0) b (1,1) 0
' (11) 0 0
c(L1) <PV, (1) 0
p(1,-1) cTPv, p(1,-1) £(0,0)
£(0.0) cTPv,f(00) 0

Table: BRST transformations of the fields involved in the path integral.

where (Q‘l)“f denotes the inverse of the operator qu = guvld—Ryuy
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The operator involving hyy, f and ¢’ is non-minimal. We need to use the
Barvinsky & Vilkovisky technique (A. O. Barvinsky and G. A. Vilkovisky, Phys.
Rept. 119, 1 (1985)) to compute it.
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The operator involving hyy, f and ¢’ is non-minimal. We need to use the

Barvinsky & Vilkovisky technique (A. O. Barvinsky and G. A. Vilkovisky, Phys.
Rept. 119, 1 (1985)) to compute it.

The non minimal piece can be written

S= /d”x VAF,gWE

hKY
VA= f

C/

e ey G (o W ey (v

May 28, 2015 10 / 19



The main idea is to introduce a parameter A in the non-minimal part of the
operator

FAB(V|A) = YABEH’)LngVaVﬁ + Mpg = DAB(VVL) + Map 0<A<1

so the effective action can be defined as

dﬁ(l) Aral

W(L) = W(0) - ;/OA e
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The main idea is to introduce a parameter A in the non-minimal part of the
operator

FAB(V|A) = YABEH’)LngVaVﬁ + Mpg = DAB(VVL) + Map 0<A<1

so the effective action can be defined as

dﬁ(l) Aral

W(L) = W(0) — ;/OA dA/ Tr

And if we find the inverse of F in the sense
F(V)K(V)=0m+M(V)
we can expand the Green function as a power series in i

4

. N

— _1\P
- K,;::o( 1)° Mp =iy -

so the trace can be easily computed.
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By doing this we find(the divergent part of) the off-shell effective action

119 1 359 1 3
uvap v _ > | R?
We= 1677:2 n—4 ( Ruvap RET A (6a2 90 ) Ru R+ 25 (22 a2 ) R )

Now we can get the on-shell result using the equations of motion of the
background field

1
Ruv = 7 Reuy =0
RuyR* = R?

R = constant

and
2
Wy = E4+ 2R,y R*Y — §R2 = E,; + constant
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The one loop (on-shell) quantum effective action is then

1 1 " 119 83
Won—shell - - / n R RHVPO _ R2 _
* ]6n2n74 x| "gg Ruves 120

119 83
1&ﬂn—4 (E”_umR>

This is not dynamical, in contrast to the GR one (Christensen-Duff)

1142
R_ 1 4 B 2
W "16n2 J/ VlIgld"x ( W= 335 >
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This result is not a consequence of |g| = 1.

Indeed, as there is no conformal anomaly one can recover from this the result for
an arbitrary background metric.
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This result is not a consequence of |g| = 1.

Indeed, as there is no conformal anomaly one can recover from this the result for
an arbitrary background metric.

Rather, it is a consequence of Weyl symmetry, that forbids zero dimension
operators.

00 — [d'x(~g)’
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This result is not a consequence of |g| = 1.

Indeed, as there is no conformal anomaly one can recover from this the result for
an arbitrary background metric.

Rather, it is a consequence of Weyl symmetry, that forbids zero dimension
operators.

00 — [d'x(~g)’
However in GR (which can always be worked out in the gauge |g| = 1), the

cosmological constant is still there as there is no symmetry in GR to prevent zero
dimension terms from appearing.
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This result is not a consequence of |g| = 1.

Indeed, as there is no conformal anomaly one can recover from this the result for
an arbitrary background metric.

Rather, it is a consequence of Weyl symmetry, that forbids zero dimension
operators.

00 — [d'x(~g)’

However in GR (which can always be worked out in the gauge |g| = 1), the
cosmological constant is still there as there is no symmetry in GR to prevent zero
dimension terms from appearing.

Thank you
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N
Some details on calculations: BRST

s=sp+sw |sh=spy=0& {sp,sw}=0
Sp&uv = sw&uv =0
sphuy = Ve +Vyel +c"PVphuy +Vuc Phyy +Vyc P hyy
swhuy =2c (guv + hpv)
The quadratic piece of the unimodular lagrangian

1 1 1 1 1
&= ZhﬂVDhHV — - hOh+ “h*P R Ry + Eh“Vh“ﬁ Ruavp — Ehh“VR“V—

2 B
1 o o 1

T pMv _ had = _ 2 (v, ¢ (00)yk/(0,0)
2nh huvR+( fOf + 2th+ Zth) 2( uc c +

1 /(0,0 1 5
+2(Vvh;nvuh>vﬂc< )+ 55 R
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TDiff ghosts are transverse V# CJ. We need several fields to fix the BRST

hI(JO‘./O), C/.(1171)7 b‘(ll,—1)7 f-lE0,0)’ $(02)

gD 1) Z0-2)  (0.0)
C(Ll), b(lvil)7 f(ovo)
TDiff and Weyl are fixed independently (technically convenient)

Sgauge—fixing = /dnx s()<TD +XW)
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SERI — / d"x b* (D%}}’” — 2Ry, VPV, Y —OR,, PO —
—2VGR”pVGCp(1’1) _ R/.Lp vac\(}l,l)) 4 5(0’72)D¢(0’2)+
4 D1 (1) _ % (Fu FH 4V, QORI 09 | oF, yhe! (070)) _
1

= Sbe + Sgf + Seo + Su + Sher
sl /d" VFCOVH (700 —ar g(h)) - ¥, b DVH (sg(h))]
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Functional traces

The functional traces

I
Tr <ﬁVIV2___VjV”1 Vm...vﬂpmn)

can be computed by using the heat kernel expansion

A 1/2 x. x' . x'
exp(—sF(V))8(x.x) = — LX) (_6(, )

A /
(4m)n/2 sn/2 2 >Q(5|X7X )

and with

Q(slx,x") = Zsa,,xx

I - .
_— — n — |:|
ok (n— 0 /0 ds s" " exp(—slJ)
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Now the traces can be computed by acting with derivatives on this representation
and using the coincidence limits.

Finally it is needed to integrate over s, where only three types of (logarithmic)
divergent integrals arise for dimension n — 4

=
/ s with k=101
0 S

and whose pole part can be obtained by integrating by parts, which gives the
Laurent series of the result.
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