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Motivation

» JHEP 1606, 115 (2016) (N. Ohta, R. Percacci, A. D. Pereira)

/ Dy e SEO, / Dyt o= Sle()]

Vi = Guv(\/det guy) T, A1 = g, (\/det g, ) Tm
Guv = Y (detyw)”, " =" (dety)™"
> Not invertible for m = —1/d. Unimodular point: detg,, = 1.

> The divergences are invariant under a Z, "duality” transformation
between 7, and ¥,
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Motivation

» Unimodular Gravity (UG) : Cosmological constant as an
integration constant.

» QUG < QGR (Gravity only)

» Claim: QUG = QGR with UG as a SDiff theory.
(like O(n) and SO(n))
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1 loop GR review

> h = 0
G/u/ + /\g,w = 8r G,(Vd) T[LV
1
Spir = 7@,)/ddx\/—7g(liJ —2A) + Sp,
167Gy,
T L 2 0S5,
T Vg g
» h=1
Zpir = /Dhuu e 5o (BuvFhy)
5hp,1/ vpﬁy + qul
_ 1-_
R.U«V = gRg/“’ (/\ = O)



1 loop GR review

» Decomposition:

- - - - 1. - 1
b = hop +Vu& + Vo6 + (vuvy - diVZ) o+ ngh

€y = e/f +?H¢

» Transformations:

TT _ N _ T NP
oh,, =0, 05, =¢, O00=20,

» One obtains:

Zpir = ( / DgEDaDet1/2ALO)e

s, Det*/2(Ay, —

oh=2V2%p

]l

2

)

Det'/?(Ay, —

al%a]
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1 loop GR review

» The volume of Diff's:
V(Diff) = / De,, = / De DDet™ > A,

» |dentification:
T
Sur €y, 009

» One obtains:

So Det1/2(AL1 - 2"?)

Zpir = V(Diff)e™ d
D ( ) Detl/z(AL2 o %)
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SDitf's

v

v

v

v

Definition:
SDiff : V,e" =0, (V?¢=0)
The volume of SDiff's:

V(SDiff) = /DGM(S(VMe“) = /DeEDetfl/zAl_0

Identification:

h< V3¢ = | V(Diff) = V(SDiff) / Dh

V(Q) = [Dh, Q = Diff /SDiff = space of volume forms.
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QUG as a SDiff theory

» By definition:

dspifF det g = 2det gV, e =0 (g""0gu, = 0)

» The volume form:

VOld =

v/~ detg
———

Covariant under Diff’s.
Invariant under SDiff’s

O Adxt AL AdxTT
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QUG as a SDiff theory

v

Exponential Parametrization:

8w = Bup (eh) pu

v

The volume form:
Volg = /—det getrhdxo Adxt AL A dxdTE

. _ 4T
> We choose: hy,, = h,,,.

This is consistent with the identification h <> V2¢. Recall that for
SDiff's V¢ = 0.

v
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QUG as a SDiff theory

» We define the action (w is fixed):

1
SUG = SSDiff = 7(‘1) /ddXWR =+ Sm
167Gy,
o Det'?(a,, —2B) 1
Zspiff = (/%E)e % 12 : 2% 1/2
Det'/?(A,, — 28) Det'/?A,,

1/2 2R
—  V(SDiff)e= Detl/Z(Atl El )
Det (A[_2 — 7)

> | Zpir = Zspifr
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Hamiltonian analysis of UG

v

v

v

g = N + hw/
UG Lagrangian = Fierz-Pauli Lagrangian with h =10

Luyc

a By 0% B 4 Do b, 05—, h, 0" h + 7()” ho* h

Decomposition of hy,,, €,

hoo =

—2¢
v = v,-T + Oiv

1 1
h;_JI_‘T + ale + @C, + <8,8J — “_6’.162) T+ ﬁéut

(o, €] + Oie)

h = 0 implies that 2¢ + t = 0.
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Hamiltonian analysis of UG

» Dirac-Bergmann algorithm

GR

UG

d Primary Constraints
d Secondary Constraints
0 Tertiary Constraints

d — 1 Primary Constraints
d — 1 Secondary Constraints
1 Tertiary Constraint

2d First class constraints (FCC)

» Dofind=4

2d — 1 First class constraints

GR UG
(g, p) 2x10 | 2x9
FCC 8 7
D.o.f = (g,p)-2 FCC 242 242
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Z = /Dq/S'Dp/S det /\/75((;5/5) 5(X’5) e—S[q'S,p's]

Map = {¢a, X}, ¢'s=FCC, x's= Gauge conditions

» We have

det Mgg = (det 0)?,

> Nevertheless:

ber # duc

det Myg = (det O)?

Zpifr = Zspifr = (detO77)

—1/2
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Classical UG

1
§Suc = 7/ddxw(R v — 8rG(@p v)0g",  (guog"" =
167rG,(Vd) ! 8 '

—2 05,

Ry — 87TG(d)9zw = V&us O = w ogHv

P = 1/; +8r7G@) s Ty =04, +7gu suchthat V,T" =0

0)

~ 1 1
R;w - 87TG(d) T,uu = ’L/ng, = RAW N gg,uuR = SWG(d)(TNV -~ S8 T)

d
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Classical UG

1 1
Ruv = —8uwR = 87G) Ty — — g T)
1 G)
V'R — 8w V"R = —%Tgm,V” T, V"G, =0
d—2
2R DT =
v, ( S R+81G > 0

Then
Gy + Ngy = 87G\ T,

A as an integration constant.
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UG as a Weyl invariant theory

1

d, /— o
16G(d/dx gk

d—2 d—1)(d-2 _ _ 2
Suc = 2u [ a¥x /47 R0+ E0EE (i) - 2ot
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UG and the Cosmological Constant Problem

R Gy + Ny = 8rG\T
- ) d
SD,ff Ton G f d X\/ R 2/\) Sm
va = { Gt e = 87G\T,,
- Spifr = o G — f ddwa + S,

Sor o — / dx=g(2M + V(8))

Sspir D —/ddXWV(¢)
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Thank you
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