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Backgrouncl inclepenclent

exact renormalisation

Kevin Falls, S1SSA
Quantum and Gravity in Okinawa, 26/09/2019
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Backgrouncl dependence
+ General relativitg IS a theorg without a fixed

backgrouncl geometr9

+ Continuum aPProaches to c]uantum gravitg

utilise a backgrouncl metric

' = F[g,uw g,u,z/]
+ This tyPicang breaks clhqeomorphism invariance
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Backgrouncl clePenclence

* A !Dac:kground metric is tgpica”g introduced to a)

ﬁx the gauge ]3) 1o regularise the theorg

2 Consequence: lmqnite avatars 01(: Newton’s

constant.

. Couplings are related bg modified Ward

identities.

+ Canwe have a single metric eHective action?
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Eackground inclepenclence

* Here | will discuss an approach to quantum

gra\/ﬂy that is manhcestlg backgrouncl

independent and works without ﬁxing the

gilige,

o Canbe appliecl O Gravitg, Gauge theorg,
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J5acl<grouncl inclel:)enclent exact

renormalisation

© Regularise the Path irxtegral.

* Derive an exact RG ﬂow equation 1Cor t]’we

Wilsonian effective action.




Regularisation

e [ st step 1s to regularise the Path integral i

digeomorphism invariant manner.

= Regulator: Non-local action + Pauli-Villars
determinants ( a version of Slavnov’s gauge

invariant regularisation 74
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Regularisation

s OFT rec]uires iV regulator

1 i
g = T
DL

+ This can be achieved ]39 modhcging the action to clepend

explicitlg on the cutoff scale

]. 1 2 2
5/8M¢6’“¢% 5/0@58 /A" gk
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Regularisation

s for gravitg we can regularise the Propaga’cor bg adcling

non-local terms to the Einstein Hilbert action

1 2
[ earos [ i [-rr e o)

+ Action: regularised part plus an ‘interaction part
g e =

.

S=8,+8
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Regularisation

+» Modifuing the action with infinite order derivatives onl
Hns .

regulates multi~looP cliagrams
+ One looP Aiagrams are still divergent (Slavnov 75

* Simple example: A scalar field in curved sPace’time

1 ]. 2 2
§Tr el §Tr log(—NV%eid &
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Regularisation

= le regularise the Path integral we must also moclhcg the

measure to include Pauli-Villars determinants e.g.

/ dgp — / dgy/det [~V2e=V2/A2 1 A2

U INS SN

* Regularisecl OﬂC~lOOP trace C.g.

1 1 e e
~Trlog(—V?) — =Trlog ( Ve )
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Regularisation

2 Regularisecl integration over geometries

- \/detGA[g]
/};[Vdgw( )me,u dgH(x)v/det Halg|

+ The metrics of the space of sPacetime metrics and the

space of cligeomorphisms involve Pauli-Villars determinants.

+ Choices of Pauli-Villars determinants can Fu”g regularise

the Patl”l integral
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Exact renormalisation group

+ The exact renormalisation group is a method that ensures that b

Pngsics is invariant under a cnange in the cutoff scale.

o The couplings of the tl'leorg should clePencl on the cutoff scale

0
A hthat —Z =
A — A(A) suchthat A 0

s Observables extracted from the Patn integral independent of
the cutoft
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Exact renormalisation group

LA change in the cutoff is accompaniecl bg a field transformation

/d¢A —Sald] _ /d¢/5¢ sm]

* Where We can unclerstancl the ﬁelcl transgormation as an

averaging of the bare fields

=0 = [ dp bl — bafille Sl
s Thenthe averaging vector is given bg

Wibp| = AOADA @)

Tr—TTR TR e e




Exact renormalisation group

o The ERGE or flow equation for the Wilsonian action is given bg

0S AL
A VA — —
OpS —I—/m o /m 9o

+ To have a well defined flow we should demand that:

1 0S
Loy Ty , x
o — 2/yzc s+

* The ﬂow then has the Form O]C a heat equation

(F—|— A@A)e_s —(

L R e e M ettt = s
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Exact renormalisation group

© Requirements for the averaging vector:

e S T TR T e Tt 57

I. Solutions to the ERGE should lead to regulateci Pa’ch

| ntegrals.

2. The flow should be cluasi~|oca| meaning that it has a well

behaved derivative exPansion.




Flow as a clhqeomorphism on the
space of geometries

*  Geometric flow:

ADy fifgle*9 = 0

_ /det Galg]
V/det Halg]

filg] ADp = AOp + Ly

A5 = %TI‘[G_lADAG . H_lADAH]
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DeWitt Metric

* Since we work on the space of metrics it is convenient to

utilise a DeWitt metric

Koo ol
327TGN 2

o glo g  Ltg g —q g liokr

+ Indices are contracted using the DeWitt metric and
functional derivatives are covariant with the Levi-Civita

connection —> Field covariant

» Line element: ds? — 0g -y -0g

S Gttt
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What doesn’t work
s In analogg to regulatinga scalar in curved space’cime one

might try:

G- 8%

+ This doesn’t regularise the theorg because the PV

vertices cliverge too tast for high momentum.

e S T T et Ty — ~
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Two levels of regularisation

» Instead use that log(C* )= 2lop(C)

A 1
S:§+§A(1) ool

. Regularisecl metric on geometries (same structure as
Eakeyev,Slavnov '96)

G: (1+W_1'§(2)) ’W'(1+V_1'§(2))

s [ ity Iongitudinal terms included in the Hessian which are

regu!arised bg the metric on the space of ditfeos.
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Two levels of regularisation

o The regularisation would be spoilecl it Sn) ., &(n)
+ Regularisation is not spoilt for Sl cln)

+ Note: gill. (% /y—l . §(2)) . all)

e

o UV cutoffin the flow equation: (

T S G e R oy TS T
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‘classical low’
i

AdA(5 + %gm sl gl b Sy il g d gy ) %(gm Noae sl b r il %m...]
s Fix ¥ bg
Ag)Alg(l) o s o e
2
; “1. 1) 4 A1 gD

* Take K@ -

S Gttt
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The flow
The lhs of the flow is given ]39

1 1
AOA(5+8)+SW . — 5(§<1> +8W.0).k-8W = 5Tl

One can further Pic|< a convenient choice for K

The flow generates solutions which preserve the flow. One can

show that the trace is UV finite as a consequence.




Conclusions and summary

+ New cligeomorphism invariant flow equation :
+ No backgrouncl, no gauge ﬁxing no ghosts
* [irsttest: One~[oop clivergences of GR are reProducecl

- APPIica’ciOHS: Quantum gravitg and gauge theories (e.g. QCP)




