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http://www.physics.ucsb.edu/~giddings/moscow.pdf
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Motivation:

® In cosmologg, observe Iocauy. Yet, no local

observables in quantum gravitg!!
® [Fven more acute 1ssue: |anclscal:>e, measures

® de Sitteris a simple toy cosmologg;
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® E‘xplain an aPProach to local observation in

uantum eravit
g Sraxity
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Some Puzzling statements made about dS:

Can onlg make sense of “causal Patch”

@il @lilc observer’:’

Recurrences? (Goheer, Kleban, susskind)
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APProach Perturbativelg: LEFT of gravitg

L
Mp
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How to clescribe states ojr‘ theorg?

First issue: “linearization stabilitg” (Moncrehc) )

1) For given vector ¢ | states should satis% constraints:

H¢]|¥) =0
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d*z\/3g | Mp&*(Lh), + E*(T7 + T},

(or simplicitg: work in 4d, \
though generalizes) Perturbative

EM tens.
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d*z+\/3g {Mpfu )+ f}/:v(T,ﬂ + T,ﬁ)}

(or simplicitg: work in 4d, O: KV \
thouglﬁ gCﬂCFEﬂliZCS) Pertu rbative

EM tens.

o Thls 15 th;: statement total energy (mom_antum} = Q,
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~Time translation, in one Patch
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~Time translation, in one Patch
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uestions:

how to find such states? (On|9 Perturbative ds

invariant state is |0) !)

2) how do theg “evolve”
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) constructing states:

for g=a ds group element, let U (g) be its action on state
(~ exponentia‘tion of / £l
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) constructing states:

for g=a ds group element, let U (g) be its action on state
(~ exponentia‘tion of / £l

then, define: AN /ng(g)ﬂ@}
/
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) constructing states:

for g=a ds group element, let U (g) be its action on state
(~ exponentiation of / £l

V4
then. denne: =
J R J
’, A : 32 ] P
) \ R S R L e R e g Sl B E S 2 .
- ..‘_. - : e -,s «.'-; .l‘-f“‘w L & c’ "‘“'\‘1; :3v\ "‘1' (4 L ¢

Sunday, May 31, 2009



(U1|W2) = [ dg(¥1|U(g)]|¥2)

(APProPriate properties: Higuchi; Marolf/Morrison; etc.)
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(V1| W2) :/d9<‘I’1ﬂU(9)H‘I’2>

(APProPriate properties: Higuchi; Marolf/Morrison; etc.)

In Fact, aPParentlg can be derived from

functional integral over metrics
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%) local quantities -~ observables?

[H[f],@] =4

but, for local observable,
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Prol:)osecl resolution: via a relational aPProach

Einstein (1916)

DeWitt (1962, 1967)

Page and Wooters (198%)

Banks (1985)

Hartle (1986)

Rovelli (1990, 1991, 2002)

Tsamis and Woodard (1992)
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In Particu!ar) in hel:)~th/05127_00 w/ Marolf and Hartle |

exPlorecl implementation of these ideas

Dina quantum framework;

2) with Proposals about how to recover |oca|

operators of QFT (aPProximatclg)
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Tixample: “7-model” (sketch -- ideas)

Begin w/ a feld ’theorg w/ local operator O (g[j)
Introduce four fields Zi ; and a state ‘\IJ> such that
1 s Qb
(0| Z| W) = \§'x
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(W] Z°|W) = A6, 2

O¢i = d*x/—g8(Z4(x) — ) O(x) ”

Then:
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2d Liouville gravitg:

X07 T XZ C massless scalar ]q,CIClS

Z = / DgDX e'S1X:]
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2d Liouville gravitg:

X07 T XZ C massless scalar ]q,CIClS

Z = / DgDX e'S1X:]

Jab — € .@ab
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2d Liouville gravitg:

X07 T XZ C massless scalar ]q,CIClS

Z = / DgDX e'S1X:]

Jab — € .@ab
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Simplest case -~ c=25: b — X2°

Analogue to Z-model (ancl Fu”g ditf invt) :
Zi i XO,Xl
AT A e o
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Simplest case ~- c=25: QO X720

Analogue to Z-model (and Fu”g ditf invt):

Zi HX(),Xl
’ RARNG Y
IR A1 R Ao
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Thus, el argue that) for a Perturbative clescription,

such “relational localization” (relative to features of the

state) appears to be the aPProl:)riate way to Proceecl s not
just fords.
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Thus, el argue that) for a Perturbative clescription,

such “relational localization” (relative to features of the

state) appears to be the aPProl:)riate way to Proceecl s not
just fords.

This indicates how to Proceecl with second cluestion:
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Work in progress w/ Marolf:

o Other detailed examples

o Question of measurement
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FEven more intcresting set of questions:

what are limitations of this aPProach?

Sunday, May 31, 2009



FEven more intcresting set of questions:

what are limitations of this aPProach?

l

Suggestion: it there are such limitations to

2 oy ST 0 Oy e ('”‘ FRE ~'v'.r"‘-~"ﬂ7-’.-:,.- Aot e s e R R o, : T ':;"",'\'\“.'.;. e AT Y By -{“»' _.;.',"‘-,L:_“—'n PRI T 4 W"t e ST S ,')_',4,\_ e s c N
el St vy b S Py Bl 7L e gl s O Lrins e Aol 5 T 3 Wi oI L gl SRR Pr, P . K ediy it LA S Ty i e A
RS PRGN R B e LS e s R e acd 2.1 S R R s L S S Ca e e AT S L e R S A S A A e R T 4 A

ENEF LI v N LS
NN o &
N NI NS "'.'f.’-'«t"" d

Sunday, May 31, 2009



One such Proposecl limitation:

localization fails 4 strong backreaction

e.g. “localit9 bound” (w/ LiPPer‘c)

Sunday, May 31, 2009



One such Proposecl limitation:

localization fails 4 strong backreaction
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One such Proposecl limitation:

localization fails 4 strong backreaction

e.g. “localit9 bound” (w/ LiPPer‘c)
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One such Proposecl limitation:

localization fails 4 strong backreaction

e.g. “localit9 bound” (w/ LiPPer‘c)
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One such Proposecl limitation:

localization fails 4 strong backreaction

e.g. “localit9 bound” (w/ LiPPert)

Quantum
stron g
grav:tg

region
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An aPParentlg related issue:

let O , Oy be such relational observables; work in ds

<\Ijl |Ol 02 ‘\112> has IR clivergencesl

Two wags’to unc;lf_;rstand: i
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~quantum realization of Boltzmann brain Problem!
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~quantum realization of Boltzmann brain Problem!

2) /d:vlda:2<\111[|0(a:1)0(x2)|]\112>

o0 states
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~quaﬂtum realization of Boltzmann brain Problem!

2) /da:lda:2<\111|]0(a:1)0(x2)|]\112>
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One Proposecl implementation:

(related to observations bg
Banks, Fischler, ...)

| et i v/ 3gT,pnn®
S3

Sunday, May 31, 2009



One Proposecl implementation:

(related to observations bﬂ
Banks, Fischler, ...)

| et i v/ 3gT,pnn®
S3
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hadgsia il i 8 O v N Gl

T3 T AR S Py
AL S 720 R iy

N N Wy Sef e Al B o st
b iy MDA e~ b Ll ' B RS e [ )5 10 *2'1‘"." NN
N e A e el L ,f:" y,hf... o ':'""v"" 321

rojection to space
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One Proposecl implementation:

(related to observations bﬂ
Banks, Fischler, ...)

| et i v/ 3gT,pnn®
S3

Make P
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rojection to space
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But thisj or related Projections, limit extent to which have

“fine grainecl” description of states far from “neck’
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But thisj or related Projections, limit extent to which have

“fine grainecl” description of states far from “neck’

Indeed, multiple considerations suggest that one

only can give a complete local QF T description over
Y 5 k2 %
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The Boltzmann brain Population explosion:
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The Boltzmann brain Population explosion:
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The Boltzmann brain Population explosion:
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The Boltzmann brain Population exPlosion:
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The Boltzmann brain Population explosion:
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Another: nice slice evolution for ds:-
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nother: nice slice evolution for ds:-
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Another: nice slice evolution for ds:
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YAN Plausiblg related story:

Arkani-Hamed, Dubovskg, ... Villadoro:

slow roll inflation goes eternalat t ~ R3, .
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YAN Plausiblg related story:

Arkani-Hamed, Dubovskg, ... Villadoro:

slow roll inflation goes eternalat t ~ R3, .

Other indicators?
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Thus, there appear to Potentia”g be several

(relatecl’?) imitations on a complete local clesril:)tion

in volumes ~ szsesds

(hC focus on “causal Patch,” therefore times ~ €Sds )
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Thus, there appear to Potentia”g be several

(relatecl?) imitations on a Complete local clesription

in volumes ~ szsesds

(hC focus on “causal Patch,” therefore times ~ 6Sds )

Though, no role for recurrences in the story?
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To conclude:

) Have Presentecl some elements of Pert. clcscription of Part

of global ds, resl:)ecting sgmmetries of QG (low-F)

2) Have arguecl that observables must be relational, and at

best are aPProximately local (not for “stringg” reasons!)

%) Have outlined some Proposed and Possiblg imPortant

i ||m|tat|ons to comlete local Ql:T clescrltlons
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