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Motivation

m\Want to make local observations in Quantum
Gravity

mSingularities are a local phenomena
m\We are local observers
mls |locality fundamental?
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The Problem

mln a QFT, observables O(x) must be gauge
iInvariant

min Gravity, gauge symmetry O diffeomorphisms
5:0 () = £'9,0(x) # 0
Therefore O(z) is not an observable
= [, /g0(z) is gauge invariant, but non-local.



A Solutipn

mlLocalize relative to some background state
(e.g. us, a detector, earth, etc.).

mRequires special observables and a special
background.

mObservables are diffeomorphism invariant.

mSuch observables approximately reduce to
“semi-local” observables only in special
backgrounds.

mleads to limiations on locality.
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The Z-Model

mProposed in hep-th/0512200 S.B. Giddings, D.
Marolf, J. Hartle

mConsider a QFT with operator O(x)
mintroduce D fields Z* and state |¥) such that
() Z' W) = A, 2"
IN some region of spacetime
sDefine operators O = “ [, /g6(Z" — £)O(z)"

m(U| O, - O¢y |¥) = O(x7) - - O(x)y) where
T = A" 0,8




2-D Quantum Gravity

B Consider 2-D Liouville Gravity with metric g and conformally coupled
matter m with anomaly c

Dg@m S| ]
Z — VA m,g
Vol (diff) ©

B |ocally, metric is of form ds? = e®ngpdz®dz®

B Gauge fix to a metric g of this form, giving

gab .
Su10.91= [ Vi (%-0u00m0 + o)

c— 25
487

7 = /’Dggb@gm |det; P| exp (z St |9, g] + 1S [maﬁ])

M For ¢ = 25, S, reduces to a free scalar action.
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2-D Relational
Observables

B For simplicity, assume matter is 2 free scalar fields X°, X' and m’ with
conformal anomaly ¢’ = 23.

HMc=2+¢ =25 so0let X =,/a/ 2222
B> = S! x R with coordinates —oco <t < ocoand 0 < 0 < 27

M In analogy to the Z-model, let

7'~ XU x!
O(x) < O[m]

W) 777

O « 777
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Background State

mBackground |¥)

(U] X° ) = p°t, (V| X' |¥) = RY
with X! ~ X! + 27 R
m\Winding state of the string!
m\Wheeler-deWitt equation (=Virasoro
constraints)
R2

(p°)? = o 2




Semi-local
Observable

mLet O [m] have conformal dim A < 1, then
O(ko, k1) = / dQ;z;\/goeikoX0+z‘k1X1+¢z;X

s diff invariant iff & = 2, /158 — &k

mFourier transforming w.r.t. kg, £
— 0(4,0) = / ke RL RO @ (o )

where the “resolution” is o < 1
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Localization

(@] O1(f1,01) - On (En, On) | )
N o ) ) N

~ / 11 Paie (e ) (=87 = (2507 (0i=00)% ¢ <H Ov;(flfv;)>
i=1 i=1

wheno > 1

B Localized with resolution At ~ o/p?, A8 ~ o/R.

M Increasing p°, R increases resolution.

SN
N

As pY, R are increased with ¢ held fixed, a string-scale area
@ — o on the worldsheet becomes smaller relative to the worldsheet
area.
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Limitatipns

mResolution limited by value of p', R, which can
be taken arbitrarily large, giving arbitrary
resolution.

min a theory with a high energy cutoff A,
resolution would be limited by the cutoff, since
p could not be taken to be larger than A.

mIn higher dimensions, gravitationa
backreaction limits the size of field momenta: If
the field momenta become too large, curvature
becomes strong and a horizon forms.
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