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The Problem:

How to describe local observationin a

quantum~mechanical theory with gravitg?

Motivation:
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The basic issue:

I COE L (a” Phgsics excePt gravitg):

O(Qj) gauge invariant —- local observable

describe our measurements .

Grav:t gauge s mmetr ) clnciceomodz:hlsms
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Prol:)osecl resolution: via a relational aPProach

Einstein (1916)

DeWitt (1962, 1967)

Page and Wooters (198%)
Banks (1985)

Hartle (1986)

Rovelh (1990, 1991 zooz)
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For a complete treatment, Presumablg need full

description of fundamental clegrecs of freedom ...

But ... it should be Possible to reconcile gauge sgmmetrg
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Basic Points of this talk:

° f:o”owinga relational aPProach, one can write

down ditf invariant relational observables
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Example: “7-model” (broad brush)

Beginw/ a field theorg w/ local operator O (a;‘)

Introduce four fields Z* . and a state ‘\Il> such that
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2d Liouville gravitg:

C massless scalar ECICIS




Simplest case -~ c=25: Gies X a2

Analogue to Z-model (and Fu”g ditf invt) :
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Let O[Xz, e ,X24] have conformal dim A

Then

A
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Resolution, and limitations

pO, R ~  X-field momentum

String intuition:

AX>1 o] —




2d gravitg:

ncrease p’ . R = arbitrarilg fine resolution

(gravity ~ trivial; conformal invariance)

e gravitg:
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Other comments:

) Generalizations

SPCCiﬁC examples O{: more general Framework

2) Measurement

For certain observables in certain states, can recover

CoPenlﬁagen measurement theorg
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Summargz

e Canrecover local O]DSCFV.B]D[CS OF O 1Crom a

relational aPProach

SPCCiﬁC OPCI"atOI‘S

sl:)cciﬁc states

- ® 5Such recondiliation of local observation and diff invariance
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SUPPOSC e WISI’I to instrument a reglon O]C

a state capable or

S 7 -__;- t.'_" 5y '-r-;' s : ..- .--' --r‘,_ J _‘.__;‘. ___‘_ .-"" .--_-""-i'?g.'—‘v‘" LS




This rec]uires exciting fields with momenta 1/r

in each “cell” of size r. Total energy:
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Strong ’"holographic constraint:

N(R) ~ (MpR)*/?
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