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The Problem:

How to describe local observation in a

quantum~mechanica| theorg of gravitg
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aScalar Qb ¢(x) isa local observable



Common attitude:

Just use the S-matrix
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Framework: EHective gravitg




Gauge invariance:




The idea:

For certain oPcrators




Tog example #1. the Z-model

Begin with a field theorg, and 5ul:>|:>|ement it
with a set of four free fields 7" .
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For a gjven local operator O ) of the

theorg, define:
O /d4.c130(:1:)e_<%2(27:_67;)2\8i
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SO, aPProximatclg recover local oPcrators

o for speciﬁc operators
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Toy example #2. the ¥?¢ -model

let 1 and O be massive fields (e.g. free)

Consider the diHf-invariant ol:)erators
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More general storg:
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Indeed, strings as 2d gravity

(tog example #%)
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Other aPPIications

. _Cosm_olo __ical observablc;s

&l A




Observables
$

Theorg of measurement
(Sketch onlg: see Paperl)
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Thus, under aPProPriate conditions, one recovers

the Copenhagen theorg of measurement

One COﬂClIthﬂ mﬁnlte number o1C ciegrees O{:
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| imitations on recovery of local observables

(and on Phgsics 7k

Reduction of Pseudo—-local observables to local

observables Cl68r|9 Constrainecl:

: : = i ) L a b . 5 ) . e ™ :
PR, ) e 17 P [y e Vad Ve af~ % 3 L o | " By I L N~ ¥o < @ e Y =N ,. i e i
T e e Ty o oy ) | y te en I B Qs e (% = b AHED) 4@ T G QS ﬁ 1 [ e O b P B (O - L pai TR R e A
. Ay et ! ?J@ﬁ?_ﬁ" ] LD A . \& 5D (o] ----»ﬁ.. Y ﬁl’é ﬁ [ AN\ oSl . w U (I W O L " Fodu, pe A
LAk T, R M v Pt} ety R i F R i o e e A e A e N e plpoafll e Sl er iy i S S S L e R
1 - i { - . b N g ] K '} s N - _I 3 3 - P ¥



This rccluires exciting fields with momenta 1/r

in each “cell” of size r. Total energy:

A DV
— _)

] 7 s A 1Y AC RN (o Ce e T B B, L Fo R S e R AT T
BT bt gy, W o LB i e R % A~ 1 s R R
(O o Pty i R el sy A T e
=L 1 ot 3 e, . o fon T Y ol ] gt F
LD T S S g U SR L Tt B e LR Dt B Lol '

AT = ST
G T e R e O A T R N
r"-r.i... w1 W r.-".- -J"-T A foy oo 5 o
A e S T B T s e
A =




Possible viewpoint: c]egrees of freedom that can’t

N Principle be observed don’t exist

Strong ’"holographic constraint:
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Arguments such as these and the |oca|it9

bound (Prol:)osccl w,/ LiPPcrt) which are

statements regarclmg mherent llmltatlons on

3 il e -1:::-.' A ':-.-E_'r'- i) .r..t,L-_- ot BEIRE B 4ty ::‘.:"- i R e ::'- s SO g r.'_. LRt g -',_: Ll Syt Lol bowlt 'I-: ]
e o i £ ~=a= :f.e = Vel G o o= W= W, PPN o 2y TR €0 2 o O 0B o N7 SOW oy N ¥ guy gt SO
G ) )5S # /G ”?'* CiCICILEES ?3 Tl G e EI I d bl bl DG b e chbe s



Stri ng, theorg observables?

(Or other fundamental theorg?}

Idea: seek aPProPriate relational

observables.
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Conclusions:

e One can Forma”g construct dift-invt
observables in quantum gravitg

o Certain such observables aPProximatelg
reduce to local observables in aPProPriate
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