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Summary

m\Want to see locality in a complete theory of
Quantum Gravity.

m\Work In 2d where we understand the theory
well.

mUse Z-model from hep-th/0512200 by S.B.
Giddings, D. Marolf, and J. Hartle.
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The Z-Model

mConsider a QFT with operator O(z*).
mIntroduce fields Z* and state |¥) such that
(U] Z" |¥) = Ao} 2"
IN some region of spacetime.
mLocalize operator with respect to (U] Z* | ).

0c= [ Vi's(z - €Yo

mSince <ZZ> ~ x, this localizes O near position
&4, up to quantum fluctuations.



2-D Liouville Gravity

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

DgDm ¢
7 15[m.g]
/ Vol(diff)

mGauge fix to metric § = e®n,,dx*dz’, giving
~ab
Sc 1o, 4] = /Z V9 (%aaqb@bqb + R¢)

Z = / D, ¢Dym |det; P| ¢ = Selel+iSimgl,

mFor c = 25, Sy reduces to a free scalar action.
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2-D Relational
Observables

mFor simplicity, assume matter is 2 free scalar
fields XY, X! and m’ with conformal anomaly
¢ = 23.

mc=2+c =25 solet X = \/ 2L

mSpacetime X = S x R with coordinates
—oo <t <ooand0 <6 < 27 with Lorentzian
sighature. (Euclidean version conformally
equivalent to a sphere with 2 punctures).

mLocalize with respect to fields X", X!,



Background State

Want background |¥) so that
(| XV |0 = p
m(U| X! |T) = RO with X' ~ X' + 27R.

Such states exist. This is a winding state of the
bosonic string if we take m' to be 23 free scalars.

m\Wheeler-deWitt equation (=Virasoro

constraints) (p")? = £ —




Semi-Local
Observables

mLet O [ '| have weight A < 1.
80 (k,) = [ d*x/GOehX Tiki X' +ikX hag weight 1
A ko k?
(<:> lef invt.) if & = ::2\/1 - o

mFourier transform w.r.t. kg, k; against a
gaussian of width o > 1.

@(L?, é) _ /d2k6—02]€262i/€0p0£—ik1}2é©(kO’ kl)

=O(¢,0) is approximately O times a spatial
gaussian centered at (¢, 6).
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The Amplitude

sWant to calculate A = (V| . O; |¥).

mConformal symmetry — fix position of one
operator (no extra work to localize).

mDiff. invariance — integrate over positions of
remaining operators.

m=- gaussians fix positions of operators on ..
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Localization

(4 12)N f (H’f\il dQCEie%ti6_(%0)2(ti_gi)Q_(%)z(ez‘—ei)Z) X

mLocalized with resolution At ~ o/p’, A6 ~ o/R.

mIncreasing p', R increases resolution.

3 Asp’ R are increased with ¢, held

@ ) fixed, a string-scale area on the
worldsheet becomes smaller rela-

~___~ tive to the worldsheet area.
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Approximations

mFor ’k’,?‘ < 1, k;- ]{?j =2+ O((kzay),
S ki) = f ().

mFor o > 1, k-space gaussians sharply peaked,
= |k%| <« 1, so integrand is rapidly oscilating
away from region of interest and integrals
converge.

mp’, R > 1 so that sum over momentum modes
(n/R) can be approximated as an integral.

mSubleading terms in 1/R, 1/p, expansions also
dropped.



Limitatiqns

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

mNote difference from higher dimensions
because no bakcreaction, no UV cutoffs.

mOperators only localize for o > 1.

mOperators well defined independent of
background, only localize in background | ).
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