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Proto-local observables require global
Information.
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Compare with perturbative QED on dS:

O™ order: Consider any
Fock state

1St order: Gauss Law
includes source 2.E'=p.

Total charge vanishes! Q1=j E; dS' =-Q,

Restriction on matter states:
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Observables?
We study 2 types:

'} Integral of local operator over spacetime

o~f Vg A

XedS

I} Integral of any operator over group

o =)' dg U(g) A U(g™)
dedS

Strategy:  Work on usual Fock space as much as possible.
Observables on this space induce observables on
the physical Hilbert space.
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Relational observables
recover local physics

Given scalars ¢. p. v

=5, =jﬁ A(x). A(x)} = ¢(x) p7(x) (x)

XedS

If > has 1 p-particle and 1 »particle.
then <P|OP> ~ <ys|d(X)|y> '
(also true for higher correlators)

|.e.. T scans spacetime for intersection ("observer’).
reports value of ¢.

Proto-focal?
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But fluctuations diverge!

<Ol = g <A )AL
= good term +j dx; dx, <O|A;(X;)Ax(X})|0> ~ const (Vg
const ~ exp(-m/T ;s } ~ exp(-S;g } (bestcase)

Note: <y |[OThlyn> = X <ys[OI><I[C5lys>
Control Intermediate States?
O = PO Ffor 7 afinite-dim projection: e.g. F <f.

but on dS-invariant states.
Tume f, to control noise.
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Group Averaging

Technical Problem:
In usual Hilbert space. > must be the vacuum! (Higuchi)

Solution introduced by Higucht: (also Landsmann, D.M.)
Renormalize the inner product!
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But fluctuations diverge!
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Type Il Observables
o =)’ dg U(g) A U(g)

gedsS
Consider weakly interacting fields a.¢ and take:

O j dg U(g) |a><al o(f) U(g)

aedS

where &f) =) V=g f(x) ¢(x) for c-# f

XedS

For heavy state. can have <a|U(g)}|a> ~ =4 3(g.1)

== ~ A =1
A Cun KOy~ Oy
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(Albrecht, Page, etc. )}
/hat do typical observers in dS see?

S has thermal, or vacuunt quantum flucts.

rlarge volume, even rare
fluctuations occur....

etectors or observers (or their brains)
Ise as vacuumithermal fluctuations.

Note: Infinity of Boltzmann Brains™
outnumber normal’ observers!!!

Jur story: ,
subtract to control matrix elements <CT>,

>till dominate fluctuations <CT>
r local questions integrated over all dS.

> Ask different auestions (hon-local finite V) © = P& P




