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Lecture i3 : Low energy tests of PHOI inAds
and flat space background

In the last lecture we proved that
, in

Ads
,
all operators in the theory could

be represented by operators in the
time band so ,

E E

o
o



This might have seemed like an

abstract operator - theoretic result .

Now we want to set up a thought
experiment using only low -energy physics
to test this principle .

The idea is as follows

E

.IE :
← Astrophysicist with

o
electors that work

Low I only in to E3

energy
excitation
in middle
of Ads



Task :

The bulk is in a state Ig> and the

observers need to identify it
.

The state may have some components
of arbitrarily high energy but the

observers are told that
'

I - IP , n Ig> 1241 .

'

{I emostaeofhetohwe no.omponf the
[This is important since even in LQFT

localized States have small high-energy
components .]

The observers need to find this " low energy
"

part .



Abilities :

The observers are given the abilities
of standard 2.M . experiments

as If X is a simple low-energy operator
the observers can act with the
unitary

;JX
e

for small J
.

V) They can measure the energy

c) All detectors work only between TECO, .



Warmup Task Is
-

Lets -start with the simplest Zest .

a) Determine if Ig> = 707 or not .

Note this is impossible in a theorywithout gravity

in a LQFT
, the observers can

never distinguish to> from 0107
where U is a bulk unitary

U y f-
All correlates
here are

°

unchanged



In gravity , this can be done very easily.

Measure the
energy

and determine the

probability of getting o .

By the Born rule
,

this is

< get Pol g> = Kolg>P

98 Ig> = to> ⇐ Lglpolg> = I

success in gravity !

Lets do a second more non-trivial state
.



Watashi
Let X le a simple

,
Hermitian operator near

the boundary and let

1×7 = X to>

Say the observers have determined that

<g)07=0

and are now asked to find out

is Ig> =X or not ?

Note that now 1×7 is not determined

by a conserved charge .



We now follow a 2-step procedure .

1) Act with @

IJX

a) Measure the energy at
OC-59 and

determine the prob that it is o .

Let us compute the effect of this

manipulation

we start with Ig> and step I results
in

Ig> → eiJ× Ig>



So the answer for step z is

< g) e
-iJ×poeiJ× Ig>

Let us expand this to OC-5)

t.gl ( i - iJx - III ) to>Lol ItiJxt Ig>

Recall that Lglo> =0 by assumption

so to OC-5) we have only 7- term !

ici) sgt JX lo> -201J X Ig> +055) .

Final answer is JZLGIX>Lxlg> = -5481×712



so we again find that
, by this

two-step procedure the observers can

determine if the state in IX> or
not.

As usual
,
in a LQFT

1×7 and VIX>

cannot be distinguished .



Now we are almost done as regarding
the original task .

Note that when X ranges over

low energy boundary hermitian operators

1×7 ranges over a basis . of low-energy
States

Note that we cannot get all low-energy
States due to the restriction that
"

x
" be Hermitian

.

eg
(X , tix)lo> can produce IX

,> tilXz>
T

but this is not Hermitian if X , Xz are .



By acting with a preliminary unitary . we

can take

Ig> → Vig>
so that

Lowly> =0

This is
very easy .

[Rotating a single
local degree of freedom can make
the state orthogonal to the vacuum .]

Let us assume this has been done
and let us use the notation 1g)
For the new state .



Then
"

warmup task 2
"
allows us to

determine

1<81×312
For 1×7 ranging over a basis .

To complete the task
,
we need to

determine the phase Lglx>

This can be done as Follows .

Pick
your

favourite operator , Xr , and declare that

Lgsxo> is real .

we can always do this because the overall
phase in Ig> is arbitrary .



"

warmup task 2
" also allows us to determine

2)Lg 1×7 tdglxo> I

where X is Hermitian . Independently

←
determinable

(<gtx> tdglxr> 1- = Kglx> I
-

t Kglxr>R
T

t a Lglxo> ReGg1×7)
determinable by T

-

acting with
e.
iJcxtxr) known )

and then measuring
energy can be Found

since all else in eqn is
known



This leaves us with a sign ambiguity
in dm Lglx> which can be fixed
with more work .

See arXiv : 2008 - 01740

The punch - line is simple .

The fact that bulk information on

a Cauchy slice is also available near

the boundary is not some abstract
statement, but can be v.

erified concretely
in low - energy effective field theory .



Flat space preliminaries
-

We now turn to flat space . Let us

consider some geometric preliminaries .

We are interested in spacetimes that
,

at

infinity , tend to udMinkowski space .

This means that

de ÷
-du' -2dudrtrFaBdrAdrB

+ Csuvleading)
[Note we have restricted to led for reasons

- that will become clear

TAB is the round metric on the sphere]



Before
.

we discuss the subheading term ,

we

make some remarks about the Penrose diagram and

leading term .

1) This line - element parametrizes ft

←
a-so

+ t

9 9

←U-s -a

s
-

e
-

2) -The past of future null infinity is It
at a -s - o



3)Note we can also talk about the future
of past null infinity9+9
's * SI

Although spatial infinity , i° looks like a "point
"

on the Penrose diagram , that is deceptive.

[ See strominger : 1703.05448]

←
a-so

+ t

9 9

2←u→# arenot- equal to
fields

g
-

e
-

Tfields here
here



us on the G - R . literature it is common to

discuss black holes separately and not
as part of this diagram .

But for us
,
black holes always evaporate

so the Penrose diagram is ultimately
trivial even if the bulk is

very
complicated .



we now need to set boundary conditions on

the allowed fluctuations.

These are most easily specified in
"Bondi

gauge
"

we set

Gor = gra - O

and also ar det @÷B) = 0
In this gauge :

gaa → -it 0 Ctg)

gas →
- it 0¥)

Gua → OCI)

GAB → ftp.tocr)



One also demands some conditions on the

Weyl tensor

[ See compere 1801.07064
and strominger 1703 - 05h48 (and also

exercise lol]
We then find

ds? - du' -zdudrtfzapdsn-ds.rs#e¥¥m
B A

+

2£
du- t rcapdrttdir t DBCABduds

A
Note CAB

,
m are fans of a and s



Here

CAB is called the
"
shear

"

a) It must be symmetric [ since it contdrgatsd.rs
b) It satisfies zABCAB=O

SO CAB has 2 - independent components
and these contain info about the two

dynamical graviton components at ft
'

The Bondi
"

news
"
is defined by

NAB = da CAB



m is called the Bondi mass . aspect .

The integral of the mass aspect is
the Bondi mass

Mcat = from , Ca ,

ride

← Mca) tells us the mass

remaining here
-

- u ← cut at a



The limit

dim Mca) = H
u→→

is the canonical Hamiltonian .

←
Mca) here is H

- or

we will later discuss the US -a limit of
the mass aspect Mcu

,
SA)



Apart from the metric
,

we may have
other dynamical fields in the theory .
For instance if there is a scalar
field in the theory , we demand

②Cr
, a .rs → f- Oca,r)r -soo

[For gauge
fields

,

in Lorentz gauge Tutko
we have the components AACU ,

s)
T

sphere
components

see exercise z of 1703.05648]



In any
realistic theory , we will also

have massive fields
.

But massive fields fall off exponentially
in r near St

.

They come out at future timelike

infinity it .

We will not say much about

them.

This is not a huge omission since
,

for a

large black hole , recall Tut
r

so if a black hole is
. very large to

start with
,
most of its radiation is

in terms of massless particles .


