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Abstract: We study Generalized Free Fields (GFF) from the point of view of information measures. We begin by reviewing conforma GFF, their
hol ographic representation, and the multiple possible assignations of algebras to a single spacetime region that arise in these theories. We will focus
on manifestations of these features present in the Mutual Information (M1) of holographic GFF. First, we show that the M| can be expected to be
finite even if the AdS dual spaceis of infinite volume. Then, we present the long-distance limit of the MI for regions with arbitrary boundariesin the
light cone for the causal and entanglement wedge algebras. The pinching limit of these surfaces shows the GFF behaves as an interacting model
from the MI point of view. The entanglement wedge algebra choice allows these models to “"fake" causality, giving results consistent with their role
in the description of large N models. Finally, we explore the short distance limit of the MI. Interestingly, we find that the GFF has a leading volume
term rather than an area term and a logarithmic term in any dimension rather than only for even dimensions as in ordinary CFTs. We also find the
dependence of some subleading terms on the conformal dimension of the GFF.
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[*] Greenberg ‘61 ; Dutsch & Rehren ‘02. || [**] Haag & Schroer ‘62.

GFFs & Algebras

We define GFFs by Kallén Lehmann + Wick Theorem [*]

n‘x“

©O@WOW) = [ ds pls) Wala = y.5)

0 .
eg. p(s) = s2~42 for conformal GFF of weight A .

GFFs meet Wightman's axioms but not the time slice
axiom [**], i.e. the algebra of a finite time strip does not

generate the full operator algebra of the theory.

Enlarging the strip adds new operators to the algebra.
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[*] See e.g. Yngvason, ‘94.

GFFs & Algebras: QFT point of view

Ordinary relativistic QFTs assign unique algebras to
topologically trivial causally complete regions e.g. U.
These trivially meets Haag Duality: A(U) = A'(U)

GFFs have more than one algebra, except for spheres.
Min & Max algebras can be seen to be different [*].

Conformal GFFs have a holographic
description that put these algebra
choices in a more familiar set-up.
We define Mutual Information for
these theories. L
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[*] e.g. Liu & Leutheusser ‘22; Faulkner & Li ‘22, Nebabu & Qi ‘23, many others.

GFFs & Algebras: Holographic point of view

We map the problem to
free QFTs in (a)AdS.

The choice of boundary
GFF algebra maps to the
choice of bulk region:

e Causal Wedge

e Entanglement Wedge
e etc.

Many recent papers use a
similar set-up [*].
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[*] This definition extends to other wedges. || [**] FLM ‘13. I(A,B)=S(A)+ S(B)—-S(AUB)

Finiteness of Mi

The Holographic GFF Mutual Information (Ml) [*]

[(?1"1’:[;111'(14_- B) — ];(A[;’U': BEH')

Long Distance [**]: Short Distance:

Ierrew(A, B) = Icrr(A, B) Ierrew (A, B) # Icrr(A, B)
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[*] See Casini & Huerta ‘05. 1y(x,., A, B) flat space Ml of scalar of mass ~,, . Sum converges.

Finiteness of Mi

Does the infinite AdS Volume lead to non-finite MI?
Near the boundary, area grows but correlators decay.

A Poincaré-patch motivated algebra tests convergence
and yields a convergent KK like decomposition, i.e. []

[L(AXT,Bx1I)=Y Ik, A B)

Convergence ends at
U.Bound A — (d — 2)/2 A
as expected.
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[*] See Casini & Huerta ‘05. 1y(x,., A, B) flat space Ml of scalar of mass ~,, . Sum converges.

Finiteness of Mi

Does the infinite AdS Volume lead to non-finite MI?
Near the boundary, area grows but correlators decay.

A Poincaré-patch motivated algebra tests convergence
and yields a convergent KK like decomposition, i.e. []

[L(Ax 1, Bx1I)=Y Ik, A B)

We will always work with
finite M. A
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[*] CW, EW and Max Alg all coincide for spheres.

Short Distance MI: Volume Law

We compute a short distance MI expansion between two
nearby spheres [*] for a conformal GFF via holography.

Ierr.Ew (A, B) = [.(Agw, BEw)

e« R
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[*] EI-Showk & K. Papadodimas ‘12. [**] ]"'u’ leading Ml coeff. for planar boundaries and massless scalars.

Short Distance MI: Volume Law

The short distance M| expansion for a conformal GFF is [*][**]

n¥2 Ré-1 (A — Q)Wd_l B
y ;
Icrr =B -+ 2 +- - - |- JE

JR,” ([\'Q)b (”)Q)r'

/(I)J—l—.l (a+-b+¢)

S look like | dA

. 1)
€39y depend on A and K}

For reference, the ordinary CFT Ml is,

orT R1-2 Rd_4+ +{ (—)"2A log(R/e) d even.

[ (L1) -2 -1 — "

I'=Ha 5 e (=) F d odd.
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[*] Casini, Testé & Torroba ‘21 || [**] Wall ‘11 & refs within. || [***] O-measure region removal.

Long Distance MI: Algebra-Region

Pinching [*]: We deform the sphere A — v(12) B
and take the the causal development of blue region.

e Interacting [**]:

= () No Free Sectors
_ !i.l_n“ ISl B) « < I(4 B} Other
i = I(A,B) Free QFT

—_— - — =
—_——

e Causal [***]:

, = J(A B} Cansal
lim I((Q), B) il 1(©)
(>a—0 I(A, B) Non Causal
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[*] Cardy “13; Agén & Faulkner “16; Casini, Testé & Torroba ‘21, among others.

Long Distance MI: Algebra-Region

The holographic computation for
conformally coupled fields in AdS
[*] localizes on the past null cone
and depends on algebra chojce:

2A
e A
. (C0) |
________ i .B
1
27 3 A

Pirsa: 23070010 Page 13/17



Pirsa: 23070010

Long Distance MI: Algebra-Region

Causal Wedge Results
Icrr.cw (A, B) = I,(Acw, Bew)

e [nteracting: YES

lim I(v(R?),B) ~ (£> ‘
a>(—( : CY

e Causal:NO

lim (e D =

(oo
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Long Distance MI: Algebra-Region

Entanglement Wedge Results

Igrr.ew(A, B) = I,(Agw, BEw)
= Icrr(A, b’)

e [nteracting: YES

lim I(v(), B) ~ (i) i

a>(—(

e (Causal: YES

i o 8o h = A5

¢>a—0
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Conclusions

e GFFsare QFTs that admit more than one possible algebra
for topologically trivial causally complete regions.

e Holographic GFFs map the possible GFFs algebras to bulk
free field algebras in asymptoltically AdS spacetimes.

e We defined holographic GFFs Mutual Information:

o Short Distance: Volume Law
m No connectionto large N theory limit.
m CFT origin of Volume Law?

o Long Distance: Algebra-Region
m Explicit dependence on algebra choice.
m GFFsareinteracting and non causal,
but EW Ml is blind to non causality.
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Thahks!
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