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* Motivation & backeround: covariant constructions
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Motivation

« AdS/CFI correspondence:
» (an provide Iinvaluable insight into strongly coupled QFT & QG
»

« Natural expectation:
»
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Ex.l: Covariant Holographic EE

|-defined

he prescription for holographic EE 1s not we

outside the context of static « -:_;'1I7j‘-1l\1r‘.1'.sm‘|n:

In time-dependent situations, R prescription must be covariantizeaq:
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Ex.2: Causal Wedge
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Power of covariant constructs

A
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Power of covariant constructs

A

D[A|] ~ Causal Wedge: # 4
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Power of covariant constructs

A

D[A| ~ Causal Wedge: # 4
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Power of covariant constructs

D[A] ~ Causal Wedge: 4 4 ¢ ~ Entanglement Wedge: Wg [ Al

A) ¢
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Power of covariant constructs

FA

D[A| ~ Causal Wedge: 4 4 ¢ ~ Entanglement Wedge: Wg|[A]

| .
1 ¢
4
‘| "_‘_“ .‘l \\ l
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Causal wedge vs. Entanglement wedge

D|A| ~ Causal Wedge: ¢ 4

y 1
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Causal wedge vs. Entanglement wedge

D[A] ~ Causal Wedge: ¢ 4 ¢ ~ Entanglement Wedge: Wg | A
s
| 7\ o
A
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Power of covariant constructs

D[A] ~ Causal Wedge: 44 ¢ ~ Entanglement Wedge: Wg [ Al

C s O

~ (ausal shadow
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Power of covariant constructs

D[A] ~ Causal Wedge: 44 ¢ ~ Entanglement Wedge: Wg [ Al
~> (Causal Shadow ¢
¢4 C WA
¢ Lj A )
A
= A """_’,\\
A3, {
€4 =€y
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Hole-ography

* (Characterize ‘collective ignorance of a family of observers:

Pirsa: 15080062 Page 16/50



Hole-ography

* (Characterize ‘collective ignorance of a family of observers:
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Hole-ography

* (Characterize ‘collective ignorance of a family of observers:
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Hole-ography

* (Characterize ‘collective ignorance of a family of observe
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Hole-ography

* Characterize ‘collective gnorance of a tTamily Of observers.

conflate the two notions: but In seneral they are
distinct, the construction 1s not reversible. ..

 |Initially called this “‘residual entropy’ (=E),

{

t1a

,.-\‘w'(\,j\

A,

later renamed to "‘differer

present a I« }"'W‘HJ‘ y for l I

)

5 Z S(I) S(Ix A Tesr) } l = rf,.‘ dS(cv) .\1-(‘.‘|‘:{ :
- 2 Jo da T EIN
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Hole-ography: limrtations

-~

However: the construction has severe lImitations:

(=]
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Hole-ography: limrtations

e However the construction has severe lImitations:
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Hole-ography: limrtations

e However the construction has severe limitations:
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Hole-ography: limitations

~

However the construction has severe lImitations:
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Hole-ography: limitations

e However the construction has severe lIimitations:
e Q:‘L - |
o
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Hole-ography: limitations

~

However: the construction has severe lImitations:
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Hole-ography: limrtations

-~

However: the construction has severe lImitations:
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Hole-ography: limitations

e However the construction has severe lIimitations:

Pirsa: 15080062 Page 30/50



Hole-ography: limrtations

e However the construction has severe lImitations:

f}
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Hole-ography: limrtations

e However the construction has severe lImitations:

}J
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Hole-ography: limitations

e However the construction has severe lImitations:

}J
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Hole-ography: limrtations

~

However: the construction has severe lImitations:

2
1"{:_:':_:—:-—;-‘_-‘-:‘ --------------- 1
1 Gt :\_\‘\-aﬂ“‘f/
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Hole-ography: limitations

e However the construction has severe limitations:
R C / T
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Hole-ography: limrtations
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Null generators can cross
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Hole-ography: limrtations
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Differential vs. Residual Entropy

Recall: the construction has severe |imitations:
° \
R C { c T)

. : : ' dS(a
Upshot: differential entropy given by  E~ /rf; JE}  lae)
does NOT capture residual entropy. |

.15 1 a more robust notion of “f\n|(1tuii entropy,

applicable for any asymp.AdS geometry in any dimension,

& for any region 5|)(‘(\1l([! lon?
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Differential vs. Residual Entropy

e Recall:the construction has severe |imitations:
» \
: C t c T)

‘ . : ' dS(a
» Upshot: differential entropy given by  E~ /rf; JE}  late)
does NOT capture residual entropy. |

° /. Ist a more robust notion of "vwdtm\ entropy,

applicable for any asymp.AdS geometry in any dimension,
& for any region spn_\c m ation!
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Covariant Residual Entropy

* [wo covariant proposals (for bulk vs. bdy starting point)

bulk C defining bulk hole ~ Rim Wedge:

We = [[+[C] U I[CH(- \hole .

We = JT[E7]NJ7[2F)]
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Covariant Residual Entropy

* [wo covariant proposals (for bulk vs. bdy starting point)

bulk C defining bulk hole ~ Rim Wedge:
We = [[+[C] U I[CH(' \hole o 7
lary $F defining the time strip ~ Strip Wedge:

We = JT[E7]NJ7[2F)]
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Covariant Residual Entropy

* [wo covariant proposals (for bulk vs. bdy starting point)

bulk C defining bulk hole ~ Rim Wedge:

We = [[+[C] U ][C”r \hole o 4

lary $F defining the time strip ~ Strip Wedge: \

Wy =JT[E7|NJ[E7] N )
T~ causallv-connected (bof KD
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Covariant Residual Entropy

* [hese coincide only If the generators don't cross

* (Generally neither procedure is reversible f. (b) &

(a)

——

' A \ i+ VIV P
e However: It Is always true
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Covariant Residual Entropy - a puzzle:

expectations for residual entropy (RE):

e Natura

o

o BUT: irreversibility has important implications:

* Hence collect isnorance Mol bal than composite of
dividual obsel ]
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Covariant Residual Entropy - a puzzle:

» Natural expectations for residual entropy (R

-

* Hence collect isnorance more global than composite of
dividual obsetr (
* Apparently, local boundary obse rs can't recover bulk Rl
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Covariant Residual Entropy - a puzzle:

expectations for residual entropy (R

]

Natura

-

):

 BUT: irreversibility has important implication

ective isnorance more global than composite of

¢ /‘\p_:'mn‘nt \-c‘w: =;| \J(:ntllw(\l-‘:r‘. opservers L-l"I[ Fecover l)k.|i‘ R| :

Pirsa: 15080062 Page 47/50



Summary

Lesson |: important to distinguish different regimes of va

-
f an
-
I
| |
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Summary

)

sulding principle

Lesson 2: general covariance I1s a powerfu

for constructing physically interesting quantities.

* We have seen several distinct causal sets:
e ¥4, Strip wedge W
WE|€ 4|, Rim wedge We
* Typically, their boundaries (generated by null geodesics)

admit crossover seams, ,".‘}li( N Nas mportant iImplications.
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