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e We need COMPLEXITY.



What is complexity?

e In circuit theory: Min number of ops. needed to create a target state from a ref.

state.
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Properties of Gomplexity

Complexity displays linear
growth.
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Properties of Gomplexity

e Complexity displays linear
growth.

Classical behaviou

Another property:
e Switchback effect.
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Complexity in QETs

e How can complexity be determined in a QFT?
e Geometrization of space of states: (Nielsen, ‘05)
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Several proposals for complexity duals in AdS:

e C=Volume

B Vol(X)
C=max—~ 7

Other proposals:
e (C=Action
e C=Volume 2.0
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Complexity in the bulk dual: G-Any

Most general proposal satisfying the requirements is “Complexity Equals

Anything” (Belin,... ‘21)
e Find X extremizing:

T = / d’cvVhF(R, K, ...

e Evaluate:

cF:/dda\/EF(R, K,..)
>
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But before doing so, let us do a quick recap on
classical mechanics...



Review of classical mechanics

e System with Hamiltonian H.



Review of classical mechanics

e System with Hamiltonian H.

e Evolution of a function f IS given by the Poisson bracket:

f=A{fH}



Review of classical mechanics

e System with Hamiltonian H.

e Evolution of a function f IS given by the Poisson bracket:
f=A1H}

(X, Y )= Symplectic 2-form
e Define:

X p7 = Hamiltonian vector field

} SH = Q(Xy,-)



Review of classical mechanics

e System with Hamiltonian H.

e Evolution of a function f IS given by the Poisson bracket:

(X, Y)= Symplectic 2-form
(X, Y')=Symplectic 2-f } 5H:Q(XH,')

o Define: X j7 = Hamiltonian vector field

\Xf = Vector field associated tof

{faH}:Q(XfaXH)



State preparation in the GET

e \We can prepare a state using a Euclidean path
integral (Skendetris,..’08), (Botta-Cantcheff,...16)

Ap) = Te JrcoraOa )

e Here:
o Ay :source,

e Oa . associated CFT operator,
o ‘O> - HH vacuum.
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Geometrization of the space of sources

e States can be mapped onto a space of coordinates {)\Z} (Belin,... “18).
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Geometrization of the space of sources

e States can be mapped onto a space of coordinates {)\Z} (Belin,... “18).
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o Metric: Ggp
o Symplectic form: 2y qry
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We still miss a vector field
generating optimal curves in
space of sources!
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Relating bulk and hdry “Hamiltonians”

e Given a C-Any observable W, Peierls’ formalism gives Xy, s.t. (Peierls, ‘52)
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Relating bulk and hdry “Hamiltonians”

e Given a C-Any observable W, Peierls’ formalism gives Xy, s.t. (Peierls, ‘52)
Qpui(Xw, -) = oW

e This vector field can be pushed to the boundary: XW

e Equivalence between bulk and boundary:

oW = Qbulk(XI/Va ) — dery(XWv ) = 0oC
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Relating bulk and hdry “Hamiltonians”

o XW generates the evolution on the space of sources.

e In vacuum AdS, considering GR:

(Bulk) oV =9 (/ \/ETM“> (Bdry)
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Summary

e Disconnection between boundary and bulk definition of complexity.

e Exploit the equivalence of symplectic structures.

Qbulk(XW7 ) | > dery(va )

U ﬂ

M/ < > Cost function
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Future (actually current) directions

e |Is this method feasible?

o Apply this formalism to more complex proposals.

e Which is the cost function?

e Extract universal information for any observable.
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Thank you so much for your
attention!
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