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Physical Setup

Measurement

back action

Continuous Measurement

Pumping Energy

Result — non-unitary evolution for the system fields

One Possible description: Effective non-Hermitian Hamiltonian

More General: Open Quantum System, Lindblad Master Equation



Model Hamiltonian - 1D Quantum TFIM (complex field)
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Bipartite (von-Neumann) Entanglement Entropy
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Generally: Need to diagonalize p 4 (25 X 2f) matrix numerically

Integrable Systems: Special tools exist to find spectrum of p4




Area law to Logarithmic scaling transition
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Entanglement “phase diagram”
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Volume Law in "small” subsystem size—Low frequency,
Low measurement rate feature
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Dynamical signatures see [Phys. Rev. B 107, 15517 (2023)]
Continuous drive protocol: h(t) = hg 4+ hy cos(wpt)
wp = Drive frequency , T = 5—; Time period

h(t+T) = h(t)

Initial Ut = o
nifial state: ¥ (t = 0)) Application of Floguet theory

Time evolution operator U(T,0) = <exp / H(t dt )

|@(nT)) = U(nT,0)|¥(t = 0)) — |¥(nT)) =




Exact Evolution O perato [" see [SciPost Phys. Lect. Notes 82 (2024)]
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Jordan-Wigner Fourier Transformation
Transformation & Bogoliubov Rotation

Tl = upy + vecl,,  Bogoliubov

spinless Fermions “Quasiparticles”
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Note: All momentum

A - T ~F
U(T,0) = Huk(Tu 0) = H exp ( - ﬁHkT) modes are decoupled
k



Floquet Perturbation Theory (FPT)

FPT Regime
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Time-dependent perturbation theory in Interaction picture:
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Floquet Hamiltonian - 1st order (Emergent Conservation Law)
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At special frequencies wp = w},
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Floquet Hamiltonian - 2nd order (Approximate Emergent Conservation Law)
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Steady State Entanglement
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The bipartite (von-Neumann) entanglement entropy of a
sub-system of size £ with an infinite chain then given by
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Using Cauchy’s Residue Theorem
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Generator structure
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Entanglement “phase diagram”

Analytical vs Numerical Phase Boundary
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Open questions and future directions
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= |ate time entanglement properties
depend crucially on the structure of 2
point correlation function

= Entanglement scaling transition from
logarithmic to area law (intermediate
frequency regime - Application of
Szegd-Widom Strong Limit theorem)

= Finite subsystem size effect -
appearance of volume law in the small
frequency regime low measurement rate
limit.



Thank you for your attention!!



Physical Setup

environment
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Masahito Ueda Phys. Rev. A 41, 3875 (1990)



Dynamical signatures see [Phys. Rev. B 107, 15517 (2023)]

As this is a 2-level system in each momentum mode

(7,0 = exp [~ =TI (1] + exp [~ e T][2)2)
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All measurements are done at these stroboscopic times t = nT
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An example 2 qubit system
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Main Result-2: Entanglement “phase diagram”

Analytical vs Numerical Phase Boundary

S=alnt+p
0.9 0.6
0.6 K
Y 0.3
0.3
0.015 0.018

Cosine wave protocol Square wave protocol



Smooth Generator and absence of volume law
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Szegd-Widom Strong Limit Theorem - Steady State

Ssteady (Z)

12

SWQ ]{ el / dk%ln [det (A(k))] + O (In(e))

_ L e(L,A) | e(l, )
= Cd)\ [)\_1 + A1 + O(In(¥)) + const.

Logarithmic Scaling
Volume Law Scaling
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Singular generator
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Analytical estimate of coefficient of In/
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Fisher-Hartwig Conjecture
The conjecture states that the generator/symbol of a Toeplitz
matrix having m jump and m root singularities can be cast in the
following form

m B; 4
S Gl (;> 9,5, (2), 2 = %0 < 0 < 2m
j=0 J

With the singularities located at {z; = €%, j=10,1,2,...,m} and
0<6y<b <by<..<b, <2m. Herethe|z— zj|2°‘j specifies
the root type singularities and

o [ et 0< 0 <0,
92,8, = 98;(2) = { e”™hi ;<0 <2r

Bj € C, 0 =arg(z) , Re(erj) > —1/2 (ensures integrability) and
eV is a sufficiently smooth function on S*. For a non-singular
scalar symbol j = 0,20 =1,60 =0

920,80 () = e~ o 0<6<2r



Application of Fisher-Hartwig Conjecture
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Casting symbol in Fisher-Hartwig form
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Main Result-2: Entanglement “phase diagram”

Analytical vs Numerical Phase Boundary
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