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Overview

Entanglement phase transitions in monitored quantum systems Engineering quantum matter from scratch

Can entanglement survive projective measurements? How to construct systems with long-range entangled ground states?

• Entanglement Transition in the Projective Transverse Field Ising Model
NL and Hans Peter Büchler
Phys. Rev. B 102, 094204 (2020) [Editor‘s suggestion]

• Decoding the Projective Transverse Field Ising Model
Felix Roser, Hans Peter Büchler, and NL
Phys. Rev. B 107, 214201 (2023)

• Robust detection of entanglement transitions in the projective transverse-field Ising model
Felix Roser, Etienne Springer, Hans Peter Büchler, and NL
Phys. Rev. Lett. 136, 140403 (2026)

• Scaling of Entanglement Measures in Loop Models with Extended Criticality
Felix Roser, Hans Peter Büchler, and NL
In preparation (2026)

• Functional completeness of planar Rydberg blockade structures
Simon Stastny, Hans Peter Büchler, and NL
Phys. Rev. B 108, 085138 (2023)

• Topological order in symmetric blockade structures
Tobias F. Maier, Hans Peter Büchler, and NL
PRX Quantum 6, 030340 (2025) [Featured in Physics]

• Quantum doubles in symmetric blockade structures
Hans Peter Büchler, Tobias F. Maier, Simon Fell, and NL
Submitted to Phys. Rev. B (2026)

• Spectral gap of blockade Hamiltonians with Z2 topological order
Simon Fell, Tobias F. Maier, Hans Peter Büchler, and NL
In preparation (2026)
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Part I
Entanglement Phase Transitions in Monitored Quantum Systems

Can entanglement survive projective measurements?
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Entanglement transition
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Measurement-driven entanglement transition in hybrid quantum circuits
Yaodong Li, Xiao Chen, and M. P. A. Fisher, Phys. Rev. B 100, 134306 (2019)

Ensembles of quantum circuits with
• random unitaries
• random measurements

Ensemble average of
Entanglement entropy

Motivation: Hybrid Quantum Circuits
Entanglement survives

projective measurements
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Entanglement Transition in the Projective Transverse Field Ising Model
NL and Hans Peter Büchler, Phys. Rev. B 102, 094204 (2020)

Projective
Transverse-field Ising Model

(PTIM)

Measurement-only
entanglement transition?

Two non-commutingmeasurements:

The Projective Transverse-Field Ising Model

Product initial state

Ensemble of final states (?)

Measurement outcome

Probability :

Probability :
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Describe critical point
by conformal field theory

(Bond percolation)
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Entanglement Transition in the Projective Transverse Field Ising Model
NL and Hans Peter Büchler, Phys. Rev. B 102, 094204 (2020)

Entanglement transition at between two area laws

Critical point

Perfect agreement between theory and numerics!

Entanglement Phase Transition

Local Bell statesExtended Bell state

Entangling phase Disentangling phase
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Decoding the Projective Transverse Field Ising Model
Felix Roser, Hans Peter Büchler, and NL, Phys. Rev. B 107, 214201 (2023)

Entanglement Transition in the Projective Transverse Field Ising Model
NL and Hans Peter Büchler, Phys. Rev. B 102, 094204 (2020)

Store qubit
in initial state

Entangling phase
→ Qubit survives

Retrieve qubit
from final state Disentangling phase

→ Qubit decoheres

Use
Quantum Error Correction Algorithms
to extract information from final state

The PTIM and Quantum Error Correction
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Robust detection of entanglement transitions in the projective transverse-field Ising model
Felix Roser, Etienne Springer, Hans Peter Büchler, and NL, Phys. Rev. Lett. 136, 140403 (2026)

Measurable & Robust
Upper and Lower bounds

Postselection problem
• Randomness ofmeasurement outcomes
• Non-linearity of entanglement entropy

Measurement protocol & Classical post-processing
( Shadow tomography + Klein inequality + Error correction algorithms )

Detecting the PTIM Transition

(Partial) Solution:

Upper and Lower bounds

Error rate of
measurement record
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Scaling of Entanglement Measures in Loop Models with Extended Criticality
Felix Roser, Hans Peter Büchler, and NL, In preparation (2026)

Extended critical phase

Only

Add unitaries
( Cliffords & Matchgates )

The PTIM and Extended Criticality

Generalize PTIM:

Majorana representation
→ Loop models

Only

Only

Extensive
(but slowly growing)

entanglement


