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Measurements allow e�cient preparation of interesting quantum many-body states with long-
range entanglement, conditioned on additional transformations based on measurement outcomes.
Here, we demonstrate that the so-called conformal quantum critical points (CQCP) can be ob-
tained by performing general single-site measurements in an appropriate basis on the cluster states
in d � 2. The equal-time correlators of the said states are described by correlation functions of
certain d-dimensional classical model at finite temperatures, and feature spatial conformal invari-
ance. This establishes an exact correspondence between the measurement-prepared critical states
and conformal field theories of a range of critical spin models, including familiar Ising models and
gauge theories. Furthermore, by mapping the long-range entanglement structure of measured quan-
tum states into the correlations of the corresponding thermal spin model, we rigorously establish
the stability condition of the long-range entanglement in the measurement-prepared quantum states
deviating from the ideal setting. Most importantly, we describe protocols to decode the resulting
quantum phases and transitions without post-selection, thus transferring the exponential measure-
ment complexity to a polynomial classical computation. Therefore, our findings suggest a novel
mechanism in which a quantum critical wavefunction emerges, providing new practical ways to
study quantum phases and conformal quantum critical points.

I. INTRODUCTION

Recently, the perplexing and exciting e↵ects of mea-
surements on the evolution of quantum many-body states
are attracting growing interest from both the condensed
matter and quantum information communities. There
are two branches of studies. In the first branch, one
focuses on how quantum entanglement propagates and
builds up under random measurements and unitary dy-
namics. Initiated by the discovery of the transition in the
entanglement structure under random measurements and
circuit evolution [1–3], there has been extensive work in
this direction [4–17]. In the second branch, one focuses on
systematic measurements in a static situation, preparing
quantum states by performing measurements on a sub-
system of a so-called resource state, which is related to
the measurement-based quantum computation (MBQC).
Remarkably, various families of quantum states with
long range entanglement, such as Greenberger-Horne-
Zeilinger (GHZ) state or those with certain topological
and fracton orders among others [18–28] can be prepared
through measurements on cluster states.

Practically, many of the measurement-based state
preparation require a precise control of the measured op-
erators. In addition, classical data processing and quan-
tum feedback based on the measurement outcomes are
necessary to transform the resulting quantum state into
the desired one. For instance, to generate the GHZ and
toric code states from the cluster states in 1d and 2d,
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FIG. 1. Measurement-based quantum state preparation with
the measurement angle ✓ away from the X-basis. The clus-
ter entangler is a product of controlled-Z gates between all
neighboring qubits in a given geometry. Here, we measure the
operator O✓ = X cos ✓+Z sin ✓ on a subset of sites, whose out-
come is denoted by si. Our state preparation is equivalent to
the imaginary time evolution of a specific product state in
X-basis by some Hamiltonian Ĥ for � = tanh�1(cos ✓). With
this mapping, at ✓ = 0 (� ! 1), it is straightforward that
we will prepare the ground state of Ĥ. At intermediate �
(✓ > 0), we may find an interesting critical point.

single-spin measurements of the Pauli X operators on the
sites are needed in the paradigmatic example [18–21], fol-
lowed by a series of spin-flips based on the measurement
outcomes. However, to adopt the measurement scheme
to prepare these quantum states in experiments, it is im-
portant to understand whether measurements deviating
from the X-axis can still produce a quantum state with
the same entanglement properties, since noise in control-
ling the measurement angle could be present in experi-
ments. Thereby motivated, in this work, we explore the
e↵ects of general single-site measurements on the cluster
states, namely measurements of single spins along an ar-
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<latexit sha1_base64="RP2rlLZUKVUmC/+1rPj/fr+2pSI=">AAACDHicbVDLSsNAFJ34rPVVdelmsAhuLEkRdVl040aoYB/QhjKZ3LRDJ5MwMxFC6Ae48VfcuFDErR/gzr9x0mahrQcGDuece4d7vJgzpW3721paXlldWy9tlDe3tnd2K3v7bRUlkkKLRjySXY8o4ExASzPNoRtLIKHHoeONr3O/8wBSsUjc6zQGNyRDwQJGiTbSoFLtewG+BaISCSEIfUq4Bgk+ppJpk+JMpyZl1+wp8CJxClJFBZqDylffj2iS76OcKNVz7Fi7GZFmI4dJuZ8oiAkdkyH0DBUkBOVm02Mm+NgoPg4iaZ7QeKr+nshIqFQaeiYZEj1S814u/uf1Eh1cuhkTcaJB0NlHQcKxjnDeDPaZBKp5agiZXY/piEhCTSGqbEpw5k9eJO16zTmvnd3Vq42roo4SOkRH6AQ56AI10A1qohai6BE9o1f0Zj1ZL9a79TGLLlnFzAH6A+vzBxVYm6k=</latexit>

Measurement-altered criticality

Measurements in a gapless  
parent state of the 1D cluster state  



Outline:

<latexit sha1_base64="O5ObEq1GiI0KJi/b1Tv5qBqC0pU=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbRD0GvXiMYB6QhNA76SRDZh/M9Aoh5Cu8+CtePCjiVbz5N84mOWhiwUBR1d3TXX6spCHX/XYyK6tr6xvZzdzW9s7uXn7/oGaiRAusikhFuuGDQSVDrJIkhY1YIwS+wro/vEn9+gNqI6PwnkYxtgPoh7InBZCVOvmzOsKQBwgm0RhgSIZHIacB8j7ECo3hMWgrc0NA2MkX3KI7BV8m3pwU2ByVTv6r1Y1Ekg4WCoxpem5M7TFokkLhJNdKDMYghtDHpqUhBGja4+lZE35ilS7vRdo+u8FU/d0xhsCYUeDbygBoYBa9VPzPaybUu2qPZRgnhKGYfdRLFKeIpxnxrtQoSI0sAaGl3ZWLAWgQZJPM2RC8xZOXSa1U9C6K53elQvl6HkeWHbFjdso8dsnK7JZVWJUJ9sie2St7c56cF+fd+ZiVZpx5zyH7A+fzB24Nn40=</latexit>

Weak measurements on the gapless parent state

<latexit sha1_base64="TPyuSTQXp6kRiUxsnMf7zQhFycM=">AAACD3icbVA9SwNBEN3zM8avqKXNYlCswp2IWgYVtIxgYiAJYW4zZxb3PtidE8KRf2DjX7GxUMTW1s5/4ya5QqMPFh7vzczOPD9R0pDrfjkzs3PzC4uFpeLyyuraemljs2HiVAusi1jFuumDQSUjrJMkhc1EI4S+whv/7mzk39yjNjKOrmmQYCeE20gGUgBZqVvau4BEoTE8AY0R8Tjg1EfunXOhUkOouSEg7JbKbsUdg/8lXk7KLEetW/ps92KRhnamUGBMy3MT6mSgSQqFw2I7NZiAuINbbFkaQYimk43vGfJdq/R4EGv77E5j9WdHBqExg9C3lSFQ30x7I/E/r5VScNLJZJSkhJGYfBSkilPMR+HwntQoSA0sAaGl3ZWLPmgQNghTtCF40yf/JY2DindUObw6KFdP8zgKbJvtsH3msWNWZZesxupMsAf2xF7Yq/PoPDtvzvukdMbJe7bYLzgf3+hjm/U=</latexit>

Gapless parent of the 1D cluster state

<latexit sha1_base64="8hzRrILVChEC8c/zgihi2sjV9RM=">AAACEXicbVC7SkNBEN3r2/iKWtosBiFVuFdELYM2llFMIsQQ5m4myeLe3cvu3EgI/oKNv2JjoYitnZ1/4+ZR+DowcDhnhpk5caqkozD8DGZm5+YXFpeWcyura+sb+c2tmjOZFVgVRhl7FYNDJTVWSZLCq9QiJLHCenxzOvLrfbROGn1JgxSbCXS17EgB5KVWvniBfYm3HGKTEacecgHaaO8rLlTmCC13BIStfCEshWPwvySakgKbotLKf1y3jcgS1CQUONeIwpSaQ7AkhcK73HXmMAVxA11seKohQdccjj+643teafOOsb408bH6fWIIiXODJPadCVDP/fZG4n9eI6POcXModZoRajFZ1MkUJ8NH8fC2tChIDTwBYaW/lYseWBA+CJfzIUS/X/5Lavul6LB0cL5fKJ9M41hiO2yXFVnEjliZnbEKqzLB7tkje2YvwUPwFLwGb5PWmWA6s81+IHj/AosNnXs=</latexit>

Review about the canonical cluster state

<latexit sha1_base64="STIxaznMRBbbZuUi6t9JP6txMPA="></latexit>

Conclusions and outlook



Outline:

<latexit sha1_base64="O5ObEq1GiI0KJi/b1Tv5qBqC0pU=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbRD0GvXiMYB6QhNA76SRDZh/M9Aoh5Cu8+CtePCjiVbz5N84mOWhiwUBR1d3TXX6spCHX/XYyK6tr6xvZzdzW9s7uXn7/oGaiRAusikhFuuGDQSVDrJIkhY1YIwS+wro/vEn9+gNqI6PwnkYxtgPoh7InBZCVOvmzOsKQBwgm0RhgSIZHIacB8j7ECo3hMWgrc0NA2MkX3KI7BV8m3pwU2ByVTv6r1Y1Ekg4WCoxpem5M7TFokkLhJNdKDMYghtDHpqUhBGja4+lZE35ilS7vRdo+u8FU/d0xhsCYUeDbygBoYBa9VPzPaybUu2qPZRgnhKGYfdRLFKeIpxnxrtQoSI0sAaGl3ZWLAWgQZJPM2RC8xZOXSa1U9C6K53elQvl6HkeWHbFjdso8dsnK7JZVWJUJ9sie2St7c56cF+fd+ZiVZpx5zyH7A+fzB24Nn40=</latexit>

Weak measurements on the gapless parent state

<latexit sha1_base64="TPyuSTQXp6kRiUxsnMf7zQhFycM=">AAACD3icbVA9SwNBEN3zM8avqKXNYlCswp2IWgYVtIxgYiAJYW4zZxb3PtidE8KRf2DjX7GxUMTW1s5/4ya5QqMPFh7vzczOPD9R0pDrfjkzs3PzC4uFpeLyyuraemljs2HiVAusi1jFuumDQSUjrJMkhc1EI4S+whv/7mzk39yjNjKOrmmQYCeE20gGUgBZqVvau4BEoTE8AY0R8Tjg1EfunXOhUkOouSEg7JbKbsUdg/8lXk7KLEetW/ps92KRhnamUGBMy3MT6mSgSQqFw2I7NZiAuINbbFkaQYimk43vGfJdq/R4EGv77E5j9WdHBqExg9C3lSFQ30x7I/E/r5VScNLJZJSkhJGYfBSkilPMR+HwntQoSA0sAaGl3ZWLPmgQNghTtCF40yf/JY2DindUObw6KFdP8zgKbJvtsH3msWNWZZesxupMsAf2xF7Yq/PoPDtvzvukdMbJe7bYLzgf3+hjm/U=</latexit>

Gapless parent of the 1D cluster state

<latexit sha1_base64="8hzRrILVChEC8c/zgihi2sjV9RM=">AAACEXicbVC7SkNBEN3r2/iKWtosBiFVuFdELYM2llFMIsQQ5m4myeLe3cvu3EgI/oKNv2JjoYitnZ1/4+ZR+DowcDhnhpk5caqkozD8DGZm5+YXFpeWcyura+sb+c2tmjOZFVgVRhl7FYNDJTVWSZLCq9QiJLHCenxzOvLrfbROGn1JgxSbCXS17EgB5KVWvniBfYm3HGKTEacecgHaaO8rLlTmCC13BIStfCEshWPwvySakgKbotLKf1y3jcgS1CQUONeIwpSaQ7AkhcK73HXmMAVxA11seKohQdccjj+643teafOOsb408bH6fWIIiXODJPadCVDP/fZG4n9eI6POcXModZoRajFZ1MkUJ8NH8fC2tChIDTwBYaW/lYseWBA+CJfzIUS/X/5Lavul6LB0cL5fKJ9M41hiO2yXFVnEjliZnbEKqzLB7tkje2YvwUPwFLwGb5PWmWA6s81+IHj/AosNnXs=</latexit>

Review about the canonical cluster state

<latexit sha1_base64="STIxaznMRBbbZuUi6t9JP6txMPA="></latexit>

Conclusions and outlook



Canonical cluster state: a review

<latexit sha1_base64="idYmg5ztZxRgj2Ch5aDEvIF1StY="></latexit>

G1 =
NY

j=1

Xj,1

<latexit sha1_base64="eTaSYlERjTf8UzvWzoNAe18SRT0="></latexit>

G2 =
NY

j=1

Xj,2

<latexit sha1_base64="FgpCqstXdOqu8CUiUOgOweSaBw8="></latexit>

Hcluster = �
N�1X

j=1

(Zj,1Xj,2Zj+1,1 + Zj,2Xj+1,1Zj+1,2)

<latexit sha1_base64="nDHt8rBcpJZcLEdq4JPLJ+GJOEs="></latexit>

Symmetry Protected Topological (SPT) phase:

X

Z Z

Z Z

X

(a)

(b)

<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

R. Raussendorf and H. J. Briegel, Phys. Rev. Lett. 86, 5188 (2001).



Canonical cluster state: a review

<latexit sha1_base64="idYmg5ztZxRgj2Ch5aDEvIF1StY="></latexit>

G1 =
NY

j=1

Xj,1

<latexit sha1_base64="eTaSYlERjTf8UzvWzoNAe18SRT0="></latexit>

G2 =
NY

j=1

Xj,2

<latexit sha1_base64="FgpCqstXdOqu8CUiUOgOweSaBw8="></latexit>

Hcluster = �
N�1X

j=1

(Zj,1Xj,2Zj+1,1 + Zj,2Xj+1,1Zj+1,2)

<latexit sha1_base64="nDHt8rBcpJZcLEdq4JPLJ+GJOEs="></latexit>

Symmetry Protected Topological (SPT) phase:

<latexit sha1_base64="k77kUMz31ZQMof9neBJfxHe36XM="></latexit>

Zj,1Xj,2Zj+1,1
<latexit sha1_base64="q+Vk7DqiE92WaHMdSBnEZ98VouA="></latexit>

Zj+1,1Xj+1,2Zj+2,1
<latexit sha1_base64="Hn0Bm2rcWTyNpH/q4t7vPV9Qb28="></latexit>

Zj+2,1Xj+2,2Zj+3,1
<latexit sha1_base64="CapMFU8u+qur4PnimdAdFhdFOn8=">AAAB/XicdVDLSgNBEJz17fqKevQyGAQPEnY1aDyIQS8eI5hESIL0TjpxzO7OMNMrSBB/watexZt49RP8BPHql7hJDKhonYqqLrq7Ah1KS5737oyMjo1PTE5NuzOzc/MLmcWlilWJEVgWKlTmNACLoYyxTJJCPNUGIQpCrAadw55fvURjpYpP6EpjI4J2LFtSAKVSpd5sKrJnmayX83YL3tYuH5D85pB43M95fWT3X909/fDmls4yH/WmEkmEMYkQrK1BXoNGs+H7mhrdQKnOtVtPLGoQHWhjLaUxRGgb3f7J13wtsUCKpxkuQ94X8XuiC5G1V1GQTkZA5/a31xP/8moJtQqNrox1QhiL3iKSIfYXWWFk2gXypjRIBL3zkcuYCzBAhEZyECIVk7QcNy1l+Dn/n1Q2c/52Ln/sZYsHbIAptsJW2Trz2Q4rsiNWYmUm2AW7ZXfs3rlxHp0n53kwOuJ8ZZbZDzgvn5n4mQM=</latexit>. . .

X

Z Z

Z Z

X

(a)

(b)

<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

<latexit sha1_base64="SrpudhM+MFczFGY1MVay8OjwpHY="></latexit>

1 =

<latexit sha1_base64="0ajUgPqjNxX+TwrezGNpOi4UMvk="></latexit>

Zk�1,1Xk�1,2Zk,1

R. Raussendorf and H. J. Briegel, Phys. Rev. Lett. 86, 5188 (2001).



Canonical cluster state: a review

<latexit sha1_base64="idYmg5ztZxRgj2Ch5aDEvIF1StY="></latexit>

G1 =
NY

j=1

Xj,1

<latexit sha1_base64="eTaSYlERjTf8UzvWzoNAe18SRT0="></latexit>

G2 =
NY

j=1

Xj,2

<latexit sha1_base64="FgpCqstXdOqu8CUiUOgOweSaBw8="></latexit>

Hcluster = �
N�1X

j=1

(Zj,1Xj,2Zj+1,1 + Zj,2Xj+1,1Zj+1,2)

<latexit sha1_base64="nDHt8rBcpJZcLEdq4JPLJ+GJOEs="></latexit>

Symmetry Protected Topological (SPT) phase:

<latexit sha1_base64="D/w9HbNTJ91RA58HWmgrgZw+d6Q="></latexit>

Sj,k ⌘

Zj Zk

Xj Xj+1 · · · Xk�1

�
= 1

<latexit sha1_base64="r55jlyI52VX3VckJSUz4mZgz+MI=">AAACEHicdVC7SgNBFJ2N7/iKWljYDAbBQsJuDBqtRBtLRROFJITZyU0csjszzNwVwpKf8BdstbcTW//A1i9xNkZQ0VMdzrmHe+8JdSQs+v6bl5uYnJqemZ3Lzy8sLi0XVlbrViWGQ42rSJnrkFmIhIQaCozgWhtgcRjBVdg/yfyrWzBWKHmJAw2tmPWk6ArO0EntwvoFGiF7VJkOGKqZYTEgmMN2oeiX/IOqv3tAP0ml/EV8Gp T8EYpkjLN24b3ZUTyJQSKPmLUNVtFMg9kJAo2tNFSqP8w3Ewua8T7rQcNR6ZbZVjr6Yki3EstQUZehIqIjEb4nUhZbO4hDNxkzvLG/vUz8y2sk2K22UiF1giB5tghFBKNFlhvh6gHaEQYQWXY+UCEpd02gK0JQxrkTE9dX3pXy9Tn9n9TLpWCvVDkvF4+Ox/XMkg2ySbZJQPbJETklZ6RGOBmSe/JAHr0778l79l4+R3PeOLNGfsB7/QBPDZzz</latexit>

String order parameter:

X

Z Z

Z Z

X

(a)

(b)

<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

R. Raussendorf and H. J. Briegel, Phys. Rev. Lett. 86, 5188 (2001).



Canonical cluster state: a review

<latexit sha1_base64="idYmg5ztZxRgj2Ch5aDEvIF1StY="></latexit>

G1 =
NY

j=1

Xj,1

<latexit sha1_base64="eTaSYlERjTf8UzvWzoNAe18SRT0="></latexit>

G2 =
NY

j=1

Xj,2

<latexit sha1_base64="FgpCqstXdOqu8CUiUOgOweSaBw8="></latexit>

Hcluster = �
N�1X

j=1

(Zj,1Xj,2Zj+1,1 + Zj,2Xj+1,1Zj+1,2)

<latexit sha1_base64="nDHt8rBcpJZcLEdq4JPLJ+GJOEs="></latexit>

Symmetry Protected Topological (SPT) phase:

<latexit sha1_base64="D/w9HbNTJ91RA58HWmgrgZw+d6Q="></latexit>

Sj,k ⌘

Zj Zk

Xj Xj+1 · · · Xk�1

�
= 1

<latexit sha1_base64="r55jlyI52VX3VckJSUz4mZgz+MI=">AAACEHicdVC7SgNBFJ2N7/iKWljYDAbBQsJuDBqtRBtLRROFJITZyU0csjszzNwVwpKf8BdstbcTW//A1i9xNkZQ0VMdzrmHe+8JdSQs+v6bl5uYnJqemZ3Lzy8sLi0XVlbrViWGQ42rSJnrkFmIhIQaCozgWhtgcRjBVdg/yfyrWzBWKHmJAw2tmPWk6ArO0EntwvoFGiF7VJkOGKqZYTEgmMN2oeiX/IOqv3tAP0ml/EV8Gp T8EYpkjLN24b3ZUTyJQSKPmLUNVtFMg9kJAo2tNFSqP8w3Ewua8T7rQcNR6ZbZVjr6Yki3EstQUZehIqIjEb4nUhZbO4hDNxkzvLG/vUz8y2sk2K22UiF1giB5tghFBKNFlhvh6gHaEQYQWXY+UCEpd02gK0JQxrkTE9dX3pXy9Tn9n9TLpWCvVDkvF4+Ox/XMkg2ySbZJQPbJETklZ6RGOBmSe/JAHr0778l79l4+R3PeOLNGfsB7/QBPDZzz</latexit>

String order parameter:

X

Z Z

Z Z

X

(a)

(b)

<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

R. Raussendorf and H. J. Briegel, Phys. Rev. Lett. 86, 5188 (2001).

<latexit sha1_base64="gHCTKWNCDmeyW+myTb1lNya5nls="></latexit>

but hZj,1Zk,1i = 0
short-range!



Conversion into a GHZ state

<latexit sha1_base64="FgpCqstXdOqu8CUiUOgOweSaBw8="></latexit>

Hcluster = �
N�1X

j=1

(Zj,1Xj,2Zj+1,1 + Zj,2Xj+1,1Zj+1,2)

<latexit sha1_base64="kKc0ovFMYbdkJgty13kn4OWeiT4=">AAACCXicdVDLTsJAFJ3iC/FVdelmIpi4ME2LRGFHdOMSE3kk0JDb4YIT+srMlIQ0fIG/4Fb37oxbv8KtX2JbIFGjZ3Vyzj259x4ndLlUpvmh5VZW19Y38puFre2d3T19/6Alg0gwbLLADUTHAYku97GpuHKxEwoEz3Gx7YyvU789QSF54N+paYi2ByOfDzkDlUh9XS91StRDkJFAD30l+3rRNMxa1Tyv0TmplJfEpJZhZiiSBRp9/bM3CFiUhpkLUnahEkKI4syyQmXHThCMZ4VeJDEENoYRdhPqg4fSjrPzZ/QkkqACmmQod2km4vdEDJ6UU89JJj1Q9/K3l4p/ed1IDat2zP0wUuizdJHiLmaLJBM86QXpgAtUCtLzkXKfMhCgFApOgbFEjJKiCkkpy8/p/6RVNqwLo3JbLtavFvXkyRE5JqfEIpekTm5IgzQJIxPySJ7Is/agvWiv2tt8NKctMofkB7T3L2Qzmbg=</latexit>

X measurements
X

Z Z

Z Z

X

(a)

(b)
<latexit sha1_base64="BHp37bP5P+/vZY96d0aS4978jgQ="></latexit>

| is / Ps | 0i ⌘
QN

j=1

⇣
1+sjXj,2

2

⌘
| 0i

<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

<latexit sha1_base64="iyEO0oW0/YNe0WZTAHaKQoXogu4="></latexit>

hZj,1Zk,1is =
h 0|PsZj,1Zk,1PsSj,k| 0i

h 0|Ps| 0i = sj · · · sk�1

<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

R. Raussendorf and H. J. Briegel, Phys. Rev. Lett. 86, 5188 (2001).



Conversion into a GHZ state

<latexit sha1_base64="FgpCqstXdOqu8CUiUOgOweSaBw8="></latexit>

Hcluster = �
N�1X

j=1

(Zj,1Xj,2Zj+1,1 + Zj,2Xj+1,1Zj+1,2)

<latexit sha1_base64="kKc0ovFMYbdkJgty13kn4OWeiT4=">AAACCXicdVDLTsJAFJ3iC/FVdelmIpi4ME2LRGFHdOMSE3kk0JDb4YIT+srMlIQ0fIG/4Fb37oxbv8KtX2JbIFGjZ3Vyzj259x4ndLlUpvmh5VZW19Y38puFre2d3T19/6Alg0gwbLLADUTHAYku97GpuHKxEwoEz3Gx7YyvU789QSF54N+paYi2ByOfDzkDlUh9XS91StRDkJFAD30l+3rRNMxa1Tyv0TmplJfEpJZhZiiSBRp9/bM3CFiUhpkLUnahEkKI4syyQmXHThCMZ4VeJDEENoYRdhPqg4fSjrPzZ/QkkqACmmQod2km4vdEDJ6UU89JJj1Q9/K3l4p/ed1IDat2zP0wUuizdJHiLmaLJBM86QXpgAtUCtLzkXKfMhCgFApOgbFEjJKiCkkpy8/p/6RVNqwLo3JbLtavFvXkyRE5JqfEIpekTm5IgzQJIxPySJ7Is/agvWiv2tt8NKctMofkB7T3L2Qzmbg=</latexit>

X measurements
X

Z Z

Z Z

X

(a)

(b)
<latexit sha1_base64="BHp37bP5P+/vZY96d0aS4978jgQ="></latexit>

| is / Ps | 0i ⌘
QN

j=1

⇣
1+sjXj,2

2

⌘
| 0i

<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

<latexit sha1_base64="iyEO0oW0/YNe0WZTAHaKQoXogu4="></latexit>

hZj,1Zk,1is =
h 0|PsZj,1Zk,1PsSj,k| 0i

h 0|Ps| 0i = sj · · · sk�1

<latexit sha1_base64="7F+Yvgpo8yiM9PGdZ8nQK7wb6zU="></latexit>

controlled unitary feedback:
Us | is

<latexit sha1_base64="sNrneLYMxNGm+KwzlNBMIkucDxc="></latexit>

sj = 1

<latexit sha1_base64="Ml0Uwv29bxjgxvBuxCLZkYHBYdU="></latexit>

|GHZi = 1p
2
(|" · · · "i+ |# · · · #i)

<latexit sha1_base64="GBLa9K3s1YClp0J2elonNmZ8G6c="></latexit>P
s ps hZj,1Zk,1is sj · · · sk�1 = 1

<latexit sha1_base64="Pq2x0ekDFmUeP1uN7Y4oOqYrnl0="></latexit>

correlations

characteristic

of a GHZ state

<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

<latexit sha1_base64="N+faTx9y9jX3r+bkezoa+v/ZCV0="></latexit>

Reminder:P
s ps hZj,1Zk,1is = hZj,1Zk,1i0

R. Raussendorf and H. J. Briegel, Phys. Rev. Lett. 86, 5188 (2001).



Conversion into a GHZ state

<latexit sha1_base64="FgpCqstXdOqu8CUiUOgOweSaBw8="></latexit>

Hcluster = �
N�1X

j=1

(Zj,1Xj,2Zj+1,1 + Zj,2Xj+1,1Zj+1,2)

<latexit sha1_base64="kKc0ovFMYbdkJgty13kn4OWeiT4=">AAACCXicdVDLTsJAFJ3iC/FVdelmIpi4ME2LRGFHdOMSE3kk0JDb4YIT+srMlIQ0fIG/4Fb37oxbv8KtX2JbIFGjZ3Vyzj259x4ndLlUpvmh5VZW19Y38puFre2d3T19/6Alg0gwbLLADUTHAYku97GpuHKxEwoEz3Gx7YyvU789QSF54N+paYi2ByOfDzkDlUh9XS91StRDkJFAD30l+3rRNMxa1Tyv0TmplJfEpJZhZiiSBRp9/bM3CFiUhpkLUnahEkKI4syyQmXHThCMZ4VeJDEENoYRdhPqg4fSjrPzZ/QkkqACmmQod2km4vdEDJ6UU89JJj1Q9/K3l4p/ed1IDat2zP0wUuizdJHiLmaLJBM86QXpgAtUCtLzkXKfMhCgFApOgbFEjJKiCkkpy8/p/6RVNqwLo3JbLtavFvXkyRE5JqfEIpekTm5IgzQJIxPySJ7Is/agvWiv2tt8NKctMofkB7T3L2Qzmbg=</latexit>

X measurements
X

Z Z

Z Z

X

(a)

(b)
<latexit sha1_base64="BHp37bP5P+/vZY96d0aS4978jgQ="></latexit>

| is / Ps | 0i ⌘
QN

j=1

⇣
1+sjXj,2

2

⌘
| 0i

<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

<latexit sha1_base64="iyEO0oW0/YNe0WZTAHaKQoXogu4="></latexit>

hZj,1Zk,1is =
h 0|PsZj,1Zk,1PsSj,k| 0i

h 0|Ps| 0i = sj · · · sk�1

<latexit sha1_base64="7F+Yvgpo8yiM9PGdZ8nQK7wb6zU="></latexit>

controlled unitary feedback:
Us | is

<latexit sha1_base64="sNrneLYMxNGm+KwzlNBMIkucDxc="></latexit>

sj = 1

<latexit sha1_base64="Ml0Uwv29bxjgxvBuxCLZkYHBYdU="></latexit>

|GHZi = 1p
2
(|" · · · "i+ |# · · · #i)

<latexit sha1_base64="GBLa9K3s1YClp0J2elonNmZ8G6c="></latexit>P
s ps hZj,1Zk,1is sj · · · sk�1 = 1

<latexit sha1_base64="Pq2x0ekDFmUeP1uN7Y4oOqYrnl0="></latexit>

correlations

characteristic

of a GHZ state

<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

<latexit sha1_base64="N+faTx9y9jX3r+bkezoa+v/ZCV0="></latexit>

Reminder:P
s ps hZj,1Zk,1is = hZj,1Zk,1i0

<latexit sha1_base64="RFlKPvBaDeip9rGXDKsvUmiV2Nk="></latexit>

long-range order!

R. Raussendorf and H. J. Briegel, Phys. Rev. Lett. 86, 5188 (2001).



Conversion into a GHZ state: is it robust?

<latexit sha1_base64="FgpCqstXdOqu8CUiUOgOweSaBw8="></latexit>

Hcluster = �
N�1X

j=1

(Zj,1Xj,2Zj+1,1 + Zj,2Xj+1,1Zj+1,2)
X

Z Z

Z Z

X

(a)

(b)

<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

<latexit sha1_base64="YXejkU6DVrKcLT6KU7qViLHZAoY="></latexit>

weak ‘tilted’ measurement
<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

<latexit sha1_base64="a9xW6nBl7m1BnWXO/VECBa5fgTc="></latexit>

hZj,1Zk,1iuni ⇡ (tanh 2� cos!)|j�k| ⌘ e�|j�k|/⇠

<latexit sha1_base64="xUIh1bUlaCzUG/5a2v3elsmwytw="></latexit>

long-range order only appears when
the measurement is projective

and when the tilt angle is ! = 0

<latexit sha1_base64="x9cr6aYGQKFYRfW40NzWcwZoCN4="></latexit>

| is / e2�
P

j sj(cos!Xj,2+sin!Zj,2) | 0i
<latexit sha1_base64="ruUesGttCIX6wpqzRnjUrILLxLY="></latexit>

�: measurement strength
!: measurement angle

Lee, Ji, Bi, Fisher, arXiv:2208.11699, 2022.



Outline:

<latexit sha1_base64="O5ObEq1GiI0KJi/b1Tv5qBqC0pU=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbRD0GvXiMYB6QhNA76SRDZh/M9Aoh5Cu8+CtePCjiVbz5N84mOWhiwUBR1d3TXX6spCHX/XYyK6tr6xvZzdzW9s7uXn7/oGaiRAusikhFuuGDQSVDrJIkhY1YIwS+wro/vEn9+gNqI6PwnkYxtgPoh7InBZCVOvmzOsKQBwgm0RhgSIZHIacB8j7ECo3hMWgrc0NA2MkX3KI7BV8m3pwU2ByVTv6r1Y1Ekg4WCoxpem5M7TFokkLhJNdKDMYghtDHpqUhBGja4+lZE35ilS7vRdo+u8FU/d0xhsCYUeDbygBoYBa9VPzPaybUu2qPZRgnhKGYfdRLFKeIpxnxrtQoSI0sAaGl3ZWLAWgQZJPM2RC8xZOXSa1U9C6K53elQvl6HkeWHbFjdso8dsnK7JZVWJUJ9sie2St7c56cF+fd+ZiVZpx5zyH7A+fzB24Nn40=</latexit>

Weak measurements on the gapless parent state

<latexit sha1_base64="TPyuSTQXp6kRiUxsnMf7zQhFycM=">AAACD3icbVA9SwNBEN3zM8avqKXNYlCswp2IWgYVtIxgYiAJYW4zZxb3PtidE8KRf2DjX7GxUMTW1s5/4ya5QqMPFh7vzczOPD9R0pDrfjkzs3PzC4uFpeLyyuraemljs2HiVAusi1jFuumDQSUjrJMkhc1EI4S+whv/7mzk39yjNjKOrmmQYCeE20gGUgBZqVvau4BEoTE8AY0R8Tjg1EfunXOhUkOouSEg7JbKbsUdg/8lXk7KLEetW/ps92KRhnamUGBMy3MT6mSgSQqFw2I7NZiAuINbbFkaQYimk43vGfJdq/R4EGv77E5j9WdHBqExg9C3lSFQ30x7I/E/r5VScNLJZJSkhJGYfBSkilPMR+HwntQoSA0sAaGl3ZWLPmgQNghTtCF40yf/JY2DindUObw6KFdP8zgKbJvtsH3msWNWZZesxupMsAf2xF7Yq/PoPDtvzvukdMbJe7bYLzgf3+hjm/U=</latexit>

Gapless parent of the 1D cluster state

<latexit sha1_base64="8hzRrILVChEC8c/zgihi2sjV9RM=">AAACEXicbVC7SkNBEN3r2/iKWtosBiFVuFdELYM2llFMIsQQ5m4myeLe3cvu3EgI/oKNv2JjoYitnZ1/4+ZR+DowcDhnhpk5caqkozD8DGZm5+YXFpeWcyura+sb+c2tmjOZFVgVRhl7FYNDJTVWSZLCq9QiJLHCenxzOvLrfbROGn1JgxSbCXS17EgB5KVWvniBfYm3HGKTEacecgHaaO8rLlTmCC13BIStfCEshWPwvySakgKbotLKf1y3jcgS1CQUONeIwpSaQ7AkhcK73HXmMAVxA11seKohQdccjj+643teafOOsb408bH6fWIIiXODJPadCVDP/fZG4n9eI6POcXModZoRajFZ1MkUJ8NH8fC2tChIDTwBYaW/lYseWBA+CJfzIUS/X/5Lavul6LB0cL5fKJ9M41hiO2yXFVnEjliZnbEKqzLB7tkje2YvwUPwFLwGb5PWmWA6s81+IHj/AosNnXs=</latexit>

Review about the canonical cluster state

<latexit sha1_base64="STIxaznMRBbbZuUi6t9JP6txMPA="></latexit>

Conclusions and outlook



Gapless parent of the cluster stateX

Z Z

Z Z

X

(a)

(b)
<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

<latexit sha1_base64="3DL34AKEHr7dyQ9TtTHAjYbwL/Y="></latexit>

H = �
N�1X

j=1

[cos↵(Zj,1Xj,2Zj+1,1 + Zj,2Xj+1,1Zj+1,2)

+ sin↵(Zj,2Xj,1Zj+1,2 + Zj,1Xj+1,2Zj+1,1)].



Gapless parent of the cluster stateX

Z Z

Z Z

X

(a)

(b)
<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

Gapped SPT Gapped SPT
gapless

<latexit sha1_base64="3DL34AKEHr7dyQ9TtTHAjYbwL/Y="></latexit>

H = �
N�1X

j=1

[cos↵(Zj,1Xj,2Zj+1,1 + Zj,2Xj+1,1Zj+1,2)

+ sin↵(Zj,2Xj,1Zj+1,2 + Zj,1Xj+1,2Zj+1,1)].



Gapless parent of the cluster stateX

Z Z

Z Z

X

(a)

(b)
<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

Gapped SPT Gapped SPT
gapless

<latexit sha1_base64="3DL34AKEHr7dyQ9TtTHAjYbwL/Y="></latexit>

H = �
N�1X

j=1

[cos↵(Zj,1Xj,2Zj+1,1 + Zj,2Xj+1,1Zj+1,2)

+ sin↵(Zj,2Xj,1Zj+1,2 + Zj,1Xj+1,2Zj+1,1)].



Gapless parent of the cluster stateX

Z Z

Z Z

X

(a)

(b)
<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

Gapped SPT Gapped SPT
gapless

<latexit sha1_base64="3DL34AKEHr7dyQ9TtTHAjYbwL/Y="></latexit>

H = �
N�1X

j=1

[cos↵(Zj,1Xj,2Zj+1,1 + Zj,2Xj+1,1Zj+1,2)

+ sin↵(Zj,2Xj,1Zj+1,2 + Zj,1Xj+1,2Zj+1,1)].

<latexit sha1_base64="2xtdR/f4syE27Ye6w6xc6Vs5WZI="></latexit>

interchain reflection
symmetry



X

Z Z

Z Z

X

(a)

(b)
<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

X

Z Z

Z Z

X

(a)

(b)

X

Z Z

Z Z

X

(a)

(b)

X

Z Z

Z Z

X

(a)

(b)
X

Z Z

Z Z

X

(a)

(b)

<latexit sha1_base64="sBxGhf5WzOdpguG8MCC53Ayl/sc=">AAACLXicbVDJTgJBFOzBDXED9ealI5h4MIQhRD0SvXjEKEsEQt40D+wwW7rfmJAJn+BVP8Ov8WBivPobNiMHEepUqXrVqS4ndKWmUunDSq2srq1vpDczW9s7u3vZ3H5DB5ESWBeBG6iWAxpd6WOdJLnYChWC57jYdEbXU7/5hErLwL+ncYhdD4a+HEgBZKS7wkOhl82XiqUEfJHYM5JnM9R6Oeuw0w9E5KFPwgWt21AJIUR1ZtshdWMnCEaTTCfSGIIYwRDbhvrgoe7GSeEJP4k0UMBNhkuXJyL+TcTgaT32HHPpAT3qOc9RMEJabnlLZfPaVFzmtSMaXHZj6YcRoS+m1Ui6mFTTQkmzHfK+VEgE0w8jlz4XoIAIleQghBEjM2bG7Gj/X22RNMpF+7xYuS3nq1ezRdPsiB2zU2azC1ZlN6zG6kywIXtmL+zVerPerU/r6/c0Zc0yB2wO1vcP3JWmsg==</latexit>

Z

<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X

<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X

<latexit sha1_base64="sBxGhf5WzOdpguG8MCC53Ayl/sc=">AAACLXicbVDJTgJBFOzBDXED9ealI5h4MIQhRD0SvXjEKEsEQt40D+wwW7rfmJAJn+BVP8Ov8WBivPobNiMHEepUqXrVqS4ndKWmUunDSq2srq1vpDczW9s7u3vZ3H5DB5ESWBeBG6iWAxpd6WOdJLnYChWC57jYdEbXU7/5hErLwL+ncYhdD4a+HEgBZKS7wkOhl82XiqUEfJHYM5JnM9R6Oeuw0w9E5KFPwgWt21AJIUR1ZtshdWMnCEaTTCfSGIIYwRDbhvrgoe7GSeEJP4k0UMBNhkuXJyL+TcTgaT32HHPpAT3qOc9RMEJabnlLZfPaVFzmtSMaXHZj6YcRoS+m1Ui6mFTTQkmzHfK+VEgE0w8jlz4XoIAIleQghBEjM2bG7Gj/X22RNMpF+7xYuS3nq1ezRdPsiB2zU2azC1ZlN6zG6kywIXtmL+zVerPerU/r6/c0Zc0yB2wO1vcP3JWmsg==</latexit>

Z

<latexit sha1_base64="SnCKeseePfMM4bpzkAYlH7DdQqQ=">AAACR3icbVC7TgJBFJ3FF+ILHx3NRGJiYQhLiBoroo2VwUSEBAm5O150wuzOZuauxmwo/Bpb/Qw/wa+wM5YOuIUPTnVyzn2eIFbSUrX65uVmZufmF/KLhaXlldW14vrGpdWJEdgSWmnTCcCikhG2SJLCTmwQwkBhOxiejP32HRordXRBDzH2QriJ5EAKICf1i6UzvOcWiesBb0KiJNcxGiBt7FG/WK5WqhPw/8TPSJllaPbXva2ray2SECMSCqztQj0GN2/P92PqpYHWw1HhKrEYgxjCDXYdjSBE20snr4z4TmLdcu56uFR8IuLPjhRCax/CwFWGQLf2lxcYGCJNt8Kpsps2Fqd53YQGh71URnFCGInxaSQVTk6zwkiXKvJraZAIxg8jlxEX4LIjNJKDEE5MXMwFl6P/N7X/5LJW8fcr9fNauXGcJZpnJbbNdpnPDliDnbImazHBHtkTe2Yv3qv37n14n9+lOS/r2WS/kPO+AMMCsBE=</latexit>

New set of Pauli operators:

<latexit sha1_base64="xNP5HPLzYsQJOC3Rs+KmnPRtTbE="></latexit>

H = �
N�1X

j=1

[(sin↵XjXj+1 + cos↵YjYj+1)

+(cos↵X̃jX̃j+1 + sin↵ỸjỸj+1)]

<latexit sha1_base64="jIPOc/461b4zjK2l6wPQBfjo9nE="></latexit>

X̃ j =
<latexit sha1_base64="skSVXV7aD50G9hr9phBEVPUHS18="></latexit>

Ỹj =

<latexit sha1_base64="6CxVP0+YY2eKo+MbN6vQgQPmc6E="></latexit>X j =
<latexit sha1_base64="uoYwlhEI0zmPXjDh9D4FNX7mVSE="></latexit>Yj =

<latexit sha1_base64="dPg4sFCyqvPH3iEpBj3fVGs33+s="></latexit>

two decoupled XY models
↵ = ⇡/4: gapless system

with c = 2

<latexit sha1_base64="xvuqSnDX+x5poHbwkeT5cTI1YYo="></latexit>

X ,Y
<latexit sha1_base64="dhmyjtM5uWSprIjdnM7++GvZ2/Q="></latexit>

X̃ , Ỹ

Gapless parent of the cluster state

T. Kennedy and H. Tasaki,  

Commun. Math. Phys.147,431 (1992).

<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X

<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X

<latexit sha1_base64="sBxGhf5WzOdpguG8MCC53Ayl/sc=">AAACLXicbVDJTgJBFOzBDXED9ealI5h4MIQhRD0SvXjEKEsEQt40D+wwW7rfmJAJn+BVP8Ov8WBivPobNiMHEepUqXrVqS4ndKWmUunDSq2srq1vpDczW9s7u3vZ3H5DB5ESWBeBG6iWAxpd6WOdJLnYChWC57jYdEbXU7/5hErLwL+ncYhdD4a+HEgBZKS7wkOhl82XiqUEfJHYM5JnM9R6Oeuw0w9E5KFPwgWt21AJIUR1ZtshdWMnCEaTTCfSGIIYwRDbhvrgoe7GSeEJP4k0UMBNhkuXJyL+TcTgaT32HHPpAT3qOc9RMEJabnlLZfPaVFzmtSMaXHZj6YcRoS+m1Ui6mFTTQkmzHfK+VEgE0w8jlz4XoIAIleQghBEjM2bG7Gj/X22RNMpF+7xYuS3nq1ezRdPsiB2zU2azC1ZlN6zG6kywIXtmL+zVerPerU/r6/c0Zc0yB2wO1vcP3JWmsg==</latexit>

Z

<latexit sha1_base64="sBxGhf5WzOdpguG8MCC53Ayl/sc=">AAACLXicbVDJTgJBFOzBDXED9ealI5h4MIQhRD0SvXjEKEsEQt40D+wwW7rfmJAJn+BVP8Ov8WBivPobNiMHEepUqXrVqS4ndKWmUunDSq2srq1vpDczW9s7u3vZ3H5DB5ESWBeBG6iWAxpd6WOdJLnYChWC57jYdEbXU7/5hErLwL+ncYhdD4a+HEgBZKS7wkOhl82XiqUEfJHYM5JnM9R6Oeuw0w9E5KFPwgWt21AJIUR1ZtshdWMnCEaTTCfSGIIYwRDbhvrgoe7GSeEJP4k0UMBNhkuXJyL+TcTgaT32HHPpAT3qOc9RMEJabnlLZfPaVFzmtSMaXHZj6YcRoS+m1Ui6mFTTQkmzHfK+VEgE0w8jlz4XoIAIleQghBEjM2bG7Gj/X22RNMpF+7xYuS3nq1ezRdPsiB2zU2azC1ZlN6zG6kywIXtmL+zVerPerU/r6/c0Zc0yB2wO1vcP3JWmsg==</latexit>

Z



X

Z Z

Z Z

X

(a)

(b)
<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

X

Z Z

Z Z

X

(a)

(b)

X

Z Z

Z Z

X

(a)

(b)

X

Z Z

Z Z

X

(a)

(b)
X

Z Z

Z Z

X

(a)

(b)

<latexit sha1_base64="sBxGhf5WzOdpguG8MCC53Ayl/sc=">AAACLXicbVDJTgJBFOzBDXED9ealI5h4MIQhRD0SvXjEKEsEQt40D+wwW7rfmJAJn+BVP8Ov8WBivPobNiMHEepUqXrVqS4ndKWmUunDSq2srq1vpDczW9s7u3vZ3H5DB5ESWBeBG6iWAxpd6WOdJLnYChWC57jYdEbXU7/5hErLwL+ncYhdD4a+HEgBZKS7wkOhl82XiqUEfJHYM5JnM9R6Oeuw0w9E5KFPwgWt21AJIUR1ZtshdWMnCEaTTCfSGIIYwRDbhvrgoe7GSeEJP4k0UMBNhkuXJyL+TcTgaT32HHPpAT3qOc9RMEJabnlLZfPaVFzmtSMaXHZj6YcRoS+m1Ui6mFTTQkmzHfK+VEgE0w8jlz4XoIAIleQghBEjM2bG7Gj/X22RNMpF+7xYuS3nq1ezRdPsiB2zU2azC1ZlN6zG6kywIXtmL+zVerPerU/r6/c0Zc0yB2wO1vcP3JWmsg==</latexit>

Z

<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X

<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X

<latexit sha1_base64="sBxGhf5WzOdpguG8MCC53Ayl/sc=">AAACLXicbVDJTgJBFOzBDXED9ealI5h4MIQhRD0SvXjEKEsEQt40D+wwW7rfmJAJn+BVP8Ov8WBivPobNiMHEepUqXrVqS4ndKWmUunDSq2srq1vpDczW9s7u3vZ3H5DB5ESWBeBG6iWAxpd6WOdJLnYChWC57jYdEbXU7/5hErLwL+ncYhdD4a+HEgBZKS7wkOhl82XiqUEfJHYM5JnM9R6Oeuw0w9E5KFPwgWt21AJIUR1ZtshdWMnCEaTTCfSGIIYwRDbhvrgoe7GSeEJP4k0UMBNhkuXJyL+TcTgaT32HHPpAT3qOc9RMEJabnlLZfPaVFzmtSMaXHZj6YcRoS+m1Ui6mFTTQkmzHfK+VEgE0w8jlz4XoIAIleQghBEjM2bG7Gj/X22RNMpF+7xYuS3nq1ezRdPsiB2zU2azC1ZlN6zG6kywIXtmL+zVerPerU/r6/c0Zc0yB2wO1vcP3JWmsg==</latexit>

Z

<latexit sha1_base64="SnCKeseePfMM4bpzkAYlH7DdQqQ=">AAACR3icbVC7TgJBFJ3FF+ILHx3NRGJiYQhLiBoroo2VwUSEBAm5O150wuzOZuauxmwo/Bpb/Qw/wa+wM5YOuIUPTnVyzn2eIFbSUrX65uVmZufmF/KLhaXlldW14vrGpdWJEdgSWmnTCcCikhG2SJLCTmwQwkBhOxiejP32HRordXRBDzH2QriJ5EAKICf1i6UzvOcWiesBb0KiJNcxGiBt7FG/WK5WqhPw/8TPSJllaPbXva2ray2SECMSCqztQj0GN2/P92PqpYHWw1HhKrEYgxjCDXYdjSBE20snr4z4TmLdcu56uFR8IuLPjhRCax/CwFWGQLf2lxcYGCJNt8Kpsps2Fqd53YQGh71URnFCGInxaSQVTk6zwkiXKvJraZAIxg8jlxEX4LIjNJKDEE5MXMwFl6P/N7X/5LJW8fcr9fNauXGcJZpnJbbNdpnPDliDnbImazHBHtkTe2Yv3qv37n14n9+lOS/r2WS/kPO+AMMCsBE=</latexit>

New set of Pauli operators:

<latexit sha1_base64="xNP5HPLzYsQJOC3Rs+KmnPRtTbE="></latexit>

H = �
N�1X

j=1

[(sin↵XjXj+1 + cos↵YjYj+1)

+(cos↵X̃jX̃j+1 + sin↵ỸjỸj+1)]

<latexit sha1_base64="jIPOc/461b4zjK2l6wPQBfjo9nE="></latexit>

X̃ j =
<latexit sha1_base64="skSVXV7aD50G9hr9phBEVPUHS18="></latexit>

Ỹj =

<latexit sha1_base64="6CxVP0+YY2eKo+MbN6vQgQPmc6E="></latexit>X j =
<latexit sha1_base64="uoYwlhEI0zmPXjDh9D4FNX7mVSE="></latexit>Yj =

<latexit sha1_base64="xvuqSnDX+x5poHbwkeT5cTI1YYo="></latexit>

X ,Y
<latexit sha1_base64="dhmyjtM5uWSprIjdnM7++GvZ2/Q="></latexit>

X̃ , Ỹ

Gapless parent of the cluster state

T. Kennedy and H. Tasaki,  

Commun. Math. Phys.147,431 (1992).

<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X

<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X

<latexit sha1_base64="sBxGhf5WzOdpguG8MCC53Ayl/sc=">AAACLXicbVDJTgJBFOzBDXED9ealI5h4MIQhRD0SvXjEKEsEQt40D+wwW7rfmJAJn+BVP8Ov8WBivPobNiMHEepUqXrVqS4ndKWmUunDSq2srq1vpDczW9s7u3vZ3H5DB5ESWBeBG6iWAxpd6WOdJLnYChWC57jYdEbXU7/5hErLwL+ncYhdD4a+HEgBZKS7wkOhl82XiqUEfJHYM5JnM9R6Oeuw0w9E5KFPwgWt21AJIUR1ZtshdWMnCEaTTCfSGIIYwRDbhvrgoe7GSeEJP4k0UMBNhkuXJyL+TcTgaT32HHPpAT3qOc9RMEJabnlLZfPaVFzmtSMaXHZj6YcRoS+m1Ui6mFTTQkmzHfK+VEgE0w8jlz4XoIAIleQghBEjM2bG7Gj/X22RNMpF+7xYuS3nq1ezRdPsiB2zU2azC1ZlN6zG6kywIXtmL+zVerPerU/r6/c0Zc0yB2wO1vcP3JWmsg==</latexit>

Z

<latexit sha1_base64="sBxGhf5WzOdpguG8MCC53Ayl/sc=">AAACLXicbVDJTgJBFOzBDXED9ealI5h4MIQhRD0SvXjEKEsEQt40D+wwW7rfmJAJn+BVP8Ov8WBivPobNiMHEepUqXrVqS4ndKWmUunDSq2srq1vpDczW9s7u3vZ3H5DB5ESWBeBG6iWAxpd6WOdJLnYChWC57jYdEbXU7/5hErLwL+ncYhdD4a+HEgBZKS7wkOhl82XiqUEfJHYM5JnM9R6Oeuw0w9E5KFPwgWt21AJIUR1ZtshdWMnCEaTTCfSGIIYwRDbhvrgoe7GSeEJP4k0UMBNhkuXJyL+TcTgaT32HHPpAT3qOc9RMEJabnlLZfPaVFzmtSMaXHZj6YcRoS+m1Ui6mFTTQkmzHfK+VEgE0w8jlz4XoIAIleQghBEjM2bG7Gj/X22RNMpF+7xYuS3nq1ezRdPsiB2zU2azC1ZlN6zG6kywIXtmL+zVerPerU/r6/c0Zc0yB2wO1vcP3JWmsg==</latexit>

Z

L. Li, M. Oshikawa, and Y. Zheng, 

Phys. Rev. B 108, 214429 (2023).

<latexit sha1_base64="scv0Wp3JcsAYvDZyYg4WBleJaHU="></latexit>
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<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2
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<latexit sha1_base64="sBxGhf5WzOdpguG8MCC53Ayl/sc=">AAACLXicbVDJTgJBFOzBDXED9ealI5h4MIQhRD0SvXjEKEsEQt40D+wwW7rfmJAJn+BVP8Ov8WBivPobNiMHEepUqXrVqS4ndKWmUunDSq2srq1vpDczW9s7u3vZ3H5DB5ESWBeBG6iWAxpd6WOdJLnYChWC57jYdEbXU7/5hErLwL+ncYhdD4a+HEgBZKS7wkOhl82XiqUEfJHYM5JnM9R6Oeuw0w9E5KFPwgWt21AJIUR1ZtshdWMnCEaTTCfSGIIYwRDbhvrgoe7GSeEJP4k0UMBNhkuXJyL+TcTgaT32HHPpAT3qOc9RMEJabnlLZfPaVFzmtSMaXHZj6YcRoS+m1Ui6mFTTQkmzHfK+VEgE0w8jlz4XoIAIleQghBEjM2bG7Gj/X22RNMpF+7xYuS3nq1ezRdPsiB2zU2azC1ZlN6zG6kywIXtmL+zVerPerU/r6/c0Zc0yB2wO1vcP3JWmsg==</latexit>

Z

<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X

<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X

<latexit sha1_base64="sBxGhf5WzOdpguG8MCC53Ayl/sc=">AAACLXicbVDJTgJBFOzBDXED9ealI5h4MIQhRD0SvXjEKEsEQt40D+wwW7rfmJAJn+BVP8Ov8WBivPobNiMHEepUqXrVqS4ndKWmUunDSq2srq1vpDczW9s7u3vZ3H5DB5ESWBeBG6iWAxpd6WOdJLnYChWC57jYdEbXU7/5hErLwL+ncYhdD4a+HEgBZKS7wkOhl82XiqUEfJHYM5JnM9R6Oeuw0w9E5KFPwgWt21AJIUR1ZtshdWMnCEaTTCfSGIIYwRDbhvrgoe7GSeEJP4k0UMBNhkuXJyL+TcTgaT32HHPpAT3qOc9RMEJabnlLZfPaVFzmtSMaXHZj6YcRoS+m1Ui6mFTTQkmzHfK+VEgE0w8jlz4XoIAIleQghBEjM2bG7Gj/X22RNMpF+7xYuS3nq1ezRdPsiB2zU2azC1ZlN6zG6kywIXtmL+zVerPerU/r6/c0Zc0yB2wO1vcP3JWmsg==</latexit>

Z

<latexit sha1_base64="SnCKeseePfMM4bpzkAYlH7DdQqQ=">AAACR3icbVC7TgJBFJ3FF+ILHx3NRGJiYQhLiBoroo2VwUSEBAm5O150wuzOZuauxmwo/Bpb/Qw/wa+wM5YOuIUPTnVyzn2eIFbSUrX65uVmZufmF/KLhaXlldW14vrGpdWJEdgSWmnTCcCikhG2SJLCTmwQwkBhOxiejP32HRordXRBDzH2QriJ5EAKICf1i6UzvOcWiesBb0KiJNcxGiBt7FG/WK5WqhPw/8TPSJllaPbXva2ray2SECMSCqztQj0GN2/P92PqpYHWw1HhKrEYgxjCDXYdjSBE20snr4z4TmLdcu56uFR8IuLPjhRCax/CwFWGQLf2lxcYGCJNt8Kpsps2Fqd53YQGh71URnFCGInxaSQVTk6zwkiXKvJraZAIxg8jlxEX4LIjNJKDEE5MXMwFl6P/N7X/5LJW8fcr9fNauXGcJZpnJbbNdpnPDliDnbImazHBHtkTe2Yv3qv37n14n9+lOS/r2WS/kPO+AMMCsBE=</latexit>

New set of Pauli operators:

<latexit sha1_base64="jIPOc/461b4zjK2l6wPQBfjo9nE="></latexit>

X̃ j =

<latexit sha1_base64="6CxVP0+YY2eKo+MbN6vQgQPmc6E="></latexit>X j =

<latexit sha1_base64="zomrC+ugBoPFYfKmWwT//Ie/wQw="></latexit>

H� = �
X

j


(XjXj+1 + YjYj+1 +�ZjZj+1)

+
⇣
X̃jX̃j+1 + ỸjỸj+1 +�Z̃jZ̃j+1

⌘�<latexit sha1_base64="uJbdeoFVJV7b7R5wd7c3AMmPbiA="></latexit>

↵ = ⇡/4 + symmetry-preserving
terms generating ZZ-type

operators

Gapless parent of the cluster state
<latexit sha1_base64="xvuqSnDX+x5poHbwkeT5cTI1YYo="></latexit>

X ,Y
<latexit sha1_base64="dhmyjtM5uWSprIjdnM7++GvZ2/Q="></latexit>

X̃ , Ỹ
X

Z Z

Z Z

X

(a)

(b)
X

Z Z

Z Z

X

(a)

(b)<latexit sha1_base64="skSVXV7aD50G9hr9phBEVPUHS18="></latexit>

Ỹj =

<latexit sha1_base64="uoYwlhEI0zmPXjDh9D4FNX7mVSE="></latexit>Yj =
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X

<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X
<latexit sha1_base64="ksva3k9YEaD+tTgwZ+dNR05yCs0=">AAACLXicbVDJTgJBFOxxRdxAvXnpCCYeDGEIUY9ELx4xypLAhLxpHtiZNd1vTAjhE7zqZ/g1HkyMV3/DHuQgQp0qVa861eXGvtRULn9YK6tr6xubma3s9s7u3n4uf9DUUaIENkTkR6rtgkZfhtggST62Y4UQuD62XO8m9VtPqLSMwgcaxegEMAzlQAogI90X28VerlAulafgi8SekQKbod7LW0fdfiSSAEMSPmjdgWoMMapz247JGbtR5E2y3URjDMKDIXYMDSFA7YynhSf8NNFAETcZLn0+FfFvYgyB1qPANZcB0KOe81wFHtJyK1gqm9dScZnXSWhw5YxlGCeEoUirkfRxWk0LJc12yPtSIRGkH0YuQy5AAREqyUEIIyZmzKzZ0f6/2iJpVkr2Ral6VynUrmeLZtgxO2FnzGaXrMZuWZ01mGBD9sxe2Kv1Zr1bn9bX7+mKNcscsjlY3z/ZBaaw</latexit>

X

<latexit sha1_base64="sBxGhf5WzOdpguG8MCC53Ayl/sc=">AAACLXicbVDJTgJBFOzBDXED9ealI5h4MIQhRD0SvXjEKEsEQt40D+wwW7rfmJAJn+BVP8Ov8WBivPobNiMHEepUqXrVqS4ndKWmUunDSq2srq1vpDczW9s7u3vZ3H5DB5ESWBeBG6iWAxpd6WOdJLnYChWC57jYdEbXU7/5hErLwL+ncYhdD4a+HEgBZKS7wkOhl82XiqUEfJHYM5JnM9R6Oeuw0w9E5KFPwgWt21AJIUR1ZtshdWMnCEaTTCfSGIIYwRDbhvrgoe7GSeEJP4k0UMBNhkuXJyL+TcTgaT32HHPpAT3qOc9RMEJabnlLZfPaVFzmtSMaXHZj6YcRoS+m1Ui6mFTTQkmzHfK+VEgE0w8jlz4XoIAIleQghBEjM2bG7Gj/X22RNMpF+7xYuS3nq1ezRdPsiB2zU2azC1ZlN6zG6kywIXtmL+zVerPerU/r6/c0Zc0yB2wO1vcP3JWmsg==</latexit>

Z

<latexit sha1_base64="sBxGhf5WzOdpguG8MCC53Ayl/sc=">AAACLXicbVDJTgJBFOzBDXED9ealI5h4MIQhRD0SvXjEKEsEQt40D+wwW7rfmJAJn+BVP8Ov8WBivPobNiMHEepUqXrVqS4ndKWmUunDSq2srq1vpDczW9s7u3vZ3H5DB5ESWBeBG6iWAxpd6WOdJLnYChWC57jYdEbXU7/5hErLwL+ncYhdD4a+HEgBZKS7wkOhl82XiqUEfJHYM5JnM9R6Oeuw0w9E5KFPwgWt21AJIUR1ZtshdWMnCEaTTCfSGIIYwRDbhvrgoe7GSeEJP4k0UMBNhkuXJyL+TcTgaT32HHPpAT3qOc9RMEJabnlLZfPaVFzmtSMaXHZj6YcRoS+m1Ui6mFTTQkmzHfK+VEgE0w8jlz4XoIAIleQghBEjM2bG7Gj/X22RNMpF+7xYuS3nq1ezRdPsiB2zU2azC1ZlN6zG6kywIXtmL+zVerPerU/r6/c0Zc0yB2wO1vcP3JWmsg==</latexit>

Z



X

Z Z

Z Z

X

(a)

(b)
<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

<latexit sha1_base64="xvuqSnDX+x5poHbwkeT5cTI1YYo="></latexit>

X ,Y

<latexit sha1_base64="dhmyjtM5uWSprIjdnM7++GvZ2/Q="></latexit>

X̃ , Ỹ

<latexit sha1_base64="zomrC+ugBoPFYfKmWwT//Ie/wQw="></latexit>

H� = �
X

j


(XjXj+1 + YjYj+1 +�ZjZj+1)

+
⇣
X̃jX̃j+1 + ỸjỸj+1 +�Z̃jZ̃j+1

⌘�

Gapless parent of the cluster state

<latexit sha1_base64="Rv7taoSYqI+y4rQKGB4TqLKI0A0="></latexit>=

<latexit sha1_base64="vmkIb7Lw/qZr1xS68jr+EOmhZbw="></latexit>

Original Xj,1 Xj,2 Zj,1Zj+1,1 Zj,1

New XjX̃j YjỸj YjỸj+1

✓
Yj+1 · · · YN

Ỹj Ỹj+1 · · · ỸN

◆



X

Z Z

Z Z

X

(a)

(b)
<latexit sha1_base64="7uQMOeeVULIt8dAfj7SXv+5/mcQ=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyYVZ7hdLhm7Ua8Zpnc5ItbIgBjV1I0OJzNHsFz97g4BFHvqKuSBlF6ohhChOTDNUduwEwXha6EUSQ2BjGGE3oT54KO04u3hKjyIJKqBJhnKXZiJ+T8TgSTnxnGTSA3Unf3up+JfXjdSwZsfcDyOFPksXKe5itkgywZMqkA64QKUgPR8p9ykDAUqh4BQYS8Qo6aaQlLL4nP5PWhXdPNOrN5VS43JeT54ckENyTExyThrkmjSJRRjh5JE8kWftQXvRXrW32WhOm2f2yQ9o71/TCJRv</latexit>

y = 1
<latexit sha1_base64="iPP2UIsUiATgh9vwQXU5BdOvuio=">AAAB/HicdVBNSwJRFH1jX2ZfVss2jzRoEcOMSekikNq0NGhU0EHuPK/2cL54700gg/2FtrVvF237L237Jc2MChV1Vodz7uHee5zQ5VIZxoeWW1peWV3Lrxc2Nre2d4q7ey0ZRIKhxQI3EB0HJLrcR0tx5WInFAie42LbGV+lfvseheSBf6smIdoejHw+5AxUIlnlyUWl3C+WDN2o14zTOp2RamVBDGrqRoYSmaPZL372BgGLPPQVc0HKLlRDCFGcmGao7NgJgvG00IskhsDGMMJuQn3wUNpxdvGUHkUSVECTDOUuzUT8nojBk3LiOcmkB+pO/vZS8S+vG6lhzY65H0YKfZYuUtzFbJFkgidVIB1wgUpBej5S7lMGApRCwSkwlohR0k0hKWXxOf2ftCq6eaZXbyqlxuW8njw5IIfkmJjknDTINWkSizDCySN5Is/ag/aivWpvs9GcNs/skx/Q3r8A1J2UcA==</latexit>

y = 2

<latexit sha1_base64="xvuqSnDX+x5poHbwkeT5cTI1YYo="></latexit>

X ,Y

<latexit sha1_base64="dhmyjtM5uWSprIjdnM7++GvZ2/Q="></latexit>

X̃ , Ỹ

Gapless parent of the cluster state

<latexit sha1_base64="Rv7taoSYqI+y4rQKGB4TqLKI0A0="></latexit>=

Can we still prepare long-range order from this  
gapless Hamiltonian? 

Is it robust far from projective measurements and  
is there a privileged measurement direction? 

Is the decoding protocol still valid? 

<latexit sha1_base64="vmkIb7Lw/qZr1xS68jr+EOmhZbw="></latexit>

Original Xj,1 Xj,2 Zj,1Zj+1,1 Zj,1

New XjX̃j YjỸj YjỸj+1

✓
Yj+1 · · · YN

Ỹj Ỹj+1 · · · ỸN

◆



Outline:

<latexit sha1_base64="O5ObEq1GiI0KJi/b1Tv5qBqC0pU=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbRD0GvXiMYB6QhNA76SRDZh/M9Aoh5Cu8+CtePCjiVbz5N84mOWhiwUBR1d3TXX6spCHX/XYyK6tr6xvZzdzW9s7uXn7/oGaiRAusikhFuuGDQSVDrJIkhY1YIwS+wro/vEn9+gNqI6PwnkYxtgPoh7InBZCVOvmzOsKQBwgm0RhgSIZHIacB8j7ECo3hMWgrc0NA2MkX3KI7BV8m3pwU2ByVTv6r1Y1Ekg4WCoxpem5M7TFokkLhJNdKDMYghtDHpqUhBGja4+lZE35ilS7vRdo+u8FU/d0xhsCYUeDbygBoYBa9VPzPaybUu2qPZRgnhKGYfdRLFKeIpxnxrtQoSI0sAaGl3ZWLAWgQZJPM2RC8xZOXSa1U9C6K53elQvl6HkeWHbFjdso8dsnK7JZVWJUJ9sie2St7c56cF+fd+ZiVZpx5zyH7A+fzB24Nn40=</latexit>

Weak measurements on the gapless parent state

<latexit sha1_base64="TPyuSTQXp6kRiUxsnMf7zQhFycM=">AAACD3icbVA9SwNBEN3zM8avqKXNYlCswp2IWgYVtIxgYiAJYW4zZxb3PtidE8KRf2DjX7GxUMTW1s5/4ya5QqMPFh7vzczOPD9R0pDrfjkzs3PzC4uFpeLyyuraemljs2HiVAusi1jFuumDQSUjrJMkhc1EI4S+whv/7mzk39yjNjKOrmmQYCeE20gGUgBZqVvau4BEoTE8AY0R8Tjg1EfunXOhUkOouSEg7JbKbsUdg/8lXk7KLEetW/ps92KRhnamUGBMy3MT6mSgSQqFw2I7NZiAuINbbFkaQYimk43vGfJdq/R4EGv77E5j9WdHBqExg9C3lSFQ30x7I/E/r5VScNLJZJSkhJGYfBSkilPMR+HwntQoSA0sAaGl3ZWLPmgQNghTtCF40yf/JY2DindUObw6KFdP8zgKbJvtsH3msWNWZZesxupMsAf2xF7Yq/PoPDtvzvukdMbJe7bYLzgf3+hjm/U=</latexit>

Gapless parent of the 1D cluster state

<latexit sha1_base64="8hzRrILVChEC8c/zgihi2sjV9RM=">AAACEXicbVC7SkNBEN3r2/iKWtosBiFVuFdELYM2llFMIsQQ5m4myeLe3cvu3EgI/oKNv2JjoYitnZ1/4+ZR+DowcDhnhpk5caqkozD8DGZm5+YXFpeWcyura+sb+c2tmjOZFVgVRhl7FYNDJTVWSZLCq9QiJLHCenxzOvLrfbROGn1JgxSbCXS17EgB5KVWvniBfYm3HGKTEacecgHaaO8rLlTmCC13BIStfCEshWPwvySakgKbotLKf1y3jcgS1CQUONeIwpSaQ7AkhcK73HXmMAVxA11seKohQdccjj+643teafOOsb408bH6fWIIiXODJPadCVDP/fZG4n9eI6POcXModZoRajFZ1MkUJ8NH8fC2tChIDTwBYaW/lYseWBA+CJfzIUS/X/5Lavul6LB0cL5fKJ9M41hiO2yXFVnEjliZnbEKqzLB7tkje2YvwUPwFLwGb5PWmWA6s81+IHj/AosNnXs=</latexit>

Review about the canonical cluster state

<latexit sha1_base64="STIxaznMRBbbZuUi6t9JP6txMPA="></latexit>

Conclusions and outlook



<latexit sha1_base64="y6xKkgjK8ygFo61VwtvzQAgy3wE="></latexit>

Gapless parent state

<latexit sha1_base64="l4mzd5Zu3+nslkitW1+RVIWlQZM="></latexit>

2 decoupled XXZ spin chains
with � 2 [�1, 1]

<latexit sha1_base64="ichUMEd/a7cy116nlLGnthdDocw="></latexit>

Tomonaga-Luttinger
liquid (TLL)

Tomonaga-Luttinger liquid



<latexit sha1_base64="y6xKkgjK8ygFo61VwtvzQAgy3wE="></latexit>

Gapless parent state

<latexit sha1_base64="l4mzd5Zu3+nslkitW1+RVIWlQZM="></latexit>

2 decoupled XXZ spin chains
with � 2 [�1, 1]

<latexit sha1_base64="ichUMEd/a7cy116nlLGnthdDocw="></latexit>

Tomonaga-Luttinger
liquid (TLL)

<latexit sha1_base64="BC0YrWCVint9vn627jNq5FPWIgA="></latexit>

density

<latexit sha1_base64="mzbAsoGsexEJAHRxIcaJHPx1Hak="></latexit>

phase

<latexit sha1_base64="NegfmSnXXlUaYhUwM44KtlkfPwE="></latexit>

K = ⇡
2 arccos�

Luttinger parameter

Operator/Field Power-law correlations

<latexit sha1_base64="nm/0M+ls/xzFr112vHMCJyC62Rg="></latexit>

Zj ⇠ � 2

⇡
@x�+ c2(�1)j cos (2�)

Tomonaga-Luttinger liquid

<latexit sha1_base64="WB4P401nMdG0Mv+VG1aTIDhrtss=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYnvcmQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6nfqtJ1SaxfLBjBMMBBlIFjFKjJXaXSbsFtS9csWrejO4y8TPSQVy1Hvlr24/pqlAaSgnWnd8LzFBRpRhlOOk1E01JoSOyAA7lkoiUAfZ7N6Je2KVvhvFypY07kz9PZERofVYhLZTEDPUi95U/M/rpCa6DjImk9SgpPNFUcpdE7vT590+U0gNH1tCqGL2VpcOiSLU2IhKNgR/8eVl0jyr+pfVi/vzSu0mj6MIR3AMp+DDFdTgDurQAAocnuEV3pxH58V5dz7mrQUnnzmEP3A+fwBFa5Aj</latexit>

=)

with central charge 

Entanglement

<latexit sha1_base64="T8+PxHf1Th2eH+CXCHvKXG/I+po="></latexit>

⇢A = TrB | ci h c|
<latexit sha1_base64="eeuj8jhrCaXsP7MLpEgeQiIvQSM="></latexit>

S(n)
A =

1

1� n
log Tr[⇢nA] ⇠ c

n+ 1

6n
log `

<latexit sha1_base64="oCNHT50QcNHFvbQrLagZvNWiy6A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA220m7dLMJuxuhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48auokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c381hMqzRP5aMYpBjEdSB5xRo2VfEZuiNcrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKmhdV77Jae6hV6rd5HEU4gVM4Bw+uoA730AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/Z0uNxg==</latexit>

c = 1

<latexit sha1_base64="YdFG13MmAS80qARou4QmJsjSJUU="></latexit>

Xj + iYj ⇠

e�i✓ + ic1(�1)j
h
e�i(2�+✓) � ei(2��✓)

i

<latexit sha1_base64="xNOcNaCh7E8qSZ+wH9mXRQTRvJw="></latexit>

STLL =
K

2⇡

Z

x,⌧

⇥
(@x✓)

2 + (@⌧✓)
2
⇤

<latexit sha1_base64="EJgDERgUWnZicKcBjajzgMFoXZA="></latexit>

C1|j|�2 + C2(�1)j |j|�2K

<latexit sha1_base64="Rd5ULdrcAi0PqshNFhso5rH7rUU="></latexit>

hY0Yji ⇠ |j|�
1

2K

<latexit sha1_base64="P2tqGAcSVs+yDldZYAHeRuepQtM="></latexit>

hX0Xji ⇠ |j|�
1

2K



<latexit sha1_base64="8vj5gzkPNFnBAbEabt2rezM2KyM="></latexit>

| si = 1
N e�

P
j sjXj | ci

<latexit sha1_base64="mKb0KUPWuo72iKfS2OnanB8w+jo="></latexit>

esj�Xjp
2 cosh 2�

<latexit sha1_base64="3Q1gtUNA9UL7QmGKJjccSvVRUA4="></latexit>

sj : measurement outcome
�: measurement strength
(� ! 1): projective limit

<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

Weak measurement on a single XXZ spin chain
<latexit sha1_base64="1xXzM9iG4Nmfgik0c5K87pphOtc="></latexit>

For Z-basis measurements, see:
S. J. Garratt, Z. Weinstein, E. Altman,

Phys. Rev. X 13, 021026 (2023).



<latexit sha1_base64="mKb0KUPWuo72iKfS2OnanB8w+jo="></latexit>

esj�Xjp
2 cosh 2�

<latexit sha1_base64="3Q1gtUNA9UL7QmGKJjccSvVRUA4="></latexit>

sj : measurement outcome
�: measurement strength
(� ! 1): projective limit

<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

<latexit sha1_base64="bDDvtSnucRenh4y4Hs2hkk8bbPE="></latexit>

h c|A| ci !
Z

D✓e�ScAcont(x, ⌧ = 0)

<latexit sha1_base64="ZwKkaJcdU3hHlnhMyVD4tdz55QM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzm5mZo1kwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/Wbj6g0j+S9Gcfoh3QgeZ8zaqxUe+oWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AOl5jQY=</latexit>x

<latexit sha1_base64="I9wNyLIWpydsEbpq39mA53bktS0="></latexit>

A
<latexit sha1_base64="ZwKkaJcdU3hHlnhMyVD4tdz55QM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzm5mZo1kwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/Wbj6g0j+S9Gcfoh3QgeZ8zaqxUe+oWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AOl5jQY=</latexit>x

<latexit sha1_base64="hnLXyj98SyWJxboWlxO2Ayd1ueI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpl26uwm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTAQ36HnfTmlldW19o7xZ2dre2d2r7h88mjjVlLVoLGLdCYlhgivWQo6CdRLNiAwFa4fj29xvPzFteKwecJKwQJKh4hGnBHOphyTtV2te3ZvBXSZ+QWpQoNmvfvUGMU0lU0gFMabrewkGGdHIqWDTSi81LCF0TIasa6kikpkgm906dU+sMnCjWNtS6M7U3xMZkcZMZGg7JcGRWfRy8T+vm2J0HWRcJSkyReeLolS4GLv54+6Aa0ZRTCwhVHN7q0tHRBOKNp6KDcFffHmZPJ7V/cv6xf15rXFTxFGGIziGU/DhChpwB01oAYURPMMrvDnSeXHenY95a8kpZg7hD5zPHyRtjlI=</latexit>⌧

<latexit sha1_base64="I9wNyLIWpydsEbpq39mA53bktS0="></latexit>

A

Weak measurement on a single XXZ spin chain

<latexit sha1_base64="8vj5gzkPNFnBAbEabt2rezM2KyM="></latexit>

| si = 1
N e�

P
j sjXj | ci



<latexit sha1_base64="mKb0KUPWuo72iKfS2OnanB8w+jo="></latexit>

esj�Xjp
2 cosh 2�

<latexit sha1_base64="3Q1gtUNA9UL7QmGKJjccSvVRUA4="></latexit>

sj : measurement outcome
�: measurement strength
(� ! 1): projective limit

<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

<latexit sha1_base64="4gsEVQ472OVPFbAGylWSMn1RTFs="></latexit>

Correction from weak
measurement. . .

<latexit sha1_base64="rUOLs/uDMrrgV/OayoxV51J07Ek="></latexit>

S. J. Garratt, Z. Weinstein, E. Altman,
Phys. Rev. X 13, 021026 (2023).

<latexit sha1_base64="AfIN8U/YhoJRqEtLcVs1LrZZH20="></latexit>

Weak measurement ⇠
“imaginary time”
quantum impurity!

<latexit sha1_base64="ZwKkaJcdU3hHlnhMyVD4tdz55QM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzm5mZo1kwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/Wbj6g0j+S9Gcfoh3QgeZ8zaqxUe+oWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AOl5jQY=</latexit>x

<latexit sha1_base64="I9wNyLIWpydsEbpq39mA53bktS0="></latexit>

A
<latexit sha1_base64="ZwKkaJcdU3hHlnhMyVD4tdz55QM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzm5mZo1kwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/Wbj6g0j+S9Gcfoh3QgeZ8zaqxUe+oWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AOl5jQY=</latexit>x

<latexit sha1_base64="hnLXyj98SyWJxboWlxO2Ayd1ueI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpl26uwm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTAQ36HnfTmlldW19o7xZ2dre2d2r7h88mjjVlLVoLGLdCYlhgivWQo6CdRLNiAwFa4fj29xvPzFteKwecJKwQJKh4hGnBHOphyTtV2te3ZvBXSZ+QWpQoNmvfvUGMU0lU0gFMabrewkGGdHIqWDTSi81LCF0TIasa6kikpkgm906dU+sMnCjWNtS6M7U3xMZkcZMZGg7JcGRWfRy8T+vm2J0HWRcJSkyReeLolS4GLv54+6Aa0ZRTCwhVHN7q0tHRBOKNp6KDcFffHmZPJ7V/cv6xf15rXFTxFGGIziGU/DhChpwB01oAYURPMMrvDnSeXHenY95a8kpZg7hD5zPHyRtjlI=</latexit>⌧

<latexit sha1_base64="s/P7Nw5eFyt80W47t3h7dptbXBs="></latexit>

. . . acts only
at ⌧ = 0

<latexit sha1_base64="I9wNyLIWpydsEbpq39mA53bktS0="></latexit>

A

<latexit sha1_base64="33Uio6F25El7RWH2beQanCFlKOA=">AAACFXicbVDLSgMxFM34rPVVdekmWARBKTMi6lJ040asYB/QqSWT3mpsMjMkd4Qy9Cfc+CtuXCjiVnDn35hpZ+HrwIXDOfeSnBPEUhh03U9nYnJqema2MFecX1hcWi6trNZNlGgONR7JSDcDZkCKEGooUEIz1sBUIKER9E8yv3EH2ogovMRBDG3FrkPRE5yhlTqlHV8xvOFMpmdD3whF4Sr1A0Dmm0R1bum5nW3q826EZtgpld2KOwL9S7yclEmOaqf04XcjnigIkUtmTMtzY2ynTKPgEoZFPzEQM95n19CyNGQKTDsdpRrSTat0aS/SdkKkI/X7RcqUMQMV2M0sg/ntZeJ/XivB3mE7FWGcIIR8/FAvkRQjmlVEu0IDRzmwhHEt7F8pv2GacbRFFm0J3u/If0l9t+LtV/Yu9spHx3kdBbJONsgW8cgBOSKnpEpqhJN78kieyYvz4Dw5r87beHXCyW/WyA84719mYJ71</latexit>

M ⇠ e�
P

j Oj+···
<latexit sha1_base64="nZsYVYsvH7XC428sfZhepmh1TnA="></latexit>

h c|MAM| ci !
Z

D✓e�Sc�SmeasAcont(x, ⌧ = 0)

Weak measurement on a single XXZ spin chain

<latexit sha1_base64="8vj5gzkPNFnBAbEabt2rezM2KyM="></latexit>

| si = 1
N e�

P
j sjXj | ci



<latexit sha1_base64="mKb0KUPWuo72iKfS2OnanB8w+jo="></latexit>

esj�Xjp
2 cosh 2�

<latexit sha1_base64="3Q1gtUNA9UL7QmGKJjccSvVRUA4="></latexit>

sj : measurement outcome
�: measurement strength
(� ! 1): projective limit

<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

<latexit sha1_base64="G7vWv57vtzR1EQIx6wBNhNlK604="></latexit>

“Impurity” action is RELEVANT for K > 1/4.
How are critical properties modified?

<latexit sha1_base64="BXztehz3g81HWsJ5m8240Ov98r8="></latexit>

| unii = 1
N e�

P
j Xj | ci

Weak measurement on a single XXZ spin chain

<latexit sha1_base64="TLZVq4yaSG84PUrcTYx9ArPpaWY="></latexit>

S0 = STLL + �

Z

x
cos ✓|⌧=0

<latexit sha1_base64="M6L42ZZPbWO1nC8pU/GZINjPyOQ="></latexit>

hX0Xxic / x�1/(2K) ! x�min(4,8K)

<latexit sha1_base64="Z/gnirAgW3CdShqkG5BpgST3j8M="></latexit>

hY0Yxic / x�1/(2K) ! x�2



<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

X

Z Z

Z Z

X

(a)

(b)

<latexit sha1_base64="xvuqSnDX+x5poHbwkeT5cTI1YYo="></latexit>

X ,Y

<latexit sha1_base64="dhmyjtM5uWSprIjdnM7++GvZ2/Q="></latexit>

X̃ , Ỹ

<latexit sha1_base64="kenP7ZbiDjdAVYUCyZJvtFQ64LU="></latexit>

| unii = 1
N e�

P
j Xj,1 | �i ! 1

N e�
P

j XjX̃j | ci| ̃ci

<latexit sha1_base64="DAY3Gw6ZizLTgVwF5eb42ffS6Iw="></latexit>

“Impurity” action is RELEVANT for K > 1/2.

Weak measurement on the gapless parent state (X-basis)

<latexit sha1_base64="JGew/Lq815m90egemdukh6YuoQw="></latexit>

S0 = STLL[✓] + STLL[✓̃] + �

Z

x
cos(✓) cos(✓̃)|⌧=0



<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

X

Z Z

Z Z

X

(a)

(b)

<latexit sha1_base64="xvuqSnDX+x5poHbwkeT5cTI1YYo="></latexit>

X ,Y

<latexit sha1_base64="dhmyjtM5uWSprIjdnM7++GvZ2/Q="></latexit>

X̃ , Ỹ

<latexit sha1_base64="kenP7ZbiDjdAVYUCyZJvtFQ64LU="></latexit>

| unii = 1
N e�

P
j Xj,1 | �i ! 1

N e�
P

j XjX̃j | ci| ̃ci

<latexit sha1_base64="DAY3Gw6ZizLTgVwF5eb42ffS6Iw="></latexit>

“Impurity” action is RELEVANT for K > 1/2.

<latexit sha1_base64="NrEMPIkGqkruOweogcQkhNKPmk8="></latexit>

hX0,2Xx,2iuni ⇠ |x|�min (4,4K)

hZ0,2Zx,2iuni ⇠ const.

h
Qk

i=j Xi,2iuni ⇠ |j � k|�2K

Weak measurement on the gapless parent state (X-basis)

<latexit sha1_base64="KlxNrmN5flvQIB6ilPw3dYZjLKc=">AAACHnicdVDLTgIxFO3gC/GFunTTQExckQGJwo7oxiUm8kiYCel0LtDQaSdtx4QQ9n6GX+BWv8Cdcasf4H9YXokYvUnbk3Pv7bn3BDFn2rjup5NaW9/Y3EpvZ3Z29/YPsodHTS0TRaFBJZeqHRANnAloGGY4tGMFJAo4tILh9TTfugelmRR3ZhSDH5G+YD1GibFUN5vzhGQiBGGwR+0NCmekCu0TE0UisEQ3m3cLbrXinlfxHJRLS+DiYsGdRR4tot7NfnmhpElkv6OcaN0purHxx0QZRjlMMl6iISZ0SPrQsVBYGe2PZ7tM8KllQtyTyh471Iz92TEmkdajKLCVETED/Ts3Jf/KdRLTq/hjJuLEgKBzoV7CsZF4agwOmQJq+MgCQhWzs2I6sB5Qa8GqSqDIEMzE+rJcHv8PmqVC8aJQvi3la1cLh9LoBOXQGSqiS1RDN6iOGoiiB/SEntGL8+i8Om/O+7w05Sx6jtFKOB/ftSGjhg==</latexit>

order parameter

<latexit sha1_base64="ZevtOm+8A1m9//+ZHaTwW8kc8jA="></latexit>

disorder parameter

<latexit sha1_base64="1mB7npnQr1Lej7+DniokjhtQJ+8=">AAACFnicdVDLSgMxFM3UV62vUXe6CbaCqzp9oO1CKLoR3FSwD2hLyaS3bWgmMyQZoQwFP8MvcKtf4E7cuvUD/A/TF1jRCwmHc+7zuAFnSjvOpxVbWl5ZXYuvJzY2t7Z37N29qvJDSaFCfe7LuksUcCagopnmUA8kEM/lUHMHV2O9dg9SMV/c6WEALY/0BOsySrSh2vZBU/hMdEBo3KTmB4kTqZuL3Gk21baTTtopFpxcEU9BPjsHDs6knUkk0SzKbfur2fFp6Jk2lBOlGhkn0K2ISM0oh1GiGSoICB2QHjQMFMQD1YomN4zwsWE6uOtL88wyE/ZnRUQ8pYaeazI9ovvqtzYm/9Iaoe4WWhETQahB0Omgbsix9vHYENxhEqjmQwMIlczsimmfSEKNF4tTXEkGoEfGl/nx+H9QzaYzZ+n8bTZZupw5FEeH6AidoAw6RyV0jcqogih6QE/oGb1Yj9ar9Wa9T1Nj1qxmHy2E9fEN3uCenQ==</latexit>

K = 3/2

<latexit sha1_base64="JGew/Lq815m90egemdukh6YuoQw="></latexit>

S0 = STLL[✓] + STLL[✓̃] + �

Z

x
cos(✓) cos(✓̃)|⌧=0



X

Z Z

Z Z

X

(a)

(b)

<latexit sha1_base64="xvuqSnDX+x5poHbwkeT5cTI1YYo="></latexit>

X ,Y

<latexit sha1_base64="dhmyjtM5uWSprIjdnM7++GvZ2/Q="></latexit>

X̃ , Ỹ

A decoding protocol

Same decoding protocol used for canonical cluster state 
yields power-law behavior (not GHZ)!

<latexit sha1_base64="iNn8Y6nfMFKEHp1/6CGjc+yLvD4="></latexit>

Reminder:P
s ps hZj,2Zk,2is = hZj,2Zk,2i0 ⇠ |j � k|�1/2

<latexit sha1_base64="KHDiMI6xBErU/KSjrIPCQBmzEK0="></latexit>P
s ps hZj,2Zk,2is sjsj+1 · · · sk�1 ⇠ |j � k|�1/(2K)



<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

X

Z Z

Z Z

X

(a)

(b)

<latexit sha1_base64="xvuqSnDX+x5poHbwkeT5cTI1YYo="></latexit>

X ,Y

<latexit sha1_base64="dhmyjtM5uWSprIjdnM7++GvZ2/Q="></latexit>

X̃ , Ỹ

<latexit sha1_base64="q0VQKtfJNc3EoUgvtPtnSKgNYRo="></latexit>

| unii = 1
N e�

P
j Zj,1 | �i ! Zj,1 =

✓
Yj+1 · · · YN

Ỹj Ỹj+1 · · · ỸN

◆

<latexit sha1_base64="dx/1OwWj/qL8zXQ+TV1z9D4VOpE="></latexit>

Numerically, we find that the scaling dimension of Zj,1 is 1/4,
so the measurement is always relevant.

Weak measurement on the gapless parent state (Z-basis)



<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

X

Z Z

Z Z

X

(a)

(b)

<latexit sha1_base64="xvuqSnDX+x5poHbwkeT5cTI1YYo="></latexit>

X ,Y

<latexit sha1_base64="dhmyjtM5uWSprIjdnM7++GvZ2/Q="></latexit>

X̃ , Ỹ

<latexit sha1_base64="q0VQKtfJNc3EoUgvtPtnSKgNYRo="></latexit>

| unii = 1
N e�

P
j Zj,1 | �i ! Zj,1 =

✓
Yj+1 · · · YN

Ỹj Ỹj+1 · · · ỸN

◆

<latexit sha1_base64="dx/1OwWj/qL8zXQ+TV1z9D4VOpE="></latexit>

Numerically, we find that the scaling dimension of Zj,1 is 1/4,
so the measurement is always relevant.

Weak measurement on the gapless parent state (Z-basis)

<latexit sha1_base64="KlxNrmN5flvQIB6ilPw3dYZjLKc=">AAACHnicdVDLTgIxFO3gC/GFunTTQExckQGJwo7oxiUm8kiYCel0LtDQaSdtx4QQ9n6GX+BWv8Cdcasf4H9YXokYvUnbk3Pv7bn3BDFn2rjup5NaW9/Y3EpvZ3Z29/YPsodHTS0TRaFBJZeqHRANnAloGGY4tGMFJAo4tILh9TTfugelmRR3ZhSDH5G+YD1GibFUN5vzhGQiBGGwR+0NCmekCu0TE0UisEQ3m3cLbrXinlfxHJRLS+DiYsGdRR4tot7NfnmhpElkv6OcaN0purHxx0QZRjlMMl6iISZ0SPrQsVBYGe2PZ7tM8KllQtyTyh471Iz92TEmkdajKLCVETED/Ts3Jf/KdRLTq/hjJuLEgKBzoV7CsZF4agwOmQJq+MgCQhWzs2I6sB5Qa8GqSqDIEMzE+rJcHv8PmqVC8aJQvi3la1cLh9LoBOXQGSqiS1RDN6iOGoiiB/SEntGL8+i8Om/O+7w05Sx6jtFKOB/ftSGjhg==</latexit>

order parameter

<latexit sha1_base64="ZevtOm+8A1m9//+ZHaTwW8kc8jA="></latexit>

disorder parameter

<latexit sha1_base64="1mB7npnQr1Lej7+DniokjhtQJ+8=">AAACFnicdVDLSgMxFM3UV62vUXe6CbaCqzp9oO1CKLoR3FSwD2hLyaS3bWgmMyQZoQwFP8MvcKtf4E7cuvUD/A/TF1jRCwmHc+7zuAFnSjvOpxVbWl5ZXYuvJzY2t7Z37N29qvJDSaFCfe7LuksUcCagopnmUA8kEM/lUHMHV2O9dg9SMV/c6WEALY/0BOsySrSh2vZBU/hMdEBo3KTmB4kTqZuL3Gk21baTTtopFpxcEU9BPjsHDs6knUkk0SzKbfur2fFp6Jk2lBOlGhkn0K2ISM0oh1GiGSoICB2QHjQMFMQD1YomN4zwsWE6uOtL88wyE/ZnRUQ8pYaeazI9ovvqtzYm/9Iaoe4WWhETQahB0Omgbsix9vHYENxhEqjmQwMIlczsimmfSEKNF4tTXEkGoEfGl/nx+H9QzaYzZ+n8bTZZupw5FEeH6AidoAw6RyV0jcqogih6QE/oGb1Yj9ar9Wa9T1Nj1qxmHy2E9fEN3uCenQ==</latexit>

K = 3/2

<latexit sha1_base64="+d5wOlNZigFeAhEr6AlncQSTL3I="></latexit>

hX0,2Xx,2iuni ⇠ |x|�min (4,4K)

hZ0,2Zx,2iuni ⇠ |x|�2K

h
Qk

i=j Xi,2iuni ⇠ const.



<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

Tilted weak measurements

<latexit sha1_base64="5epcww4ENqdNrocinHwuAU4BLgU="></latexit>

| unii = 1
N e�

P
j [cos(!)Xj,1+sin(!)Zj,1] | �i , ! 2 [0, ⇡

2 ]



<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

<latexit sha1_base64="k7IQiISE1ULOoQatymdIs6LPIJE=">AAACHXicdVDLTgIxFO3gC/GFunRTBRNXZECisCO6cYlGHglDSKdcoKHTTtqOhhDWfoZf4Fa/wJ1xa/wA/8PySsToTdqcnHOfxw8508Z1P53Y0vLK6lp8PbGxubW9k9zdq2oZKQoVKrlUdZ9o4ExAxTDDoR4qIIHPoeb3L8d67Q6UZlLcmkEIzYB0BeswSoylWslDT0gm2iAM9qj9QeEETns3rNszRCl5n24lU27GLRbc0yKegnxuDlyczbiTSKFZlFvJL68taRTYbpQTrRtZNzTNIVGGUQ6jhBdpCAntky40LBQkAN0cTk4Z4WPLtHFHKvvsThP2Z8WQBFoPAt9mBsT09G9tTP6lNSLTKTSHTISRAUGngzoRx0bisS+4zRRQwwcWEKqY3RXTHlGEWksWp/iK9MGMrC/z4/H/oJrLZM8y+etcqnQxcyiODtAROkFZdI5K6AqVUQVR9ICe0DN6cR6dV+fNeZ+mxpxZzT5aCOfjG8xFomw=</latexit>)

Tilted weak measurements

<latexit sha1_base64="mZmk2FqZ8/VQG6SzVCvFuqTg6eg="></latexit>

intermediate fixed point for
some critical value !c

<latexit sha1_base64="5epcww4ENqdNrocinHwuAU4BLgU="></latexit>

| unii = 1
N e�

P
j [cos(!)Xj,1+sin(!)Zj,1] | �i , ! 2 [0, ⇡

2 ]

Order

Disorder

<latexit sha1_base64="VGr5O2vN7SiGmDXoDoVRRXBLGhs="></latexit>

! = 0,⇡/2 are two stable fixed points for K > 1



<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

<latexit sha1_base64="k7IQiISE1ULOoQatymdIs6LPIJE=">AAACHXicdVDLTgIxFO3gC/GFunRTBRNXZECisCO6cYlGHglDSKdcoKHTTtqOhhDWfoZf4Fa/wJ1xa/wA/8PySsToTdqcnHOfxw8508Z1P53Y0vLK6lp8PbGxubW9k9zdq2oZKQoVKrlUdZ9o4ExAxTDDoR4qIIHPoeb3L8d67Q6UZlLcmkEIzYB0BeswSoylWslDT0gm2iAM9qj9QeEETns3rNszRCl5n24lU27GLRbc0yKegnxuDlyczbiTSKFZlFvJL68taRTYbpQTrRtZNzTNIVGGUQ6jhBdpCAntky40LBQkAN0cTk4Z4WPLtHFHKvvsThP2Z8WQBFoPAt9mBsT09G9tTP6lNSLTKTSHTISRAUGngzoRx0bisS+4zRRQwwcWEKqY3RXTHlGEWksWp/iK9MGMrC/z4/H/oJrLZM8y+etcqnQxcyiODtAROkFZdI5K6AqVUQVR9ICe0DN6cR6dV+fNeZ+mxpxZzT5aCOfjG8xFomw=</latexit>)

<latexit sha1_base64="1mB7npnQr1Lej7+DniokjhtQJ+8=">AAACFnicdVDLSgMxFM3UV62vUXe6CbaCqzp9oO1CKLoR3FSwD2hLyaS3bWgmMyQZoQwFP8MvcKtf4E7cuvUD/A/TF1jRCwmHc+7zuAFnSjvOpxVbWl5ZXYuvJzY2t7Z37N29qvJDSaFCfe7LuksUcCagopnmUA8kEM/lUHMHV2O9dg9SMV/c6WEALY/0BOsySrSh2vZBU/hMdEBo3KTmB4kTqZuL3Gk21baTTtopFpxcEU9BPjsHDs6knUkk0SzKbfur2fFp6Jk2lBOlGhkn0K2ISM0oh1GiGSoICB2QHjQMFMQD1YomN4zwsWE6uOtL88wyE/ZnRUQ8pYaeazI9ovvqtzYm/9Iaoe4WWhETQahB0Omgbsix9vHYENxhEqjmQwMIlczsimmfSEKNF4tTXEkGoEfGl/nx+H9QzaYzZ+n8bTZZupw5FEeH6AidoAw6RyV0jcqogih6QE/oGb1Yj9ar9Wa9T1Nj1qxmHy2E9fEN3uCenQ==</latexit>

K = 3/2

Tilted weak measurements

<latexit sha1_base64="mZmk2FqZ8/VQG6SzVCvFuqTg6eg="></latexit>

intermediate fixed point for
some critical value !c

<latexit sha1_base64="5epcww4ENqdNrocinHwuAU4BLgU="></latexit>

| unii = 1
N e�

P
j [cos(!)Xj,1+sin(!)Zj,1] | �i , ! 2 [0, ⇡

2 ]

Order

Disorder

<latexit sha1_base64="VGr5O2vN7SiGmDXoDoVRRXBLGhs="></latexit>

! = 0,⇡/2 are two stable fixed points for K > 1



<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

<latexit sha1_base64="k7IQiISE1ULOoQatymdIs6LPIJE=">AAACHXicdVDLTgIxFO3gC/GFunRTBRNXZECisCO6cYlGHglDSKdcoKHTTtqOhhDWfoZf4Fa/wJ1xa/wA/8PySsToTdqcnHOfxw8508Z1P53Y0vLK6lp8PbGxubW9k9zdq2oZKQoVKrlUdZ9o4ExAxTDDoR4qIIHPoeb3L8d67Q6UZlLcmkEIzYB0BeswSoylWslDT0gm2iAM9qj9QeEETns3rNszRCl5n24lU27GLRbc0yKegnxuDlyczbiTSKFZlFvJL68taRTYbpQTrRtZNzTNIVGGUQ6jhBdpCAntky40LBQkAN0cTk4Z4WPLtHFHKvvsThP2Z8WQBFoPAt9mBsT09G9tTP6lNSLTKTSHTISRAUGngzoRx0bisS+4zRRQwwcWEKqY3RXTHlGEWksWp/iK9MGMrC/z4/H/oJrLZM8y+etcqnQxcyiODtAROkFZdI5K6AqVUQVR9ICe0DN6cR6dV+fNeZ+mxpxZzT5aCOfjG8xFomw=</latexit>)

Tilted weak measurements

<latexit sha1_base64="mZmk2FqZ8/VQG6SzVCvFuqTg6eg="></latexit>

intermediate fixed point for
some critical value !c

<latexit sha1_base64="5epcww4ENqdNrocinHwuAU4BLgU="></latexit>

| unii = 1
N e�

P
j [cos(!)Xj,1+sin(!)Zj,1] | �i , ! 2 [0, ⇡

2 ]

Order

Disorder

<latexit sha1_base64="VGr5O2vN7SiGmDXoDoVRRXBLGhs="></latexit>

! = 0,⇡/2 are two stable fixed points for K > 1



Tilted weak measurements (symmetry-preserving)

<latexit sha1_base64="Pd8bqGl4bm7WFPIJauM+UkPIHnM="></latexit>

! = 0,⇡/2 are two stable fixed point for K > 1/2

<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

<latexit sha1_base64="k7IQiISE1ULOoQatymdIs6LPIJE=">AAACHXicdVDLTgIxFO3gC/GFunRTBRNXZECisCO6cYlGHglDSKdcoKHTTtqOhhDWfoZf4Fa/wJ1xa/wA/8PySsToTdqcnHOfxw8508Z1P53Y0vLK6lp8PbGxubW9k9zdq2oZKQoVKrlUdZ9o4ExAxTDDoR4qIIHPoeb3L8d67Q6UZlLcmkEIzYB0BeswSoylWslDT0gm2iAM9qj9QeEETns3rNszRCl5n24lU27GLRbc0yKegnxuDlyczbiTSKFZlFvJL68taRTYbpQTrRtZNzTNIVGGUQ6jhBdpCAntky40LBQkAN0cTk4Z4WPLtHFHKvvsThP2Z8WQBFoPAt9mBsT09G9tTP6lNSLTKTSHTISRAUGngzoRx0bisS+4zRRQwwcWEKqY3RXTHlGEWksWp/iK9MGMrC/z4/H/oJrLZM8y+etcqnQxcyiODtAROkFZdI5K6AqVUQVR9ICe0DN6cR6dV+fNeZ+mxpxZzT5aCOfjG8xFomw=</latexit>)
<latexit sha1_base64="mZmk2FqZ8/VQG6SzVCvFuqTg6eg="></latexit>

intermediate fixed point for
some critical value !c

<latexit sha1_base64="AMgKaGGWZraTwuOIU1SqPduvheM="></latexit>

S0 = STLL[✓+] + STLL[✓�]

+ �

Z

x

h
sin

⇣⇡
4
� !

⌘
cos(✓+)|⌧=0 + cos

⇣⇡
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� !

⌘
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<latexit sha1_base64="PymjMC3AhQEu14dKttjGbIlQoG0="></latexit>

| unii = 1
N e�

P
j [cos(!)Xj,1+sin(!)Zj,1Zj+1,1] | �i , ! 2 [0, ⇡

2 ]



<latexit sha1_base64="Pd8bqGl4bm7WFPIJauM+UkPIHnM="></latexit>

! = 0,⇡/2 are two stable fixed point for K > 1/2

<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

<latexit sha1_base64="k7IQiISE1ULOoQatymdIs6LPIJE=">AAACHXicdVDLTgIxFO3gC/GFunRTBRNXZECisCO6cYlGHglDSKdcoKHTTtqOhhDWfoZf4Fa/wJ1xa/wA/8PySsToTdqcnHOfxw8508Z1P53Y0vLK6lp8PbGxubW9k9zdq2oZKQoVKrlUdZ9o4ExAxTDDoR4qIIHPoeb3L8d67Q6UZlLcmkEIzYB0BeswSoylWslDT0gm2iAM9qj9QeEETns3rNszRCl5n24lU27GLRbc0yKegnxuDlyczbiTSKFZlFvJL68taRTYbpQTrRtZNzTNIVGGUQ6jhBdpCAntky40LBQkAN0cTk4Z4WPLtHFHKvvsThP2Z8WQBFoPAt9mBsT09G9tTP6lNSLTKTSHTISRAUGngzoRx0bisS+4zRRQwwcWEKqY3RXTHlGEWksWp/iK9MGMrC/z4/H/oJrLZM8y+etcqnQxcyiODtAROkFZdI5K6AqVUQVR9ICe0DN6cR6dV+fNeZ+mxpxZzT5aCOfjG8xFomw=</latexit>)
<latexit sha1_base64="mZmk2FqZ8/VQG6SzVCvFuqTg6eg="></latexit>

intermediate fixed point for
some critical value !c

<latexit sha1_base64="AMgKaGGWZraTwuOIU1SqPduvheM="></latexit>

S0 = STLL[✓+] + STLL[✓�]

+ �

Z

x

h
sin

⇣⇡
4
� !

⌘
cos(✓+)|⌧=0 + cos

⇣⇡
4
� !

⌘
cos(✓�)|⌧=0

i

<latexit sha1_base64="d/oOD55gpYgvjIWqZawQy/231ro="></latexit>

! = ⇡/4: intermediate fixed point,
with a gapless sector ✓+

Tilted weak measurements (symmetry-preserving)

<latexit sha1_base64="PymjMC3AhQEu14dKttjGbIlQoG0="></latexit>

| unii = 1
N e�

P
j [cos(!)Xj,1+sin(!)Zj,1Zj+1,1] | �i , ! 2 [0, ⇡

2 ]



<latexit sha1_base64="Pd8bqGl4bm7WFPIJauM+UkPIHnM="></latexit>

! = 0,⇡/2 are two stable fixed point for K > 1/2

<latexit sha1_base64="6Ptxzlc4zOdXmkPdAYk9KWPLNp0="></latexit>

Post-measurement state:

<latexit sha1_base64="k7IQiISE1ULOoQatymdIs6LPIJE=">AAACHXicdVDLTgIxFO3gC/GFunRTBRNXZECisCO6cYlGHglDSKdcoKHTTtqOhhDWfoZf4Fa/wJ1xa/wA/8PySsToTdqcnHOfxw8508Z1P53Y0vLK6lp8PbGxubW9k9zdq2oZKQoVKrlUdZ9o4ExAxTDDoR4qIIHPoeb3L8d67Q6UZlLcmkEIzYB0BeswSoylWslDT0gm2iAM9qj9QeEETns3rNszRCl5n24lU27GLRbc0yKegnxuDlyczbiTSKFZlFvJL68taRTYbpQTrRtZNzTNIVGGUQ6jhBdpCAntky40LBQkAN0cTk4Z4WPLtHFHKvvsThP2Z8WQBFoPAt9mBsT09G9tTP6lNSLTKTSHTISRAUGngzoRx0bisS+4zRRQwwcWEKqY3RXTHlGEWksWp/iK9MGMrC/z4/H/oJrLZM8y+etcqnQxcyiODtAROkFZdI5K6AqVUQVR9ICe0DN6cR6dV+fNeZ+mxpxZzT5aCOfjG8xFomw=</latexit>)
<latexit sha1_base64="mZmk2FqZ8/VQG6SzVCvFuqTg6eg="></latexit>

intermediate fixed point for
some critical value !c

<latexit sha1_base64="AMgKaGGWZraTwuOIU1SqPduvheM="></latexit>

S0 = STLL[✓+] + STLL[✓�]

+ �

Z

x

h
sin

⇣⇡
4
� !

⌘
cos(✓+)|⌧=0 + cos

⇣⇡
4
� !

⌘
cos(✓�)|⌧=0

i

<latexit sha1_base64="d/oOD55gpYgvjIWqZawQy/231ro="></latexit>

! = ⇡/4: intermediate fixed point,
with a gapless sector ✓+

Tilted weak measurements (symmetry-preserving)

<latexit sha1_base64="PymjMC3AhQEu14dKttjGbIlQoG0="></latexit>

| unii = 1
N e�

P
j [cos(!)Xj,1+sin(!)Zj,1Zj+1,1] | �i , ! 2 [0, ⇡

2 ]



Outline:

<latexit sha1_base64="O5ObEq1GiI0KJi/b1Tv5qBqC0pU=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbRD0GvXiMYB6QhNA76SRDZh/M9Aoh5Cu8+CtePCjiVbz5N84mOWhiwUBR1d3TXX6spCHX/XYyK6tr6xvZzdzW9s7uXn7/oGaiRAusikhFuuGDQSVDrJIkhY1YIwS+wro/vEn9+gNqI6PwnkYxtgPoh7InBZCVOvmzOsKQBwgm0RhgSIZHIacB8j7ECo3hMWgrc0NA2MkX3KI7BV8m3pwU2ByVTv6r1Y1Ekg4WCoxpem5M7TFokkLhJNdKDMYghtDHpqUhBGja4+lZE35ilS7vRdo+u8FU/d0xhsCYUeDbygBoYBa9VPzPaybUu2qPZRgnhKGYfdRLFKeIpxnxrtQoSI0sAaGl3ZWLAWgQZJPM2RC8xZOXSa1U9C6K53elQvl6HkeWHbFjdso8dsnK7JZVWJUJ9sie2St7c56cF+fd+ZiVZpx5zyH7A+fzB24Nn40=</latexit>

Weak measurements on the gapless parent state

<latexit sha1_base64="TPyuSTQXp6kRiUxsnMf7zQhFycM=">AAACD3icbVA9SwNBEN3zM8avqKXNYlCswp2IWgYVtIxgYiAJYW4zZxb3PtidE8KRf2DjX7GxUMTW1s5/4ya5QqMPFh7vzczOPD9R0pDrfjkzs3PzC4uFpeLyyuraemljs2HiVAusi1jFuumDQSUjrJMkhc1EI4S+whv/7mzk39yjNjKOrmmQYCeE20gGUgBZqVvau4BEoTE8AY0R8Tjg1EfunXOhUkOouSEg7JbKbsUdg/8lXk7KLEetW/ps92KRhnamUGBMy3MT6mSgSQqFw2I7NZiAuINbbFkaQYimk43vGfJdq/R4EGv77E5j9WdHBqExg9C3lSFQ30x7I/E/r5VScNLJZJSkhJGYfBSkilPMR+HwntQoSA0sAaGl3ZWLPmgQNghTtCF40yf/JY2DindUObw6KFdP8zgKbJvtsH3msWNWZZesxupMsAf2xF7Yq/PoPDtvzvukdMbJe7bYLzgf3+hjm/U=</latexit>

Gapless parent of the 1D cluster state

<latexit sha1_base64="8hzRrILVChEC8c/zgihi2sjV9RM=">AAACEXicbVC7SkNBEN3r2/iKWtosBiFVuFdELYM2llFMIsQQ5m4myeLe3cvu3EgI/oKNv2JjoYitnZ1/4+ZR+DowcDhnhpk5caqkozD8DGZm5+YXFpeWcyura+sb+c2tmjOZFVgVRhl7FYNDJTVWSZLCq9QiJLHCenxzOvLrfbROGn1JgxSbCXS17EgB5KVWvniBfYm3HGKTEacecgHaaO8rLlTmCC13BIStfCEshWPwvySakgKbotLKf1y3jcgS1CQUONeIwpSaQ7AkhcK73HXmMAVxA11seKohQdccjj+643teafOOsb408bH6fWIIiXODJPadCVDP/fZG4n9eI6POcXModZoRajFZ1MkUJ8NH8fC2tChIDTwBYaW/lYseWBA+CJfzIUS/X/5Lavul6LB0cL5fKJ9M41hiO2yXFVnEjliZnbEKqzLB7tkje2YvwUPwFLwGb5PWmWA6s81+IHj/AosNnXs=</latexit>

Review about the canonical cluster state

<latexit sha1_base64="STIxaznMRBbbZuUi6t9JP6txMPA="></latexit>

Conclusions and outlook



Conclusions…

X

Z Z

Z Z

X

(a)

(b)

Can we still prepare long-range order from this  
gapless Hamiltonian? 

Is it robust far from projective measurements and  
is there a privileged measurement direction? 

Is the decoding protocol still valid? 



…outlook

Roadmap in criticality & quantum sensing:

<latexit sha1_base64="Fa0rEhn0DebStooUyCPiUU6rEvQ="></latexit>

Measurements and quantum critical metrological gain:
application of states with long-range order and power-law decay?



…outlook

Roadmap in criticality & quantum sensing:

<latexit sha1_base64="Fa0rEhn0DebStooUyCPiUU6rEvQ="></latexit>

Measurements and quantum critical metrological gain:
application of states with long-range order and power-law decay?

<latexit sha1_base64="LXoqLzVRFuJZ5hka+63kgWCkmqg="></latexit>

Use measurements to produce di↵erent critical states?



…outlook

Roadmap in criticality & quantum sensing:

Thanks!

<latexit sha1_base64="Fa0rEhn0DebStooUyCPiUU6rEvQ="></latexit>

Measurements and quantum critical metrological gain:
application of states with long-range order and power-law decay?

<latexit sha1_base64="LXoqLzVRFuJZ5hka+63kgWCkmqg="></latexit>

Use measurements to produce di↵erent critical states?

<latexit sha1_base64="qJPUx3372OKXlWK2J9lK2cE3BWo="></latexit>

Theory side: Higher-dimensions, critical

(but non-conformal) field theories, fuzzy sphere . . .


