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Overview

The information lattice provides a decomposition of the total information  in a quantum state  
into scale- and position-resolved local information  

I(ρ) ρ
iℓ
n

I(ρ) = ∑
n,ℓ

iℓ
n

The local information  is locally conserved on the information lattice (spanning the values of  and ) 
 
its structure provides a universal characterisation of states and  

its dynamics the basis for time evolution algorithms like LITE (local information time evolution)

iℓ
n n ℓ

[Klein Kvorning, Herviou, JHB SciPost Physics (2022); Artiaco, Fleckenstein, Aceituno Chávez, Klein Kvorning, JHB PRX Quantum 2024]  



How much information is there in the state  of  qubits?ρ L
I(ρ) = log2(dimρ) − S(ρ) = L + tr ρ log ρ

Example: product state has L bits corresponding to measuring the direction of each qubit 

Example: infinite temperature state  has no informationρ∞ = 11/dim(ρ)

Example: singlet  has two bits corresponding to, for example, measuring  and |ψ⟩ =
1

2
( |01⟩ − |10⟩) −XX −ZZ

Example: stabiliser state  with  commuting stabilisers  Qi |ψ⟩ = |ψ⟩ L [Qi, Qj] = 0

= L + min
{Λy} ∑

y

𝖳𝗋 (Λyρ) log [𝖳𝗋 (Λyρ)]

[Klein Kvorning, Herviou, JHB SciPost Physics (2022); Artiaco, Fleckenstein, Aceituno Chávez, Klein Kvorning, JHB PRX Quantum 2024]  



Local information

The local information  is the information in a subsystem  that is not contained in any smaller subsystemiℓ
n 𝒞ℓ

n

 qubitsℓ + 1

centered at n
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𝒞ℓ
n

iℓ
n = Iℓ

n − Iℓ−1
n−1/2 − Iℓ−1

n+1/2 + Iℓ−2
n ≥ 0 L RM

i(LMR) = I(LMR) − I(LM) − I(MR) + I(M) = I(L : R |M)

[Klein Kvorning, Herviou, JHB SciPost Physics (2022); Artiaco, Fleckenstein, Aceituno Chávez, Klein Kvorning, JHB PRX Quantum 2024]  



The information lattice is pictorially visualised as a triangle
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Each point  corresponds to a subsystem  and the value at the point is the corresponding local information (n, ℓ) 𝒞ℓ
n iℓ

n

[Klein Kvorning, Herviou, JHB SciPost Physics (2022); Artiaco, Fleckenstein, Aceituno Chávez, Klein Kvorning, JHB PRX Quantum 2024]  



Information lattice for stabiliser states has integer information
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(g)
iℓ
n = |𝒢ℓ

n | − |𝒢ℓ−1
n−1/2 | − |𝒢ℓ−1

n+1/2 | + |𝒢ℓ−2
n | = ∈ {0,1,2} where  is the stabilizer subgroup of subsystem 𝒢ℓ

n 𝒞ℓ
n

[Bilinskaya, Martínez, Ghosh, Klein Kvorning, Artiaco, JHB, arXiv:2510.26696]  

|Bell⟩ =
1

2
|0⟩ ⊗ ( |01⟩ + |10⟩) ⊗ |0⟩

IXXI |Bell⟩ = |Bell⟩
IZZI |Bell⟩ = |Bell⟩

|Néel⟩ = |0101⟩ |GHZ⟩ =
1

2
( |0000⟩ + |1111⟩)



The information lattice for eigenstates of the XXZ model with random field

|E0⟩

|EM⟩

Volume law S ∼ ld
A

S ∼ Ld−1
A



Total information on a given scale is characteristic of the state

The total information  on scale   Iℓ = ∑
n

iℓ
n ℓ

[Artiaco, Klein-Kvorning, Aceituno Chávez, Herviou, JHB, PRL 2025 (arXiv:2410.10971)]  

<̀latexit sha1_base64="5aGTThlPohAJeQz4RIKtaTnms1Y=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKChjJI5CElVnS+bJJTzg/drRGRlV+ghYoO0fI7FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHLZNGGuBLRGqUHc9blDJAFskSWE30sh9T2HHm95kfucBtZFhcE+zCF2fjwM5koJTJvVRqUGlatfsHGyZOAWpQoHmoPLVH4Yi9jEgobgxPceOyE24JikUzsv92GDExZSPsZfSgPto3CTPOmenseEUsgg1k4rlIv7eSLhvzMz30kmf08Qsepn4n9eLaXTlJjKIYsJAZIdIKswPGaFlWgKyodRIxLPkyGTABNecCLVkXIhUjNNWymkfzuL3y6RdrznntfrdRbVxXTRTgmM4gTNw4BIacAtNaIGACTzBM7xYj9ar9Wa9/4yuWMXOEfyB9fENu4GSxA==</latexit>

I`
<latexit sha1_base64="0V/TgK9pJawHxni++DKuKSBD+BM=">AAAB+HicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKCBrogkYeUmOh82YQj54fu1kjByj/QQkWHaPkbCv4Fx7iAhKlGM7va2fEiJQ3Z9qe1sLi0vLJaWCuub2xubZd2dpsmjLXAhghVqNseN6hkgA2SpLAdaeS+p7DljS6mfusBtZFhcEPjCF2fDwM5kIJTKjWvbruoVK9Utit2BjZPnJyUIUe9V/rq9kMR+xiQUNyYjmNH5CZckxQKJ8VubDDiYsSH2ElpwH00bpKlnbDD2HAKWYSaScUyEX9vJNw3Zux76aTP6c7MelPxP68T0+DMTWQQxYSBmB4iqTA7ZISWaQ3I+lIjEZ8mRyYDJrjmRKgl40KkYpz2Ukz7cGa/nyfNasU5rlSvT8q187yZAuzDARyBA6dQg0uoQwME3MMTPMOL9Wi9Wm/W+8/ogpXv7MEfWB/fDLmTfw==</latexit>

lo
g(
I`
)

<latexit sha1_base64="K4zuzyNJ5n0tonPMKxKPVsRgoWs=">AAAB/nicbVC7TsNAEDyHVwivACXNiQgpNJEdkKCMoIEuSOQhxSY6XzbhlLN9ulsjRVYkvoIWKjpEy69Q8C84xgUkTDWa2dXOjq+kMGjbn1ZhaXllda24XtrY3NreKe/utU0Uaw4tHslId31mQIoQWihQQldpYIEvoeOPL2d+5wG0EVF4ixMFXsBGoRgKzjCVXFdGo+r1nQtSHvfLFbtmZ6CLxMlJheRo9stf7iDicQAhcsmM6Tm2Qi9hGgWXMC25sQHF+JiNoJfSkAVgvCTLPKVHsWEYUQWaCkkzEX5vJCwwZhL46WTA8N7MezPxP68X4/DcS0SoYoSQzw6hkJAdMlyLtAygA6EBkc2SAxUh5UwzRNCCMs5TMU7bKaV9OPPfL5J2veac1Oo3p5XGRd5MkRyQQ1IlDjkjDXJFmqRFOFHkiTyTF+vRerXerPef0YKV7+yTP7A+vgEBDZWq</latexit>

log(`)
<latexit sha1_base64="PKJoySko+TvmE86x79JghmePM9c=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESGFJrIDEpQRNJRBIg8RW9H5sgmnnM/W3RopssJX0EJFh2j5Fwr+Bdu4gISpRjO72tnxIykM2vantbS8srq2Xtoob25t7+xW9vY7Jow1hzYPZah7PjMghYI2CpTQizSwwJfQ9SdXmd99AG1EqG5xGoEXsLESI8EZptKdK8NxzQUpTwaVql23c9BF4hSkSgq0BpUvdxjyOACFXDJj+o4doZcwjYJLmJXd2EDE+ISNoZ9SxQIwXpInntHj2DAMaQSaCklzEX5vJCwwZhr46WTA8N7Me5n4n9ePcXThJUJFMYLi2SEUEvJDhmuRVgF0KDQgsiw5UKEoZ5ohghaUcZ6KcdpNOe3Dmf9+kXQadee03rg5qzYvi2ZK5JAckRpxyDlpkmvSIm3CiSJP5Jm8WI/Wq/Vmvf+MLlnFzgH5A+vjG6uKlO8=</latexit>

A
<latexit sha1_base64="DHJx6T+ghIyMcD2nL7vJ92o6o1o=">AAAB/HicdVC7TsNAEDyHVwivACXNiQiJyrIDIkkXoKEMEnmIxIrOl0045Xy27tZIkRW+ghYqOkTLv1DwL9ghSIBgqtHMrnZ2/EgKg47zZuUWFpeWV/KrhbX1jc2t4vZOy4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v74PPPbt6CNCNUVTiLwAjZSYig4w1S67gUMb3SQnE77xZJjn1Rrbs2lju3MkBG3cpQq7lwpkTka/eJ7bxDyOACFXDJjuq4ToZcwjYJLmBZ6sYGI8TEbQTeligVgvGSWeEoPYsMwpBFoKiSdifB9I2GBMZPATyezhOa3l4l/ed0Yh1UvESqKERTPDqGQMDtkuBZpFUAHQgMiy5IDFYpyphkiaEEZ56kYp90U0j6+nqb/k1bZdo/s8uVxqX42byZP9sg+OSQuqZA6uSAN0iScKHJPHsijdWc9Wc/Wy+dozprv7JIfsF4/AOlolbw=</latexit> B

<latexit sha1_base64="KG9uVAOKLtgf1D9QT2sq82h/46c=">AAAB/HicbVDLTgJBEJzFF+IL9ehlIjHxRGYBH0eCF4+YyCMCIbNDgxNmZzczvSZkg1/hVU/ejFf/xYP/4i4So2KdKlXd6eryQiUtMvbuZJaWV1bXsuu5jc2t7Z387l7TBpER0BCBCkzb4xaU1NBAiQraoQHuewpa3vgi9Vt3YKwM9DVOQuj5fKTlUAqOiXTT9TneGj+uTfv5AiueMOZWTikrMlYqM5e6CUnxTQpkjno//9EdBCLyQaNQ3NqOy0LsxdygFAqmuW5kIeRizEfQSajmPthePEs8pUeR5RjQEAyVis5E+LkRc9/aie8lk2lC+9dLxf+8ToTD814sdRghaJEeQqlgdsgKI5MqgA6kAUSeJgcqNRXccEQwknIhEjFKusklfSx8v0iapaJbLpauKoVqbd5MlhyQQ3JMXHJGquSS1EmDCKLJA3kkT8698+y8OK9foxlnvrNPfsF5+wS7UJWd</latexit>

C
<latexit sha1_base64="a7efmoWZsuzt55MfEFyXStQb0z4=">AAAB/HicdVC7TsNAEDzzDOEVoKQ5ESFRWX7wSLqINJRBIg+RRNH5sgknzmfrbo2ErPAVtFDRIVr+hYJ/wQ5BAgRTjWZ2tbMTxFIYdJw3a25+YXFpubBSXF1b39gsbW23TJRoDk0eyUh3AmZACgVNFCihE2tgYSChHVzXc799A9qISF3gbQz9kI2VGAnOMJMueyHDKx2m9cmgVHZs1/H84wp1bK/q+56XkSPfqRxWqWs7U5TJDI1B6b03jHgSgkIumTFd14mxnzKNgkuYFHuJgZjxazaGbkYVC8H002niCd1PDMOIxqCpkHQqwveNlIXG3IZBNpknNL+9XPzL6yY4qvRToeIEQfH8EAoJ00OGa5FVAXQoNCCyPDlQoShnmiGCFpRxnolJ1k0x6+Prafo/aXm269ve+WG5djprpkB2yR45IC45ITVyRhqkSThR5J48kEfrznqynq2Xz9E5a7azQ37Aev0AAgmVzQ==</latexit>

D
<latexit sha1_base64="VJQpsdVntYWhi6LYPF4LShLqbs0=">AAAB/HicdVA9TwJBFNzDL8Qv1NJmIzGxuuyBCCVRC0tMRIxAyN7ywI17e5fddybkgr/CVis7Y+t/sfC/eIeYqNGpJjPv5c0bP1LSImNvTm5ufmFxKb9cWFldW98obm5d2DA2AloiVKG59LkFJTW0UKKCy8gAD3wFbf/mOPPbt2CsDPU5jiPoBXyk5VAKjql01Q04XpsgOZn0iyXm1useqzHK3Eq1Vq5WUuJVWdk7pJ7LpiiRGZr94nt3EIo4AI1CcWs7Houwl3CDUiiYFLqxhYiLGz6CTko1D8D2kmniCd2LLceQRmCoVHQqwveNhAfWjgM/ncwS2t9eJv7ldWIc1nuJ1FGMoEV2CKWC6SErjEyrADqQBhB5lhyo1FRwwxHBSMqFSMU47aaQ9vH1NP2fXJRdr+KWzw5KjaNZM3myQ3bJPvFIjTTIKWmSFhFEk3vyQB6dO+fJeXZePkdzzmxnm/yA8/oB+2yVyA==</latexit>

⇠A
<latexit sha1_base64="P61jP4goo7RaDkMMXDDDDO1nThY=">AAACAHicdVC7TsNAEDyHVwivACXNiQiJKrITRJIuQEMZJPKQYhOdL5twyvmhuzUistLwFbRQ0SFa/oSCf8E2QQIEU41mdrWz44ZSaDTNNyO3sLi0vJJfLaytb2xuFbd3OjqIFIc2D2Sgei7TIIUPbRQooRcqYJ4roetOzlK/ewNKi8C/xGkIjsfGvhgJzjCRruxbMbA9htfKi09mg2LJLB/XG1bDombZzJASq1ZNFGuulMgcrUHx3R4GPPLARy6Z1n3LDNGJmULBJcwKdqQhZHzCxtBPqM880E6cpZ7Rg0gzDGgIigpJMxG+b8TM03rquclkmlD/9lLxL68f4ajuxMIPIwSfp4dQSMgOaa5EUgfQoVCAyNLkQIVPOVMMEZSgjPNEjJJ+CkkfX0/T/0mnUraq5crFUal5Om8mT/bIPjkkFqmRJjknLdImnChyTx7Io3FnPBnPxsvnaM6Y7+ySHzBePwASXZeA</latexit>

⇠B
<latexit sha1_base64="7enIWmlaI7cECuWaJ9M7G8L5ysU=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysNrOAj5JgY4mJIAmsZHa44ITZR2buGsmGxq+w1crO2PonFv6Lu0iMiqc6Oefe3HOPFylpkLF3K7ewuLS8kl8trK1vbG4Vt3daJoy1gKYIVajbHjegZABNlKigHWngvqfgyhudZf7VLWgjw+ASxxG4Ph8GciAFx1S67t7JXtfneKP9pD7pFUvMPmLMqR5TZjNWrjCHOinJ8E1KZIZGr/jR7Yci9iFAobgxHYdF6CZcoxQKJoVubCDiYsSH0ElpwH0wbjJNPaEHseEY0gg0lYpORfi5kXDfmLHvpZNZQvPXy8T/vE6Mg1M3kUEUIwQiO4RSwfSQEVqmdQDtSw2IPEsOVAZUcM0RQUvKhUjFOO2nkPYx9/08aZVtp2KXL6qlWn3WTJ7skX1ySBxyQmrknDRIkwiiyQN5JE/WvfVsvVivX6M5a7azS37BevsE5DaXYQ==</latexit>

⇠C
<latexit sha1_base64="fzQFNAI7Drh7v/aDzt4vP3avxgU=">AAACAHicdVC7TgJBFJ3FF+ILtbSZSEysNvtAhY5IY4mJPBJAMjtccOLsIzN3jWRD41fYamVnbP0TC//FXcREjZ7q5Jx7c889XiSFRst6M3ILi0vLK/nVwtr6xuZWcXunpcNYcWjyUIaq4zENUgTQRIESOpEC5nsS2t51PfPbN6C0CIMLnETQ99k4ECPBGabSZe9WDHo+wyvlJ/XpoFiyTNty3OMKtUyn6rqOk5Ij16qUq9Q2rRlKZI7GoPjeG4Y89iFALpnWXduKsJ8whYJLmBZ6sYaI8Ws2hm5KA+aD7iez1FN6EGuGIY1AUSHpTITvGwnztZ74XjqZJdS/vUz8y+vGOKr0ExFEMULAs0MoJMwOaa5EWgfQoVCAyLLkQEVAOVMMEZSgjPNUjNN+CmkfX0/T/0nLMW3XdM7LpdrpvJk82SP75JDY5ITUyBlpkCbhRJF78kAejTvjyXg2Xj5Hc8Z8Z5f8gPH6ASrvl5E=</latexit>

⌧⇤
<latexit sha1_base64="GLqfehsUu4D/otA1MxnkJ6nxoaI=">AAAB+HicbVDLTgJBEJz1ifhCPXqZSEyMBzIL+DgSvXjERB4JIOkdWh2ZfWSm1wQJ/+BVT96MV//Gg//iLhKjYp0qVd3p6vIirSwJ8e7MzM7NLyxmlrLLK6tr67mNzboNYyOxJkMdmqYHFrUKsEaKNDYjg+B7Ghte/zT1G3dorAqDCxpE2PHhOlBXSgIlUr1NEF/ud3N5UTgQwi0fclEQolgSLncTkuKb5NkE1W7uo90LZexjQFKDtS1XRNQZgiElNY6y7dhiBLIP19hKaAA+2s5wnHbEd2MLFPIIDVeaj0X8uTEE39qB7yWTPtCN/eul4n9eK6ar485QBVFMGMj0ECmN40NWGpXUgLynDBJBmhy5CrgEA0RoFAcpEzFOeskmfUx9P03qxYJbKhTPy/nKyaSZDNtmO2yPueyIVdgZq7Iak+yWPbBH9uTcO8/Oi/P6NTrjTHa22C84b58USZOE</latexit>

lo
g(
I`
)

<latexit sha1_base64="K4zuzyNJ5n0tonPMKxKPVsRgoWs=">AAAB/nicbVC7TsNAEDyHVwivACXNiQgpNJEdkKCMoIEuSOQhxSY6XzbhlLN9ulsjRVYkvoIWKjpEy69Q8C84xgUkTDWa2dXOjq+kMGjbn1ZhaXllda24XtrY3NreKe/utU0Uaw4tHslId31mQIoQWihQQldpYIEvoeOPL2d+5wG0EVF4ixMFXsBGoRgKzjCVXFdGo+r1nQtSHvfLFbtmZ6CLxMlJheRo9stf7iDicQAhcsmM6Tm2Qi9hGgWXMC25sQHF+JiNoJfSkAVgvCTLPKVHsWEYUQWaCkkzEX5vJCwwZhL46WTA8N7MezPxP68X4/DcS0SoYoSQzw6hkJAdMlyLtAygA6EBkc2SAxUh5UwzRNCCMs5TMU7bKaV9OPPfL5J2veac1Oo3p5XGRd5MkRyQQ1IlDjkjDXJFmqRFOFHkiTyTF+vRerXerPef0YKV7+yTP7A+vgEBDZWq</latexit>

<̀latexit sha1_base64="5aGTThlPohAJeQz4RIKtaTnms1Y=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKChjJI5CElVnS+bJJTzg/drRGRlV+ghYoO0fI7FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHLZNGGuBLRGqUHc9blDJAFskSWE30sh9T2HHm95kfucBtZFhcE+zCF2fjwM5koJTJvVRqUGlatfsHGyZOAWpQoHmoPLVH4Yi9jEgobgxPceOyE24JikUzsv92GDExZSPsZfSgPto3CTPOmenseEUsgg1k4rlIv7eSLhvzMz30kmf08Qsepn4n9eLaXTlJjKIYsJAZIdIKswPGaFlWgKyodRIxLPkyGTABNecCLVkXIhUjNNWymkfzuL3y6RdrznntfrdRbVxXTRTgmM4gTNw4BIacAtNaIGACTzBM7xYj9ar9Wa9/4yuWMXOEfyB9fENu4GSxA==</latexit>

n
<latexit sha1_base64="Px7ObtNHh0g8YCIdwN+mVHA0IKU=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIDEpQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6mtRtWaW3dz0FXiFaRGCrRG1a/hOOI2BIVcMmMGnhujnzCNgktYVIbWQMz4jE1hkFLFQjB+kgdd0DNrGEY0Bk2FpLkIvzcSFhozD4N0MmT4YJa9TPzPG1icXPuJULFFUDw7hEJCfshwLdIGgI6FBkSWJQcqFOVMM0TQgjLOU9GmlVTSPrzl71dJt1H3LuqN9mWteVM0UyYn5JScE49ckSa5Iy3SIZwAeSLP5MWxzqvz5rz/jJacYueY/IHz8Q14QZF7</latexit>

C
<latexit sha1_base64="mgurBv0b/qFo9NMXp47avClHgEE=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtJldReFG5OIREnkkQMjs0OCE2Udmek0I4Qu86smb8eoHefBf3F0xUaN1qlR1p6vLi5Q0yNiblVtZXVvfyG8WtrZ3dveK+wdtE8ZaQEuEKtRdjxtQMoAWSlTQjTRw31PQ8ab11O/cgTYyDG5wFsHA55NAjqXgmEjN+rBYYja7qDpOhTK7zNyqmxK3zM6qFerYLEOJLNEYFt/7o1DEPgQoFDem57AIB3OuUQoFi0I/NhBxMeUT6CU04D6YwTwLuqAnseEY0gg0lYpmInzfmHPfmJnvJZM+x1vz20vFv7xejOPKYC6DKEYIRHoIpYLskBFaJg0AHUkNiDxNDlQGVHDNEUFLyoVIxDippJD08fU0/Z+0Xds5s93meal2tWwmT47IMTklDrkkNXJNGqRFBAFyTx7IoxVbT9az9fI5mrOWO4fkB6zXD6k6kZ4=</latexit>

A
<latexit sha1_base64="LFcLYI2Xzy+tzK2jJOqMp/teI3U=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtNldUOCGevEIiTwS2JDZocEJs4/M9JqQDV/gVU/ejFc/yIP/4i5iokbrVKnqTleXF0mh0bLejNzK6tr6Rn6zsLW9s7tX3D/o6DBWHNo8lKHqeUyDFAG0UaCEXqSA+Z6Erje9yvzuHSgtwuAGZxG4PpsEYiw4w1RqXQyLJcus186dukMt07KtcuUsI07VqVSobVoLlMgSzWHxfTAKeexDgFwyrfu2FaGbMIWCS5gXBrGGiPEpm0A/pQHzQbvJIuicnsSaYUgjUFRIuhDh+0bCfK1nvpdO+gxv9W8vE//y+jGOa24igihGCHh2CIWExSHNlUgbADoSChBZlhyoCChniiGCEpRxnopxWkkh7ePrafo/6TimXTadVqXUuFw2kydH5JicEptUSYNckyZpE06A3JMH8mjExpPxbLx8juaM5c4h+QHj9QOYApGS</latexit>

B
<latexit sha1_base64="I7RyZHcGFIpudgY4dEvTF9K6tjw=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwVdIH2O5K3bhswT6gDWUyva1DJ5MwcyOU0C9wqyt34tYPcuG/mMQIVfSsDufcyz33uIEUBm373cptbG5t7+R3C3v7B4dHxeOTvvFDzaHHfenrocsMSKGghwIlDAMNzHMlDNzFdeIP7kEb4atbXAbgeGyuxExwhrHUbU+KJbtsp6BrpNls1Gt1WsmUEsnQmRQ/xlOfhx4o5JIZM6rYAToR0yi4hFVhHBoIGF+wOYxiqpgHxonSoCt6ERqGPg1AUyFpKsL6RsQ8Y5aeG096DO/Mby8R//JGIc4aTiRUECIonhxCISE9ZLgWcQNAp0IDIkuSAxWKcqYZImhBGeexGMaVFOI+vp+m/5N+tVyplavdeqnVzprJkzNyTi5JhVyRFrkhHdIjnAB5II/kyQqtZ+vFev0azVnZzin5AevtE2mbkXQ=</latexit>

<̀latexit sha1_base64="5aGTThlPohAJeQz4RIKtaTnms1Y=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKChjJI5CElVnS+bJJTzg/drRGRlV+ghYoO0fI7FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHLZNGGuBLRGqUHc9blDJAFskSWE30sh9T2HHm95kfucBtZFhcE+zCF2fjwM5koJTJvVRqUGlatfsHGyZOAWpQoHmoPLVH4Yi9jEgobgxPceOyE24JikUzsv92GDExZSPsZfSgPto3CTPOmenseEUsgg1k4rlIv7eSLhvzMz30kmf08Qsepn4n9eLaXTlJjKIYsJAZIdIKswPGaFlWgKyodRIxLPkyGTABNecCLVkXIhUjNNWymkfzuL3y6RdrznntfrdRbVxXTRTgmM4gTNw4BIacAtNaIGACTzBM7xYj9ar9Wa9/4yuWMXOEfyB9fENu4GSxA==</latexit>

A—localized state

B—topological localized state

C—fully ergodic state ( )T = ∞

D—critical state



Example: the various phases of the Ising-Majorana model
H = − i

2L−1

∑
j=1

tjγjγj+1 + g
2L−3

∑
j=1

γjγj+1γj+2γj+3 t2j−1 ∈ [0,e−δ/2] t2j ∈ [0,eδ/2]

δ = log t̄2j / t̄2j+10

g

Trivial insulator (superconductor)

Topological insulator 
(superconductor)

With Majorana edge mode

0

g

δ = log t̄2j / t̄2j+1

Trivial MBL Topological MBL

Ergodic

Ground state phase diagram Excited state many-body localisation (MBL) phase diagram

ci = γ2i−1 + iγ2i

c†
i = γ2i−1 − iγ2i {γi, γj} = 2δi,j

γ†
i = γi

[Artiaco, Klein-Kvorning, Aceituno Chávez, Herviou, JHB, PRL 2025 (arXiv:2410.10971)]  



Example: the various phases of the Ising-Majorana model

H = − i
2L−1

∑
j=1

tjγjγj+1 + g
2L−3

∑
j=1

γjγj+1γj+2γj+3 t2j−1 ∈ [0,e−δ/2] t2j ∈ [0,eδ/2]

For  noninteracting Kitaev model with two phases:g = 0

i) trivial superconductor / insulator

ii) topological superconductor with Majorana edge modes
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Interactions  have same phases in ground stateg ≠ 0

[Artiaco, Klein-Kvorning, Aceituno Chávez, Herviou, JHB, PRL 2025 (arXiv:2410.10971)]  



Example: the various phases of the Ising-Majorana model

H = − i
2L−1

∑
j=1

tjγjγj+1 + g
2L−3

∑
j=1

γjγj+1γj+2γj+3 t2j−1 ∈ [0,e−δ/2] t2j ∈ [0,eδ/2]

For  and  we are at a critical point in 
between the normal superconductor and the 

topological superconductor 

g = 0 δ = 0

iℓ =
α
ℓ2 In CFT: α =

c
3 log 2

<̀latexit sha1_base64="5aGTThlPohAJeQz4RIKtaTnms1Y=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKChjJI5CElVnS+bJJTzg/drRGRlV+ghYoO0fI7FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHLZNGGuBLRGqUHc9blDJAFskSWE30sh9T2HHm95kfucBtZFhcE+zCF2fjwM5koJTJvVRqUGlatfsHGyZOAWpQoHmoPLVH4Yi9jEgobgxPceOyE24JikUzsv92GDExZSPsZfSgPto3CTPOmenseEUsgg1k4rlIv7eSLhvzMz30kmf08Qsepn4n9eLaXTlJjKIYsJAZIdIKswPGaFlWgKyodRIxLPkyGTABNecCLVkXIhUjNNWymkfzuL3y6RdrznntfrdRbVxXTRTgmM4gTNw4BIacAtNaIGACTzBM7xYj9ar9Wa9/4yuWMXOEfyB9fENu4GSxA==</latexit>

I`
<latexit sha1_base64="0V/TgK9pJawHxni++DKuKSBD+BM=">AAAB+HicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKCBrogkYeUmOh82YQj54fu1kjByj/QQkWHaPkbCv4Fx7iAhKlGM7va2fEiJQ3Z9qe1sLi0vLJaWCuub2xubZd2dpsmjLXAhghVqNseN6hkgA2SpLAdaeS+p7DljS6mfusBtZFhcEPjCF2fDwM5kIJTKjWvbruoVK9Utit2BjZPnJyUIUe9V/rq9kMR+xiQUNyYjmNH5CZckxQKJ8VubDDiYsSH2ElpwH00bpKlnbDD2HAKWYSaScUyEX9vJNw3Zux76aTP6c7MelPxP68T0+DMTWQQxYSBmB4iqTA7ZISWaQ3I+lIjEZ8mRyYDJrjmRKgl40KkYpz2Ukz7cGa/nyfNasU5rlSvT8q187yZAuzDARyBA6dQg0uoQwME3MMTPMOL9Wi9Wm/W+8/ogpXv7MEfWB/fDLmTfw==</latexit>

lo
g(
I`
)

<latexit sha1_base64="K4zuzyNJ5n0tonPMKxKPVsRgoWs=">AAAB/nicbVC7TsNAEDyHVwivACXNiQgpNJEdkKCMoIEuSOQhxSY6XzbhlLN9ulsjRVYkvoIWKjpEy69Q8C84xgUkTDWa2dXOjq+kMGjbn1ZhaXllda24XtrY3NreKe/utU0Uaw4tHslId31mQIoQWihQQldpYIEvoeOPL2d+5wG0EVF4ixMFXsBGoRgKzjCVXFdGo+r1nQtSHvfLFbtmZ6CLxMlJheRo9stf7iDicQAhcsmM6Tm2Qi9hGgWXMC25sQHF+JiNoJfSkAVgvCTLPKVHsWEYUQWaCkkzEX5vJCwwZhL46WTA8N7MezPxP68X4/DcS0SoYoSQzw6hkJAdMlyLtAygA6EBkc2SAxUh5UwzRNCCMs5TMU7bKaV9OPPfL5J2veac1Oo3p5XGRd5MkRyQQ1IlDjkjDXJFmqRFOFHkiTyTF+vRerXerPef0YKV7+yTP7A+vgEBDZWq</latexit>

log(`)
<latexit sha1_base64="PKJoySko+TvmE86x79JghmePM9c=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESGFJrIDEpQRNJRBIg8RW9H5sgmnnM/W3RopssJX0EJFh2j5Fwr+Bdu4gISpRjO72tnxIykM2vantbS8srq2Xtoob25t7+xW9vY7Jow1hzYPZah7PjMghYI2CpTQizSwwJfQ9SdXmd99AG1EqG5xGoEXsLESI8EZptKdK8NxzQUpTwaVql23c9BF4hSkSgq0BpUvdxjyOACFXDJj+o4doZcwjYJLmJXd2EDE+ISNoZ9SxQIwXpInntHj2DAMaQSaCklzEX5vJCwwZhr46WTA8N7Me5n4n9ePcXThJUJFMYLi2SEUEvJDhmuRVgF0KDQgsiw5UKEoZ5ohghaUcZ6KcdpNOe3Dmf9+kXQadee03rg5qzYvi2ZK5JAckRpxyDlpkmvSIm3CiSJP5Jm8WI/Wq/Vmvf+MLlnFzgH5A+vjG6uKlO8=</latexit>

A
<latexit sha1_base64="DHJx6T+ghIyMcD2nL7vJ92o6o1o=">AAAB/HicdVC7TsNAEDyHVwivACXNiQiJyrIDIkkXoKEMEnmIxIrOl0045Xy27tZIkRW+ghYqOkTLv1DwL9ghSIBgqtHMrnZ2/EgKg47zZuUWFpeWV/KrhbX1jc2t4vZOy4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v74PPPbt6CNCNUVTiLwAjZSYig4w1S67gUMb3SQnE77xZJjn1Rrbs2lju3MkBG3cpQq7lwpkTka/eJ7bxDyOACFXDJjuq4ToZcwjYJLmBZ6sYGI8TEbQTeligVgvGSWeEoPYsMwpBFoKiSdifB9I2GBMZPATyezhOa3l4l/ed0Yh1UvESqKERTPDqGQMDtkuBZpFUAHQgMiy5IDFYpyphkiaEEZ56kYp90U0j6+nqb/k1bZdo/s8uVxqX42byZP9sg+OSQuqZA6uSAN0iScKHJPHsijdWc9Wc/Wy+dozprv7JIfsF4/AOlolbw=</latexit> B

<latexit sha1_base64="KG9uVAOKLtgf1D9QT2sq82h/46c=">AAAB/HicbVDLTgJBEJzFF+IL9ehlIjHxRGYBH0eCF4+YyCMCIbNDgxNmZzczvSZkg1/hVU/ejFf/xYP/4i4So2KdKlXd6eryQiUtMvbuZJaWV1bXsuu5jc2t7Z387l7TBpER0BCBCkzb4xaU1NBAiQraoQHuewpa3vgi9Vt3YKwM9DVOQuj5fKTlUAqOiXTT9TneGj+uTfv5AiueMOZWTikrMlYqM5e6CUnxTQpkjno//9EdBCLyQaNQ3NqOy0LsxdygFAqmuW5kIeRizEfQSajmPthePEs8pUeR5RjQEAyVis5E+LkRc9/aie8lk2lC+9dLxf+8ToTD814sdRghaJEeQqlgdsgKI5MqgA6kAUSeJgcqNRXccEQwknIhEjFKusklfSx8v0iapaJbLpauKoVqbd5MlhyQQ3JMXHJGquSS1EmDCKLJA3kkT8698+y8OK9foxlnvrNPfsF5+wS7UJWd</latexit>

C
<latexit sha1_base64="a7efmoWZsuzt55MfEFyXStQb0z4=">AAAB/HicdVC7TsNAEDzzDOEVoKQ5ESFRWX7wSLqINJRBIg+RRNH5sgknzmfrbo2ErPAVtFDRIVr+hYJ/wQ5BAgRTjWZ2tbMTxFIYdJw3a25+YXFpubBSXF1b39gsbW23TJRoDk0eyUh3AmZACgVNFCihE2tgYSChHVzXc799A9qISF3gbQz9kI2VGAnOMJMueyHDKx2m9cmgVHZs1/H84wp1bK/q+56XkSPfqRxWqWs7U5TJDI1B6b03jHgSgkIumTFd14mxnzKNgkuYFHuJgZjxazaGbkYVC8H002niCd1PDMOIxqCpkHQqwveNlIXG3IZBNpknNL+9XPzL6yY4qvRToeIEQfH8EAoJ00OGa5FVAXQoNCCyPDlQoShnmiGCFpRxnolJ1k0x6+Prafo/aXm269ve+WG5djprpkB2yR45IC45ITVyRhqkSThR5J48kEfrznqynq2Xz9E5a7azQ37Aev0AAgmVzQ==</latexit>

D
<latexit sha1_base64="VJQpsdVntYWhi6LYPF4LShLqbs0=">AAAB/HicdVA9TwJBFNzDL8Qv1NJmIzGxuuyBCCVRC0tMRIxAyN7ywI17e5fddybkgr/CVis7Y+t/sfC/eIeYqNGpJjPv5c0bP1LSImNvTm5ufmFxKb9cWFldW98obm5d2DA2AloiVKG59LkFJTW0UKKCy8gAD3wFbf/mOPPbt2CsDPU5jiPoBXyk5VAKjql01Q04XpsgOZn0iyXm1useqzHK3Eq1Vq5WUuJVWdk7pJ7LpiiRGZr94nt3EIo4AI1CcWs7Houwl3CDUiiYFLqxhYiLGz6CTko1D8D2kmniCd2LLceQRmCoVHQqwveNhAfWjgM/ncwS2t9eJv7ldWIc1nuJ1FGMoEV2CKWC6SErjEyrADqQBhB5lhyo1FRwwxHBSMqFSMU47aaQ9vH1NP2fXJRdr+KWzw5KjaNZM3myQ3bJPvFIjTTIKWmSFhFEk3vyQB6dO+fJeXZePkdzzmxnm/yA8/oB+2yVyA==</latexit>

⇠A
<latexit sha1_base64="P61jP4goo7RaDkMMXDDDDO1nThY=">AAACAHicdVC7TsNAEDyHVwivACXNiQiJKrITRJIuQEMZJPKQYhOdL5twyvmhuzUistLwFbRQ0SFa/oSCf8E2QQIEU41mdrWz44ZSaDTNNyO3sLi0vJJfLaytb2xuFbd3OjqIFIc2D2Sgei7TIIUPbRQooRcqYJ4roetOzlK/ewNKi8C/xGkIjsfGvhgJzjCRruxbMbA9htfKi09mg2LJLB/XG1bDombZzJASq1ZNFGuulMgcrUHx3R4GPPLARy6Z1n3LDNGJmULBJcwKdqQhZHzCxtBPqM880E6cpZ7Rg0gzDGgIigpJMxG+b8TM03rquclkmlD/9lLxL68f4ajuxMIPIwSfp4dQSMgOaa5EUgfQoVCAyNLkQIVPOVMMEZSgjPNEjJJ+CkkfX0/T/0mnUraq5crFUal5Om8mT/bIPjkkFqmRJjknLdImnChyTx7Io3FnPBnPxsvnaM6Y7+ySHzBePwASXZeA</latexit>

⇠B
<latexit sha1_base64="7enIWmlaI7cECuWaJ9M7G8L5ysU=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysNrOAj5JgY4mJIAmsZHa44ITZR2buGsmGxq+w1crO2PonFv6Lu0iMiqc6Oefe3HOPFylpkLF3K7ewuLS8kl8trK1vbG4Vt3daJoy1gKYIVajbHjegZABNlKigHWngvqfgyhudZf7VLWgjw+ASxxG4Ph8GciAFx1S67t7JXtfneKP9pD7pFUvMPmLMqR5TZjNWrjCHOinJ8E1KZIZGr/jR7Yci9iFAobgxHYdF6CZcoxQKJoVubCDiYsSH0ElpwH0wbjJNPaEHseEY0gg0lYpORfi5kXDfmLHvpZNZQvPXy8T/vE6Mg1M3kUEUIwQiO4RSwfSQEVqmdQDtSw2IPEsOVAZUcM0RQUvKhUjFOO2nkPYx9/08aZVtp2KXL6qlWn3WTJ7skX1ySBxyQmrknDRIkwiiyQN5JE/WvfVsvVivX6M5a7azS37BevsE5DaXYQ==</latexit>

⇠C
<latexit sha1_base64="fzQFNAI7Drh7v/aDzt4vP3avxgU=">AAACAHicdVC7TgJBFJ3FF+ILtbSZSEysNvtAhY5IY4mJPBJAMjtccOLsIzN3jWRD41fYamVnbP0TC//FXcREjZ7q5Jx7c889XiSFRst6M3ILi0vLK/nVwtr6xuZWcXunpcNYcWjyUIaq4zENUgTQRIESOpEC5nsS2t51PfPbN6C0CIMLnETQ99k4ECPBGabSZe9WDHo+wyvlJ/XpoFiyTNty3OMKtUyn6rqOk5Ij16qUq9Q2rRlKZI7GoPjeG4Y89iFALpnWXduKsJ8whYJLmBZ6sYaI8Ws2hm5KA+aD7iez1FN6EGuGIY1AUSHpTITvGwnztZ74XjqZJdS/vUz8y+vGOKr0ExFEMULAs0MoJMwOaa5EWgfQoVCAyLLkQEVAOVMMEZSgjPNUjNN+CmkfX0/T/0nLMW3XdM7LpdrpvJk82SP75JDY5ITUyBlpkCbhRJF78kAejTvjyXg2Xj5Hc8Z8Z5f8gPH6ASrvl5E=</latexit>

⌧⇤
<latexit sha1_base64="GLqfehsUu4D/otA1MxnkJ6nxoaI=">AAAB+HicbVDLTgJBEJz1ifhCPXqZSEyMBzIL+DgSvXjERB4JIOkdWh2ZfWSm1wQJ/+BVT96MV//Gg//iLhKjYp0qVd3p6vIirSwJ8e7MzM7NLyxmlrLLK6tr67mNzboNYyOxJkMdmqYHFrUKsEaKNDYjg+B7Ghte/zT1G3dorAqDCxpE2PHhOlBXSgIlUr1NEF/ud3N5UTgQwi0fclEQolgSLncTkuKb5NkE1W7uo90LZexjQFKDtS1XRNQZgiElNY6y7dhiBLIP19hKaAA+2s5wnHbEd2MLFPIIDVeaj0X8uTEE39qB7yWTPtCN/eul4n9eK6ar485QBVFMGMj0ECmN40NWGpXUgLynDBJBmhy5CrgEA0RoFAcpEzFOeskmfUx9P03qxYJbKhTPy/nKyaSZDNtmO2yPueyIVdgZq7Iak+yWPbBH9uTcO8/Oi/P6NTrjTHa22C84b58USZOE</latexit>

lo
g(
I`
)

<latexit sha1_base64="K4zuzyNJ5n0tonPMKxKPVsRgoWs=">AAAB/nicbVC7TsNAEDyHVwivACXNiQgpNJEdkKCMoIEuSOQhxSY6XzbhlLN9ulsjRVYkvoIWKjpEy69Q8C84xgUkTDWa2dXOjq+kMGjbn1ZhaXllda24XtrY3NreKe/utU0Uaw4tHslId31mQIoQWihQQldpYIEvoeOPL2d+5wG0EVF4ixMFXsBGoRgKzjCVXFdGo+r1nQtSHvfLFbtmZ6CLxMlJheRo9stf7iDicQAhcsmM6Tm2Qi9hGgWXMC25sQHF+JiNoJfSkAVgvCTLPKVHsWEYUQWaCkkzEX5vJCwwZhL46WTA8N7MezPxP68X4/DcS0SoYoSQzw6hkJAdMlyLtAygA6EBkc2SAxUh5UwzRNCCMs5TMU7bKaV9OPPfL5J2veac1Oo3p5XGRd5MkRyQQ1IlDjkjDXJFmqRFOFHkiTyTF+vRerXerPef0YKV7+yTP7A+vgEBDZWq</latexit>

<̀latexit sha1_base64="5aGTThlPohAJeQz4RIKtaTnms1Y=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKChjJI5CElVnS+bJJTzg/drRGRlV+ghYoO0fI7FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHLZNGGuBLRGqUHc9blDJAFskSWE30sh9T2HHm95kfucBtZFhcE+zCF2fjwM5koJTJvVRqUGlatfsHGyZOAWpQoHmoPLVH4Yi9jEgobgxPceOyE24JikUzsv92GDExZSPsZfSgPto3CTPOmenseEUsgg1k4rlIv7eSLhvzMz30kmf08Qsepn4n9eLaXTlJjKIYsJAZIdIKswPGaFlWgKyodRIxLPkyGTABNecCLVkXIhUjNNWymkfzuL3y6RdrznntfrdRbVxXTRTgmM4gTNw4BIacAtNaIGACTzBM7xYj9ar9Wa9/4yuWMXOEfyB9fENu4GSxA==</latexit>

n
<latexit sha1_base64="Px7ObtNHh0g8YCIdwN+mVHA0IKU=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIDEpQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6mtRtWaW3dz0FXiFaRGCrRG1a/hOOI2BIVcMmMGnhujnzCNgktYVIbWQMz4jE1hkFLFQjB+kgdd0DNrGEY0Bk2FpLkIvzcSFhozD4N0MmT4YJa9TPzPG1icXPuJULFFUDw7hEJCfshwLdIGgI6FBkSWJQcqFOVMM0TQgjLOU9GmlVTSPrzl71dJt1H3LuqN9mWteVM0UyYn5JScE49ckSa5Iy3SIZwAeSLP5MWxzqvz5rz/jJacYueY/IHz8Q14QZF7</latexit>

C
<latexit sha1_base64="mgurBv0b/qFo9NMXp47avClHgEE=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtJldReFG5OIREnkkQMjs0OCE2Udmek0I4Qu86smb8eoHefBf3F0xUaN1qlR1p6vLi5Q0yNiblVtZXVvfyG8WtrZ3dveK+wdtE8ZaQEuEKtRdjxtQMoAWSlTQjTRw31PQ8ab11O/cgTYyDG5wFsHA55NAjqXgmEjN+rBYYja7qDpOhTK7zNyqmxK3zM6qFerYLEOJLNEYFt/7o1DEPgQoFDem57AIB3OuUQoFi0I/NhBxMeUT6CU04D6YwTwLuqAnseEY0gg0lYpmInzfmHPfmJnvJZM+x1vz20vFv7xejOPKYC6DKEYIRHoIpYLskBFaJg0AHUkNiDxNDlQGVHDNEUFLyoVIxDippJD08fU0/Z+0Xds5s93meal2tWwmT47IMTklDrkkNXJNGqRFBAFyTx7IoxVbT9az9fI5mrOWO4fkB6zXD6k6kZ4=</latexit>

A
<latexit sha1_base64="LFcLYI2Xzy+tzK2jJOqMp/teI3U=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtNldUOCGevEIiTwS2JDZocEJs4/M9JqQDV/gVU/ejFc/yIP/4i5iokbrVKnqTleXF0mh0bLejNzK6tr6Rn6zsLW9s7tX3D/o6DBWHNo8lKHqeUyDFAG0UaCEXqSA+Z6Erje9yvzuHSgtwuAGZxG4PpsEYiw4w1RqXQyLJcus186dukMt07KtcuUsI07VqVSobVoLlMgSzWHxfTAKeexDgFwyrfu2FaGbMIWCS5gXBrGGiPEpm0A/pQHzQbvJIuicnsSaYUgjUFRIuhDh+0bCfK1nvpdO+gxv9W8vE//y+jGOa24igihGCHh2CIWExSHNlUgbADoSChBZlhyoCChniiGCEpRxnopxWkkh7ePrafo/6TimXTadVqXUuFw2kydH5JicEptUSYNckyZpE06A3JMH8mjExpPxbLx8juaM5c4h+QHj9QOYApGS</latexit>

B
<latexit sha1_base64="I7RyZHcGFIpudgY4dEvTF9K6tjw=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwVdIH2O5K3bhswT6gDWUyva1DJ5MwcyOU0C9wqyt34tYPcuG/mMQIVfSsDufcyz33uIEUBm373cptbG5t7+R3C3v7B4dHxeOTvvFDzaHHfenrocsMSKGghwIlDAMNzHMlDNzFdeIP7kEb4atbXAbgeGyuxExwhrHUbU+KJbtsp6BrpNls1Gt1WsmUEsnQmRQ/xlOfhx4o5JIZM6rYAToR0yi4hFVhHBoIGF+wOYxiqpgHxonSoCt6ERqGPg1AUyFpKsL6RsQ8Y5aeG096DO/Mby8R//JGIc4aTiRUECIonhxCISE9ZLgWcQNAp0IDIkuSAxWKcqYZImhBGeexGMaVFOI+vp+m/5N+tVyplavdeqnVzprJkzNyTi5JhVyRFrkhHdIjnAB5II/kyQqtZ+vFev0azVnZzin5AevtE2mbkXQ=</latexit>

<̀latexit sha1_base64="5aGTThlPohAJeQz4RIKtaTnms1Y=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKChjJI5CElVnS+bJJTzg/drRGRlV+ghYoO0fI7FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHLZNGGuBLRGqUHc9blDJAFskSWE30sh9T2HHm95kfucBtZFhcE+zCF2fjwM5koJTJvVRqUGlatfsHGyZOAWpQoHmoPLVH4Yi9jEgobgxPceOyE24JikUzsv92GDExZSPsZfSgPto3CTPOmenseEUsgg1k4rlIv7eSLhvzMz30kmf08Qsepn4n9eLaXTlJjKIYsJAZIdIKswPGaFlWgKyodRIxLPkyGTABNecCLVkXIhUjNNWymkfzuL3y6RdrznntfrdRbVxXTRTgmM4gTNw4BIacAtNaIGACTzBM7xYj9ar9Wa9/4yuWMXOEfyB9fENu4GSxA==</latexit>

<̀latexit sha1_base64="5aGTThlPohAJeQz4RIKtaTnms1Y=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKChjJI5CElVnS+bJJTzg/drRGRlV+ghYoO0fI7FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHLZNGGuBLRGqUHc9blDJAFskSWE30sh9T2HHm95kfucBtZFhcE+zCF2fjwM5koJTJvVRqUGlatfsHGyZOAWpQoHmoPLVH4Yi9jEgobgxPceOyE24JikUzsv92GDExZSPsZfSgPto3CTPOmenseEUsgg1k4rlIv7eSLhvzMz30kmf08Qsepn4n9eLaXTlJjKIYsJAZIdIKswPGaFlWgKyodRIxLPkyGTABNecCLVkXIhUjNNWymkfzuL3y6RdrznntfrdRbVxXTRTgmM4gTNw4BIacAtNaIGACTzBM7xYj9ar9Wa9/4yuWMXOEfyB9fENu4GSxA==</latexit>

Scale invariance implies  iℓ → (ℓ*)2iℓ/ℓ* ⇒
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Example: the various phases of the Ising-Majorana model

H = − i
2L−1

∑
j=1

tjγjγj+1 + g
2L−3

∑
j=1

γjγj+1γj+2γj+3

t2j−1 ∈ [0,e−δ/2] t2j ∈ [0,eδ/2]

For  and midspectrum states there are three 
types of states (in finite systems):

g > 0

i) Many-body localised states
ii) Ergodic states
iii) Topological many-body localised states

<̀latexit sha1_base64="5aGTThlPohAJeQz4RIKtaTnms1Y=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKChjJI5CElVnS+bJJTzg/drRGRlV+ghYoO0fI7FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHLZNGGuBLRGqUHc9blDJAFskSWE30sh9T2HHm95kfucBtZFhcE+zCF2fjwM5koJTJvVRqUGlatfsHGyZOAWpQoHmoPLVH4Yi9jEgobgxPceOyE24JikUzsv92GDExZSPsZfSgPto3CTPOmenseEUsgg1k4rlIv7eSLhvzMz30kmf08Qsepn4n9eLaXTlJjKIYsJAZIdIKswPGaFlWgKyodRIxLPkyGTABNecCLVkXIhUjNNWymkfzuL3y6RdrznntfrdRbVxXTRTgmM4gTNw4BIacAtNaIGACTzBM7xYj9ar9Wa9/4yuWMXOEfyB9fENu4GSxA==</latexit>

I`
<latexit sha1_base64="0V/TgK9pJawHxni++DKuKSBD+BM=">AAAB+HicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKCBrogkYeUmOh82YQj54fu1kjByj/QQkWHaPkbCv4Fx7iAhKlGM7va2fEiJQ3Z9qe1sLi0vLJaWCuub2xubZd2dpsmjLXAhghVqNseN6hkgA2SpLAdaeS+p7DljS6mfusBtZFhcEPjCF2fDwM5kIJTKjWvbruoVK9Utit2BjZPnJyUIUe9V/rq9kMR+xiQUNyYjmNH5CZckxQKJ8VubDDiYsSH2ElpwH00bpKlnbDD2HAKWYSaScUyEX9vJNw3Zux76aTP6c7MelPxP68T0+DMTWQQxYSBmB4iqTA7ZISWaQ3I+lIjEZ8mRyYDJrjmRKgl40KkYpz2Ukz7cGa/nyfNasU5rlSvT8q187yZAuzDARyBA6dQg0uoQwME3MMTPMOL9Wi9Wm/W+8/ogpXv7MEfWB/fDLmTfw==</latexit>

lo
g(
I`
)

<latexit sha1_base64="K4zuzyNJ5n0tonPMKxKPVsRgoWs=">AAAB/nicbVC7TsNAEDyHVwivACXNiQgpNJEdkKCMoIEuSOQhxSY6XzbhlLN9ulsjRVYkvoIWKjpEy69Q8C84xgUkTDWa2dXOjq+kMGjbn1ZhaXllda24XtrY3NreKe/utU0Uaw4tHslId31mQIoQWihQQldpYIEvoeOPL2d+5wG0EVF4ixMFXsBGoRgKzjCVXFdGo+r1nQtSHvfLFbtmZ6CLxMlJheRo9stf7iDicQAhcsmM6Tm2Qi9hGgWXMC25sQHF+JiNoJfSkAVgvCTLPKVHsWEYUQWaCkkzEX5vJCwwZhL46WTA8N7MezPxP68X4/DcS0SoYoSQzw6hkJAdMlyLtAygA6EBkc2SAxUh5UwzRNCCMs5TMU7bKaV9OPPfL5J2veac1Oo3p5XGRd5MkRyQQ1IlDjkjDXJFmqRFOFHkiTyTF+vRerXerPef0YKV7+yTP7A+vgEBDZWq</latexit>

log(`)
<latexit sha1_base64="PKJoySko+TvmE86x79JghmePM9c=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESGFJrIDEpQRNJRBIg8RW9H5sgmnnM/W3RopssJX0EJFh2j5Fwr+Bdu4gISpRjO72tnxIykM2vantbS8srq2Xtoob25t7+xW9vY7Jow1hzYPZah7PjMghYI2CpTQizSwwJfQ9SdXmd99AG1EqG5xGoEXsLESI8EZptKdK8NxzQUpTwaVql23c9BF4hSkSgq0BpUvdxjyOACFXDJj+o4doZcwjYJLmJXd2EDE+ISNoZ9SxQIwXpInntHj2DAMaQSaCklzEX5vJCwwZhr46WTA8N7Me5n4n9ePcXThJUJFMYLi2SEUEvJDhmuRVgF0KDQgsiw5UKEoZ5ohghaUcZ6KcdpNOe3Dmf9+kXQadee03rg5qzYvi2ZK5JAckRpxyDlpkmvSIm3CiSJP5Jm8WI/Wq/Vmvf+MLlnFzgH5A+vjG6uKlO8=</latexit>

A
<latexit sha1_base64="DHJx6T+ghIyMcD2nL7vJ92o6o1o=">AAAB/HicdVC7TsNAEDyHVwivACXNiQiJyrIDIkkXoKEMEnmIxIrOl0045Xy27tZIkRW+ghYqOkTLv1DwL9ghSIBgqtHMrnZ2/EgKg47zZuUWFpeWV/KrhbX1jc2t4vZOy4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v74PPPbt6CNCNUVTiLwAjZSYig4w1S67gUMb3SQnE77xZJjn1Rrbs2lju3MkBG3cpQq7lwpkTka/eJ7bxDyOACFXDJjuq4ToZcwjYJLmBZ6sYGI8TEbQTeligVgvGSWeEoPYsMwpBFoKiSdifB9I2GBMZPATyezhOa3l4l/ed0Yh1UvESqKERTPDqGQMDtkuBZpFUAHQgMiy5IDFYpyphkiaEEZ56kYp90U0j6+nqb/k1bZdo/s8uVxqX42byZP9sg+OSQuqZA6uSAN0iScKHJPHsijdWc9Wc/Wy+dozprv7JIfsF4/AOlolbw=</latexit> B

<latexit sha1_base64="KG9uVAOKLtgf1D9QT2sq82h/46c=">AAAB/HicbVDLTgJBEJzFF+IL9ehlIjHxRGYBH0eCF4+YyCMCIbNDgxNmZzczvSZkg1/hVU/ejFf/xYP/4i4So2KdKlXd6eryQiUtMvbuZJaWV1bXsuu5jc2t7Z387l7TBpER0BCBCkzb4xaU1NBAiQraoQHuewpa3vgi9Vt3YKwM9DVOQuj5fKTlUAqOiXTT9TneGj+uTfv5AiueMOZWTikrMlYqM5e6CUnxTQpkjno//9EdBCLyQaNQ3NqOy0LsxdygFAqmuW5kIeRizEfQSajmPthePEs8pUeR5RjQEAyVis5E+LkRc9/aie8lk2lC+9dLxf+8ToTD814sdRghaJEeQqlgdsgKI5MqgA6kAUSeJgcqNRXccEQwknIhEjFKusklfSx8v0iapaJbLpauKoVqbd5MlhyQQ3JMXHJGquSS1EmDCKLJA3kkT8698+y8OK9foxlnvrNPfsF5+wS7UJWd</latexit>

C
<latexit sha1_base64="a7efmoWZsuzt55MfEFyXStQb0z4=">AAAB/HicdVC7TsNAEDzzDOEVoKQ5ESFRWX7wSLqINJRBIg+RRNH5sgknzmfrbo2ErPAVtFDRIVr+hYJ/wQ5BAgRTjWZ2tbMTxFIYdJw3a25+YXFpubBSXF1b39gsbW23TJRoDk0eyUh3AmZACgVNFCihE2tgYSChHVzXc799A9qISF3gbQz9kI2VGAnOMJMueyHDKx2m9cmgVHZs1/H84wp1bK/q+56XkSPfqRxWqWs7U5TJDI1B6b03jHgSgkIumTFd14mxnzKNgkuYFHuJgZjxazaGbkYVC8H002niCd1PDMOIxqCpkHQqwveNlIXG3IZBNpknNL+9XPzL6yY4qvRToeIEQfH8EAoJ00OGa5FVAXQoNCCyPDlQoShnmiGCFpRxnolJ1k0x6+Prafo/aXm269ve+WG5djprpkB2yR45IC45ITVyRhqkSThR5J48kEfrznqynq2Xz9E5a7azQ37Aev0AAgmVzQ==</latexit>

D
<latexit sha1_base64="VJQpsdVntYWhi6LYPF4LShLqbs0=">AAAB/HicdVA9TwJBFNzDL8Qv1NJmIzGxuuyBCCVRC0tMRIxAyN7ywI17e5fddybkgr/CVis7Y+t/sfC/eIeYqNGpJjPv5c0bP1LSImNvTm5ufmFxKb9cWFldW98obm5d2DA2AloiVKG59LkFJTW0UKKCy8gAD3wFbf/mOPPbt2CsDPU5jiPoBXyk5VAKjql01Q04XpsgOZn0iyXm1useqzHK3Eq1Vq5WUuJVWdk7pJ7LpiiRGZr94nt3EIo4AI1CcWs7Houwl3CDUiiYFLqxhYiLGz6CTko1D8D2kmniCd2LLceQRmCoVHQqwveNhAfWjgM/ncwS2t9eJv7ldWIc1nuJ1FGMoEV2CKWC6SErjEyrADqQBhB5lhyo1FRwwxHBSMqFSMU47aaQ9vH1NP2fXJRdr+KWzw5KjaNZM3myQ3bJPvFIjTTIKWmSFhFEk3vyQB6dO+fJeXZePkdzzmxnm/yA8/oB+2yVyA==</latexit>

⇠A
<latexit sha1_base64="P61jP4goo7RaDkMMXDDDDO1nThY=">AAACAHicdVC7TsNAEDyHVwivACXNiQiJKrITRJIuQEMZJPKQYhOdL5twyvmhuzUistLwFbRQ0SFa/oSCf8E2QQIEU41mdrWz44ZSaDTNNyO3sLi0vJJfLaytb2xuFbd3OjqIFIc2D2Sgei7TIIUPbRQooRcqYJ4roetOzlK/ewNKi8C/xGkIjsfGvhgJzjCRruxbMbA9htfKi09mg2LJLB/XG1bDombZzJASq1ZNFGuulMgcrUHx3R4GPPLARy6Z1n3LDNGJmULBJcwKdqQhZHzCxtBPqM880E6cpZ7Rg0gzDGgIigpJMxG+b8TM03rquclkmlD/9lLxL68f4ajuxMIPIwSfp4dQSMgOaa5EUgfQoVCAyNLkQIVPOVMMEZSgjPNEjJJ+CkkfX0/T/0mnUraq5crFUal5Om8mT/bIPjkkFqmRJjknLdImnChyTx7Io3FnPBnPxsvnaM6Y7+ySHzBePwASXZeA</latexit>

⇠B
<latexit sha1_base64="7enIWmlaI7cECuWaJ9M7G8L5ysU=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysNrOAj5JgY4mJIAmsZHa44ITZR2buGsmGxq+w1crO2PonFv6Lu0iMiqc6Oefe3HOPFylpkLF3K7ewuLS8kl8trK1vbG4Vt3daJoy1gKYIVajbHjegZABNlKigHWngvqfgyhudZf7VLWgjw+ASxxG4Ph8GciAFx1S67t7JXtfneKP9pD7pFUvMPmLMqR5TZjNWrjCHOinJ8E1KZIZGr/jR7Yci9iFAobgxHYdF6CZcoxQKJoVubCDiYsSH0ElpwH0wbjJNPaEHseEY0gg0lYpORfi5kXDfmLHvpZNZQvPXy8T/vE6Mg1M3kUEUIwQiO4RSwfSQEVqmdQDtSw2IPEsOVAZUcM0RQUvKhUjFOO2nkPYx9/08aZVtp2KXL6qlWn3WTJ7skX1ySBxyQmrknDRIkwiiyQN5JE/WvfVsvVivX6M5a7azS37BevsE5DaXYQ==</latexit>

⇠C
<latexit sha1_base64="fzQFNAI7Drh7v/aDzt4vP3avxgU=">AAACAHicdVC7TgJBFJ3FF+ILtbSZSEysNvtAhY5IY4mJPBJAMjtccOLsIzN3jWRD41fYamVnbP0TC//FXcREjZ7q5Jx7c889XiSFRst6M3ILi0vLK/nVwtr6xuZWcXunpcNYcWjyUIaq4zENUgTQRIESOpEC5nsS2t51PfPbN6C0CIMLnETQ99k4ECPBGabSZe9WDHo+wyvlJ/XpoFiyTNty3OMKtUyn6rqOk5Ij16qUq9Q2rRlKZI7GoPjeG4Y89iFALpnWXduKsJ8whYJLmBZ6sYaI8Ws2hm5KA+aD7iez1FN6EGuGIY1AUSHpTITvGwnztZ74XjqZJdS/vUz8y+vGOKr0ExFEMULAs0MoJMwOaa5EWgfQoVCAyLLkQEVAOVMMEZSgjPNUjNN+CmkfX0/T/0nLMW3XdM7LpdrpvJk82SP75JDY5ITUyBlpkCbhRJF78kAejTvjyXg2Xj5Hc8Z8Z5f8gPH6ASrvl5E=</latexit>

⌧⇤
<latexit sha1_base64="GLqfehsUu4D/otA1MxnkJ6nxoaI=">AAAB+HicbVDLTgJBEJz1ifhCPXqZSEyMBzIL+DgSvXjERB4JIOkdWh2ZfWSm1wQJ/+BVT96MV//Gg//iLhKjYp0qVd3p6vIirSwJ8e7MzM7NLyxmlrLLK6tr67mNzboNYyOxJkMdmqYHFrUKsEaKNDYjg+B7Ghte/zT1G3dorAqDCxpE2PHhOlBXSgIlUr1NEF/ud3N5UTgQwi0fclEQolgSLncTkuKb5NkE1W7uo90LZexjQFKDtS1XRNQZgiElNY6y7dhiBLIP19hKaAA+2s5wnHbEd2MLFPIIDVeaj0X8uTEE39qB7yWTPtCN/eul4n9eK6ar485QBVFMGMj0ECmN40NWGpXUgLynDBJBmhy5CrgEA0RoFAcpEzFOeskmfUx9P03qxYJbKhTPy/nKyaSZDNtmO2yPueyIVdgZq7Iak+yWPbBH9uTcO8/Oi/P6NTrjTHa22C84b58USZOE</latexit>

lo
g(
I`
)

<latexit sha1_base64="K4zuzyNJ5n0tonPMKxKPVsRgoWs=">AAAB/nicbVC7TsNAEDyHVwivACXNiQgpNJEdkKCMoIEuSOQhxSY6XzbhlLN9ulsjRVYkvoIWKjpEy69Q8C84xgUkTDWa2dXOjq+kMGjbn1ZhaXllda24XtrY3NreKe/utU0Uaw4tHslId31mQIoQWihQQldpYIEvoeOPL2d+5wG0EVF4ixMFXsBGoRgKzjCVXFdGo+r1nQtSHvfLFbtmZ6CLxMlJheRo9stf7iDicQAhcsmM6Tm2Qi9hGgWXMC25sQHF+JiNoJfSkAVgvCTLPKVHsWEYUQWaCkkzEX5vJCwwZhL46WTA8N7MezPxP68X4/DcS0SoYoSQzw6hkJAdMlyLtAygA6EBkc2SAxUh5UwzRNCCMs5TMU7bKaV9OPPfL5J2veac1Oo3p5XGRd5MkRyQQ1IlDjkjDXJFmqRFOFHkiTyTF+vRerXerPef0YKV7+yTP7A+vgEBDZWq</latexit>

<̀latexit sha1_base64="5aGTThlPohAJeQz4RIKtaTnms1Y=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKChjJI5CElVnS+bJJTzg/drRGRlV+ghYoO0fI7FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHLZNGGuBLRGqUHc9blDJAFskSWE30sh9T2HHm95kfucBtZFhcE+zCF2fjwM5koJTJvVRqUGlatfsHGyZOAWpQoHmoPLVH4Yi9jEgobgxPceOyE24JikUzsv92GDExZSPsZfSgPto3CTPOmenseEUsgg1k4rlIv7eSLhvzMz30kmf08Qsepn4n9eLaXTlJjKIYsJAZIdIKswPGaFlWgKyodRIxLPkyGTABNecCLVkXIhUjNNWymkfzuL3y6RdrznntfrdRbVxXTRTgmM4gTNw4BIacAtNaIGACTzBM7xYj9ar9Wa9/4yuWMXOEfyB9fENu4GSxA==</latexit>

n
<latexit sha1_base64="Px7ObtNHh0g8YCIdwN+mVHA0IKU=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIDEpQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6mtRtWaW3dz0FXiFaRGCrRG1a/hOOI2BIVcMmMGnhujnzCNgktYVIbWQMz4jE1hkFLFQjB+kgdd0DNrGEY0Bk2FpLkIvzcSFhozD4N0MmT4YJa9TPzPG1icXPuJULFFUDw7hEJCfshwLdIGgI6FBkSWJQcqFOVMM0TQgjLOU9GmlVTSPrzl71dJt1H3LuqN9mWteVM0UyYn5JScE49ckSa5Iy3SIZwAeSLP5MWxzqvz5rz/jJacYueY/IHz8Q14QZF7</latexit>

C
<latexit sha1_base64="mgurBv0b/qFo9NMXp47avClHgEE=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtJldReFG5OIREnkkQMjs0OCE2Udmek0I4Qu86smb8eoHefBf3F0xUaN1qlR1p6vLi5Q0yNiblVtZXVvfyG8WtrZ3dveK+wdtE8ZaQEuEKtRdjxtQMoAWSlTQjTRw31PQ8ab11O/cgTYyDG5wFsHA55NAjqXgmEjN+rBYYja7qDpOhTK7zNyqmxK3zM6qFerYLEOJLNEYFt/7o1DEPgQoFDem57AIB3OuUQoFi0I/NhBxMeUT6CU04D6YwTwLuqAnseEY0gg0lYpmInzfmHPfmJnvJZM+x1vz20vFv7xejOPKYC6DKEYIRHoIpYLskBFaJg0AHUkNiDxNDlQGVHDNEUFLyoVIxDippJD08fU0/Z+0Xds5s93meal2tWwmT47IMTklDrkkNXJNGqRFBAFyTx7IoxVbT9az9fI5mrOWO4fkB6zXD6k6kZ4=</latexit>

A
<latexit sha1_base64="LFcLYI2Xzy+tzK2jJOqMp/teI3U=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtNldUOCGevEIiTwS2JDZocEJs4/M9JqQDV/gVU/ejFc/yIP/4i5iokbrVKnqTleXF0mh0bLejNzK6tr6Rn6zsLW9s7tX3D/o6DBWHNo8lKHqeUyDFAG0UaCEXqSA+Z6Erje9yvzuHSgtwuAGZxG4PpsEYiw4w1RqXQyLJcus186dukMt07KtcuUsI07VqVSobVoLlMgSzWHxfTAKeexDgFwyrfu2FaGbMIWCS5gXBrGGiPEpm0A/pQHzQbvJIuicnsSaYUgjUFRIuhDh+0bCfK1nvpdO+gxv9W8vE//y+jGOa24igihGCHh2CIWExSHNlUgbADoSChBZlhyoCChniiGCEpRxnopxWkkh7ePrafo/6TimXTadVqXUuFw2kydH5JicEptUSYNckyZpE06A3JMH8mjExpPxbLx8juaM5c4h+QHj9QOYApGS</latexit>

B
<latexit sha1_base64="I7RyZHcGFIpudgY4dEvTF9K6tjw=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwVdIH2O5K3bhswT6gDWUyva1DJ5MwcyOU0C9wqyt34tYPcuG/mMQIVfSsDufcyz33uIEUBm373cptbG5t7+R3C3v7B4dHxeOTvvFDzaHHfenrocsMSKGghwIlDAMNzHMlDNzFdeIP7kEb4atbXAbgeGyuxExwhrHUbU+KJbtsp6BrpNls1Gt1WsmUEsnQmRQ/xlOfhx4o5JIZM6rYAToR0yi4hFVhHBoIGF+wOYxiqpgHxonSoCt6ERqGPg1AUyFpKsL6RsQ8Y5aeG096DO/Mby8R//JGIc4aTiRUECIonhxCISE9ZLgWcQNAp0IDIkuSAxWKcqYZImhBGeexGMaVFOI+vp+m/5N+tVyplavdeqnVzprJkzNyTi5JhVyRFrkhHdIjnAB5II/kyQqtZ+vFev0azVnZzin5AevtE2mbkXQ=</latexit>

<̀latexit sha1_base64="5aGTThlPohAJeQz4RIKtaTnms1Y=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKChjJI5CElVnS+bJJTzg/drRGRlV+ghYoO0fI7FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHLZNGGuBLRGqUHc9blDJAFskSWE30sh9T2HHm95kfucBtZFhcE+zCF2fjwM5koJTJvVRqUGlatfsHGyZOAWpQoHmoPLVH4Yi9jEgobgxPceOyE24JikUzsv92GDExZSPsZfSgPto3CTPOmenseEUsgg1k4rlIv7eSLhvzMz30kmf08Qsepn4n9eLaXTlJjKIYsJAZIdIKswPGaFlWgKyodRIxLPkyGTABNecCLVkXIhUjNNWymkfzuL3y6RdrznntfrdRbVxXTRTgmM4gTNw4BIacAtNaIGACTzBM7xYj9ar9Wa9/4yuWMXOEfyB9fENu4GSxA==</latexit>

°4

0

4

∏

L = 13
L = 17

°6 °2 2 6±
°2

0

2

°

°5 5±
10°6

101

¢
°

Correlation decay length
(Localisation length) Total info on large scales

Γ =
L−1

∑
ℓ=⌊L/2⌋

Iℓ = N

[Artiaco, Klein-Kvorning, Aceituno Chávez, Herviou, JHB, PRL 2025 (arXiv:2410.10971)]  



Information locally conserved and moves locally under local unitary 
transformations

∂tI(ρℓ
n ) = − i Tr ([∇Sℓ

n , Hℓ
n ] ρℓ

n )
−i Tr ([12r⊗∇Sℓ

n , Hℓ+r
n−r/2−Hℓ

n ] ρℓ+r
n−r/2)

−i Tr ([∇Sℓ
n ⊗12r, Hℓ+r

n+r/2 − Hℓ
n ] ρℓ+r

n+r/2)
= JR

r (ρℓ+r
n−r/2) + JL

r (ρℓ+r
n+r/2)

Technical details

Total information conserved under unitary dynamics, local information  is a density that is follows a 
local conservation law with local information currents

iℓ
n

[Klein Kvorning, Herviou, JHB SciPost Physics (2022); Artiaco, Fleckenstein, Aceituno Chávez, Klein Kvorning, JHB PRX Quantum 2024]  
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Dynamics on the information lattice — ballistic growth of entanglement in 
a random unitary circuit

0
∈ CUE(4 × 4)

}Δt = 1

Entanglement entropy grows ballistically
before saturating at the Page value

Random brickwork of independent 
random unitaries



Stabilizer states with information gap and long-range magic 
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⌊L/2−1⌋

∑
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iℓ
n

Large scale information Γ =
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∑
ℓ=⌊L/2⌋

iℓ
n

 long-range magic Γ ∉ ℕ ⇒

[Bilinskaya, Martínez, Ghosh, Klein Kvorning, Artiaco, JHB, arXiv:2510.26696]  



LITE — Local Information Time Evolution

[Klein Kvorning, Herviou, JHB SciPost Physics (2022); Artiaco, Fleckenstein, Aceituno Chávez, Klein Kvorning, JHB PRX Quantum 2024]  

If no information on scale  can construct ℓ + 1 ρℓ+1

ρℓ+1
n+1/2 = exp [ln(ρℓ

n ) + ln(ρℓ
n+1) + ln(ρl−1

n+1/2)]

(Petz) recovery map



In microscopic models information flows to large scales leaving behind a 
tail of information at short scales

⇢(t = 0) = · · ·⌦ I2 ⌦ I2 ⌦ | "xih"x |⌦ I2 ⌦ I2 ⌦ · · ·
<latexit sha1_base64="oh1k9MLk3Smphl51CpIqxvw82OM="></latexit>

H = ∑
i

Jσz
i σz

i+1 + hTσx
i + hLσz

i

Total information on scale ℓ

Scale ℓ

[Klein Kvorning, Herviou, JHB SciPost Physics (2022)]

Mixed-field Ising model



Example: energy diffusion in the mixed field Ising model

σ2
E = ∑

n

(n − n)2 Er
n

⟨H⟩
− (∑

n

(n − n)
Er

n

⟨H⟩ )
2

D =
1
2

∂tσ2
E

ρinit = ( ⨂
m<n−ℓ/2

ρm,∞) ⊗ ρℓ
n,init ⊗ ( ⨂

m>n+ℓ/2

ρm,∞)

H = ∑
i

Jσz
i σz

i+1 + hTσx
i + hLσz

i

J = 1, hT = 1.4, hL = 0.9045

[See alos Rakovszky, von Keyserlingk, and Pollmann PRB 2022 for a different approach] [Artiaco, Fleckenstein, Aceituno Chávez, Klein Kvorning, JHB PRX Quantum 2024]  



Lindblad dynamics with local dissipators straightforwardly implemented 
on the information lattice
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D
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Exact

∂tρ = − i [H, ρ] + ∑
j

γj (LjρL†
j −

1
2

{L†
j Lj, ρ})

[Compare with Jin, Ferreira, Filipone, Giamarchi, PRR 2022]

[Artiaco, Fleckenstein, Aceituno Chávez, Klein Kvorning, JHB PRX Quantum 2024]  

Göran Lindblad
KTH Royal Institute of Technology 

9 July 1940–30 November 2022

H = ∑
j

J(σx
j σx

j+1 + σy
j σy

j+1) Lj = σz
j ; γj = γ ∀j



Generalising to higher dimensions — overlap redundancies
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[Flór, Artiaco, Klein Kvorning, JHB, arXiv:2512:20793]  

Example state ρ =
1
2

( |000⟩⟨000 | + |111⟩⟨111 | )



Generalising to higher dimensions — Inclusion-Exclusion information
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[Flór, Artiaco, Klein Kvorning, JHB, arXiv:2512:20793]  

In higher dimension there are many different choices of set of subsystems 

Any set that is closed under intersections allows for defining inclusion-exclusion information



Simple example of a product state with two singlets

[Flór, Artiaco, Klein Kvorning, JHB, arXiv:2512:20793]  
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Partial summing gives quasi-1d information lattices 
with positive local information 

Summing over one scale direction gives direction 
dependent information per scale



2D Anderson model with anisotropic hopping
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Can separate information in bulk and at boundary

Bulk exponentially decaying, edge follows a power law with 
appropriate central charge 



Toric code — bulk information is local 
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Toric code — topological entanglement is an overlap redundancy
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Topological entanglement entropy  arises from redundancies of stringsγ

Can not be changed by local transformations



Summary
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D
<latexit sha1_base64="VJQpsdVntYWhi6LYPF4LShLqbs0=">AAAB/HicdVA9TwJBFNzDL8Qv1NJmIzGxuuyBCCVRC0tMRIxAyN7ywI17e5fddybkgr/CVis7Y+t/sfC/eIeYqNGpJjPv5c0bP1LSImNvTm5ufmFxKb9cWFldW98obm5d2DA2AloiVKG59LkFJTW0UKKCy8gAD3wFbf/mOPPbt2CsDPU5jiPoBXyk5VAKjql01Q04XpsgOZn0iyXm1useqzHK3Eq1Vq5WUuJVWdk7pJ7LpiiRGZr94nt3EIo4AI1CcWs7Houwl3CDUiiYFLqxhYiLGz6CTko1D8D2kmniCd2LLceQRmCoVHQqwveNhAfWjgM/ncwS2t9eJv7ldWIc1nuJ1FGMoEV2CKWC6SErjEyrADqQBhB5lhyo1FRwwxHBSMqFSMU47aaQ9vH1NP2fXJRdr+KWzw5KjaNZM3myQ3bJPvFIjTTIKWmSFhFEk3vyQB6dO+fJeXZePkdzzmxnm/yA8/oB+2yVyA==</latexit>

⇠A
<latexit sha1_base64="P61jP4goo7RaDkMMXDDDDO1nThY=">AAACAHicdVC7TsNAEDyHVwivACXNiQiJKrITRJIuQEMZJPKQYhOdL5twyvmhuzUistLwFbRQ0SFa/oSCf8E2QQIEU41mdrWz44ZSaDTNNyO3sLi0vJJfLaytb2xuFbd3OjqIFIc2D2Sgei7TIIUPbRQooRcqYJ4roetOzlK/ewNKi8C/xGkIjsfGvhgJzjCRruxbMbA9htfKi09mg2LJLB/XG1bDombZzJASq1ZNFGuulMgcrUHx3R4GPPLARy6Z1n3LDNGJmULBJcwKdqQhZHzCxtBPqM880E6cpZ7Rg0gzDGgIigpJMxG+b8TM03rquclkmlD/9lLxL68f4ajuxMIPIwSfp4dQSMgOaa5EUgfQoVCAyNLkQIVPOVMMEZSgjPNEjJJ+CkkfX0/T/0mnUraq5crFUal5Om8mT/bIPjkkFqmRJjknLdImnChyTx7Io3FnPBnPxsvnaM6Y7+ySHzBePwASXZeA</latexit>

⇠B
<latexit sha1_base64="7enIWmlaI7cECuWaJ9M7G8L5ysU=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysNrOAj5JgY4mJIAmsZHa44ITZR2buGsmGxq+w1crO2PonFv6Lu0iMiqc6Oefe3HOPFylpkLF3K7ewuLS8kl8trK1vbG4Vt3daJoy1gKYIVajbHjegZABNlKigHWngvqfgyhudZf7VLWgjw+ASxxG4Ph8GciAFx1S67t7JXtfneKP9pD7pFUvMPmLMqR5TZjNWrjCHOinJ8E1KZIZGr/jR7Yci9iFAobgxHYdF6CZcoxQKJoVubCDiYsSH0ElpwH0wbjJNPaEHseEY0gg0lYpORfi5kXDfmLHvpZNZQvPXy8T/vE6Mg1M3kUEUIwQiO4RSwfSQEVqmdQDtSw2IPEsOVAZUcM0RQUvKhUjFOO2nkPYx9/08aZVtp2KXL6qlWn3WTJ7skX1ySBxyQmrknDRIkwiiyQN5JE/WvfVsvVivX6M5a7azS37BevsE5DaXYQ==</latexit>

⇠C
<latexit sha1_base64="fzQFNAI7Drh7v/aDzt4vP3avxgU=">AAACAHicdVC7TgJBFJ3FF+ILtbSZSEysNvtAhY5IY4mJPBJAMjtccOLsIzN3jWRD41fYamVnbP0TC//FXcREjZ7q5Jx7c889XiSFRst6M3ILi0vLK/nVwtr6xuZWcXunpcNYcWjyUIaq4zENUgTQRIESOpEC5nsS2t51PfPbN6C0CIMLnETQ99k4ECPBGabSZe9WDHo+wyvlJ/XpoFiyTNty3OMKtUyn6rqOk5Ij16qUq9Q2rRlKZI7GoPjeG4Y89iFALpnWXduKsJ8whYJLmBZ6sYaI8Ws2hm5KA+aD7iez1FN6EGuGIY1AUSHpTITvGwnztZ74XjqZJdS/vUz8y+vGOKr0ExFEMULAs0MoJMwOaa5EWgfQoVCAyLLkQEVAOVMMEZSgjPNUjNN+CmkfX0/T/0nLMW3XdM7LpdrpvJk82SP75JDY5ITUyBlpkCbhRJF78kAejTvjyXg2Xj5Hc8Z8Z5f8gPH6ASrvl5E=</latexit>

⌧⇤
<latexit sha1_base64="GLqfehsUu4D/otA1MxnkJ6nxoaI=">AAAB+HicbVDLTgJBEJz1ifhCPXqZSEyMBzIL+DgSvXjERB4JIOkdWh2ZfWSm1wQJ/+BVT96MV//Gg//iLhKjYp0qVd3p6vIirSwJ8e7MzM7NLyxmlrLLK6tr67mNzboNYyOxJkMdmqYHFrUKsEaKNDYjg+B7Ghte/zT1G3dorAqDCxpE2PHhOlBXSgIlUr1NEF/ud3N5UTgQwi0fclEQolgSLncTkuKb5NkE1W7uo90LZexjQFKDtS1XRNQZgiElNY6y7dhiBLIP19hKaAA+2s5wnHbEd2MLFPIIDVeaj0X8uTEE39qB7yWTPtCN/eul4n9eK6ar485QBVFMGMj0ECmN40NWGpXUgLynDBJBmhy5CrgEA0RoFAcpEzFOeskmfUx9P03qxYJbKhTPy/nKyaSZDNtmO2yPueyIVdgZq7Iak+yWPbBH9uTcO8/Oi/P6NTrjTHa22C84b58USZOE</latexit>

lo
g(
I`
)

<latexit sha1_base64="K4zuzyNJ5n0tonPMKxKPVsRgoWs=">AAAB/nicbVC7TsNAEDyHVwivACXNiQgpNJEdkKCMoIEuSOQhxSY6XzbhlLN9ulsjRVYkvoIWKjpEy69Q8C84xgUkTDWa2dXOjq+kMGjbn1ZhaXllda24XtrY3NreKe/utU0Uaw4tHslId31mQIoQWihQQldpYIEvoeOPL2d+5wG0EVF4ixMFXsBGoRgKzjCVXFdGo+r1nQtSHvfLFbtmZ6CLxMlJheRo9stf7iDicQAhcsmM6Tm2Qi9hGgWXMC25sQHF+JiNoJfSkAVgvCTLPKVHsWEYUQWaCkkzEX5vJCwwZhL46WTA8N7MezPxP68X4/DcS0SoYoSQzw6hkJAdMlyLtAygA6EBkc2SAxUh5UwzRNCCMs5TMU7bKaV9OPPfL5J2veac1Oo3p5XGRd5MkRyQQ1IlDjkjDXJFmqRFOFHkiTyTF+vRerXerPef0YKV7+yTP7A+vgEBDZWq</latexit>

<̀latexit sha1_base64="5aGTThlPohAJeQz4RIKtaTnms1Y=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKChjJI5CElVnS+bJJTzg/drRGRlV+ghYoO0fI7FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHLZNGGuBLRGqUHc9blDJAFskSWE30sh9T2HHm95kfucBtZFhcE+zCF2fjwM5koJTJvVRqUGlatfsHGyZOAWpQoHmoPLVH4Yi9jEgobgxPceOyE24JikUzsv92GDExZSPsZfSgPto3CTPOmenseEUsgg1k4rlIv7eSLhvzMz30kmf08Qsepn4n9eLaXTlJjKIYsJAZIdIKswPGaFlWgKyodRIxLPkyGTABNecCLVkXIhUjNNWymkfzuL3y6RdrznntfrdRbVxXTRTgmM4gTNw4BIacAtNaIGACTzBM7xYj9ar9Wa9/4yuWMXOEfyB9fENu4GSxA==</latexit>

n
<latexit sha1_base64="Px7ObtNHh0g8YCIdwN+mVHA0IKU=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIDEpQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6mtRtWaW3dz0FXiFaRGCrRG1a/hOOI2BIVcMmMGnhujnzCNgktYVIbWQMz4jE1hkFLFQjB+kgdd0DNrGEY0Bk2FpLkIvzcSFhozD4N0MmT4YJa9TPzPG1icXPuJULFFUDw7hEJCfshwLdIGgI6FBkSWJQcqFOVMM0TQgjLOU9GmlVTSPrzl71dJt1H3LuqN9mWteVM0UyYn5JScE49ckSa5Iy3SIZwAeSLP5MWxzqvz5rz/jJacYueY/IHz8Q14QZF7</latexit>

C
<latexit sha1_base64="mgurBv0b/qFo9NMXp47avClHgEE=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtJldReFG5OIREnkkQMjs0OCE2Udmek0I4Qu86smb8eoHefBf3F0xUaN1qlR1p6vLi5Q0yNiblVtZXVvfyG8WtrZ3dveK+wdtE8ZaQEuEKtRdjxtQMoAWSlTQjTRw31PQ8ab11O/cgTYyDG5wFsHA55NAjqXgmEjN+rBYYja7qDpOhTK7zNyqmxK3zM6qFerYLEOJLNEYFt/7o1DEPgQoFDem57AIB3OuUQoFi0I/NhBxMeUT6CU04D6YwTwLuqAnseEY0gg0lYpmInzfmHPfmJnvJZM+x1vz20vFv7xejOPKYC6DKEYIRHoIpYLskBFaJg0AHUkNiDxNDlQGVHDNEUFLyoVIxDippJD08fU0/Z+0Xds5s93meal2tWwmT47IMTklDrkkNXJNGqRFBAFyTx7IoxVbT9az9fI5mrOWO4fkB6zXD6k6kZ4=</latexit>

A
<latexit sha1_base64="LFcLYI2Xzy+tzK2jJOqMp/teI3U=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxtNldUOCGevEIiTwS2JDZocEJs4/M9JqQDV/gVU/ejFc/yIP/4i5iokbrVKnqTleXF0mh0bLejNzK6tr6Rn6zsLW9s7tX3D/o6DBWHNo8lKHqeUyDFAG0UaCEXqSA+Z6Erje9yvzuHSgtwuAGZxG4PpsEYiw4w1RqXQyLJcus186dukMt07KtcuUsI07VqVSobVoLlMgSzWHxfTAKeexDgFwyrfu2FaGbMIWCS5gXBrGGiPEpm0A/pQHzQbvJIuicnsSaYUgjUFRIuhDh+0bCfK1nvpdO+gxv9W8vE//y+jGOa24igihGCHh2CIWExSHNlUgbADoSChBZlhyoCChniiGCEpRxnopxWkkh7ePrafo/6TimXTadVqXUuFw2kydH5JicEptUSYNckyZpE06A3JMH8mjExpPxbLx8juaM5c4h+QHj9QOYApGS</latexit>

B
<latexit sha1_base64="I7RyZHcGFIpudgY4dEvTF9K6tjw=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwVdIH2O5K3bhswT6gDWUyva1DJ5MwcyOU0C9wqyt34tYPcuG/mMQIVfSsDufcyz33uIEUBm373cptbG5t7+R3C3v7B4dHxeOTvvFDzaHHfenrocsMSKGghwIlDAMNzHMlDNzFdeIP7kEb4atbXAbgeGyuxExwhrHUbU+KJbtsp6BrpNls1Gt1WsmUEsnQmRQ/xlOfhx4o5JIZM6rYAToR0yi4hFVhHBoIGF+wOYxiqpgHxonSoCt6ERqGPg1AUyFpKsL6RsQ8Y5aeG096DO/Mby8R//JGIc4aTiRUECIonhxCISE9ZLgWcQNAp0IDIkuSAxWKcqYZImhBGeexGMaVFOI+vp+m/5N+tVyplavdeqnVzprJkzNyTi5JhVyRFrkhHdIjnAB5II/kyQqtZ+vFev0azVnZzin5AevtE2mbkXQ=</latexit>

<̀latexit sha1_base64="5aGTThlPohAJeQz4RIKtaTnms1Y=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjKChjJI5CElVnS+bJJTzg/drRGRlV+ghYoO0fI7FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHLZNGGuBLRGqUHc9blDJAFskSWE30sh9T2HHm95kfucBtZFhcE+zCF2fjwM5koJTJvVRqUGlatfsHGyZOAWpQoHmoPLVH4Yi9jEgobgxPceOyE24JikUzsv92GDExZSPsZfSgPto3CTPOmenseEUsgg1k4rlIv7eSLhvzMz30kmf08Qsepn4n9eLaXTlJjKIYsJAZIdIKswPGaFlWgKyodRIxLPkyGTABNecCLVkXIhUjNNWymkfzuL3y6RdrznntfrdRbVxXTRTgmM4gTNw4BIacAtNaIGACTzBM7xYj9ar9Wa9/4yuWMXOEfyB9fENu4GSxA==</latexit>
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