
M.N.Kiselev

Magic Lorenz ratios
and Anderson orthogonality catastrophe

in quantum simulators

QUASIPART23, KITP, October 12, 2023

MK, Phys. Rev. B 108, L081108 (2023) 



Quantum simulators: real physics of artificial structures

QD

GaAs AlGaAs

Gates

Lead

Lead
Electron gas 
plane



Quantum simulators: what are they good for?

Controllable quantum criticality

Engineering non-Fermi liquids

Exotic quasiparticles
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Many other interesting facets of SCES



Spin vs Charge Kondo effect in quantum simulators

Coulomb valley
(odd N)
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Fermi Liquid vs Non-Fermi Liquid

Effective strong coupling (or intermediate coupling) fixed point Hamiltonian

Strong coupling fixed point
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N > 2S Overscreened - NFL
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Wilson Ratio as a measure of e-e correlations
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Wilson Ratio for a quantum impurity problem N=2S

Single impurity Kondo (FL) N=1
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RW = 2

Wilson Ratio measures the ratio of the total specific heat to that coming from the spin
degrees of freedom (Nozieres-Blandin 1980; Affleck-Ludwig 1993)

What about NFL regime?



Charge and Heat transport through quantum simulators 
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Transport coefficients 
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Connection between transport integrals 
and transmission coefficient 
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Transmission coefficient



Wiedemann-Franz law
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RL = 1

What does Lorenz ratio measure?

What does WF law say? <latexit sha1_base64="Zwy30dWA3ohGBIDNZPYtFFbaEv4=">AAACHnicbVBNS8NAEN34WeNX1KOXYBE8laRQ9SIUvXjwUMV+QBPCZjttl242cXcjlNBf4sW/4sWDIoIn/TcmaQ619cHA470ZZub5EaNSWdaPtrS8srq2XtrQN7e2d3aNvf2WDGNBoElCFoqOjyUwyqGpqGLQiQTgwGfQ9kdXmd9+BCFpyO/VOAI3wANO+5RglUqeUXN8GFCewEOcKxP9zru5sB0e8jjwQegO8N6MO4VnlK2KlcNcJHZByqhAwzO+nF5I4gC4IgxL2bWtSLkJFooSBhPdiSVEmIzwALop5TgA6Sb5exPzOFV6Zj8UaXFl5ursRIIDKceBn3YGWA3lvJeJ/3ndWPXP3YTyKFbAyXRRP2amCs0sK7NHBRDFxinBRND0VpMMscBEpYlmIdjzLy+SVrVin1Zqt9Vy/bKIo4QO0RE6QTY6Q3V0jRqoiQh6Qi/oDb1rz9qr9qF9TluXtGLmAP2B9v0L4yCg/A==</latexit>

RL = 1 ?
How universal is WF law?

Shall we say “violation” or “generalization”?



Upper bound for the Lorenz ratio in FL regime

<latexit sha1_base64="RdR9qdHe3+nj/Knq/3J9rnF85hQ="></latexit>
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FL: Transmission coefficient is an analytic function of energy

FL upper bound

What if transmission coefficient
is not an analytic function of energy,
for example, due to Anderson 
orthogonality catastrophe?

D. Karki PRB (2020)

<latexit sha1_base64="PHCJbA9a6FiwNZPWZQzZdSJumT0="></latexit>
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<latexit sha1_base64="3t9vSExxtndNfK394NiybN8vO0E=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCCymJ+IJuim5cVugLmhAm09t26GQSZyZCiV34K25cKOLW33Dn3zh9LLT1wIXDOfdy7z1hwpnSjvNtLSwuLa+s5tby6xubW9v2zm5dxamkUKMxj2UzJAo4E1DTTHNoJhJIFHJohP2bkd94AKlYLKp6kIAfka5gHUaJNlJg77snXskrZR4lHFeHgeMJuMdOYBecojMGnifulBTQFJXA/vLaMU0jEJpyolTLdRLtZ0RqRjkM816qICG0T7rQMlSQCJSfje8f4iOjtHEnlqaExmP190RGIqUGUWg6I6J7atYbif95rVR3rvyMiSTVIOhkUSflWMd4FAZuMwlU84EhhEpmbsW0RySh2kSWNyG4sy/Pk/pp0b0ont+dFcrX0zhy6AAdomPkoktURreogmqIokf0jF7Rm/VkvVjv1sekdcGazuyhP7A+fwCckpST</latexit>

1, T0 6= 0
<latexit sha1_base64="iTDxjig3O9ioH2FUFCEGSYCSrwM=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFcSEmKVaEIRTcuK/QFTQiT6aQdOpmEmYlQQlZu/BU3LhRx6ze482+ctllo64ELh3Pu5d57/JhRqSzr21haXlldWy9sFDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80e3E7zwQIWnEm2ocEzdEA04DipHSkmceOYFAOK3YWVrNzpyaU0sdjBhsZp51bXlmySpbU8BFYuekBHI0PPPL6Uc4CQlXmCEpe7YVKzdFQlHMSFZ0EklihEdoQHqachQS6abTNzJ4opU+DCKhiys4VX9PpCiUchz6ujNEaijnvYn4n9dLVHDlppTHiSIczxYFCYMqgpNMYJ8KghUba4KwoPpWiIdI56J0ckUdgj3/8iJpV8r2Rbl6f16q3+RxFMAhOAanwAaXoA7uQAO0AAaP4Bm8gjfjyXgx3o2PWeuSkc8cgD8wPn8AJvGXpQ==</latexit>
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5
, T0 = 0



<latexit sha1_base64="Q18wsw9kAkPYzZ9U81/Xaj8wVMA=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiSiKHRTdCPoooJ9QBPKZDpph04ezNwIJeQL3Pgrblwo4ta1O//GSZuFVg9cOJxzL/fe48WCK7CsL6O0tLyyulZer2xsbm3vmLt7HRUlkrI2jUQkex5RTPCQtYGDYL1YMhJ4gnW9yWXud++ZVDwK72AaMzcgo5D7nBLQ0sCspQ4HfEPkiDkNp4GdgMCYEpFeZzgXBA84ZAOzatWtGfBfYhekigq0BuanM4xoErAQqCBK9W0rBjclEjgVLKs4iWIxoRMyYn1NQxIw5aazdzJc08oQ+5HUFQKeqT8nUhIoNQ083Zlfqxa9XPzP6yfgn7spD+MEWEjni/xEYIhwng0ecskoiKkmhEqub8V0TCShoBOs6BDsxZf/ks5x3T6tW7cn1eZFEUcZHaBDdIRsdIaa6Aq1UBtR9ICe0At6NR6NZ+PNeJ+3loxiZh/9gvHxDS4Tm5E=</latexit>

Large K limit

D.B. Karki and MK, PRB 102, 241402(R) (2020)
D.B. Karki and MK, PRB 103, L201402 (2021)

Experiment: Stanford University

NFL transport: Spin Kondo effect
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R.M. Potok et al, Nature, 2007

NFL transport: Spin Kondo effect



FL

FL NFL

A.Furusaki and K.A.Matveev, PRB 52 (1995)

Z. Iftikhan et al, Nature 526 (2015)

NFL transport: Charge Kondo effect



NFL transport: Charge Kondo effect

Z. Iftikhan et al, Nature 526 (2015)



Parafermion states with multi-channel charge Kondo effect

Z2
<latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit><latexit sha1_base64="wVhVQjRtaLBeUcfJx6yPWBsUHn0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfuBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5CpXksH8wkQT+iQ8lDzqix1v1jv9YvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwDfc42D</latexit>
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<latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit><latexit sha1_base64="+pC0gAzhyccTQZJZGapYV/LRuA4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov3ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjfTeuuJayNi9YDjhPsRHSgRCkbRWvePvfNeueJW3ZnIMng5VCBXvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCORUUjbvxstuqEnFinT8JY26eQzNzfExmNjBlHge2MKA7NYm1q/lfrpBhe+ZlQSYpcsflHYSoJxmR6N+kLzRnKsQXKtLC7EjakmjK06ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+R8/gDg942E</latexit>

Z. Iftikhan et al, Nature 526 (2015)

Z. Iftikhan et al, Science 360 (2018)



Thermoelectrics of 3-channel charge Kondo effect

T. K. T. Nguyen and MK. PRL 125, 026801 (2020)
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<latexit sha1_base64="/4i6xZQIaLl/P5KX7UJbAchpjbo=">AAACD3icbZC7SgNBFIZn4y3G26qlzWBQYhN3o6BlUETLCLlBNobZyWwyZPbCzFkhLPsGNr6KjYUitrZ2vo2TZAuN/jDw8Z9zOHN+NxJcgWV9GbmFxaXllfxqYW19Y3PL3N5pqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOLif11j2TiodBHcYR6/pkEHCPUwLa6pmH147iPnYE86DkeJLQpJ4mVz2aOpIPhnB0l1SOT9KeWbTK1lT4L9gZFFGmWs/8dPohjX0WABVEqY5tRdBNiAROBUsLTqxYROiIDFhHY0B8prrJ9J4UH2inj71Q6hcAnro/JxLiKzX2Xd3pExiq+drE/K/WicE77yY8iGJgAZ0t8mKBIcSTcHCfS0ZBjDUQKrn+K6ZDokMBHWFBh2DPn/wXmpWyrfn2tFi9yOLIoz20j0rIRmeoim5QDTUQRQ/oCb2gV+PReDbejPdZa87IZnbRLxkf31XXnDI=</latexit><latexit sha1_base64="/4i6xZQIaLl/P5KX7UJbAchpjbo=">AAACD3icbZC7SgNBFIZn4y3G26qlzWBQYhN3o6BlUETLCLlBNobZyWwyZPbCzFkhLPsGNr6KjYUitrZ2vo2TZAuN/jDw8Z9zOHN+NxJcgWV9GbmFxaXllfxqYW19Y3PL3N5pqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOLif11j2TiodBHcYR6/pkEHCPUwLa6pmH147iPnYE86DkeJLQpJ4mVz2aOpIPhnB0l1SOT9KeWbTK1lT4L9gZFFGmWs/8dPohjX0WABVEqY5tRdBNiAROBUsLTqxYROiIDFhHY0B8prrJ9J4UH2inj71Q6hcAnro/JxLiKzX2Xd3pExiq+drE/K/WicE77yY8iGJgAZ0t8mKBIcSTcHCfS0ZBjDUQKrn+K6ZDokMBHWFBh2DPn/wXmpWyrfn2tFi9yOLIoz20j0rIRmeoim5QDTUQRQ/oCb2gV+PReDbejPdZa87IZnbRLxkf31XXnDI=</latexit><latexit sha1_base64="/4i6xZQIaLl/P5KX7UJbAchpjbo=">AAACD3icbZC7SgNBFIZn4y3G26qlzWBQYhN3o6BlUETLCLlBNobZyWwyZPbCzFkhLPsGNr6KjYUitrZ2vo2TZAuN/jDw8Z9zOHN+NxJcgWV9GbmFxaXllfxqYW19Y3PL3N5pqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOLif11j2TiodBHcYR6/pkEHCPUwLa6pmH147iPnYE86DkeJLQpJ4mVz2aOpIPhnB0l1SOT9KeWbTK1lT4L9gZFFGmWs/8dPohjX0WABVEqY5tRdBNiAROBUsLTqxYROiIDFhHY0B8prrJ9J4UH2inj71Q6hcAnro/JxLiKzX2Xd3pExiq+drE/K/WicE77yY8iGJgAZ0t8mKBIcSTcHCfS0ZBjDUQKrn+K6ZDokMBHWFBh2DPn/wXmpWyrfn2tFi9yOLIoz20j0rIRmeoim5QDTUQRQ/oCb2gV+PReDbejPdZa87IZnbRLxkf31XXnDI=</latexit><latexit sha1_base64="/4i6xZQIaLl/P5KX7UJbAchpjbo=">AAACD3icbZC7SgNBFIZn4y3G26qlzWBQYhN3o6BlUETLCLlBNobZyWwyZPbCzFkhLPsGNr6KjYUitrZ2vo2TZAuN/jDw8Z9zOHN+NxJcgWV9GbmFxaXllfxqYW19Y3PL3N5pqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOLif11j2TiodBHcYR6/pkEHCPUwLa6pmH147iPnYE86DkeJLQpJ4mVz2aOpIPhnB0l1SOT9KeWbTK1lT4L9gZFFGmWs/8dPohjX0WABVEqY5tRdBNiAROBUsLTqxYROiIDFhHY0B8prrJ9J4UH2inj71Q6hcAnro/JxLiKzX2Xd3pExiq+drE/K/WicE77yY8iGJgAZ0t8mKBIcSTcHCfS0ZBjDUQKrn+K6ZDokMBHWFBh2DPn/wXmpWyrfn2tFi9yOLIoz20j0rIRmeoim5QDTUQRQ/oCb2gV+PReDbejPdZa87IZnbRLxkf31XXnDI=</latexit>
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<latexit sha1_base64="/sjmYzDdxNO7C9vaTQLJGaK0s2c="></latexit><latexit sha1_base64="/sjmYzDdxNO7C9vaTQLJGaK0s2c="></latexit><latexit sha1_base64="/sjmYzDdxNO7C9vaTQLJGaK0s2c="></latexit><latexit sha1_base64="/sjmYzDdxNO7C9vaTQLJGaK0s2c="></latexit>



Anderson Orthogonality Catastrophe
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Anderson Orthogonality Catastrophe

<latexit sha1_base64="us6YttrXwGNwKTduidQW3vFejq4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEfC2LRXRZoS9oQplMJ+3QyWSYmQglZuGvuHGhiFt/w51/47TNQlsPXDiccy/33hMIRpV2nG+rsLS8srpWXC9tbG5t79i7ey0VJxKTJo5ZLDsBUoRRTpqaakY6QhIUBYy0g1Ft4rcfiFQ05g09FsSP0IDTkGKkjdSzD249IWOhY+iFEuG0kaU3vVrWs8tOxZkCLhI3J2WQo96zv7x+jJOIcI0ZUqrrOkL7KZKaYkaykpcoIhAeoQHpGspRRJSfTu/P4LFR+jCMpSmu4VT9PZGiSKlxFJjOCOmhmvcm4n9eN9HhlZ9SLhJNOJ4tChMGzbuTMGCfSoI1GxuCsKTmVoiHyOSgTWQlE4I7//IiaZ1W3IvK+f1ZuXqdx1EEh+AInAAXXIIquAN10AQYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AAADlhs=</latexit>
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Lorenz Ratio as a measure of orthogonality catastrophe
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FL-NFL tunnel contact

<latexit sha1_base64="XQA2LTMO0Jci6AVWJeoGGShMygo=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuyoz4WhbduKzQF7RDyaSZNjaTDElGKEP/wY0LRdz6P+78G9N2Ftp6IHA4515yzwkTwY31vG+0srq2vrFZ2Cpu7+zu7ZcODptGpZqyBlVC6XZIDBNcsoblVrB2ohmJQ8Fa4ehu6reemDZcybodJyyIyUDyiFNindSsd63CXq9U9ireDHiZ+DkpQ45ar/TV7SuaxkxaKogxHd9LbJARbTkVbFLspoYlhI7IgHUclSRmJshm107wqVP6OFLaPWnxTP29kZHYmHEcusmY2KFZ9Kbif14ntdFNkHGZpJZJOv8oSgV2EafRcZ9rRq0YO0Ko5u5WTIdEE2pdQUVXgr8YeZk0zyv+VeXy4aJcvc3rKMAxnMAZ+HANVbiHGjSAwiM8wyu8IYVe0Dv6mI+uoHznCP4Aff4AzciOow==</latexit>

T ! 0

non-universal part depending on |r| and T vanishes at Coulomb peaks
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What does Lorenz ratio measure?

Take home message

• property of a transmission coefficient

• transmission coefficient of the multi-channel charge 
Kondo simulators is a non-analytic function of energy 
in the NFL regime  @              close to the Coulomb peaks

• LR provides unique benchmarking of the NFL universality class
for a tunnel contact low temperature quantum simulator’s 
measurements 
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