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This strongly suggests
that the saturation of p is correlated with the peaking
of Ry and that both are extrinsic.
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This
suggests that the superconductivity is not an in- U Be1 3
trinsic property of UBe;;, but probably linked with 1 97 4

precipitated filaments. Bucher.et al PRB, 11, 440 (1975).
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SmBs 1969

UBe13 1974

Discovery often awaits new concepts, hew consensus

~5 yrs before Superfluid He-3
10 yrs before Heavy Fermion SC

20 yrs before High Temperature SC
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These, and many other examples suggest the potential for qualitatively new advances in our
understanding of quantum matter.
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- Linear resistivity in strange metals - Strange Insulator
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Dark Matter Challenges of the Solid State.

- Linear resistivity in strange metals
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Dark Matter Challenges of the Solid State.

o2

- Linear resistivity in strange metals
- Link with quantum criticality and break-down of Fermi Liquid
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- Linear resistivity in strange metals
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Dark Matter Challenges of the Solid State.

- Linear resistivity in strange metals rtr ~ kBT
- Link with quantum criticality and break-down of Fermi Liquid
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- Linear resistivity in strange metals rtr ~ kBT
- Link with quantum criticality and break-down of Fermi Liquid

1.0

0.8

<
o)

Pap (mflcm)

o
N}

0.0

MFL
(Varma et al 1989)

Cuprates Tc=11-92K

SN
~
\\
-~

Unidentified (local) critical scattering.
Abbamonte: EELS

200 400 600 800 1000
T(K)



Kondo effect: lconic example of Entanglement

,A

E=vp/Tk



Kondo effect: lconic example of Entanglement

Spin screened by
conduction
electrons: entangled

P-4



Kondo effect: lconic example of Entanglement

Spin screened by
conduction
electrons: entangled

P-4t
S(T) = OV
0 1’

“Spin entanglement entropy”



Kondo effect: lconic example of Entanglement

Cy
T 1 Linear
S.H :
Spin screened by Rln2 sat
conduction
electrons: entangled
e
V
S(T)= | X4r’
T!
0

“Spin entanglement entropy”



Kondo effect: I
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From Wilsonian NRG to Tensor Networks
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Tensor network: matrix product state (MPS) PEPS (2D)
N aan b c d e projected entangled-pair state

5 - D
[) bond \(\\
2’1 7;2 7;3 2‘4 2'5 i6 dimension j’\

Capability for detailed study of spectral
functions in impurity, 1 & 2D.

3
Lo T TINETT T i
L
) |
vj. 08 LIJO
— _
= S 10
—. 0.6}0. ®
pa 05 0 S
N} o)
< RG (A= @ 5 5 :
0.2 VMPS (A=1. g ETK:7.75218-10§‘4 :
— VMPS (deconv.) ©  _g| J=0.16 (A=2, L=50)
O . ) ) ) [®)) 10 ........ o Do Do
-20  -10 /OT 10 20 16 32 64 128 256 512
oty dimension D

Weichelsbaum et al (2009)



From Wilsonian NRG to Tensor Networks
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must contain an even number of
fermions: even charge, integer spin.

¥ = (Yri)) M = Widy)

cf BCS theory, Stoner Magnetism.

e But can order parameters, like
excitations, fractionalize?

Y = \/Multipole = Spinorial OP

P. Chandra, P. Coleman, R. Flint, Nature (2013)
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A possible Topological Insulator?

 Insulating gap opens at T, ~ 50K

* Resistivity plateau below T ~ 3K
Topological surface states?

Dzero, Sun, Galitski, Coleman, PRL 104, 106408 (2010)
Takimoto, J. Phys. Soc. Jpn. 80, 123710 (2011)
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A possible Topological Insulator? Nonlocal transport—> surface cond.
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Robust bulk insulator
(Kurdak et al, APS 2017)
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— Pure

e 10% (NOMinal)

e 2996 (NOMiNSI)
40% (nominal)




CT IR walls !
* » 5 &
) @ ¥ . 2 :
..
= 1.

.....

Linear Sheat
Phalen, PRX 4 031012 (2014)

Robust bulk insulator
(Kurdak et al, APS 2017)
Seemingly Topological, yet

- Bulk Linear SHeat 10x LaBs

— Pure

e 10% (NOMinal)

e 2996 (NOMiNSI)
40% (nominal)




U

w &

- o

S [
P

CT IR walls !
-]

0.5 1.0 1.5 2.0
Frequency (THz)

Linear Sheat AC Metal

Phalen, PRX 4 031012 (2014) Laurita, et al. PRB 94,

165154 (2016).

— Pure

e 10% (NOMinal)

e 2996 (NOMiNSI)
40% (nominal)

Robust bulk insulator
(Kurdak et al, APS 2017)
Seemingly Topological, yet
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« Optical conductor, DC insulator
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Robust bulk insulator
(Kurdak et al, APS 2017)
Seemingly Topological, yet
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(Kurdak et al, APS 2017)
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The SmBg Conundrum

Bulk is anomalous: electronically insulating
but hosts seemingly gapless excitations.

Bulk Linear SHeat 10x LaBe
Optical conductor, DC insulator
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e Quasiparticles do not couple to E but couple to B. p—p—eA
: : . , 0A
e Yet microscopically particles couple to the vector potential: E = i Vo

B=VxA
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— Can we have broken gauge invariance without superconductivity?
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