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1) Take your
favorite quantum
phase transition
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WEYL SEMIMETALS

Weyl semimetals are materials featuring crossing of bands at isolated, non degenerate
points, i.e. Weyl nodes, in the Brillouin zone at the Fermi level




EFT for the Weyl QPT

(e@ — M + ~5 ’}’zb)  — (). b:time reversal breaking parameter




WE CHOOSED OUR
FAVORITE 9PT...




DISORDER AND HARRIS CRITERION
S =8 + / dz gi(x) O; (x)
HARRIS CRITERION :
ol, < T-T,

0T, o £/




IS THAT ALL ?? RARE REGIONS!

The Harris criterion deals with averaged disorder and coarse graining...
What about local effects ??
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SMEARING THE QPT

<3
A P P = C1 e Ag

"universal"




AN EXAMPLE

arXiv:1103.5439




DISCRETE SCALE INVARIANCE

DISORDER - D3I
WHAT ARE THE SIGNATURES OF DSI?

Log-periodicity and complex exponents

¥

Opsi(z) x z%, a=

lo 2™
gH 4

— , n ezl
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QUANTUM CHAOS

([Vor ) WO,0)f ) ~ ¢ )

OUT-OF-TIME
CORRELATOR

classical chaos = exponential dependence on the initial conditions,




CHAOTIC QPTs

arXiv:1608.02438

" The Liapunov exponent
displays a peak in the quantum critical region "




A MODEL FOR AN HOLOGRAPHIC QPT

L=~ {H Hy — ;F™Fy + (D,®)" (D"®) - V(@)

EadeeAa (F beF de + 3H bCHdE)

K

T3

’[Landsteiner, Liu, Sun]

D, =0, —iqA,, F=dA, H=dV

d(z,p) ~ M(z)p' + ...

b/M =~ 1.40



THE HOLOGRAPHIC WEYL SEMIMETAL
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Anomalous Hall conductivity
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LET'S MAKE IT HOT
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LET'S MAKE IT HOT : PART |
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LET'S MAKE IT DIRTY

N-1
Spectral
representation b(x) =bg+ 27 Z V/S(ki) VA cos (ki x + 6;)

=1

b(x) C(x)
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DISORDERED BULK FIELDS

Constant source
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RARE REGIONS

They become less rare and larger
Close to the quantum




SMEARED QPT
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Composition-tuned smeared phase transitions

Fawaz Hrahsheh, David Nozadze, Thomas Vojta




DISORDER CORRELATION

cond-mat > arXiv:1109.4290




DISCRETE SCALE INVARIANCE
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BUTTERFLY VELOCITIES

ds’ = —g,(r)dt? + g (r)dr® + b (r)dZ] + +hy(r)dz},
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OTHER OBSERVABLES

- Karl Landsteiner, Yan Liu




ANISOTROPY

e, SR \r/ Measure of anisotropy
L " h(ro)
/\ /T’_[n\ —

~ g(ro)

Semimetal
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THE IDEA

ds* = —g,(r)dt* + g, (r)dr® + hy(r)dZ] + +h(r)d3,

vB is affected by anisotropy via h(r)




THE RESULTS




A CONJECTURE

Assume an anisotropy of the form (our case) h(?) — hg?‘gﬁﬂ




CONCLUSIONS

When you have made no progress on
unifying quantum mechanics and
general relativity




Discrete scale invariance
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