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Motivation

Strongly interacting materials
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Figure 2 | Crossover of quantum corrections of magnetoconductance (MC) with increasing Cr content in Cr,Bi, ,Te; thin films (x = 0.14).

(a) MC curves of pure Bi,Tes thin films, showing the negative MC features of WAL. (b) MC curves of Cr ¢3Bi; 9,Te; thin film, indicating a non-
monotonic behavior with sharp downward cusp at low temperatures (< 3.1 K) and re-presence of WAL at higher temperatures (3.1 and 3.7 K). (c) MC
curves of Cr 19Bi; 99Tes thin film, showing a crossover from downward cusp feature to parabolic dependence with increasing temperatures. (d) MC
curves of Cr ¢ 14Bi; g¢Te; thin film shows a WL dominated behavior. (¢) HLN model fitting of MC curves with different Cr content at temperature of
1.9 K. (f) and (g) HLN model fitting of MC curves of pure Bi,Te; and heavily doped Cry 14Bi; gsTe; thin films, showing that both WAL and WL can be
fitted well to the HLN model. (h) Pre-factor of o in HLN model of thin films with different Cr concentrations.
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Motivation

Quantum critical models can be characterized by

o Dynamical critical exponent z:relative scaling of time and space (t — A\t, x= — \*x)

o Hyperscaling-violation exponent. §: deviation of the scaling of the low energy critical degrees of freedom from
original space(effective theory live in d — 6 dimension)

Dirac materials
oroe = i 0 =)
o Boundary geometry: AdS

o Transport coefficient(2018), Two current model(2017), Spontaneous magnetization(2018, 2019)

Non-Dirac materials(with magnetism)
S B
o What is background geometry?

o What is the role of each exponent to the transport coefficient and other thermodynamic observables!?
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Background Geometry

Action

Stot = / d*z (Lo + Ling)
M

2

2 2
Lo =+V—yg (R + ) Vieh? — %(3@2 - iz Zi($)FGy — %Y(Qﬁ) Z(3X3)2)
i=1 il

=1

Lint = _% (8X§2))26MVPUF£12/)FP((3)’
=12

Background solution
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A1 = ai(r)dt, As = as(r)dt + §H(xdy — ydzx),
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Background Geometry

Validity regime
o Charge reality condition
o Null energy condition

o Asymptotic HSV geometry

Ay = aq(r)dt, Ay = as(r)dt + %H(xdy — ydz),

W= (az,ay), P = (M),
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(b) Validity regime
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Transport coefficient

Surface state of Topological Insulator
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Transport coefficient

Surface state of Topological Insulator
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Holographic Renormalization

The integration of the on-shell action is divergent
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Holographic Renormalization

The integration of the on-shell action is divergent

Shulk =
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Validity regime
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(b) Validity regime
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Holographic Renormalization

The integration of the on-shell action is divergent

Shulk =
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Boundary counter terms
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Holographic Renormalization

Renormalized on-shell action
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Thermodynamics

Standard AdS/CFT
o Energy density: Boundary energy momentum tensor e = Tho
o Pressure: Negative renormalized on-shell action = S

o Entropy: Horizon area

o Temperature: Hawking temperature of BH

Smarr relation

e+P=sT+ puQ.

Thermodynamic First Law Guidline)

0 =T0s + pnoQ).
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Thermodynamics

Thermodynamic relation
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Thermodynamics

Specific heat

0s B Oe
or  OT

CV:T

High temperature behavior
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Thermodynamics

Numerical results
o (z=1,0=0) o (z=312,0=1)
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Thermodynamics

Numerical results
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Conclusion

We study transport coefficient of strongly interacting non-Dirac materials via holography

We construct renormalized on-shell action in HSV geometry

We construct modified thermodynamic relation such that the thermodynamic |st law of the
boundary theory satisfied

o Role of (z, 0) in the thermodynamic relation: Difference of scaling behavior between time and space

o Role of extra term in pressure: Breaking diffeomorphism invariance by f

Future direction

o Holographic renormalization for other (z, 8) region

o Comparing other transport coefficient(thermal conductivity...)
o AC conductivities
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Thank you!
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Thermodynamics

Schwartzshcild HSV (2 =0, H=0, =0, ¢, =0)
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S = —vg”
s = 47‘(”012»{_9
2 —0
T = ( +4ir )vf{

Naive Smarr relation

e=9F 4+ sT=(1+z2—-004*0=

Modified thermodynamic relation

e=28" 45T =(2—-0wi"=(2-0)m. p—
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Thermodynamics
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Modified thermodynamic relation
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Thermodynamics

Schwartzscild with momentum relaxation (g2 =0, H=0, 8#0, g, =0)
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Modified thermodynamic relation

e=2SY +sT #(2-60)m, —> |de £ T 0s

Modified pressure
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Thermodynamics

Final thermodynamic relation
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Thermodynamic First Law
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