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Quadratic band touching

IR T

Dirac semimetals Weyl semimetals

Murakami,
Nagaosa,
Zhang

Luttinger Hamiltonian: Luttinger semimetals



Quadratic band touching

Pyrochlore iridates R>lr>0O7

guadratic band touching
strong spin-orbit coupling
unscreened Coulomb

Balents, Pesin, Witczak-Krempa, Chen, Kim
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Quadratic band touching

Pyrochlore iridates R>lr>0O7
quadratic band touching

strong spin-orbit coupling
unscreened Coulomb
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Superconducting quantum criticality

s-wave particle-particle pairing

3D ultracold atoms at 3D Luttinger semimetals
a Feshbach resonance at a superconducting QCP



Superconducting quantum criticality

s-wave particle-particle pairing

3D ultracold atoms at
a Feshbach resonance

e — 1,

Sachdev, Nikolic; Diehl, Wetterich



Superconducting quantum criticality

s-wave particle-particle pairing

3D ultracold atoms at 3D Luttinger semimetals
a Feshbach resonance at a superconducting QCP
9
77@5 — 1; n¢:ﬁ5:0.82
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IB, Herbut, PRB 93, 205138 (2016)



Superconducting quantum criticality

4 x 4 Luttinger Hamiltonian

He I L2 )p?La — 205(5 - J)’
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Jxy Jy, Jz

spin 3/2 matrices




Superconducting quantum criticality

4 x 4 Luttinger Hamiltonian
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Superconducting quantum criticality

Quantum field theory Ly, = ZD]L(&F + H)ZD

5
H= ai1p°ls — (a2 + a3) Z da(P)7a
a=1
5
-+ (052 — 053) Z Sada(ﬁ)fYa
a=—1
- 26
X = particle-hole asymmetry —
oy — (X
0 = 2 = spatial anisotropy Abrikosov
(8% —+ 3 Murakami, Nagaosa, Zhang

Herbut, Janssen



Superconducting quantum criticality

L= Lyin + ¢*(y0r — V*)o + g(GﬁW’Y%W + h.C)

IB, Herbut, PRB 93, 205138 (2016)
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IB, Herbut, PRB 93, 205138 (2016)



Superconducting quantum criticality
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IB, Herbut, PRB 93, 205138 (2016)



Abrikosov's NFL scenario

Quadratic band touching & Long-range Coulomb repulsion

L =0, + H+1ia)y - 222 (Va)?

charge renormalization
non-Fermi liquid behavior




Abrikosov's NFL scenario

Quadratic band touching & Long-range Coulomb repulsion

L =0, + H+1ia)y - 222 (Va)?

charge renormalization
non-Fermi liquid behavior

(Herbut, Janssen)




Abrikosov's NFL scenario

long-range Coulomb repulsion
generates short-range interactions,
even if initially absent

NE

D i 4
0

Critical dimension for survival of Abrikosov's NFL: d=3.25

Role of anisotropy 07?



Anisotropy and short-range
interactions

Flow of the anisotropy

b= — 1—52 {fle — f14(0 ]2

Anisotropy constant for all practical purposes



Anisotropy and short-range
interactions

Abrikosov fixed point and NFL scaling for each &
Fixed point weakly coupled for strong anisotropy



Anisotropy and short-range
interactions

four-fermion terms with rotation symmetry 0 = 0

Ling = &1(¥19)* + gy(¥T Ti)* + g2(¥1va9)° + gw (T W)

1 rank-O-tensor: 1 component, CDW
j' rank-1-tensor: 3 components, magnetic order
Ya rank-2-tensor: 5 components, nematic order
W}u rank-3-tensor: 7 components, nemagnetic order

2 independent couplings after Fierz



Anisotropy and short-range
interactions

four-fermion terms with cubic symmetry 6 € [—1, 1]

Lint — gl(x‘/f’m/))z =+ gQ(Qr/)T EQ/))2 =+ 4‘:3;3(?/J’Jr 7—'}1//,)2
+ ga(VTTY)? + g5 (W W) + go (0T Weh)? + g7 (T Weeh)?
+ ge[(VITY) - (VW) + (T W) - (0T T)]

> > V3 > Wi > Wiy
E:(’“),T: wml. W= w |, W=1|ws
12 Vs W3 We

3 independent couplings after Fierz



Anisotropic Non-Fermi liquid

Fixed point collision scenario also with anisotropy

15

Critical dimension lowered due to e ~ E(1 —6%)e =0

IB, Herbut
in preparation



Anisotropic Non-Fermi liquid

Fixed point collision scenario also with anisotropy

15

Critical dimension lowered due to e ~ E(1 —6%)e =0

IB, Herbut
in preparation

Thank you for your attention
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