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Landau theory

Landau functional: F(C) = % [= %2 e [ =7+ 22—, 2% + O((CD)O)
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Deconned criticality

SU(2)-to-U(1) transition:

S o = (|11 F|11DF 2

SU(2) Neel order U(1) valence bond Non-thermal
solid order tuning parameter

... driven by defects
[Senthil et al., Science '04]

E [edtive field theory:
L =(D_z)'D_z with z'z=1 ‘CP! model’

where D_ = 0_ — 1a_
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Deconned criticality

SU(2)-to-U(1) transition:

S o = (|11 F|11DF 2

SU(2) Neel order U(1) valence bond Non-thermal

solid order tuning parameter
... driven by defects

[Senthil et al., Science '04]

L Scenario very beautlful but ..
E Ledtive field theory

. quite complex

where D = @ —ia | VEIY specific

|
. L
... probably not realized ‘
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Luttinger semimetals

Material realizations: Low-energy spectrum:
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o o ) © Rare-earthR
®
4 €— o Oxygen
g © o Oxygen position
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o 5 e -
¢
a-Sn, HgTe R2lr,0O7 (R = Pr, Nd)

[Armitage, Mele, Vishwanath, RMP ’18]
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E*"ective model

Lagrangian:

L = " @+

|
1=1

X

a=1

+ = ( T,45 )°

dy (%) (%)

1

% — ¥|

(1 +sa<)da(—10D,d

"(y) (v)
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spherical harmonics (da) = ( 3pyPz; 3PxPz; 3PxPy; g(pﬁ —pg); 2(2pZ — pg — P))

(Sa) = (+;+;+;,——)

cubic anisotropy < [[34+1;1]

8

/- Scalar

O(3) tensor

Coulomb

[Moser, LJ, in preparation]



Mean-1eld theory

N =

AN N ematic

Disordered
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Partial bosonization

Weyl channel:

Nematic channel:

GZ( T,a )2
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Dynamical bosonization

Fermion box diagrams:

| | é | é % | %
Nematic channel:
S. = E(r +<ry) %2 + + > L.+
< — 5 2 2) a (92 <92) a »a
K; ! RiRo; 0505
. » ” <Gy f
Scale-dependent Hubbard-Stratonovich: a2 Ta— g—( a ) P
2 ... canceils 4-rermion term
.. . | dgz - _ _r2@<Gz
Modified Yukawa-coupling flow: dINb g bos @Inb Gies, Wetterich, PRD 02

[Pawlowski, Ann. Phys. 07
[Floerchinger, Wetterich, PLB ’09]
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Tree-level scaling

Charge:
4-fermion coupling:
Yukawa coupling:

Order-parameter mass:

Order-parameter couplings:

Anisotropy parameter:

[e’l=4—d >0 relevant

[G1:2] =2 —d <0 irrelevant

[g12] =4—d >0 relevant

2] =2>0 relevant

[—n]

2

<] =0 marginal
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2—d <O:;

n=4

4+ 2—nd \(4 —d)=2>0; n=3 relevant

Irrelevant



Point-like limit (ri2 — ©°)
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Point-like limit (ri2 — ©°)
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Point-like limit (ri2 — ©°)
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Point-like limit (ri2 — ©°)
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Dynamically bosonized RG #ow

N =10 (pa) &{(P) | AV ]

0.4 0.3
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Identified by scale tg,
at which rq or r, vanishes,

LL“J_QXD(—ZhR)

... With G1» = g{,=r12 in units of A™*
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Dynamically bosonized RG #ow

N =2 (pa) &{(P) | AV ]

0.4 0.3
Nematic 0.3
0.2
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Identified by scale tg,
at which rq or r, vanishes,

LL“J_QXD(—ZhR)

... With G1» = g{,=r12 in units of A™*
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Dynamically bosonized RG #ow

N =1 (pa) &{(P) | AV ]

0.4 0.3
Nematic 0.3 0.2
0.2

0.1

Identified by scale tg,
at which rq or r, vanishes,

LL“J_QXD(—Zt|R)

... With G1» = g{,=r12 in units of A™*
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Critical behavior

Order parameters: Finite-temperature phase diagram:

R |1 10_6 I R |1
0.001 0.01 0.05 0.001 0.01 0.05

Gic — Gy [N G1 — Gye [AT1] G1 — Gyc [ANT7]

... asymmetry in energy scales!

[Moser, LJ, in preparation]
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| QCDj plus 4-fermion interactions
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QCDg4 plus 4-fermion interactions /D-O-Z

Lagrangian:

- 1
i, D_ +ZF;@E +- GO

— 2 — 2
O A b=y a _ P

|l
Q
@)
N
Q
@)
N

O,

?9 [Gies, Jaeckel, Wetterich, PRD ’04]
[Gies, Jaeckel, EPJC "06]

[Braun, JPG ’12]

[Gukov, NPB ’17

Tree-level scaling:

Gauge COUpIing [g] =0 marginal .. marginally relevant (asymptotic freedom)

4-fermion couplings  [G1.2] = —2 irrelevant

32



RG #ow diagram
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RG #ow diagram

G
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RG #ow diagram
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| Spin-boson models

36



Spin-boson model

Spin-1/2 n fluctuating field:

with [Tk h3(fi)h°(0)

Hspin-boson = Oxy (h"S* +hYSY) + g,h*S* + Hpyik(h)

<ab
| |_ﬁl‘2—>
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[Sengupta, PRB ’00]

[Zhu, Si, PRB 02
[Zarand, Demler, PRB '02]
[Weber, Vojta, PRL ’23]
[Weber, arXiv ’24]




RG #ow diagram
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RG #ow diagram
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RG #ow diagram

Quantum Monte Carlo:

e = 0.3

hl

[Weber, arXiv '24]

N consint with predictions!|
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Conclusions
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[Moser, LJ, in preparation]
42






