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Deconfined criticality

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

slime = (I11) — [11))/v2

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

solid order tuning parameter
... driven by defects

[Senthil et al., Science '04]

Effective field theory:
L= (D,z)'D,z with Zzlz=1 “CP! model”

where D, = 0,, — ia,



CP' model

Effecti
ective field the
Ory:

[ —

= (D, z)"

wZ)'Dyz  with
Py

=1

\:r\edr'\c‘(\—S \\eX \)ﬂ\\leYS\ end
P\\\]é\\«a\'\sc‘r\— Astron© \sC Faku\tat
’Y\\eoret'\sc _en Gkalls nes | mRa
\\\
\ \ﬂstantor\en and ierm'\on'\sc\ne Null ode
\ w supersy mme’ur'\sc\r\en C?N f\\l\ode\\
A
\
D'\p\omar‘oe\t
AN Tir ang,ung des
a\&ademxscbeﬁ Crade® Aned
—?‘fxys'x\&ets (D'xp\.—?‘ﬁys\



Deconfined criticality

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

slime = (I11) — [11))/v2

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

solid order tuning parameter
... driven by defects

[Senthil et al., Science '04]

. Scenario very - beautiful, but . ,W
Effective field theory |

.. quite complex |

where D, = 8, — ia,| " VETY specific ‘

P
l
[ ‘probably not realized
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Mechanism
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Mechanism
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(3) Examples

> Luttinger semimetals
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Luttinger semimetals

Material realizations:

Q@ Ir

‘ Ir tetrahedron
©® Rare-earth R
© Oxygen

© Oxygen position
in ideal octahedron

RolroO7 (R = Pr, Nd)
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Low-energy spectrum:

[Armitage, Mele, Vishwanath, RMP 18]



Effective model

spherical harmonics (d,) = (\@pypz, V3psp:, \@Pxpy, ?(Pﬁ - Pf/) %(2P§ - P>2< - Pﬁ)

Lagrangian: (s2) = (+.+ +.— )
cubic anisotropy § € [—1, 1]

N 5
L= ¥ (c’% + (1+ saé)da(ivm) ¥ . g
i=1 a=1

G

| 2;,(1/1T’Y451/1)2 > ----- 7,5 scalar
Gr <

| N ;(1/JT’731//)2 O(3) tensor

e2

3 T (R)3(R)——
o | I R

Coulomb

— Y1 (¥)d(y)
Y]

[Moser, LJ, in preparation]
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Mean-field theory

N =

AN N ematic

Disordered
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Partial bosonization

Weyl channel:

Nematic channel:

20

g2(Pa¢T'Ya7~/}



Dynamical bosonization

Fermion box diagrams:

| | é | E % ) % § | § § ) §
Nematic channel: L o™

S5 = [ 5(”2 + 5”2)(.02 =+ /; _ (gz + 5g2)(Pa¢T'Ya¢ =+ [ L 5G2(¢T'Ya¢)2

k,w kl,kz,wl,wz kl,kg,k3,w1,w2,w3
. G- ;
Scale-dependent Hubbard-Stratonovich: O, Qs - (Y'v,9) o
2 ... cancels 4-termion term
. _ dg2 _ 65G2

Modified Yukawa-coupling flow: dInb|y pos 2310 b e et PRD 02

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

Charge:
4-termion coupling:
Yukawa coupling:

Order-parameter mass:

Order-parameter couplings:

Anisotropy parameter:

[e*] =4 —d >0 relevant

(G12] =2—d <0 irrelevant

lg12]=4—d >0 relevant

n2]=2>0 relevant

] = 4 + (22— n)d _

0] =0 marginal
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(4 —d)/2 >0,
2 —d <0,

n—=3
n—==4

relevant

irrelevant



Point-like limit (ri2 — o0)
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Point-like limit (ri2 — o0)
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Point-like limit (ri2 = o)

N =191
5 0o = —1

- 0.6 MY\ AN\ T/ 7
0.6 T AT AL LR AN ///fn? \\ \\ /fw
AN W I\=
> Z‘/‘ / A \\‘§\§§\\§§\§§ iﬁjr\f;;‘/,'éﬂﬁ—»
//('zé \\\v‘\\.;.;}}vg?\\{\ G, 0.2 |~ \/ / /»7/ ;\ —
" st oV
. N\ 0 - NNz
0 /Z*\‘V\\i\,:\v\?\\\'{{\ 1 \T / o //»,;

ZZINNNNN OZ/// /(l)\\\\\o\f iz
05 0 05 1 15 e |

G Gy
1

25



Point-like limit (r,2 — o)
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Dynamically bosonized RG flow

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

0.4 0.3

0.3
0.2

0.2

0.1

... identified by scale fRy,
at which r; or r» vanishes,

(¢) ~ exp(—2tR)

... with G1,2 = g12’2/l’1,2 in units of A1
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Dynamically bosonized RG flow

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

0.4 0.3

Nematic 0.3
0.2

0.2
0.1

... identified by scale fRy,
at which r; or r» vanishes,

(¢) ~ exp(—2tR)

... with G1,2 = g12’2/l’1,2 in units of A1
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Dynamically bosonized RG flow

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

0.4 0.3

0.3

Nematic 0.2

0.2
0.1

... identified by scale fRy,
at which r; or r» vanishes,

(¢) ~ exp(—2tR)

... with G1,2 = g12,2/l’1,2 in units of A1
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Critical behavior

Order parameters: Finite-temperature phase diagram:

| L 1 I 1] | || 10_6 | L 1 I Il]] | ||
0.001 0.01 0.05 0.001 0.01 0.05 -0.05 0

Gic — Gy [N71] Gi1 — Gic [N71] Gi1 — Gic [N71]

... asymmetry in energy scales!

[Moser, LJ, in preparation]
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>  QCDg4 plus 4-fermion interactions
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QCD4 plus 4-fermion interactions @52

Lagrangian: .
Yy Dt + S FEYFL + 5 ZG Oc

in Veneziano limit Neojor, Nfiavor — 00 with fixed x = Nfjavor /Neotor

= (v, ¥?)” + (PPyurs9?)”
02 — (zﬁa¢b)2 — (1/33’)’51/!b)2 [Gies, Jaeckel, Wetterich, PRD '04]

[Gies, Jaeckel, EPJC '06]
[Braun, JPG "12
[Gukov, NPB ’17]

Tree-level scaling:

Ga uge cou pl | ng [g] — O marginal ... marginally relevant (asymptotic freedom)

4-termion couplings [G1,2] — —2 irrelevant
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RG flow diagram
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RG flow diagram

G
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RG flow diagram
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Outline

> Spin-boson models
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Spin-boson model

Spin-1/2 in fluctuating field:

Hspin—boson — gxy(hXSX T hySy) + gZhZSZ + 7_lbu|k(ﬁ)

with (T-h?(T)h"(0)) o

5ab

72
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[Sengupta, PRB '00

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




RG flow diagram




RG flow diagram

39



RG flow diagram

Quantum Monte Carlo:

e = 0.3

arXiv '24]

[Weber,

S:

.. consistent with predictions!
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Conclusions

Order parameter

N > N¢

Disorder | Order 1

Tuning parameter
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0, N < N¢

Order parameter

/

Order 1

Tuning parameter

[Moser, LJ, in preparation]






