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Introduction

@ Critical behavior induced by disorder:
» Resolve the discrepancy between;
* the Gade singularity of the Density of States (DOS)’

W(e) ~ exp [ (Infel) 7]

le]

* the Motrunich-Damle-Huse (MDH) singularity of the Density of States
(DOS)?

u(e) ~ o exp [ (Infel])*]

lel

for a single particle in a 2d random environment preserving
spin-rotation, time-reversal, and sublattice symmetries.

'Gade, NPB 398, 499 (1993)
2Motrunich, Damle, and Huse, PRB 65, 064206 (2002)
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Disorder is exactly marginal |
@ The key idea is the decoupling transformation under which

Zsusv(5 - i77) = /D[¢/*7¢/75/*a ﬁl; ¢17¢23 0_/,0/]

X exp { / d2 m + 177)05 in + ‘Cghost] }

@ The action £’ ., is critical:

crit

(©4(2,2)04(0)) g = (®5(2,2)05(0)) gy = — 32 In |2,

(Vo (D-(0)) g = + (5205 (0) g, = 2
(Vs )05 (0)) i, = + (VL (D) 0)) g, = 22
(o (D) () gy = (T (2)a (0)) = 2.
(740(2) >cm=—<62;‘+(2)ﬁ;+(0)>m=%‘% ab=12

C. Mudry, S. Ryu, A. Furusaki (PSI) Functional RG and freezing transitions in ... 3/17



Disorder is exactly marginal Il

@ The bare perturbation to criticality is

Ly = +€2% (Big, + Bayy — Fray — Far)
+672% (Byp + Bar_ + From + For_)

where
L " Ik Ik
Frop = Pis, Forp i =01_vo,,
. /% ol* . Alx ok
Bioy == By, Bty :=01_02,
P / / ! /
f12_ = ¢2_¢1+7 ~7:21—'_¢2+w1—7
P / ! .l /
Bio_ == (o By, Boy_ =4 0.

@ In the definition of the LDOS the operator to be averaged over is

Oy = +€2%(Bip, + Boyy + Froy + Fary)
+&72% (Byp_ + By — From — Far_) -
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Selecting the perturbations at criticality |
@ Vm.n e N4,

Om,n _ (}_12+)m12+ (f21+)m21+ (312+)”12+ (521+)”21+
Fio )m127 (.7:‘21_)’"217 (312_)”127 (821_)%‘*

ez(m12++m21++”12++”21+ m127*m217*”127*”217)¢2’

X

carries the scaling dimension

2 2
Xmn = (Mg — Myp_ )"+ (Myy — Myy_)
+ Moy = Moo+ 1N214 — Noq_|
9a
- {(m12+ Mip_) + (Mayy — May_)

+ (Mg = Mya-) + (M214 = N2q-) }2-
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Selecting the perturbations at criticality I

@ For given
N'=Mypy + Moy 4 Nipy + Ny — My — Moy — Nyp — Ny,
the most relevant Op, , are given by
(Bias) (Bars)" €% Nz nz0,
(Fiox) (812i) (Bzw)N " 1 et N—1>n2>0,
(Far4) (Bios)" (3211)N717n et2\®2, N-—1>n>0,
(Fras)

Fras) (Fors) (Brag) (Bary) ' =" €2V N 2>n>0,

with the (2 x 4/V)-fold degenerate scaling dimension

X =N-FANe
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Selecting the perturbations at criticality Il
@ Truncate the family {\y, p, O n} to the subset { Y, y, A}

o+2No,
ALy = N [(612:|: +521i)N

FN(Frox + For4)(Biox + BZH:)N_1
+N(N = 1) F 100 Fo1o(Biog + Bz&)N*z} .

@ The dominant OPE’s within the subset {.A,.,} correspond to
charge fusion such as
A+;N(Z, 2) A+;N/(O, 0) -

'
‘Z|XN+N/7XN7XN/ < N -li;IN ) A+;N+N’(07 0)+---,

0<N,N N,
whereby

xN:N—%N2:>xN+N,—xN—xN,<O.
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Selecting the perturbations at criticality IV

@ The OPE’s that correspond to charge annihilation such as

A+;N+(Z,2) A—;N_ (0, O) -

2N N < N7Vj1 )A+;N+—N_(O’O) +
0<N_<N_eN,

can be neglected since

7'('
xN=N—%N2, N+>g—=>xN+_N — Xy, — Xy_ > 0.
m
A
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Selecting the perturbations at criticality V

@ Neglecting all annihilation processes gives

= 0
0= (> By gy % | raleX)+-
(5t

N-1
N
By, =R—xn)Yn+7 Z < N’ ) Y Ynon +
N’ =1

xy=N— AN,

e—in
YW(l=0)=—=dn
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Case gy, >0/

Integration over disorder in the average SUSY partition function
induces SUSY current-current interactions exclusively. Therein lies the
nearly conformal nature® of the theory:

Both ¢ and g, are relevant whereas g, is exactly marginal:*

2
ﬂs = (2 - Xs)ga ﬁgA = (gzl‘;,_fg) ) ﬁgM =0,
. 1
M

Computation of the anomalous scaling dimensions of O, ,
Xmn =
2 2 2 2
[(m12+—m12_) (M2t —M21 )" — (Mo =Ny )" = Moy =My _) } C[1+0(
2 2
+ (Myay — Mya )™+ (Magy — Ny )" + ’”12+ - ”12—} + "721+ - ”21—’ +O(9um

— [(Mizy — miz=) + (Mars — Ma12) + (s — Mp_) + (Nayy — Ny )] %C
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Case gy, >0l

The average LDOS is conjectured to obey

0 0
0= |24 4r + g~ (2~ 20)] vl
whereby
2—(+ g—;Cz +O(gy), for gAC2 < 2m,
ZA —

PC—C—0(gy), forg,e®>2r.
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random phase XY model

The random phase XY model is defined by

Hxv[9, Al == Ji[1 —cos (¢ — ¢5 — Aj)] -
7

It can be reinterpreted as
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the random Cb gas

Xk — X
lo

Scg[©, 0] = EZ(mk — nk)? — 7K Z(mk — n)(m; = ny)In
K K21

where K := J, my € Z are the integer-valued charges of thermal
vortices while n, € R are the real-valued charges of quenched
vortices,
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the random Sine-Gordon model

1 2 15
Lsalx, 0] == 27(3;»() — - oosx+ EX(a,ﬂ)a
where
t hy N X—Yy
K = 472’ Y N2_t7 H(X): z :nlln /0

=1
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or the random U(1) Thirring model
Ll 0,0 = Bl + im0 = Z(590)? + (F7,0)(D0)

where
] im m
=g~ ™ MxXgog
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Figure: Boundaries gﬁ\1)(1 /K) and gf)(1 /K) in the plane of vanishing

fugacity. The shaded area represents the regime of analyticity of the fugacity
expansion to fourth order in the fugacity.
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Figure: Proposed phase diagram for CB gas with quenched randomly
fractionally charged vortices. 1/K is the reduced temperature, ga the variance

of the Gaussian disorder 9,0, Y1 the charge one fugacity for thermal vortices:
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