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Phase transitions and disorder

Common lore for classical systems:

In uence of disorder controlled by Harris criterion:
At a homogeneous, sharp transition the correlation length

exponent must fulll: d > 2

(spatial uctuations of localT;(x) between correlation volumes must be
smaller than distance from global critical poirt,)

If clean critical pointful lls Harris criterion) stableagainst disorder
Example:3D classical Heisenberg magnet, clean 0:698

If critical point violatesHarris criterion) unstableagainst disorder
new critical point with conventional power-law scaling

new exponents which fulld > 2

Example:3D classical Ising magnet, clean 0:627) dirty 0:684



Dirty quantum phase transitions

Quantum phase transitions:

at T = 0 when composition, pressure, magnetic eld ... are changed
Imaginary time axis, intervalO; ), important for uctuations
static disorder is perfectly correlated in time disorder e ectsincrease

Disorder e ects are stronger at QPT that at classical ones

Exotic behavior at disordered quantum phase transitions:

In nite randomness critical points with activated dynanatscaling
guantum Gri ths singularities in entire region around crdal point
smeared transitions due to static order on rare regions
non-universal continuously varying critical exponents



Question:

Are all guantum phase transitions with quenched

disorder unconventional?



Diluted bilayer Heisenberg quantum antiferromagnet
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Monte-Carlo simulations

E ective low-energy theory:
(2+1)-dimensional O(3) nonlinear sigma modaelithout Berry phases

Equivalent classical lattice model:
3-dimensional classical Heisenberg model with linear atsfe

H=K Sy S K S Si 1

Simulation technique:
Monte-Carlo simulations using Wol cluster algorithm
system sizes up td20 120 384
4 di erent dilutions p=1=8; 1=5; 2=7; 1=3
averages over 10,000 disorder realizations



Observables and power-law vs. activated scaling

Binder cumulant: o
hjM j4i
3hjM j2i2 v

Qav =

M total magnetization
[::]av disorder average
h: Monte-Carlo average

Finite-size scaling:
Binder cumulant is dimensionless (scale dimension zero)
power-lawdynamical scaling: gay = gc(tL 1= ;L =L7)

activated dynamical scaling: gay = ga (tL ¥ ;log(L )=L )



Results: Power-law vs. activated dynamical scaling
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Binder cumulant at the
critical pointt =0 (p=0.2)

Power-law scaling plot of
the Binder cumulant

Inset: Activated scaling plot

Dynamical scaling is of power-law type



Results: Universality of critical behavior

Dynamical exponent determined by dependence bf"® on L.

0 deviations from pure power-law
3{ 9 18 behavior

) corrections to scaling

£ 2 LM (L) = aL?(1+ bL ')
-
combined t with universalz:!
z =1:310(6)
| =0:48(3)

Critical behavior is universal, I.e., dilution-independent




Results: Correlation length

simulations of the optimally shaped sample§; L ™®) for varying
distancet from critical point

correlation length exponent determined by dependence of scaling factor

X_ onlL

ansatz:x, = cL'® (1+ dL '?2) with universal and!

combined t gives
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Conclusions

guantum phase transition in the dimer-diluted bilayer Hamberg quantum
antiferromagnet

conventional nite-disorder critical point
power-law dynamical scaling
universal dilution-independent critical exponents
z=1:310(6)and =1:16(3)

ful lls Harris criterion d> 2

possible experiments: (Tl,K)Cuglunder pressure or SrG(BaO3), or
BaCuSyOg suitably doped

QPT in disordered bilayer Heisenberg quantum AFM is convemdl




