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QPTs in a Rydberg quantum simulator
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QPTs in a Rydberg quantum simulator
Universal critical dynamics: quantum 
Kibble-Zurek mechanism
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Correlation length saturates!

Experimental probe of critical 
exponents
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FIG. 1: Quantum Kibble-Zurek mechanism and phase

diagram. a, Illustration of the QKZM. As the control pa-
rameter approaches its critical value, the response time, given
by the inverse energy gap of the system, diverges. When the
temporal distance to the critical point becomes equal to the
response time, ⌧h, as marked by red crosses, the correlations
stop growing. b, Sequence diagram used for measurements.
c, Numerically calculated ground-state phase diagram. Cir-
cles (diamonds) denote numerically obtained points along
the phase boundaries calculated using (infinite-size) Density-
Matrix Renormalization Group techniques (see Supplemen-
tary Information). The shaded regions are a guide to the
eye, and do not correspond to numerical calculations of the
phase boundaries. Dashed lines show the experimental tra-
jectories across the phase transitions. d, Measured (circles)
density-density Rydberg correlations with fits to the expected
ordered pattern (solid lines) consistent with Z4- (orange), Z3-
(purple) and Z2-ordered (green) states. Error bars denote the
standard error of the mean (s.e.m.) and are smaller than the
marker size.

tially ordered phases arise from the competition between
the detuning term, which favors a large Rydberg fraction,
and the Rydberg blockade [24], which prohibits simulta-
neous excitation of atoms separated by a distance smaller
than the blockade radius, RB , defined via V (RB) ⌘ ⌦.
As illustrated in Fig. 1c,d, we probe di↵erent QPTs into
states breaking various symmetries by choosing the inter-
atomic spacing, and sweeping the control parameter, �,
across the phase boundary. These QPTs belong to di↵er-
ent universality classes, including instances that are not
yet fully understood theoretically, and which have eluded
experimental investigations.

We first focus on the QPT from the disordered phase
into the antiferromagnetic phase with broken Z2 sym-
metry, which is known to belong to the Ising universal-
ity class [1]. Using an interatomic spacing, a, such that
RB/a ⇠ 1.69, we create an array of 51 atoms in the elec-
tronic ground state, and slowly turn on ⌦ at � < 0,
adiabatically preparing the system in the ground state

of the disordered phase. The detuning is then increased
over a quenching time ⌧Q at a constant rate, v, up to a
final value �f , at which point ⌦ is slowly turned o↵ (see
Fig. 1b), and the state of every atom is measured. We
examine the dynamical development of correlations be-
tween the atoms, characterized by the Rydberg density-
density correlation function:

G(r) =
X

i

(hnini+ri � hniihni+ri)/Nr, (2)

where the normalization Nr is the number of pairs of
sites separated by distance r. By fitting an exponen-
tial decay to the modulus of the correlation function, we
extract the correlation length (see Supplementary Infor-
mation). The experimental results show growth of the
correlation length as the detuning approaches the crit-
ical point, followed by saturation once the detuning is
swept past the critical point into the ordered phase (Fig.
2b). From the individual images, it is apparent that,
while for fast sweeps the ordered domains are frequently
interrupted by defects (domain walls), for slow ramps,
significantly longer domains are observed (Fig. 2a). A
systematic analysis of the final correlation lengths after
crossing into the ordered phase shows that a power-law
scaling model ⇠(v) = ⇠0(v0/v)µ with µ = 0.50(3) accu-
rately describes our measurements (Fig. 2c) (Supplemen-
tary Information). These results are consistent with nu-
merical simulations (red points) of the coherent evolution
of the system using Matrix Product States (MPS).
The QPT into the Z2-ordered phase is in the Ising uni-

versality class [1], with critical exponents in 1D of z = 1,
⌫ = 1, and consequently, µIsing = 0.5. Our observa-
tions are consistent with these quantitative predictions,
and are quite distinct from those associated with a mean-
field Ising transition, described by z = 1, ⌫ = 1/2, and
yielding µmf = 1/3 [18, 25].
A key concept associated with critical phenomena is

that of universality, which is manifested by the collapse
of correlations to a universal form when rescaled accord-
ing to the corresponding critical exponents. Such a sig-
nature is a strong test of an underlying universal scaling
law, and in connection with the QKZM, should appear
upon rescaling lengths by (v/v0)µ. Fig. 3a shows that
the rescaled correlations for RB/a ⇠ 1.81 indeed col-
lapse onto two smooth branches, which in turn collapse
on top of each other when the correlations are rectified
as (�1)rG(r) (inset in Fig. 3a), according to the Z2 or-
der parameter. While the Kibble-Zurek hypothesis is a
coarse-grained theory predicting the mean density of de-
fects, the shape of the correlation function gives further
access to microscopic details of the system. Detailed in-
spection of the rescaled correlation functions reveals non-
trivial deviations from a simple exponential decay. In
particular, the correlations in Fig. 3a become negative
for a range of distances, which implies complex dynamics
in the formation and spreading of defects. The observed
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2

der [25]. Strong-coupling e↵ects are evidently required
to obtain a direct order–disorder transition, which is the
focus of our study.

The Z3 chiral clock model (CCM) in one dimension is
defined by the Hamiltonian [15, 26]

Hccm = �f
LX

j=1

⌧ †j e
�i�

� J
L�1X

j=1

�†
j �j+1 e

�i ✓ + h.c. (1)

acting on a chain of L spins; the Hilbert space is (C3)
N

L.
The three-state spin operators ⌧i and �i act locally on the
site i, and each satisfy

⌧3 = �3 = 1 , � ⌧ = ! ⌧ � ; ! ⌘ exp (2⇡ i/3) . (2)

For concreteness’ sake, let us also explicitly choose the
following representation of the CCM operators

⌧ =

0

@
1 0 0
0 ! 0
0 0 !2

1

A , � =

0

@
0 1 0
0 0 1
1 0 0

1

A , (3)

reminiscent of the Pauli matrices that measure and shift
the spin at a given site. The scalar parameters f and
J determine the on-site and nearest-neighbor couplings,
while � and ✓ define two chiral interaction phases. For
� and ✓ both nonzero, time-reversal and spatial-parity
(inversion) symmetries are separately broken, but their
product is preserved. This asymmetry in the Hamilto-
nian has important ramifications: the spatial chirality
(✓ 6= 0) induces incommensurate (IC) floating phases
with respect to the periodicity of the underlying lattice
[27]. For applications to spatially ordered phases, we
need � = 0, whereupon time-reversal and spatial-parity
are both symmetries of the Hamiltonian but the chirality
is still present as a purely spatial one. This article is thus
restricted to the � = 0 case, with the chirality quantified
by ✓ [Fig. 1(b)].

The three-state CCM also has an explicit global Z3

symmetry. Using density-matrix renormalization group
techniques, we study the critical behavior at the direct
transition between the Z3-ordered and the gapped sym-
metric phase, with the aim of determining the exponent
z. The achiral � = 0, ✓ = 0 model has a transition in the
universality class of the three-state Potts conformal field
theory with z = 1. We find that away from the special
point ✓ = 0, the dynamical critical exponent z is larger
than 1, indicating that there is no emergent conformal in-
variance. For � = 0, ✓ 6= 0, our results [see Fig. 7] show
that the gapped symmetric phase has spatially incom-
mensurate correlations of the Z3 order parameter. How-
ever, the incommensurability vanishes as the transition
is approached and the long-range Z3 order is eventually
commensurate. These results clarify how a direct transi-
tion is possible between the gapped symmetric phase and
Z3 order, without an intermediate gapless IC phase.

(a)

(c)

(b)

(d) (e)

(f)

FIG. 1. Schematic representation of (a–b) the interactions,
and (c) a generic state of the Z3 chiral clock model. The
arrows connote the eigenvalue of the operator � at each site
with �i = 1, !, !2 delineated by the arrow pointing at 12-, 4-,
and 8-o’clock, respectively. Owing to the chirality of the cou-
plings in Eq. (1), there are two distinct types of domain walls
(DW) with their associated interaction strengths illustrated
in (b). (d) The Rydberg and ground states of the two-level
system defined by Eq. (4). The van der Waals interactions
depend on the spacing between Rydberg excitations (e) and
thus a representative state (f), once again, has two kinds of
domain walls.

Turning to the recent experiments with trapped Ryd-
berg atoms [6, 28], we consider a model which is directly
related to the microscopic physical realization but the
transitions of which are expected to be in the same uni-
versality class as in the corresponding Zn CCM. On a
microscopic level, a one-dimensional array of N atoms is
described by the Hamiltonian

HRyd =
NX

i=1

⌦

2
(|giihr|+ |riihg|)� � |riihr|

+
X

i<j

V|i�j| |riihr|⌦ |rijhr| . (4)

Here, |gii and |rii denote the internal atomic ground
state and a highly excited Rydberg state of the ith atom,
which together represent a spin-1/2 system [Fig. 1(d–f)].
The parameters ⌦ and � characterize a coherent laser
driving field, while Vx = C6/x6 quantifies the van der
Waals interactions of atoms in Rydberg states. In this
study, we focus on a region in parameter space where
this system exhibits a QPT between the Z3-ordered and
the gapped symmetric phase [15] and provide numerical
evidence that the critical behavior parallels that of the
three-state CCM (1). We note that HRyd does not break
time-reversal symmetry, motivating our choice of � = 0
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the spin at a given site. The scalar parameters f and
J determine the on-site and nearest-neighbor couplings,
while � and ✓ define two chiral interaction phases. For
� and ✓ both nonzero, time-reversal and spatial-parity
(inversion) symmetries are separately broken, but their
product is preserved. This asymmetry in the Hamilto-
nian has important ramifications: the spatial chirality
(✓ 6= 0) induces incommensurate (IC) floating phases
with respect to the periodicity of the underlying lattice
[27]. For applications to spatially ordered phases, we
need � = 0, whereupon time-reversal and spatial-parity
are both symmetries of the Hamiltonian but the chirality
is still present as a purely spatial one. This article is thus
restricted to the � = 0 case, with the chirality quantified
by ✓ [Fig. 1(b)].

The three-state CCM also has an explicit global Z3

symmetry. Using density-matrix renormalization group
techniques, we study the critical behavior at the direct
transition between the Z3-ordered and the gapped sym-
metric phase, with the aim of determining the exponent
z. The achiral � = 0, ✓ = 0 model has a transition in the
universality class of the three-state Potts conformal field
theory with z = 1. We find that away from the special
point ✓ = 0, the dynamical critical exponent z is larger
than 1, indicating that there is no emergent conformal in-
variance. For � = 0, ✓ 6= 0, our results [see Fig. 7] show
that the gapped symmetric phase has spatially incom-
mensurate correlations of the Z3 order parameter. How-
ever, the incommensurability vanishes as the transition
is approached and the long-range Z3 order is eventually
commensurate. These results clarify how a direct transi-
tion is possible between the gapped symmetric phase and
Z3 order, without an intermediate gapless IC phase.

(a)

(c)

(b)

(d) (e)

(f)

FIG. 1. Schematic representation of (a–b) the interactions,
and (c) a generic state of the Z3 chiral clock model. The
arrows connote the eigenvalue of the operator � at each site
with �i = 1, !, !2 delineated by the arrow pointing at 12-, 4-,
and 8-o’clock, respectively. Owing to the chirality of the cou-
plings in Eq. (1), there are two distinct types of domain walls
(DW) with their associated interaction strengths illustrated
in (b). (d) The Rydberg and ground states of the two-level
system defined by Eq. (4). The van der Waals interactions
depend on the spacing between Rydberg excitations (e) and
thus a representative state (f), once again, has two kinds of
domain walls.

Turning to the recent experiments with trapped Ryd-
berg atoms [6, 28], we consider a model which is directly
related to the microscopic physical realization but the
transitions of which are expected to be in the same uni-
versality class as in the corresponding Zn CCM. On a
microscopic level, a one-dimensional array of N atoms is
described by the Hamiltonian

HRyd =
NX

i=1

⌦

2
(|giihr|+ |riihg|)� � |riihr|

+
X

i<j

V|i�j| |riihr|⌦ |rijhr| . (4)

Here, |gii and |rii denote the internal atomic ground
state and a highly excited Rydberg state of the ith atom,
which together represent a spin-1/2 system [Fig. 1(d–f)].
The parameters ⌦ and � characterize a coherent laser
driving field, while Vx = C6/x6 quantifies the van der
Waals interactions of atoms in Rydberg states. In this
study, we focus on a region in parameter space where
this system exhibits a QPT between the Z3-ordered and
the gapped symmetric phase [15] and provide numerical
evidence that the critical behavior parallels that of the
three-state CCM (1). We note that HRyd does not break
time-reversal symmetry, motivating our choice of � = 0
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Recent DMRG studies for     give very strong evidence for direct transition!

Zhuang, Changlani, Tubman, Hughes, PRB 92, 035154 (2015).
Samajdar et. al., PRA 98, 023614 (2018).
Chepiga and Mila, arXiv:1808.08990

Direct transition appears to be in a 
new universality class.

“The only known example of a 
strongly coupled generic transition 
between gapped states in 1+1D with
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We investigate the nature of the phase transition between the period-three charge-density wave
and the disordered phase of a hard-boson model proposed in the context of cold-atom experiments.
Building on a density-matrix renormalization group algorithm that takes full advantage of the hard-
boson constraints, we study systems with up to 9’000 sites and calculate the correlation length
and the wave-vector of the incommensurate short-range correlations with unprecedented accuracy.
We provide strong numerical evidence that there is an intermediate floating phase far enough from
the integrable Potts point, while in its vicinity, our numerical data are consistent with a unique
transition in the Huse-Fisher chiral universality class.

The identification of the universality class of phase
transitions is one of the most important aspects of both
classical and quantum physics. In the presence of a
broken symmetry, simple symmetry arguments often al-
low one to guess the universality class of a transition
(Ising, 3-state Potts, etc.) depending on the degeneracy
of the broken symmetry state. There are however cases
where this is not su�cient. A prominent example is the
commensurate-incommensurate transition in the case of
a commensurate phase with three types of domains. As
first proposed by Huse and Fisher1, if domain walls be-
tween di↵erent phases have di↵erent properties, this in-
troduces a chiral perturbation (the sequence say A|B|C
is not equivalent to its mirror image A|C|B, where A, B,
C refer to di↵erent domains), and if this perturbation is
relevant, the transition can only be in the 3-state Potts
universality class at an isolated point where the pertur-
bation vanishes. Away from that point, there are three
possibilities: (i) There is still a unique transition, but
it belongs to a new universality class called chiral; (ii)
There is a critical incommensurate intermediate phase
called a floating phase; (iii) The transition is first order.
The investigation of this problem has been a hotly de-
bated issue in the eighties in the context of solid-on-solid
models of adsorbed layers1–11, and the chiral Potts model
has been further studied since then12–17.

The issue has been recently reopened by Fendley et al18

in the context of a 1D quantum model of trapped alkali
atoms19 also relevant for recent experiments on Rydberg
states20 described by the Hamiltonian:

H =
X

j

h
�w(d†j + dj) + Unj + V nj�1nj+1

i
, (1)

In this model, d
†
j and dj are creation and annihila-

tion operators of hard bosons defined by the constraints
n
2

j = 0 (no single occupancy, as for hard-core bosons)
and njnj+1 = 0 (bosons cannot sit on neighboring sites).
This model has two ordered phases with period two and
three respectively18 (see below), and the melting of the
period-three phase is an example of a commensurate-
incommensurate transition with a relevant chiral pertur-
bation. The model has an integrable line along which the

transition is in the 3-state Potts universality class, and
the main open issue is the nature of the melting away
from it. In the limit U ! �1, Bethe ansatz results
have shown that there has to be an intermediate float-
ing phase, and the absence of indication of an additional
transition has led the authors of Ref.18 to suggest that,
coming from that side, an intermediate phase might be
present up to the Potts point. More recently, this con-
clusion has been challenged by Samajdar et al21, who see
no reason to discard the original scenario put forward by
Huse and Fisher1 with a Potts point flanked by chiral
transitions, and who provided numerical evidence of a
dynamical exponent larger than 1 on the other side of
the Potts point, in agreement with a chiral phase.

To investigate directly the competition between a chi-
ral transition and a floating phase, the most direct evi-
dence relies on the behavior of the wave-vector and the
correlation length close to the transition. For the 3-state
Potts universality class, the wave-vector q is expected to
approach 2⇡/3 with an exponent �̄ = 5/3, as first shown
by Baxter and Pearce10,22, while the correlation length
⇠ is expected to diverge with an exponent ⌫ = 5/6. In
the ordered phase, the correlation length is also expected
to diverge with an exponent ⌫

0 = 5/6. By contrast, if
the transition is chiral, it has been predicted by Huse
and Fisher that �̄ = ⌫, so that |q � 2⇡/3| ⇥ ⇠ tends
to a constant at the transition. Besides, there is still
a unique transition, and ⌫

0 = ⌫. The presence of an
intermediate floating phase would also be clearly iden-
tified: Coming from the disordered phase, the correla-
tion length will diverge at a Kosterlitz-Thouless (KT)
transition23 at a point where q is still incommensurate,
and q will reach 2⇡/3 at a subsequent Pokrosky-Talapov
(PT) transition24, with an exponent �̄ = 1/2. In addi-
tion, the correlation lengths will behave very di↵erently:
at the KT transition, the correlation length will diverge
as ⇠ / exp(C/

p
gKT � g), where C is a constant and g

a coordinate along the path in parameter space, while at
the PT transition coming from the ordered phase, it is
expected to diverge with an exponent ⌫

0 = 1/2. As we
shall see, such an analysis requires to have access to sys-
tem sizes that are beyond the scope of standard density-
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the Potts point, in agreement with a chiral phase.
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Figure 1. (Color online) Phase diagram of the hard-boson
model of Eq.1. It contains three main phases: two ordered
phases with period two and three, and a disordered phase
(see sketches). The transition between the period-two and
the disordered phase is first order (black line) below a tri-
critical Ising point (open green circle) and continuous in the
Ising universality class beyond it (green line). The transition
between the period three and the disordered phase is in the 3-
state Potts universality along the integrable line (dotted line).
In the vicinity of this point, there is numerical evidence that
it is a direct transition in the Huse-Fisher chiral universality
class, while far enough from it (U < �4.5 or V > 6), there is
an intermediate critical phase with incommensurate correla-
tions (see main text). The width of this phase is smaller than
the width of the red line. The disorder (blue) line splits the
disordered phase into two regions with commensurate (light
blue) and incommensurate (dark blue) short range order.

matrix renormalization group (DMRG) algorithms25–29

for hard-core bosons, which can typically handle hun-
dreds but not thousands of sites.

In this Letter, building on the exact mapping of the
model of Eq. 1 onto a quantum dimer model on a
ladder30, we develop a DMRG algorithm that takes
the hard-boson constraints explicitly into account and
thus takes full advantage of the fact that the Hilbert
space only grows as Fibonacci number31. This allows
us to reach very large system sizes (routinely 4’800 sites,
up to 9’000 sites occasionally) and to access the scal-
ing properties of the wave-vector and of the correlation
length, putting us in a position to investigate the com-
petition between a direct transition in the chiral univer-
sality class and an intermediate critical floating phase.
All simulations have been performed with open bound-
ary conditions, and the wave-vector and the correlation
lengths have been obtained by fitting the density-density
correlations with Ornstein-Zernike32 (see Supplemental
Material33 for details).

First, let us discuss the general features of the phase
diagram of the Hamiltonian of Eq.1. It consists of three
main phases: two ordered phases (period two and pe-
riod three respectively), and a disordered phase (see
Fig.1). The disordered phase has commensurate corre-
lations close to the period-two phase, and the transition

between them turns from Ising to first-order through a
tricritical Ising point. Close to the period-three phase,
the correlations are incommensurate, and the main open
question is the nature of the transition out of the period-
three phase. Away from the integrable line, where the
transition is known to be the in the Potts universality
class, there is a relevant chiral perturbation, and the
question is whether it changes the nature of the transition
into the Huse-Fisher chiral universality class, or whether
it opens an incommensurate critical floating phase. Note
that on the scale of Fig.1, which has been mapped out
with DMRG simulations on 600 sites, the intermediate
phase (if any) is narrower than the line width.
Upon approaching this transition, the correlation

length is expected to diverge, and the wave-vector to ap-
proach 2⇡/3. This takes place in rather di↵erent ways
however, as shown in Figs. (2j-k). The correlation length
increases smoothly along the border, while the wave-
vector is larger than 2⇡/3 below a separatrix defined by
q = 2⇡/3 and smaller than 2⇡/3 above it, leading to
turning points close to the Potts point. Quite generally
this implies that finite-size e↵ects can be expected to be
larger for the wave-vector than for the correlation length,
especially below the Potts point, where the turning point
is rather acute.
Let us now look in more details at the vicinity of the

transition line. First of all, let us discuss three spe-
cific points where three rather di↵erent behaviors are ob-
served.
The Potts nature of the critical point along the inte-

grable line at U = '
�5/2 � '

5/2 ' �3.0299, V = '
5/2 '

3.3302, where ' = (
p
5 + 1)/2 is the golden ratio, is

well established from the exact solution18. Our results
for a horizontal cut that goes through this Potts point
are shown in Fig. 2(d-f). They are fully consistent with
the theoretical predictions �̄ = 5/3 and ⌫ = ⌫

0 = 5/6,
demonstrating the power of our algorithm to study the
scaling of the correlation length and of the wave-vector
close to this transition.
Next, we consider a point very far from the Potts

point, a vertical cut with U = �15. The numerical
results are summarized in Figs. 2a-c. The most strik-
ing di↵erence with the previous cases is the behavior of
the correlation length. In the disordered phase, the in-
verse correlation length vanishes with a vanishing slope,
whereas in the ordered phase, it vanishes with an expo-
nent ⌫

0 ' 0.5. This asymmetry strongly suggests that
we are not facing a unique transition any more, but two
transitions of di↵erent nature. Assuming that the tran-
sition is KT in the disordered phase, with a correlation
length scaling as ⇠ / exp(Const/

p
VKT � V ), and that it

is PT in the ordered phase with ⇠ / 1/
p
V � VPT leads

to VKT ' 5.288 < VPT ' 5.291, confirming the pres-
ence of two transitions with a narrow intermediate phase.
The width of this phase is very small, but interestingly
enough, it is compatible with the Bethe ansatz predic-
tion in the U ! �1 limit34. The behaviour of the wave-
vector further confirms this conclusion: q reaches 2⇡/3
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broken symmetry, simple symmetry arguments often al-
low one to guess the universality class of a transition
(Ising, 3-state Potts, etc.) depending on the degeneracy
of the broken symmetry state. There are however cases
where this is not su�cient. A prominent example is the
commensurate-incommensurate transition in the case of
a commensurate phase with three types of domains. As
first proposed by Huse and Fisher1, if domain walls be-
tween di↵erent phases have di↵erent properties, this in-
troduces a chiral perturbation (the sequence say A|B|C
is not equivalent to its mirror image A|C|B, where A, B,
C refer to di↵erent domains), and if this perturbation is
relevant, the transition can only be in the 3-state Potts
universality class at an isolated point where the pertur-
bation vanishes. Away from that point, there are three
possibilities: (i) There is still a unique transition, but
it belongs to a new universality class called chiral; (ii)
There is a critical incommensurate intermediate phase
called a floating phase; (iii) The transition is first order.
The investigation of this problem has been a hotly de-
bated issue in the eighties in the context of solid-on-solid
models of adsorbed layers1–11, and the chiral Potts model
has been further studied since then12–17.

The issue has been recently reopened by Fendley et al18

in the context of a 1D quantum model of trapped alkali
atoms19 also relevant for recent experiments on Rydberg
states20 described by the Hamiltonian:

H =
X

j

h
�w(d†j + dj) + Unj + V nj�1nj+1

i
, (1)

In this model, d
†
j and dj are creation and annihila-

tion operators of hard bosons defined by the constraints
n
2

j = 0 (no single occupancy, as for hard-core bosons)
and njnj+1 = 0 (bosons cannot sit on neighboring sites).
This model has two ordered phases with period two and
three respectively18 (see below), and the melting of the
period-three phase is an example of a commensurate-
incommensurate transition with a relevant chiral pertur-
bation. The model has an integrable line along which the

transition is in the 3-state Potts universality class, and
the main open issue is the nature of the melting away
from it. In the limit U ! �1, Bethe ansatz results
have shown that there has to be an intermediate float-
ing phase, and the absence of indication of an additional
transition has led the authors of Ref.18 to suggest that,
coming from that side, an intermediate phase might be
present up to the Potts point. More recently, this con-
clusion has been challenged by Samajdar et al21, who see
no reason to discard the original scenario put forward by
Huse and Fisher1 with a Potts point flanked by chiral
transitions, and who provided numerical evidence of a
dynamical exponent larger than 1 on the other side of
the Potts point, in agreement with a chiral phase.

To investigate directly the competition between a chi-
ral transition and a floating phase, the most direct evi-
dence relies on the behavior of the wave-vector and the
correlation length close to the transition. For the 3-state
Potts universality class, the wave-vector q is expected to
approach 2⇡/3 with an exponent �̄ = 5/3, as first shown
by Baxter and Pearce10,22, while the correlation length
⇠ is expected to diverge with an exponent ⌫ = 5/6. In
the ordered phase, the correlation length is also expected
to diverge with an exponent ⌫

0 = 5/6. By contrast, if
the transition is chiral, it has been predicted by Huse
and Fisher that �̄ = ⌫, so that |q � 2⇡/3| ⇥ ⇠ tends
to a constant at the transition. Besides, there is still
a unique transition, and ⌫

0 = ⌫. The presence of an
intermediate floating phase would also be clearly iden-
tified: Coming from the disordered phase, the correla-
tion length will diverge at a Kosterlitz-Thouless (KT)
transition23 at a point where q is still incommensurate,
and q will reach 2⇡/3 at a subsequent Pokrosky-Talapov
(PT) transition24, with an exponent �̄ = 1/2. In addi-
tion, the correlation lengths will behave very di↵erently:
at the KT transition, the correlation length will diverge
as ⇠ / exp(C/

p
gKT � g), where C is a constant and g

a coordinate along the path in parameter space, while at
the PT transition coming from the ordered phase, it is
expected to diverge with an exponent ⌫

0 = 1/2. As we
shall see, such an analysis requires to have access to sys-
tem sizes that are beyond the scope of standard density-
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We investigate the nature of the phase transition between the period-three charge-density wave
and the disordered phase of a hard-boson model proposed in the context of cold-atom experiments.
Building on a density-matrix renormalization group algorithm that takes full advantage of the hard-
boson constraints, we study systems with up to 9’000 sites and calculate the correlation length
and the wave-vector of the incommensurate short-range correlations with unprecedented accuracy.
We provide strong numerical evidence that there is an intermediate floating phase far enough from
the integrable Potts point, while in its vicinity, our numerical data are consistent with a unique
transition in the Huse-Fisher chiral universality class.

The identification of the universality class of phase
transitions is one of the most important aspects of both
classical and quantum physics. In the presence of a
broken symmetry, simple symmetry arguments often al-
low one to guess the universality class of a transition
(Ising, 3-state Potts, etc.) depending on the degeneracy
of the broken symmetry state. There are however cases
where this is not su�cient. A prominent example is the
commensurate-incommensurate transition in the case of
a commensurate phase with three types of domains. As
first proposed by Huse and Fisher1, if domain walls be-
tween di↵erent phases have di↵erent properties, this in-
troduces a chiral perturbation (the sequence say A|B|C
is not equivalent to its mirror image A|C|B, where A, B,
C refer to di↵erent domains), and if this perturbation is
relevant, the transition can only be in the 3-state Potts
universality class at an isolated point where the pertur-
bation vanishes. Away from that point, there are three
possibilities: (i) There is still a unique transition, but
it belongs to a new universality class called chiral; (ii)
There is a critical incommensurate intermediate phase
called a floating phase; (iii) The transition is first order.
The investigation of this problem has been a hotly de-
bated issue in the eighties in the context of solid-on-solid
models of adsorbed layers1–11, and the chiral Potts model
has been further studied since then12–17.

The issue has been recently reopened by Fendley et al18

in the context of a 1D quantum model of trapped alkali
atoms19 also relevant for recent experiments on Rydberg
states20 described by the Hamiltonian:

H =
X

j

h
�w(d†j + dj) + Unj + V nj�1nj+1

i
, (1)

In this model, d
†
j and dj are creation and annihila-

tion operators of hard bosons defined by the constraints
n
2

j = 0 (no single occupancy, as for hard-core bosons)
and njnj+1 = 0 (bosons cannot sit on neighboring sites).
This model has two ordered phases with period two and
three respectively18 (see below), and the melting of the
period-three phase is an example of a commensurate-
incommensurate transition with a relevant chiral pertur-
bation. The model has an integrable line along which the

transition is in the 3-state Potts universality class, and
the main open issue is the nature of the melting away
from it. In the limit U ! �1, Bethe ansatz results
have shown that there has to be an intermediate float-
ing phase, and the absence of indication of an additional
transition has led the authors of Ref.18 to suggest that,
coming from that side, an intermediate phase might be
present up to the Potts point. More recently, this con-
clusion has been challenged by Samajdar et al21, who see
no reason to discard the original scenario put forward by
Huse and Fisher1 with a Potts point flanked by chiral
transitions, and who provided numerical evidence of a
dynamical exponent larger than 1 on the other side of
the Potts point, in agreement with a chiral phase.

To investigate directly the competition between a chi-
ral transition and a floating phase, the most direct evi-
dence relies on the behavior of the wave-vector and the
correlation length close to the transition. For the 3-state
Potts universality class, the wave-vector q is expected to
approach 2⇡/3 with an exponent �̄ = 5/3, as first shown
by Baxter and Pearce10,22, while the correlation length
⇠ is expected to diverge with an exponent ⌫ = 5/6. In
the ordered phase, the correlation length is also expected
to diverge with an exponent ⌫

0 = 5/6. By contrast, if
the transition is chiral, it has been predicted by Huse
and Fisher that �̄ = ⌫, so that |q � 2⇡/3| ⇥ ⇠ tends
to a constant at the transition. Besides, there is still
a unique transition, and ⌫

0 = ⌫. The presence of an
intermediate floating phase would also be clearly iden-
tified: Coming from the disordered phase, the correla-
tion length will diverge at a Kosterlitz-Thouless (KT)
transition23 at a point where q is still incommensurate,
and q will reach 2⇡/3 at a subsequent Pokrosky-Talapov
(PT) transition24, with an exponent �̄ = 1/2. In addi-
tion, the correlation lengths will behave very di↵erently:
at the KT transition, the correlation length will diverge
as ⇠ / exp(C/

p
gKT � g), where C is a constant and g

a coordinate along the path in parameter space, while at
the PT transition coming from the ordered phase, it is
expected to diverge with an exponent ⌫

0 = 1/2. As we
shall see, such an analysis requires to have access to sys-
tem sizes that are beyond the scope of standard density-
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QFT for chiral clock model
What is the critical field theory? First try: write the most general theory for order 
parameter with appropriate symmetries.

<latexit sha1_base64="RQWgUMX5MPI6uy163rDw/B+tFf8=">AAACDnicbVDLSgMxFM3UV62vUZdugqXgQupMEXRZdONKKtgHdMaSSTNtaCYZkoxShn6BG3/FjQtF3Lp259+YaWehrQcCh3PO5eaeIGZUacf5tgpLyyura8X10sbm1vaOvbvXUiKRmDSxYEJ2AqQIo5w0NdWMdGJJUBQw0g5Gl5nfvidSUcFv9TgmfoQGnIYUI22knl3xGkMKPUkHQ42kFA+Q3KU16MUU0pPriXcMs0DPLjtVZwq4SNyclEGORs/+8voCJxHhGjOkVNd1Yu2nSGqKGZmUvESRGOERGpCuoRxFRPnp9JwJrBilD0MhzeMaTtXfEymKlBpHgUlGSA/VvJeJ/3ndRIfnfkp5nGjC8WxRmDCoBcy6gX0qCdZsbAjCkpq/QjxEEmFtGiyZEtz5kxdJq1Z1Db85Ldcv8jqK4AAcgiPggjNQB1egAZoAg0fwDF7Bm/VkvVjv1scsWrDymX3wB9bnDzpUmuw=</latexit>

<latexit sha1_base64="cOkuOhyiNFf2FpLQNNqDISr6skM="></latexit>

<latexit sha1_base64="0FRUvxh+y2hl3ZhojM/N70GDNuk=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBAimLArgh6DXjxGMA/IxtA7mSRDZh/M9KphyVd48Ve8eFDEq3jzb5wke9DEgoGiqpqeLi+SQqNtf1sLi0vLK6uZtez6xubWdm5nt6bDWDFeZaEMVcMDzaUIeBUFSt6IFAffk7zuDS7Hfv2OKy3C4AaHEW/50AtEVzBAI7VzRbfSF4WHYxchPqKuEr0+glLhPR0bt4kLGkeFYhpo5/J2yZ6AzhMnJXmSotLOfbmdkMU+D5BJ0Lrp2BG2ElAomOSjrBtrHgEbQI83DQ3A57qVTM4a0UOjdGg3VOYFSCfq74kEfK2HvmeSPmBfz3pj8T+vGWP3vJWIIIqRB2y6qBtLiiEdd0Q7QnGGcmgIMCXMXynrgwKGpsmsKcGZPXme1E5KjuHXp/nyRVpHhuyTA1IgDjkjZXJFKqRKGHkkz+SVvFlP1ov1bn1MowtWOrNH/sD6/AELDZ6p</latexit>

In perturbation theory, the field condenses at nonzero momentum. 

<latexit sha1_base64="NsEM2p6ndF6qZQBfMtBNdD+CmVQ="></latexit>
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Chiral clock model: duality
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a “disorder operator”
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Same algebra as the original variables. Bulk Hamiltonian takes the form:
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QFT for chiral clock model

<latexit sha1_base64="4RxmSf2CTlb7bCjoMVfxU8cSWXU="></latexit>

What is the QFT in terms of “disorder parameter”               ?
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Note � = 0, and now ✓ is a Berry phase in the kinetic term.
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QFT for chiral clock model

<latexit sha1_base64="4RxmSf2CTlb7bCjoMVfxU8cSWXU="></latexit>

What is the QFT in terms of “disorder parameter”               ?
<latexit sha1_base64="8wmPQfWky8BBAGiiuwQfgGlBZPQ=">AAACFXicbZDLSgMxFIYz9VbrbdSN4CZYBFdlRgRdFt24rGAv0BlKJnPahiaZIckIZaiv4Qu41TdwJ25d+wI+h2k7C209EPLx/+dwkj9KOdPG876c0srq2vpGebOytb2zu+fuH7R0kikKTZrwRHUiooEzCU3DDIdOqoCIiEM7Gt1M/fYDKM0SeW/GKYSCDCTrM0qMlXruUWAYjyEPNBsIMsH2FjhoaNZzq17NmxVeBr+AKiqq0XO/gzihmQBpKCdad30vNWFOlGGUw6QSZBpSQkdkAF2LkgjQYT77wQSfWiXG/UTZIw2eqb8nciK0HovIdgpihnrRm4r/epRICnxhu+lfhTmTaWZA0vnyfsaxSfA0IhwzBdTwsQVCFbPvx3RIFKHGBlmxwfiLMSxD67zmW767qNavi4jK6BidoDPko0tUR7eogZqIokf0jF7Qq/PkvDnvzse8teQUM4foTzmfPz6KnzA=</latexit>

Note � = 0, and now ✓ is a Berry phase in the kinetic term.
<latexit sha1_base64="wQr8W2V4WXp2IqSN21xrTYuopFA="></latexit><latexit sha1_base64="wQr8W2V4WXp2IqSN21xrTYuopFA="></latexit><latexit sha1_base64="wQr8W2V4WXp2IqSN21xrTYuopFA="></latexit><latexit sha1_base64="wQr8W2V4WXp2IqSN21xrTYuopFA="></latexit> RG for      dilute Bose gas

<latexit sha1_base64="Es3+BZnXzf/+I3l8nOX7HWlXAk0=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl040oq2Ac2oUymN+3QySTMTIQS+gH+gFv9A3fi1s/wB/wOJ20W2nrgwuGce7mHEyScKe04X1ZpZXVtfaO8Wdna3tndq+4ftFWcSootGvNYdgOikDOBLc00x24ikUQBx04wvs79ziNKxWJxrycJ+hEZChYySrSRPC8iehQE2cO0f9uv1py6M4O9TNyC1KBAs1/99gYxTSMUmnKiVM91Eu1nRGpGOU4rXqowIXRMhtgzVJAIlZ/NMk/tE6MM7DCWZoS2Z+rvi4xESk2iwGzmGdWil4v/epQIinzhuw4v/YyJJNUo6Px5mHJbx3Zeij1gEqnmE0MIlczkt+mISEK1qa5iinEXa1gm7bO6a/jdea1xVVRUhiM4hlNw4QIacANNaAGFBJ7hBV6tJ+vNerc+5qslq7g5hD+wPn8AlIyaEA==</latexit>

<latexit sha1_base64="30MJduI3pZtgLaXEfnSauUro88g="></latexit>

Describes the quantum phase transition associated with the onset
of a single boson condensate, h i, in the presence of a background
N boson condensate (h N i 6= 0, on both sides of the transition).
This Bose gas transition is dual to the direct transition from the ZN

ordered phase to the disordered phase of the original chiral clock
model in d = 1

<latexit sha1_base64="j3YJRSZTHKNbWtwqwqpnF0cfiZc="></latexit><latexit sha1_base64="j3YJRSZTHKNbWtwqwqpnF0cfiZc="></latexit><latexit sha1_base64="j3YJRSZTHKNbWtwqwqpnF0cfiZc="></latexit><latexit sha1_base64="j3YJRSZTHKNbWtwqwqpnF0cfiZc="></latexit>



RG for      dilute Bose gas
<latexit sha1_base64="Es3+BZnXzf/+I3l8nOX7HWlXAk0=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl040oq2Ac2oUymN+3QySTMTIQS+gH+gFv9A3fi1s/wB/wOJ20W2nrgwuGce7mHEyScKe04X1ZpZXVtfaO8Wdna3tndq+4ftFWcSootGvNYdgOikDOBLc00x24ikUQBx04wvs79ziNKxWJxrycJ+hEZChYySrSRPC8iehQE2cO0f9uv1py6M4O9TNyC1KBAs1/99gYxTSMUmnKiVM91Eu1nRGpGOU4rXqowIXRMhtgzVJAIlZ/NMk/tE6MM7DCWZoS2Z+rvi4xESk2iwGzmGdWil4v/epQIinzhuw4v/YyJJNUo6Px5mHJbx3Zeij1gEqnmE0MIlczkt+mISEK1qa5iinEXa1gm7bO6a/jdea1xVVRUhiM4hlNw4QIacANNaAGFBJ7hBV6tJ+vNerc+5qslq7g5hD+wPn8AlIyaEA==</latexit>

<latexit sha1_base64="30MJduI3pZtgLaXEfnSauUro88g="></latexit>

QFT for chiral clock model
What is the critical field theory? First try: write the most general theory for order 
parameter with appropriate symmetries.

<latexit sha1_base64="RQWgUMX5MPI6uy163rDw/B+tFf8=">AAACDnicbVDLSgMxFM3UV62vUZdugqXgQupMEXRZdONKKtgHdMaSSTNtaCYZkoxShn6BG3/FjQtF3Lp259+YaWehrQcCh3PO5eaeIGZUacf5tgpLyyura8X10sbm1vaOvbvXUiKRmDSxYEJ2AqQIo5w0NdWMdGJJUBQw0g5Gl5nfvidSUcFv9TgmfoQGnIYUI22knl3xGkMKPUkHQ42kFA+Q3KU16MUU0pPriXcMs0DPLjtVZwq4SNyclEGORs/+8voCJxHhGjOkVNd1Yu2nSGqKGZmUvESRGOERGpCuoRxFRPnp9JwJrBilD0MhzeMaTtXfEymKlBpHgUlGSA/VvJeJ/3ndRIfnfkp5nGjC8WxRmDCoBcy6gX0qCdZsbAjCkpq/QjxEEmFtGiyZEtz5kxdJq1Z1Db85Ldcv8jqK4AAcgiPggjNQB1egAZoAg0fwDF7Bm/VkvVjv1scsWrDymX3wB9bnDzpUmuw=</latexit>

<latexit sha1_base64="cOkuOhyiNFf2FpLQNNqDISr6skM="></latexit>

<latexit sha1_base64="0FRUvxh+y2hl3ZhojM/N70GDNuk=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBAimLArgh6DXjxGMA/IxtA7mSRDZh/M9KphyVd48Ve8eFDEq3jzb5wke9DEgoGiqpqeLi+SQqNtf1sLi0vLK6uZtez6xubWdm5nt6bDWDFeZaEMVcMDzaUIeBUFSt6IFAffk7zuDS7Hfv2OKy3C4AaHEW/50AtEVzBAI7VzRbfSF4WHYxchPqKuEr0+glLhPR0bt4kLGkeFYhpo5/J2yZ6AzhMnJXmSotLOfbmdkMU+D5BJ0Lrp2BG2ElAomOSjrBtrHgEbQI83DQ3A57qVTM4a0UOjdGg3VOYFSCfq74kEfK2HvmeSPmBfz3pj8T+vGWP3vJWIIIqRB2y6qBtLiiEdd0Q7QnGGcmgIMCXMXynrgwKGpsmsKcGZPXme1E5KjuHXp/nyRVpHhuyTA1IgDjkjZXJFKqRKGHkkz+SVvFlP1ov1bn1MowtWOrNH/sD6/AELDZ6p</latexit>

In perturbation theory, the field condenses at nonzero momentum. Can only
describe transition to IC phase.

<latexit sha1_base64="9lBtCKDza0duC3LI5UXkUHSOCvo=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EitAtLIoIuiyK4rGAv0IYwmU7aITOTMDMRQqiv4saFIm59EHe+jdM2C239YeDjP+dwzvxBwqjSjvNtldbWNza3ytuVnd29/QP78Kir4lRi0sExi2U/QIowKkhHU81IP5EE8YCRXhDdzOq9RyIVjcWDzhLicTQWNKQYaWP5dvW2HjXgUFEO6xE8g5HvNHy75jSdueAquAXUQKG2b38NRzFOOREaM6TUwHUS7eVIaooZmVaGqSIJwhEak4FBgThRXj4/fgpPjTOCYSzNExrO3d8TOeJKZTwwnRzpiVquzcz/aoNUh1deTkWSaiLwYlGYMqhjOEsCjqgkWLPMAMKSmlshniCJsDZ5VUwI7vKXV6F73nQN31/UWtdFHGVwDE5AHbjgErTAHWiDDsAgA8/gFbxZT9aL9W59LFpLVjFTBX9kff4AEtqScg==</latexit>

<latexit sha1_base64="6qY9AaW9zVN+BJMf5QD+gS4Pd84=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoMuiG5cV7AOaGibTm3boZBJmJtIS+htu/BU3LhRxqSv/xmmbhbYeGO7hnHu5c0+QcKa043xbhZXVtfWN4mZpa3tnd8/eP2iqOJUUGjTmsWwHRAFnAhqaaQ7tRAKJAg6tYHg99VsPIBWLxZ0eJ9CNSF+wkFGijeTbjseJ6HPAXn3AKqPTeXVMlbmuWIThPmN46Dt4NPHtslN1ZsDLxM1JGeWo+/an14tpGoHQlBOlOq6T6G5GpGaUw6TkpQoSQoekDx1DBYlAdbPZZRN8YpQeDmNpntB4pv6eyEik1DgKTGdE9EAtelPxP6+T6vCymzGRpBoEnS8KU451jKcx4R6TQDUfG0KoZOavmA6IJFSbMEsmBHfx5GXSPKu6ht+el2tXeRxFdISOUQW56ALV0A2qowai6BE9o1f0Zj1ZL9a79TFvLVj5zCH6A+vrBzktno4=</latexit>

is Kramers-Wannier dual to 

Field theory for ZN density wave ordering
<latexit sha1_base64="QuesUESX+s9L0wHOZQyWJghJB7E="></latexit><latexit sha1_base64="QuesUESX+s9L0wHOZQyWJghJB7E="></latexit><latexit sha1_base64="QuesUESX+s9L0wHOZQyWJghJB7E="></latexit><latexit sha1_base64="QuesUESX+s9L0wHOZQyWJghJB7E="></latexit>

Note: this is not a Wick rotation—
there is a crucial di↵erence in the factor of i !!

<latexit sha1_base64="my0Aji0ESs/YZW9BrO0011F4F3s="></latexit><latexit sha1_base64="my0Aji0ESs/YZW9BrO0011F4F3s="></latexit><latexit sha1_base64="my0Aji0ESs/YZW9BrO0011F4F3s="></latexit><latexit sha1_base64="my0Aji0ESs/YZW9BrO0011F4F3s="></latexit>

field theory for Bose condensation in the presence
of a background N boson condensate

<latexit sha1_base64="/sHV4kL3p3Qn+X3sCpNOBsvTvCs="></latexit><latexit sha1_base64="/sHV4kL3p3Qn+X3sCpNOBsvTvCs="></latexit><latexit sha1_base64="/sHV4kL3p3Qn+X3sCpNOBsvTvCs="></latexit><latexit sha1_base64="/sHV4kL3p3Qn+X3sCpNOBsvTvCs="></latexit>



Numerics on a     dilute Bose gas
<latexit sha1_base64="b/cohnShE3H2AlvvwWV/x1sTd5A=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfWATymR60w6dTMLMRCihH+APuNU/cCdu/Qx/wO9w0mahrQcuHM65l3s4QcKZ0o7zZZVWVtfWN8qbla3tnd296v5BW8WppNiiMY9lNyAKORPY0kxz7CYSSRRw7ATjm9zvPKJULBb3epKgH5GhYCGjRBvJ8yKiR0GQPUz75/1qzak7M9jLxC1IDQo0+9VvbxDTNEKhKSdK9Vwn0X5GpGaU47TipQoTQsdkiD1DBYlQ+dks89Q+McrADmNpRmh7pv6+yEik1CQKzGaeUS16ufivR4mgyBe+6/DKz5hIUo2Czp+HKbd1bOel2AMmkWo+MYRQyUx+m46IJFSb6iqmGHexhmXSPqu7ht9d1BrXRUVlOIJjOAUXLqEBt9CEFlBI4Ble4NV6st6sd+tjvlqyiptD+APr8wdphJn1</latexit>

DMRG simulations on a Bose 
gas transition with   
symmetry breaking

<latexit sha1_base64="b/cohnShE3H2AlvvwWV/x1sTd5A=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfWATymR60w6dTMLMRCihH+APuNU/cCdu/Qx/wO9w0mahrQcuHM65l3s4QcKZ0o7zZZVWVtfWN8qbla3tnd296v5BW8WppNiiMY9lNyAKORPY0kxz7CYSSRRw7ATjm9zvPKJULBb3epKgH5GhYCGjRBvJ8yKiR0GQPUz75/1qzak7M9jLxC1IDQo0+9VvbxDTNEKhKSdK9Vwn0X5GpGaU47TipQoTQsdkiD1DBYlQ+dks89Q+McrADmNpRmh7pv6+yEik1CQKzGaeUS16ufivR4mgyBe+6/DKz5hIUo2Czp+HKbd1bOel2AMmkWo+MYRQyUx+m46IJFSb6iqmGHexhmXSPqu7ht9d1BrXRUVlOIJjOAUXLqEBt9CEFlBI4Ble4NV6st6sd+tjvlqyiptD+APr8wdphJn1</latexit>

<latexit sha1_base64="QOubm3X7inzwJDqqQpToUx7e1uo="></latexit>

<latexit sha1_base64="53ZRQEuUecy86GrlJEFy/TMf53I=">AAACCHicbVBLSgNBFOyJvxh/UZduGoPgKs6IoBsh6MZlBPOBZAhvenqSJj09Y/cbIYRcwAu41Ru4E7fewgt4DjvJLDRa8KCoqsd7VJBKYdB1P53C0vLK6lpxvbSxubW9U97da5ok04w3WCIT3Q7AcCkUb6BAydup5hAHkreC4fXUbz1wbUSi7nCUcj+GvhKRYIBW8rvSRkM4QXpJvV654lbdGehf4uWkQnLUe+WvbpiwLOYKmQRjOp6boj8GjYJJPil1M8NTYEPo846lCmJu/PHs6Qk9skpIo0TbUUhn6s+NMcTGjOLAJmPAgVn0puK/HgPFuFy4jtGFPxYqzZArNj8eZZJiQqet0FBozlCOLAGmhf2fsgFoYGi7K9livMUa/pLmadWz/PasUrvKKyqSA3JIjolHzkmN3JA6aRBG7skTeSYvzqPz6rw57/Nowcl39skvOB/fkT2ZXw==</latexit>

Clear evidence for a direct transition between gapped phases, 
without an intermediate gapless incommensurate phase



RG for      dilute Bose gas
<latexit sha1_base64="Es3+BZnXzf/+I3l8nOX7HWlXAk0=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl040oq2Ac2oUymN+3QySTMTIQS+gH+gFv9A3fi1s/wB/wOJ20W2nrgwuGce7mHEyScKe04X1ZpZXVtfaO8Wdna3tndq+4ftFWcSootGvNYdgOikDOBLc00x24ikUQBx04wvs79ziNKxWJxrycJ+hEZChYySrSRPC8iehQE2cO0f9uv1py6M4O9TNyC1KBAs1/99gYxTSMUmnKiVM91Eu1nRGpGOU4rXqowIXRMhtgzVJAIlZ/NMk/tE6MM7DCWZoS2Z+rvi4xESk2iwGzmGdWil4v/epQIinzhuw4v/YyJJNUo6Px5mHJbx3Zeij1gEqnmE0MIlczkt+mISEK1qa5iinEXa1gm7bO6a/jdea1xVVRUhiM4hlNw4QIacANNaAGFBJ7hBV6tJ+vNerc+5qslq7g5hD+wPn8AlIyaEA==</latexit>

<latexit sha1_base64="Nw4iiIaiMMTE8CUYS1pflI/Plxc="></latexit>

<latexit sha1_base64="Qwaaw8oIFhrG6YliQwsqysSWJbc=">AAACCHicbZBLSgNBEIZ74ivGV9Slm8YgxE2YEUGXQRFcRjAPSMbQ06lJmnT3jN09QhxyAS/gVm/gTtx6Cy/gOewks9DEHwo+/qqiij+IOdPGdb+c3NLyyupafr2wsbm1vVPc3WvoKFEU6jTikWoFRANnEuqGGQ6tWAERAYdmMLyc9JsPoDSL5K0ZxeAL0pcsZJQYa/lX5eEx7mgm8PDusVssuRV3KrwIXgYllKnWLX53ehFNBEhDOdG67bmx8VOiDKMcxoVOoiEmdEj60LYoiQDtp9Onx/jIOj0cRsqWNHjq/t5IidB6JAI7KYgZ6PnexPy3R4mkwOeum/DcT5mMEwOSzo6HCccmwpNUcI8poIaPLBCqmP0f0wFRhBqbXcEG483HsAiNk4pn+ea0VL3IIsqjA3SIyshDZ6iKrlEN1RFF9+gZvaBX58l5c96dj9lozsl29tEfOZ8/tgmZeg==</latexit>

<latexit sha1_base64="41lMEAaxuRuBFbyhjr5GIY1cKWQ=">AAACFnicbZDLSgMxFIYz9VbrbdSVuAkWwU3LjAi6LLpxWcFeoDMOmTTThiaZIcmIZVp8DV/Arb6BO3Hr1hfwOUzbWWjrD4GP/5zDOfnDhFGlHefLKiwtr6yuFddLG5tb2zv27l5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwNam37olUNBa3epgQn6OeoBHFSBsrsA+8Bwo9RTkcKViBKsCju6ziiXQc2GWn6kwFF8HNoQxy1QP72+vGOOVEaMyQUh3XSbSfIakpZmRc8lJFEoQHqEc6BgXiRPnZ9AtjeGycLoxiaZ7QcOr+nsgQV2rIQ9PJke6r+drE/LeGkcCEzW3X0YWfUZGkmgg8Wx6lDOoYTjKCXSoJ1mxoAGFJzf0Q95FEWJskSyYYdz6GRWieVl3DN2fl2mUeUREcgiNwAlxwDmrgGtRBA2DwCJ7BC3i1nqw36936mLUWrHxmH/yR9fkD3/Ge6w==</latexit>

<latexit sha1_base64="C8amaNLILkHQuyXnpSTNARgs7LU="></latexit>

<latexit sha1_base64="f2iwQ1+3hIQ/g/t1lnaadajeOzg=">AAACDHicbZBLSgNBEIZ74ivGR0ZdumkMgqswEwSzDLpxGcE8IBlCT6cnadIvunvEMOQKXsCt3sCduPUOXsBz2ElmoYk/FHz8VUUVf6wYNTYIvrzCxubW9k5xt7S3f3BY9o+O20amGpMWlkzqbowMYVSQlqWWka7SBPGYkU48uZn3Ow9EGyrFvZ0qEnE0EjShGFlnDfxyn6ewj5TS8hFWa/WBXwmqwUJwHcIcKiBXc+B/94cSp5wIixkyphcGykYZ0pZiRmalfmqIQniCRqTnUCBOTJQtHp/Bc+cMYSK1K2Hhwv29kSFuzJTHbpIjOzarvbn5bw8jgQlbuW6TepRRoVJLBF4eT1IGrYTzZOCQaoItmzpAWFP3P8RjpBG2Lr+SCyZcjWEd2rVq6PjustK4ziMqglNwBi5ACK5AA9yCJmgBDFLwDF7Aq/fkvXnv3sdytODlOyfgj7zPH/S3mqI=</latexit>

CCM critical exponents
<latexit sha1_base64="b/cohnShE3H2AlvvwWV/x1sTd5A=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfWATymR60w6dTMLMRCihH+APuNU/cCdu/Qx/wO9w0mahrQcuHM65l3s4QcKZ0o7zZZVWVtfWN8qbla3tnd296v5BW8WppNiiMY9lNyAKORPY0kxz7CYSSRRw7ATjm9zvPKJULBb3epKgH5GhYCGjRBvJ8yKiR0GQPUz75/1qzak7M9jLxC1IDQo0+9VvbxDTNEKhKSdK9Vwn0X5GpGaU47TipQoTQsdkiD1DBYlQ+dks89Q+McrADmNpRmh7pv6+yEik1CQKzGaeUS16ufivR4mgyBe+6/DKz5hIUo2Czp+HKbd1bOel2AMmkWo+MYRQyUx+m46IJFSb6iqmGHexhmXSPqu7ht9d1BrXRUVlOIJjOAUXLqEBt9CEFlBI4Ble4NV6st6sd+tjvlqyiptD+APr8wdphJn1</latexit>

Kibble-Zurek exponent:

<latexit sha1_base64="jWMPJVuKhFmJ8F5bf5lR2UpSUkg=">AAACInicbZDLSgMxFIYzXmu9VV26CQ6FuikzIuiy6MZlBXuBTi2Z9LQNTTJDkimWYZ7A1/AF3OobuBNXgmufw/Sy0NYfAh//OYdz8ocxZ9p43qezsrq2vrGZ28pv7+zu7RcODus6ShSFGo14pJoh0cCZhJphhkMzVkBEyKERDq8n9cYIlGaRvDPjGNqC9CXrMUqMtTqFYuCWAkHMQIkUHigzU19npzjQTODRfRqIJOsUXK/sTYWXwZ+Di+aqdgrfQTeiiQBpKCdat3wvNu2UKMMohywfJBpiQoekDy2LkgjQ7XT6nQwXrdPFvUjZJw2eur8nUiK0HovQdk4u14u1iflvjRJJgS9sN73LdspknBiQdLa8l3BsIjzJC3eZAmr42AKhitn7MR0QRaixqeZtMP5iDMtQPyv7lm/P3crVPKIcOkYnqIR8dIEq6AZVUQ1R9Iie0Qt6dZ6cN+fd+Zi1rjjzmSP0R87XD7RbpLk=</latexit>

<latexit sha1_base64="RPkYJdvDQ1Ytma7XqwY+P//VOsg=">AAACGnicbZDLSsNAFIYnXmu9RV2KMFgEQSiJCLoRim5cVrAXaEKZTCbt0JlJmJkINWTla/gCbvUN3IlbN76Az+GkzUJbfxj4+M85nDN/kDCqtON8WQuLS8srq5W16vrG5ta2vbPbVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXRf1zj2RisbiTo8T4nM0EDSiGGlj9e0Dj6fwEnqRRDgLoSfSPHPhSQHwIe/bNafuTATnwS2hBko1+/a3F8Y45URozJBSPddJtJ8hqSlmJK96qSIJwiM0ID2DAnGi/GzyjRweGSeEUSzNExpO3N8TGeJKjXlgOjnSQzVbK8x/axgJTNjMdh1d+BkVSaqJwNPlUcqgjmGREwypJFizsQGEJTX3QzxEJiVt0qyaYNzZGOahfVp3Dd+e1RpXZUQVsA8OwTFwwTlogBvQBC2AwSN4Bi/g1Xqy3qx362PaumCVM3vgj6zPHwt2n/0=</latexit>



RG for      dilute Bose gas
<latexit sha1_base64="Es3+BZnXzf/+I3l8nOX7HWlXAk0=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl040oq2Ac2oUymN+3QySTMTIQS+gH+gFv9A3fi1s/wB/wOJ20W2nrgwuGce7mHEyScKe04X1ZpZXVtfaO8Wdna3tndq+4ftFWcSootGvNYdgOikDOBLc00x24ikUQBx04wvs79ziNKxWJxrycJ+hEZChYySrSRPC8iehQE2cO0f9uv1py6M4O9TNyC1KBAs1/99gYxTSMUmnKiVM91Eu1nRGpGOU4rXqowIXRMhtgzVJAIlZ/NMk/tE6MM7DCWZoS2Z+rvi4xESk2iwGzmGdWil4v/epQIinzhuw4v/YyJJNUo6Px5mHJbx3Zeij1gEqnmE0MIlczkt+mISEK1qa5iinEXa1gm7bO6a/jdea1xVVRUhiM4hlNw4QIacANNaAGFBJ7hBV6tJ+vNerc+5qslq7g5hD+wPn8AlIyaEA==</latexit>

<latexit sha1_base64="Nw4iiIaiMMTE8CUYS1pflI/Plxc="></latexit>

<latexit sha1_base64="Qwaaw8oIFhrG6YliQwsqysSWJbc=">AAACCHicbZBLSgNBEIZ74ivGV9Slm8YgxE2YEUGXQRFcRjAPSMbQ06lJmnT3jN09QhxyAS/gVm/gTtx6Cy/gOewks9DEHwo+/qqiij+IOdPGdb+c3NLyyupafr2wsbm1vVPc3WvoKFEU6jTikWoFRANnEuqGGQ6tWAERAYdmMLyc9JsPoDSL5K0ZxeAL0pcsZJQYa/lX5eEx7mgm8PDusVssuRV3KrwIXgYllKnWLX53ehFNBEhDOdG67bmx8VOiDKMcxoVOoiEmdEj60LYoiQDtp9Onx/jIOj0cRsqWNHjq/t5IidB6JAI7KYgZ6PnexPy3R4mkwOeum/DcT5mMEwOSzo6HCccmwpNUcI8poIaPLBCqmP0f0wFRhBqbXcEG483HsAiNk4pn+ea0VL3IIsqjA3SIyshDZ6iKrlEN1RFF9+gZvaBX58l5c96dj9lozsl29tEfOZ8/tgmZeg==</latexit>

<latexit sha1_base64="41lMEAaxuRuBFbyhjr5GIY1cKWQ=">AAACFnicbZDLSgMxFIYz9VbrbdSVuAkWwU3LjAi6LLpxWcFeoDMOmTTThiaZIcmIZVp8DV/Arb6BO3Hr1hfwOUzbWWjrD4GP/5zDOfnDhFGlHefLKiwtr6yuFddLG5tb2zv27l5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwNam37olUNBa3epgQn6OeoBHFSBsrsA+8Bwo9RTkcKViBKsCju6ziiXQc2GWn6kwFF8HNoQxy1QP72+vGOOVEaMyQUh3XSbSfIakpZmRc8lJFEoQHqEc6BgXiRPnZ9AtjeGycLoxiaZ7QcOr+nsgQV2rIQ9PJke6r+drE/LeGkcCEzW3X0YWfUZGkmgg8Wx6lDOoYTjKCXSoJ1mxoAGFJzf0Q95FEWJskSyYYdz6GRWieVl3DN2fl2mUeUREcgiNwAlxwDmrgGtRBA2DwCJ7BC3i1nqw36936mLUWrHxmH/yR9fkD3/Ge6w==</latexit>

<latexit sha1_base64="C8amaNLILkHQuyXnpSTNARgs7LU="></latexit>

<latexit sha1_base64="f2iwQ1+3hIQ/g/t1lnaadajeOzg=">AAACDHicbZBLSgNBEIZ74ivGR0ZdumkMgqswEwSzDLpxGcE8IBlCT6cnadIvunvEMOQKXsCt3sCduPUOXsBz2ElmoYk/FHz8VUUVf6wYNTYIvrzCxubW9k5xt7S3f3BY9o+O20amGpMWlkzqbowMYVSQlqWWka7SBPGYkU48uZn3Ow9EGyrFvZ0qEnE0EjShGFlnDfxyn6ewj5TS8hFWa/WBXwmqwUJwHcIcKiBXc+B/94cSp5wIixkyphcGykYZ0pZiRmalfmqIQniCRqTnUCBOTJQtHp/Bc+cMYSK1K2Hhwv29kSFuzJTHbpIjOzarvbn5bw8jgQlbuW6TepRRoVJLBF4eT1IGrYTzZOCQaoItmzpAWFP3P8RjpBG2Lr+SCyZcjWEd2rVq6PjustK4ziMqglNwBi5ACK5AA9yCJmgBDFLwDF7Aq/fkvXnv3sdytODlOyfgj7zPH/S3mqI=</latexit>

CCM critical exponents
<latexit sha1_base64="b/cohnShE3H2AlvvwWV/x1sTd5A=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfWATymR60w6dTMLMRCihH+APuNU/cCdu/Qx/wO9w0mahrQcuHM65l3s4QcKZ0o7zZZVWVtfWN8qbla3tnd296v5BW8WppNiiMY9lNyAKORPY0kxz7CYSSRRw7ATjm9zvPKJULBb3epKgH5GhYCGjRBvJ8yKiR0GQPUz75/1qzak7M9jLxC1IDQo0+9VvbxDTNEKhKSdK9Vwn0X5GpGaU47TipQoTQsdkiD1DBYlQ+dks89Q+McrADmNpRmh7pv6+yEik1CQKzGaeUS16ufivR4mgyBe+6/DKz5hIUo2Czp+HKbd1bOel2AMmkWo+MYRQyUx+m46IJFSb6iqmGHexhmXSPqu7ht9d1BrXRUVlOIJjOAUXLqEBt9CEFlBI4Ble4NV6st6sd+tjvlqyiptD+APr8wdphJn1</latexit>

Kibble-Zurek exponent:

<latexit sha1_base64="jWMPJVuKhFmJ8F5bf5lR2UpSUkg=">AAACInicbZDLSgMxFIYzXmu9VV26CQ6FuikzIuiy6MZlBXuBTi2Z9LQNTTJDkimWYZ7A1/AF3OobuBNXgmufw/Sy0NYfAh//OYdz8ocxZ9p43qezsrq2vrGZ28pv7+zu7RcODus6ShSFGo14pJoh0cCZhJphhkMzVkBEyKERDq8n9cYIlGaRvDPjGNqC9CXrMUqMtTqFYuCWAkHMQIkUHigzU19npzjQTODRfRqIJOsUXK/sTYWXwZ+Di+aqdgrfQTeiiQBpKCdat3wvNu2UKMMohywfJBpiQoekDy2LkgjQ7XT6nQwXrdPFvUjZJw2eur8nUiK0HovQdk4u14u1iflvjRJJgS9sN73LdspknBiQdLa8l3BsIjzJC3eZAmr42AKhitn7MR0QRaixqeZtMP5iDMtQPyv7lm/P3crVPKIcOkYnqIR8dIEq6AZVUQ1R9Iie0Qt6dZ6cN+fd+Zi1rjjzmSP0R87XD7RbpLk=</latexit>

<latexit sha1_base64="RPkYJdvDQ1Ytma7XqwY+P//VOsg=">AAACGnicbZDLSsNAFIYnXmu9RV2KMFgEQSiJCLoRim5cVrAXaEKZTCbt0JlJmJkINWTla/gCbvUN3IlbN76Az+GkzUJbfxj4+M85nDN/kDCqtON8WQuLS8srq5W16vrG5ta2vbPbVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXRf1zj2RisbiTo8T4nM0EDSiGGlj9e0Dj6fwEnqRRDgLoSfSPHPhSQHwIe/bNafuTATnwS2hBko1+/a3F8Y45URozJBSPddJtJ8hqSlmJK96qSIJwiM0ID2DAnGi/GzyjRweGSeEUSzNExpO3N8TGeJKjXlgOjnSQzVbK8x/axgJTNjMdh1d+BkVSaqJwNPlUcqgjmGREwypJFizsQGEJTX3QzxEJiVt0qyaYNzZGOahfVp3Dd+e1RpXZUQVsA8OwTFwwTlogBvQBC2AwSN4Bi/g1Xqy3qx362PaumCVM3vgj6zPHwt2n/0=</latexit>

RG for      dilute Bose gas
<latexit sha1_base64="Es3+BZnXzf/+I3l8nOX7HWlXAk0=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl040oq2Ac2oUymN+3QySTMTIQS+gH+gFv9A3fi1s/wB/wOJ20W2nrgwuGce7mHEyScKe04X1ZpZXVtfaO8Wdna3tndq+4ftFWcSootGvNYdgOikDOBLc00x24ikUQBx04wvs79ziNKxWJxrycJ+hEZChYySrSRPC8iehQE2cO0f9uv1py6M4O9TNyC1KBAs1/99gYxTSMUmnKiVM91Eu1nRGpGOU4rXqowIXRMhtgzVJAIlZ/NMk/tE6MM7DCWZoS2Z+rvi4xESk2iwGzmGdWil4v/epQIinzhuw4v/YyJJNUo6Px5mHJbx3Zeij1gEqnmE0MIlczkt+mISEK1qa5iinEXa1gm7bO6a/jdea1xVVRUhiM4hlNw4QIacANNaAGFBJ7hBV6tJ+vNerc+5qslq7g5hD+wPn8AlIyaEA==</latexit>

<latexit sha1_base64="Nw4iiIaiMMTE8CUYS1pflI/Plxc="></latexit>

<latexit sha1_base64="Qwaaw8oIFhrG6YliQwsqysSWJbc=">AAACCHicbZBLSgNBEIZ74ivGV9Slm8YgxE2YEUGXQRFcRjAPSMbQ06lJmnT3jN09QhxyAS/gVm/gTtx6Cy/gOewks9DEHwo+/qqiij+IOdPGdb+c3NLyyupafr2wsbm1vVPc3WvoKFEU6jTikWoFRANnEuqGGQ6tWAERAYdmMLyc9JsPoDSL5K0ZxeAL0pcsZJQYa/lX5eEx7mgm8PDusVssuRV3KrwIXgYllKnWLX53ehFNBEhDOdG67bmx8VOiDKMcxoVOoiEmdEj60LYoiQDtp9Onx/jIOj0cRsqWNHjq/t5IidB6JAI7KYgZ6PnexPy3R4mkwOeum/DcT5mMEwOSzo6HCccmwpNUcI8poIaPLBCqmP0f0wFRhBqbXcEG483HsAiNk4pn+ea0VL3IIsqjA3SIyshDZ6iKrlEN1RFF9+gZvaBX58l5c96dj9lozsl29tEfOZ8/tgmZeg==</latexit>

<latexit sha1_base64="41lMEAaxuRuBFbyhjr5GIY1cKWQ=">AAACFnicbZDLSgMxFIYz9VbrbdSVuAkWwU3LjAi6LLpxWcFeoDMOmTTThiaZIcmIZVp8DV/Arb6BO3Hr1hfwOUzbWWjrD4GP/5zDOfnDhFGlHefLKiwtr6yuFddLG5tb2zv27l5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwNam37olUNBa3epgQn6OeoBHFSBsrsA+8Bwo9RTkcKViBKsCju6ziiXQc2GWn6kwFF8HNoQxy1QP72+vGOOVEaMyQUh3XSbSfIakpZmRc8lJFEoQHqEc6BgXiRPnZ9AtjeGycLoxiaZ7QcOr+nsgQV2rIQ9PJke6r+drE/LeGkcCEzW3X0YWfUZGkmgg8Wx6lDOoYTjKCXSoJ1mxoAGFJzf0Q95FEWJskSyYYdz6GRWieVl3DN2fl2mUeUREcgiNwAlxwDmrgGtRBA2DwCJ7BC3i1nqw36936mLUWrHxmH/yR9fkD3/Ge6w==</latexit>

<latexit sha1_base64="C8amaNLILkHQuyXnpSTNARgs7LU="></latexit>

CCM critical exponents
<latexit sha1_base64="b/cohnShE3H2AlvvwWV/x1sTd5A=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfWATymR60w6dTMLMRCihH+APuNU/cCdu/Qx/wO9w0mahrQcuHM65l3s4QcKZ0o7zZZVWVtfWN8qbla3tnd296v5BW8WppNiiMY9lNyAKORPY0kxz7CYSSRRw7ATjm9zvPKJULBb3epKgH5GhYCGjRBvJ8yKiR0GQPUz75/1qzak7M9jLxC1IDQo0+9VvbxDTNEKhKSdK9Vwn0X5GpGaU47TipQoTQsdkiD1DBYlQ+dks89Q+McrADmNpRmh7pv6+yEik1CQKzGaeUS16ufivR4mgyBe+6/DKz5hIUo2Czp+HKbd1bOel2AMmkWo+MYRQyUx+m46IJFSb6iqmGHexhmXSPqu7ht9d1BrXRUVlOIJjOAUXLqEBt9CEFlBI4Ble4NV6st6sd+tjvlqyiptD+APr8wdphJn1</latexit>

<latexit sha1_base64="b/cohnShE3H2AlvvwWV/x1sTd5A=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfWATymR60w6dTMLMRCihH+APuNU/cCdu/Qx/wO9w0mahrQcuHM65l3s4QcKZ0o7zZZVWVtfWN8qbla3tnd296v5BW8WppNiiMY9lNyAKORPY0kxz7CYSSRRw7ATjm9zvPKJULBb3epKgH5GhYCGjRBvJ8yKiR0GQPUz75/1qzak7M9jLxC1IDQo0+9VvbxDTNEKhKSdK9Vwn0X5GpGaU47TipQoTQsdkiD1DBYlQ+dks89Q+McrADmNpRmh7pv6+yEik1CQKzGaeUS16ufivR4mgyBe+6/DKz5hIUo2Czp+HKbd1bOel2AMmkWo+MYRQyUx+m46IJFSb6iqmGHexhmXSPqu7ht9d1BrXRUVlOIJjOAUXLqEBt9CEFlBI4Ble4NV6st6sd+tjvlqyiptD+APr8wdphJn1</latexit>

CCM

3 -state Potts
U(1) DBG

<latexit sha1_base64="JTWExsOl8yrAVb6Zacd8WTqAJtc=">AAACJHicbVC7TsMwFHXKq4RXgJHFouIxlaRCggWpgoWxSPQhNVHluLetVceJbAepVP0EfoMfYIU/YEMMLIx8B26TAQpHsnTuOffqXp8w4Uxp1/2wCguLS8srxVV7bX1jc8vZ3mmoOJUU6jTmsWyFRAFnAuqaaQ6tRAKJQg7NcHg19Zt3IBWLxa0eJRBEpC9Yj1GijdRxju7xxSH2cQX7vu2LNKu8k6wGTTLB7Tglt+zOgP8SLycllKPWcb78bkzTCISmnCjV9txEB2MiNaMcJrafKkgIHZI+tA0VJAIVjGcfmuADo3RxL5bmCY1n6s+JMYmUGkWh6YyIHqh5byr+61EiKPC57bp3HoyZSFINgmbLeynHOsbTxHCXSaCajwwhVDJzP6YDIgnVJlfbBOPNx/CXNCplz/Cb01L1Mo+oiPbQPjpGHjpDVXSNaqiOKHpAT+gZvViP1qv1Zr1nrQUrn9lFv2B9fgPtM5/q</latexit>

<latexit sha1_base64="PMiTElu43a9p6kEQKmA0B/3ewPk=">AAACJ3icbVDLTgIxFO34RHyhLt00Eo1xATMG1I0J0Y1LTOSRMIR0ygUaOp1J2zFBwj/4G/6AW/0Dd0aXbvwOy8wsFDxJk3PPuTf39nghZ0rb9qe1sLi0vLKaWcuub2xubed2dusqiCSFGg14IJseUcCZgJpmmkMzlEB8j0PDG15P/cY9SMUCcadHIbR90hesxyjRRurkTh7w5RF2sYNdN+uKKKnKxbO4Bk0SoVR0yp1c3i7YMfA8cVKSRymqndy32w1o5IPQlBOlWo4d6vaYSM0oh0nWjRSEhA5JH1qGCuKDao/jP03woVG6uBdI84TGsfp7Ykx8pUa+Zzp9ogdq1puK/3qUCAp8ZrvuXbTHTISRBkGT5b2IYx3gaWi4yyRQzUeGECqZuR/TAZGEahNt1gTjzMYwT+qnBcfw21K+cpVGlEH76AAdIwedowq6QVVUQxQ9omf0gl6tJ+vNerc+ktYFK53ZQ39gff0Aeb2gqA==</latexit>

<latexit sha1_base64="f2iwQ1+3hIQ/g/t1lnaadajeOzg=">AAACDHicbZBLSgNBEIZ74ivGR0ZdumkMgqswEwSzDLpxGcE8IBlCT6cnadIvunvEMOQKXsCt3sCduPUOXsBz2ElmoYk/FHz8VUUVf6wYNTYIvrzCxubW9k5xt7S3f3BY9o+O20amGpMWlkzqbowMYVSQlqWWka7SBPGYkU48uZn3Ow9EGyrFvZ0qEnE0EjShGFlnDfxyn6ewj5TS8hFWa/WBXwmqwUJwHcIcKiBXc+B/94cSp5wIixkyphcGykYZ0pZiRmalfmqIQniCRqTnUCBOTJQtHp/Bc+cMYSK1K2Hhwv29kSFuzJTHbpIjOzarvbn5bw8jgQlbuW6TepRRoVJLBF4eT1IGrYTzZOCQaoItmzpAWFP3P8RjpBG2Lr+SCyZcjWEd2rVq6PjustK4ziMqglNwBi5ACK5AA9yCJmgBDFLwDF7Aq/fkvXnv3sdytODlOyfgj7zPH/S3mqI=</latexit>

Kibble-Zurek exponent:

<latexit sha1_base64="jWMPJVuKhFmJ8F5bf5lR2UpSUkg=">AAACInicbZDLSgMxFIYzXmu9VV26CQ6FuikzIuiy6MZlBXuBTi2Z9LQNTTJDkimWYZ7A1/AF3OobuBNXgmufw/Sy0NYfAh//OYdz8ocxZ9p43qezsrq2vrGZ28pv7+zu7RcODus6ShSFGo14pJoh0cCZhJphhkMzVkBEyKERDq8n9cYIlGaRvDPjGNqC9CXrMUqMtTqFYuCWAkHMQIkUHigzU19npzjQTODRfRqIJOsUXK/sTYWXwZ+Di+aqdgrfQTeiiQBpKCdat3wvNu2UKMMohywfJBpiQoekDy2LkgjQ7XT6nQwXrdPFvUjZJw2eur8nUiK0HovQdk4u14u1iflvjRJJgS9sN73LdspknBiQdLa8l3BsIjzJC3eZAmr42AKhitn7MR0QRaixqeZtMP5iDMtQPyv7lm/P3crVPKIcOkYnqIR8dIEq6AZVUQ1R9Iie0Qt6dZ6cN+fd+Zi1rjjzmSP0R87XD7RbpLk=</latexit>

<latexit sha1_base64="RPkYJdvDQ1Ytma7XqwY+P//VOsg=">AAACGnicbZDLSsNAFIYnXmu9RV2KMFgEQSiJCLoRim5cVrAXaEKZTCbt0JlJmJkINWTla/gCbvUN3IlbN76Az+GkzUJbfxj4+M85nDN/kDCqtON8WQuLS8srq5W16vrG5ta2vbPbVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXRf1zj2RisbiTo8T4nM0EDSiGGlj9e0Dj6fwEnqRRDgLoSfSPHPhSQHwIe/bNafuTATnwS2hBko1+/a3F8Y45URozJBSPddJtJ8hqSlmJK96qSIJwiM0ID2DAnGi/GzyjRweGSeEUSzNExpO3N8TGeJKjXlgOjnSQzVbK8x/axgJTNjMdh1d+BkVSaqJwNPlUcqgjmGREwypJFizsQGEJTX3QzxEJiVt0qyaYNzZGOahfVp3Dd+e1RpXZUQVsA8OwTFwwTlogBvQBC2AwSN4Bi/g1Xqy3qx362PaumCVM3vgj6zPHwt2n/0=</latexit>



RG for      dilute Bose gas
<latexit sha1_base64="Es3+BZnXzf/+I3l8nOX7HWlXAk0=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl040oq2Ac2oUymN+3QySTMTIQS+gH+gFv9A3fi1s/wB/wOJ20W2nrgwuGce7mHEyScKe04X1ZpZXVtfaO8Wdna3tndq+4ftFWcSootGvNYdgOikDOBLc00x24ikUQBx04wvs79ziNKxWJxrycJ+hEZChYySrSRPC8iehQE2cO0f9uv1py6M4O9TNyC1KBAs1/99gYxTSMUmnKiVM91Eu1nRGpGOU4rXqowIXRMhtgzVJAIlZ/NMk/tE6MM7DCWZoS2Z+rvi4xESk2iwGzmGdWil4v/epQIinzhuw4v/YyJJNUo6Px5mHJbx3Zeij1gEqnmE0MIlczkt+mISEK1qa5iinEXa1gm7bO6a/jdea1xVVRUhiM4hlNw4QIacANNaAGFBJ7hBV6tJ+vNerc+5qslq7g5hD+wPn8AlIyaEA==</latexit>

<latexit sha1_base64="Nw4iiIaiMMTE8CUYS1pflI/Plxc="></latexit>

<latexit sha1_base64="Qwaaw8oIFhrG6YliQwsqysSWJbc=">AAACCHicbZBLSgNBEIZ74ivGV9Slm8YgxE2YEUGXQRFcRjAPSMbQ06lJmnT3jN09QhxyAS/gVm/gTtx6Cy/gOewks9DEHwo+/qqiij+IOdPGdb+c3NLyyupafr2wsbm1vVPc3WvoKFEU6jTikWoFRANnEuqGGQ6tWAERAYdmMLyc9JsPoDSL5K0ZxeAL0pcsZJQYa/lX5eEx7mgm8PDusVssuRV3KrwIXgYllKnWLX53ehFNBEhDOdG67bmx8VOiDKMcxoVOoiEmdEj60LYoiQDtp9Onx/jIOj0cRsqWNHjq/t5IidB6JAI7KYgZ6PnexPy3R4mkwOeum/DcT5mMEwOSzo6HCccmwpNUcI8poIaPLBCqmP0f0wFRhBqbXcEG483HsAiNk4pn+ea0VL3IIsqjA3SIyshDZ6iKrlEN1RFF9+gZvaBX58l5c96dj9lozsl29tEfOZ8/tgmZeg==</latexit>

<latexit sha1_base64="41lMEAaxuRuBFbyhjr5GIY1cKWQ=">AAACFnicbZDLSgMxFIYz9VbrbdSVuAkWwU3LjAi6LLpxWcFeoDMOmTTThiaZIcmIZVp8DV/Arb6BO3Hr1hfwOUzbWWjrD4GP/5zDOfnDhFGlHefLKiwtr6yuFddLG5tb2zv27l5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwNam37olUNBa3epgQn6OeoBHFSBsrsA+8Bwo9RTkcKViBKsCju6ziiXQc2GWn6kwFF8HNoQxy1QP72+vGOOVEaMyQUh3XSbSfIakpZmRc8lJFEoQHqEc6BgXiRPnZ9AtjeGycLoxiaZ7QcOr+nsgQV2rIQ9PJke6r+drE/LeGkcCEzW3X0YWfUZGkmgg8Wx6lDOoYTjKCXSoJ1mxoAGFJzf0Q95FEWJskSyYYdz6GRWieVl3DN2fl2mUeUREcgiNwAlxwDmrgGtRBA2DwCJ7BC3i1nqw36936mLUWrHxmH/yR9fkD3/Ge6w==</latexit>

<latexit sha1_base64="C8amaNLILkHQuyXnpSTNARgs7LU="></latexit>

<latexit sha1_base64="f2iwQ1+3hIQ/g/t1lnaadajeOzg=">AAACDHicbZBLSgNBEIZ74ivGR0ZdumkMgqswEwSzDLpxGcE8IBlCT6cnadIvunvEMOQKXsCt3sCduPUOXsBz2ElmoYk/FHz8VUUVf6wYNTYIvrzCxubW9k5xt7S3f3BY9o+O20amGpMWlkzqbowMYVSQlqWWka7SBPGYkU48uZn3Ow9EGyrFvZ0qEnE0EjShGFlnDfxyn6ewj5TS8hFWa/WBXwmqwUJwHcIcKiBXc+B/94cSp5wIixkyphcGykYZ0pZiRmalfmqIQniCRqTnUCBOTJQtHp/Bc+cMYSK1K2Hhwv29kSFuzJTHbpIjOzarvbn5bw8jgQlbuW6TepRRoVJLBF4eT1IGrYTzZOCQaoItmzpAWFP3P8RjpBG2Lr+SCyZcjWEd2rVq6PjustK4ziMqglNwBi5ACK5AA9yCJmgBDFLwDF7Aq/fkvXnv3sdytODlOyfgj7zPH/S3mqI=</latexit>

CCM critical exponents
<latexit sha1_base64="b/cohnShE3H2AlvvwWV/x1sTd5A=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfWATymR60w6dTMLMRCihH+APuNU/cCdu/Qx/wO9w0mahrQcuHM65l3s4QcKZ0o7zZZVWVtfWN8qbla3tnd296v5BW8WppNiiMY9lNyAKORPY0kxz7CYSSRRw7ATjm9zvPKJULBb3epKgH5GhYCGjRBvJ8yKiR0GQPUz75/1qzak7M9jLxC1IDQo0+9VvbxDTNEKhKSdK9Vwn0X5GpGaU47TipQoTQsdkiD1DBYlQ+dks89Q+McrADmNpRmh7pv6+yEik1CQKzGaeUS16ufivR4mgyBe+6/DKz5hIUo2Czp+HKbd1bOel2AMmkWo+MYRQyUx+m46IJFSb6iqmGHexhmXSPqu7ht9d1BrXRUVlOIJjOAUXLqEBt9CEFlBI4Ble4NV6st6sd+tjvlqyiptD+APr8wdphJn1</latexit>

Kibble-Zurek exponent:

<latexit sha1_base64="jWMPJVuKhFmJ8F5bf5lR2UpSUkg=">AAACInicbZDLSgMxFIYzXmu9VV26CQ6FuikzIuiy6MZlBXuBTi2Z9LQNTTJDkimWYZ7A1/AF3OobuBNXgmufw/Sy0NYfAh//OYdz8ocxZ9p43qezsrq2vrGZ28pv7+zu7RcODus6ShSFGo14pJoh0cCZhJphhkMzVkBEyKERDq8n9cYIlGaRvDPjGNqC9CXrMUqMtTqFYuCWAkHMQIkUHigzU19npzjQTODRfRqIJOsUXK/sTYWXwZ+Di+aqdgrfQTeiiQBpKCdat3wvNu2UKMMohywfJBpiQoekDy2LkgjQ7XT6nQwXrdPFvUjZJw2eur8nUiK0HovQdk4u14u1iflvjRJJgS9sN73LdspknBiQdLa8l3BsIjzJC3eZAmr42AKhitn7MR0QRaixqeZtMP5iDMtQPyv7lm/P3crVPKIcOkYnqIR8dIEq6AZVUQ1R9Iie0Qt6dZ6cN+fd+Zi1rjjzmSP0R87XD7RbpLk=</latexit>

<latexit sha1_base64="RPkYJdvDQ1Ytma7XqwY+P//VOsg=">AAACGnicbZDLSsNAFIYnXmu9RV2KMFgEQSiJCLoRim5cVrAXaEKZTCbt0JlJmJkINWTla/gCbvUN3IlbN76Az+GkzUJbfxj4+M85nDN/kDCqtON8WQuLS8srq5W16vrG5ta2vbPbVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXRf1zj2RisbiTo8T4nM0EDSiGGlj9e0Dj6fwEnqRRDgLoSfSPHPhSQHwIe/bNafuTATnwS2hBko1+/a3F8Y45URozJBSPddJtJ8hqSlmJK96qSIJwiM0ID2DAnGi/GzyjRweGSeEUSzNExpO3N8TGeJKjXlgOjnSQzVbK8x/axgJTNjMdh1d+BkVSaqJwNPlUcqgjmGREwypJFizsQGEJTX3QzxEJiVt0qyaYNzZGOahfVp3Dd+e1RpXZUQVsA8OwTFwwTlogBvQBC2AwSN4Bi/g1Xqy3qx362PaumCVM3vgj6zPHwt2n/0=</latexit>

RG for      dilute Bose gas
<latexit sha1_base64="Es3+BZnXzf/+I3l8nOX7HWlXAk0=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl040oq2Ac2oUymN+3QySTMTIQS+gH+gFv9A3fi1s/wB/wOJ20W2nrgwuGce7mHEyScKe04X1ZpZXVtfaO8Wdna3tndq+4ftFWcSootGvNYdgOikDOBLc00x24ikUQBx04wvs79ziNKxWJxrycJ+hEZChYySrSRPC8iehQE2cO0f9uv1py6M4O9TNyC1KBAs1/99gYxTSMUmnKiVM91Eu1nRGpGOU4rXqowIXRMhtgzVJAIlZ/NMk/tE6MM7DCWZoS2Z+rvi4xESk2iwGzmGdWil4v/epQIinzhuw4v/YyJJNUo6Px5mHJbx3Zeij1gEqnmE0MIlczkt+mISEK1qa5iinEXa1gm7bO6a/jdea1xVVRUhiM4hlNw4QIacANNaAGFBJ7hBV6tJ+vNerc+5qslq7g5hD+wPn8AlIyaEA==</latexit>

CCM critical exponents

<latexit sha1_base64="Nw4iiIaiMMTE8CUYS1pflI/Plxc="></latexit>

<latexit sha1_base64="Qwaaw8oIFhrG6YliQwsqysSWJbc=">AAACCHicbZBLSgNBEIZ74ivGV9Slm8YgxE2YEUGXQRFcRjAPSMbQ06lJmnT3jN09QhxyAS/gVm/gTtx6Cy/gOewks9DEHwo+/qqiij+IOdPGdb+c3NLyyupafr2wsbm1vVPc3WvoKFEU6jTikWoFRANnEuqGGQ6tWAERAYdmMLyc9JsPoDSL5K0ZxeAL0pcsZJQYa/lX5eEx7mgm8PDusVssuRV3KrwIXgYllKnWLX53ehFNBEhDOdG67bmx8VOiDKMcxoVOoiEmdEj60LYoiQDtp9Onx/jIOj0cRsqWNHjq/t5IidB6JAI7KYgZ6PnexPy3R4mkwOeum/DcT5mMEwOSzo6HCccmwpNUcI8poIaPLBCqmP0f0wFRhBqbXcEG483HsAiNk4pn+ea0VL3IIsqjA3SIyshDZ6iKrlEN1RFF9+gZvaBX58l5c96dj9lozsl29tEfOZ8/tgmZeg==</latexit>

<latexit sha1_base64="41lMEAaxuRuBFbyhjr5GIY1cKWQ=">AAACFnicbZDLSgMxFIYz9VbrbdSVuAkWwU3LjAi6LLpxWcFeoDMOmTTThiaZIcmIZVp8DV/Arb6BO3Hr1hfwOUzbWWjrD4GP/5zDOfnDhFGlHefLKiwtr6yuFddLG5tb2zv27l5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwNam37olUNBa3epgQn6OeoBHFSBsrsA+8Bwo9RTkcKViBKsCju6ziiXQc2GWn6kwFF8HNoQxy1QP72+vGOOVEaMyQUh3XSbSfIakpZmRc8lJFEoQHqEc6BgXiRPnZ9AtjeGycLoxiaZ7QcOr+nsgQV2rIQ9PJke6r+drE/LeGkcCEzW3X0YWfUZGkmgg8Wx6lDOoYTjKCXSoJ1mxoAGFJzf0Q95FEWJskSyYYdz6GRWieVl3DN2fl2mUeUREcgiNwAlxwDmrgGtRBA2DwCJ7BC3i1nqw36936mLUWrHxmH/yR9fkD3/Ge6w==</latexit>

<latexit sha1_base64="C8amaNLILkHQuyXnpSTNARgs7LU="></latexit>

Numerics:
<latexit sha1_base64="IvjgsV3IEzmuXIilFJwBkLKUzVE=">AAACJnicbZC7TsMwFIYdriXcAowsFhUIliihSGWsYGEsEr1ITVQ5rtNadezIdhCl6jPwGrwAK7wBG0JsTDwHbpuBtvySpU//OUfn+I9SRpX2vC9raXlldW29sGFvbm3v7Dp7+3UlMolJDQsmZDNCijDKSU1TzUgzlQQlESONqH89rjfuiVRU8Ds9SEmYoC6nMcVIG6vtnD3CAKWpFA/wBAbQd0slGAR2wLMZ3y37bafoud5EcBH8HIogV7Xt/AQdgbOEcI0ZUqrle6kOh0hqihkZ2UGmSIpwH3VJyyBHCVHhcPKlETw2TgfGQprHNZy4fyeGKFFqkESmM0G6p+ZrY/PfGkYcEza3XceX4ZDyNNOE4+nyOGNQCzjODHaoJFizgQGEJTX3Q9xDEmFtkrVNMP58DItQP3d9w7cXxcpVHlEBHIIjcAp8UAYVcAOqoAYweAIv4BW8Wc/Wu/VhfU5bl6x85gDMyPr+BX2cooA=</latexit>

Samajdar et. al., PRA 98, 023614 (2018).

<latexit sha1_base64="b/cohnShE3H2AlvvwWV/x1sTd5A=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfWATymR60w6dTMLMRCihH+APuNU/cCdu/Qx/wO9w0mahrQcuHM65l3s4QcKZ0o7zZZVWVtfWN8qbla3tnd296v5BW8WppNiiMY9lNyAKORPY0kxz7CYSSRRw7ATjm9zvPKJULBb3epKgH5GhYCGjRBvJ8yKiR0GQPUz75/1qzak7M9jLxC1IDQo0+9VvbxDTNEKhKSdK9Vwn0X5GpGaU47TipQoTQsdkiD1DBYlQ+dks89Q+McrADmNpRmh7pv6+yEik1CQKzGaeUS16ufivR4mgyBe+6/DKz5hIUo2Czp+HKbd1bOel2AMmkWo+MYRQyUx+m46IJFSb6iqmGHexhmXSPqu7ht9d1BrXRUVlOIJjOAUXLqEBt9CEFlBI4Ble4NV6st6sd+tjvlqyiptD+APr8wdphJn1</latexit>

<latexit sha1_base64="f2iwQ1+3hIQ/g/t1lnaadajeOzg=">AAACDHicbZBLSgNBEIZ74ivGR0ZdumkMgqswEwSzDLpxGcE8IBlCT6cnadIvunvEMOQKXsCt3sCduPUOXsBz2ElmoYk/FHz8VUUVf6wYNTYIvrzCxubW9k5xt7S3f3BY9o+O20amGpMWlkzqbowMYVSQlqWWka7SBPGYkU48uZn3Ow9EGyrFvZ0qEnE0EjShGFlnDfxyn6ewj5TS8hFWa/WBXwmqwUJwHcIcKiBXc+B/94cSp5wIixkyphcGykYZ0pZiRmalfmqIQniCRqTnUCBOTJQtHp/Bc+cMYSK1K2Hhwv29kSFuzJTHbpIjOzarvbn5bw8jgQlbuW6TepRRoVJLBF4eT1IGrYTzZOCQaoItmzpAWFP3P8RjpBG2Lr+SCyZcjWEd2rVq6PjustK4ziMqglNwBi5ACK5AA9yCJmgBDFLwDF7Aq/fkvXnv3sdytODlOyfgj7zPH/S3mqI=</latexit>

Kibble-Zurek exponent:

<latexit sha1_base64="jWMPJVuKhFmJ8F5bf5lR2UpSUkg=">AAACInicbZDLSgMxFIYzXmu9VV26CQ6FuikzIuiy6MZlBXuBTi2Z9LQNTTJDkimWYZ7A1/AF3OobuBNXgmufw/Sy0NYfAh//OYdz8ocxZ9p43qezsrq2vrGZ28pv7+zu7RcODus6ShSFGo14pJoh0cCZhJphhkMzVkBEyKERDq8n9cYIlGaRvDPjGNqC9CXrMUqMtTqFYuCWAkHMQIkUHigzU19npzjQTODRfRqIJOsUXK/sTYWXwZ+Di+aqdgrfQTeiiQBpKCdat3wvNu2UKMMohywfJBpiQoekDy2LkgjQ7XT6nQwXrdPFvUjZJw2eur8nUiK0HovQdk4u14u1iflvjRJJgS9sN73LdspknBiQdLa8l3BsIjzJC3eZAmr42AKhitn7MR0QRaixqeZtMP5iDMtQPyv7lm/P3crVPKIcOkYnqIR8dIEq6AZVUQ1R9Iie0Qt6dZ6cN+fd+Zi1rjjzmSP0R87XD7RbpLk=</latexit>

<latexit sha1_base64="RPkYJdvDQ1Ytma7XqwY+P//VOsg=">AAACGnicbZDLSsNAFIYnXmu9RV2KMFgEQSiJCLoRim5cVrAXaEKZTCbt0JlJmJkINWTla/gCbvUN3IlbN76Az+GkzUJbfxj4+M85nDN/kDCqtON8WQuLS8srq5W16vrG5ta2vbPbVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXRf1zj2RisbiTo8T4nM0EDSiGGlj9e0Dj6fwEnqRRDgLoSfSPHPhSQHwIe/bNafuTATnwS2hBko1+/a3F8Y45URozJBSPddJtJ8hqSlmJK96qSIJwiM0ID2DAnGi/GzyjRweGSeEUSzNExpO3N8TGeJKjXlgOjnSQzVbK8x/axgJTNjMdh1d+BkVSaqJwNPlUcqgjmGREwypJFizsQGEJTX3QzxEJiVt0qyaYNzZGOahfVp3Dd+e1RpXZUQVsA8OwTFwwTlogBvQBC2AwSN4Bi/g1Xqy3qx362PaumCVM3vgj6zPHwt2n/0=</latexit>



RG for      dilute Bose gas
<latexit sha1_base64="Es3+BZnXzf/+I3l8nOX7HWlXAk0=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl040oq2Ac2oUymN+3QySTMTIQS+gH+gFv9A3fi1s/wB/wOJ20W2nrgwuGce7mHEyScKe04X1ZpZXVtfaO8Wdna3tndq+4ftFWcSootGvNYdgOikDOBLc00x24ikUQBx04wvs79ziNKxWJxrycJ+hEZChYySrSRPC8iehQE2cO0f9uv1py6M4O9TNyC1KBAs1/99gYxTSMUmnKiVM91Eu1nRGpGOU4rXqowIXRMhtgzVJAIlZ/NMk/tE6MM7DCWZoS2Z+rvi4xESk2iwGzmGdWil4v/epQIinzhuw4v/YyJJNUo6Px5mHJbx3Zeij1gEqnmE0MIlczkt+mISEK1qa5iinEXa1gm7bO6a/jdea1xVVRUhiM4hlNw4QIacANNaAGFBJ7hBV6tJ+vNerc+5qslq7g5hD+wPn8AlIyaEA==</latexit>

<latexit sha1_base64="Nw4iiIaiMMTE8CUYS1pflI/Plxc="></latexit>

<latexit sha1_base64="Qwaaw8oIFhrG6YliQwsqysSWJbc=">AAACCHicbZBLSgNBEIZ74ivGV9Slm8YgxE2YEUGXQRFcRjAPSMbQ06lJmnT3jN09QhxyAS/gVm/gTtx6Cy/gOewks9DEHwo+/qqiij+IOdPGdb+c3NLyyupafr2wsbm1vVPc3WvoKFEU6jTikWoFRANnEuqGGQ6tWAERAYdmMLyc9JsPoDSL5K0ZxeAL0pcsZJQYa/lX5eEx7mgm8PDusVssuRV3KrwIXgYllKnWLX53ehFNBEhDOdG67bmx8VOiDKMcxoVOoiEmdEj60LYoiQDtp9Onx/jIOj0cRsqWNHjq/t5IidB6JAI7KYgZ6PnexPy3R4mkwOeum/DcT5mMEwOSzo6HCccmwpNUcI8poIaPLBCqmP0f0wFRhBqbXcEG483HsAiNk4pn+ea0VL3IIsqjA3SIyshDZ6iKrlEN1RFF9+gZvaBX58l5c96dj9lozsl29tEfOZ8/tgmZeg==</latexit>

<latexit sha1_base64="41lMEAaxuRuBFbyhjr5GIY1cKWQ=">AAACFnicbZDLSgMxFIYz9VbrbdSVuAkWwU3LjAi6LLpxWcFeoDMOmTTThiaZIcmIZVp8DV/Arb6BO3Hr1hfwOUzbWWjrD4GP/5zDOfnDhFGlHefLKiwtr6yuFddLG5tb2zv27l5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwNam37olUNBa3epgQn6OeoBHFSBsrsA+8Bwo9RTkcKViBKsCju6ziiXQc2GWn6kwFF8HNoQxy1QP72+vGOOVEaMyQUh3XSbSfIakpZmRc8lJFEoQHqEc6BgXiRPnZ9AtjeGycLoxiaZ7QcOr+nsgQV2rIQ9PJke6r+drE/LeGkcCEzW3X0YWfUZGkmgg8Wx6lDOoYTjKCXSoJ1mxoAGFJzf0Q95FEWJskSyYYdz6GRWieVl3DN2fl2mUeUREcgiNwAlxwDmrgGtRBA2DwCJ7BC3i1nqw36936mLUWrHxmH/yR9fkD3/Ge6w==</latexit>

<latexit sha1_base64="C8amaNLILkHQuyXnpSTNARgs7LU="></latexit>

<latexit sha1_base64="f2iwQ1+3hIQ/g/t1lnaadajeOzg=">AAACDHicbZBLSgNBEIZ74ivGR0ZdumkMgqswEwSzDLpxGcE8IBlCT6cnadIvunvEMOQKXsCt3sCduPUOXsBz2ElmoYk/FHz8VUUVf6wYNTYIvrzCxubW9k5xt7S3f3BY9o+O20amGpMWlkzqbowMYVSQlqWWka7SBPGYkU48uZn3Ow9EGyrFvZ0qEnE0EjShGFlnDfxyn6ewj5TS8hFWa/WBXwmqwUJwHcIcKiBXc+B/94cSp5wIixkyphcGykYZ0pZiRmalfmqIQniCRqTnUCBOTJQtHp/Bc+cMYSK1K2Hhwv29kSFuzJTHbpIjOzarvbn5bw8jgQlbuW6TepRRoVJLBF4eT1IGrYTzZOCQaoItmzpAWFP3P8RjpBG2Lr+SCyZcjWEd2rVq6PjustK4ziMqglNwBi5ACK5AA9yCJmgBDFLwDF7Aq/fkvXnv3sdytODlOyfgj7zPH/S3mqI=</latexit>

CCM critical exponents
<latexit sha1_base64="b/cohnShE3H2AlvvwWV/x1sTd5A=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfWATymR60w6dTMLMRCihH+APuNU/cCdu/Qx/wO9w0mahrQcuHM65l3s4QcKZ0o7zZZVWVtfWN8qbla3tnd296v5BW8WppNiiMY9lNyAKORPY0kxz7CYSSRRw7ATjm9zvPKJULBb3epKgH5GhYCGjRBvJ8yKiR0GQPUz75/1qzak7M9jLxC1IDQo0+9VvbxDTNEKhKSdK9Vwn0X5GpGaU47TipQoTQsdkiD1DBYlQ+dks89Q+McrADmNpRmh7pv6+yEik1CQKzGaeUS16ufivR4mgyBe+6/DKz5hIUo2Czp+HKbd1bOel2AMmkWo+MYRQyUx+m46IJFSb6iqmGHexhmXSPqu7ht9d1BrXRUVlOIJjOAUXLqEBt9CEFlBI4Ble4NV6st6sd+tjvlqyiptD+APr8wdphJn1</latexit>

Kibble-Zurek exponent:

<latexit sha1_base64="jWMPJVuKhFmJ8F5bf5lR2UpSUkg=">AAACInicbZDLSgMxFIYzXmu9VV26CQ6FuikzIuiy6MZlBXuBTi2Z9LQNTTJDkimWYZ7A1/AF3OobuBNXgmufw/Sy0NYfAh//OYdz8ocxZ9p43qezsrq2vrGZ28pv7+zu7RcODus6ShSFGo14pJoh0cCZhJphhkMzVkBEyKERDq8n9cYIlGaRvDPjGNqC9CXrMUqMtTqFYuCWAkHMQIkUHigzU19npzjQTODRfRqIJOsUXK/sTYWXwZ+Di+aqdgrfQTeiiQBpKCdat3wvNu2UKMMohywfJBpiQoekDy2LkgjQ7XT6nQwXrdPFvUjZJw2eur8nUiK0HovQdk4u14u1iflvjRJJgS9sN73LdspknBiQdLa8l3BsIjzJC3eZAmr42AKhitn7MR0QRaixqeZtMP5iDMtQPyv7lm/P3crVPKIcOkYnqIR8dIEq6AZVUQ1R9Iie0Qt6dZ6cN+fd+Zi1rjjzmSP0R87XD7RbpLk=</latexit>

<latexit sha1_base64="RPkYJdvDQ1Ytma7XqwY+P//VOsg=">AAACGnicbZDLSsNAFIYnXmu9RV2KMFgEQSiJCLoRim5cVrAXaEKZTCbt0JlJmJkINWTla/gCbvUN3IlbN76Az+GkzUJbfxj4+M85nDN/kDCqtON8WQuLS8srq5W16vrG5ta2vbPbVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXRf1zj2RisbiTo8T4nM0EDSiGGlj9e0Dj6fwEnqRRDgLoSfSPHPhSQHwIe/bNafuTATnwS2hBko1+/a3F8Y45URozJBSPddJtJ8hqSlmJK96qSIJwiM0ID2DAnGi/GzyjRweGSeEUSzNExpO3N8TGeJKjXlgOjnSQzVbK8x/axgJTNjMdh1d+BkVSaqJwNPlUcqgjmGREwypJFizsQGEJTX3QzxEJiVt0qyaYNzZGOahfVp3Dd+e1RpXZUQVsA8OwTFwwTlogBvQBC2AwSN4Bi/g1Xqy3qx362PaumCVM3vgj6zPHwt2n/0=</latexit>

RG for      dilute Bose gas
<latexit sha1_base64="Es3+BZnXzf/+I3l8nOX7HWlXAk0=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl040oq2Ac2oUymN+3QySTMTIQS+gH+gFv9A3fi1s/wB/wOJ20W2nrgwuGce7mHEyScKe04X1ZpZXVtfaO8Wdna3tndq+4ftFWcSootGvNYdgOikDOBLc00x24ikUQBx04wvs79ziNKxWJxrycJ+hEZChYySrSRPC8iehQE2cO0f9uv1py6M4O9TNyC1KBAs1/99gYxTSMUmnKiVM91Eu1nRGpGOU4rXqowIXRMhtgzVJAIlZ/NMk/tE6MM7DCWZoS2Z+rvi4xESk2iwGzmGdWil4v/epQIinzhuw4v/YyJJNUo6Px5mHJbx3Zeij1gEqnmE0MIlczkt+mISEK1qa5iinEXa1gm7bO6a/jdea1xVVRUhiM4hlNw4QIacANNaAGFBJ7hBV6tJ+vNerc+5qslq7g5hD+wPn8AlIyaEA==</latexit>

<latexit sha1_base64="Nw4iiIaiMMTE8CUYS1pflI/Plxc="></latexit>

<latexit sha1_base64="Qwaaw8oIFhrG6YliQwsqysSWJbc=">AAACCHicbZBLSgNBEIZ74ivGV9Slm8YgxE2YEUGXQRFcRjAPSMbQ06lJmnT3jN09QhxyAS/gVm/gTtx6Cy/gOewks9DEHwo+/qqiij+IOdPGdb+c3NLyyupafr2wsbm1vVPc3WvoKFEU6jTikWoFRANnEuqGGQ6tWAERAYdmMLyc9JsPoDSL5K0ZxeAL0pcsZJQYa/lX5eEx7mgm8PDusVssuRV3KrwIXgYllKnWLX53ehFNBEhDOdG67bmx8VOiDKMcxoVOoiEmdEj60LYoiQDtp9Onx/jIOj0cRsqWNHjq/t5IidB6JAI7KYgZ6PnexPy3R4mkwOeum/DcT5mMEwOSzo6HCccmwpNUcI8poIaPLBCqmP0f0wFRhBqbXcEG483HsAiNk4pn+ea0VL3IIsqjA3SIyshDZ6iKrlEN1RFF9+gZvaBX58l5c96dj9lozsl29tEfOZ8/tgmZeg==</latexit>

<latexit sha1_base64="41lMEAaxuRuBFbyhjr5GIY1cKWQ=">AAACFnicbZDLSgMxFIYz9VbrbdSVuAkWwU3LjAi6LLpxWcFeoDMOmTTThiaZIcmIZVp8DV/Arb6BO3Hr1hfwOUzbWWjrD4GP/5zDOfnDhFGlHefLKiwtr6yuFddLG5tb2zv27l5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwNam37olUNBa3epgQn6OeoBHFSBsrsA+8Bwo9RTkcKViBKsCju6ziiXQc2GWn6kwFF8HNoQxy1QP72+vGOOVEaMyQUh3XSbSfIakpZmRc8lJFEoQHqEc6BgXiRPnZ9AtjeGycLoxiaZ7QcOr+nsgQV2rIQ9PJke6r+drE/LeGkcCEzW3X0YWfUZGkmgg8Wx6lDOoYTjKCXSoJ1mxoAGFJzf0Q95FEWJskSyYYdz6GRWieVl3DN2fl2mUeUREcgiNwAlxwDmrgGtRBA2DwCJ7BC3i1nqw36936mLUWrHxmH/yR9fkD3/Ge6w==</latexit>

<latexit sha1_base64="C8amaNLILkHQuyXnpSTNARgs7LU="></latexit>

Experiments:
<latexit sha1_base64="R8mdYwfOPQmK0Ol1/kASs7l/9cc=">AAACB3icbZBLSgNBEIZr4ivGV9Slm8YguAozKsRl0I3LCOYBmRB6OpWkSXfP0N0jhJADeAG3egN34tZjeAHPYSeZhSb+UPDxVxVV/FEiuLG+/+Xl1tY3Nrfy24Wd3b39g+LhUcPEqWZYZ7GIdSuiBgVXWLfcCmwlGqmMBDaj0e2s33xEbXisHuw4wY6kA8X7nFHrrDCUKQkNl6R8WekWS37Zn4usQpBBCTLVusXvsBezVKKyTFBj2oGf2M6EasuZwGkhTA0mlI3oANsOFZVoOpP5z1Ny5pwe6cfalbJk7v7emFBpzFhGblJSOzTLvZn5b49RxVAsXbf9686EqyS1qNjieD8VxMZkFgrpcY3MirEDyjR3/xM2pJoy66IruGCC5RhWoXFRDhzfX5WqN1lEeTiBUziHACpQhTuoQR0YJPAML/DqPXlv3rv3sRjNednOMfyR9/kD4reZAg==</latexit>

CCM critical exponents
<latexit sha1_base64="b/cohnShE3H2AlvvwWV/x1sTd5A=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfWATymR60w6dTMLMRCihH+APuNU/cCdu/Qx/wO9w0mahrQcuHM65l3s4QcKZ0o7zZZVWVtfWN8qbla3tnd296v5BW8WppNiiMY9lNyAKORPY0kxz7CYSSRRw7ATjm9zvPKJULBb3epKgH5GhYCGjRBvJ8yKiR0GQPUz75/1qzak7M9jLxC1IDQo0+9VvbxDTNEKhKSdK9Vwn0X5GpGaU47TipQoTQsdkiD1DBYlQ+dks89Q+McrADmNpRmh7pv6+yEik1CQKzGaeUS16ufivR4mgyBe+6/DKz5hIUo2Czp+HKbd1bOel2AMmkWo+MYRQyUx+m46IJFSb6iqmGHexhmXSPqu7ht9d1BrXRUVlOIJjOAUXLqEBt9CEFlBI4Ble4NV6st6sd+tjvlqyiptD+APr8wdphJn1</latexit>

Keesling et. al., arXiv:1809.05540

<latexit sha1_base64="f2iwQ1+3hIQ/g/t1lnaadajeOzg=">AAACDHicbZBLSgNBEIZ74ivGR0ZdumkMgqswEwSzDLpxGcE8IBlCT6cnadIvunvEMOQKXsCt3sCduPUOXsBz2ElmoYk/FHz8VUUVf6wYNTYIvrzCxubW9k5xt7S3f3BY9o+O20amGpMWlkzqbowMYVSQlqWWka7SBPGYkU48uZn3Ow9EGyrFvZ0qEnE0EjShGFlnDfxyn6ewj5TS8hFWa/WBXwmqwUJwHcIcKiBXc+B/94cSp5wIixkyphcGykYZ0pZiRmalfmqIQniCRqTnUCBOTJQtHp/Bc+cMYSK1K2Hhwv29kSFuzJTHbpIjOzarvbn5bw8jgQlbuW6TepRRoVJLBF4eT1IGrYTzZOCQaoItmzpAWFP3P8RjpBG2Lr+SCyZcjWEd2rVq6PjustK4ziMqglNwBi5ACK5AA9yCJmgBDFLwDF7Aq/fkvXnv3sdytODlOyfgj7zPH/S3mqI=</latexit>

Kibble-Zurek exponent:

<latexit sha1_base64="jWMPJVuKhFmJ8F5bf5lR2UpSUkg=">AAACInicbZDLSgMxFIYzXmu9VV26CQ6FuikzIuiy6MZlBXuBTi2Z9LQNTTJDkimWYZ7A1/AF3OobuBNXgmufw/Sy0NYfAh//OYdz8ocxZ9p43qezsrq2vrGZ28pv7+zu7RcODus6ShSFGo14pJoh0cCZhJphhkMzVkBEyKERDq8n9cYIlGaRvDPjGNqC9CXrMUqMtTqFYuCWAkHMQIkUHigzU19npzjQTODRfRqIJOsUXK/sTYWXwZ+Di+aqdgrfQTeiiQBpKCdat3wvNu2UKMMohywfJBpiQoekDy2LkgjQ7XT6nQwXrdPFvUjZJw2eur8nUiK0HovQdk4u14u1iflvjRJJgS9sN73LdspknBiQdLa8l3BsIjzJC3eZAmr42AKhitn7MR0QRaixqeZtMP5iDMtQPyv7lm/P3crVPKIcOkYnqIR8dIEq6AZVUQ1R9Iie0Qt6dZ6cN+fd+Zi1rjjzmSP0R87XD7RbpLk=</latexit>

<latexit sha1_base64="RPkYJdvDQ1Ytma7XqwY+P//VOsg=">AAACGnicbZDLSsNAFIYnXmu9RV2KMFgEQSiJCLoRim5cVrAXaEKZTCbt0JlJmJkINWTla/gCbvUN3IlbN76Az+GkzUJbfxj4+M85nDN/kDCqtON8WQuLS8srq5W16vrG5ta2vbPbVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXRf1zj2RisbiTo8T4nM0EDSiGGlj9e0Dj6fwEnqRRDgLoSfSPHPhSQHwIe/bNafuTATnwS2hBko1+/a3F8Y45URozJBSPddJtJ8hqSlmJK96qSIJwiM0ID2DAnGi/GzyjRweGSeEUSzNExpO3N8TGeJKjXlgOjnSQzVbK8x/axgJTNjMdh1d+BkVSaqJwNPlUcqgjmGREwypJFizsQGEJTX3QzxEJiVt0qyaYNzZGOahfVp3Dd+e1RpXZUQVsA8OwTFwwTlogBvQBC2AwSN4Bi/g1Xqy3qx362PaumCVM3vgj6zPHwt2n/0=</latexit>



Summary
• QPTs seen in Rydberg arrays enable the study of chiral clock 

universality class

• The ideal QFT to study this universality class is written in 
terms of the “disorder parameter.” A controlled expansion 
exists with access to a nontrivial fixed point.

• Further work: tests of our assumed RG flow? 
• E.g. compute stability of U(1) DGB directly in one dimension
• Conformal perturbation theory around 3 -state Potts model?

• Chiral clock transitions in other systems? 


