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1. C-IC transition problem in 2D classical systems

* Originally introduced independentely by Osltund, and Huse and Fisher.

Question: How does the melting of an ordered period-p phase into an
incommensurate one occurs and what is its nature ?

S. Ostlund, PRB 1981

« Adsorbed atoms on substrate lattices DRI IIHL?Z;—T%;JTTLIT;HII

David A. Huse and Michael E. Fisher, PRL 1982



Commensurate-Incommensurate transitions

* p>4:Either first order or two-step transition.
* p=347>

T A

IC

period-p

PT

KT

>

A
 p=2:no floating phase.

T A

chiral 1C

period-p

PT

KT

>
A

Pokrovsky-Talapov transition: 1, =1/2 v, =1 g=1/2

Chiral transition: v, = 5

Huse and Fisher PRL 1982

q— qo o |t|”



Method : extrapolation

A = 0.04, normal cut, high temperature regime

0.1
. . ®—O-@®—6—O60
Transfer matrix in <T> /CIL\ @ 0.08 |
H H 4 2 Nl oeo®o—6®
one direction \[/ =006l
0.04
\; = —63'—’&%'7 jeN* 0.02| | | | |
| 0 2 4 6 8
) -3
5 — 6_7 q = ¢2 <10
2

Linear extrapolation:

1 1
= b — e, —
g(X) gexact _|_ (X) 5 64 62
Q(X) = (exact T b/5/(X) 5/ — ¢4 — ¢2

Marek M. Rams, Piotr Czarnik, and Lukasz Cincio Phys. Rev. X 8, 041033




2. Three-state chiral Potts model : p =3

E = Z cos(Oryz — O + Ag) + cos(Orry — 0r)

0 €{0,27/3,4n/3}
Ag — 27T/3A

* Three-state Potts point: /A = ()

T. = 2/[2log(v/3 + 1)]
v =5/6

B =5/3
a=1/3



086l
N 0.84 ¢

0.82;

A o« |t|™

(a) A =0, Potts

0

HT : 0.833

—5/6

1T .0832

effective exponent

1.85

1.8

Q. 1.75¢

1.7 |

1.65

O([t]) =

dln A

(b) A =0, Potts

dinlt|’

If the transition is unique, can determine the critical temperature.

b B: i.662
—5/3

9 = lim 0(|¢t|)

1t|—0

(d) A =0, Potts

o 1—«
2/3




KT and PT transitions at large chiralit

Pokrovsky-Talapov transition: v, = 1/2 vy =1

1.2+

1.1+

09r

0.8¢L

A =0.28,T, = 1.2266 + 0.0001 normal cut
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e0666— |

¢ vy |
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T A

Close to the Potts point

A =0.04,T. = 1.4873 + 0.0001

0.75 1.6
1.55 é
&~
£ S
1.45
0 0.02 0.04 0.06
07 [ A
Ny $ @ : 0.667 vertical cut
0B : 0.663 other cut
2
3
0.65 -
o
0
0.6

0 0.01 0.02 0.03 0.04 0.05 0.06
(T —1T.)/T.

T, =1.4085 £+ 0.0001,A = 0.16
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Respect the hyper-scaling relation : Vy + Vy = 22—«

T A T A
chiral chiral
KT Exponent & KT
PT PT
N N
A =0.04,T. = 1.4873, ¢, = —1.37064 + 0.0002 075 A =0.16,T, = 1.4085 |
Potts
0.68 2/3 | 0.7k |
A = 0.04 vertical cut
067 | 3 vertical cut | 0.68 | |
0.66 . 066 L i
T oesy 1 7 oss o
. B O -
i ] — (o)
~ 0.64 . : 1090099 00— | 0 |
0.62 £00° o0 o)
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xzi *: 0.6 O e’ = —1.4329 — 0.002 0590 |
0.62 oZE : 5 ] Tl o e =-1.4329+0.002 008904
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| x_xg | | | | x&x | | | 1 |
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Phase Diagram

 Agreement with x-ray experiment

(Abernathy et al. PRB 1994) ol Po_t“;/é”i“t_ "
B — 0.66 + 0.05 1.55 F8=5/3—2=1 Chiral transition
_ 1} vy =83 wyel
Ve =— 065 :I:OO7 15} 622/3 a=1/3

vy = 1.06 + 0.07 2=3/2 ;=1/3

1.45

~ 14t « Lifshitz point
135 KT transition|
' PT transition !
. i C . v, =1/2 yy=1 _,
 Agreement with experimental realisation 137 B=1/2 a=1/2
on Rydberg atoms u =~ 0.38 . -

(Lukin et al. Nature 2019)
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3. Chiral Ashkin-Teller model : p =4

* Ashkin-Teller model 7,0 € {£1}

Hy = — Z 0,0 + T;Tj + )\0'7;0'3‘7'1'7']'
(,9)
1
1 =

2 — Zarccos(—\)1

=0 B>V
v=1 v =2/3

Ising universality class

Four-state Potts
universality class

* Chiral perturbation

H = Hy+ A E :(T:UH,yU:v,y - Uch,yTw,y)

L,y

T L I' T L) ] T ‘ I L |

0-5

4

-05

N

Baxter, Exactely solved models in Stat. Phys. 1992



No evidence of a unique transition!
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chiral
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A
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~ chiral transition

< Lifshitz line
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Phase diagram
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David A. Huse and Michael E. Fisher, PRB 1984



4. Hard-square model

n € {1,0} -\
bH =—-M Z Ng yMx4+1,y+1 — L Z Ny, yMx+1,y—1

T,y
Z = ZH 1—nzn] _BHHZ”’L' \\.L

{n} (4,9)

e Tricritical Ising
M,L >0

D. A. Huse, Journal of
Physics A, 1983

3L Three-state Potts

\

Tricritical Ising

* Integrable manifold 2 e

= (1— e_L)(l — e_M)/(eL+M — el — eM).

= 0
z 1 * Three-state Potts
g = UL 5v/5). N 7
(1 —zettM)2 2 N M <0,L>0
N AN M>0,L<0
Three-state Potts
R. J. Baxter, Journal of Physics A, 1980 4 5 0 ; .



. . 6 Period-th;‘é-a.., : T
* Classical equivalent to the hard-boson model e00e00e . Disordered
4+ cu 4
_ T
7‘[ = Z [—’w <dj + dj> + Unj + ananrg} 2k
j _ _
njnj—l—]_ — O. n] p— djd]. V 0 ............................................................................................................................
P. Fendley, K. Sengupta, and S. Sachdev, PRB 2004 27 Period.t
‘ eriod-two Tricritical Ising
251 | | 47 L YoX JoX YoX |
ll Ising transition\ 2 x 1 periodic o
|
ol ] 15 10 I 0 5
‘ U
l
| N. Chepiga, F. Mila, PRL 2019
L 1C Order-disorder line
150 |
\ /
i \
\
1L \\ Chiral transition 7 0-9
v 08535357800 ] SOCEET
\‘\\ J.J.J.J_J_J_J_I IIITTTTT
8 f 0.8+
0.5 \\Y\ Potts point Two-step transition | 0.751
\ 0.7 ?
\ - 39¢
|| 3 x 1 periodic T 0.65 [ 3 /j%%j %% |
! ‘ ‘ ‘ ‘ & B:0.65 - (a)
0 1 2 3 4 5 6 06— 0 :
V4

L=-M T—-1T, x1073



Conclusion

* Evidence of a chiral transition for p=3 of universality class:
(o, vz vy, B) = (1/3,2/3,1,2/3)

* Evidence of the existence of a chiral transition for p=4.
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