The chiral clock model,
duality,
and Kibble-Zurek dynamics of
ultracold Rydberg atoms

Harvard University
October 5,2018

Seth Whitsitt, Rhine Samajdar, and Subir Sachdev

PHYSICS

Most slides by Seth Whitsitt
Talk online: sachdev.physics.harvard.edu HARVARD



QP Ts in a Rydberg quantum simulator
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QP Ts in a Rydberg quantum simulator
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QP Ts in a Rydberg quantum simulator

Universal critical dynamics: quantum Tunelthrelghl transition at
Kibble-Zurek mechanism rate U:
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Probing quantum critical dynamics on a programmable
Rydberg simulator
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Chiral clock model
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For N > 2 we may introduce chiral
angles 0, ¢. G

Ostlund, PRB 24, 398 (1981).
Huse and ME Fisher, PRL 49, 793 (1982).

Claim: Rydberg crystal transitions described by CCM with ¢ = 0



Chiral clock model
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Fendley, Sengupta, Sachdev, PRB 69, 075106 (2004).
Samajdar et. al., PRA 98, 023614 (2018).



Chiral clock model
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Chiral clock model
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Chiral clock model
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Chiral clock model

M M—1
Heeoyv = —fz (TJ + 7. ) J (03 ]He o4 J;Ujﬂe_w)

j=1 j=1
For N 2 4, there is always an intermediate incommensurate phase.
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Early work on the N = 3 case was controversial, with theoretical and numerical
evidence for either an IC phase or a direct transition.

Ostlund, PRB 24, 398 (1981).

Huse and ME Fisher, PRL 49, 793 (1982).
Haldane, Bak, BOhr, PRB 28, 2743 (1983) Huse. PRB 24 5180 (1981)

|C: Schulz, PRB 28, 2746 (1983) DlreCt Selke and Yeomans, Z. Phys. B 46, 311 (1982).

Von Gehlen and Rittenberg, Nucl. Phys. B, 473 (1984) Howes, Kadanoff, den Nijs, Nucl. Phys. B 215, 169 (1983)
Huse, Szpilka, Fisher, Physica A 121, 363 (1983).



Chiral clock model
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Recent DMRG studies for Zs3 give very strong evidence for direct transition!
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Zhuang, Changlani, Tubman, Hughes, PRB 92, 035154 (2015).
Samajdar et. al.,, PRA 98, 023614 (2018).
Chepiga and Mila, arXiv:1808.08990



Floating phase versus chiral transition in a 1D hard-boson model

Natalia Chepiga! and Frédéric Mila?

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.
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QFT for chiral clock model

What i1s the critical field theory? First try: write the most general theory for order
parameter with appropriate symmetries.
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In perturbation theory, the field condenses at nonzero momentum.
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QFT for chiral clock model

What i1s the critical field theory? First try: write the most general theory for order
parameter with appropriate symmetries.

d s o2™/N @ d(x,7) > P (—x,7)
Sa :/d:z: dT[‘@T(I)‘Q + 0, ®@|? + i, ®* 0, P + s|P|?
Ful®]! A (@Y + (0)V) 4

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

B(k) ~ (k = ko (@(2)2(0)) ~ e



Chiral clock model: duality
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Chiral clock model: duality
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Same algebra as the original variables. Bulk Hamiltonian takes the form:
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QF T for chiral clock model
Hcom = —JZ (%jew T _19> fz (O'J 6T6J+1)

What is the QFT in terms of “disorder parameter” o ~ W 7

Note ¢ = 0, and now 6 is a Berry phase in the kinetic term.



QF T for chiral clock model
Hcom = —JZ (%jew T _19> fz (a] 6T63+1)

What is the QFT in terms of “disorder parameter” o ~ W 7

Note ¢ = 0, and now 6 is a Berry phase in the kinetic term.

_ )\ )

Describes the quantum phase transition associated with the onset
of a single boson condensate, (¥), in the presence of a background
N boson condensate ((IV) £ 0, on both sides of the transition).
This Bose gas transition is dual to the direct transition from the Zy
ordered phase to the disordered phase of the original chiral clock
model in d =1




Field theory for Zjp density wave ordering
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field theory for Bose condensation in the presence
of a background /N boson condensate

Note: this is not a Wick rotation—
there is a crucial difference in the factor of 7 !!



Numerics on a 7z dilute Bose gas

DMRG simulations on a Bose
gas transition with 74
symmetry breaking
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Clear evidence for a direct transition between gapped phases,
without an intermediate gapless incommensurate phase



RG for Zy dilute Bose gas

/i3 CCM critical exponents

- Exponent | LO | NLO

E(k) ~ k p 1.87 | 1.57
B % 0.60 | N/A

§~ s — 57" n 0.03 | 0.11

(U (x,0)¥(0,0)) ~ |z|~(@F==2+m)

Kibble-Zurek exponent:

# (excitations) ~ v*

B dv
H = 1 +vz
U~ .28



RG for Zy dilute Bose gas

/i3 CCM critical exponents

Kibble-Zurek exponent:

Exponent | LO | NLO # (excitations) ~ v*
Z
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RG for Zy dilute Bose gas

B(k) ~ k?
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/i3 CCM critical exponents

(U (x,0)¥(0,0)) ~ |z|~(@F==2+m)

Numerics:

Exponent | LO | NLO
z 1.87 | 1.97
% 0.60 | N/A
N 0.03 | 0.11

2z~ 1.33

v~ .71

Kibble-Zurek exponent:

# (excitations) ~ v*

B dv
H = 1 +vz
U~ .28

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



RG for Zy dilute Bose gas

/i3 CCM critical exponents

B(k) ~ k?
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Exponent | LO | NLO
2 1.87 | 1.97
% 0.60 | N/A
N 0.03 | 0.11

(U (x,0)¥(0,0)) ~ |z|~(@F==2+m)

Experiments:

L~ .37

Kibble-Zurek exponent:

# (excitations) ~ v*

B dv
H = 1 +vz
U~ .28

Keesling et. al., arXiv:1809.05540



Summary

QP Tsseen in Rydberg arrays enable the study of chiral clock
universality class

The ideal QFT to study this universality class i1s 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?



