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QP Tsin a Rydberg quantum simulator
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The PXP model: (V; = o00,V,>5 = 0, P projects out nearest-neighbor boson

states)
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These models were motivated by ‘ti

ted lattices’ of bosonic atoms, and predicted a

Zo quantum transition which was o

pserved in J. Simon, W. S. Bakr, Ruichao Ma,

M. Eric Tai, P. M. Preiss, M. Greiner, Nature 472, 307 (2011).
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Rydberg atoms on the square lattice: theory
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Rydberg atoms on the square lattice: experiment
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Quantum criticality of Ising model in 2+1 dimensions

Quantum critical
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Quantum criticality of Ising model in 2+1 dimensions

Quantum critical dynamic susceptibility in an ex-

pansion in € = 3 — d
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with I' a universal constant.
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Quantum criticality of Ising model in 2+1 dimensions

Quantum critical dynamic susceptibility in an ex-
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Quantum criticality of Ising model in 2+1 dimensions

For hw ~ \/ekpT and e small, we can use a semi-classical approach.

Equal time correlators
In a classical theory, equal time correlators are independent of the dynamics, and depend only upon
the potential energy. The classical ®* field theory has potential energy
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The partition function at a temperature 7' is

Z = /Dcpexp( V[Tq)]>

and a typical correlator of interest is the equal time structure factor
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S. Sachdev, PRB 59, 14054 (1999)




Quantum criticality of Ising model in 2+1 dimensions

Matching to determine couplings
Let us assume a square lattice of spacing a. A key assertion is that results are independent of the

lattice as a — 0 a single mass renormalization. This renormalization is equivalent to replacing R by
R, where

5_p_ TU /W/a dk,.dk, 1
B 2 4% (2/a?)|2 — cos(kya) — cos(kya)| + R

—7/a

After all lattice results are expressed in terms of R, then the claim is that no further renormalizations
are needed, and the limit a — 0 exists, and is independent of the lattice choice. Notice that we
assume that R > 0, and that as R ranges from 0 to +00, R ranges from —oo to +00. The values of
R and U are determined by matching to static properties of the quantum critical point.

S.Sachdev, PRB 59, 14054 (1999)
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are needed, and the limit a — 0 exists, and is independent of the lattice choice. Notice that we
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R and U are determined by matching to static properties of the quantum critical point.

Classical dynamics
We introduce a conjugate momentum field II(x) with the Poisson bracket

{@(2), L(y)}p.p. = 0°(z — y)

and the Hamiltonian
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Quantum criticality of Ising model in 2+1 dimensions

where c 1s a velocity. The partition function is now extended to
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The equations of motion are
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By integrating these equations of motion, we can obtain the dynamic structure factor

Sy (k. w) = / 021 / 0t (B (. £)B(0,0)) e~ ika=wt)

Here the average (-) is over thermal initial conditions defined by the partition function Z.

S.Sachdev, PRB 59, 14054 (1999)



Quantum criticality of Ising model in 2+1 dimensions

where c 1s a velocity. The partition function is now extended to

®, I1
Z:/DCI)DH@X]Q( P, ]> .
T
The equations of motion are

0P 5

i

ot ©

Ol1 ~ U

— =V*® - R 0k

ot 6

By integrating these equations of motion, we can obtain the dynamic structure factor
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Here the average (-) is over thermal initial conditions defined by the partition function Z.

Precise numerical results to appear by
Julia Wei, Matthew Dodelson,Anders Sandvik... S.Sachdev, PRB 59, 14054 (1999)




