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/—[ Motivation ]—\

Start with a one-dimensional ion
chain in an axial harmonic trap.
Add an axial optical lattice potential,
strong enough to localize the ions but
weak enough to allow tunneling be-
tween lattice sites. The optical lat-
tice cannot be commensurate to the
ion chain because of the nonuniform
ion spacings. Can a quantum glass
transition be observed when the lat-
tice potential is increased?

/—[Tunnellng ]—\

In an optical lattice, the kinetic energy 5 [ m IS re-
placed by the tunneling operator t(S + s )
in terms of the variables of Eq. (2).

The tunneling amplitude is bounded by the
recoil energy: 0 < 4p2t Er = % Sup-
pressed tunneling can be interpreted as an in-

creased effective mass m = ( Eg=4p?t)m:
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/—[ Spin Model ]—\
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/—[ Metastability ]—\

B Trapped Coulomb lattice gas : V(i,j)= |lj|
Trapped lattice gas with interactions V(ij) = expl[-li-jl]
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N = 50ions in an axial harmonic trap under
single-particle stochastic dynamics; the sys-
tem is cooled down to T = Qin steps of DT.

At nite cooling rate, the ions get trapping in
metastable states.

Coulomb long-range interactions enhance
metastability.

/—[ Realization ]—\
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Setup: axial harmonic trap and axial optical lattice
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Potential: In the absence of any standing wave, the ions arrange in a one-dimensional chain, minimizing

the scaled potential energy
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Lattice: A strong optical lattice restricts the ion positions to lattice minima, X = Xi0+ | s withs 2 Z,
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On-site interactions are D;
2
0 6/% 1.

1:2A;:i+1. The axial elds H; are quasi-random, with hH;i

i< i=1

Oand hH?i

Restricting each ion to a small number of sites
near equilibrium! effective spin model with
a transverse eld for tunneling.

For 5 = %: one-dimensional random- eld

Ising model has no ordered phase; in general
we do not expect an ordered phase.

DMRG methods can be used on transverse-
eld spin systems, much more ef cient than
continuum path-integral Monte Carlo calcula-
tions.

Glassiness has two ingredients:
disorder: the axial elds H; in Eq. (2)
are fairly random

degeneracy: many ions have a choice
of two almost isoenergetic lattice sites

The zero-point motion of the ions without the
optical lattice must span several lattice sites
per ion (i.e., h & p), or else there is no tun-
neling between lattice sites. This calls for very
shallow traps and short-wavelength optical lat-
tices:

N = 31%Be* ionsina 2l = 300nm opti-
cal lattice: axial trap frequency < 13kHz
N = 31%He" ionsina 2l = 205nm opti-

cal lattice: axial trap frequency < 62kHz

Temperatures on the order of the trap fre-
quency can be achieved by sideband cooling.
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/—[ Connectivity ]—\

low-energy Iattlce states from Eq. (2) for N = 15|ons

horizontal: L1 distance of states from the lattice ground state
vertical: energy in units of max Aj:i+ 1
lled dots: metastable states
| To lowest order in the tunneling amplitude t,

only lattice states of distance ks, Snki=1
are connected, i.e., a single ion hopping by a
single lattice site.

| If the optical lattice is switched on rapidly,
the system is trapped in any of a number of
metastable states .

/—[ Conclusions ]—\

One-dimensional ion chains in optical
lattices have metastable states, with
broken ergodicity at low temperature
and small tunneling rates suggesting
a glassy phase .

| Cooling simulations on Coulomb
chains show possibility of rema-
nence in in nite systems

| Control over the effective ion mass al-
lows detailed study of quantum melt-

ing.




