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Comment on “Nature of Quantum Localization in
Atomic Momentum Transfer Experiments”

o
o -2

In a recent Letter, Latka and West [1] claim that quan- g
tum suppression of atomic momentum transfer seen in re- - 3
cent experiments [2] is not due to dynamical localization S AL

(DL). We contend that their arguments proceed from a
misunderstanding of both DL as well as aspects of the
experiment. This is compounded by erroneous numerical
results which invalidate their conclusions.

DL is a global mechanism for quantum suppression ofIG. 1. Final momentum distribution for = 0.36, A = 3.0,
diffusion characterized by exponentially localized eigen-f"(';r‘?ufr;OI %(16 S)taf'?zg Ofgo(r)')‘ aBgT;]n;m—uTOTquglrito?llri%)pzf:cli(et
States,or quasienergy states [3]. Ev_en n paradigm Sy%ﬁe Iong-tim% lizloquet Eanalysis (dotted line) are shown. The
tems like the standard map the localization lengtban  straight line is a fit to the exponential and differs from the
fluctuate substantially with the center of mass of thenaive prediction for the kicked rotor by a factor of 2, which is
eigenstates, relative to the heuristic estimate. It is only irwithin expected fluctuations in localization length. Momentum
the limit of an asymptotically large stochasticity parame-iS €xpressed in the scaled units defined in Ref. [2].
ter thatuniform DL occurs where the localization length
¢ becomes insensitive to the peak position of the eigentions, which is used to illustrate many of their arguments.
state. Away from this limit, DL is still a valid mechanism The saturated quantum momentum rms width we observe
as long as the phase space is predominantly chaotic. Aps considerably less than its classical counterpart, which
parently, Latka and West misinterpret DL to mean onlyalso disagrees with what is shown in Fig. 2 of Ref. [1].
uniform DL. Their numerical results for other are also incorrect.

The experimental initial conditions [2] average the The quantum kicked rotor, the paradigm for DL, has
fluctuations in&. For certain parameter regimes that arerecently been realized experimentally with ultracold atoms
predominantly chaotic, the final momentum distributions[4]. Diffusive growth of momentum is observed until the
are in excellent agreement with the predictions of DL.quantum break time followed by dynamical localization.
Even in regimes with small regular regions, the evolutionThough this system is conceptually simpler than the
from our initial condition can develop exponential tails modulated standing wave, it is important to stress that
which are well described by DL. By contrast, if the the observed effects are very similar for both systems.
overlap of the initial condition with the regular region Indeed, it is the universal nature of dynamical localization
is substantial, DL is not expected to apply as shown fotvhich makes it such an important effect.

A = 3.8 in the latter paper in Ref. [2]. ) ) .

The role of the momentum boundary in the modulated"- G- Raizen, Bala Sundaram, and Qian Niu
standing wave is also not understood in Ref. [1]. Reso- ?ﬁpﬂtmem of Pfh¥s'cs Aust
nant kicks occur when the atomic velocitymatches the A € University of Texas at Austin

. ) ustin, Texas 78712-1081
velocity of the standing wave cogr). Thus, whenp >
pmax = A, the kicks turn off and momentum growth stops
with important consequences. At= 1.52, though the Received 18 December 1995 [S0031-9007(97)02293-X]
classical phase space is chaotic, DL cannot be observéd*CS numbers: 05.45.+b, 42.50.Vk
there becaus& exceedspn.x, a feature which has to
be considered irany bound systemIn our system, a
boxlike momentum distribution results which is shown [1] M. Latka and B.J. West, Phys. Rev. Let5, 4202 (1995).
and discussed in Ref. [2]. [2] F.L. Moore, J.C. Robinson, C.F. Bharucha, P.E.

We have performed quantum simulations using both ~ Willams, and M.G. Raizen, Phys. Rev. Leff3, 2974
space-time integration and Floquet methods [2] for the ~ (1994); J.C. Robinson, C.F. Bharucha, F.L. Moore,
parameters and initial conditions of Ref. [1]. The Floquet ~ R: Jahnke, G.A. Georgakis, Q. Niu, M. G. Raizen, and

results provide the long-time averaged momentum distri- Bala Sundaram, Phys. Rev. LeTd, 3963 (1995).
P 9 9 [3] See, for example, articles i@haos and Quantum Physjcs

b!Jt,'O”S- The case of - 3'0, shown in Fig. 1 clearly ex- edited by M.-J. Giannoni, A. Voros, and J. Zinn-Justin
hibits exponential localization for both the methods we  (North-Holland, Amsterdam, 1991).

employed. The asymmetry in the line shape is due to thej4] F.L. Moore, J.C. Robinson, C.F. Bharucha, Bala
boundary. This is in sharp contrast with the boxlike dis- Sundaram, and M.G. Raizen, Phys. Rev. L&8, 4598
tribution reported by Latka and West, for the same condi-  (1995).
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