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Comment on “Critical behavior of a traffic flow model”
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We show that the dynamical structure factor investigated by Reteas [Phys. Rev. B59, 2672(1999]
does not allow the determination of the precise nature of the transition in the Nagel-Schreckenberg cellular
automata model for traffic flow. We provide evidence for the existence of a crossover instead of a critical point.

PACS numbgs): 05.40—-a, 02.50.Ey, 89.4@:k, 05.60—k

In a recent paper Rotemt al. [1] investigated the dy- =2048. This is much smaller than the cutoff found in Ref.
namical structure factor [4] and lies well in the region where an algebraic decay is
found. Therefore the results of Refd] and[4] are consis-
2 tent, but the algebraic decay is not to be interpreted as an
> ) evidence for the existence of a critical point in the NS model.
In order to see the cutoff timeE>10* have to be consid-
ered. Therefore one should look at the long-time behavior of
very large systems. Here one finds a cutoff which depends
only on the randomizatiop, but not onL, N, or T.
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of the Nagel-Schreckenbei$S) model[2] of traffic flow.
This turned out to be an interesting quantity to look at. Along

a ridge with negative slope—corresponding to backwards There are several results which provide evidence for the

moving jams—an algebraic behav'&"(k’“’”w/kquk " existence of a crossover, i.e., a change from the free-flow to
of the structure factor is found above a transition denSity. the jammed phase without any nonana|ytic behavior.

This was interpreted as an indication of critical behavior. (1) A cutoff in the lifetime distribution{4]. This has been
Moreover, the transition was suggested to be at a wellgiscussed above. In R#] each car having a velocity less
defined critical pOint. In Ref[l] it is also claimed that the thanvmax before the randomization Step is jammed_ There-
results of Ref.[3] support their interpretation that “traffic fore the cutoff in the lifetimes should also be observable for
jams occur on all time scales.” all definitions of jams which count only a subset of those in

However, in Ref[3] Only the so-calledcruise-control Ref. [4]7 e.g., the one useﬁ]_]_ We expect the |Ong_time
limit was investigated which is known to organize itself into

a critical state. For the unmodified NS model of Ré] it

has been shown earlig¢4] that a cutoff in the lifetime dis-
tribution of jams nearr,=10000 exists for =5 (see
Fig. 1). Only for times smaller tham, the distribution ap- 107 t
pears to decay algebraically. Note that dengity0.1 is al-
ready well above the transition density. Refereftkedoes
not give a numerical value for the critical density. From 103 |
Refs.[5—7] (see also Ref[8]) we know that the transition
occurs below the density of maximum flow which pg, .«

=0.085+0.005 forvh,ax=5. This is also consistent with the 105 |
data presented in Fig. 3 of RgB]. We want to emphasize

lifetime distributions
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that the existence of the cutoff is no finite-size or finite-time 10° | Y
effect[4] but an intrinsic feature of the NS model. 107 |

For the calculation of the structure factor in REf] a - ~ = = A 5"- .
discretizationk=27m,/N and w=27m, /T (with integers 1 10 10 10 10 10 10

my, m,) is necessary. From Fig. 4 of Réfl] one sees that T

the largest value of considered was =2048. Therefore the FIG. 1. Lifetime distribution in the NS model far,,,,=5 and
longest lifetime contributing to the structure factor s  p=0.5. For details, see Rd#].
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behavior of the lifetime distribution to be independent of thebe explained why the algebraic behavior in the structure fac-
definition, whereas the behavior for small times might de-tor is observed in the whole high-density regime and not
pend strongly on this definition. only where the relaxation time diverges. The most plausible

(2) Spatial correlations do not show algebraic defaly interpretation of the results in Refl] is that the structure
Density-density correlations decay exponentially for all denfactor shows an apparent scaling behavior since the measure-
sities. The maximal correlation length diverges only in thement times have been significantly shorter than the charac-
limit p— 0. This is consistent with the existence of a critical tgristic lifetimes.
point at densityp.=1/(vmaxt1) in the deterministic case  Another result quoted in Ref1] in support of their con-
p=0 [10]. Forp>0 also the distribution of jam sizes shows ¢|ysjons, namely the interpretation of the observation of two
an exponential behavior. Therefore one does not find anyeaks in the distance-headway distribution in terms of two-
indication of critical behavior in the spatial direction in this hhase coexistendd 1], was after the publication of Reffi]
case. o withdrawn in Ref.[12] by pointing out limitations of the

(3) Measurements of the relaxation tiff®e-7]. The relax- analogy with the gas-liquid coexistence.
ation time suggested in Ref5] shows interesting behavior  Fyrthermore, we would like to point out that for higher
which is difficult to interpret in terms of critical point phe- g|ocities Umay the transition region becomes much nar-
nomena. While the maximal value of the relaxation time in-yq\wer. This can, e.g., be seen in the behavior of the funda-
creases as a function of the system siz_e, the width of thg,ental diagramgsee Fig. &) of Ref.[13]]. Therefore it is
transition region does not seem to shrinklote that the  ore difficult to detect the difference between a crossover
problems with apparently negative relaxation times occuyng g sharp transition for large, a,.
only far above the transition.This would mean that if the | conclusion, the careful analysis of the method of Ref.
relaxation time indeed goes to infinity far—o, the diver- 1] shows that their results, though interpreted as indication
gence occurs in an interval rather than at a spefitical) ~ f g sharp phase transition, are compatible with a crossover

point. However, in view of the lifetime measurements, one isype jamming transition conjectured using several other tech-
tempted to think that probably the relaxation times also conyjgyes.

verge to a large but finite asymptotic value for which the

system sizes used in the simulations were not sufficiently Part of this work was performed within the research pro-
large. Complicated interactions between finite lifetime jamsgram of the SFB 341Koln-Aachen-Jiich). Thanks are due
could in principle lead to divergent relaxation tim@s origi- to OTKA and Humboldt Stiftung for support extended to
nally suggested in Ref5]), however, it would still remainto  J.K.
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