
error bars of the first and the last particles and the straight
lines joining them. Figures 1–6 illustrate these test zones
!regions enclosed by the dotted lines". A zone contains all
the possible straight lines crossing the error bars of the first
and the last particles. A Regge trajectory can be a straight

line if the error bars of all other particles intersect the zone.
In most cases, intersections are easily discernible by inspec-
tion. If ambiguity ever arises in borderline cases, an exact
numerical version of the zone test is used.
Suppose we are given a sequence of N mesons and their

values of mass square with errors, #Mi
2!dMi

2$. We calcu-
late the equation of the straight line connecting M 1

2"dM 1
2

and MN
2"dMN

2 and then the equation of the line connecting
M 1
2#dM 1

2 and MN
2#dMN

2 . These two lines define the
boundaries of the zone. For each J, we can calculate the
bounds to be intersected by the error bar to qualify as a linear
Regge trajectory. For a 3-particle trajectory in which the par-
ticles are labeled (1,2,3), the lower and upper bounds at J
$2 are calculated as

lb!3,2"$
!M 1

2#dM 1
2""!M 3

2#dM 3
2"

2 ,

!6"

ub!3,2"$
!M 1

2"dM 1
2""!M 3

2"dM 3
2"

2 ,

where lb(3,2) stands for the lower bound and ub(3,2) the
upper bound of particle 2 along a 3-particle trajectory. Simi-
larly, we can calculate the bounds of particles 2 and 3 along
a 4-particle trajectory as

lb!4,2"$
2!M 1

2#dM 1
2""!M 4

2#dM 4
2"

3 ,

!7"

ub!4,2"$
2!M 1

2"dM 1
2""!M 4

2"dM 4
2"

3 ,

FIG. 3. Meson Regge trajectory of the N$1, S$1 third triplet
states. Both a2(1320) and %3(1690) intersect the zone and hence
this trajectory passes the zone test. Linearity is supported by the
numerical zone test. The polynomial fit is M 2$0.0191J2
"1.0629J#0.4831 (GeV2). The negative vertical intercept corre-
sponds to a non-sense pole because J%1 is not allowed in an S
$1 state.

FIG. 4. Meson Regge trajectory of the N$1, S$1 third triplet
states. Both f 2(1270) and &3(1670) fail to intersect the zone. The
polynomial fit is M 2$0.0962J2"0.7042J#0.1837 (GeV2).

FIG. 5. Meson Regge trajectory of the N$1, S$1 third triplet
states. f 2!(1525) fails to intersect the zone. The polynomial fit is
M 2$#0.0879J2"1.5505J#0.4234 (GeV2).
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