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In this work, we study all the observed a, states and group them into the a, meson family, where their
total and two-body Okubo-Zweig-lizuka allowed strong decay partial widths are calculated via the quark
pair creation model. Taking into account the present experimental data, we further give the corresponding
phenomenological analysis, which is valuable to test whether each a, state can be assigned into the a,
meson family. What is more important is that the prediction of their decay behaviors will be helpful for

future experimental study of the a, states.
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I. INTRODUCTION

Among the observed lighthadrons, isovector tensor mesons
form the a, meson family, which has the quantum number
I6JP€ = 172+, In Particle Data Group (PDG) [1], seven
a, states are collected, i.e., a,(1320), a,(1700), a,(1950),
a,(1990), a,(2030), a,(2175), and a,(2255). Here, their
experimental information, including the resonance parame-
ters and the observed decay channels, is given in Table I.

a,(1320) can be well established to be the 13P, state
[4,5], which is the ground state of the a, meson family,
while a,(1700) is the first radial excitation of a,(1320)
[6-10]. As shown in Table I, there are five a, states listed
as further states in PDG. a,(1950) was observed in the
7f>(1270) decay channel by SPEC [2] when fitting it with
the Crystal Barrel data. In addition, a,(1950) was also
observed in the process pp — nnz [11]. Anisovich et al.
indicated that there exists a,(1990) [or named a,(1980)] in
the reactions pp — nn, pp — an’ [12]. Furthermore, in an
analysis combined with the consistent resonance parame-
ters in all three sets of data, (pp — 7z, /', 3r), the authors
in Ref. [2] updated their analyzed results, in which the
former resonances a,(1990), a,(2270) [12], a,(2100), and
a,(2280) [12] are replaced with a,(1950), a,(2030),
a,(2175), and a,(2255). Thus, in the 2002 PDG edition
[13], a,(1990) was still listed while the updated states
a,(1950), a,(2030), a,(2175), and a,(2255) were also
included [14]. In Ref. [15], the a, state with resonance
parameters, the mass M = 2050 £ 10 £ 40 MeV and width
I' =190 £ 22 + 100 MeV, was reported in the process
vy — ' nn°, where this a, is considered as the same state
as a,(2030). In addition, the observed a, resonance with
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the mass 2003 + 10 £ 19 MeV and width 249 23 +
30 MeV is treated as a,(1990) since its resonance param-
eters are close to those of a,(1990) [16].

Although many a, states were reported by experiments,
we notice that these states are not established, especially for
the states listed as further states in PDG, which is the main
reason why we are interested in the study of the a, states. Itis
obvious that the detailed information on the partial decay
widths of the a, states is helpful for further experimental
study on these. Comparing our theoretical results with the
measured resonance parameters, we can further test whether
they are suitably categorized into the a, meson family. In the
next section, we briefly review the possible assignments of
the states in the a, meson family. Considering the present
research status of these states, we notice that a systematic
and phenomenological study of the a, is still absent. Hence,
in this work we carry out the calculation of the Okubo-
Zweig-lizuka (OZI) allowed partial decay widths of these
states, where the quark pair creation (QPC) model proposed
by Micu [17] will be applied to the whole calculation. The
systematical study will give us the valuable partial and total
decay widths of the discussed a, states in detail.

This paper is organized as follows. In the next section,
we briefly introduce different categorizations of the states
in the a, meson family. Further, we calculate the corre-
sponding two-body OZI-allowed strong decays. After com-
bining the present experimental data with our theoretical
results, a phenomenological analysis will be given. The final
section is devoted to a summary of our work.

II. MASS SPECTRUM ANALYSIS
AND CALCULATION OF TWO-BODY
STRONG DECAYS

A. Mass spectrum analysis of the a, states

Before calculating the OZI-allowed two-body strong
decay widths, we briefly review the status of the mass

© 2014 American Physical Society
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The resonance parameters and observed decay channels of the a, states collected in PDG [1]. Here, the

states listed as further states in PDG are marked by the superscript f.

State Mass (MeV) Width (MeV) Decay channel
a,(1320) 1318.3%2 105.0§ zp, nn, KK, my,
7f,(1270), 7p(1450) [1]
a,(1700) 1732 £ 16 194 + 40 zp, mn, KK, nf,(1270), pw [1]
a,(1950)1 1950739 180757 nf2(1270) [2]
a5(1990)f 2050 + 10 + 40 190 4 22 4 100 an, o [2,3]
a,(2030)f 2030 + 20 205 =+ 30 xf>(1270), zn, 7y’ [2.3]
ay(2175)f 2175 + 40 310132 nf>(1270) [2.3]
a,(2255)f 2255 420 230+ 15 7f2(1950), 7 [2,3]

spectrum analysis of the a, states. Usually, the analysis of
the Regge trajectories can be an effective approach to study
the categorization of mesons. In Refs. [2,18,19], Anisovich
et al. studied the light meson spectrum via the analysis of
the Regge trajectories. As indicated in Ref. [2], a,(1320),
a,(1700), a,(1950), and a,(2175) can be assigned to 13 P,,
23P,, 3°P,, and 4° P, states, respectively, while a,(2030)
and a,(2255) are good candidates for the 13F, and 2°F,
states, respectively [2,3,20]. However, in Refs. [21,22]
a,(2175) was not included in their analysis. Alternatively,
a,(2255) is treated as the 4°P, state and a,(2310) as the
23F, state [22]. Recently, Masjuan et al. [14] pointed out
that a,(1950) and a,(2030) might be the same state. Their
analysis indicates that a,(1320), a,(1700), and a,(2175)
are 13P,, 2°P,, and 3P, states, respectively. Furthermore,
the 43P, state with the mass 2.42(17) GeV was predicted
in their trajectory analysis. The obtained assignments to
a,(2030) and a,(2255) in Ref. [14] are consistent with
those in Ref. [2]. In Table II, we summarize the three
different categorizations mentioned above.

B. Brief review of the QPC model

In this work, we study the two-body OZI-allowed
strong decays of the a, states under the three categoriza-
tions. In the following, we briefly explain the QPC model
adopted here. After the QPC model [17] was proposed,
this model was further developed by the Orsay group
of Le Yaouanc et al. [23-27]. Later, this model was
widely applied to study the OZlI-allowed strong decay of
hadrons [28-46].

TABLE II.
predicted states in the corresponding analysis.

For a two-body strong decay process, A — B+ C,
the corresponding transition matrix element can be
written as

(BC|T|A) = & (Pg + Pc) MMnMisMic, (1)

where Pp) denotes the three-momentum of the final
particle B(C). M, (i =A,B,C) is the orbital magnetic
momentum of the corresponding meson in the decay.
MMiaMigMic s the helicity amplitude. The T operator
reads as

T = —3y2<1m; 1 — m|00) / dp3dp453(P3 +ps)

<V (B e, ). @
where y is a parameter that takes the value 8.7 or 8.7/v/3
depending on whether the quark-antiquark pair created
from the vacuum is uii(dd) or s5 [43]. The quark and
antiquark created from the vacuum are marked by the
subscripts 3 and 4, respectively. i/j denotes the color
indices. The y, ¢, and w are the spin, flavor, and color wave
functions, respectively. In addition, V;,,,(p) = [p|Y . (P) is
the solid harmonic polynomial (see Refs. [47,48] for more
details). Using the Jacob-Wick formula [49], the helicity
amplitude MMuMsMsc can be converted into the partial
wave amplitude M/L(P), i.e.,

Different categorizations of the a, meson family. Here, the states with the superscript p are the

n>*L, A. Anisovich [2,3,20] V. Anisovich [21,22] Masjuan [14]
1P, a,(1320) a,(1320) a,(1320)
23P2 (12(1700) a2(1700) 02(1700)
3¥p, a,(1950) a,(1950) a,(2175)
#p, 4,(2175) 4,(2225) 4y(2420)P
13F, a,(2030) a,(2030) a(2030)
2F, a,(2225) a,(2310)” a,(2225)
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ai(p) = YL F]

T > (L0 My, [TaM,,)

My, M.

X (JgMy s JcM; |JaM ), YMMaMogMic - (3)

Finally, the decay width can be given by
r= 2Ll e @
m3 '
A JL

where m, is the mass of the initial meson A. In the concrete
calculation, we use the harmonic oscillator wave function
to describe the meson spacial wave function, where we

TABLE III.
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approximately take the harmonic oscillator potential to
describe the potential between the quark and antiquark
[50]. The harmonic oscillator wave function has the
following expression:

\Ilnlm(R’ p) = Rnl(R7 p)ylm(p)’ (5)

where R is a parameter, which is given in Ref. [33] for the
mesons involved in our calculation.

The two-body OZl-allowed strong decay channels,
which are allowed by the conservation law and calcu-
lated by us, are listed in Table III for a,(1320), a,(1700),
a,(1950), a,(2175), a,(2030), and a,(2255).

The OZI-allowed two-body decay channels of the discussed a, states. Here, p, w, , and #/ denote

p(770), w(782), n(548), and 1'(958), respectively. We use v' to mark the allowed decay channels.

channel a,(1320) a,(1700)

a>(1950)

a,(2030) a>(2175) a5(2255)

mm
mp

KK

o

b, (1235)
KK*
xf(1270)
xf1(1280)
an(1295)
PO
zf1(1420)
7p(1450)
an(1475)
fh(1525)
71,(1645)
KK, (1270)
na, (1260)
K*K*
1p3(1690)
a7(1300)
p(1700)
na,(1320)
KK, (1400)
KK*(1410)
KK,"(1430)
phy (1170)
pa; (1260)
wb, (1230)
7p(1900)
pr(1300)
pas(1320)
7f(2010)
7f4(2050)
KK, (1270)
7' a;(1260)
pw(1420)
KK*(1680)
02 (1670)
wp(1450)
pag(1450)

SENENEN

AN N N N N N N NN

A N N N N N N N N N N N N N N N NN
A N N N N N R N N N N N N NN NN

S N N N N N N N N R R N N N N N N N N N N N N N NN

S N N N N N N N N N N N N N N N N N N N N N NN NN

014001-3



PANG et al.

140f 1 251

120f
20f 1

100 KK

sof

60

40} -

0.5F 1
3.6 3.8 4.0 4.2 4.4 3.6 3.8 4.0 4.2 4.4
R (GeV™) R (GeV™")

20F

0

FIG. 1 (color online). The partial and total decay widths of
a,(1320) as the 13P, state dependent on the R value. Here, the
dashed line with the yellow band is the experimental total width
from Ref. [51]. All results are in units of MeV.

C. Phenomenological analysis of two-body decays

1. ay(1320), a,(1700), and a,(2030)

From Table II, we notice that different groups
obtained the consistent conclusion of the assignments
to a,(1320), a,(1700), and a,(2030), which are the
1°P,, 2°P,, and 13F, states, respectively. In the follow-
ing, we discuss the decay behaviors of a,(1320),
a,(1700), and a,(2030).

As for a,(1320), there are four allowed decay channels.
We present the dependence of total and partial decay
widths on the R value in Fig. 1, and compare the obtained
total decay width with the experimental data. The calcu-
lated total decay width of a,(1320) is consistent with
the experimental data measured by Ref. [51] when taking
R = 3.85 GeV~! [33]. Our result also shows that zp is the
dominant decay mode and 77 is another main decay mode.
Since there is the abundant experimental information on
a,(1320), we list the comparison between theoretical
and experimental results of five typical ratios and two
partial decay widths in Table IV, which indicates that our
calculation is comparable with the present experimental
data. Thus, a,(1320) as the 13P, state is well tested by
our study.

TABLE IV. The comparison between the calculated results and
the experimental data for a,(1320). I',, and I are in units of
MeV.

This work Experimental data
T/ Total 0.18 (0.15 4 0.04) [52]
Tk /Trowl 0.016 (0.049 + 0.008) [1]
Loy /T otal 54x1073 (5.340.9) x 1073 [1]
T /Ty 0.092 0.08 £ 0.02 [1,53]
Loy /T 0.030 0.032 £ 0.009 [1,54]

- 23 18.5+3.0 [1,55]

Tkx 2.1 7.0122 [1,55]

PHYSICAL REVIEW D 90, 014001 (2014)

From PDG [1], we also notice there were the meas-
urement results of a,(1320) — wzx and a,(1320) — 3,
where the breaching ratios of a,(1320) - wzz and
a(1320) - 3z can reach up to (70.1 £2.7)% and
(10.6 + 3.2)%, respectively. This information also stim-
ulates our interest in investigating these three-body
decays. The two-body decay behavior of a,(1320) indi-
cates that the zp channel is its dominant decay mode,
where p dominantly decays into 2z [branching ratios
B(p — nr) ~100%]|. In addition, the 27 in a,(1320) —
wrnr can be from the intermediate p. Thus, we consider
a,(1320) — zp — 3z and a,(1320) — wpwzr processes,
where the decay amplitudes of a,(1320) - zp and
a,(1320) — wp can be obtained by the QPC model.
And then we apply the general expressions for three-
body decays, i.e.,

(6)

r _ /'"A"”3 dE Ta_picl'po112
A—-B+C—1+2+C S 2” (E _ mB)2 + F32/4 )

where I'p is the total width of meson B and E is the energy
of particle B. By the calculation, finally we obtain
Fa2(1320)—>37t =90 MeV and Fa2(1320)—>mn+7z‘ =15 MeV,
which are comparable with the corresponding experimen-
tal data [1].

In addition, a,(1320) = 7%y can from a,(1320) —
atp — 'ty if one considers the vector-meson-dominance
mechanism. Since in this work we only focus on the
strong decays, we do not discuss the a,(1320) — 7%y
radiative decay.

As for a,(1700), more decay channels open as shown in
Table I1. In Fig. 2 we list the variation of the total and partial

7f,(1285)

n(1295)

p(1450)

nf;(1420)

by (1235)

(1475)
7£,(1270) 1 0.5 \u—il
N N " . 0.0 4
4.0 42 44 46 48 5.0 40 42 44 46 48 50
R (GeVh R (GeV'h)

o
o o
~
~
. =
€]

FIG. 2 (color online). The dependence of the partial and total
decay widths of a,(1700) as the 23 P, state on the R value. Here,
the dashed line with the yellow band denotes the experimental
total width given in Ref. [56]. All results are in units of MeV.
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TABLE V. The comparison of the theoretical and experimental
values for a,(1700). Here, I'rop, I'ry» kg are in units of MeV.

Item This work Experimental data
I otal 161 194 £40 [1]

| 35 9.54+2.0 [1,55]
Tkx 54 5.0£3.0 [1,55]
T/ Tap,(1270) 8.4 34+£04+£0.1[1,15]

decay widths of a,(1700) in terms of the R value. When
R = 4.35 GeV~! [33], the central value of the experimental
total width of a,(1700) from L3 [56] can be reproduced by
our calculation. The main decay modes of a,(1700) include
zp, pw, nn, and zb(1235). Additionally, zf(1285), z1,
7n'(1295), zp(1450), and KK are important decay chan-
nels for a,(1700). In Table V, further theoretical values of
Urotats Uaps Ukx> and Ty /T 5, (1270) are presented by making
the comparison with the corresponding experimental
results, where most theoretical values are consistent with
the experimental data if one considers the experimental
errors. The above study supports a,(1700) as a 2° P, state

in the a, meson family.

Along with investigating the decay behaviors of
a,(1320) and a,(1700), the reliability of the QPC model
can be further tested in this work, which makes us safely
apply this model to the remaining a, states.

PHYSICAL REVIEW D 90, 014001 (2014)

In the following, we illustrate the decay behavior of
a,(2030) as a 13F, state, where its total and partial decay
widths are shown in Fig. 3. Our calculation shows that
a,(2030) as a 13F, state has a very broad width, i.e., the
total width can reach up to (730 ~ 830) MeV correspond-
ing to R = (4.00 ~5.00) GeV~!, which is not strongly
dependent on the R value. When comparing the calculated
total width with the experimental result, we find that
the theoretical result is far larger than the experimental
width of a,(2030) [2]. At present, a,(2030) was only
reported in Ref. [2,15]. Thus, we suggest further exper-
imental study to measure the resonance parameters of
a,(2030), which is important to clarify the difference
between theory and experiment. From Fig. 3, we obtain
that zb,(1235), ph,(1170), zn,(1645), na,(1260), and
nf>(1270) are main decay modes of a,(2030), where
7f,(1270) was already observed in the Crystal Barrel
experiments [2,3,20]. The details of other decay informa-
tion of a,(2030) can be found in Fig. 3. The predicted
decay behaviors of a,(2030) are valuable to confirm this
state by future experiments.

2. The possibility of a;(1950) or a,(2175) as the 3°P, state

As shown in Table II, there are two possible candidates
for the 3P, state, i.e., a>(1950) and a,(2175). Thus, the
study of the decay behaviors of a,(1950) and a,(2175) is
helpful to distinguish these two possibilities. In Table III,
the allowed decay channels of a,(1950) and a,(2175) are
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FIG. 3 (color online).

4.0 4.2 4.4 4.6

R (GeV'h
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4.6 4.8 5.0

The variation of the partial and total decay widths of a,(2030) as a 13F, state in the R value. Here, the dashed

line with the yellow band is the experimental total width from Ref. [2]. All results are in units of MeV.
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FIG. 4 (color online).

The dependence of the partial and total decay widths of a,(1950) as the 33P, state on the R value. Here, the

dashed line with the yellow band is the experimental total width from Ref. [2]. All results are in units of MeV.

listed. In the following calculation, we separately discuss
the decay behaviors of a,(1950) and a,(2175) under the
33P, assignment.

In Fig. 4, we show the total and partial decay widths
of a,(1950) dependent on the R value. Here, the
calculated total width overlaps with the SPEC exper-
imental data [2] with R = (4.73 ~5.14) GeV~!. The
result of the corresponding partial decay width shows
that a,(1950) dominantly decays into zp, 71, pw, and 1’
(see Fig. 4 for more details). In addition, we also select

TABLE VI. The typical ratios relevant to the decay behavior
of a,(1950). Here, these results correspond to the range
R = (473 ~5.14) GeV~L.

Ratios Value Ratios Value
F,,/,/FTotal 0.229 ~ 0.364 F,,,?/FTotal 0.200 ~ 0.285
F/,w/FTmal 0.0613 ~ 0.0763 F,,a,/l”,,p 0.210 ~ 0.267
l“f,m/lﬂ,,,7 0.215 ~0.381 F,mr/l"Tmal 0.0520 ~ 0.0663
1",,,7//1“,,,7 0.233 ~0.260 l",,,,r/l“ﬂ,,, 0.681 ~ 1.08
F”bl(1235>/1—‘m7 0229 ~0333 Fﬂb](1235)/rm7/ 0881 ~ 143
Tkr /T total 0.0360 ~ 0.0449 I"KK/F,,,7 0.158 ~ 0.180
FKK/pr 0.472 ~0.732 FKK/F,,,?r 0.676 ~ 0.692

FKK/Fm](]29S) 0796 ~ 0897 FKK/FA' '1(1285) 0735 ~ 103

some typical ratios in Table VI that are weakly depen-
dent on the R values.

If a,(2175) is the 3°P, state, the obtained total decay
width can be fitted with the present experimental width of
a,(2175) when taking R = (4.20 ~4.72) GeV~!. Thus, its
partial decay behavior is crucial when we want to distin-
guish a,(1950) and a,(2175) as the 33P, state. Here, we
get that the main decay channels of a,(2175) are zp,
pa,(1320), and zn. The detailed decay information of
a,(2175) is collected in Fig. 5. By this study, we can see
that the partial decay behavior of a,(2175) is indeed
different from that of @,(1950). In particular, there are
slight differences in the corresponding typical ratios listed
in Tables VI and VII. We expect further experimental study
on a,(1950) and a,(2175) to confirm these theoretical
results in future.

3. The possibility of a,(2175) or a,(2255)
as the 4°P, state

The mass spectrum analysis [2,21] shows that both
a,(2175) and a,(2255) can be candidates of the 4°P,
state. In the following discussion, we combine the exper-
imental data with the calculated result to predict the partial

014001-6
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FIG. 5 (color online). The decay behavior of a,(2175) as a 33 P, state. Here, the dashed line with the yellow band is the experimental

total width given in Ref. [2]. All results are in units of MeV.

TABLE VII. The typical ratios relevant to the decay behavior
of ay(2175) as the 3P, or a 4°P, state, where we take
R = (420~4.72) and (5.46 ~ 5.78) GeV~! corresponding to
the 3°P, and 4P, states, respectively.

Ratios 3P state 4P state
I/ Trota 0.0483 ~ 0.289 0.350 ~0.377
L/ Total 0.107 ~0.164 0.140 ~ 0.180
b, (1235)/ Total 0.0443 ~ 0.0704 0.0345 ~ 0.0503
b, (1235)/ Tap 0.226 ~0.915 0.0885 ~ 0.144
p 1235)/ Ty 0.413 ~0.431 0.246 ~ 0.279
Lo /T Totar 0.0423 ~ 0.0693 0.0294 ~ 0.0396
T0/Tsy 0.146 ~ 1.27 0.0840 ~ 0.105
Cpo/Tay 0.268 ~0.570 0.163 ~0.282
Lo/ Tap,1235) 0.648 ~ 1.38 0.585 ~ 1.15
Tk /Trotal 0.0147 ~ 0.0285 0.0283 ~ 0.0332
Tk /Tsy 0.0984 ~ 0.304 0.0750 ~ 0.0947
Tkx /Ty 0.137 ~0.180 0.184 ~0.202
Tk /Tap,1235) 0.331 ~0.436 0.659 ~ 0.821
Tk /T e 0.240 ~ 0.673 0.715~1.14
Tk /Ty 0.525 ~0.577 0.582 ~ 0.602

decay width of a,(2175) and a,(2255) under the assign-
ment of the 4°P, state.

If a,(2175) is the 4°P, state, we find that the
obtained total decay width can reproduce the exper-
imental data in Ref. [2], where the R range is taken as
(5.46 ~5.78) GeV~!. The corresponding partial decay
widths are also listed in Fig. 6, which shows that zp
and sz are main decay modes. Further, giving more
abundant information to future experiments, we also
collect the typical ratios weakly dependent on the R
value in Table VII.

Similarly, we also get the total and partial decay widths
of a,(2255) as the 43P, state, which are shown in Fig. 7.
The main decay modes of a,(2255) as the 4* P, state are zp
and zzn. In Table VIII, we predict some typical ratios, which
can test the 4°P, state assignment to a,(2255) in future
experiments.

4. ay(2255) as the 2°F, state

Finally, we need to discuss the possibility of a,(2225) as
the 23 F, state by studying decay behavior. The comparison
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FIG. 6 (color online). The obtained total and partial decay widths of a,(2175) as a 43 P, state on the R value. Here, the dashed line with
the yellow band is the experimental total width in Ref. [2]. All results are in units of MeV.
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FIG. 7 (color online). The total and partial decay widths of a,(2255) as a 4°P, state. Here, the dashed line with the band is the
experimental total width from Ref. [2]. All results are in units of MeV.
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TABLE VIII. The typical ratios relevant to the decay behavior of a,(2255) as the 43P, state. Here, these results

correspond to the range R = (5.09 ~5.16) GeV~'.

Ratios Value Ratios Value
I/ Trotal 0.300 ~0.314 L/ Trotal 0.195 ~ 0.209
Try/Tap 0.620 ~ 0.696 Tp, (1235)/ Trotal 0.0651 ~ 0.0690
b, (1235)/ Tap 0.207 ~ 0.2300 Crap1235)/ Uy 0.330 ~0.334
Ly /Trotal 0.0623 ~ 0.0655 Cry /Ty 0.198 ~0.218
| ) . 0.314 ~0.320 | I ) 0.949 ~ 0.957
L 7(1295) /T rotat 0.0532 ~ 0.0565 Cry(1295)/ Ty 0.169 ~0.188
L1295/ Ty 0.271 ~0.273 Lry1295)/Tan, (1235) 0.817 ~0.819
T2 1295) /Ty 0.854 ~ 0.863 Tr,(1270)/ Trotal 0.0408 ~ 0.0443
Crr, 0270/ Tap 0.136 ~ 0.141 Loty 12700/ Ty 0.195 ~ 0.228
Trp,1270)/ Uiy (1235 0.591 ~ 0.681 Crpy1270)/ Ty 0.623 ~0.712
T2 r,(1270) /T ap1205) 0.722 ~ 0.834 Tkk /T ot 0.0335 ~ 0.0349
Tk /Tzp 0.107 ~0.116 Cri /Ty 0.167 ~0.172
gk /Trp, (1235) 0.505 ~0.515 Tki /Ty 0.532 ~0.538
Cxk /T ay(1205) 0.617 ~ 0.631 Tk /Trpy1270) 0.756 ~ 0.855
Lrr, (1285)/ Total 0.0313 ~ 0.0342 Cor (1285)/Tap 0.0996 ~0.114
Lrr (1285)/ Ty 0.161 ~0.164 Lrr(1285)/ Ui, (1235) 0.481 ~ 0.496
Trr (1285)/ Ty 0.502 ~ 0.522 Lrr,(1285)/ T zp(1205) 0.589 ~ 0.605
F,,fl(ugS)/Fﬂfz(mo 0.705 ~ 0.839 Trp1285)/ Tk 0.933 ~0.982
T2 (1450)/ Total 0.0201 ~ 0.0275 Trp1450)/Tap 0.0669 ~ 0.0875
Trp(1450)/ Ty 0.0962 ~ 0.141 T rp(1450)/ Tz, (1235) 0.291 ~0.422
Crp1450) /Ty 0.307 ~ 0.441 Lrp(1450)/ Tan(1205) 0.355~0.517
T2p1450)/Tapy (1270) 0.493 ~0.619 Trp1450)/Tkk 0.576 ~0.819
T2p1450)/ Tz, (1285) 0.587 ~0.878 T2, (1645)/ T Total 0.0268 ~ 0.0272
Lo 1645)/ Ty 0.0868 ~ 0.0893 L1645/ Ty 0.128 ~ 0.140
T 1645)/ T, (1235) 0.388 ~0.419 L1645/ Ty 0.409 ~ 0.438
T, (1645)/ Ty (1295) 0.474 ~0.513 Lo, (1645)/ Ty (1270) 0.614 ~ 0.657
Lo 1645)/ Tk 0.769 ~ 0.813 Loy 1645)/ g, (1285) 0.784 ~ 0.871
Ty 1645)/ Trp(1450) 0.992 ~ 1.33 Lo/ Trotal 0.0217 ~ 0.0225
Coo/T sy 0.0693 ~ 0.0751 | A . 0.108 ~0.112
Lo /Tap, (1235) 0.327 ~0.334 | YA 0.344 ~ 0.349
Lo/ Ty (1295) 0.399 ~ 0.409 oo /Tap,0270) 0.490 ~ 0.553
L,/Tki 0.645 ~ 0.649 Lo /Tap (1285 0.659 ~ 0.695
Lo/ Trp(1450) 0.792 ~ 1.12 Lo /Uy (1645) 0.798 ~ 0.841

between the calculated total decay width and the exper-
imental one of a,(2255) is shown in Fig. 8, which shows
that the experimental data cannot be reproduced, i.e., our
result is larger than the experimental value. There are two

possibilities for this:
(1) The 2°F, assignment to a,(2255) is not suitable.

However, before definitely adopting this conclu-
sion, a more precise measurement of the resonance
parameters of a,(2255) is necessary since there

014001-9

is only one experiment relevant to a,(2255) [2] at

present.
(2) If a,(2255) is a 2°F, state, the corresponding

partial decay widths are listed in Fig. 8. Here,
pw and pa;(1260) are main decay channels.
Thus, carrying out the search for these predicted
main decay modes will be helpful to clarity
whether a,(2255) as the 2°F, state is suitable
or not.
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FIG. 8 (color online).

The variation of the total and partial decay widths of a,(2255) to the R value. Here, a,(2255) is assigned to be a

23F, state. The dashed line with the band is the experimental total width from Ref. [2]. All results are in units of MeV.

II1. SUMMARY

In this work, we have systematically calculated the
two-body OZl-allowed strong decays of the observed
a, states when they are categorized into the a, meson
family. By comparing our results with the present exper-
imental data, the n>>*!L, assignments to the observed
states can be tested. What is more important is that in this
work we have predicted the partial decay widths of the a,
states, which provides important and valuable information
on further experimental searches for the a, states.

As indicated in the review of the experimental status of
the a, states in Sec. I, the experimental data of these states
are not abundant at present, especially the a, states with
higher mass. Hopefully our work can inspire the exper-
imentalist’s interest in exploring the a, states. We also

suggest future experiments to measure the resonance
parameters of the observed a, states since these parameters
are crucial to establish the a, meson family.

The BESII experiment and the forthcoming PANDA
experiment will be good platforms to carry out the
experimental study of a,, and we expect further exper-
imental progress on the a, states.
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