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Study of a{(980)- f,(980) mixing from a{(980) — f,(980) transition
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Various processes have been proposed previously to study aJ(980)-f((980) mixing through the
f0(980) — a5(980) transition. Here we investigate in detail the difference between a)(980) — f,(980)
and f((980) — a)(980) transitions. It is found that the aJ(980) — f,(980) transition can provide addi-
tional constraints to the parameters of a$(980) and f,(980) mesons. A proposal is made to study
ad(980)-£(980) mixing from the x. — 7°a)(980) — 7°f,(980) reaction at the upgraded Beijing

electron positron collider with the BESIII detector.
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I. INTRODUCTION

More than 30 years after their discovery, today the
nature of light scalar mesons f(980) and a9(980) is still
in controversy. They have been described as quark-
antiquark, four quarks, KK molecule, quark-antiquark-
gluon hybrid, and so on. Now the study of their nature
has become a central problem in the light hadron
spectroscopy.

In the late 1970s, the mixing between the a(980) and
f0(980) resonances was first suggested theoretically in
Ref. [1]. Its mixing intensity is expected to shed important
light on the nature of these two resonances, and has hence
been studied extensively on its different aspects and pos-
sible manifestations in various reactions [2—16].
Unfortunately, no firm experimental determination on
this quantity is available yet. Obviously, more solid and
precise measurements on this quantity are needed, such as
by a polarized target experiment on the reaction 7~ p —
n7'n [4], J/ decays [6,15], and dd — anm® reactions
from WASA-at-COSY [12]. In Ref. [15], we pointed out
that the a$(980)-£,(980) mixing intensity can be precisely
measured through the J/¢ — ¢ f((980) — ¢a)(980) —
¢mar® reaction at the upgraded Beijing electron positron
collider with the BESIII detector.

In all these previous proposals, the f,(980) is produced
first, then transits to the a)(980) by the a3(980)-/,(980)
mixing, i.e., £o(980) — aJ(980) transition. In this article,
we investigate in detail the difference between a)(980) —
£0(980) and £,(980) — a3(980) transitions. We define two
kinds of mixing intensities &, and &, for the f,(980) —
a3(980) and af(980) — f(980) transitions, respectively.
We find there are some differences between them. We find
that £, has more dependence on the parameters of
f0(980), especially the g/xx/g¢rrs» While the &7, has
more dependence on the parameters of a)(980), especially
8akk/ 8amn- For this reason, using the reaction of J/ —
b £0(980) — $ad(980) — pnw® to study only the
£0(980) — a)(980) mixing is not perfect enough. For bet-
ter determination of all relevant parameters for the f,(980)
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and a)(980) mesons, it would be useful to find some
reaction to study a(980) — f((980) mixing in addition.
Recently, the CLEO collaboration reported an experimen-
tal study of the y.; — 7" 7 m reaction [17]. The ag (980)
resonances are clearly showing up and dominant. From
isospin symmetry, x.; — 7°a9(980) should be produced
with the same rate as y.; — 7~ a, (980). This may provide
a nice place for studying the a9(980)-/((980) mixing from
the a)(980) — f,(980) transition by the x. —
7°af(980) — 70£((980) — 7 77 reaction. From our es-
timation, more than 300 events can be reconstructed by the
BESIII detector in the narrow peak with a width of about
8 MeV around the mass of 990 MeV in the 77 invariant
mass spectrum.

In the next section, we give a brief review of the theory
for the a9(980)-£,(980) mixing term. Then in the Sec. III
we define two mixing intensities and tell the differences of
mixing intensity. In Sec. IV we estimate the rate for the
reaction of y,., — #°7rr. Finally we give a summary in
Sec. V.

IL. THE a%(980)-f,(980) MIXING AMPLITUDE

The basic theory for the a3(980)-£,(980) mixing was
already pointed out by Achasov and collaborators [1]. For
the nearly degenerate a(980) (isospin 1) and £,(980)
(isospin 0), both can decay into KK. Because of the isospin
breaking effect, the charged and neutral kaon thresholds
are different by about 8§ MeV. Between the charged and
neutral kaon thresholds the leading term to the
a(980)-£,(980) mixing amplitude is dominated by the
unitary cuts of the intermediate two-kaon system and
proportional to the difference of phase spaces for the
charged and neutral kaon systems.

Considering the a$(980)-f,(980) mixing, the propagator
of a)(980)/f((980) can be expressed as [2]

1 D, D,
6=po—mnoalp: ) O
DD, — |DI*\Doy Dy

where D, and D, are the denominators for the usual
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propagators of a)(980) and f,(980), respectively:
D, = mg — s = i/s[T(s) + T p(s)], 2

Dy=m? =5 —is[[hn(s) + The(®] (3

cm(s) gab\c/_ pbc(s)’ (4)

pre(s) = [1 = (my — m)/sI1 — (my, + mo)2/s). (5)

The D, is the mixing term. From [1,4], the mixing due to
KK loops gives

8a%980)K T K~ 8 £, (980)K K~ .
Daf,KK =— 16770 {ilpk+k-(s)

p%(()]go (s)} (6)

— progo(s)] — O(p% . . (s) —

Since the mixing is mainly coming from the KK loops,
we have D,y = D,gg, and this is the amplitude of
a(980)-£,(980) mixing. From Eq. (6), D, + becomes large
only when /s is between 2M g+ and 2M o, so it is a narrow
peak with the width of about 8 MeV.

III. TWO TYPES OF REACTION AND MIXING
INTENSITY

A. Two types of reaction of a(980)- f,(980) mixing

There are two types of reaction which can be used to
study  a9(980)-£,(980)  mixing: X — Yf((980) —
Yad(980) — Y77 and X — Yad(980) — Y f,(980) —
Y.

For the reaction X — Yf((980) — Ya}(980) — Y#'n
as shown by the Feynman diagram in Fig. 1, the influence
of various X and Y on the a3(980)-£,(980) mixing can be
removed by its comparison to the corresponding reaction
X — Yf,(980) — Y77 as shown in Fig. 2. We define the
mixing intensity &, for the f(980) — a{(980) transition
as the following:

Y
X .
» 71_()
i ag
0(980) 0(980
n
FIG. 1. The Feynman diagram of X — Yf,(980) —

Ya$(980) — Y.
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FIG. 2. The Feynman diagram of X — Yf(980) — Ymar.
AT x_y 1,(980)—Ya0(980)—¥ 75 (s)
ffa(s) = - : ’ (7)

dFX —Yf,(980)—=Ymm(s)

where s is the invariant mass squared of two mesons in the
final state. With Eqs. (1)—(6), one can get &,(s) as

|Daf|2r(717'
pals) = 7 (8)
¢ |Da|2F{T7T
_ | 8atxr k- 8rkrk |2 pgrk-(5) = progo(s)I®
gagwongfoﬂ'oﬂ'o 3p7T7T(S)p7T77(s)
1
X m2—s . g"8K+K 2Pkt k() PKOKU 2
Hop Al P s e 1 1)
)
Similarly, for the reaction X — Ya{(980)—

Yf(980) — Y7rm, we define the mixing intensity &,, for

the a3(980) — f,(980) transition and get its formula as the
following:
AUy 0980~ Y £, (980) =Y mr(s)
ar(s) = i , (10)
X—>Yag(980)—>Y7ro7/(s)
_ | 8ajkr K 8okt K" 2pgrg-(s) = progo(s)|?
gagﬂ'ongfoﬂ'oﬂ'o 3/’7777(5),07777 (S)
1
X 2 8 P pKo 0
S /(K+K 2Pkt k") 4 PR (s) 2’
| — iR P S o )
(11)
We can redefine that
_ 2
Rf - |gf0(980)K+K7/gf0(980 770770' ’
(12)

Ra:|80 KK/ga |2,

o(980) 00080) ™

= pK*K’(s)/pﬁn(s)’
(13)

A
Ay = Prk(5)/3Pn(s) Al
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B{:y) = pKOKO(s)/?’pﬂ'n'(s)’ B?x) = pKOKO(s)/pﬂ'n(s)’

(14)
C(fs) = (m]% - s)/l"{m\/g, E‘S) = (m2 — S)/p;m\/gy
(15)

H(v) = |pK+K’ (S) - pKOKO(s)lz/(3p7777(s)p7r'r](s))- (16)

The D, becomes large when /s is between the 2M g+
and 2M go. In this mass range, A{S ) and AE‘S) are real, mean-

while B-{S ) and BE‘S) are imaginary; then &, and £, become

R,R; X H
f f 12 2’
(C(S) + Ry X |B(S)|) + (1 +RpX Am)

Eqap(s) = (17)

RaRf X H(s)

Erals) = .
T+ Ry X UBE DY + (1 + R, X ALY

(18)

B. Predictions of £, and &/, from various models and
experiment information

From the equations given above, one can see that the
mixing intensity [£] depends on g,0(980)k k> 8,980k K>
840(980) 77> 8 £,(980) 707> 1ML f> and m,. Various models for the
structures of a3(980) and £,(980) give different predictions
for these coupling constants and mass [14,18-20] as listed
in Table I by Nos. A-D. There have also been some
experimental measurements on these coupling and mass
constants [22-29] as listed by Nos. E-H. The correspond-
ing predictions for £,r and &, from these various theo-
retical and experimental values of the coupling constants
are calculated. In the calculation, the masses for K+, K°,
7%, and n are taken from PDG2008 [30] as mg+ =
493.7 MeV, mygo = 497.7 MeV, m, = 135.0 MeV, and
m, = 547.5 MeV, respectively. We give the value of &,
and £, at /5 = 991.4 MeV in Table I and the dependence
of a)(980)-£,(980) mixing intensities £, and &4, Vs two-

TABLE 1.
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meson invariant mass in Fig. 3. There is obviously some
difference between these two mixing intensities.

C. Discussion on the difference of two mixing intensities
ga f and § fa

We know from Egs. (17) and (18), if the Cfs), R; X Bés),
and R; X AES) (i = a or f) are much smaller than 1, we will
have &,0(s) = &7,(s) = R,R; X H(;). Then from these
mixing intensities we only get R,R; no matter which
type of reactions one makes the measurement.

However, are these quantities really much smaller than
1? For /s between 2M g+ and 2M o, /s = m;, we have

Cés) = (m,2 - S)/(Fim,(n)\/;)
= (m; — ) + D/ V)

~ 2(m; — \/E)/r;-ﬂ-(ny (19)

Here Fim(n) is about 100 MeV from many experiments,

m; ~ 980 MeV, then one gets C€4M2 y = —0.14 and
. K+

CE4Mf(0) = —0.30, which are not so small.
For R; X Bj,) and R; X A{y with A{, ;» | = IB;WKO)I =0,
¢«  ~|pa _ R _

A(4M§(0) ~ |B(4Mf(+)| 0.201, and A(4M20) lB(4Mi+)|

0.044, since from Table I the smallest R, and R, are 0.5
and 5.7, respectively, among various experimental deter-
minations, the R; X |B{, | and R; X A{, are also larger than
0.1 and are not small enough to be neglected.

Then from Egs. (17) and (18), one can see that besides
the common numerator, £, has additional dependence on
the parameters of f,(980) while £/, has additional depen-
dence on the parameters of a)(980).

From the above analysis, we understand why &,/ is
different from £, as shown in Table I and Fig. 3. Both
mixing intensities depend on six parameters: mg, m,,
8a0080)K K> o800k K> 8al(980)n0n> &f,(980)n070> Which
are all important for understanding the nature of the
a(980) and £,(980) mesons, but are not well determined

Moogo) (MeV),  my 930 (MeV), and coupling constants g, ., (GeV), g, x+x- (GeV), gng+x- (GeV), and

gm0 (GeV) from various models (A-D) and experimental measurements (E-H), and calculated values of |,/ and |£/,| at /s =

991.4 MeV by Egs. (17) and (18).

No. Model or experiment m, Saymy Gaok* K- my 8 fymnd 8fK K- 1€l [€4r]
A gg model [14] 983 2.03 1.27 975 0.64 1.80 0.023 0.010
B g% model [14] 983 4.57 5.37 975 1.90 5.37 0.068 0.062
C KK model [18,19,21] 980 1.74 2.74 980 0.65 2.74 0.21 0.15

D qgg model [20] 980 2.52 1.97 975 1.54 1.70 0.005 0.006
E SND [22,23] 995 3.11 4.20 969.8 1.84 5.57 0.088 0.089
F KLOE [24,25] 984.8 3.02 2.24 973 2.09 5.92 0.034 0.025
G BNL [26] 1001 2.47 1.67 953.5 [27] 1.36 [27] 3.26 [27] 0.019 0.014
H CB [28] 999 3.33 2.54 965 [29] 1.66 [29] 4.18 [29] 0.027 0.023
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FIG. 3 (color online). Predictions for the a)(980)-(980) mixing intensity &, and £, vs two-meson invariant mass from various
models A—D (left) and various experimental measured parameters E-H (right).

yet. Therefore to measure §,; in addition to &, will be
very useful for pinning down these parameters.

To further demonstrate the importance of measuring &, ¢
in addition to £, a typical example is given as follows.

For two sets of parameters given in Table II, we can see
that the set No. 1 is close to the SND values in Table I. The
set No. 2 changes the not well measured g,xx and gsgx in
their experimental uncertainties. We plot the correspond-
ing diagrams of a{(980)-f,(980) mixing intensities &,
and £y, vs two-meson invariant mass M, as shown in
Fig. 4. The two sets of parameters give almost identical
yq but very different &,

IV. POSSIBILITY OF MEASURING &, ({ FROM
Xe1 — 7°a)(980) — 70 £,(980) — wlma

The Feynman diagram for the reaction y, —
70a3(980) — 7°£(980) — 7 a7 is shown in Fig. 5.
The invariant amplitude for this reaction is

D
_ f
‘MXCI—>7T+7T_7TO - g,\/clag(980)770 Sﬁ(bfl(pﬂ'“ - pfo(980)) DfaDa
X V38, 950) 2 (20)

The coupling constant g, 40(980)7° Can be determined by

. + +
the reaction y,. — Ao980) T

TABLE II. Two typical parameter sets for a3(980) and f,(980).

No. m, MeV) g,y (GeV) g, kg (GeV) my (MeV) g 0.0 (GeV) gp g+~ (GeV)

1 980 3.2 4.2 980 1.5 4.0

2 980 3.2 3.0 980 1.5 5.12

970 980 990 1000 1010 970 980 990 1000 1010
0.12 r v 0.12 0.12 . ; 0.12

= FOR NO.1 = FOR NO.1
0.104 Jo.10 0.10- Jo.10
0.08 0.08 0.08- Jo.08
W5 0.064 006 % 0.061 J0.08

0.044 0.04 0.04- J0.04
0.024 0.02 0.02- J0.02
0.00 . ! . 0.00 0.00F—=———, . —==0.00

970 980 990 1000 1010 970 980 990 1000 1010

M,(MeV) M,(MeV)

FIG. 4. Diagrams of a8(980)— f0(980) mixing intensity &, and £, vs two-meson invariant mass with parameter sets No. 1 and No. 2

of Table II.
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diagram  for  x. — 7%a}(980) —

2 2
ng(,-laﬂ(980)7T°| o |g/"f'”gtoso)7f|

12aM? T

Yo by BTy, —

|3

. _
o0s0)™ )

= (21)
|pa+

0(980)

According to Ref. [30], M)((_l = 3510.66 MeV, F)m =
0.89 MeV, and Br, ., +, = (5.2%0.6) X 1073. The
Xel — aot(%o) 7+ gives the dominant contribution of about
75.1% [17]. So we have Br(, _,+ ) =0.0052X

0(980)

0.751/2 =2 X 1073, From the formulas of Egs. (1)—(6)
and parameters of setting No. H listed in Table I, we can
Calculate BrXpl_’77008(980)—””0/(0(980)—’77077'77" It iS 46 X 1076

and the invariant mass spectrum of 7w*#7~ for y, —
70a3(980) — 7°£,(980) — #%a 7~ is shown in Fig. 6.

The branching ratio of reaction ,, — yx,.; is 0.088
[30]. At the upgraded Beijing electron positron collider
with BESIII detector, about 3.2 X 10° #,, events and
hence about 2.8 X 108 y,., events can be collected per
year. From the branching ratio of y. — 7’77 = 4.6 X
10~°, more than 1200 events are expected to be collected.
Considering the reconstruction efficiency of 30%, more
than 300 events can be reconstructed for this channel.
Since all these events should concentrate in a narrow
region of about 8 MeV around 990 MeV in the 7* 7~
invariant mass spectrum, the narrow peak should be easily
observed; hence, £, should be able to be measured by this
reaction.
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FIG. 6. #t#~ invariant mass spectrum for y, —

m0af(980) — 7°£((980) — 707t 7.

V. SUMMARY

Various processes have been proposed previously to
study a)(980)-f((980) mixing through the f(980) —
a(980) transition. In this article we investigate in detail
the difference between a)(980) — f((980) and £,(980) —
ad(980) transitions. Two corresponding mixing intensities
&.p and &y, are defined. It is found that, besides the
common numerator, the £,, has additional dependence
on the parameters of f((980) while £, has additional
dependence on the parameters of a)(980). Therefore to
measure the a(980) — f((980) transition in addition to
the f((980) — a9(980) transition will be very useful for
pinning down these parameters. We examine the possibil-
ity of measuring the a9(980)-£,(980) mixing from y., —
w7 for &,5 at the upgraded Beijing electron positron
collider with BESIII detector and find it is feasible.
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