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Analyses of various experimental measurements all inglitaat the mixing angledk, of
K1(1270 and K{(1400 is in the vicinity of 33 or 57°. However, whethebx, is greater or
less than 45is still quite controversial. For example, there were twoywecent studies of the
strong decays ok; mesons. One group claimed ttéd, ~ 60°, while the other group obtained
6k, = (33.6+4.3)°. Since the determination of the mixing angtes, andap, with the former
(latter) being the mixing angle df (1285 (h1(1170)) andf1 (1420 (h1(1380) in the flavor basis
through mass relations dependséy, we show thatk, ~ 57° is ruled out as it leads to a too
large deviation from ideal mixing in th¥#®; sector, inconsistent with the lattice calculatioroaf,
and the observation of strong decay$1gf1 170 andhy(1380). We find that forfx, ~ (28— 30)°,
the correspondingsp, andasp, agree well with all lattice and phenomenological analySéss
again reinforces the statement tif ~ 33° is much more favored than 57
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1. Introduction

The mixing of the flavor-SU(3) singlet and octet states oftmeand tensor mesons to form
mass eigenstates is of fundamental importance in hadrdwisigs. According to the Appelquist-
Carazzone decoupling theorem, in a vectorial theory, amtms of a particle gets large compared
with a relevant scale, safyocp ~ 300 MeV, one can integrate this particle out and define a low-
energy effective field theory applicable below this scalp [Evidently, even thoughms is not
> Aqcp, there is still a nearly complete decoupling for the casesotar mesons, namelg,(770)
andw(892) states. A similar situation of near-ideal mixing occurstfaJ™ = 2++ tensor mesons
f(1275), 5(1525 and thel™ = 3~ mesonsws (1670, ¢(1850 and this can also be understood
in terms of approximate decoupling of the light+ dd state from the heaviesSstate.

In the quark model, two nonets df = 17 axial-vector mesons are expected as the orbital
excitation of theqq system. In terms of the spectroscopic notaé®htL;, there are two types of
P-wave axial-vector mesons, namefp, and'P,. These two nonets have distincti@quantum
numbers for the corresponding neutral mes@ns,+ andC = —, respectively. Experimentally, the
JPC = 17+ nonet consists ody (1260, f1(1285, f1(1420 andKja, while the I~ nonet contains
b1(1235, h1(1170), h;(1380 andKjg. The non-strange axial vector mesons, for example, the
neutrala; (1260 andb; (1235 cannot have a mixing because of the oppoSigarities. On the
contrary,Kia andKjg are not the physical mass eigenstaffes1270 andK; (1400 and they are
mixed together due to the mass difference of strange and digarks. Following the common

convention we write
( K1(1270) ) ~ < sinbk, cosbk, ) ( IK1n) ) (1.)
|K1(1400) cosfk, —sinbk, |Kig) | '
Various phenomenological studies indicate thatkhg Kig mixing angle6, is around either 33
or 57, 1 but there is no consensus as to whether this angle is gredtssathan 4%

We have shown in [2] that the mixing angde, can be pinned down based on the observation
that when thef;(1285-f1(1420 mixing angle6sy, and theh; (1170-hy (1380 mixing angle6:p,
are determined from the mass relations, they depend on thsam@kia andK;g, which in turn
depend orfk,. Since nearly ideal mixing occurs for vector, tensor and Bnesons except for
pseudoscalar mesons where the axial anomaly plays a urobpjehis feature is naively expected
to hold also for axial-vector mesons. Lattice calculatioh8y, and the phenomenological analysis

of the strong decays df; (1170 andh; (1380 will enable us to discriminate the two different
solutions for6, . In this talk we will elaborate on this in more detail.

2. Mixing of axial-vector mesons

There exist several estimations on the mixing arfillgin the literature. From the early ex-
perimental information on masses and the partial ratd§; (270 andK;(1400), Suzuki found

1As discussed in [2] and many early publications, the signiguity of 6k, can be removed by fixing the relative
sign of the decay constants i¢fa andKg. We shall choose the convention of decay constants in suclyahat6, is
always positive.
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two possible solution®k, ~ 33 and 57 [3]. A similar constraint 35 S 6, < 55° was ob-
tained in Ref. [4] based solely on two parameters: the md&selice between the (1260 and
b1(1235 mesons and the ratio of the constituent quark masses. Apsismalf 1 — K;(1270 v,
andK1(1400v; decays also yielded the mixing angle to4&7° or 58 [5].2 Another determi-
nation of6, comes from thef;(1289-f; (1420 mixing angle6sp, to be introduced shortly below
which can be reliably estimated from the analysis of theatad: decays;(1285 — @y, p%y [6].
A recent updated analysis yields, = (19.4752)° or (511732)° [7].3 As we shall see below,
the mixing angle6s, is correlated tod,. The correspondingdk, is found to be(31.7f§j§)° or
(56.3733)°. Therefore, all the analyses yield a mixing anfig in the vicinity of either 33 or 57.

However, there is no consensus as to whethelis greater or less than 451t was found in
the non-relativistic quark model thr:rnﬁ1A < mﬁls [10, 11, 12] and hencék, is larger than 45
Interestingly, 6k, turned out to be of order 34n the relativized quark model of [13]. Based on
the covariant light-front model [14], the value of5Was found by the analysis of [15]. From the
study ofB — K1(1270y andt — K1(1270v; within the framework of light-cone QCD sum rules,
Hatanaka and Yang advocated tBat = (344 13)° [16]. There existed two recent studies of strong
decays 0K1(1270 andK(1400 mesons with different approaches. One group obtatheds
60° based on théP, quark-pair-creation model fd; strong decays [17], while the other group
found 6k, = (33.6+4.3)° using a phenomenological flavor symmetric relativistic laagian [18].
In short, there is a variety of different values of the mixemggle cited in the literature. It is the
purpose of this work to pin dowé; .

We next consider the mixing of the isosingléP1 states,f;(1285 and f1(1420), and the 1P,
statesh; (1170 andh; (1380 in the quark flavor and octet-singlet bases:

|f1(1289) \ [ cosBsp, sSinbsp |f1) \ [ cosasp, sinasp, | fq) 2.1)
|f1(1420) |\ —sinByp, cosByp, | \ |[fs) |\ —sinasp, cosasy, | \ [fs) | 7

and

|h1(1170) Cosfp, Sinbip |hy) COSQp,  SiN1p Ihg)
= . = . , (2.2)
|h1(1380) —Sin6Gp, COSBip, |hg) —sinqip, COSAp, |hs)
wheref; = (ui+dd +s5)/v/3, fg = (UT+dd — 2s5)//6, fq = (u0+dd)/v/2, fs= sSand likewise
for hy, hg, hy andhs. The mixing anglex in the flavor basis is related to the singlet-octet mixing

angle 6 by the relationa = 35.3° — 8. Therefore,a measures the deviation from ideal mixing.
Applying the Gell-Mann Okubo relations for the mass squarkttie octet states

0Py =, = S(anf, —m8),  mE(Py)=nf, = (g, —mE),  (23)
we obtain the following mass relations for the mixing andles and 6, (for detalils, see [2])
8,
/e (%, 12— ) — g

2Note that the mixing angle results in [5] based on CLEO [8] @REL [9] data differ from the the ones obtained
in the CLEO paper [8].

3From the same radiative decays, it was folhel = (Sb”fé)o in [6]. This has led some authors (e.g. [10]) to claim
that 6k, ~ 59°. However, another solution, name8p, = (14.64_“‘5‘)O corresponding to a smallék,, was missed in [6].

tanBsp, =
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Table 1. The values of thef1(1285-f1(1420) andh;(1170-h;(1380 mixing angles in the quark flavor
(upper) and octet-singlet (lower) bases calculated ustpg(E.4) for some representatiga-Kig mixing
anglefy;.

6k, 57 571° 45° 33 30 28
Qsp, 16.5° 9.6° 2.4 —-137° -189° -235%5°
ap, | —530° -—-446° -211° —-64 38 24
B 52 45° 38 2z 16° 1z

1

Bip, —-18 -9 14 29 3z 33

e, — Mg,
\/mfpl(mﬁl + ”‘ﬁ/l — Mg, ) — ”ﬁln‘ﬁg 7

where f; and f; (h; andh;) are the short-handed notations fla(1285 and f1(1420 (hy(1170
andh;(1380), respectively, and

tanbup, = (2.4)

mﬁm = mﬁ1(14oq cos bk, + mﬁ1(127q sir? B, ,
MRy = M, (1400 SIN* Ok, + mﬁl(lzm) cos’ bk, - (2.5)

Itis clear that the mixing angle&p, and 6, depend on the masseskfa andKp states, which
in turn depend on thi;a-Kig mixing angled,. Table 1 exhibits the values ofp , 65, andasp,
6y, calculated using Eq. (2.4) for some representative valtiég,o

3. Discussion

We see from Table 1 that tH&a-Kig mixing angle 6k, ~ 57° corresponds t@up = —53°
which is too far away from ideal mixing for th&P; sector. Indeed, it is in violent disagreement
with the lattice resultip, = +(341)° obtained by the Hadron Spectrum Collaboration [19]. Since
only the mode# (1170 — prrandh; (1380 — KK*,KK* have been seen so far, this implies that
the quark content is primarilgs for h; (1380 andqq for h;(1170. Indeed, if6x, = 57°, we will
haveh; (1170 = 0.60nh — 0.80s5 and h; (1380) = 0.80nn -+ 0.60s5 with ni = (ul+ dd)//2. It
is obvious that the larges content ofh; (1170 andnn content ofh; (1380 cannot explain why
only the strong decay modés(1170 — prrandh; (1380 — KK* KK* have been seen thus far.
Therefore, it is evident thalk, ~ 57° is ruled out.

Can we conclude thalk, is less than 457 Let's examine the mixing angles,. There
are some information available. First, the radiative detd¥285 — @y and py yields as, =
+(15.833)° [7]. An updated lattice calculation givesp, = (27 2)° [20]. A study ofBgs —
J/@f1(1285 decays by LHCb leads s, = £(24.0753705)° [21]. Hence asp, lies in the range
+(15~ 27)°. Unlike the'P; sector, the deviation ofy(1285-f;(1420 mixing from the ideal one
is sizable. Nevertheless, the quark content is still prilyass for f1(1420 andqq for f1(1285.
Indeed,K*K andKK 7t are the dominant modes f(1420 whereasf;(1285 decays mainly to

the n rrrrand 4t states. It is clear from from Table 1 that whé ~ (28— 30)°, the corresponding



Mixing angle of Ky axial vector mesons Hai-Yang Cheng

asp, andaup, agree well with all lattice and phenomenological analySéss in turn reinforces the
statement thaflik, ~ 33" is much more favored than 57

Two remarks are in order: (i) Th€; mixing angle6k, ~ 57° leads to acceptables, but too
large asp, . (ii) In the octet-singlet basis, the mixing angles are afesifsp, ~ 15° and 6y, ~ 32°.

4. Conclusions

The Ky mixing angle 6k, ~ 57° is ruled out as it will lead to a too large deviation from
ideal mixing in the'P; sector, inconsistent with the observation of strong dechys (1170 and
h1(1380 and a recent lattice calculation 6f, . We found wherbx, ~ (28— 30)°, the correspond-
ing asp, andap, agree well with all lattice and phenomenological analy3éss again implies that
6k, ~ 33 is much more favored than 57
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