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Constraint on axial-vector meson mixing angle from the nonrelativistic constituent quark model
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In a nonrelativistic constituent quark model we find a constraint on the mixing angle of the strange axial-
vector mesons, 352 6, =<55°, determined solely by two parameters: the mass difference o ttad b,
mesons and the ratio of the constituent quark ma$S&656-282(97)50215-3
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. INTRODUCTION B(7—vK;)=(1.17"33) X 10 2. 3

It is known that the decay of the=3 1°P; and 1'P;  Alemany[9] combines the CLEO and ALEPH daffa0] to
mesons,K;(1270) andK;(1400), with masses 12%#3/  gptain

MeV and 1402=7 MeV, respectively 1], satisfies a dynami-

cal selection rule such that B(7— vK,)=(0.77£0.12 X 102, (4)
*
T'(K1(1270 ~Kp)>T'(K1(1270 —K* ), which is smaller, but consistent with, the TPC/Two-Gamma
. results. Conversely, the claim from the CLEO Collaboration
I'(K1(1400 —K* m)>I'(K{(1400 —Kp), is that ther decays preferentially into thi&;(1270). If one
. . . assumes, however, that the production of Kg1400) is
which, foIIowmg.the classmal g)fample of neutral kaons, SU8%avored over that oK,(1270) by nearly a factor of Pas
gests a large mixingwith a mixing angle close to 45%e-  ¢o15,y5 from Eqs.(1) and (2) if the experimental errors are
tween thel =3 memb_ers of two axial-vector apd nonets, ignored, one would arrive at~33° [7]. A very recent
Kia andKyg, respectively, leading to the physidsh and  55vsis by Suzuki of the experimental data on the two-body
K states[2]. Carnegieet al. [3] obtained the mixing angle decays of thel/ ¢ and ¢’ into an axial vector and a pseudo-
fx=(41+4)° as the optimum fit o the data as of 1977. In agcajar meson from the BES Collaboratifhl] shows that
recent paper by Blundelet al. [4], who have calculated 4y yajue off, between 30° and 60° can be consistent with
strong Okubo-Zweig-lizuka{OZI-) allowed decays in the ihe 110~ modes of both thel/ and ¢’ that have been so
pseudoscalar emission model and the flux-tube-breaking,, measured12].
model, theK,,-Kyg mixing angle obtained is=45°. Theo- The purpose of this work is to consider thga-K ;5 mix-
retically, in the exact SUB) limit the K, andK g states do  jng within the framework of a constituent quark model. In
not mix, similarly to theirl =1 counterpart®, andb,. As oy previous paperil3,14 this model was successfully ap-
for thes-quark mass greater than theandd-quark masses, pjied to P- and D-wave meson spectroscopy in order to ex-
SU(3) is broken and these states do mix to give the physicapjain the common mass near-degeneracy of two pairs of non-
K; andKj. If the K;, andK ;g are degenerate before mix- gtg (13P,, 13P,), (1°D,, 13Ds), in the isovector and
ing, the mixing angle will always be&)x=45° [5,6]. As  jsodoublet channels, as observed in experiment, and to make
pointed out by Suzukj7], the data orKzrm production in predictions regarding the masses of missing and problematic
T deca:y may confirm or refute this simple picture: if oo "iates. As we shall see, the nonrelativistic constituent
0=45°, production of the<,(1270) andK(1400) would o,5k model provides a very simple constraint on kha-
be one-to-one up to the kinematic corrections, since in e miving angle determined solely by the mass difference
SUE) limit only the linear combination [K1(1270)  qfihe isovector counterparts of the corresponding nonets, the

+K1(1400))/y2 would have the right quantum numbers to a, and b; mesons, and the ratio of the constituent quark
be produced there. After phase-space correction, thgasses.

K;(1270) production would be favored over tKg(1400)

one by nearly a factor of 2. However, current experimental
data are very uncertain. The measurements made by thd- NONRELATIVISTIC CONSTITUENT QUARK MODEL

TPC/Two-Gamma Collaboration giveé] In the constituent quark model, conventional mesons are
B 041 s bound states of a spin 1/2 quark and spin 1/2 antiquark
B(7—vK1(1270)=(0.41559 X 104, (1) bound by a phenomenological potential which has some ba-

sis in QCD[15]. The quark and antiquark spins combine to

B(7— vK,(1400)=(0.76' 039 X 1072, (2)  give atotal spin 0 or 1 which is coupled to the orbital angular

momentumL. This leads to meson parity and charge conju-

gation given byP=(—1)-*1 and C=(—1)""S, respec-
*Electronic address: BURAKOV@PION.LANL.GOV tively. One typically assumes that tlggy wave function is a
"Electronic address: GOLDMAN@T5.LANL.GOV solution of a nonrelativistic Schdinger equation with the
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generalized Breit-Fermi Hamiltoniam g, 1 1)/ dVy(r) dVgr)
Vis= 113 -
2mim, r dr dr
Hertdn(N)=[HintV(p,r)J¥_n(r)=Eqgn(r), (5

BFwn [ kin p ]lr// nwn +(m2—m1)2{dvv(r)_dVS(r)”L .
where  Hyn=m;+my+p?2u— (1Um3+1/m3)p*8, u 2mym, | dr dr !
=m;m,/(m;+m,), m; and m, are the constituent quark 2
masses, and to first order in/c)?=p2?c?E?=p?/m?c?, M2~ M E(dVV(r) _ dVS(r))L-S_EVE—S‘FVES.
V(p,r) reduces to the standard nonrelativistic result 4m2m3 r\ dr dr

(12
V(p,r)=V(r)+VsstV s+ Vr, (6)

Since two terms corresponding to the derivatives of the po-
with V(r)=Vy(r)+Vs(r) being the confining potential tentials with respect to are of the same order of magnitude,
which consists of a vector and a scalar contribution, andhe above expression faf,’s may be rewritten as
Vgs, Vis, and V; the spin-spin, spin-orbit, and tensor

terms, respectively, given HyL5] L1 1(,,dVv(r) _dv_S(r) L
LS S
2mim, r dr dr
2
Ve S AVy(T), 7 (mp—m,)
ss—gmlmzsl SAVy(r) (7 x| 1+ B, X0(1)|. (13)
2 . P-WAVE MESON SPECTROSCOPY
LS 5— | {L(Mmy+my)“+2mym,]L - S,
4mim; We now wish to apply the Breit-Fermi Hamiltonian to the
V(1) P-wave mesons. By calculating the expectation values of
+(m2—md)L-S_} v ~[(m2+md)L-S, different terms of the Hamiltonian defined in Eq$), (11),
dr and (12), taking into account the corresponding matrix ele-
ments(L -S) andS;, [15], one obtains the relatiorid,13]
+(mi—md)L-S ]dVS(r)> ®
2 71 —odr )7 M(®Pg)=Mq+7(Vs9—2(V/9)—(V7),
1 /1 dVy(r)  d2Vy(r) M(P2)=Mo+ (Vs9 +(V(s) — 15(V1),
VT:lZT] m \F dr dr? St2: © 1 +y, 1
12 r M(ap)=Mo+3(Vs9 —(V g +3(V1),
HereS,=s,+s,, S_.=s,—5,, and M(by)=Mo—3(Vs9,
M (K
N ECRDICTIN 10 ( ( f))
2=\ T 3912 (10) M(K3)

Mo+3(Vsd —(Vi9+3(Vr)  V2(Vig)

For constituents with spis;=s,=1/2, S;, may be rewritten —
V2(Vie) Mo—3(Vs9

in the form

(S‘I’)Z ) x(KlA)’
S22 35— %], S=Si=sts. (D Kig

whereM | stands for the sum of the constituent quark masses
Since (n;+m,)2+2m;m,=6m;m,+(m,—m;)?, mi+ms  and binding energies in either case. TWg; term acts only
=2m;m,+(m,—m,;)?, the expression foV, s, Eq. (8), onthel =1/2 singlet and triplet states giving rise to the spin-
may be rewritten as orbit mixing between these stateand is responsible for the
physical masses of thi€; andK;. The masses of thK
andK,g are determined by relations which are common for
The most widely used potential models are the relativized mode&ll eight | =1,1/2 P-wave mesonsb;, a,, a;, a,, Kig,
of Godfrey and Isguf16] for the qg mesons, and Capstick and K§, Kia, andK3 :
Isgur[17] for the qqq baryons. These models differ from the non-
relativistic quark potential model only in relatively minor ways,
such as the use ¢f,;,= \/m21+ p21+ \/m22+ p22 in place of that given 2The spin-orbit®P,-*P, mixing is a property of the model we are
in Eq. (5), the retention of then/E factors in the matrix elements, considering; the possibility that another mechanism is responsible
and the introduction of coordinate smearing in the singular termdor this mixing, such as mixing via common decay channéls
such assé(r). should not be ruled out, but is not included here.
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are included in the effective mass parameter which appears
(14 also in the denominators of the hyperfine interaction terms in

3
M(*Py)=m;+my+Eq—

4 mm,’ o .
e the case of a scalar confining potential. The analyses of ex-
1 a 2p c perimental data suggest that the nonstrange and strange
M(CPg)=m;+m,+Eq+ — quarks are mainly subject to the scalar part of the confining

4 mm, mm, mm,’

(15 potential (whereas charmed and bottom quarks are more

dominantly affected by the Coulomblike vector part5].
1 a b c Moreover, the generality of the arguments by Cohen and
M(Py)=m;+my+Eg+ — - + , Lipkin [20] allows one to apply them to any partial wave.
4mm, mm,  2mm, Therefore, the constituent quark masses can be defined for

(16) any partial wave, through relations of the form in E¢{sl)—

1 b (17); in this case they vary with the energies of the corre-
3p.)= a ¢ di levels. Such depend f th
M(P,)=m;+m,+Eq+ — + - , sponding mass levels. Such an energy dependence of the

4mm,  mm, 10mm, constituent quark masses was considered in Héfs.27.

(17 Also, a QCD-based mechanism which generates dynamical
wherea, b, andc are related to the matrix elements of duark mass growing witl. in a Regge-like manner was
Vss, Vis, andVy [see Eqgs(7), (9), and(13)], and assumed considered by Simonof23]. . . .
to be the same for all of thE-wave statesk, is a nonrela- We note that one could, in _pr|nC|pIe, fit th_e measured
tivistic binding energy which may in general be absorbed in"asses of th&-wave mesons with the conventional values
the definition of a constituent quark majsk3,14. We as- of the quark masses,=306 MeV ands=487 MeV _Wh'Ch
sume also S(2) flavor symmetry:m(u)=m(d)=n, m(s) serveS-wave meson spectroscop¥3], pemg used in Egs.
—s (14)—(17) along with nonzeroE,. In this case, as shown

The correction td/fs in the formula(13), because of the below, the final constraint will be tightened at most.
difference in the masses of tlreand s quarks, is ignored. It follows from Eqgs.(14)—(17) that
Indeed, these effective masses, as calculated from(Edjs-

(17) in the case wher&, is absorbed into their definition, da =M(Py)+3M(3P,)+5M(3P,) —OM(}Py),
are’ m;m,
(21
3b,;+ay+3a;+5a,
n= o7 , (18) 120
=5M(®P,)—3M(°P)—2M(®Py), (22
m;m,
6K 1+ 2K% + 6K 2+ 10KE —3b; —ap— 33, — 5a,
> 24 ' N VIET P VIC RS VIES 23
(19) 5m1m2 - ( l) ( O) ( 2) . ( )

With the physical values of the meson mas§asGeV), a; By expressing the ratim/s in three different ways, viz.,
=b;=1.23, ap=a,=1.32, K;4=Kyg=1.34, Kg=K3 dividing the expression&1) and (23) for the |=1/2 andI

=1.43, the above relations give =1 mesons by each other, one obtains the relations
n=640 MeV, s=740 MeV, (20 N K§+3Koa+5K5 —9Kyg  5K3 —3Kia—2K3
so that the abovementioned correction, according toE), S ap+3a;+5a,—-9b; Sa;—3a;—2ag
is ~1007/(2X 640X 740)=1%, i.e., comparable to isospin * |k
B . 2KO + K2 - 3K1A
breaking on the scale considered here, and so completely  — ) (24)
negligible. 2ap+ta,—3a;

In the expression$20), the nonrelativistic binding ener- )
gies are absorbed in the constituent quark masses. The samidollows from the last relation of Eq(24) that
constituent quark masses appear also in the denominators of
the hyperfine interaction terms in Eq44)—(17). Since this (K3 —Kg)(az—a)=(K3 —Kp)(a;—ag). (29
is usually done only for the loweSwave states, we briefly
review the precedent and argument for the generality of theshis formula explains the common mass degeneracy of the
forms. scalar and tensor meson nonets in the isovector and isodou-
It was shown in[18] that a pure scalar potential contrib- blet channels. Using now Eq&4) and(25), one arrives, by
utes to the effective constituent quark mass. Bag models sugtraightforward algebra, at
gest that the kinetic energy also contributes to the effective
constituent quark mass in the case of no potefti@l. These n_ Kia—Kip 26
results were generalized further by Cohen and Ligida] s  a;—by °
who have shown that both the kinetic and potential energy
This relation is an intrinsic property of the model we are
considering; it depends neither on the values of the input
3In the following, a, stands for the mass of thwg, etc. parametersn,s,a,b,c, nor the presence d, in the rela-
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tions (14)—(17). We shall now use this relation in order to The value ofA is determined by current experimental data

obtain a constraint on thi€;,-K ;g mixing angle. on thea; and b; meson massefl]: a;=1230+40 MeV,
b;=1231+10 MeV. Therefore A<50 MeV, and one ob-
IV. CONSTRAINT ON THE Kja-Kig MIXING ANGLE tains, from Eq.(34),
Since, on general groundss<s, it follows from Eq.(26) 33.6°<6x<56.4°, (35
that
consistent with the recent result of SuzURi2], 30°< 6,
|K1a—Kig|<|a;—bq|=A4, (27)  <60°. The above constraint may be tightened further by
, . using the ratio of the constituent quark masses given in Eqg.
which may be rewritten as (20). Then from Eq.(26) we obtain
K2+ K23— 2K 2K g=<AZ. (28)

n 0.64
|Kia—Kig|= =|a;—bi|<==50 MeV=43 MeV=A’.
Moreover, independent of the mixing angle, S 0.74

(36)
2 K2 _K21K!2
KiatKig=KitKy (29 With this A’ being used in Eq(34) in place of A, one
It then follows from Eqs(28) and (29) that obtains
2K1AK182 Ki_l_ Kiz—Az. (30) 35.3°< 0K<54'7°' (37)

The constraint35) is tightened at most if one uses the con-
ventional values of the quark massess 306 MeV ands
=487 MeV, in EQq.(36). In this case,

To obtain a constraint on tH€; ,-K ;g mixing angle, we now
use the formuld7]

2 r2\2
tarf(26,) = #) -1, B 0.306 _ A
K25— K2, |Kia—Kig|< 575790 MeV=31 Mev=A",
which may be rewritten as and with thisA” Eq. (34) yields
K2,—K2,\? 38.0°< gy <52.0°. (38)
cog(20,)= ( %) (3D
Ki—Ki The three range$35), (37), and(38), are consistent with the

value 6= (37.3+ 3.2)° obtained in our previous wofi 3].
It follows from Eqgs.(29) and(30) that

(KEB_ KEA)ZZ (KiAJ’_ KEB)2_4K§AKiB V. CONCLUDING REMARKS

2 .2 2 2 As we have shown, a nonrelativistic constituent quark
<(KI+K)? = (KI+K*—-A%)? model provides a simple constraint on thg,-K g mixing
=2A2(K2+K.?), (32  angle, in terms of the mass difference of tieandb,; me-
sons and the squared masses of the physical statemd

since A~50 MeV (see beloy, and thereforeA?<K2  Kj. The numerical value of the allowed interval for the mix-

+K12. Thus, Eq.(31) finally reduces to ing angle, 33.6%6=<56.4°, is consistent with that pro-
vided by the very recent analysis by Suz{k?]. This inter-
2A%(K3+K;?) val may be constrained further by using the ratio of the
C0§(29K)<W, (33 constituent quark masses. In the mass degenerateagase
(K1=K1%) =h,, the model considered shows a similar mass degen-
and therefore eracy for the corr_esponding strange mesthig,= K_lB, in- _
dependent of the input parameters, and so requiring a precise
AV2(KZ+ K2 45° mixing. We conclude, therefore, that more precise ex-
|cog26y)|< (2—1,21) (39 perimental data on the mass of the meson are required to
|KT— K7 obtain a better estimate of the, ,-K;g mixing angle.
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