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Studies ofr mesonic decays are presented. A mechanism for the axial-vector current at low energies is
proposed. The VMD is used to treat the vector current. All the meson vertices of both normal parity and
abnormal parityWess-Zumino-Witten anomalyare obtained from an effective chiral theory of mesams.
dominance is found in the decay modes of tepton: 3, f(1285)r. Both thep and thea; meson contribute
to the decayr—K*Kuw; it is found that the vector current is dominant. CVC is tested by studying
e"e”— o 7~. The branching ratios of— w7v andKK v are calculated. In terms of a similar mechanism the
As=1 decay modes of the lepton are studied an, dominance is found ir—K* 7v and K* »v. The
suppression of—Kpwv is revealed. The branching ratio ef> K v is computed. As a test of this theory, the
form factors ofr—eyv andK—eyv are determined. The theoretical results agree with data reasonably well.
[S0556-282(97)05603-9

PACS numbgs): 13.35.Dx, 12.40.Vv, 13.60.Hb

[. INTRODUCTION chiral symmetry and chiral symmetry breaking are impor-
tant. VMD and conservation of vector curre(@VC) are
The r mesonic decays were studied by TEHibefore the  successful in studying the matrix elements of vector currents
discovery of ther lepton. All the hadrons inr hadronic  [14]. VMD is a natural result of the effective chiral theory of
decays are mesons; therefoﬂemesonic decays provide a mesons[lZ]. In this paper VMD is eXp|Oited to treat the
test ground for all meson theories. The mesons produced iffatrix elements of the vector currents ofdecays. Before
7 hadronic decays are made of light quarks. Therefore, chirdfis Paper VMD was already exploited to studymesonic
symmetry plays an important role in studyimgnesonic de- Fbcays[Z—lO]. The dlfference_between this paper and others
cays. In Ref[2] = mesonic decays are associated with chiral? the case of two flavors is that the coupling pfr,
dynamics. It is pointed od®2] thatp dominance is necessary fPW'. derlvezd n Ref.[12], is no longer a constant, but a
to be introduced and the chiral limits of the hadronic matrixfuncuon 0fg” (q is the momentum of the mes.oﬂ. It.means'
. . that the vertexp 7 has a form factor. A detailed discussion
elements at low energies are set up. In R8&f. = mesonic is presented in Sec. VI
decays are studied by using @Ux SU(3) chiral dynamics o

ith th h logicallv introduced. In Ref It is well known that in the chiral limit, the axial-vector
with the resonances phenomenologically introduced. In Rely . ranis and the vector currents of ordinary quarks form a

[4] a Lagrangiaﬂ for psedoscalqr and vector mesons has be%nU(Z),_xSU(Z)R algebra which leads to Weinberg's sum
constructed to investigate physics. In Ref[5] in studying  jes [15]. On the other hand, the, meson is the chiral
three pseudoscalar meson decays of thlepton the form partner of thep meson 16]. However, thea; meson is much
factors of these decays is constructed by chiral symmetry angeavier than the meson. In Ref[12] this mass difference
dominated by the lowest resonances. Abnormal decays haygfers to spontaneous chiral symmetry breaking and this ef-
also been studief5—-10]. Vector meson dominand®MD)  fect should be taken into account in bosonizing the axial-
[11] has been applied to studydecays in which the meson vector currents. The effect of spontaneous chiral symmetry
states have eveB® parity [2—10]. breaking on the bosonization of the axial-vector currents at
In Ref. [12] an effective Lagrangian of three nonets of low energies is studied in this paper. The axial-vector cur-
pseudoscalar, vector, and axial-vector mesons withents contribute to the meson statesrafecays, which have
U(3). X U(3)g symmetry is obtained. The chiral symmetry- negativeG parity. The hadronic matrix elements of the axial-
breaking scale\ determined in Ref[12] is 1.6 GeV; there- vector currents derived in this paper are different from other
fore, this theory is suitable to be applied to studynesonic  studies. The Breit-Wigner formula fax, resonance igsee
decays. VMD is a natural result of this theory. The Wess-Eq. (35)]
Zumino-Witten action(WZW) [13] is obtained from the

leading terms of the imaginary part of the effective Lagrang- —ng§m§+ i V92T (2
ian. This theory has been applied to study the form factors of R I N
Kz, 7— pv, and7—K* v, and theoretical results are in good 2= mi+i ol 4(6?)

agreement with the dafd2]. Based on this effective chiral

theory of meson$12], a theory ofr mesonic decays is de- The difference originates in spontaneous chiral symmetry

veloped and a unified study efmesonic decays is presented breaking which is responsible for the mass difference of the

in this paper. p and thea; mesons. Because of chiral symmetry breaking,
In the standard model tH&/ bosons are coupled to both atg?=0 this formula is equal tg?f >m?/m; and the mass of

the vector and the axial-vector currents of ordinary quarksthe a; meson is still there.

The hadronization of the quark currents is a problem of non- There are two kinds of meson vertices srmesonic de-

perturbative QCD. In the dynamics of ordinary quarks bothcays: the vertices of normal parity and the ones of abnormal
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parity. The later are from the Wess-Zumino-Witten Lagrang- e
ian. In Ref.[12] it is shown that the WZW Lagrangian is the Vu— e Au ()
leading term of the imaginary part of the effective meson v

Lagrangian and the fields in the WZW Lagrangian are nory, e vertices involving neutral vector mesons. CVC works
malized to physical meson fields. The normalization of thevery well in the weak interactions of hadrons andrime-

fields of the WZW action is very important. The normaliza- sonic decay$14]. In the chiral limit, the vector part of the

tion constants for the vector a_nc_i axial-vector f|e|qs are d"c'weak interaction of ordinary quarks is determined by CVC:
ferent[12], and as a result of mixing effects, the axial-vector

fields are always associated withP, whereP is the corre- Iw 1 . _ . .
sponding pseudoscalar field. EV:Tcoa% = 3(3,A, = 3,A,) (0.0, — 0,p),)

All the meson vertices are obtained from REf2] and P
they are fixed completely; most of them have been tested + Aiujili}, 3

already[12]. It is necessary to point out that the vertices of
VPP obtained in Ref[12] are functions of momenturisee  \yherei=1,2 andA! areW boson fields. In the vector part of

ii‘/ I(DS(? fpmdand see Sect. Vil ftor d;:]faﬂm”g t?ze 7\)/efrtices of the weak interaction there js dominance(two-flavor casg
epend on momentum strondlgee EqQ.27), for ex- i ic deri L
g yes =q HI" is derived by the substitution

ampld, and as a result of the cancellation in the vertices o
AVP, the dependence of momentum is very important in
understanding— v(mesonsy - _ .

In the chiral limit, the theory used to study mesonic
decays consists of three parts: VMD for vector currents, a

. ) ; in the vertices involvingp mesons. At low energies the ma-
new expression of axial-vector currents, and vertices of me;

sons. All three parts are determined by the effective chir rix elements of the vector currents go back to the chiral limit
: ) 2].
theory of meson$12]. All parameters have been fixed. . . .
In >r/nany studig$5]6 8 1pz besides the meson, the exi- Chiral symmetry is one of major features of QCD. It has
p PN . . ' been known for a long time that treg meson is the chiral
ctedp(p’ andp”) are taken part in. In this paper only the

p meson is included. In the region of highg# the effects of partner of thep meson[16] and both are treated as non-

Abelian chiral gauge fieldsl6]. On the other hand, it is well
the form factor of thevPP vertex and other decay channels known that in the chiral limit, the vector and axial-vector

of p _(such akK, KK*_, ...) are taken into _account in cal- currents form a SU(2)x SU(2)r algebra which leads to
cqlatlng the decay widths. So far, 'theoretlcal results agr€Qyeinberg’s sum rule§l5]. Based on chiral symmetry it is
with the data reasonably well. In this paper only the lowestgagonaple to think that in the axial-vector part of the weak

resonances are taken into consideration. interaction of ordinary quarks there is a term which is similar
It has been shown in Ref12] that diagrams at the tree to VMD:

level are at order oN¢: and loop diagrams of mesons are at

higher order in the largdlc expansion. In Ref{12] a large W 1 ) ) ) . o

Nc expansion is invoked to argue the success of the effective- TCOS?g f—{— 3(9,A,—d,A,)(d,8,—d,a,)+A¥] ';N ,
theory. Following the same argument, all calculations are a )

done at the tree level in this paper.
The paper is organized as IntroductitBec. ), general wherea), is thea, meson fieldf, is a constant, angf" is
the appropriate current obtained by substituting

expression of the axial-vector curren®ec. I), determina-
tion of £V (Sec. ll), a; dominance inT— w7y decay
(Sec. IV), a; dominance inr— f1(1285)7v decay(Sec. V, _ 9w
7—K*Kv (Sec. V), CVC andee”—=" 7~ (Sec. VI, alf‘—>_4T
r—owmv (Sec. VIIl), —KKv (Sec. X, the form factors of a
T—eyv (Sec. X, effective Lagrangian oAs=1 weak in-
teractions(Sec. X)), K, dominance inr—K* (892)7v (Sec.
Xll), 7—K* »v (Sec. Xlll), 7— npKv (Sec. XIV), the form
factors ofK—eyv (Sec. XV), and conclusiongSec. XVI).

i Ow

p —>—COS9CAi (4)
" 4fp “

COSCA, (6)

into the Lagrangian in which aa; meson is involved. On
the other hand, a pion can couple tt\&boson directly. The
second term in the axial-vector part of the weak interaction
of the ordinary quarks is

Il. GENERAL EXPRESSION Ow i ,
OF THE AXIAL-VECTOR CURRENTS — 4 cocf A . 0
In the case of two flavors the expression of VNIIL] is
written as As a matter of fact, tha; meson is much heavier than the
p meson. Spontaneous chiral symmetry breaking is respon-
e i i sible for the mass djfference. Therefore., bepause of the ef_fect
2fv{_5|: (9 0,=3d,0,)+A I,L}' 1) of spontaneous chiral symmetry breaking in the Lagrangian

of meson theory, there should be an additional mass term for
wherev =p° w, ¢, f, is the decay constant of these vector the a; meson:
mesons, respectively, ai are the appropriate currents de- YRR
termined by the substitution zAmfza,a'*. ®
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Using the substitutio6), a new coupling betweeW bosons
anda; mesons is revealed:

- gTWcosﬂcA m?f,ALal . 9)

Adding these three terni&qgs.(5), (7), and(9)] together, the
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2
T

2\ -1
F}) . (18

Amzsz,(l—
P

2¢2 2

2 2 m a
fa=fp< 1-—— p>Ez,

P p

The values off, and Am? are determined by ., f,, m,,
and m,. In general, f,#f,. Therefore,£* is fixed. The
vector current is conserved in the limit of,=0. The axial-
vector current derived from Eq10) must satisfy PCAC. It

axial-vector part of the effective Lagrangian of the weak in-yj| pe shown that it is necessary to have all the terms in Eq.

teraction of ordinary quarks is obtained:

1 . . . .
Lh=— gTWCOch A 20N, = 0AL) (0,8, = 9,8),)
+AIH W — gTWCOSﬁCA mef A8k
9w i ou i
— TcosﬂcfwAMa . (10

In Eq. (10) there are two parametefg and Am? which are
necessary to be determined. Weinberg's first sum rule

2 2
g—’;—g—affz (12)
m; mg

is derived by using SU(2)X SU(2)g chiral symmetry, cur-
rent algebra, and VMD, wherg, andg, are defined by the
formulas

<O|Ei 7M¢|P1A>:9p5ijfil,

Olyriv.ysilal)=gadije), . (12)
Using Eqgs.(3) and(10), we obtain
2 2
m
___»r ___=a 2
g9,= e Oa f +Amf,. (13

It can be seen from Eqg4) and (6) that thep fields are
associated wittf , anda, with f,. After spontaneous chiral
symmetry breaking the effective mass termspofind a;
mesons are written as

3(Am?+md)f2al al*+ smaf2p) o'~ (14)
and
mi=maf2,  mi=fi(Am?+mp). (15)
Equation(15) leads to
Amz—%gl - T_E (16)
a p
From Egs.(13) and(16) we obtain
fa ,
9a=—12M,- 17

Substituting Eqs(13) and(17) into Eq. (11), we determine

(10) to satisfy PCAC.

Ill. DETERMINATION OF VA

An effective chiral theory of pseudoscalar, vector, and
axial-vector mesons has been propof&#. In this theory
both the physical processes of normal parity and abnormal
parity are studied by one Lagrangian. Theoretical results
agree with the data well. In the limit oh,= 0, the Lagrang-
ian is

L=y()[iy-d+y-v+y-ays—mux)]¥(x)

+3mi(plpi+ ot +ala, + 4 ,), (19

where a,=mna,+f,, V=Tip, T, and
u=exgiys(rm+n)}; mis a parameter. The fields in the La-
grangian(19) are not physical and the physical meson fields
have been defined in Ref12]. This Lagrangian is global
SU(2), X SU(2)g chiral symmetric. On the other hand, spon-
taneous chiral symmetry breaking is revealed in this theory
when ', =0 are taken. This theory has both explicit chiral
symmetry breaking(PCAC) by adding the current quark
masses— ¢M ¢ (M is the quark matrixto the Lagrangian
and dynamical chiral symmetry breakifguark condensate
[12].

The explicit expression of VMD, Ed1), has been found
in Ref.[12]. The expressions af¥** Egs.(3) and(10), have
been derived by this effective theofgee Eqs(76)—(78) of
Ref.[12]] too. The following expressions are revealed from
this effective chiral theory:

_ 2
gp__gmpv (20)
1 —-1/2
Oa _g< _277292) mi, (21
f,=97% (22
fa=07 1 1- L 23
a=—9 2722 ) (23
1 2 2., 2
1- 272 mg=6m°+m_, (29
2 -1
Am?=6m3g?=f2| 1— ik (25)
T QZmi '

whereg is a universal coupling constant andis a param-
eter related to the quark condensate. The temt & Eq.
(24) and the factor (+1/27wg?) in Egs.(23) and (24) are
from spontaneous chiral symmetry breaking of this theory. In
this paper we choosg=0.39. Using this value, the theoreti-
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cal results obtained in Rdf12] agree with the data well. For  paip7— eijk{AaiMpi“wk— BaiﬂinaqukJr Daiu&”(pjyﬁ"ﬂ'k)},

example, we obtailr ,=142 MeV andm,=1.20 GeV. Itis (26)
necessary to point out that Weinberg'’s first sum rule is sat-
isfied analytically in this effective chiral theory. Equation 2 mg 2 3 2¢
(18) are satisfied too. Therefore, all the parameters in the A= —gfa[ ﬂ—m§+ pYl—+-— 2(1 —)
Lagrangians V) are fixed. fr 9°fa g 479 9

Besides the Lagrangiar{8) and(10), appropriate meson 1 2¢ 3 2c
(pseudoscalar, vector, and axial-vegtoertices are needed +Psom——— >3 1- —) ] (27
in studying 7 mesonic decays and all these vertices can be 2m°g~ g A4mg 9
derived from the Lagrangiafil9) and they are fixed12].
Most of these vertices have been tested by calculating appro- fi
priate decay widths and the results agree with the data well. c= 2gm?’ (28)
Therefore, the Lagrangians of the weak interactions of me- ?
sons are completely determined. There are no other undeter- 2 1 2¢
mined parameters in studyingmesonic decays. This effec- B=——gf,7— 2( —) (29
tive theory makes definite predictions fermesonic decays. f 2m°g 9

IV. a; DOMINANCE IN 7—aamv D=— if 20+ 3 (1— 2_C> (30)
f, 2 2m°g g/l

The a; meson has a long history. In determining the pa-
rameters of this meson the processagf production in+ 2 . 2c
decays play an important ro[d8,19. In Ref.[19] the flux EP”:—eijkp' i or K — g [( E— _4772(;2]
tube quark model has been exploited to study . g g fz9 g
The decay rate of—a; v has been calculated by the effec-
tive chiral theory[12]. However, the effect of wide reso- ><5ijkp#a w grrk—

2.|:2

nance should be taken into account. On the other hand, ex- =9

perimental observations[20-25 have reported a; 2c) 2 2¢ _

dominance int—3mv. x{3l1-—| +1- —-87% ]eijkpiuﬂ'j&zﬁﬂﬂ'k,
Only the axial-vector part of the Lagrangiaf”, takes 9 9

part in this process. There are five diagrams contributing to (31)

this decay:a; couples tops, the W boson couples te

directly, = couples topr, a; directly couples to three pions, where p is the momentum of they meson andqg is the
and directly couples to three pions. The study done in Refmomentum ofa,. Because the mesons of the vertices are not
[12] indicates that the contribution of the fomrcouplingsto  necessary to be on mass shell, in E(&6) and (31) the

mr scattering is smaller than the contributionpoéxchange  divergence of,, and g, are kept. In the chiral limit, these
by two orders of magnitude. From R¢1L2] it is learned that new terms do not contribute to the decayspodr a;; how-

the contribution of the vertex ai; w7 to a; decay is very ever, they are important in keeping the axial-vector current
small and this result agrees with the data. Therefore, we omitonserved inr— 37 v in the chiral limit. The vertex.V*™ is

the contributions of both the vertices of the fomrand the derived by using the substitutig) in Eq. (26).

a,mmm. The remaining three diagrams indicate the exist- The two pions inT—3wv are from the decays of the
ence ofp resonances in the final states©f:37v and this meson; therefore, we only need to show that the axial-vector
result is in agreement with the ddb6,26. From these three current is conserve@n the limit of my—0) in 7— p7v, and
verticesa,pm, Wpm, andmpw (pm is included tog, itis  then this conservation is satisfied - 37 v.

not obvious whya, dominates this decay. This is a crucial ~ Using £*, Eq. (10), and three vertice€®*™, Eq. (26),

test of this theory. The vertices derived in Rgf2] contrib-  £"P™, and £°™™, Eq. (31), the matrix element of the axial-
ute tor— T y: vector current ofr~ — p%7~ is obtained as

1
<p ™ |l/lT+’y’u’)/51//|O> (q;LQV_ng/LV)(Ag)\V+Bk)\kv)fz-)\

JawE \ fa(g? —m3)
Am?f , ’f,

o z(q’*q g,w)mgmskxk)e Tt e (atk-gB)k €5+ <AgW+Bkﬂkv>e’;"
9°-m;\ o° m; q
1 Am’f s

_(E_ 7 a)Dk.ef‘,q# g 2"( [( ) —4r2c?

q? 2c S\
+—272f2(1_5)(1_§)] 'EO.>, (32

ks
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wherek, p, andqg are the momenta of the piop, anda;, respectively. In the effective Lagrangian of mesphg]| derived
from the Lagrangiarf19) there is mass term of thee; meson,; therefore, the propagatorayffield is taken to be

i 1 4.9
(271_)4 2_ ( gll«V m_a) (33)

There are cancellations in E(2). Using Eqgs.(24), (25), and(27)—(30), it is proved that

2, 1 1 Am?f, 4f p? 2c\?
>~ (A+k-qB)+ —(A+Bk-q)— | — — ——— |Dg?*~ —{ 1+ —55| | 1— —| —4n?c?
a fa fa g g

mg 27

q° 2¢c c\|

Equation(34) leads to the conservation of axial-vector current in the limitgf=0:
q“(p°m |71y, vs¥|0)=0.

From this discussion it is learned that in order to have the axial-vector cons@nviie limit of m;=0) the new tern(9) is
necessary to be included in Ed.0). Using Eq.(34), the matrix elemen(32) is rewritten as

— i (q,q —Am?f +qg?f !
O~ |yr_ 0)= Er—g,, [ (Ag,\+Bkk,)e*”
<p ™ |¢T '}’,u')’S‘/’l > m( qi —0u (Ag,\ N q2—m§+i\/?l“a(q2)

i quV )( 1) o

T - — | (Ag,,+Bk,k
4wE( q g,uv fa ( Jun v 7\)60'

i 2t m2—if - 1g2T 4(g?

- g, (A BT e ) 39
40E\ O° g —m3+ivVaTa(q)

It is necessary to point out that the Breit-Wigner formula of the axial-vector mas@new and is different from the one of
the vector mesorisee Sec. VIl This difference is caused by dynamical chiral symmetry breaking. It is also important to
notice that the amplitud&, Eq. (27), derived in Ref[12] strongly depends on the momentum. Because of the cancellation in
Eq. (27), this dependence is significant.

The decay width of; meson has been introduced. Tdedominance inr— p v is revealed and the dominance is caused
by the cancellation(34) which leads to the axial-vector current conservation. Using the veltéX, Eq. (31), the matrix
element is derived:

2fa - lra 2 2
q#qy) m2—i\g?f, (q){ f prrn(K?) A (ko)

e I | (
0)= | ~ g+ -
G D2 A0 JBoimsms 9™ g2 Q2= m2+iVoPla(g?) | K2—mZ+ikT (k?)

fpzfn'w(krz)
12 H 12
k'Z—m2+ik'T,,(k'?)

+Bky, Ky - (ka—kg) ]+ [A(K'2)(ky—k3),+Bky, Ky (ky—k3)]t, (36)

fomn(k?)=—11+ < 12(:2422
p'n'ﬂ'( )_ g 2772fi- g 7°C ,
f2 2 m2 3/2
k= 28 m, (1—4?;) : (37)

wherek; (i=1,2,3) are the momenta af , 7, and ", k=k,+kg, k' =k;+kz, q=k;+k,+ks. A(k?) [A(k'?)] are
obtained by takingp?=k? [k’?] in Eq. (27) and I', is defined in Eq.(39). The distribution of the decay width of
T —m w w'vis derived:

dr G2 coflc g*f2mi+q%f *T'3(g?)
— 2 2 a a 2,12
GPARIKE ~ (2m)® 307amigs M O M 200 (e gy FOAK'),
fprr(K?) form(K'?) 2

G(K2k'?) =

(K2=m2)[A(K?) +Kq - (K~ k3)B]+

(k"2=m2)2A(k'?)

(K2=m?)?+ k25 (k?) (k"2=m5)2+ k2T (k'?)



I', is derived from the vertice®6) and (31):

1
2y _ 242, 2 2
I'a(q )_—192(2w)3maq_“f dgrdaz(9°—qy) (

T (M2l (D)

where gi=(q—k)?, q3=(q—k2)% a3=(a—k)?,
k,, andks; are momentum of the three pions, respectively.

pvw(qg)

(95—

m2)2+a3l,(a3)

pﬂ'w(q2)

—-m?)2A(g3)

fpﬂ"rr(qi)
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+ fyra(l) VKT (K2)[A(K?) + Ky - (Ko—Ks)B]
(kZ_m§)2+ kZI"Z)(kZ) p 1 2 3
+ fyralk™) VKT (k') 2A(K"?) 2
(k/2_m§)2+ k/21—*§(k/2) P '
F(k?,k'9)=3{G(K%k'?)(q?—k??+G(k'% k) (g?—k'?H)%. (39

2

2
>qir, q2>2A<q2>]

andk;,

There are two decay modes' =~ 7w~ and 7~ 7%« which

have equal branching ratios. The branching ratios are com-

puted to be

B(r—m 7 7 v)=B(r—m 7°7%)=6.3%. (40

(g;—m )2+q Fp(Ql)

(95— m2[A(G) +3(a5—q3)B]

fp’fT’)T(Ql)

(q7—m2)2+qiT (a2

JOIT (gD [A(G2) + (a3 q3)B]

(39

V. a; DOMINANCE IN 7—f1(1289 7w

The f; meson is the chiral partner of the meson[12]
and the mass formula of tHe meson is derived in Ref12]:

1 1
- 271,292

The vertex off,(1285)a; 7 is presented in Ref12] (a

mf =6m*+mZ;, m; =121 GeV,

(42

The comparison with experiments is presented in Table lfactor of —4 has been logt
The distribution ofdl"'(7— 7" 7~ 7~ v)/dq is shown in Fig.
1. From Fig. 1 the decay width is determined to be

The data are-400 MeV[27]. The comparison with experi- this vertex [12]. Using the substitution(6),

I',=386 MeV.

(41)

Eflalw_ 1 1 1— 1 o uvaBg 5 iﬂ ai
_2_f 52 —2—2'217 g &€ m yT 0y 5"

(43

The narrow width of the decaf;,— pww is revealed from
the vertex

ments using the moddil9] is presented in Table Il. The £Y17 is derived. The vertex.'1%1™ has abnormal parity;
starred results are taken fromh9].

TABLE I. Branching ratios.

Experiment[24] B(2h~h*v)% B(h™27%v)%
New W.A. 9.26+0.26 9.21+0.14
DELPHI(92-95 8.69+0.12+0.16 9.22-0.43+0.20
ALEPH(89-93 9.46+0.10+0.11 9.32-0.13+0.10
CELLO(90) 9.1+1.3+0.9
OPAL(91-94 9.83+0.10+0.24

L3(92) 8.88+0.37+0.42
CLEO(93) 8.7+0.8 8.96+0.16+0.449
CLEO(95) 9.47+0.07+0.20

CBALL (91) [44] 5.7+0.5+ 1.4
ARGUS93) 7.3+0.1+0.5

MAC(87) 8.7+0.4+0.11
BES[14] 7.3+0.5(m 7 7)

Taula 2.4 7.628 6.4-2.8
This study 6.3 T 7) 6.3(m~ 70m0)

hence, it belongs to the WZW anomaly. Therefore, the
WZW anomaly can be tested inmesonic decay. Only the

400 T T T

0.4

FIG. 1. Distribution of the decay rate af—3mv vs the invari-
ant mass of three pions.
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TABLE Il. Parameters of the; meson. 30 .
Experiment m,, (GeV) I'5,(GeV) sl
ARGUS[25] 1.211+0.007 0.446:0.021
DELCO* 1.180+0.060 0.436:0.190 20}
Mark 11* 1.250+0.050 0.58@:0.100 Iy
ARGUS* 1.213+0.011 0.434:0.030 hERE
This study 1.20 0.386 e

axial-vector part of the weak interaction contributes to the

decay 7—f,mv. Using the LagrangiarC?, Eq. (10), it is 5f
obtained:
_ . , , , ‘ ,
<f177|‘/’7+ 7;;,751rlf|0> 12 13 14 15 \/;21.666\/ 17 18 19 2
_ 1 1 1- 10\t FIG. 2. Distribution of the decay rate of—fxv vs the invari-
" JawE mf.09° 27292 ant mass of .

ngfami—iqulramz)
a°—ms+iqla(g?)

p, p', and p” are used. In Ref[4] the p meson field is
introduced to a chiral Lagrangian. In R¢&] a comprehen-
sive resonace model including vector and axial-vector reso-
(44) nances has been exploited. In this paper the process
7—K*Kv is studied in terms of the same formuld and
(10) used to studyr—37v andf7v.
Both the vector and the axial-vector currents of the weak
interactions contribute to the decay — (K*K) v. The
G? cogh. vector part comes from the anomaly and the vertex is pre-

r=————= qui(mZ_qZ)Z(mZ_,r_qu) N " .
(2m)3 128113 gt T sented in Ref[12]:

S#Vaﬁkuqaezo— '

wherek is the momentum of the pion anp= p+Kk; p is the
momentum of thef; meson.
The decay width is derived:

f4 g4f2m4+q2f*2r2(q2) N
2_2\3__a a’p a"a * c va i
X(q _mf) 7T4ffr (q2_m§)2+q2r§(q2) . (45) EK Kp: - Wzngﬂ,SIu BdamK’i&Vpla&BKb (47)
a, is dominant in this decay. The theoretical prediction of . . _ o
the branching ratio of this decay is LX"KW can be derived by using the substitutich. There
are three vertices in the axial-vector pamtkK*K, a;K*K,
B(7—fymr)=2.91x10 4, (46) andWK*K. As mentioned above, the latter can be derived

by using the substitutio(6) in the vertexa;K* K. The vertex
The data are (6%1.4+2.2)x 10" 4 [28]. Two factors result L™K is given in Ref[12]:

in the small branching ratio. A small phase space is the first
factor and the second factor is the anomalous coupling. The
effective theory proposed in Refl12] is a theory at low K ) 1 5 . o .
energies; therefore, the derivative expansion is exploited. In £ =ifgara(09) = ﬁKM(TF K™ =K 9#7™)
this theory the anomalous couplings are at the fourth order in

derivatives. Comparing with the couplings at the second or- 1 _
der in derivatives, the anomalous couplings are weaker. This — =K, (77 KO~ K% 7 ™)
is the reason why the widths pfanda, are broadefthe two 2

vertices are at the second order in the derivative expansion
andw andf,— pmm are narrower.

The distribution of the invariant mass 6f is shown in
Fig. 2. The peak of the distribution results from both the —%K;(WOMK‘—K‘WWO)] +H.c., (48)
effects of the threshold and tleg resonance.

The experimental measurement of this decay is a test of
the Wess-Zumino-Witten anomaly and the mechanism proyhereg? is the momentum squared &f*. In the limit of
posed in this paper. my=0, frxk(a%) is the same as$,,.(q?), Eq. (37). The

vertexa,;K*K is derived from Ref[12]:

+ KO (m09#KO— K 7°)

VI. 7—K*(892Kw

The processes— KK v have been studied by many au- LK K= fapiK3KPa{A(0?) k59,0, + BK,K,}
thors. The earlist study is done by using a chiral Lagrangian a by
[3]. In Ref.[17] a chiral Lagrangian and three resonances —faniDK 94K ", (49
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whereA(g?)« is obtained by replacingn’ by mg. in Eq. 2. (9?) q? 4m2\ 32
(27). In the limit of my=0, B and D are the same as Egs. F(p—mm)= pAme— 1- A
(27), (29), and (30). The vector matrix element is obtained P
from £V, Eq. (3), and the vertex47):
_ - 2 2\ 3/2
<K K*O|¢T+')’,u,¢|0> F( —>K_): fp7'r7r(q2) q_2 1- 4mK
s e o p 967 m, q> )
1 Ne  mp-ieT,(@d)
VAwE \2m2gf qz—mf)+i\/azl“p(q2) -
Xs,uvaﬁet a'qakﬁ’ (50) Fp(qz):F(P_}Wﬂ')"'F(P—’K ). (51

wherek is the momentum of the kaon ang=p+Kk; p is the
momentum oK* . Because ofj?>4mg , the decay mode of
p— KK is open and we have

The axial-vector matrix element is derived by using
LYK Eq.(48), £21K7K Eq.(49), £V K, andLA, Eq.(10):

0 i1 gPfamy—iVo?f 'Ta(0%) (q,0,
KKy, ysl0) == e o = o o) | gz 9| (A0t Bl ~Dp e
a a

q
(52)
The decay width is derived:
dr G2cogh: 1
- kRO ) — 20 2 232 40202 U2 2 (232 2 2
W(T —K**K™v) WW[M + My — M) “—49°mM, |7 (mZ—g%)“(mZ+29°)
3 mi+q%T'2(q?) (- Q)7 g, ]
w*g*f (4P —mp)?+q’T(q?) K
1 g*ime+ 127 Taa™ | , 1(q-k)? 5 2
+§ (q2_m§)2+q21—*§(q2) A (q K*_WZA(qK*B_mK*D ) . (53)

The distribution ofdI'/dq is shown in Fig. 3. There is a peak The calculation shows that the vector current is the dominant

located at 1.51 GeV which is caused by both threshold andontributor and the contribution of the axial-vector current is

resonance effects. The branching ratio is computed to be only 7.5% of the decay rate. The data are CLEZY],
(0.32-0.08+-0.12)%, and ARGUS[30], (0.20+0.05

B(7—K*°K ™ v)=0.392%.

50

45|

40

30

25 |- 4

15 _dl
10 IE

20 |

. . . . . L L . )
13 135 14 145 15 155 16 165 17 175 18
Va2 Gev

FIG. 3. Distribution of the decay rate of—=K*Kwv vs the in-
variant mass oK*K.

+0.04)%. The branching ratio af —K* “K% is the same
ast —K*°K .

VI. CVC AND e*e " —am

As discussed in Ref14], CVC works very well in both
meson productions ir*e™ annihilation andr decays. As a
test of the theory explored in this paper, the same thgtzy
is used to studete —atw .

The expression of VMD12] is

€ 1 v 0 0 .
S 9= 2F* (P, = dup,) T AY]L) (54)

Using the substitution

e
PMHEQA ’
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FIG. 4. Cross section ¢ e — 7 vs the invariant mass of
.

the currentj , is obtained fromC?™™, Eq.(31). There are two
diagrams: The photon is coupledtar directly and the pho-
ton is via thep meson coupled terr. The matrix element is
derived:

(mt | 73y,]0)
2

= gfp’n'ﬂ'(qz) 1- 2 2q' 2
\4(1)1(1)2 q _mp+|qu(q )

X(kl_kZ),u

1

T f7T7T 2
-m +|qF( 2)
@ mZiaT (o?)

(ky— (59)

2)'[[,1

wherek,; andk, are momenta ofr* and 7, respectively,
andqg?=(k;+k,)2. The cross section is found to be

ma? 1 4m?2 )\ 32
”:??(1‘(4—2”)
my+q°I'2(q%)

(o= m5)2+0°T5(q%)

2

(56)
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dependence of ..., (q?/27?t2)(1—2c¢/g)?, comes from
the fourth order in derivatives andy?/2m2f2)(—4mw?c?)
comes from

- %Trp’uvpy,v!

wherep,,, is the strength of the non-Abeliam field [12].
The radius of the charged pion is derived from the pion form
factor in the spacelike region of:

6,3 (1 2c)2 po2e2

In Ref. [12] g=0.35 is chosen and the last two terms are
canceled out. In this paper we choagse 0.39 to have better
fits and

(r?).=

(r?),=(0.393+0.0549 fm?=0.447 fnf.

The first number is from the pole and the second comes
from the form factorf , .. and it is 12.2% of the total value.
The date[32] are (0.44-0.01) fn?.

It is necessary to point out that the new expression of the
pion form factor still results in VMD and thpw# coupling
constant is substituted by the form factor @frr. On the
other hand, the 7 form factor increases the value of the
pion radius. o

In the chiral limit, the form factors of the verticgKK,
pK*K, K*K 7, andK* K 7 are the same. These form factors
result in physical effects in correspondimgdecays.

VIII.

T—>WTV

This process has been studied in R} by using the
abnormal vertey w . The effects of exciteg mesons have
been taken into account. In this paper we only take the con-
tribution of the p meson. Thewp vertex is presented in
Ref.[12]:

Nc

wpm_ _
£ Wzngq.,

e“”“ﬁé’ﬂw,,piao?lgwi .

The vertices ofr’yy, wmy, pmy, and w37 are via the
VMD derived from this vertex and theoretical results agree
with the data well. The coupling constant of thig 7 vertex

is different from the one presented in Rg8]. The decay
width of 7— w7rv is derived:

The numerical results are shown in Fig. 4. Theoretical results

are in good agreement with the ddgil]. Systematic study
of meson production ire*e™ collisions will be presented
somewhere else.

The pion form factor is found from Edq56):

m}+q°T5(g?)
2 2 .
2—m2)?+q°T2(q?)

_[9 i
|F(q2)|2_ (Efpww(q2)> (q

The new point in this study is that the coupllﬁg,m, Eq.
(37), is a function ofg?. As a matter of factfpm(qz) is the
form factor of the vertex . The chiral theory of mesons
presented in Ref12] is a theory at low energidshe energy
scale A is determined to be 1.6 GeV12]) and covariant
derivative expansion is exploited. In E@7) part of theqg?

G2 cog6c

'=Tam (2n°

1

quz?(mf—qz)z(mfﬂqz)
m,+9°T3(a?)

(0?=m2)2+9T5(g%)

(57)

3
X(g%-m )3 v 2f2

The numerical result of the branching ratio is
B=1.2%,

and the experiment is (1#60.5)% [27]. This result is the
same as the one obtained in R&f] when only thep meson
is taken. The distribution of the invariant massepind 7 is

shown in Fig. 5.
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FIG. 5. Distribution of the decay rate ef— wmv vs the invari-
ant mass ofvr.

IX. 7—KKp

This process has been studied by several grg8®ls The
a, field does not couple t&K. The vertexa; KK in which

the tensors***# must be involved cannot be constructed.
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FIG. 6. Distribution of the decay rate af— KK vs the invari-
ant mass oKK.

B=0.27%,

and the data are TPCj2[34], <0.26; ALEPH [35],
0.26+0.09+0.02; CLEO [36], 0.151+0.021+0.022. The
distribution of the decay rate is shown in Fig. 6.

Therefore, only the vector current contributes to this decay. Because of the effects of the threshold and pheeso-
The vertexc’kK has been used to calculate the electric formnance, there is a peak in the distribution and it is positioned
factors of charged kaons and neutral kaons and theoreticaf 1.17 GeV.

predictions are in good agreements with the dat. We
use the same vertgonly the isovector partto calculate the

decay rate ofr—KKw. This is a test of CVC. The related
vertex is presented in Ref12]:

[,pKKiz _I

A

—p, (K79#*KO=K%*K ™)},

okl (K 9#KO—KOg#K ™)

(58)
wheref «x is the same as thk, ., Eq.(37), in the limit of
my=0. By using VMD, Eq.(3), and the vertex58), the
matrix element is derived:

— 1 1
(K KOy, 7’#'/’|O>:m E(kl_kZ),ugfp‘lﬂT(qz)
1w2

—m2+iql,(g?)
X , ,
q?—ms+igl (%)

(59

wherek; and k, are momenta of two kaons, respectively,
andq=Kk; +Kk,. Using this matrix element, the decay width is
obtained:

r KoK )= G* cosfc 202 4 242
az(TH V)-wm(mr g°)“(m:+29°)
. 4m§)3’2 RN A LG

>< __2 g T q 2 2 .

q p (0?—m))*+q°T5(q?)

(60)

The branching ratio is computed to be

X. FORM FACTORS OF w~ —eyr

As a test of£VA, Egs.(3) and(10), we study the vector
and the axial-vector form factors ofr™—eyv. In
7 — yev there is inner bremsstrahlung from the lepton and
meson and structure-dependent td&i]. The form factors
of the structure-dependent term have been stul@&i

The structure-dependent form factors are definef2@k

G _
—=COSHcMm,. €5 vy, (1—vys)e

V2

X{FVenrebp kg

\% A _
Mgpt+Mgp=e

+iFA g*’k- p,—k*pZ]+iRtg*"}, (61

wherek andp_ are momenta of the photon and pion, respec-
tively, andt=Kk?. It is known thatF" is via CVC determined
by the amplitude ofr°— 21y. In this theory the amplitude of
w%— 2 obtained by a triangle anomaly is obtained by com-
bining the vertex£“’™ and VMD. Using LY, Eq. (3),
LeP™ and VMD, it is obtained:

m7T
V= =0.0268.

_2\/57721‘”

The experiment§27] are 0.014-0.009, 0.0235513

The form factors” andR are determined by calculating
the matrix elementy|¢7_y,ys¢|m ") which is via VMD
found from (p°|yr_y,ys¢lm"), Eq. (35. However, for
pion weak radiative decay besides the axial-vector current
conservatior(in the limit m,=0) the electric current is con-
served too. In order to satisfy the electric current conserva-

(62
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tion, the divergence of thg field which is ignored in the For the axial-vector part” there are two 1 K mesons:

vertex £31°7, Eq. (26), must be kept and the term derived K;(1400) andK,(1275). In Ref.[12] the chiral partner of

from the effective Lagrangian of Ref12] is the K*(892) meson, th&; meson, is coupled to
—De”ka'Ma"WJ&" I:, (63) %\ayﬂ’yyf/] (69)

whereD is given in Eq.(30) Adding the term(63) to the = The mass of thi&,; meson is derived as
matrix element(35) we obtain

1
(1—2—2—2) mg, =6m*+mg,, my =132 GeV.

— I (qﬂqv_ 79
<7| l/fT—')’,u,'YSth ) m q2 Quv (70

X{AGy,+BP. P+ DK, Ky} Theoretical value ome1 is lower than the mass of the

) K1(1400) and greater than tlg, (1270)’s mass. The widths
3f 1 m, of three decay mode;—K* 7, Kp, Kw) are calculated
Aq2—m2 m>—k?’ [12]. Itis found that the&K* 7r channel is dominant; however,

g B(Kp) is about 11%. The daf®7] show that the branching
(64) ratio of K;(1400) decaying intd p is very small. Therefore,
the meson coupled to the quark axial-vector current is not a
pure K,(1400) state; instead, it is a mixture of the tq
mesons. This state is coupled to the quark axial-vector cur-

A+k-p,B+Dk?=0. (65  rent, Eq.(69), and it isK,:
K,=co9K (1400 +singK 1(1270,

whereq=p,—k. Using the expressions &, Eg. (27), B,
Eq. (29), andD, Eq. (30), it is proved that

Equation (65) guarantees electric current conservation. Ig-
noring g* andk?, the two form factors are found:

Kp= —sindK (1400 + cosfK 1(1270. (71
2 _

FA— 1 Mz ﬂ( 1— E) ( _ 1 ) 120 0102 In this theoryK, is coupled to the quark axial-vector current
2272 fr mj g 2m°g” ' ’ and the amplitudes of—K,v are from the tree diagrams

(66) and atO(N¢) [12]. The production ofK, in 7 decay is

through loop diagrams of mesons which is at order 1 in the
g> m, mi 2c 1 2c 1 \1 largeN. expansiorj12]. This theory predicts a small branch-
R= m T ml g + ?52( 1- E) ] ( W) ing ratio for Ky, production in7 decays.
e (67) __In the limit of m,=0, the currents l,//)\a’)/Ml/l and

tp)\a'yﬂy5¢ form an algebra of SU(3)XSU(3)g. In this
The experimental value§27] of FA are 0.0106:0.006, theoryK, is taken as the chiral partner of tk&¢ meson. The
0.0135+0.0016, and 0.01:£0.003. axial-vector part of the weak interactiof®, Eq. (10), is
generalized to the case afs=1:
XI. EFFECTIVE LAGRANGIAN OF As=1 WEAK 1
INTERACTIONS [AS— _gTW —singc{ - L0, WE — 3, WE) (#K "~ 7K TH)
It is natural to generalize the expressiondf*, Egs.(3) 2
and (10), to the case of three flavors. The vector part of the
weak interaction, instead of the meson in Eq.(3), the
K*(892) meson, takes part in

+WHH) T — gTWsinHCA m*f W K-
— zsinoc W, 9K, (72)

Vs Iw_. 1 1 + + MK~V VK — M .+ . I
L :Tsmé’cm{—z(ﬂﬂwy —d,W, ) (9*K™"=g"K™#) wherej;, are obtained by substituting

- _ - MK TV gt ti-u
(W, = 0, W ) (9K = 37K 4) + W K3, = grsingcW;
+W e, (68) a
. ) o into the vertex in whicl, fields are involved. In the limit of
wherej, are obtained by substituting my=0, f, andAm? are the same as Eqg®3) and(25) and
fK—f EAS Eq. (72), can be exploited to study mesonic
SN gw 1 — sing W— decays. On the other handmesonic decays ais=1 pro-
c : ;
“7A Fa vide a crucial test of’"S,
into the vertex in whictK , fields are involved. In the chiral
limit, fx« is determined tg bg 1 [12]. This Lagrangian has Xll. Ko DOMINANCE IN 7= Kmmy DECAY
been used to calculate the form factorskgg [12] and the The processes— Kmmv have been studied by many au-

results are in good agreement with the data. thors. In Ref[3] a chiral Lagrangian of the psedoscalars with



55 THEORY OF  MESONIC DECAYS 1447

the introduction of vector resonances &nd K*) has been

* 1ok N -0
used to calculate the branching ratiosof:Km. In Ref. LT = %s”mﬂ 9,K ;9 Kym™
[4] a chiral Lagrangian of pseudoscalars gndnesons is 2w g°f,
exploited. In Ref[37] the mixture of the twd; resonances 1
is phenomenologically taken into account in studying the +5MK;5[1K%7T++—7TO(3MK::07&K;

decayr— K ;(1400) K,(1270)]». In Ref.[5] meson vertices V2
(independent of momentymand normalized Breit-Wigner 0. =%
propergators of the resonances are exploited. —3,K,3,Kp). (73
In this theory, liker— 37y, the contribution of the con-
tact terms containing more than three mesons to the prorhe vertex VK °™ is derived by using the substitution.

cessesr— Ky is too small and the processes are domi'Using LVs, Eq. (68), and the vertexX73), the vector matrix
nated byr—K* 7y andKpw. element is obtained:

* —_— _
Ao (K*Om[yA 1 7,,/0)
We study the decay— K* 7w first. Both the vector and

2 .
axial-vector currents contribute to the decay—K*%z ». _—1 1 Ne Ml VT (02)
The vertex£™ ¥ contributes to the vector part and has JawE 2 m°9°f, 92— M +i VOl k< (0?)
abnormal parity. It is from an anomaly. This vertex is de- o
rived from X eH PR, paep”, (74)
—i 2_mﬂ_i<%_‘,y ) wherep andk are momentum oK* and pion, respectively,
fr A andg=k+p.

- The axial-vector matrix element is obtained by using the
The method obtaining the vertes™ ¥ from this quantity  verticesK ,K* 7=, KK* 7- which are presented in RgfL2]. In
is the same as the one used to derive the verticegvaf  the chiral limit, the expression of the matrix element of the
(v=p,0,¢) in Ref.[12]: axial-vector current is similar to E435):

) 26 2 i1 2

sty (B8 ] a0l (@
+ - v T H

K’ VAwE \/E q° K’ qz_mil(14oq+|qFK1(14OQ(q2)

(K*°

3099[AK1(1400(QZ)K*9V)\

ngami* —iq f;lFK1(127Q(q2)
q°— mﬁ1(1270 + inK1(127Q(q2)

+ BK1(14ooka)‘] + Sine[AK1(127Q(qZ)K* g+ BK1(127Qka)‘]} .

(75
|
Let us determine the amplitudes\ (1400 Bi,(1400): m2
Ax,(1270), andBy (1270). Equation(71) is written as A(q2)§a=f—gfa gz—f;—mi*
- a
3 2c
i 2
K1(1400 = co9K ,—sinfK,, + My EJFW( _E)
. o 1 2c 3 2¢c
K1(1270 =singK ,+ cos9Ky, . (76) q A 3 _
(78)

The vertex ofK,VP is presented in Refl2]:

B, is the same as Ed29). The amplitudesAﬁz and Bﬁz
£K1VP:fabc{AK’i‘MVb*‘Pc—BKa"Vb”&Mo?VPC}. 77 are unknown and we take them as parameters. Both
K1(1400) andK,(1270) decay tKp and Kw. Using the
SU(3) coefficients, for botHK, it is determined that
It is similar to Eq.(27), the amplitudeA’é: being determined

to be B(Kw)=3B(Kp).



1448 BING AN LI 55

This relation agrees with the dafta7] reasonably well. For andm; is the mass of the pion or kaon.

the Kp decay modeAﬁb and Bﬁb are the other two param- We choose the parameters as
eters. In the decays of the two, mesons the momentum of . K+
the pion or kaon is low; therefore, the decay widths are in- 6=30°, A, =-4.5 GeV,

sensitive to the amplitudB. We take L
Af=5.0 GeV, B,=0.8 GeV -, (80
BK =Bf =B,.
Kp ™ PKp—=b from which the decay widths are obtained:

The decay width of thé&; meson is derived from Eq77): T'(K4(1400 —K* m)=159 MeV

k 1 2 _
M= 5 o 3+ | A2q?) I'(K,(1400 —Kp)=10.5 MeV,
K v
' . I'(K(1270 —K*m)=12.4 MeV,
q
—A(g%)B(g*+ mf)W+ Wk“BZ’, (79) T'(K,(1270 —Kp)=26.8 MeV. (81)

Whereq2=mﬁ ,v=K* p, k is the momentum of the pion or The value ofé is about the same as the one determined in
L Ref. [37]. The data [27] are 163.4(1:0.13) MeV,
5.22+5.22 MeV, 14.4(1-0.27) MeV, and 37.8(%0.28)
1 112 MeV, respectively.
k={ 4—2(mﬁ +m5—m§,)2—4m5] , Using the two matrix element&4) and (75), the distri-
m 1 . . .
Ky bution of the decay rate is derived:

kaon,

dr — G2  sirflc
W(T‘HK*OW‘V)zWW(mi—qz)z(mf+2q2){(q2+mﬁ*—mi)2—4q2mﬁ*}1’2
4 212 2
6 Mx + 97T (0%) 2 2
[(P-9)* =M, ]+ AP 1+ ——5—(q*— M, )?
[ 7T4ng§7 (q2_m§*)2+q2ri*(q2) K | | 1Zni*q2 K
(BAT +BYA) - (G T (G ) P o () (82
24rni*q2 K* K* 48mi*q2 K* ’

wherep is the momentum oK*, g2 is the invariant mass squared it 7, and

2 . —1 2 . ~1
ngamK*_l\/?fa FK1(14OQ K ngamK*_“/?fa FK1(127Q )

cos +
2 - K,(1400 2 ,
q2_mK1(1400+' ‘/?FKl(MOQ ! qz_mK1(127Q+|\/?FK1(1270

K*
siné. K,(1270 -

2 2 : 2¢—1
g famK*—l\/q_fa I’k (1400 K

cosYB +
2 : K,(1400 > X
qz_mK1(14OQ+|\/?FK1(14OQ ! qz_mK1(1270+|\/?rK1(1270

ngami* —i \/?f;lFKl(lﬂo )

B= SINOBY (1270 » (83)

where
K* K* : K* K* -
Ak (1400 =COSPA; —SiNGA, , By (1409 =COHB,—SiNGBy,
K* . K* K* K* .
AK1<1270 =sinfA; +COoA; BK1(127Q =sinéB,+co¥B,,. (84)

In the range ofj? the main decay channels Kf areK 7~ andK 7 [the vertex o/K* K # is shown in Eq(88)]. The decay width
of K* is derived:

f2nd®) K f2n(@®  k'°
I'(g?)ks= ‘Wg(q ) +cog20° p”g(q ) ,
™ \/quK* ™ \/quK*
12
k (@*+mg—mp)?-—mg

:4_qz
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1 1/2
k'= {4q (92 +mg—m2)2—mg (85)
In FKl(qz) the decay modeK* 7, Kp, andKw are included:
r'(g?) 3+ < A2(9%)kx — A(Q?) k= B(Q%+ mi,) < +—2—q2 k*B2} + 2K !
= — * * m *
V" 32m Jopm, |17 mE, ) ke BT M) 3327 Jg7m,.
2 2(~2 2 2 2 k’2 q2 4n2
X +— - +m))—+ —k’
{ 3+ [z | A@) A BLA* M)k B},
1 ) 1/2
k= [4 (QP+mi, — mi)z—mK*] ,
1/2
[Af—(qurmK mz)z—mﬁ} . (86)
|
For K,(1270) I'(K{(1270)—K3(1430)m)=25.2 MeV is B. 7—Kpv and Kewv

included. The distribution is shown in Fig. 7 and the branch-

! -4 It is the same asr—K* wv; K, dominates the decay
ing ratio is calculated:

7—Kpv. Both the vector and axial-vector currents contrib-
ute to this decay mode. The matrix element of the vector

B(r —K*%7~ 1)=0.23%. cuirent,<K°p‘|¢k+yM¢|0>, is determined by the vertex
L£KKr Eq. (47), and is the same as E¢0). The axial-

vector matrix elementk® N;7v,Ys¥|0) is obtained by
The contribution of the vector current is about 7.4%. Theregypstituting MK g u¥s¥10)

fore, K, is dominant in this decay. The data are
0.38+0. 11_ 0.13% (CLEO [38]), 0.25-0.10+0.05% K*—p, Ko
(ARGUS [39)).

There is another decay channe'r__>|<*‘77°y whose in Eg. (75). Using the same substitutions in E@3), the
branching ratio is one-half oB(7~—K*%z~ ). The total distribution of the decay rate of—Kpv is found. The
branching ratio is branching ratio ofr—Kpv (two modesk®p~ andK ~p%) is

computed to be

B(r —Kmv)=0.35%. B=0.75<10 3. (87)

It is about 18% ofr—Kmmv. The vector current makes an
The narrow peak in Fig. 7 is fror{;(1270) and the wider 894 contribution. The DELPHI Collaboratiof40] has re-
peak comes froni;(1400). The width is about 230 MeV.  ported thatr— K* 7v dominates the decay— Kz v and
Kpv decay mode have not been observed. The ALEPH Col-
- - - - - - laboration [41] has reported theK* 7 dominance and a
| branching ratio of (3&11)% for theKp mode.
i Because of the S@3) coefficient, we expect

B(r—Kwv)=31B(r—Kpv).

The theoretical results are in reasonable agreement with
the data. In this paper the spontaneous chiral symmetry-
breaking effect(for the mass difference betwedt* and
] K,) is taken into account and the resonance formul&s

(83)]

—g2f2m2 +I\/—ZFK
BW [s]=
18 ! q _mK1+|\/q—2FK1

FIG. 7. Distribution of the decay rate of—K* v vs the in-  Because the spontaneous chiral symmetry-breaking effect
variant mass oK* 7. does not disappear in the limit gf— 0, we have a different



1450 BING AN LI 55

' ' r—K*mv. The verticescK %" 7 and £VK 7 via the La-
wl . grangianLVs, Eq. (68), contribute to the vector part and the
verticesCK1K" 7, £LKK* 7 and £WK" 7 via LAS take the respon-
=l sibility for the axial-vector part. The vertef<"X" 7 comes
wh 1 from the anomaly. Using the same method deriving the ver-
o ticespuv (in Ref.[12]), it is found that
bv 8 4
e — 3a
- * Kk
s ] LK = — Wdabgsﬂya’gnﬁﬂKiﬁaKz
w
| - —2—2—3b rrabpg K29, K3 (88)
2} 1 277ng8 10uBv0alp
e T e i s wherea andb are the octet and singlet componentspf
_ : . . N : 4

respectively,a=cosd, b= \/gcosﬂ, and 6= —20°. Because

FIG. 8. Distribution of the decay rate ef—K* v vs the in-  of the cancellation between the two components, the vector

variant mass oK* 7. matrix element is very small and can be ignored.

The verticescK1<* 7 and £XK* 7 contribute to the axial-
low energy limit which isnggmi*/mﬁl On the other hand, vector matrix element and they are derived from the effective
in this theory the amplitudé strongly depends og? and  Lagrangian presented in Re¢fL2]:
this dependence plays an important role in understanding the N
large branching ratio of th&* = mode and the smaller one L™ 7=afaus{A(0?)+ KK n—BKEK s 7}, (89)
for the Kp mode.

LK1= a e, TapgKA(KPI# p— aKP),  (90)
*
Xl 7=K"7 wherefy«, is the same a$,,., Eq.(37), in the limit of
There are vector and axial-vector parts in this decay. Then,=0. The decay width is similar to the one of
calculation of the decay rate is similar to the decay ofr—K* 7v:

dr G? S 6
a7 (17 —K* )= (277)3CO§20°6 3q4(mf—q2)2(m3+2q2)
3 1
_ 2 M2 2 N2
X4[|A| Tz M)
BA*+B*A 1 2+ 2 2 2 2+ |B|2 2 2 )4 (91)
- S M) (g2 —mae )2+ ——— (g2 —m3, )4t
( )21 i*QZ(q ) (05— Micy) 48mﬁ*q2(q K

The distribution is shown in Fig. 8. The branching ratio is metric tensor by using(,, K, and % fields. Therefore, only
computed to be the vector current contributes to this process Kids domi-

nant in this process. The vert&X K7 is shown in Eq(90).

_ —4
B=1.01x10"" The decay width is found:
The axial-vector current is dominant.

dar 3 G? .
XIV. 7—Kgv d_qZZZ(ZTﬁSInZQCCOSZZO

1 1
384m’ (M’
The decayr— nKv has been studied in terms of a chiral
Lagrangiar{3,7] and only the vector current contributes. The
prediction is 1.X 10 4. The experiments are CLE(42],
(2.6+0.5)x 10" % ALEPH [43], (2.9°13+0.7)x107*. xg%f2__(q?)
In the effective chiral theory the vertd&,;K» does not ?
exist. The reason is that if it exists it has abnormal parity and
comes from the anomaly in which there is an antisymmetric
tensor. It is impossible to construct a vertex with an antisym-The branching ratio is computed to be

X (mZ+20%)[ (02 + m3, — mg)?— 4q%m? |12
Migs + 2T 3. (02)

(?—m2, )2+ 0T s (92)

(92)
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FIG. 9. Distribution of the decay rate af—K »v vs the invari-
ant mass oK 7.

B(7~— 7K »)=2.22<10 %

The distribution of the invariant mass of and K is
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KTK™y_; - -
L 7—|e(K+(9MK -K c?MK+)A“. (96)

The axial-vector form factors are derived:

2
1 myg M 2c ( 1 )—1
FA=——— — —|1-—||1- =] =0.04,
2272 T mc \7 g 2mg*
mg,=(1.32 GeV?, (97)
2 mema(2c 1 2¢c 1 \71
R= gff_K w2 [E+w292(1_5)](1_ 277292)
2y2 fr mi,
=0.078. (98)

We obtainFA+ FY=0.135,FA—FV=—0.055. The datf27]
are FA+FV=0.147+0.011, 0.1503%%8 FA-FV=<0.49.
In the calculation ofF, the K, is used, and we obtain
F,=0.032. It is necessary to point out that the faatgy in

Egs. (88), (91), and(92) comes from the definitions of the

form factors.

shown in Fig. 9. The figure indicates a peak at 1.086 GeV

which is slightly above the threshold. The peak results from

the effects of the threshold and the resonance.
The branching ratio of— »'Kv is 200 times smaller.

XV. FORM FACTORS OF K*—ylv

As a test of£VSAS, Egs.(68) and(72), we study the form
factors ofK ~—eywv. The form factors oK™ — yl v are cal-
culated in the chiral limit. The vector form factor is deter-
mined by the vertex which comes from the anom{dlg]:

K*tK ™y _ e mvaBy+ -
L Ez—gfﬂs Kﬂﬁng ﬂVAa. (93)
The vector form factor is determined:
1 mg

V=——— —=0.095. 94
2\/5772 f’JT ( )

The verticescK1¥” can be found from Ref12]:

i

LKKY= Eeg(Agw\Jr Bp,p,+ Dk, kK "KTAN, (95

LXK is [12]

XVI. CONCLUSIONS

The Lagrangian of the weak interaction of mesons con-
sists of a vector part and an axial-vector part. In the chiral
limit, VMD takes responsibility for the vector part. Based on
chiral symmetry and spontaneous chiral symmetry breaking
the Lagrangian of the axial-vector part of weak interactions
of mesons is determined. The whole Lagrangian is derived
from the effective chiral theory of mesons. All the vertices of
mesons are obtained from the same theory. This theory pro-
vides a unified study fotr mesonic decays. Tha; domi-
nance in the matrix elements of tes=0 axial-vector cur-
rents andK, dominance in the ones dfs=1 axial-vector
currents in7 decays are found. All theoretical studies are
done in the limit ofmy=0 and the results are in reasonable
agreement with the data. There are many othenesonic
decay modes that can be studied by this theory.

ACKNOWLEDGMENTS

The author wishes to thank E. Braaten, Jin Li, J. Smith,
N.D. Qin, M.L. Yan, and Z.P. Zheng for discussions. The
author especially appreciates R. Stroynowski for sending to
him CLEQO'’s data. This research was partially supported by
DOE Grant No. DE-91ER75661.

[1] Y.S. Tsai, Phys. Rev. 3, 2821(1971).

[2] R. Fischer, J. Wess, and F. Wagner, Z. Phy8, 813(1980.

[3] G. Aubrecht I, N. Chahrouri, and K. Slanec, Phys. Rex24)
1318(1981).

[4] E. Braaten, R.J. Oakes, and S.M. Tse, Int. J. Mod. Phys, A
2737(1990.

[5] R. Decker, E. Mirkes, R. Sauer, and Z. Was, Z. Phy$8C
445 (1993; M. Finkemeier and E. Mirkesjbid. 69, 243
(1996.

[6] G. Kramer and W.F. Palmer, Z. Phys.25, 195 (1984; 39,
423(1988.

[7] A. Pich, Phys. Lett. BL96, 561 (1987).

[8] R. Decker, Z. Phys. G6, 487 (1987.

[9] E. Braaten, R. Oakes, and S.Z. Tse, Phys. Re\386D2187
(1987.

[10] R. Decker and E. Mirkes, Phys. Rev.47, 4012(1993.
[11] J.J. Sakurai,Currents and MesongUniversity of Chicago

Press, Chicago, 1969



1452

[12] B.A. Li, Phys. Rev. D52, 5165(1999; 52, 5184(1995.

[13] J. Wess and B. Zumino, Phys. Lett. 23 95 (197)); E.
Witten, Nucl. Phys37B, 422(1983.

[14] S.1. Eidelman and V.N. Ivanchenko, frau 94 Proceedings of

BING AN LI 55

[26] BES Collaboration, High Energy Phys. Nucl. Phy®, 385
(1994.

[27] Particle Data Group, L. Montanet al, Phys. Rev. 50, 1173
(1999.

the Third Workshop on Tau Lepton Physics, Montreux, Swit-[28] CLEO Collaboration, T.E. Coaret al, Report No. CLEO

zerland, 1994, edited by L. Rolan@Nucl. Phys. B(Proc.
Suppl) 40,131 (1995].

[15] S. Weinberg, Phys. Rev. Lett8, 507 (1967.

[16] J. Schwinger, Phys. LetR4B, 473 (1967; J. Wess and B.
Zumino, Phys. Rev163 1727(1967); S. Weinbergjbid. 166,
1568 (1968; B. W. Lee and H. T. Nieh,jbid. 166 1507
(1968.

CONF 96-15, ICHEP96 PA01-08&inpublisheg

[29] CLEO Collaboration, M. Goldbergt al, Phys. Lett. B251,
223(1990.

[30] ARGUS Collaboration, H. Albrechét al., Z. Phys. C68, 215
(1995.

[31] See paper by M. Benayouat al, Z. Phys. C58, 31 (1993.

[32] E.B. Dally et al, Phys. Rev. Lett48, 375(1982.

[17] J.J. Gomez-Cadennas, M.C. Gonzalez-Garcia, and A. PicH33] S.I. Eideniman and V.N. Ivanchenko, Phys. Lett2B7, 437

Phys. Rev. D42, 3093(1990.

[18] M.G. Bowler, Phys. Lett. BL82, 400 (1986); N.A. Tornquist,
Z. Phys. C36, 695(1987; J.H. Kuhn and A. Santamaridid.
48, 445(1990; M.K. Volkov, Yu.P. Ivanov, and A.A. Osipov,
ibid. 49, 563 (1991).

[19] N. Isgur, C. Mornongstar, and C. Reader, Phys. Re\BD
1357(1989.

[20] CELLO Collaboration, H.J. Behreret al,, Z. Phys. C46, 537
(1990.

[21] ALEPH Collaboration, D. Decampt al,, Z. Phys. C54, 211
(1992.

[22] DELPHI Collaboration, P. Abrewt al, Z. Phys. C55, 555
(1992.

[23] CLEO Collaboration, G. Crawford, iRroceedings of the Sec-

ond Workshop on Tau Lepton Physi€olumbus, Ohio, 1992,
edited by K.K. Gan(World Scientific, Singapore, 1992p.
183.

[24] H. Evans, presented at the Fourth International Workshop on

Tau Lepton Physics, Estes Park, Colorado, 1986pub-
lished.

[25] ARGUS Collaboration, H. Albrechét al, Z. Phys. C58, 61
(1993.

(1991); S. Nelson and A. Pichbid. 304, 359(1993.

[34] TPC/2y Collaboration, H. Aiharaet al, Phys. Rev. Lett59,
751(1987).

[35] ALEPH Collaboration, D. Buskuliet al, Z. Phys. C70, 579
(1996.

[36] CLEO Collaboration, T. Coart al, Phys. Rev. D53, 6037
(1996.

[37] H. Lipkin, Phys. Lett. B303 119 (1993; M. Suzuki, Phys.
Rev. D47, 1252(1993.

[38] CLEO Collaboration, M. Goldbergt al, Phys. Lett. B251,
223(1992.

[39] ARGUS Collaboration, H. Albrechét al, Z. Phys. C68, 215
(1995.

[40] W. Hao Ph.D. thesis, NIKHEF-H, 1996.

[41] ALEPH Collaboration, M. Davier, presented at the Fourth In-

ternational Workshop on Tau-Lepton Physjéd].

[42] CLEO Collaboration, J. Barteléet al, Phys. Rev. Lett.76,

4119(1996.

[43] ALEPH Collaboration, D. Buskuliet al, Report No. CERN-
PDE/96-103(unpublished

[44] Crystalball Collaboration, D. Antreasyaet al, Phys. Lett. B
259 216(199).



