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Hadronic charmed meson decays involving axial vector mesons
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Cabibbo-allowed charmed meson decays into a pseudoscalar meson and an axial-vector meson are studied.
The charm to axial-vector meson transition form factors are evaluated in the Isgur-Scora-Grinstein-Wise quark
model. The dipole momentum dependence ofEhe K transition form factor and the presence of a sizable
long-distanceW exchange are the two key ingredients for understanding the da[a—eial. The Kqa
—K,g mixing angle of the strange axial-vector mesons is found te-be37° or =58° from r— K, v, decays.

The study ofD—K,(1270)r, K,(1400)r decays excludes the positive mixing-angle solutions. It is pointed
out that an observation of the decBy— K, (1400)x" at the level of 5<10™* will rule out #~—37° and

favor the solutionrd~ —58°. Though the decaﬁoaﬁl’wo are color suppressed, they are comparable to and
even larger than the color-allowed counterpartg(l’(1270)770~Kl’(1270)7r+ and K‘l)(1400)w°

>K; (1400)7*. The finite width effect of the axial-vector resonance is examined. It becomes important for
a,(1260) in particular when its width is near 600 MeV.
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[. INTRODUCTION meson will require the knowledge of form factors and decay
constants. In the early study of R¢g&], the charm to axial
Two-body hadronidD decays containing an axial-vector vector meson transition form factors were calculated using
meson in the final state have been studied in Refs.6.  the ISGW(Isgur-Scora-Grinstein-Wigenodel[8]. However,
There are two different types of axial vector mesoﬁgﬂ some of the form factors get substantial modifications in the
and *P,, which carry the quantum numbed§®=1*+ and  improved version of the ISGW model, the so-called ISGW2

17 -, respectively. The nonstrange axial vector mesons, fofodel[9]. For example, the relevaf—a,;(1260) andD
example,a;(1260) andb,(1235) which correspond t8P, — K4 transition form factors can be different by a factor of
and ‘P, respectively, cannot have mixing because of oppo3 in the ISGW and ISGW2 models. In the present paper we
site C parities. On the contrary, the strange partners ofVill use the ISGW2 model to compute the charm to axial-
a,(1260) and,(1235), namelyK,, andK g, respectively, Vector meson transition form factors, and we find tbat
are not mass eigenstates and they are mixed together due-teKa;(1260) decays provide a nice probe of the momentum
the strange and nonstrange light quark mass difference.  dependence of thB—K transition form factor at largg?.

It has been noticed for a long time that the predidbgt It is known from the data analysis based on the model-
—K~a; andD*—KP; rates are too small by a factor of independent diagrammatic approddi9,11] that weak anni-
5-6 and 2, respectively, when compared with experimenfilation (W exchange oW annihilatior) in charm decays is
[1-5]. Interestingly, the predicte®®—K; (1270)7* and  duite sizable as it can receive large contributions from final-

state interactions via quark rescattering. We shall show that

+ KO +
D" —K4(1400)m are also 100 small by roughly a factor of the W-exchange contribution is one of the key ingredients for
5 and 2, respectively, compared to the dgga One argu- understanding the data

ment is that the factorization approach may be only suitable The paper is organized as follows. In Sec. Il we will dis-

for energetic two-body decays; for—Ka,(1260) with very  ¢yss the decay constants and form factors relevant for our
little energy release, the approximation is questiongBle  pyrposes. Th® —AP decays are then discussed in detail in

phase space available, it is thus expected that the thresholbyoted to a sketch of the ISGW model for thes A tran-
suppression can be obviated. However, a detailed study Qfition form factor calculations.

the a; mass smearing effect does not show the desired en-

hancemenf1,5]. ThereforeD°—K~a; andD*—K%; re-
main a problem. Compared {® production, we see experi- Il. DECAY CONSTANTS AND FORM FACTORS

mentally that 3(D*—K%y;)=B(D"—K°%™) and B(D° In the present work we consider the isovector non-strange
—K a;)=B(D°~K™p") [7]. Although the phase space axial vector mesona,(1260) andb;(1235) and the isodou-
for Ka;(1260) is largely suppressed relative to that Kgr, blet strange onek(1270) andK(1400). Their masses and
the largea;(1260) production comparable pis quite in-  widths are summarized in Table |. The axial vector mesons
teresting. It is important to understand these features. a,(1260) andb;(1235) have the quantum numbéeig; and

The purpose of this work is to reexamine the axial-vector!P;, respectively. They cannot have mixing because of the
meson production in charmed meson decays and to resohappositeC parities. HoweverK;(1270) andK;(1400) are a
the aforementioned long-standing problems. The study ofnixture of 3P, and 'P; states owing to the mass difference
charm decays into an axial-vector meson and a pseudoscalaf the strange and nonstrange light quarks. We write
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TABLE I. The masses and widths of theR, and

PHYSICAL REVIEW D 67, 094007 (2003

1P, axial-vector mesons quoted in RET).

a,(1260) b,(1235) K,(1270) K,(1400)
mass 123840 MeV 1229.5-3.2 MeV 12737 MeV 1402£7 MeV
width 250~ 600 MeV 142:9 MeV 90+20 MeV 174-13 MeV

Kl( 1270 = KlASin 0+ KlBCOSQ,

Kl( 140@ = KlACOSO— KlBSin 0, (21)
whereK, andK g are the strange partners®f(1260) and
b,(1235), respectively. If the mixing angle is 45° and
(Kp|K1g)=(Kp|K1a), one can show thak,(1270) is al-
lowed to decay intdKp but not K* 77, and vice versa for
K,(1400)[12].

From the experimental information on masses and the,yst vanish

partial rates oK ;(1270) andK,(1400), Suzuki found two
possible solutions with a two-fold ambiguity|~33° and
57° [13]. A similar constraint 35%|6|<55° is obtained in

[14] based solely on two parameters: the mass difference of
thea,; andb; mesons and the ratio of the constituent quark

masses.

Based on the early data from the TPC/Two-Gamma Col-

laboration[15]
B(r~—K; (1270 v,)=(4.1'41+1.00x 103,

B(r~—K; (1400 v,)=(7.6"35+2.00 X103, (2.2
Suzuki has shown that the observid(1400) production
dominance in the decay favor$ 6|~ 33° [13]. However, the
analysis by ALEPH Collaboration based on the CE&RNe ™

collider LEP data yield$16]
B(r~—K{ (1270 v,)=(4.8+1.1)x 103,

B(r~—K (1400 v,)=(0.5-1.7)x 10 3, (2.3

This indicates that<;(1400) production is somewhat re-
duced in comparison with that ¢€,(1270). Assuming the
resonance structure ef —K~ 7" 7~ v_decays being domi-
nated byK; (1270) andK; (1400), both OPAL[17] and
CLEO [18] have also measured the ratio K{(1270)v, to
K1(1400)v . with the averaged resul?]

T(7—K,(1270v.)
=0.69+0.15.
I'r—K.(1270v,) +I'(7—K(1400v,)
(2.9
This in turn implies that
B(7—K(1270 v,
_Br=Ka1270v) (2.5

R= B(7—K(1400v,)

Therefore, the new data clearly shd@y(1270) dominance

in the 7 decay. Consequently, the previous argument of rul-

ing out |#|~57° from K;(1400) production dominance is

thus no longer valid. This will be elaborated in more detalil

shortly below.

A. Decay constants
The decay constant of the axial-vector meson is defined
by

<O|A#|A(q,8)>:fAmA8#. (26)

Because of charge conjunction invariance, the decay constant

of the 1P, nonstrange neutral mesbr(1235) must be zero.

In the isospin limit, the decay constant of the chardprd

, SO thatb1 is small. As for the strange axial
vector mesons, théP,; and 'P; states transfer under charge
conjunction as

ME(3Py)—ME(3Py),

ME(P)— —MA(*Py) (a,b=1,2,3). 2.7
Since the weak axial-vector current transfers a&;#)g
—(A,,)p under charge conjunction, it is clear that _=0in
the SUZ3) limit [13].

Fora;(1260) andK,, their decay constants can in prin-
ciple be determined from the decay. From the measured
7—K; (1270)v, from ALEPH, the decay constant of
K1(1270) is extracted to be

le(1270): 175+ 19 MeV, (28)
where use has been made of the formula
2 2 2 2 \2
G2 (mZ+2my )(mZ—my )
— 2¢2 1 1
F(r—Kyv,)= 16’7T|VUS| le mi .
(2.9

To determine the decay constant Kf(1400) we note that
fK1(1400)/fK1(127O): coté in the exact SI(B) limit. However,

the decay constant &, 5 is nonzero beyond the $8) limit.
We thus follow[13] to write

Mi, (1400)( K ,(1400) CcOSH+ SSing
mKl(127o)f K1(1270) S'n 0_ 6 COSt9 !

(2.10

where in the static limit of the quark model the parameier
has the form 13]

MM 518

V2(mg+m,)

) (2.11

The magnitude OfK1(14OO)/le(1270) can be determined from
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fK1(1400)) 2 (m?+ 2m§1(1270))(m3_ m§1(1270))2m§1(1400) I 7—K.(1400v,] (2.12
fryazr0)  (mZ+ 2mil(1400)) (m?— m§1(1400))2mﬁ1(1270) [7—K,(1270v,]" .
|
A fit of Egs. (2.10 and(2.12 to the central value of the ) f(0)
experimental measurement Bf the ratio ofK (1270 to f(q%) = (2.19

212 \N?
K1(1400)v . [see Eq(2.5)], yields (1=q7/m,)
with m, being the T (0~) pole mass forF; (Fy). The
_ o _— original BSW model assumes a monopole behavier., n
g==3r° for 5=0.18, =1) for all the form factors. However, this is not consistent
with heavy quark symmetry scaling relations for heavy-to-
light transitions. The modified BSW model takes the BSW
¢==58° for 6==0.18. (213 model results for the form factors at zero momentum transfer
but makes a different ansatz for thgfr dependence, namely,
a dipole behaviofi.e.,n=2) is assumed for the form factors
Note that these solutions for the mixing angle are consisterft1,Vo,V2,A, motivated by heavy quark symmetry, and a
with the oneg 6|~33° and 57° obtained in Ref13] based ~monopole dependence féi,V;, where the form factory;
on the partial rates df ;. However, contrary to the previous andA will be introduced shortly.
claim by Suzuki]6|~58° is still a possible solution allowed  In the Isgur-Scora-Grinstein-WiseSGW) model [8,9],
by 7— K, v, decays. In the present work we will try to see if the vector form factors fob — A transition are defined by
one of the remaining two solutions will be picked up by the
study of D—K, 7 decays:
Although the data orr—a; (1260 ,— pmv, have been 3 —(* *
reported by various experimer{fer a review, see Ref20]), (A(Pa:2)(*P1IV,ID(po)) tel+Ce(e™ Po)(Pot Pa)
the decayr—a;(1260)v, is not shown in the Particle Data +c_(e"-pp)(Po—PA) >
Group[7]. Nevertheless, an experimental valuefglfz 203
+18 MeV is quoted in Ref[21]. It is generally argued that
a,(1260) should have a similar decay constant asptiee-  (A(p,,e)(1P;)|V,|D(pp))=re*+s,(e* - Pp)(Pp+ Pa)
son. This is confirmed by the model calculation, see, e.g., a a .
Ref. [22]. For definiteness, we choose thg(1260) decay +s_(&* - pp)(Po—Pa) -
constant to be 205 MeV. 2.16

B. Form factors

Form factors for théd — P transition are defined bj23] ~ The form factore, ¢, , ¢_, r, s, , ands_ can be calculated
in the ISGW quark mod€]l8] and its improved version, the
ISGW2 model[9]. In general, the form factors evaluated in

m2 —m?2 the ISGW model are reliable only af=g2=(mp—m,)Z,
(P(P)|IV,.[D(pp))=| PoptP.— %q# FT (g% the maximum momentum transfir&.‘?Thgmre;sgn isAt)hat the
q form-factor g? dependence in the ISGW model is propor-
m3 —m2 tional to exf—(g5—a?)] [see Eq.(A7)] and hence the form
+ Tq#ng(qz), (2.14  factor decreases exponentially as a function @f,€q?).

This has been improved in the ISGW2 model in which the
form factor has a more realistic behavior at largg, € g°)
whereq, = (pp— p)g- One of the form factors relevant for which is expressed in terms of a certain polynomial tfsee
D—AP decays ig; P(9?). To compute this form factor we Eqg. (Al)]. In addition to the form-factor momentum depen-
will use the Bauer-Stech-WirbéBSW) model [23] which  dence, the ISGW2 model incorporates a number of improve-
adopts the pole dominance assumption for the form-factoments, such as the constraints imposed by heavy quark sym-
momentum dependence metry, hyperfine distortions of wave functions, €i@].
Note that the results for the form factor. are quite dif-
ferent in the ISGW and ISGW2 mode(see Table Il ¢, is
IAs pointed out by Suzuki[19], the relation |[M(J/y  positive in the former model while it becomes negative in the
—K9(1400)K°) |2=tarf0|M (J/ y—K(1270)°) |2 will be able to  latter (see the Appendix for detajls
determined directly without referring to other parameters. How-  In realistic calculations of decay amplitudes it is conve-
ever, these decays have thus far not been measured. nient to use the dimensionless form factors defined23}
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TABLE II. The form factors ag?=mj for D—a; andD—b;
transitions and aq2=mf, for D—K;, and D—K,g transitions,
where( andr are in units of GeV and others carry units of GeV

PHYSICAL REVIEW D 67, 094007 (2003

. D—AP DECAYS
We will study some of the Cabibbo-allowéda— AP de-

The first entry is for the form factors calculated in the ISGW modelCaYS A: axial-vector mesorP: pseudoscalar mespwithin

and the second entry is for the ISGW2 model.

Transition 14 Cc. c_ r S, S_
D—a; -0.92 0.14
-131 -0.11 -0.037
D—b,; 0.94 0.29
1.29 0.20 -0.072
D—Kja -059 0.2
-0.78 -0.13 -0.030
D—Kip 0.77 0.27
0.94 0.21 -0.051

(A(pa,&)|V,ID(pp))= [ (mp+ mA)SfLVlDA(qz)

*

€ Pp

- = DA, 2
mD+mA(pD+ Pa) V2 (9%)
e*-p
—2mi—z 2 (Po—Pa) LVEA)
—VgA(qz)]],

i€,,008* "PRPRAPA(G?),

(2.17)

2
(A(Pa.2)|ALID(Po))=

with
mp+m mp—m
Va(0) = 5 V(@) — (), (218

and V3(0)=V(0). Note that only the form facto¥, will

the framework of generalized factorization in which the had-
ronic decay amplitude is expressed in terms of factorizable
contributions multiplied by theiniversal(i.e., process inde-
pendenk effective parameters; that are renormalization
scale and scheme independent. More precisely, the weak
Hamiltonian has the form

V2

VeoVE fay(ud)(sc) +ay(sd)(uc)]+H.c.,

(3.9

Heff

with (9302)=0;7,(1— ¥s)d,. For hadronic charm decays,
we shall usea;=1.15 anda,= —0.55. The parameters,;
anda, are related to the Wilson coefficients via

1
a;=cy(u)+cy(um) N_C"‘Xl(ﬂ)),

ay=Cy(u)+cy(p) (3.2

1
N—C+X2(M)),

where the nonfactorizable terms(x) will compensate the
scale and scheme dependence of Wilson coefficig(its) to
rendera; physical.

In terms of the topological amplitudes, the color-
allowed external W-emission tree diagram;C, the
color-suppressed internalW-emission diagram; E, the
W-exchange diagram, the Cabibbo-allowe® — A
[A=K,(1270)K(1400)] and D—KA [A=a,(1260),
b,(1235)] amplitudes have the expressions

AD° A" 7#H=T+E, A(D°-A’7%=—(C'-E),

Sl

contribute to the factorizable amplitude as one can check the

matrix elementg*(A(pa.€)|V,|D(pp)). The ISGW and

ISGW2 model predictions for the form factov, ; , are ex-
hibited in Table III.

TABLE Ill. The dimensionless vector form factok, ; , at q®
:mﬁ for D—a; and D—b; transitions and aq2=m,% for D

—Kj4 and D— K, transitions calculated in the ISGW2 model.

AD* A7) =T+C’ (3.3

and

_ 1
A(D°—K AN =T'+E, A(D°-KCA%= E(C—E),

The numbers in parentheses are the results obtained using the

ISGW model.

Transition Vo Vy V,
D—a,; —0.63(—0.26) —0.42(-0.30) 0.35(0.44)
D—b, 0.68(0.62 0.42(0.3D) —0.62 (—0.90)
D—Kia —0.37 (—0.15) —0.24(—0.18) 0.40 (-0.34)
D—Kyg 0.50(0.48 0.29(0.29 —0.65 (- 0.87)

A(D*—K°A")=T'+C. (3.9
ForD—AP andD— PA decays, one can have two different
externalW emission and internalV-emission diagrams, de-
pending on whether the emission patrticle is a scalar meson
or a pseudoscalar one. We thus denote the prime amplitudes
T’ andC’ for the case when the scalar meson is an emitted
particle[24].
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A. D—Ka;(1260 and D—Kb,(1235H TABLE 1V. Branching ratios for D—Ka;(1260) and D
Under the factorization approximation, theD — Kby (1235).
—Ka;(1260) andD—Kb;(1235) decay amplitudes read Theory
(the overalle* - pp terms being dropped for simplicity
Decay without FSIs  with FSIs  Experimeji]
+ KO 12.1% 12.1% 8.11.7)%
ALD* —KCa; (1260]= —=VoV*{2a,f, my FOX(m2) D~ —K'ai (1260) ‘ ° (BELN%
\/— 1% 1 D°—K~a; (1260) 3.8% 6.2% (7.21.1)%
D% K%a%(1260) 3.3x10°% 5.6x10°4 <1.9%

Day, .2 h
+2a,fm,, Vo™ (mig ], D K%;(1235) 17x1073 1.7x10°°

D%—-K™b;(1235) 3.7x10°°% 59x10°
D°-K%9(1235)  3.9x10°*  6.7x10°*

A[D°—K™a; (1260 ]= VCSV*dZalfalmalF “(m3),

[

o =o . Day, 2 the ISGW2 model yields a negati%g for D—a, transition
A[D°—K%a}(1260 = VcsV a28zfmy V™ (my) and a positive one fob—b,. This means that the interfer-
(3.5 ence between external and interii&lemission amplitudes is

constructive inD*—K%; (1260) and destructive iD™*

and — KO (1235). Our result for the former is slightly larger
than experimentsee Table IV. Recall that this mode has
. been measured by two different groups with the branching
—=VeVid 2asfp my F2(M ) ratios of (11.6-3.7)% by E691[25] and (7.5-1.6)% by
V2 Mark Il [26]. Therefore, our result is in good agreement
with E691. In view of this, it is important to have a refined
measurement of this decay mode.
As for D°—~K~a; (1260), the dipoleg? dependence of
o Lot . DK, 2 the form factorF 2 will enhance its branching ratio from 1.7
A[D"—K™b;(1239]= \/EV sVua2arfy my Fro(mg ), to 3.8 %(see the second column of Table)\However, it is
still smaller than experiment by a factor of 2. This is ascribed
G, to the fact that we have so far neglected tveexchange
0 .20 _ Dby, 2 contribution. It has been noticed that a large long-distance
A[D Kb} 1(1235]= VCSV”dzaszmb Vo (M), W-exchange can be induced from final-state rescattésieg,
(3.6)  e.g., Ref.[28]). The data analysis of Cabibbo-allowédnl
—Kp decays indicategl1]
where the factorizabl&V-exchange amplitude has been ne-
glected owing to helicity and color suppression.
As mentioned in the Introduction, the branching ratios of E e E -
the decaysD®—K~a; (1260) andD *—K%a; (1260) have 7| _~05% e cl - =112, (3.7
been predicted to be of order 1.5 and 3.8 %, respectjdly D—Kp D=Kp
which are well below the measured values of (7121)%
and (8.1 1.7)% (see Table 1V. In our study, thek®a; rate
gets enhanced for two reasofid: The g° dependence of the
form factor FP¥(q?) is of the dipole rather than the mono-
pole form in order to be consistent with heavy quark
symmetry? (ii) Contrary to Ref[1] where the form factor
VDal is assumed to be zero, the calculated form factor using

A[D*—K%; (1235]=

+ 2a,Tmy, Vg (MR,

If we assume that this result holds also for—KA [A
=a,(1260) p,(1235)], then the branching ratio will be en-
hanced to 6.2% as shown on the third column of Table IV.
We also see that the final state interacti@Sl) induced
W-exchange will increase the branching ratio &f°
~»K%?(1260) from 3.3 107* to 5.6< 10~ *.

It is interesting to notice that although the phase space for
2If we use the Melikhov-SteckMS) model[27] to evaluate the the final statKa;(1260) is substantially suppressed relative

D—K transition form factor, the branchlng ratios will become 6.9% tg Kp, the largeD —K transition form factor atj?= m and

and 3.3%, respectively, fd{o , andk - a; - This implies that the negative form factoV, for D—a, transition render
increase ofF?"(g%) at g*=mj ;56 is not fast enough in this

+_ KkOq+ +_ KO, + 0 —at
phenomenological model. More precisel¥; PK(0)=0.78 and B(D"—K"a; )=B(D"—~K ") and 0 B(_DO O—>K alz)
F*(mZ,)=1.29 in the MS model, while the corresponding values SB(D°—K™p™). However,  B(D"—K"a;)<B(D
are 0.76 and 1.75 in the improved BSW model. —K%9).
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TABLE V. Branching ratios ofD—K;(1270)r and D—K;(1400)= calculated for variouk;,—Kig
mixing angles.

Theory

Decay -37° —58° 37° 58° Experimenit7]

D —K%(1270)7* 6.4x10°3 7.8x10°° 2.9x10°? 471072 <7x10°3

D —K%(1400)7* 2.9x10°? 4.0x1072 6.6xX 1072 6.6x 1072 (4.951.2)%

DK (1270)7" 6.3x10°3 5.5x10°3 4.9<10°4 4.4x10°° (1.13+0.31)%

D%—K; (1400)7™* 3.7x10°8 4.2x1074 3.0x10°3 3.2x1078 <1.2%

D% K2(1270)r° 8.4x 1073 8.4x 1073 8.4x 1073 8.4x 1073 <2.0%

D% K%(1400)7° 5.7x10°3 5.5x10°3 5.7x1073 5.5x10°3 <3.7%
Owing to the smallness of the, decay constant, the de- B. D—K,(1270 @ and D—K4(1400 =

cay rates oﬂz’bl+ andK~b; are much smaller than their The factorizable amplitudes fdb— K ,(1270)r and D
counterpartsk®a; and K~a; . Nevertheless, the neutral _, K (1400)r are (the overalls* - pp terms being dropped

modesk®b? andK®a? are comparable. for simplicity)®
G
AD* —K2(1270 7" ) = == VeVl 281y (1270 A Sin OV PA(m2) + cosaVg “18(m?)]

V2

+ 2a,mMy (1270)f K1(127O)F?7T( mﬁl(1270))}!

G
A(D*—K%(14007+) =T;VCSijd{2a1mK1(14oo)f Lc0sOVE 1A (m2) —sin 6 VO 18(m2)]
+28,;Mi (1400) K 1(1400)':?77( m§1(1400))}'
0 - +_ Cr * ; DK1a( 1?2 DKig 2
A(D"—K{ (12707 ") = Evcsvud{ZalmKl(mo)f A SINOV, (M) +cosoV B(m7) 1},
0 - + Ge * DKya/ a2 ; DKig a2
A(D"—K1 (1400 7") = —=VesVigt 2a1Mi (1400)f -[COSOV,HA(M7) —sin oV~ 8(m7) 1,

V2

G, .
A(D°—K%(12707°%) = TVCSV:d[ZaZmKl(IZYO)f K1(127O)F? (mﬁ1(1270))] :

GF ™
A(D°—K%(1400 7% = 7VcsVﬁd[Zamel(14oo)fK1(1400)F? (MK (24000 3.8

where we have taken into account tkg,—K;g mixing  solutions #=37° and 58° are ruled out as the predicted
given by Eq.(2.1). As before, we have neglected the short—@(lzm)ﬂ* is too large whileK ™ (1270)7* is too small
distance factorizablg/-exchange contribution.

Using theD —K;, andD— K,z form factors computed

in the ISGW2 model (see Table Ill and fK1(1270) 3In Ref.[5], the color-suppressed amplitudesDr- K ;(1270)r

=145 MeV, th(? reSEﬂtS for the branChif‘g ratios 8 andKk,(1400)r decays characterized by the parametggre erro-
— K, are depicted in Table V for the mixing anglég| neously multiplied by an additional factor of sirand coss, respec-
=37° and 58°. It is evident that the positive mixing-angle tively.
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compared to experiment. Note that the experimental limit orwhich is often employed is, strictly speaking, valid only in
D*—>@(127O)77* is measured to be 0.007 by E6925] the narrow width approximation. For an illustration, we con-
and 0.011 by Mark 11[26]. Therefore, both negative mixing- sider the decayD —Ka;(1260)—Kmmm. Following Ref.
angle solutions are allowed by experiment. Howeu@f, [31], we compute the quantity
— K7 (1400)7* is very suppressed fat~ —37°. Hence an
observation of this mode at the level 0k3.0~* will rule out I[D—Ka, (1260 —Kpm—Kmrrm]
0~ —37° and favor the other solutiof~ —58°. n= =

Several remarks are in ordéi) For the decay constant of I'[D—Ka,(1260]5(ay— pm— mmm)
K;(1270), we use the value of 145 MeV rather than 175
MeV as inferred from the— K (1270)v, decay. If the latter Where we have assumed tha{(1260) decays entirely into

is used, we will haveS[D* —K9(1270)r*]=1.5and 1.7%, PT [7]. The deviation ofy from unity will give a measure of
respectively, forg= —37° and—58°, which exceed the cur- the violation of the factorization relation. Owing to the finite

rent experimental limit(ii) In Table V we have not taken Width effect, the effective decay rate bf—Ka,(1260) be-
into account thew-exchange contributions. If we assume COMeS
that theW-exchange term relative to the amplitudeandC

is similar to that inD — K* 7 decays, namely11], I'[D—Kay (1260 ]s,= 7I'[D—Ka;(1260]. (3.12

, (311

% ) ~0.785%" g ) ~0.047%, (3.9 To proceed we write the on-shell decay amplitudes as

D—K* 7 D—K* 7 — _
A(D—Ka;)=M(D—Kay)(&e*-pp),

the branching ratios oK%(1270)7° and K9(1400)=° will

become 2.2 and 1.4 %, respectively. The former slightly ex- A(alﬂpﬂ')=(gG#,,-i—hLM,,)sgls:V, (3.13

ceeds the current limit. Therefore, the realistic value\of

exchange is smaller than that given by E&9). (iii) We see where[21]

thatK%(1400)r* is larger thark9(1270)r* by one order of

magnitude since the interference between color-allowed and 1

color-suppressed amplitudes is constructive in the latter and G#¥=§*"— —[m2 pLp,+ m§p§ p. + Pa,  Po(P4 P,

destructive in the former(iv) Though the decayD° Yoo v !

—>_27-r° are color suppressed, they are comparable to and +pgpgl)],

even larger than the color-allowed counterparts

K%(1270)m°~K (1270)7 ™" and K®(1400)7° . m2 5

>K; (1400)7*. This can be seen from E¢3.8) and from Lav— Pa, " Pp D& + pH ! ) D+ p? My, )

the fact that the form factov,, is negative(positive) for D Y SR VR <Py R R SV Y
—Kja (D—Kjp) transition and thaiF?” is large atg? (3.19

=MZ (1270) OF Mg (1400 Since the inclusion of the

: - ; ndY=(p,.-p,)>—m2 m?. The two-body decay rates then
W-exchange contribution will enhance the decay rates oft Pa, Py a,My - W y y
K9(1270)7° and K9(1400)x° by a factor of, say 1.5, it is ead

conceivable thaD®— K97 has a branching ratio of order 3
1072, Hence, the neutrak97° modes should be easily ac- I'(D—Kay)= L{lM(DHKal)F,
cessible by experiment. 8mmp

C. Finite width effect

— = — 2 .

Among the four axial-vector mesons we have studied thus F(ag—pm) 127rm§1|M(a1 pml’ (319
far, a,(1260) is a broad resonance with a large width ranging
from 250 to 600 MeV and hence it will increase the phaseimhere[Zl]
space available. A running mass for the resonance has been
considered in Refl1] to take into account the smearing ef-
fect due to the large width. However, the ansatz of a Breit- ) )
Wigner measure(m?) made in Ref[1] is somewhat arbi- IM(a,—pm)|*=| 2[g|*+
trary.

The factorization relation

2 2

ma, M,
—)zlhl2 , (3.16

(al'p

p is the c.m. momentum o or a, in the D rest frame, and

[(D—RM—=M;M,M)=I'(D—~RM)B(R—M;M), p’ is the c.m. momentum of the or 7 in the a, resonance
rest frame.
(3.10 The resonant three-body decay rate is given by
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F(Dﬂialﬂip’ﬁ)
1 (mD*mK)qu2

B Sm% (mp+mﬂ_)2 z
X|M(D—Kay)|?[M(a;—pm)|?

NAmE g% mi) Mg mp,m?7)
X

127g?

8mm3
1

>< 1
(q2_ m§1)2+ [pr(qz)mal]z

where\ is the usual triangular function(a,b,c)=a?+b?
+c?—2ab—2ac—2bc, and the “running” or “comoving”

width " ,_(g?) is a function of the invariant mass squared

2 _ % :
m;,.=q~ of the p7 system and it has the expressi@8]
b M pl(gd) | PLHRPA(ME)
I'ya(q )=Fa1m 2 2012, 42y
pr\ /(M) 1+R%p'%(q?)

(3.17

wherep’(g%) =\"%(q%,m>,m2)/(2/g?) and we follow Ref.
[30] to takeR, the “radius” of the meson, to be 1.5 GeV.
When the resonance widﬂﬁa1 is narrow, the expression of

the resonant decay rate can be simplified by applying the

so-called narrow width approximation

1 T 5 ) 2)

~ —m2).

(P-m2 2422 (@) Malay |
(319

a;” pm

It is easily seen that this leads to the factorization relation

Eq. (3.10 for the resonant three-body decay.
Assuming thatjM(D—Ka,)|?> and [M(a;—pm)|? are

insensitive to theg? dependence when the resonance is off
its mass shell, these terms will be dropped in the expression

of the parameter;. We find »=1.07 and 1.22 fofal(126o)

=250 and 600 MeV, respectively. Note that our results dis-

agree with Ref[1], where thea;(1260) mass smearing pro-
cedure leads tdower the rate. The finite width effect be-
comes small forb;(1235), K(1270), and K(1400)
production.

As stressed in Refl31], the finite width effect is most

dramatic when the decay is marginally or even not allowed

kinematically. For example, it is found that~4.3 for D°
—fo(1870K® for My (1370=1370 MeV  and T’y (1370,
=500 MeV. Evidently, the finite width effect df,(1370) is
very crucial forDOHf0(1370)|?°. Recently, the branching
ratios of D*—K*%; (1260) andD{— ¢a; (1260) have

been measured by FOCUS2] based on the hypothesis that
five-body modes are dominated by quasi-two-body decays.

These modes are not kinematically allowedaif(1260) is

PHYSICAL REVIEW D 67, 094007 (2003

IV. CONCLUSIONS

Cabibbo-allowed charmed meson decays into a pseudo-

scalar meson and an axial-vector meson are studied. The
charm to axial-vector meson transition form factors are

evaluated in the Isgur-Scora-Grinstein-Wise quark model.

The main conclusions are as follows.

(1) The D—A transition form factorc, has an opposite

sign in the ISGW model and its improved version. It is
found that the magnitude of tHi2— 3P, form factorV,,

in the ISGW2 model is three times larger than that in the
ISGW model.

The early predictions oD°—~K~a; and D*—K%
rates are too small by a factor of 5—6 and 2, respectively,
when compared with experiment. The dipole momentum
dependence of the form factor for tile—K transition,
which is required by heavy quark symmetry, and the
presence of a sizable long-distantkeexchange induced
from final-state rescattering are the two key ingredients
for understanding the data & —Ka;. We predict that
B(D*—KO; (1260)=12.1%, which is consistent with
E691 but slightly larger than the Mark Il measurement.
Experimentally, it is important to have a refined mea-
surement of this decay mode.

D—Kb4(1235) decays are in general suppressed rela-

tive to D—Ka;(1260) owing to the smallness of the
decay constant ofb;. However, the neutral modes
K%b9(1235) andk®a?(1260) are comparable.

The K;5o— K1 mixing angle of the strange axial-vector
mesons is extracted from— K, v decays to be=37° or
58° with a twofold ambiguity. This is consistent with the
mixing angles obtained from the experimental informa-
tion on masses and the partial rateskof(1270) and
K1(1400). It is found that the positive mixing-angle so-
lutions are excluded by the study ofD
—K(1270)7,K1(1400)r decays. An observation of
the decayD®—K; (1400)7" at the level of 5¢10™4
will rule out 6~ —37° and favor the other solutiofi~
—58°.

) Though the decay®°—K%7° are color suppressed,

they are comparable to and even larger than the color-
allowed counterpartﬂ?‘f(lZ?O)q-ro~K1’ (1270)7* and
K%(1400)7°>K; (1400)r*. It is expected that the neu-
tral mOdeSDOH@’TTO have a branching ratio of order
10 2 and hence they should be easily accessible by ex-
periment.

The finite width effect of the axial-vector resonance is
studied. It becomes important f@;(1260) especially
when its width is near 600 MeV. ThB—Ka;(1260)
rate is enhanced by a factor of 1.07 and 1.22, respec-
tively, for Fa1:200 and 600 MeV.
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APPENDIX: FORM FACTORS IN THE ISGW MODEL

. e m, 4—5 mym, 'BD)F(S* )
: " . ) +—S_=—=
Consider the transitioD — A, vv_heg the_ axial-vector me V2mpBp | 3 2Mats BAA
sonA has the quark conten; g, with g, being the spectator
guark. We begin with the definitiof9] where
112 n —3 — \ 12— \ 112
1
=|= (ﬂD'BA 1+ 1—8h2(tm—t)} . (A1) FO=FO=F To) [Ma)
mp Boa Mo | ma
where
— \ =32/ =\ 12
plerte) _plsirs)_p (Mo Ma
2 3 3m? *\ o my
AMeMy  2mpmaBia — \ —l2 =\ —12
1 16 ) ae( om) Fo ) =pl ) =F (@) A
mDmA 33_2nf as(ml) ( ) D A (AS)
m is the sum of the meson’s constituent quarks’ magses, and
the hyperfine-averaged mass,= (mp—m,)? is the maxi-
mum momentum transfer, and
~ t—t
1 1 1 w—1= 22 —. (A6)
= — =+ MpMp
M+ (ml_mc) 1 (AS)
with m; andm, being the masses of the quars andazy In the original version of the ISGW mod&], the func-

respectively. In Eq(A1), the values of the paramete&b tion F, has a different expression in its,{—t) dependence
and 3, are available in Refl9] and 83 ,= (B3 + 83).
The form factors defined by ER.16) have the following

1/2 n
expressions in the improved ISGW model: F |2 ('BD'BA expl — ~m2~ tm—t
- - : mD BDA 4mDmA KZB%A '
1 mym(w—1) (A7)

€=—mpBp| —+
DIBD M

—
Bb
where k=0.7 is the relativistic correction factor. The form

factors are then given by

5+w 1 m, B3
__— 2 /D |:(5€),
6m;  2u- m, B3a
- 1 mty—t( 1 1 m, B
~ (=—mpBp| —+ =5 > Fs,
4o = MMy {1_ mym, ED)F(C++C_) M- 2mp K BD\ml M- My BRa
+ —— ~ ’
2m1mDﬂD\ 2Map— Bha
2
~ {~ ) g2 o= mpme /1 m;my BD)
m,m o+ m;m +T o= o= —2 |Fs:
C,—C_=-— ZA 3 —— TD> 4mD,3DM—\ 2Map— EZDA
2mlmDBD\ 2map - Bpa
xFg e, (A4) m; M, __Mumeme o
S+: = + 2 F5
\/EmDBD M- 4M+,U« mA [))DA
mD:BD MM, (o—1) }F(r) (A8)
2 3my 85 > , o
It is clear that the form factor, has an opposite sign in the
m, m, m, ,320 ISGW and ISGW2 models. Note that the expressions in Eq.
Sits = mm |1 S (rrs), (A4) in the ISGW2 model allow one to determine the form
V2mp Bp M+ Bba factorsc_ ands_, which vanish in the ISGW model.
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