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Cabibbo-suppressed nonleptoni® and D decays involving tensor mesons
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The Cabibbo-suppressed nonleptonic decays @ndD) mesons to final states involving tensor mesons are
computed using the nonrelativistic quark model of Isgur, Scora, Grinstein, and Wise with the factorization
hypothesis. We find that some of theBalecay modes, such &— (K*,D*)D} , can have branching ratios
as large as & 10, which seems to be at the reach of futiréactories.[S0556-282(99)02907-(

PACS numbgs): 13.25.Hw, 12.39.Jh, 14.40.Nd

I. INTRODUCTION Cabibbo-favored decays have been computed in Réf.
Let us mention that th&—T hadronic matrix element
B meson factories at SLAC and KEK will soon start their computed in Ref[2] has been used recently to evaluate the
operation. In addition to the central interest on the study osemileptonic rate of the8—D3|v [5] decay mode. The
CP violation in theB system, the precision of many proper- heavy quark effective theory also allows a computation of
ties of B mesons that have already been measured is expectéiie B— T matrix element and has been used to evaluate the
to be improved there. Some suppressed decajgsmésons, decay rates of thB*—>D’2*°7-f [8] (see also Refl3]) and
either modes occurring at the tree level and suppressed liB/—>D’2*I v [3-5] decays.
Cabibbo-Kobayashi-Maskaw&KM) factors or modes sup- Besides the interest of heavy meson decays to tensor me-
pressed by dynamical effects, will certainly be accessible atons in order to test properties of quark models or symme-
these experiments for the first time. Another kind of sup-tries of QCD for heavy quarks, one should mention that ten-
pressedB decay corresponds to the modes (Entaining Mesor mesondi.e., qar states withL=1,S=1, andJ?=2")
sons that are radial or orbital excitations of the system. belong to one of the better established 16-plet under flavor
SemileptonicB decays containing orbital excitations of the SU(4). Indeed, according to the compilation of the Particle
cq system, aD; and D% mesons, have been observed re-Data Group[10], the following members of thg 16-plet of
cently by CLEO[1], who concluded that they can account tensor mesons have already been obser,ved. the isovector
for up to 20% of theB semileptonic rate. The study of these a,(1320) state, the |§osca!arﬁz(1270), f2(1525), and
decays is interesting to probe the specific predictions for th&c2(3556), tPe strange isospinet; (1430), and the charm
hadronic matrix elements in the context of phenomenologicaiSodoubletD; (2460) states. Although there is not compel-
quark model§?2] and heavy quark effective theofg—5]. ling t_ewdence yet for the chgrmed—strange tensor meson, ac-
In a recent papef6] we have computed the Cabibbo- cording to the latest data given in the current qucle Data
favored nonleptonic decay modes Bfmesons of the form Group (PDG) paper[11] the DZ,(2573) has the width and
B—PT,VT, whereP(V) is a pseudoscalavecto) meson decay modes consistent withJ8=2" cs state.
and the spin-two tensor mesdncorresponds to thp wave Despite their low branching fractions, the observation of
of the quark-antiquark system. We have foiyffithat some some nonleptonic Cabibbo-suppress&dind D decays to
of these decay modes have branching ratios large enough tawest lying mesons have been reported recently. For ex-
be observed in future measurements. Similar conclusionample, the following decay modes have been obserBed:
have been reached in Ref3.8]. —D% ™ [12], B—~D**D*~ [13], DK K*, 7" 7~
In the present paper we consider the Cabibbo-suppressé¢ti4], and D™ — (7,7 )7 ,(n,7")p" [15]. As will be
two-body nonleptonic decay modes®inesons that contain shown below, some Cabibbo-suppresBedecays to tensor
a light- or charmed-tensor meson in the final state. Despitenesons have branching ratios of order 3910 ® which
additional Cabibbo-suppression factors, the amplitudes folook to be not too far from experimental searchesBat
some of these decays can be enhanced because they areféetories.
vored by contributions proportional to theg QCD coeffi- The rest of the paper is organized as follows. In Sec. Il we
cient which appears in the effective weak Hamiltonianwrite the effective nonleptonic weak Hamiltonians for
and/or have more phase space available. We make use of tlabibbo-suppressddl and D decays and provide a classifi-
nonrelativistic quark model of Ref2] to evaluate the rel- cation for these decays. In Sec. Ill we set our convention for
evant hadronic matrix elements of tH®&—T transitions, mixing of octet and singlet states of &) and provide the
whereT is a light or heavy(i.e., charmegfitensor meson. For numerical values of the parameters required for our calcula-
completeness, we also compute the Cabibbo-suppressed twiens. Our conclusions are given in Sec. IV. Let us note
body nonleptonid decays involving tensor mesons that arethat we closely follow the notation and formulas obtained
allowed by phase space considerations. The corresponding Ref. [6].
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TABLE I. Decay amplitudes and branching ratios for the CKM-
suppresse@®— P T channels of type | witihs=0,—1. These am-
plitudes must be multiplied byi(BF/\/E)s;Vpgpg.

TABLE II.
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Decay amplitudes and branching ratios for the

CKM-suppressed3— PT decays of type Il withAs=0,—1. The
amplitudes must be multiplied by(ﬁF/\/E)s;Vp’B‘pg.

As=0 As=0
Process Amplitude X (VypViig) Br(B—PT) Process Amplitude X (V¢,VEy) Br(B—PT)
B —m aJ ayf - FB-%(m2 )12 3.02x10°7 B~ —D D3° ayfo-FB 0 (m? ) 1.76x10°°
B —m f, af - cos(ﬁT}‘Bﬁfz(mi_)/\/E 3.25x10°7 B — n.a; a,f 7]c]:B%lz(mf?c) 1.44x 106
B —w f, ayf - sinrFB2(m2 )12 3.23x10°° —Bo_>D_D§ + alfD_fBHD;(mgf) 1.66x10°°
B —nla, a,f 0 FB2(mi)/\2 152¢10°° g~ | o —a,f, FE%(m?)/\2 6.80x10°7
B~ —na; a,f, singpFB-2(m?)/\2 1.05¢10°%  —— ° 2 ‘ Bt i 1E 177107
B_—>7]’a£ a2f rCOS(f)pj:BHaz(m )/\/— 4.18<10°° B —>77cf2 21 ¢ CoSdr. (mﬂc) . .
B a; ayf, Foa(m’) 571107 B el Bof 5, SinrF O fa(mfy )2 507¢10
B'— m°a —a,f 0B %2(mlo) 2 7.18<10°° Ase 1
— NI -9 T
B%— x0f, a,f 0 COSPrF B T2(m7 ) /2 7.72<10 Process Amplitude X (V¢pVi)
0_. . Of i B—)(m? 7.68<10° 11
B — 7°f; asz05|r_‘¢T-7: . i(mwg)/z L Bf—>K7D§0 alfo}-BHD;(mi_) 2.40x10°°
B°— na) ~a.f, sindeF Z(fmv)f 4.98<10 . B D5 A poF B (m2) 4.56x10°7
—_— . B— —
BO—, 7f, a2f,7$|n ¢p COSPrF 2(m,])/2 5.36x 10 EK’D;*’ alfofB*}Dz(mi,) 2.27x10°5
, ; : il a2 - 11 - . -
BO— pf, azf,]smqspsmtbrfB 2(f2n,7)/2 5.31X 10_9 B°—>D°K§° aszo}"B*KZ(szo) 4.22x10°7
B 7'l —a,f, cosgpF B %2(m’,)/2 1.98x10
B— 5'f, af , cosep cos¢>T}'BHf2(mf/,)/2 2.13x10°°
BO_, - 2yt Cosghp sin prFBTo(m2,) /2 2.08X 1071 mixing factors. In this paper we will take the following nu-
7 merical values for the QCD -coefficienta;=1.15, a,
As=1 =0.26[16].
Process Amplitude X (V,gV%) In order to provide a classification for the wide set of
ub these decays, we will call those occurring through the first
B~ —D.ad fBHaz(m BN/ 1.45x 1078 two terms within curly brackets type | decagise., propor-
B~ —D.f, alfD COS¢T}-BHf2(m )/J_ 1.58<10°® tional toV,,) while those proportional t&/.;, will pe called
- —f1 = -8 type Il. Based on current values of CKM matrix elements,
B"—Df; ayfp- sin ¢ 78 f2(m? )/\/_ 1.43x10 : .
s 1Dy i 6.38¢ 10 one would naively expect that typeBl decay branching ra-
B —~DK; asfooF (mEo) ' . tios are suppressed by the factd,,/VVyd*~0.13 with
B D a; a;fp- fBHaz(mDs—) 2.75<10 respect to type |l decays. Among type | and Il decays we will
"BO_, DUK*O aszofsﬂKg(mzo) 5.90x 10~ 8 also distinguish between processes witk=0,1 associated
2 D

Il. EFFECTIVE WEAK HAMILTONIANS
FOR CABIBBO-SUPPRESSEDB AND D DECAYS

to the change of strangeness in the second weak vertex.
In a similar way, the effective weak Hamiltonian for
single Cabibbo-suppress&ldecays is given by

The B andD decays of our interest are such that only one

single Cabibbo suppression factor occurs at a time. The ef-
fective weak Hamiltonian for single Cabibbo-suppressed

nonleptonicB decays can be written as follows:

G . .
—F V.V a;(ub)(du) +ay(db)(uu)]

2

+VpVe S[al(ub)(sc) + az(sb)(uc)]

Her(Ab)=

+VpVEa;(cb)(dc) +ay(db)(cc)]

+VpVi{a(ch)(su)+ay(sb)(cu)J}+H.c.,
D)

where @q’) is a short notation for th&/-A current, Gg

eff( C)

—VeaVigla( (dc) (ud)+a2(uc) dd)}+H c.,

@

where the numerical values for the QCD coefficients will be
taken asa;=1.26 anda,= —0.51[17]. Notice that we have
included only the terms relevant f@ decays withAs=0
(type ), because type Il transitions are very suppressed by
phase space considerations. Note fhat VT are completely
forbidden by kinematics.
Observe that due to the vector nature of the effective had-
ronic weak currents in Eqs(1),(2), the matrix element

(T|qq’|0) vanishes identically. Therefore, as already dis-
cussed in Ref[6], only one operator in the effective weak
denotes the Fermi constant, akf are the relevant CKM Hamiltonian will contribute to the decay amplitude of a
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TABLE I1ll. Decay amplitudes and branching ratios for the =~ TABLE IV. Decay amplitudes and branching ratios for the
CKM-suppressedB— VT modes of type | withAs=0,—1. The = CKM-suppressedB— VT decays of type Il withAs=0,—1. The

amplitudes must be multiplied b)G(F/\/E)s*””. amplitudes must be multiplied b)G(F/\/E)e*““.
As=0 As=0
Process Amplitude X (VypVig) Br(B—VT) Process Amplitude X (V¢,VEg) Br(B—VT)
B~ —pa) ayf, -me_ 7> o2 (m? )/[ 8.66<10°7 B —D*"D3° ¢ 2 gEPin2 y  6.66x10°
- " Bty —7 _ _ Ry D*~ _
Biﬂpif? ayf,-m’- COSqST]-' 2(m2.)/2 9.22><10_9 B~ —Jlya; ol g, 7L (e ,) 523 10-°
B —p 1, af, 7m2 smq&TFBHfz(m )12 98310 BO_.D* D}* ayfor M2, ‘7__B~D§(m2D* ) 6.29x 1075
B~ —pl;, B-2, 4431078 —— B -6
B*:Z);—Z a ? Zr]:w On:oos];vairanz(rZ )f/J— ssoc1g 8 Bdvas a5t M5, 7, aZ(me)/f A
. I B— — 6
- 2 ’ —a, -10  BO—J/yf, asz/me/ cos¢rF 2(m3,¢,)/\/— 2.56x10
B™— ¢a, afymisingyF, *¥(m3)/\2  2.31x10 2 . 9 92%10°8
B%—p a; ayf,-m2_F % (m’) 164x10°°  BO=Jyfy  agfy,my, singrF A (mi, )2 <
B9_. pal —agf o’ F S (mi)l2 2.09<10°° Ao 1
— 2 B—f 2 —8
BO— p°f, apf omio cosgrF A (mo)/2  2.23}10 Process Amplitude X (V¢,VE)
— — 10
BO— p°f} a,f omzosmqu]-‘BHf?(m o2 2:38<10 B —K* D3° ¢ o2 j__BHDZ(m ) 5.77x10°°
RO 0 - fBa 1.70<10°8 pree K
B’—wa; af ,m, cosvF ,, (m )2 B~ —D*K} ™ af e om? ]_.BHKZ(m ) 2.24x10°8
B, of a,f,m cos¢\,cos¢TfB_'f2(m )2 2.42<10°% 2’ D*o D*0 s
wlz BO_>K*7D*+ a.f m j_—B*’Dg(m ) 5.46x 10
B~ wf; axf,m, cosqx/sm%FB”Z(m 2 1931077 oy T B o 2.11x10°°
BO— pa’ —a,f,mj Sln(ﬁ\/}"BHaz(md,)/Z 1.00x10° 0 B —DTK; aZfD*OmD*Of Z(mD*O) '
—@a;
B ¢f, azf(z,md,S|n¢vcos¢T}'BHf2(m¢)/2 1.16x10°1°
TRO_, v Baf2 1.29x10 12 1 - —
B— ¢f) a2f¢m¢ singysingrF (m¢)/2 7 = E(ULH dd)cosep+ (s9)sindp,
As=-1
Process Amplitude X (V,Vi) 1 o
w=—=(uu+dd)cos¢y+(s9)Ssindy,
B DI @  afprmp, F "(mp. )2 213<10°° \/5( Jcosdyt(s9sindy
B"—DI f2 ayfps- mD*fcosqST}‘BHfz(mD* )/I\2 2.17x10°® 3)
- p - 8
B™—D: f; aifps- mE)*fslmﬁT]-'B f2(mD* )1y2 2:98<10° Sl = = =
C —ous A 3.14¢10-7 ¢=—=(uu+dd)sin¢,— (s coSey,
B"—D*"K3 asz*omD*O}‘ 2 (M3 0) V2
BO—.D?a; ayfps-m;, fBHaZ(mD 0) 4.03x10°°
o o - -7 1 —
B%—D*%k3° asz*omD*ofB KZ(mD* 0) 2.95¢10 fa= E(“u+ dd)cosét+ (ss)sing,
given process, i.e., the amplitudes for our processes become f’=—(uU+ dE)sinqﬁ —(sg)cos¢
proportional to either, or a, alone. 22 T ™
where the mixing angle is given b= arctan(1{/2)— 6;
lll. MIXING OF STATES, DECAY CONSTANTS, (i=P,V or T) and the experimental values @fare given by
AND RESULTS —20°, 39°, and 28910] for pseudoscalar#,7'), vector

In this section we provide our convention for @Joctet- (@, #), and tensor (>.f2) mesons, respectively.
singlet mixing of states and the numerical values for the Wllfthc}he ?bo';/e Colnver(;tli)él Ws(\f}?\jre_rczmpmed thde t?]ecay
amplitudes for type | and IB— ecays and the
decay constants required to describe Y 0
matri¥< elements. Asqis known, the break(irrﬁeg( o)f|(gq)?ﬂ;l/o>r results are given in the third column of Tables I-IV. The

analogous results for typeDd— P+ T transitions are given
symmetry produces a mixing between octet and singlet state R the third column of Table V. As already mentioned, these
of SU(3) with I =0. In our convention, this mixing leads to

) . . - amplltudes are proportional to only one QCD coefficient ap-
the following expressions for the physical states: S o . .
pearing in the weak Hamiltonians. The explicit expressions

for the functions#'~" and F),," appearing in the decay
1 amplitudes and the properties of the symmetric polarizations
(uu+dd)sin¢p—(SS)COSPp tensorse,,,, describing the spin 2 particles can be found in

2 - Ref. [6].
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TABLE V. Decay amplitudes and branching ratios for the =0,248. The branching ratios for Cabibbo-suppres3ead

CKM-suppressed — P T channels of type | witiAs=0. The am-
plitudes must be multiplied binF/\/E)s;Vp’Spg.

As=0

Process Amplitude X (V¢ qVig) Br(D—PT)
D~ mta, ayf .+ FP~%(m?.) 4.21x10°°
D% 7% —a,f o FP~%2(m2,)/2 1.72x10°7
D% #°f, —a,focosgrFPa(m?70%)/2  2.47x 1077
D%— 7%t} —a,f_osin qﬁT}'DHfé(mio)/z 2.18x10°1°
Df—mtad —ayf .+ FP2(m.) 2 5.55x10°°
DYf—7*f, ayf .+ cosprFPT(m2.)/\2  7.97x10°°
Df—=m"f, af .+ Siﬂ(ﬁrfDHfé(mf_ﬁ)/\/z 7.18x10°°
D*—nl%; —af 0 FP22(m2e)/\2 9.05x10" 7

D decays involving tensor mesons are given in the last col-
umn of Tables I-V.

IV. CONCLUSIONS

SemileptonicB decays to final states containing orbital

excitations of theqq’ system have already been observed
in recent experimental searches. These suppressed decay
modes are expected to provide additional tests of the QCD
dynamics exhibited by phenomenological quark models or
the heavy quark effective theory predictions for the hadronic

matrix elements involving higher excitations of thgy’
system.

Based on the nonrelativistic quark model of Rgf], in
this paper we have computed the Cabibbo-suppressed decay
modes of B (and D) mesons to final states involving

In order to provide numerical values of the branching ra-J*=2" tensor mesons. As observed in Table IV, some
tios we use the expressions for the decay rates given in Eqgs these B decays asB~—(D* ~,K* 7)D§o and B

(9) and(11) of Ref.[6] and the following values of the CKM
matrix elements [10]: |V, =3.3x10"3, |V, =0.9740,
|Vod =0.975,|V¢y| =0.0395,|V 4| =0.224, and |V,4
=0.2196. The values for the lifetimes BfandD mesons are
taken from Ref[10].

The decay constants of pseudoscalar meser(given in
GeV unit9 have the following central valued:;.-=0.131
[10], f 0=0.130[10], f,=0.131[18], f,,=0.118[18], fo,
=0.280[19], fp=0.252,f, =0.393 [20], and fx+=0.159
[10]. fp is obtained using the theoretical predictibf/fp_

=0.90[21] and the value forst. On the other hand, the

—(D*~,K*7)D3 " can have branching ratios as large as
6x10"°, which seems to be at the reach of fut@dacto-

ries. Despite the fact that these modes have a Cabibbo-
suppression factor, they exhibit branching fractions compa-
rable to some corresponding Cabibbo-allovBedecayssee,

for example, Refd.6,7]) because they are proportional to the
a, coefficients(instead ofa,) and the available phase space
is larger. Regardind>—PT transitions, the most favored
decay modes correspond Bb— 7" (a,,f,) with branching
fractions in the range (48)x 10" °.
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