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Measuring 8 in B>D®)*D®)~K_ decays
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We consider the possibility of measuring both sgg2and cos(B) in the KM unitarity triangle using the
processB’—D* *D* “K. This decay mode has a higher branching fracfi@{1%)] than the modeB®
—D**D*~. We use the factorization assumption and heavy hadron chiral perturbation theory to estimate
the branching fraction and polarization. The time dependent rat@%tr) —D* "D* ~K can be used to
measure sin(2) and cos(B). Furthermore, examination of thg* * K4 mass spectrum may be the best way to
experimentally find the broad*1p-wave D¢ meson.

PACS numbd(s): 13.25.Hw

I INTRODUCTION materialize asB—DDK was first suggested by Buchalla
et al. [6]. Using wrong signD-lepton correlations, experi-
The decayB®—J/yK; is expected to provide a clean mental evidence for this possibility was found by CLEO,
measurement of the angle si2in the unitarity triangle  who observed3(B— DX)=(7.9+2.2)% [7]. Later, CLEO
[1]. However, other modes can also provide relevant infor{g] ALEPH [9] and DELPHI[10] reported full reconstruc-

mation on the anglgs. An example of such a mode is the tion of exclusiveDDK final states with branching fractions

0 Nl i 0 + -
dec?y B —t)D(:)DI(*)f t'” this modle_B _’D; D*t ’ ég;’ that are consistent with the result frddlepton correlations.
vector-vector final state in general is an admixture: CLEO  obtained B(B'—D**D*°K )= (1.30' 5L

odd and even eigenstates, becasigg andd partial waves —_
with different CP parities can contribute. Since th@P  *0.27)% andB(B~—D*°D*°K~)=(1.45'7£5+0.36)%.
asymmetry has opposite sign for the t@® states, they tend These values should be approximately equal to the branching
to cancel or dilute the overall asymmetry. The amount offraction for B(B°—D* *D* ~KP. We use the latter value
dilution of the CP asymmetry is represented by the dilution for the purpose of a sensitivity estimate. Taking into account
factor, D, which depends on thé P composition of the final B(K°—K.)=0.5, B(Ks— =" 7 )=0.667, and assuming
state. The presence of tWwdP components in the final state that theKg reconstruction efficiency is-0.5, we can esti-

of B~D**D*~ makes the dilution factof) <1, for this  mate the ratio of the taggeB®—D* "D* “K events to the
decay. This is unlike the case for a mode suchBfs tagged D* *D*~ events. Assuming3(B°—D* *D* )=
—D"D~ where the final state is &P eigenstate and 6x10 4, which is the central value of the recent CLEO
=1 as there is no dilution of th€ P asymmetry. An angular measuremenftl1], we find that the ratio of the number of
analysis can extract the contribution of the differébP  events is~4.0. Therefore, this mode could be more sensitive
eigenstates, leading to a measuremenDoénd hence of to theCP violation angle sin(B) thanB°—D* *D* ~. How-
sin(26) [2,3]. However, in the factorization approximation ever, if the final state contains a resonance, tBerand B°

and using heavy quark effective theofQET) it can be  can pe distinguished and there is additional dilution of the

shown that the final state B°—D* "D* " is dominated by asymmetry. For the decay—f andB—f the dilution

a smgle_CP eigenstaté4]. To the extent that this is valid, the factor,D, measures the ratio of the overlap of the amplitudes

angle sin(B) can be determined without the need for an — —

angular analysis. The deca8°—D**D*~ may be pre- for Bﬂfgnd_BHf to the average of the de(,tay rate Br

ferred toB®>—~D "D~ because contamination from penguin —f and B—f. Clearly D=1 when the amplitudes foB

contributions and final state interactio(isSI's) is expected —f andB—f decays are equal. When the final state in the

to be smaller in the former decdg]. decayB—D* *D* ~K, contains a resonance the amplitudes
In this work we consider the possibility of extractif®)  for B andB decays are different because the resonance in the

from the decayB°—D®*)D™K,. These modes are en- B andB final states occurs at different kinematical points.

hanced relative td°—D®)D™*) by the factor|Ves/Ved®  This causes additional mismatch of tBeand B amplitudes
~20. As in the case dB%—J/yK, decay, the penguin con- hich results in the further dilution of th& P asymmetry. A
tamination is expected to be small in these decays. Moresimilar conclusion is obtained in the comparison Bf
over, these decays can be used to probe bothAial _,p*D~K, to B>~D*D". The above conclusions are de-
cos 28 which can resolve th@— m/2— 8 ambiguity[5]. tector dependent; a somewhat pessimistic estimate df the
The possibility that a large portion of the—ccs decays reconstruction efficiency is used here while the detection ef-

0556-2821/2000/65)/05400912)/$15.00 61 054009-1 ©2000 The American Physical Society



BROWDER, DATTA, O'DONNELL, AND PAKVASA PHYSICAL REVIEW D 61 054009

ficiency for theD* *D* ~ final state is assumed to be similar ~ We will assume that the leading order terms in HHChPT
for both cases. Better determination of i8¢ sensitivities give the dominant contribution to the decay amplitude and so
will require more precise measurements of the branchingve will neglect all sub-leading effects suppressed by 1/

fractions for theD* D*K decay modes and will also depend and 1M, wherem is the heavy quark mass. Wf show that

on details of the experimental apparatus and reconstructiofiom the time-dependent analysis 8°(t)—D* "D* K

programs. one can extract sin@ and cos(B). Measurement of both
The amplitude for the deca5°—>D*5* K. can have a sin(2B8) and cos(B) can resolve thgs— 7/2— B ambiguity

resonant contribution and a nonresonant contribution. For the?»19,2d- The measurement of singpcan be made from the
resonant contribution th®*Ky in the final state comes time dependent partial rate asymmetry while a fit to_the time
dominantly from an excite® (1) state. In the approxima- dependent rate for I'[B°(t)—D* *D* “K/]+T[B(t)
tion of treatingD* D*K as D* D, (excited, there are four —D*"D* K] may be used for the extraction of cosj2
possible excitecp-wave Dy states which might contribute. NOt€ that the cos(@ term measures the overlap of the
These are the two states with the light degrees of freedom ilfnaginary part of the amplitudes f@—D*"D* Ky and

a jP=3/2" state and the two states with light degrees ofB—D* *D* “K, decays and is nonzero only if there is a
freedom in ajP=1/2" state. Since the states witR=3/2" resonance contribution.

decay viad wave to D*Kg, they are suppressed. Of the  As in the case foB—D**D*~ the asymmetry inB
states with light degrees of freedomjii=1/2" states, only —D**D* ~ Ky is also diluted. For the nonresonant contribu-
the 1" state contributes. The'Ostate is forbidden to decay tiontoB—D* "D* ~K, the final state is an admixture GfP

to the final stateD* K. o states with differenC P parities. This leads to the dilution of
To estimate the above contribution and to Cal(_:ulate tthe asymmetry and this is the same dilution of the asymme-

nonresonant amplitude, we use heavy hadron chiral pertugry s in the case foB—D* *D* ~. As already mentioned

bation theorHHChPT) [12]. The momentunpy of Kscan  ahoye when the resonant contribution is included there is

H 0
have a maximum value of about 1 GeV foB further dilution of the asymmetry from the additional mis-

+_ —_ . . . P
ZD* IID* bKIS' Th'ﬁ.'i of the same gﬁgagﬁx Wht')Ch sei_tz | match of the amplitudes fd@ andB decays. One can reduce
¥ ﬁ scate;l te.OV\;hW Ic Wetexpect't . to ble ;’a' : Itthe additional dilution of theCP asymmetry by imposing
ofows that in the present case 1t Is reasonable o apply. s 1o remove the resonance. A narrow resonance is prefer-

HHChPT to calculate the three body decays. able as it can be more effectively removed from the signal
In the lowest order in the HHChPT expansion, contribu-"""" y . or
region than a broad resonance. In this work we examine

tions to the decay amplitude come from the contact interac | h b q h q
tion terms and the pole diagrams which give rise to the nonS€Veral cuts that can be used to remove the resonance an

resonant and resonant contributions, respectively. The pof§Ssen the dilution of th€ P asymmetry. When we include
diagrams get contributions from the various multiplets in-the resonance contribution we f!nd that a broader resonance
volving D type resonances as mentioned above. In thde@ds to a larger value dd and is a more useful probe of
framework of HHChPT, the ground state heavy meson ha§0S() because of the larger overlap of the amplitudes for
the light degrees of freedom in a spin-parity stafe=3", B—D*"D* K, andB—D* "D* K, decays.

corresponding to the usual pseudoscalar-vector meson dou- We also point out that from the differential decay distri-
blet with J°=(07,17). The first excited state involves a bution of the time-independent proceBS— D**D* K,
p-wave excitation, in which the light degrees of freedom
havejP=1" or £*. In the latter case we have a heavy dou-
blet with J°=(1"%,2"). These states can probably be identi-

one can discover the*lresonanceD;*l' . We show that the

differential decay distribution for small values &, the

. . kaon energy, shows a clear resonant structure which comes
fied with D,(2536) andD,(2573)[13]. Heavy quark sym- from the pole contribution to the amplitude with the excited

meiry rules out any pseudoscalar coupling of this doublet t%F’:l* intermediate state. Therefore, examination of the

the ground state at lowest order in the chiral expangldi; D*K, mass spectrum may be the best experimental way to
hence the effects of these states will be suppressed and we

i X . . ind the broad I p-wave D4 meson and a fit to the decay
will ignore them in our analysis. In fact there is an experi-

- ) ; distribution will measure its mass and the coupling.
0,
mental upper limit on inclusiv®— D (2536)X<0.95% at A similar analysis can be performed f@°—D*D K.

90% C.L.[15]. Since the totaD* D*K rate is about 8%, this 5 2] However, the predictions of HHChPT for this mode

confirms that the narroyp-wave states do not account for a may be less reliable because of the larger energy oKthe

significant fraction of the totaD*D*K rate. The effects of penguin contributions, though small, may also
The other excited doublet hd§=(0",1%). These states be more important in B°~D*D K, than in B°

are expected to decay rapidly througiwave pion emission —D*D*Kg as in the two body cage].

and have large widthEl6]. Observation of the 1 state in In the next section we describe the extraction of gia2d

the D system was recently reported by CLEDY]. Only the  cos8 from the time dependent rate forB(t)
1% can contribute in this case. For later reference, we denote,D* +p* ~Ks. In the next section we present the amplitude

this state byDg‘l/ . However, quark model estimates suggestfor B—D* D*Kj in the factorization approximation and us-
[18] that these states should have masses measm with ing HHChPT. In the last section we discuss and present our
om=500 MeV, wheramis the mass of the lowest multiplet. results.
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Il. EXTRACTION OF sin2 g AND cos 28 —(Pe/me)[1/(1— Ey/mg)]. Note thats* s~ corresponds to
In this section we discuss the extraction of skand Y —Y- The variabley can be expressed in terms of vari-

cos2 from the time dependent rate forB(t) ables in the rest frame d@. For instance
—D*"D* K. We define the following amplitudes: P
_EBE+ PPy

* —% E
arM2=AB%(p)—D; * (p4)D; (P )K<(P), ‘ M

where E, and E’, are the energy of th®* " in the rest
frame of theB and in the boosted frame whilgj is the
energy of theB in the boosted frame. The magnitudes of the
momentum of theB and theD* * in the boosted frame are
given bypg andp, respectively.

In the approximation of neglecting the penguin contribu-
ns to the amplitude there is no direCtP violation. This
leads to the relation

a*12=AB%(p)—D; * (P, )D; F (P )Ks(pW), (1)

whereB® andB® represent unmixed neutrBland\ ; andX,
are the polarization indices of the* * and D* ~ respec-
tively.

The time-dependent amplitudes for an oscillating state;
BO(t) which has been tagged aB8 meson at time=0 is
given by

mt

A m t atr2(pg E ) =a M M(—pyy,Ep) ®
A”l"Z(t)=a”1'”2cos(T )

R A
+ iez'ﬁa”lMsin(T

5 wherepy, is the momentum of the of thi in the boosted
(2) frame. The above relations then leads to

and the time-dependent amplitude squared summed over po-

larizations and integrated over the phase space angles is Go(~Y:E)=Goly,E) ©
1 Gc(_y:Ek): - Gc(y;Ek) (10
|A(s+,s*;t)|2=§[GO(s*,s*)+Gc(s*,s*)cosAmt
Ga(—Y,Ex)=Gg1(Y,Ew) (11
—G4(s",s7)sinAm ] 3
Geo( —Y,Ex) = —Gsa(Y, Ey) (12)
with
- where we have defined
Go(s™,s7)=la(s*,s7)[*+]a(s",s7)/?, 4 _
B Ga(y.Ex)=R(aa*) (13
Ge(s*,s7)=la(s",s7)[*~a(s*,s7)[%, (5) _
Ge(—Y,En)=3(aa*). (14)

+ g )=27Te " 2Ba(st s )a*(st s ) . ] )
Gs(s,s7)=20[e " a(s",s7)a%(s"s7)] Carrying out the integration over the phase space varigbles

= —2sin(28) R(aa*) and E, one gets the following expressions for the time-
o dependent total rates f@°(t)—D* "D* K, and theCP
+2cog$2B) J(aa*). (6) conjugate process:
The variables* ands™ are the Dalitz plot variables: 1 i )
F(t)=§[I0+25|r(2,8)sm(Amt)lsl] (15
s'=(p++p? s =(p-+p?
lhe transformation defining thsCE-conjugate channel F(t)= 1“0_2 sin2B)sin(Amb)l ] (16)
B(t)—D* D**K,iss"«s”, a—a andB— —B. Then 2
- 1 wherely andlg,; are the integrate®q(y,Ey) andGg(y,Ey)
|A(s™,s";1)|?==[Gy(s™,8") —Gg(s™,s)cosAmt functions. One can then extract sigj2rom the rate asym-
2 metry
+Gg(s™,s")sinAmt]. (7) _
I'(t)—T'(t) : :
Note that for simplicity thee 't and constant phase space m:D sin(23)sin(Amt) 17
factors have been omitted in the above equations.
It is convenient in our case to replace the varialsiesaind where
s~ by the variabley andE, whereE, is theK energy in the
rest frame of theB and y=cosé with 6 being the angle 2l
between the momentum &f; andD* * in a frame where the D=—— (18
two D* are moving back to back along ta@xis. This frame 0
is boosted with respect to the rest frame of Bievith 3= is the dilution factor.
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The cos(B) term can be probed by integrating over half
the range of the variablgwhich can be taken for instance to
bey=0. In this case we have

I't)= %[JOJrJCcos{Amt) +2 sin(2B)sin(Amt)Jg;

—2cog2B)sin(Amt)Js,] (19

I'(t)= %[JOJrJCcos{Amt)—Z sin(28)sin(Amt)Jg

—2cog28)sin(Amt)Jg,] (20) FIG. 1. The pole contribution to the proceBs>D*D*K;. The

intermediate statecan beD;‘l' or D¥ . The solid square represents

where Jo, Jo, Jsi and Jg, are the integrated the weak vertex while the solid circle represents the strong vertex.

GO(ylEk)v Gc(y!Ek)! Gsl(ylEk) and GSZ(quk) functions
integrated over the range=0. One can measure cog)2by

fitting to the time distribution ofl"(t) +I'(t). Measurement s= m
of cos(28) can resolve thg8— 7/2— B ambiguity. J3
Ill. AMPLITUDE AND DECAY DISTRIBUTION p=A
A
In this section we present the amplitude and decay distri-
bution for the deca—D* *D* “K;. Details of the calcu- \/EAOJ"AH
lation of the amplitudes using the factorization assumption = (23
and HHChPT are given in Appendix A. V3

The nonresonant amplitude for the three body decay
go(v'm)_,DH(El,V+ ,my)D* ~(e,v_ ,my)K(py), after The CP of the final state is given by(—)" where is the

settingm,=m;, is given by intrinsic parity of the final states aridis the relative angular
momentum betwee®* " and D* ~. In the approximation
— fo /~0 ite th t amplitude B3
a. =K JymJ/mmi (v v ichraBet X\ y % one can write the nonresonant amplitude Bo(v,m)
ronses= KNV e el ehvav s LR Um0t (e mK(pO:

+€;-ves v, —€f-ex(v-v,+1)] (21

fpox
Anon-res= Kymymim Vo)
whereK = (Gg/y/2)V(c; /N.+c,). Note that the amplitude non-res= K \Mmumsg(v v )fK

above is the same as the amplitude B¥—D* "D** [4]
except for a constant multiplicative facterl/f .

To a good approximation one can use 0 wherev is the —€e e (v-v_+1)]. (24)

velocity of theBP in the boosted frame where the tB5 are

moving back to back. Th&,, in this limit, is emitted in an There can also be pole contributions of the type shown in
swave configuration as the amplitude is independent of théig. 1.

angles that specify th&, momentum in the boosted frame.  These give the decay sequences
Then, as in theB°—D* "D* ~ case there are three helicity o )

states allowed, €,+), (—,—) and (0,0), with the corre- B°—~D* "D} ~—D**D* K°
sponding helicity amplituded , . , H__ andHyy. The he-

licity states are noCP eigenstates but one can go to the and

partial wave basis or the transverse basis where the states are

CP eigenstates. The transverse basis amplitudes are related B—D**D* —D**D* KO,
to the helicity amplitudes as S

X[—igh"*Pes e,V V_ptes Vel -v_

Ho . +H The propagator for the vector resonance is given by
1= )
\/E I(V,U,VV_ gp,v)
VA (25)
m 2V-k
A H ++ H -
= =
\/E where the momentum of the propagating partiBle mV
+k wherem, is the mass of the intermediate particle in Fig.
Ao=Hop. 22 4. '
The three partial waves that are allowed in this caspand __ The contributions from the pole diagrams are given by
d, are then given by Aqres ANday,es, Whereay,qs is, with my=m* ,
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alres:K\/a\/ml\/ml Nm* E(v-vy) — — fD:1, m*l
Qires™ ~@non-res,
foy, hpev_ for © M
3 iTpe
: * ' ! DS hpg-v_
Pr-V_+mg—m* + X - . (27)
2 |FD*1’)
_ v_+m—m* 2
X[—iet"*Pe] €5V V€] -Ves -V, Pi ' 2
+e7-e5(v-vy+1)]. 20 - , - -
Ayes IS given by, withm,=m* wherem* is the I D3}
Note that the above amplitude can be rewritten as mass,
_ fox g
S
a2res:K\/E\/ml\/m1Vm*g(V'V+)? iT o
Picv - (Mg —m*) + —
X=—ier"Pes P,V ooV _ g€l -VH+ie?"Pet €5, praV_p(V-Vy+1)+ (€] -V_€5-VPy- Vo

* * * * * *
—€1V_€; VP V)T (€] Pr€; ViV V_— €] Py€; WV V)

(€SP VVL V€ PV VYL ). (28)

The amplitudea,,.s gives a tiny contribution to the total With
amplitude and can be neglected. In fact, this amplitude van-

ishes in the small velocity limit where tH®* are almost at fogl’ m*’ hpe-v_

rest[22]. We note that the process with thé htermediate Pi= p my T (3D

state D (pk~V+m1—m*'+ 251)
§O_)D*+D;0_)D* +D**KO

. . . . . fD* ' m* ' h pk. \Vi

is not allowed due to parity conservation while the amplitude P,= s +

with the 0~ intermediate state fox ¥ M1 iTps
. pk * V + + ml m + 2
BO*)D*-FDS—*)D*-FD*—KO (32)

is expected to be small comparedgges. The propagator Note thatP; andP, can be expressed in terms Bf and

term in the above amplitude goes as approximatelfd/ y and P, (y,E,)=P,(—y,E,). The relation between quanti-
+(Mpx —Mp )] which does not have a pole as &@¢s. ties in the boosted frame and the rest frame ofBrend the

Moreover, the amplitude is further suppressed with respect tBalCUla“O” of the squared amplitude are given in Appendix
ayres by a factor~py/E, or |v|/vo, wherev andv, are the

three-velocity and the time component of the velocity four-
vector of theD*, from theDJ D* *KO vertex.

The double differential decay distribution for the time in-
dependent process

The total amplitude for  B%(v,m) BOv M) D* *(er v. MOD* (s v MK
*}D* +(61,V+ ,ml)D* _(EZ’V_ ’ml) Ks(pk) can be Wntten ( ’ ) ( 1:V+ l) ( 29 ’ 1) S(pk)
as can be written as
gz;non—res[l_ Pl] (29 1 dr f(y Ek) 33
and the total amplitude for  B%(v,m) T dydg J’ Hy.E pkp+d ydE,
—D**(€1,v,,m)D* " (&,,v_,m)Ky(p) can be written y:B
as

wherep,, andp’. are the magnitudes of the three-momentum
a=anonred 1= P2] (30 of theKs andD** in the boosted frame and the expression
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for f(y,E,) can be found in Appendix B. The differential 1 . - - - - . -
distribution depends only Ollezl’/fD*, the massm*’ and ’
the couplingh of the D’S*l' state. It is expected theftD;l' 09 1
~fD; and in theSU(3) limit ngsz*. So in theSU(3)
limit a two parameter fit to the differential decay distribution I
can determine the mass and the coupling of[ﬂié state. ;
The widths of the positive parity excited states are ex- 0.7 1
pected to be saturated by single kaon transit{dg. In our
calculation we require the width of tFIB’S*l' state. Assuming e\g 0.6 r
’ ’ ﬁ
Tps+'=T(D%" —D* *K%)+T(D%" —D*K*) E,o.s L
(34) %é \
. s 04r
one can write @
no cuts AN N
""""""" cut 1 N
h2 m , 03 ——-cut2 A i
Foy/=—5 — 7 (M =my)%p (35 ’ N
sl 7TfK m* N
02 1
wherep is the magnitude of the three-momentum of the de-
cay products in the rest frame D‘;*l' andm; and m*’ are 01 | hR
the masses of thB* andD?, state.
It is clear that ifa=a, then the dilution factoD=1.

ol
However, that is not the case here. For the nonresonant cor 08 07 06 -05 _?]'4 08 -0z 010
tribution, in the approximation of small velocity of tig; the

final state is an admixture d@ P states with differenCP FIG. 2. The branching fraction f@°— D* *D* K as a func-
parities. This leads t® <1. This is the same dilution of the tion of theh with and without cuts.

asymmetry as in the case fB—D* "D* ~. When the reso-

nant contribution is included the amplitudegnda have an  call this case cut 2 for future reference. In any event, the cuts
asymmetric dependence on the variapléThis reflects the ~¢an be optimized after the resonance has been seen experi-
fact that in the proces°—>D*+D§1"—>D*+D*‘K° the mentally. However, as we try to increase the valudadby

kaon emerges most of the time closeit® ~ than theD* *. glrjgr':;%ir?n ]}rr;itirgr?onance, we reduce the usable part of the
The situation is reversed f@&° decays. Consequently there 9 '

is additional mismatch between the amplitudesand a
which leads to further dilution of the asymmetry. One can
reduce the dilution of the asymmetry, i.e., incre@eby As inputs to the calculation, we uskys~ fp*’=200
imposing cuts so as to reduce the resonant contribution. We . ° st
consider several cases where cuts may be employed to diMeV and take the mass of tfig;; state to be 2.6 GeV. For
crease the dilution of the asymmetry. From E@),(32) it  the Isgur-Wise function we use the form

is clear that resonance occurs when the following condition

is met: &)=

IV. RESULTS AND DISCUSSIONS

2
1+w) '

PV =m* —my (36)
QCD sum rules have been used to compute the strong cou-
37) pling constantg andh [23]. We will useg=0.3 as obtained
in Ref. [23] but keeph as a free parameter because this
If, in the allowed region of, , we can find a valu€,, coupling plays a more important role in the decay wighs.
such that for values d&,=E,, the above conditions are not ~ Figure 2 shows the branching fraction foB°
satisfied for—1<y=<1, then we can remove the resonance—D*'D* Ks as a function of the coupling. A QCD sum
by using the cuE,=E,,. The value ofE,,~0.76 GeV in rule calculations gives~—0.5[23]. We use the same sign
our case. We will call this case cut 1 for future reference. Of h as obtained in QCD sum rule calculation but vary
Another possible cut is to include the whole rangeEgf ~ from —0.6 to —0.1. For this range of the branching frac-
but in the regionE,<E,, we remove the resonance by cut- tion can vary in the range 0.45-0.93 % when we employ no
ting on the variabley. We can use the region-0.5<y cuts. Forh=—0.4 which corresponds to a;l' state with a
=0.5 since for most values & the resonance condition is width of about 150 MeV the branching fraction is 0.83%. In
satisfied in the range 1<y<-—0.5and 0.5cy<1. We will  our calculation this corresponds to a branching ratio

!
Pe-V_=m* —m,.
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1 T T T T T T T 20 T T T T T T T
0.9 S .
\\\\ | 17.5
~
0.8 AN .
AN
AN 15
07 | N
\
no cuts
o6k e cut 1 ] 125
——-cut2 )
0 05 1 10
04 1
75
0.3 r d
02 r 4 5
01 | 1 25
O n 1 1 1 n 1 n 1 n 1 n 1 n
-08 -07 -06 -05 -04 -03 -02 -0.1 0 0 . . . A ) | !
h -1 -075 -05 -025 0 0.25 0.5 0.75 1
FIG. 3. The dilution factoiD as a function of thén with and y
without cuts. FIG. 4. The squared amplitude foB°—D**D* K.B°
—D**D* K, as a function of the variablg for h=—0.4 which
B(B°—D* D**K®%~B(B°—D* D*°K™) corresponds to &%, state with a width of about 150 MeV.

~B(B+—>5*OD*OK+) ) .
hence a larger value ¢h| give a larger value ob and vice
~B(B*—D*°D* *K?) versa.

Figure 4 shows the squared amplitude fdB°
—D**D* K, and B>~D**D* “K as a function of the
variabley for h=—0.4. As mentioned above the nature of
This is consistent with the CLEO measurements mentione¢he two curves reflects the fact that in the proc@s
above. In the figure we also show the branching fraction with
the cuts which are designed to reduce the dilution ofGke
asymmetry.

Figure 3 shows a plot of the dilution fact@r versus the

coupling h. In the absence of any cuts we find that Iargerand G., as a function ofy for E,=0.6 GeV and forh=
s2 =Y. =

values of|h| give a larger value ob anq hence less dilution —0.4. From the figure we see that the functi@gandGe,

in the asymmetry because for a brdaj state there is more gre symmetric iry while G, andGy, are antisymmetric iy.
overlap between the amplitudes fB°—D**D* K and  This follows from the absence of dire@P violation as
B'—D*"D* K. Forh=—0.4 the dilution factor is about shown in Eqs(19)—(22).

0.75 with no cuts. For the case of cut 1, where we use the cut In Fig. 6 we show the decay distributial’/dE, versus
E.>E,o to effectively remove the resonance, the dilutionthe kaon energ¥, . For small values oE, the decay distri-
factor increases with small¢n|. This is because for smaller bution shows a clear resonant structure which comes from
|h| andE, > E,, the resonant amplitude is small and the totalthe pole contribution t@,, s with the excited®=1" inter-
amplitude is dominated by the nonresonant amplitude whiclmediate state. Therefore, examination of th&K, mass
gives a larger value fob. For the case of cut 2, as in the spectrum may be the best experimental way to find the broad
case with no cuts, the dilution factdd decreases with 1% p-waveDg meson and as mentioned in the previous sec-
smaller|h|. This is because we are using the entire region otion a fit to the decay distribution will measure its mass and
Ey and not removing the resonance by the Eyt-E, o asin  the coupling.

the case of cut 1. Consequently a broader resonance and In Fig. 7 we show the function&,, G., Gs andGg,

~0.9-1.86%.

D**D¥ ~—D**D* KO the kaon emerges most of the
time closer toD* ~ than theD* ™ while the situation is re-
versed forB® decays.

Figure 5 shows the plot of the functioid,, G., Gg

054009-7



BROWDER, DATTA, O'DONNELL, AND PAKVASA PHYSICAL REVIEW D 61 054009

30 T T M T T T T T T T T M T T 3 T T T T T T T T T
25
25| .
20
15 ol ]

10

(1/T)dT/dE,
o

-5

—10 } ] 05 r

0 1 1 1 1
04 05 06 07 08 09 1 11 12 13 14
E (GeV)

-1 -075 -05 -0.25 0 025 05 0.75 1
y FIG. 6. The decay distributiodI'/dE, versus the kaon energy

. . E,.
FIG. 5. The function$s,, G., Gg andGs, as a function ofy K

for Ex=0.6 GeV anch=—0.4. APPENDIX A

integrated over thg=0 as a function oh. J, andJ, refer to In the standard modelSM) the amplitudes forB
the integrateds, andG,. functions whileJg; andJ, referto  —D®)D™*)K, are generated by the following effective
the integrateds; andGg, functions. As already mentioned, Hamiltonian[24,25:

restricting the integration range y&=0 allows a probe of the

cos(B) term in the time dependent rate foB°(t) e

—D&* D& K decays. It is clear from the figure that a Hag=—=| VipVf,(c107+¢,03;)

broader resonance is more favorable to pr@ae which is V2

the coefficient of the cos@ term. 10

In summary, we have studied the possibility of extracting _Z (VubVﬁinu‘*‘VcbVZinc"' thquc{)oﬁ +H.c.,
sin(28) and cos(B) from time dependenB®— D*)D*)K =3
decays. These decays are expected to have less penguin con- (A1)

tamination and much larger branching fractions than the two

body modesB°—D®)D®*) . Using HHChPT we have cal- where the superscripts, ¢, t indicate the internal quark,
culated the branching fractions and the various coefficiencan be au or ¢ quark andg can be either @ or as quark
functions that appear in the time dependent rate B8r depending on whether the decay isA®&=0 or AS=—-1
—D®*HDE*K,. We also showed that a examination of process. The operato@ are defined as

the D* K mass spectrum may be the best experimental way

to find the.broad 1 p-waveD4 meson and measure its mass Otl‘f=aa7#|-f;;f—,37"|-ba, ng=ayMLff—y“Lb, (A2)
and coupling.
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1 - . . - - . - whereN; is the number of colors. The leading contributions
to P} , are given by PL=(as/8m)c,[ 2+ G(m;,u,q%)] and
09 | 1 PL=(aen/97)(NC1+C)[ L +G(m;,x,q%)]. The function
] G(m,,q°) is given by
0.8 .
) 1 m?—x(1—x)g>
G(m,u,q°)=4 | X(1—x)In—————dx. (A4)
07 1 0 K
) ] All the above coefficients are obtained up to one loop order
06 T j ] in electroweak interactions. The momentqris the momen-
— J: ] tum carried by the virtual gluon in the penguin diagram.
< 05 _ When q_2>4m2, G(m,u,q%) becomes imaginary. In our
calculation, we usem,=5 MeV, my=7 MeV, m;=200
MeV, m.=1.35 GeV[27,13.
04r T~ i In the factorization assumption the amplitude fBr
IS 1 —=D®D®XK, can now be written as
0.3 | >~ T .
> ] M=M;+M,+Mz+M, (A5)
~
021 Y i where
~N 4
— e — e — \\
o1 T N Gr_ — — 5
T~ _ M1:EX1<D(*)KS|S?’M(1_7 ) c[0)
0 1 1 1 1 1 1 |\‘\~ o
-08 -07 -06 -05 -04 -03 -02 -01 O X (D™|c ¥u(1-7%) b|B)

h

FIG. 7. The functions,, G., Gg andGg, integrated over F _ _
they=0 as a function oh. J, andJ,. refer to the integrate®, and M,= EX2<D(*)D(*)|C7’“(1_ ¥°) ¢|0)
G, functions whileJg; andJg, refer to the integrate®g; and Gy,
functions. The values of the integral can be obtained by multiplying

< _ 5
by T's whereT'g is the width of theB. X(Kgls y,(1=¥) b|B)

G _ .
3 = , M,= — Xo(D*)D®)[cy#(1+ 75) c|0
Og,lOZEQQFyMLbﬁeq’qﬁyp,R(L)qu' 3 \/E 3< | 4 ( Y ) | >

s _ A5
whereR(L)=1=* y5, andq’ is summed over all flavors ex- X<KS|S7’”(1 ¥") bIB)

ceptt. Oy¢ ¢ are the current-current operators that represent G
tree level processef;_g are the strong gluon induced pen- _ Py IRk (o 5

guin operrftors, and the operat@s_,, arge due toy andg Ma= XD Is(1+7°) ¢[0)
exchangdelectroweak penguingnd “box” diagrams at the o

loop level. The Wilson coefficients' are defined at the scale X(D™®)|c(1—°) b|B) (AB)
pn~my and have been evaluated to next-to-leading order in
QCD. Thec! are the regularization scheme independent valVhere
ues obtained in Ref26]. We give the nonzeroif below for

C B B
m,=176 GeV,ag(m;)=0.117, andu=m,=5 GeV, X, =V, N_1+C2 +N_3+B4+N_9+Bm
C Cc C
c,;=-0.307, c¢,=1.147, c5=0.017, c 1 1
Xo=Ve| ¢t 1| +Bs+ - Bat Bot - Buo
cy=-0.037, c£=0.010, cf=—0.045, c c c
t —5 t —4 1 =
cb=—1.24<10"5, c§=3.77x10 %, X3=Bs+ - Be+Br+ 1 Bs
Cc Cc

co=—0.010, c},=2.06x10 3,
: (A7)

1 1
X4: -2 (N_CB5+ BB"F N_CB7+ Bg

c35=—Cye/Nc=Pg/Ne, c75=P, Cg5=0
(A3)  We have defined
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B=— > cV, (A8) (0|D[ca(07))=VMy
g=u,c,t o
. (0|D*#|cq(17))=€e*My. (A13)
with
quvaqub (A9) Similar equations hold for the positive parity stamg; and

Dy . The vector states in the multiplet satisfy the transver-

In the above equationN, represents the number of col- Sality conditions
ors. It is usually the practice in the study of two body non- ,
leptonic decays to include nonfactorizable effects by the re- v#Dy =v#D7,=0.
placementN,— Ng¢;. Since it is not obvious thai.¢; for
two body non|ept0nic decays is the same for non|eptonic For the octet of the pseudo Goldstone bosons, one uses
three body decays, we will usé.=3 in our calculation. the exponential form

As already mentioned, we expect the contribution from .
penguin diagrams to be small and so as a first approximation §=ex;< M) (A14)
we will neglectM ; andM,. Furthermore, from the values of f
the Wilson coefficientg, , given above in the previous sec-
tion it is clear that the amplitud®, is suppressed with Where
respect toM, with the Wilson coefficients associated with
M, being about 7% of the Wilson coefficients associated \ﬁWoJr \ﬁ ot K+
with M;. We also note that the current®*)Ksy*(1 2 67
—v°) c[0) and(Kg|s y,(1—y°) b|B), which appear irM, B 1, 1 o
and M, respectively, receive contributions from both the M= 77 ~ N7 + 87 K
contact terms and the pole terms. For the former current the
pole terms are proportional to Hf— ém) while for the K- KO _ \/g
latter the pole term goes as Ef{+ ém). This also leads to a 3"
further suppression df1, relative toM,. We therefore ne- (A15)
glectM, and only retairM in our calculation. We will also

neglectCP violation in theK%-K® system and séwith an
appropriate choice of phase convenjiove can write

w

andf_=132 MeV.

The Lagrangian describing the fielts Sand ¢ and their
interactions, under the hypothesis of chiral and spin-flavor

KO— KO symmetry and at the lowest order in light mesons deriva-
Ks 7z (A10) tives, is[14]
2

To calculate the various matrix elementsNh above we L= E”Tr[ 923,35 +iHVH D 4paHal
use heavy hadron chiral perturbation thedHHChPT). In
HHChPT, the ground statg{=3") heavy mesons are de-
scribed by the &4 Dirac matrix

(149) 19/ T[S, Y5AbaSa] T T Sy, vs A Hal + Hee.
Ha:T[Pg,ﬂM_ Pays] (A11) (A16)

+ T S(iVAD ypa— Sbal)Sal+ig T Hp v, vsALHa]

wherev is the heavy meson velocity, arief: * and P, are ~ Where “Tr” means the trace, and

annihilation operators of the 1and 0 Qqg, mesons & 1
=1,2,3 foru,d ands_): for charm, they ardd* andD re- D ba= S0adu+ Vaba= Opad,+ §(§T5”§+ fﬂﬂfT)ba
spectively. The fieldH, is defined by (A17)

Ha=7"H"". n
=-(&9,6— €0, A18
Similarly, the positive parity 1 and 0" states [F=3") are Auba= 5 (694~ £0,6 Da (A18)

described by
3 =¢% andA is the mass splitting of th8, states from the

A+ L " ground stateH .
Sa=> [D1.7*v5~ Dol (A12) The currents involving the heawyandc quarks,
In the above equations generically represents the heavy J{=(D* (e, p1)cy“(1— ys)b| B(p)), (A19)
meson four-velocity an®*# andD are annihilation opera-
tors normalized as follows: can be expressed in general in terms of form facfaeg
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—2iV(g?)
JC:m+—m8MmB€’1kypap1/3_(m+ mp)A1(9?) e}~
Az(9?) 5 €10
T mrm, € A(PF Py 2miAy(g?) z Y
€ -
—2mAg(q?)—5— ¥ (A20)
with
m-+m; m—m,
2y _ 2y _ 2
A3(q )_ Zml Al(q ) Zml A2(q )
A3(0)=Ay(0) (A21)

whereq=p—p; is the momentum transfer amdandm, are

PHYSICAL REVIEW D 61 054009

fD:l, m*’ hpg- v,
P2: T ;
fD* ml , IFD:1
Pe-Vitm—m* +——
(B4)
In the boosted frame we can write
ELE +prply
pk‘V—_T (B5)
E/E/ _p/p/ y
R (B6)
1

where E, and py are the energy and the magnitude of the
momentum of the kaon in the boosted frargg, andp’. are
the energies and the magnitude of the momenta obDthé

the masses d andD*. In the heavy quark limit the various in the boosted frame am, is theD* mass. In the boosted
form factors are related to a universal Isgur-Wise functionframe we have the following relations:

&(v-v,) wherev andv; are the four-velocities of thB and
D* mesons. One can write

J=Vmymé(v-vi)[—ie" Pl v Vit vhiel v

— e H(vovy )] (A22)

The weak currenL§=aay“(1— v5)Q can be written in the

effective theory as

if
2

L= T (1~ yg Hy
= ¥Y*(1 = vs)Hpépal

a

(A23)

wherefg is the heavy meson decay constant. One can there-

fore write
_ [ . msz* 63
(D*(&2,v2)K[s7,(1 - ys)c|0) =i —¢ —=
(A24)
APPENDIX B
The total amplitude for  B°(v,m)

—D**(e1,v,,m)D* " (&,,v_ ,m)K¢(py) can be written
as

gz;non—res[l_ P.] (B1)
and the total amplitude for  B%(v,m)

—D**(€1,v, ,m)D* " (&,,v_,m)K¢(py) can be written
as

a=anonred 1= P2 (B2)
with
for'  fpr’ hpe-v_
P]_: sl Pk . : (53)
1 D¥
fo m , ir x/
Pic VM= m* 4=

Ev=¥(Ex—B-Py) (B7)
1 E2—mZ
E .+
Ef—mg of 1 Ex
1—- £ 2 m
k
mz(l——)
m
(B9)
Pk=Pa= VEL’—mi (B9)
p,=p.=\E"—mj (B10)
E.—E,
E'=E = BZ K (B11)

whereE, and p, are the energy and magnitude of the mo-
mentum of theK in the B rest frame,E; and pg; are the
energy and magnitude of the momentum of fBen the
boosted frame andn, m; and m, are theB, D* and K
masses.

Note from the above relations th&; and P, can be
expressed in terms &, andy andP4(y,E)=P,(—V,E,)-

Squaring the amplitudes and summing over polarizations
one can write

[a]2=anonred ?| 1~ Paf? (B12)
|a|2: |anon—res|2|1_ P2|2 (B13)
a*g: a*non—resgnon—res(-‘]-_ P,)*(1—Py) (B14)

where

|anonres| 2= K2 — X2+ 2(2X1Xp+ X)X+ 2X3— X3+ 4x; + 2]
(B15)
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The double differential decay distribution for the time inde-

|anonred 2= K2[ — X2+ 2(2X1 X+ Xq )X+ 2X5— X3+ 4x,+ 2]
pendent process

(B16)

a* oo =k X2+ (Xq+ Xo— 2) X+ 2X; + 5X, X —
romrestnanses™ DXL X" 2P B TS B°(v,m)—D* " (e, V4 ,My)D* " (ez,v—,My)K(Py)

+2%,+2+0(p2/m?) ] (B17)
where can be written as
Ge Cq
k=—=V| = + ¢z | ymymmy 1 dr f(y,Ey)
V2 " INe = = — (B18)
I' dydE ff(y £ )pkp+ dydE,
E4E' —pgply T m
X{=V-V =————
mmy
) ELEL +ppply f(y,E) =] — X2+ 2(2X X+ X5)X
EVV ST + 252 — X3+ 4%, + 2]|1— P42 (B19)
E\E"+pip’ ! andp’ i
X=Vi V. =———. wherep, andp’, are the magnitudes of the three-momentum
m; of theKg andD* " in the boosted frame.
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