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One-particle inclusive BS—>55X decays
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We discuss one-particle inclusi\Bs—>55X decays using a QCD-based method already applied® to
—DX. A link between the right charm nonperturbative form factors of the semileptonic decays and those of
the nonleptonic decays is established. Our results are compatible with current experimental knowledge.

PACS numbsgps): 13.25.Hw

I. INTRODUCTION In the following section, we shall establish the link be-

: he f f f th il i h

Some time ago, a QCD-based method was proposed ttgveent © form gctors of the sem gptonlc dEcals and_t 0se
. — . . _ of the nonleptonic decays for the right chatm-c transi-
describeB— DI vX decays, which relies on a short d|stanceti

expansion(SDE) and on the heavy quark effective theory
[1]. The nonperturbative form factors of the singlet operators
were parametrized using the Isgur-Wise function. More re-
cently this method was extended to one-particle inclusive \ve consider right charm deca@s—DX, i.e.,b—c tran-
nonleptonicB decayd2]. In this case, we have to perform a sitions. The central quantity in the semileptonic case as well
1/N¢ expansion, which allows to factorize the matrix ele- as the nonleptonic case is the functi@rgiven by

ments. One of the goals of this work is to clarify the link

between the matrix elements which were encountered in the

Il. FROM SEMILEPTONIC TO NONLEPTONIC DECAYS

2y B n=) X\ |2 4
semileptonic one-particle inclusi&decayq 1] and those of G(M )_EX: {(B(Pe)[Her D(pp)X)[*(27)
the nonleptonic one-particle inclusiBdecays encountered
in [2]. In fact, we prove that these matrix elements are uni- X 5*(Pg—Pp—Px) 1

versal. We then apply this method to one-particle inclusive ) )
— where|X) are momentum eigenstates with momentpg
B,— DX andB;— DX decays.

. . o . Hets is the relevant part of the weak Hamiltonian, alid
It is shown in[2] that the one-particle inclusive decays of eft P

. e =(pg—pp)? is the invariant mass. The statp$) form a
a B meson into a vectod meson seem to be, in th|s_ frame- complete set, especiall)X) can be the vacuum in the semi-
work, well understood whereas decays oB aneson into a =

pseudoscalab are troublesome: i.e., the decay widths and!ePtonic case, e.gB—Dlv contributes toB—DIvX. This
specra forB—D*/D*X admixtures look to be described functionG is related to the decay rate under consideration by

correctly, on the other hand, the predictions B> D/DX _ 1

admixture decay widths and spectra do not reproduce the dF(B—>DX)=Rd¢6G(M2), (2
experimental data. Most troublesome is the fact that the 8

spectra are not even described correctly for large transferre\;ahere dd= is the phase-space element of the final-state
momentum. According to our method we expect to describe D b P

the experimental data for large transfered momentum parr_neson. The relevant weak Hamiltonian is given by

ticularly well. —HGhy D
Ve . . . Here=Hots +Hytf 3
Keeping in mind that some problems arose in the descrip- effTleft 7 T leff ®

tion of B—D/DX decays, we apply the method developedwhere the semileptonic and nonleptonic pieces are given by
for these decays tB;—D X andBs— D X decays. The ef-

fective Hamiltonian is identical in both cases. One-particle ) CF., — —
inclusive Bs— DX decay widths have been measured by Heff:EVCb(bC)V—A(l vlv-atH.C, )
ALEPH. There are measurements for semileptdrdt as
well as for nonleptoni¢4] decays. G
The decay rates we are computing can be used to study (nh_2F * ((he Uc
one-particle inclusiveC P asymmetries in th8, system[5], Heif \/EVCbV”d((bC)V_A(Ud)V_A
which would allow an extraction of the weak angtewhich _ _
is known to be difficult. This study oB;—DX decays +(bT%)y-a(uTd)y-a)
could also allow us to get a better understanding of the prob- G
lems encountered iB— DX decayq 2]. They are also inter- °F x (T oy
esting for experimental physics especially in the perspective * \/EVCbVCS((bC)V_A(CS)V_A
of B factories as the presently available data on one-particle . .
inclusive B;— DX decays are sparse. +(bT2c)y_a(cT3)y_p)+H.C., 5)
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where we have neglected the penguins and the Cabibbo sufm be valuable for nonleptonic exclusig mesons decays

pressed operators. The functi@can be written as [6]. In this limit the octet operators vanish. Thus, we obtain
2 4 N/ n— G|2:
G(M )=; d*x(B(pg)|Het(X)|D(pp)X) GNL(M2):7|vcbvglq2|2|cl|22 > (2m)484(M —py
X x’
X(D(pp)X|He1t(0)[B(pg))- (6) —px)(B(pg)|(0y,(1~¥5)c)| D(pp)X)
In the semileptonic case we can trivially factoriégM?) X(0](qy"“(1— v5)q2)|X")
and obtain _
X{(X'[(a27"(1— v5)d1)|0)
GZ D)X (v (1—
GLep(MZ):7F|Vcb|2E (2m)454(M — py) X(D(pp)X|(cy,(1—¥5)b)|B(pg)), (11
X
. o where theg;’s stand for quarks. We see that assuming ¥at
X{0|(1 y*(1— ys5) v)(vy*(1— y5)1)|0) andX’ are disjoint, which is certainly the case in the leading
_ _ order of the 1N limit, we can at once apply the complete-
X(B(ps)|(by,(1— v5)c)|D(pp)X) ness relation foiX’ and we just find ourselves in the same

(D (p5)X|(Cy.(1— 75)b)|B(pg) @ situation as in the semileptonic case.
(D(po (1= 7s (Ps))- For the quark transitio—cud we haveq;=u andq,

The next steps are to insert heavy quark fields in the effective d: 1-- we have two light quarks whose masses can be

Hamiltonian and consideringy, and m, as large scales, to neglected just as the one of the leptons in the semileptonic

perform a SDE as it has been explainedih In the leading case. We obtain
order of the SDEG“¢P(M?) reads

PLs(M)=NcPSP(M), (12
2
Lep/ nj2 _GF 2plep, i
G-eP(M )__2 Ve PLoA(M) whereNc is the color number, and
H(1— ' F
x 2 (B(0)|[b, (1= ys)c, 1D ")X) GN(M2) = " VeV 2Pl (M)

X(D(v")X|[C, 7" (1= y5)b,1|B(v)),  (8)

wherev is the velocity of theB mesony’ is the velocity of

the D meson, andi";f;',p is a tensor originating from the con- X(D(v")X|[c, ¥ (1= y5)b,1|B(v)). (13)
traction of the lepton fields in the effective Hamiltonian. This
tensor is given by

x; (B(v)|[b, ¥*(1— y5)c,/1|D(v")X)

The transitiorb— ccs can be treated in the same fashion. In
that case the mass of tleequark in the loop cannot be ne-

L _ 2\(M2q 2 I . W [
P,u?zp(M)_A(M )(M Uuv M,LLMV)+B(M )M,qu- glected e obtain
€)
. _ PNL(M)=A(M?)(M3g,,—M ,M,)+B(MHM M,
Neglecting the lepton masses, we obtain at tree level w(M=AMTM7g,,=M,M,)+BIMEIM, ”(14)
1 whereA(M?) andB(M?) are given by
A(M2)=—§®(M2) and B(M?)=0. (10)
N m? mZ\?
We now consider the nonleptonic case. The nonleptonic A(M?)=— —l1+—|[1-= O(M2—md),
. . . . 3 2M2 MZ ¢
case is more complex because two transitions are possible:
the right charmb— c transition and the wrong charm transi-
tion b—c. The wrong charm transition was treated 2} and N~ m?2 m2\ 2
. . . . . . 2 C C (3 2 2
we will not come back to this issue, since this channel is B(M“)= 22 1- — O(M —m9), (15
extremely suppressed in the semileptonic case and was ne- M M

glected in[1] and our aim in this section is strictly to estab-

lish the link between the right charm semileptonic and nonat tree level. As explained if2], we setm;=1.0 GeV to
leptonic decays. Another difficulty is that factorization canParametrize the higher-order QCD corrections to the current
only be performed in the N limit. This concept is known b—ccs.
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We can now establish the connection between the semivherey=uv-v’ and where the invariant mas4? is given by
leptonic and the nonleptonic form factors. The differential
decay width for the semileptonic decays is given by

o M?2=m3+m3—2ymgmp, . (17
@ = a3 Vel Mo VYP =Tl (mg—mp) Es(y)
The differential decay width for the right charm nonleptonic
+(mg+mp)2Ep(y) — M2(Ey(y) + EA(Y)], (16)  decays is then given by
|
dr 2 G'Z: * | 24n3 2 2 2 2
dy = ClNCE|VCqud| mMp VY= 1[(Mmg—mp)“Eg(y) +(Mg+mp)“Ep(y) =M (Ey(Yy) +Ea(Y))]

G2
+ 054_1:2|Vcbvés|2m% VY? = 1[(B(M?)—A(M?))((mg—mp)2Es(y) + (Mg+mp)2Ep(y))

+AM?)M2(E\(y) +Ea(Y))], (18

whereA(M?) andB(M?) are given in Eq(15). We see that ered in[1] since this effect is small. Therefore, we €&f;
the right charm semileptonic and nonleptonic decay widths=C;=1 andC;g=0 in the set of nonperturbative form fac-
are given in terms of the same form factors tors given in[1].

After the connection between the nonleptonic and the
semileptonic case has been established, we condider

4mgmpEs(v-v') =2, (B(v)|[b,c,/][D(v")X) DX andB, DX decays.

X(D(v")X|[c,b,1|B(v)), ll. THE DECAYS B.—D.X AND B.—DX
As mentioned previously the e_ffective weak Hamiltonian
—4mgmpEp(v-v")=>, (B(v)|[b,¥sC, 1|D(v")X) is identical to the one of the—DX case, therefore, Egs.
X (16) and(18)_do also describe the right charm decay @a
><<5(v ,)X|[E), sb,11B(v)), meson into & meson if one replacesg by Mg, andmp by

mp_. We have a new set of nonperturbative form factors:

4mBmDEV(U'U’)=§X: <B(U)|[EU’)/MCU/]|5(U’)X> 4mB mD Es(U’U,):E <B (U)|[EC r]|5(U,)X>
s s < S v¥v S

X<5(U’)X|[Ev”yubv]|8(v)>1 X<Ss(v/)x|[€,b ]|BS(U)>,

AmgMoEa(v v") =2, (BL)ILb, Y5, JIDWHX)  —amg my En(v-0)= S (Bu(v)[[B, 756, 1Dx(v")X)
S S X

X(D(v")XI[C,r ¥, ¥5b,11B(v)). (19) X (Dg(v")X|[C, ¥5b,1|Bs(v)),

One important point should be stressed. Thig 8t of non- - -
perturbative form factors describes a transition fro me- 4mg mp Ey(v-v')= > (B4(v)|[b,y*c, 1|Ds(v")X)
son into a state with ® meson whatever the intermediate X

state might be. It has been shown[i] that we can deter- — —

mine these matrix elements in the semileptonic case using X<Ds(v/)X|[Cv’7ubv]|Bs(v)>'
constraints from the heavy quark symmethtQS and a

saturation assumption. Th_ese nonperturbative form factors 4mg mp Ex(v-v')=2, (B4(v)|[b, y*¥5C, 1|Ds(v")X)
were given in[1] for each single decay channel. So the non- s s X

leptonic right charmB— DX decays can be deduced from v

the semileptonic ones. Note that we have neglected the XD )X|[eyr 7,750, 1[Bs(v)-
renormalization-group improvement which had been consid- (20
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Once again we can find a parametrization for these nonper- TABLE I. Comparison of our results with data. To get branch-
turbative form factors using the semileptonic decays. Weng ratios, we usedgo=1.55 ps.
consider thes quark as being massless and we can, therefore;

use the very same heavy quark symmetry relations as in tHéode Br (theory Br (data from[8])
caseB—DX. As it has been argued [1], the HQS implies B2—D; X 64.9% (92-33)%
that atv-v’=1 the inclusive rate is saturated by the exclu- B° —DIX 3.3%

sive decays into the lowest lying spin symmetry doulﬁlgt B°—>D;|*vx 9.1% (8.1:2.5)%
andD?* . TheD?* subsequently decays infd; mesons and B2—Dg 7" v,X 2.7%

thus atv-v —1 the sum of the excluswe rates fd, B2—D* X 49.6%

—Dg"v andB,—D} 1" v is equal to the one-particle inclu- B—D: X 2.5%

B— D*’I*vx 7%

sive semileptonic rat® —>D J TvX. Making use of this as- o0t
0

sumption and of the spin projection matrices for the heaV)}3 Dy v, X
Bs and Dg*) mesons, we obtain

the parton calculation. In the leading order of th&ld/and

of the 1img expansions, the differential decay width reads
E(v-0") = g Trys(L )1 (1+8") ye} 20 o &P ’

1 dI' 3G2C? s o
g 2 [ Trvs(L+8)Ii(1+8") &) @~ 5oz IS VenVedPy(MP—m} )
16 Fol 2m°M
_ 2 .2
X|£(y)[?Br(D¥ —DeX), (22) XO(M7—mp)F, (23

whereF is a channel-dependent nonperturbative form factor.

wherei stands forS, P, V or A, the sum is over the polar- We have

ization of theD* meson andé(y)=1—-0.84(y—1) is the
Isgur-Wise function measured by CLEH@]. The branching
ratio Br(Df —D¢X) is the new input and since B ~ al-
ways decays into &, , we have BrDi —DX)=100%. whereX’ is a pion or a photon anflis the constant defined
We then obtain in [2]; we hadf =0.121. Note that the wrong charm decay is
being modeled and we have restricted ourselves to the so-
800" 1 called model 2 of 2] since this model seems to yield better
Es e (y)=7(y+ 1?&y)l%, results than model 1.

FBDs —f(1+ 30 (DX —DX’))=4f, (24)

IV. DISCUSSION OF THE RESULTS

Eps e (y)= Z(y2_1)|§(y)|2’ In Table I, we compare our predictions with the experi-
mental data found if8]. In the semileptonic case the method
o 1 yields results which agree with the data. Note that we have
ESSDS (y)= = (y+1)(2—y)| &2 f:qn3|dered th(_ar lepton as beln.g massive. On the other_hfemd,
it is not clear if the nonleptonic decays are problematic; our
results are in the experimental error range though at the in-
500 1 ferior limit. One should keep in mind that we had estimated
E S s (y)=— E(y+ 2)(y+1)|&(y)|?. (22 in [2] that corrections to our calculation could be fairly large
and in the worst case up to 30%. It would be interesting to

. — . measure the rat& (Bq %5*_X) to test the agreement be-
The nonleptonic decayBs—D X can be calculated using tween theory and experiment in this channel. Remember that
these nonperturbative form factors It is clear that this satu- y =XP

ration assumption is a crude approximation, but it is wellfor the decaysB—D/DX described in[2], theory and ex-
motivated by the heavy quark symmetry a1 and the periment looked to be in agreement for tBe- D*/D*X
available phase space is not very large, so this has to hgecays and in disagreement 8¢ D/DX decays although

treated as a theoretical uncertainty due to nonperturbativghis could be accidental, for a discussion of this problem see
physics. The results obtained for the semileptonic decayg].

rates in B—DXlv [1] give us some confidence in our  Data are sparse on one-particle inclusBgedecays; espe-
method. cially no spectra are available. It would be instructive to

We now consider the wrong charm decays @&ameson. compare the spectra to check if the same discrepancy appears

They are induced by the quark transitibn-c. The wrong  as in [2], where the spectra for thB—D*/D*X meson
charmB2—D? *X decay width can be estimated using the decays seemed to be described correctly. On the other hand,

method descrlbed if2], which corresponds to a rescaling of the spectra for the decays ofBa— D/DX were not compat-
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ible with the experimental data, especially at the nonrecoil V. CONCLUSIONS
point where the methoq ;hould work at its best, this effect We have clarified the link between the nonperturbative
being therefore very difficult to understand. Although the , i —
extension of the method developed for one-particle inclusive‘(/c\’/rm factors of the semileptonic and nonleptoriie DX.
B decays tdB, decays is trivial, the results we have obtained"/€ have applied a method described 1§ and[2] to semi-
are interesting especially in the perspectiveBofactories. ~ !eptonic and nonleptoni®;— DX and Bs—D¢X decays.
These results could also be used to study mixing inducednis can be done easily by modifying the saturation assump-
one-particle inclusiveC P asymmetries in th8, system[5], tion. It is too _early to see if thg same problems which were
and this allows us to determine the weak anglevhich is ~ €ncountered if2] also appear in our case, the reason being
known to be very difficult. th_e lack of expen_mental data. Our results are compatible
If the problems encountered in the one-particle inclusive/ith current experimental knowledge.
B decayd 2] were not present iB¢ decays, one could con-
strain the kind of diagrammatic topologies contributing to
the one-particle inclusivB decays. IrB decays as well as in The author is grateful to Professor L. Stodolsky for his
B decays we have assumed that the dominant diagrammatiospitality at the “Max-Planck-Institut fuPhysik” where
cal topology contributing to the right charm decay rates isthis work was performed. He would like to thank Z. Z. Xing
spectator like. This study dB5 decays once confronted to for reading this manuscript and for his encouragement to
more precise experimental results could allow one to test thpublish the present results and A. Leike for his very useful
influence of the light spectator quark. comments.
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