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Helicity conservation in inclusive nonleptonic decayB—VX:
Test of the long-distance final-state interaction
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The polarization measurement in inclusiBedecay provides us with a simple test of how much the long-
distance final-state interaction takes place as the energy of the observed meson varies in the final state. We give
the expectation of perturbative QCD for the energy dependence of the helicity fractions in a semiquantitative
form. Experiment will tell us for which decay processes the perturbative QCD calculation should be applicable.
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[. INTRODUCTION seeing production of the meson in then=+1 states. By
measuring the helicity as a function ofnf( or equivalently
It is of crucial importance to know how much long- as a function of thep energy in theB rest frame, we can
distance final-state interactighDFSI) occurs inB decay. If ~ determine from experiment how much LDFSI enters the de-
LDFSI plays a significant role, we have no first-principle c@y asp slows down or how much the color screening breaks
method to compute the decay amplitudes. Arguments havdOWn- . _
been presented in favor of short-distat®) dominance for pogsoilglg]%r?ll;o\_/\?r?gz gg;ﬂintglerﬁgls?)rézsaﬂgcemﬁgﬁ;:énggitn'g
the two-body decgy n V\./h'Ch a fast quark-antiquark Pallio instanceB— 1~ 1". Meanwhile, most decay modes that
MOVes almogt co!lmearly na colorlgss lump. Based on thISare easily identifiable and high in branching fraction Bre
color screening picturgl], a perturbative QCD computation _, -0~ and 1-0~. Nonetheless, the polarization test will
has been carried out for two-bod/decay[2,3]. Even if the  paye a direct impact on these dominant decay modes d the
SD dominance argument is valid in the infinBemass limit, meson in the fo||owing way. In Charm|eﬁsdecay, the two-
a quantitative question exists about the accuracy of the pepody decay8— 77 andp are among the decay modes of
turbative QCD calculation since tH& meson mass is only primary interest from the viewpoint a€ P violation. If our
5.3 GeV in the real world. When the final mesons are highlyproposed test reveals that tle=0 state dominates B
excited states, the velocities of the mesons are less fast ardpp,pw, and so forth, we shall feel more confident in com-
the quarks inside them have larger transverse momenta. Waiting the tree and penguin amplitudes Bf- 7, pr in
expect that the SD dominance will be accordingly less accuperturbative QCD. If on the contrary the=0 dominance is
rate in such decays. In the large limit of the excited mesorsubstantially violated ilB— pp,pw, we should not trust the
mass, the LDFSI should play a major role in determining thePerturbative method of calculation f@&— m,par. In this
final state. We would like to verify experimentally the SD case the only recourse would be to determine Bre 77
dominance in the two-body decay and see how the SD dom@mplitudes by experiment aloB] without help of theoret-

nance disappears as the meson slows down in the inclusiy? computation. And little could be done f@— pm with
decay. Isospin invariance alone. The test proposed here is not for

One of the cleanest ways to test the breakdown of S inventing a new method of calculation of decay amplitudes,

dominance or presence of LDFSI directly with experiment is2ut for leaming from experiment for which decay modes we
to measure the helicity of a fast flying meson in the final MY perform the perturbative QCD calculation.

state[4]. Since SD inte_ractions do not flip helicities of light Il. KINEMATICS OF B—VX

quarks (,d,s), a fast light meson carries a memory of the

quark helicities if no LDFSI enters. Because of the specific We consider the inclusivB decay into a vector mesow
form of the weak interaction in the standard model, a fasof J°=1":

light meson with spin must be polarized in the zero helicity

state up toO(1/M3) in probability, when other hadrons fly BIP)=V(a,h)+X(px)= (k) +b(ka) +X(px), - (1)
away approximately in the opposite direction. One can deterwherea andb are spinless decay products\f{m,# mj in
mine theh=0 fraction of the meson by measuring the angu-general. Here we hav8— pX, K* X, and¢X in mind. The

lar distribution of its decay products. In fact, this selectioninclusive decay rate is written in the covariant form as

rule is so robust that it will be valid even if the right-handed
W boson contributes to weak decays. It breaks down most
likely by LDFSI, if at all.

Imagine that such a polarization measurement is made for
the inclusive decaB— pX in which X is a highly excited B J’ d’q ggb
meson stateqq) or a multiquark hadronic state. As the in- i 4(21)3q,Py 2myl'y
variant massmy increases, it becomes more likely that
LDFSI takes place betweem and X. If so, we shall start X (€-ki—ko) (€ -ky—ko) " T, €, ()

4(27)%k 0k dr
. -
10 20d3k1d3k2

(2m)* 8% (ky+ k= Q)
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wherel'y is the decay width o¥, g, is the decay coupling

constant ofV defined byL;,=igan(P4 5:¢§)V“, and the
subscript of the polarization vecterrefers to three helicity
states ofV. The covariant tensof ,, is the inclusive struc-
ture function defined by

T,w(m>2<):4QOP0§X: (2m)*8%(q+px—P)

X(B(P)[Hind V(a,))X)(V(a,1)X[Hind B(P)),
)

where the states are normalized{a@$p’)=(27)35(p—p’)
without 2E,. The general tensor form &f,, is

1
T,o=— 0, AMY) + —P,P,B(m))
MB
i

K\ 2
+MBmV8MVK)\P q C(mX)-

(4)
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V, and @ is the angle ok.,, measured from the direction of
P, namely, P-K¢q) =|P||Kcml COSE.

We make two remarks on E¢6). Since the decay prod-
ucts a and b are spinless, the structure function of tkfe
—ab decay, ggb(kl—kz)”(kl—kz)”, is symmetric under
m< v SO that the functiorC(mi) does not enter the differ-
ential decay rate. This means according to Ex}.that we
cannot separate the= —1 decay from théh=+1 decay in
this process. In order to distinguish betwelersr =1, we
would have to choose a decay in whigk 0 for a or b and
measure the helicity af or b through its decay. For instance,
the triple producty- (k;X k) in the sequence of deca®
—ay(q)X— (k) p(ko)X— m(ky) m(ky) m(ky)X contains
such informatiorf. The other comment is on the slow limit of
V. In the limit of g—0 in Eq. (5), distinction among three
different helicity states o¥ disappears for an obvious reason
and all helicity functionsH,, (h=1,0,—-1) are given by
A(m2) sinceB(m%) andC(m3) stay finite there:

H 1+ H _1—> 2H0,

H,—H_;—0 asqg—0. )

where m4=(P—q)? and the antisymmetric unit tensor is In this limit only the A(m3) function survives in the differ-

defined aseg1,5= —1. The scalar structure functiods—C

ential decay rate of Eq6), as we expect, sinog—0 means

are the absorptive parts of the analytic functions of the variPH(_). _ _ _
ablem? that are regular except on the segments of the real Finally, let us express the differential decay rate in terms

axis in the complexm plane if V is treated agapproxi-
mately stable. In particularA—C are nonsingular £ ) in
the physical region of the decay.

The helicity amplitudesH,, for B—VyX in the B rest
frame can be expressed in termsAGfC as

2

q

Ho=A+ —B,
my
_1d]

In contractingT ,, with €, we must not make the approxi-
mation €#(q)=qg*/my as we often do in the exclusive two-

body decayB—V,V, whereg, e} e5=(q;-qz)/m?, be-
cause g,”e“*e”z—l while g,wq“q”/m\2,=+1 in the
inclusive decay kinematics.

Carrying out the summation over the helicities in E2).

with Eq. (4), we obtain the differential decay rate with re-

spect to the direction d; and the energy o¥. The result is

dI'(B—VX—abX)
dqyd cosé

B at rest
P2
A(mZ) + M—ZBB(m)Z()cosze )

_ g2ulallken/®
327°mly,

(6)

whereqy is the energy oW in the rest frame oB, which is
related tomy by m{=M3+mZ—2Mzq, so thatdI'/dqgq,
=2MgdI'/d m)z(, Kem is the momentum od in the rest frame

of Hy, noting that|P|/Mg=|q|/my by the transformation
between theB rest frame and th¥ rest frame. The result is

dI'(B—VX—abX)
dqod cosé

B at rest

~ gallkenl’

1 .
Ty Hocog o+ §(H1+H_1)sm20 :

®

We are able to separate the longitudina=0) and trans-
verse fi=*1) polarization decay with the angular distribu-
tion of Eq.(8). Experiment will show us how thie=0 domi-
nance goes away any increases in the inclusive dec&y
—VX. If the transverse polarization appears beyond the cor-
rections to be discussed in the subsequent sections, it will be
clear evidence for LDFSI.

IIl. LONGITUDINAL POLARIZATION DOMINANCE

For the weak interaction of the standard model, the zero-
helicity functionHy should dominate over all othét, for
smallmy, if the strong interaction corrections are entirely of
short distances except at hadron formation. We explain this
rule for two-body decay$4], discuss the mass and orbital
motion corrections to the rule, and extend it to the inclusive
decayB—VX. Our argument is based on the standard as-
sumptions made in the perturbative calculation including the

1Such a measurement was actually proposed to determine the pho-
ton helicity inB— yK,;— yKar# [6]. The strong phases due to the

of V, P is the momentum oB measured in the rest frame of overlapping resonances are needed to detect the triple product.
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light-cone formulation of mesons iqq. The helicity selec- L R
tion rule should break down for sufficiently large values of
my . The value at which the rule starts showing a significant
departure from thdn=0 dominance will provide us with a
guantitative measure of the accuracy of the perturbative
QCD calculation. We first discuss charmless decay and then

move on to decays with charm.

(LR)

a

A. Meson helicity and helicities ofqq FIG. 1. The quark helicities in the two-bod(bq) decay.L (L)

. e andR (E) denote left and right chiral quarkKantiquarks, respec-
In nonleptonicB decay a pair ofjq is produced by weak el The spectator quardseis denoted byS The arrows rep-

interaction nearly in parallel to form an energetic meson. Ir1resent the dominant spin directioria) The case ob—q, q,q.. (b)

@e catse of. a vectpr mesoﬁ%),.we may app.roxmate the The case ob . Gt
qq pair as literally in parallel by ignoring the tinyD, com-

: +(3
ponent. For excited mesons suchds=2"(°Py), the trans- quark distribution function of the meson, we find that the
verse motion ofg and g must be taken into account. This meson helicity consists entirely of the quark helicity
gives rise to an orbital angular momentiietweerny andq +hg in the fast limit. The contribution of thé,#0 states
as well as to the meson mass. This angular momentum is pagenerates a correction @[ (:m;/E)'Z] in the amplitude
of the meson spin. By simple kinematics, however, the statg,; an excited meson and a multimeson state.
of | ,=0 dominates over all others when a meson moves fast.
That is, to lowest order we may leave out the orbital motion
of qq inside a meson even for an excited meson state with
|#0. Let us make this statement quantitative. The fundamental weak interaction is dressed or improved
In the classical picture, the orbital angular momentuminto the effective decay operators by the renormalization
vector is squashed into the plane perpendicular to the mesd@foup down to the scalen,. In the standard model, the
momentum when a meson moves fast. To see it in quanturghiral structures of the decay operators relevant to the charm-
theory, let us expand the plane wael ' of a quark in less decay are b(_q,_)(quL)JrH c. and b,_q,_)(qRqR)
spherical harmonics fqu off the direction of the meson mo- +H.c., whereq stands for the light quark. The short-distance
mentumq=|q|z. Defining the directions of the vectors as interaction below the scale, does not generate any new
chiral structure. It can add,_q, +qrQg through quark pair
emission by a hard gluon. The chirality of the spectator
quark is indefinite so that it can be in either helicitys or
— 1 when it forms a meson.
r-p= coSy. 9) Let us start with the two-body charmless dedy VM
(J=1 for M too). When one ol andM is formed withq, q,
We obtain by use of the well-known formulas the expansion,, \vith a=a Jrdr. this meson is in thét=0 state. The angular

B. Helicity selection rule; charmless decay

r=r(sind cosp,sind sing,cosd),

p=|p|(sin®’'cose’,sin?’sing’,cosd’),

of the plane wave in the form momentum conservation along the decay momenta irBthe
_ . rest frame requires that the helicity of the other meson must
e'p"=2| (21+1)i'jy(|p|r)Py(cosy), also be zerdFig. 18. ThereforeH, dominates in this case.

Alternatively, with (b, q,)(0rAR), if 9 .ar(h=+1) is com-

! bined to form one meson, the other meson must be made of
=47TE| I'Ju(llf)lr)mZ_I Yin(9",¢)Yim(9,¢). (100 the spectatogspe.anddg(h=— ). Then the net helicity of
- the second meson can be only 0 erl, which does not

Treating @' =|pq|/|p| as small, we expandr? (9',¢") match the helicith= +1 of the first mesorFig. 1b. There-

aroundd’ =0. Then Eq(10) tums into fore the only two-meson state compatible with the helicities
| and the overall angular momentum conservation is
(— 1)m+‘m| V—oM—o. This argument is valid only in the limit that the
|p M [ _
2 4m(21+Di'ji(lpln) E,, 2\m|| masslesg) and g move strictly in parallel and there is no

relative motion between them inside the meson.

x\/—(H'ml)! —ime’ g imly, (9 11
(I—|m|)!e im( ). (12) C. Mass corrections

The relative motion otqa generates a correction to this
1 I helicity selection _ruIe. Since the motion of light quarks
;70 are suppressed hy "z =(;my/E)" wheremy stands  akes up the entire mass of a nonflavored meson, this cor-
for the transverse meson mass (/gx meson mags Re-  rection should beO(|p;|/E)=0O(:m/E) in amplitude,
peat the argument fog. Projecting theqq state with the wherem is the meson mass arig~ 3 Mg for two-body de-

In the sum ovet, (denoted bym above, the amplitudes of
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cays. When either mass ¥fandM is large, the correction is
large and the accuracy of the rule is reduced accordingly. Let
us examine this correction.

In the case of theB(Eq) meson decaying through the
interaction ©,.9,.)(g.q.), the quarks in the final state are
qLd.dLspec Where gspec Stands for the spectator. The r
=+1 state of the mesonqg(q,) can arise from a small 2 RS b
opposite helicity Componerﬂ a singlg while h=+11is FIG. 2. The helicities in the incIusivB(Eq) decay where an

allowed for the other mesom(qspe() because of the indefi- additional hard pair oEq is produced and leads to the final state

nite helicity of gspec. On the other hand, formation of the — — —
99999Qspec-

h=—1 meson state requires small opposite helicity compo-
nents of twoq,’'s, one inV and one inM (Fig. 13. Conse- D. Inclusive charmless decay

quently,H, arises as a first-order correction whie_; can The argument in the preceding section can be immedi-
arise only as a second-order correction. The same conclusio‘ﬁew extended to the inclusive decBy- VX in the case that

follows whenB decays throughlf q.)(drdr) (Fig- 10. If s described as excitagl states. When gq pair is created
we define the longitudinal and transverse fractions of heI|C|tya —

decay rates by

Imost collinearly by a hard gluon and turksinto aqqqq

state, the added paiy, g, or grgr has net helicity zero and
Ho Fe1-T 12 does not contribute to the helicity of (Fig. 23. In this case
Hi+Ho+tH_,’ T L (12) the previous argument of the=0 dominance is unaffected.

It can happen alternatively that the ha]'chndaare emitted
back to back. Imagine, for instance, tligt entersV andqg

the mass corrections are expressed 'as O(mleé) and goes intoX so thatV~ gy dg andX~ gy diAspec (Fig. 20.
FL=1—O(m2/M§) in the case of the two-body decay Then the net helicities ate= + 1 for V andh=0,—1 for X,

B(bg)—VM [4].2 Herem is the mass of the meson which so the additional hard pair ofgqq cannot realize
does not receive the spectator quark or its descendant. Thg,— . 1X,-+1. We can easily see that the helicities\band
reason is obvious from the preceding argument: It is the meX do not match foh=*+1 even wherV receivesspe.. The

son formed by the energetigg originating from the effective only helicity final state_ compatible with the overall gngular
decay interaction that primarily determines the helicity stateMomentum conservation is st\lp_oX,—o in the collinear
since the helicity of the other side that receives the spectatdfmit- Therefore, the preceding argument for the two-body
has a twofold uncertainty due to the indefinite spectator hedecay B—VM s carried over to the inclusive decey
licity. The helicity of the meson carrying the spectator is —VX. _ o

constrained by the overall angular momentum conservation. However, the collinear quark limit becomes a poor ap-
In the case of th&(bg) meson, the mass correctionsHg proximation asmy increases in the inclusive Qecay. The
andH _, are interchanged in the same argument. transverse quark momenpa in X become large with respect

We should recall that there is also the=0 correction of to Px SO that the corrections grow witimy . The mass cor-
O(m?/M3) in probability in the case that a meson Has rection depends on whether the spectaigycentersV or X.
#0 Thié3 correction contributes td, andH_, in the same Eqr the same reason as in _the MO_bOdy decay, the final he-
ordér namelyd2. In terms of I oc|£| H 7t?1e correction licity state is determined primarily by the mesowv) or the
takes the same form for excitedT me;onsz group of mesongX) that does not receives e of indefinite

X . helicity. Making an appropriate substitution in the mass cor-
It is easy to see here that the=0 dominance holds even Ictty ng ppropriate SUbstiton | SS cor

if the right-handed current enters the weak interaction. OnlyreCtlonS for the two-body decay, we obtain, fag>my,

FL:

H,>H_; or H_;>H; in the mass correction depends on m2M3 _
V—A or V+A. In order to violate thév=0 dominance, we (1-TDmas& —5 55 (Aspecn X), (13
would need such an exotic weak interaction &s (Mg—ms)
—0igrqy - If the h=0 dominance breaks down, therefore, maM2 _
the most likely source is LDFSI. (1-T ) mases (l\/|2+—mz)2 (dspecin V).
BT Mx

2Such a mass correction can be seen in{6)x U(6) model T.h(.e right—hand_sides indicatg the orders of magnitudg. Itis
calculation of the charmless decBy-1-1" by Ali et al.[7]. d|ff|qult even within perturbatwe QCD to compute their co-
Chenget al. recently referred to this correction in their improved €fficients with good accuracy since they depend on the quark
factorization calculation oB—J/yK* [8]. Many other model cal-  distributions inside mesons and other details. The coeffi-
culations in the past based on the factorization, however, do nd¢l€nts are highly dependent on individual decay modes.
follow this pattern of mass corrections since vector and axial-vectoNonetheless, the rise dfr with mf(, particularly in the case
form factors were introduced without chiral constraints. that X is produced without the spectator, is an important
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1 1 less inclusive decay will be analyzed only in the region sepa-
rated from the charm background by kinematics, that is,

B i My <Mp. (16)

I

Above mp, the dominant process B— VX whereX; con-
- 1/3 tains an anticharmed meson. Fortunately, ®6) is the mass
B->VX range where many interesting results will be extracted from
0 0 the charmless decay. For the decays Ko the helicity
m?2 m2 m2 selection rule holds in a manner almost identical to that in
min X max charmless decay. We shall see that the Fig. 3 applié3 to
FIG. 3. The qualitative behavior df, againstm%. While I', — VX as well. Therefore, separate tests of the rule will be
=1/3 atmy=m,,, is @ kinematical constraint, the behaviorIof possible withB— V Xg in the range aboveny=mp .
near the small end ofny is only the expectation of perturbative As for V, reconstruction op from 77 may encounter an
QCD. excessive combinatorial background. If this happemsyill
be a clean alternative for in the environment of the BaBar

lponent” of O(my/Ex) ceases to be small whem becomes  fyly reconstructed events with reduced statistics.
arge.

The orbital motion insideX is not re_stricted tol =0. IV. DECAY INTO CHARMED X OR CHARMED V
Thereforel, of X can make up for violation of the overall
angular momentum conservation wh&his formed with We extend the argument for the charmless decay to the

9.0r (h=+1) or grg, (h=—1). In terms of the helicity Ccharmed meson production deday-VXcandB—VcX. We

fraction, thel, correction toX generates the leading correc- i9nore here the small contribution from the penguin-type
tion that grows rapidly withm, : processes for this class of decay. Whérs formed without

involving the spectatory carriesh=0 ofﬁ,_ up to the
mZm3 small mass correction given by the first line of E#3). The
(M3+ mi)Z' (14 h=0 dominance remains true even when an egtyapair is
produced: Imagine, for instance, tltgt andqg are produced
WhenI'1=1-T"| becomes a substantial fraction of unity, secondarily by a hard gluon and enter battand X. Then
LDFSI is clearly important.As my approaches the kinemati- VZ@R and )(:anRqueC can satisfy the overall angu-
cal upper limit corresponding tq=0, I',_ should reach 1/3 ' lar momentum conservation only with the helplgf + 1 or
according to the limiting behavior of Eq7): the opposite component ai, orﬁ In the case ofV

I —1/3 asng—mg.. (15) =0graL and_X= CLORALUspec: POthl,=—1 and the opposite
_ _ _ _ helicity of ¢, are neededln the two-body decay wheré; is
Future experiments on the inclusive decay will deterniipe  » (1=0) andgspecentersD*, therefore, the correction to

as a function ofmy interpolating between $O(M{/M3)  theh=0 rule is dominated by the mass correctiorMo
ands, as sketched qualitatively in Fig. 3. We should keep in

mind that the corrections presented here are the expectation mZM3

(1-T =

based on perturbative QCD. It is only a theoretical prediction 1-T'~ (M2—m2)2’ (17)
which should be tested by experiment. While the helicity test B X
of the charmless decay is of primary interest, no experimen-rhis correction will apply toBO/§0_>ptD*I since the

tal data exist onl'r | for any charmless decay mode at
present.

One problem exists in performing an inclusive measure
ment of the charmless dec&®y—V X. One has to make sure
that X does not contain charm or hidden charm. Since th . . 4
charmless decays are thare decays, the region above the ago. Thg experm?ental result was in agreement withfthe
charm threshold fomy is overwhelmed by the background, =0 dominance9J:
which is much higher in branching. In practice, the charm- I' =0.93+0.05+0.05. (18

quark distribution function disfavors formation pf* with
the spectator. Because of the large branching, experiments
have already measured the helicity fractions with good accu-

Jacy for the two-body deca®/B°—p*D** many years

The deviation from unity ofl"| is consistent with the mass

3t is possible thaX consists of a widely separated pair of mesonscorrection (0.03) that we expect from E@L7). Even when
interacting only through SDFSI. In this case, the final state is aXc/c IS @ higher state df# 0, the correction to the=0 rule
three-jet state and the decay may be a SD process calculable by
perturbative QCD fomg— <. However, such a contribution is sup-
pressed byD (/) and not expected to be a significant portion of “The author owes thanks to R. N. Cahn for this remark.
the inclusive decay. One should be able to check by actually exam-°The opposite helicity content af,_is larger, (n§+ p%)l’zlEC in-
ining the final states whether this is the case or not. stead of|p|/E..
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is determined by and grows rather slowly witmy ac-
cording to Eq.(17) sinceqspe entersXg. in the dominant

process oB%/B%— p* Xg.

The correction is a little different for the so-called color-

disfavored decays. TakB°(bd)—p°D*° as an example:

The p° meson must be formed with the spectator when th

PHYSICAL REVIEW D 66, 054018 (2002

result of the helicity analysis by BaBptO] can be expressed
as

I'=0.597+0.028+0.024, (21

which is not far from 0.49. However, the agreement is prob-

@bly fortuitous since the Lorentz factgrof J/¢ is only 1.12

decay occurs through the dominant operator for this decayh this decay.

The final helicity is constrained Hy* ~ and the correction is

1-T ~miM3/(M3+m2)2. Therefore we expect that the

correction is larger iB°— p°D*° than inB%— p™D*
['+(B°—p°D%)>I+(B°—p*D* 7). (19

The recent measuremeLriIS] of the factorization-disfavored
two-body decaysB?—D*IX° (X°=#0 w,7) seems to

In the decayB—J/¢K*, the K* meson moves withy
=2. If we make the approximation oK* being fast,
K*(s.0sped Can be only in helicity+1 or 0, not in—1.
ThereforeH _;=0 is predicted forB—J/¢K* if one as-
sumes perturbative QCD fd{*. The transversity angular
analysis [10] allows two solutions,H;>H_; and H;
<H_4, but cannot resolve the twofold ambiguity. At present,
experiment still does not exclude the possibility that pertur-

show that the branching fractions for these decays are largdiative QCD is applicable to the light meson sid¢e"( of the

than their lowest-order perturbative QCD calculatid@$
The helicity analysis OBO—>pOX% and K*OX% will help us

toward better understanding of how much LDFSI is involved

here.

Let us move to the other inclusive measurement where a

charmed meson is identified instead of a light mesBn:

—D*X. There is an experimental advantage in reconstruct.—l_h

ing D* through its soft decay int® 7. TheD* meson can

decay?

The Belle Collaboration recently measured the branching
fraction for the factorization-suppressed de&y yoK [15]
at a level comparable with the factorization-favored decays
B— 5K, J/yK, and x,K. It shows that the simple factor-
Ization clearly fails in the decaB— charmonium.
The decayB— D* D* is being analyzed at th# factories.
e branching fraction was reported o *D* ~ [16]. Af-
ter accumulation of more events, helicity analysis will be-

be formed with or without the spectator. With the spectatorzgme feasible. Comparison of this decay wih-J/yK*

(D* =c_Gsped, the accuracy of the=0 dominance is con-
trolled by the helicity ofX, which is determined by, q, ,

du9.9.90» 9.9.9rAR, - - - - The correction is given by the
second line of Eq(13) and grows rapidly wittmy. On the

other hand, whenX receives the spectatoX=q qspec,
d dspedd, - .. can beﬂeithehz +1 or 0 with a 50/50

chance. Then it iD* =c q, that determines the final helic-
ity. The dominant helicity is agaih=0 and the correction is
given by the first line of Eq(13), but the magnitude is large
because of the larger opposite helicity contentin

Finally we comment on the decaigs—V X, andVX. A

may provide additional useful information about the dynam-
ics inb—ccq.

V. HIGHER SPIN (J=2)

A helicity test can be performed for higher-spin inclusive
processe8— MX—abX with J=2 for M. For J=0 for a
andb, the differential decay rate in thHgrest frame takes the
form
J

dr
=lal 2 HA(m) o o0

dqod cosh (22

pair ofcc is produced by weak interaction and forms one of\heren is the helicity ofM. The momentung and the angle

charmonia or turns int®*)D®). V is most likely formed

0 are defined in the same way as in E6). In the case of

with the spectator since little phase space is left for producd+0 for a and/or b, an additionalx dependence enters

tion of a fast pair ofgg. In this case, the helicity content is
determined byc, c, . Sincec, andc, are heavy and slow,
the opposite helicity content @(3mc./Ez,) does not give

an accurate estimate. Nonetheless, let us stretch for the m

ment the mass correction formula Bk such that the coef-

through the decay —a+b. The dominant helicity struc-

ture function isHy and thenH .., for both B and B decays,
since thd, correction toM contributes tdH, andH _, in the
game order. If perturbative QCD is valid, the functibiy
with |[\|=2 cannot arise without thk, correction.H;, with

ficient in front be adjusted to give the kinematical constraint

I't=$ at the maximum value ahy . Then the prediction on
I't would be

(20

wheremg, is the invariant mass of all hadrons Bt X is

SFollowing earlier experimental papef&l], the BaBar analysis
[10] quotes only one solutiong— ¢, =, which would lead to
H,;<H_, in the ordinary sign convention chosen in REE2]. It
might look as if the BaBar result were in direct conflict with the
prediction of perturbative QCD fok*. In fact, the other solution
¢— ¢, =0 leading toH,;>H _, is also allowed by this experiment,
although not explicitly quoted as su¢h3]. Therefore no conclu-

most likely one of charmonia. Detailed measurements wergjon can be drawn from this experiment as to which is larger be-

made for the helicity content d@—J/¢K*. For this decay
mode, Eq.(20) gives a “correction” of ', =0.49. The latest

tweenH; andH _; in B—J/¢K*. The same comment applies to
the latest Belle analysisi4].
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|h|=2 beyond thel, correction will be clear evidence for tjon in the decayB—D™*)X. They proposed to compare the

LDFSI. As my tends to its maximum valud,  should ap-
proach 1/(2+1). In the decayB— f,X—w#X, for in-
stance, the angular dependendg ,|?= 2(1—cos 6)? ap-
pears asf, slows down. The appearance of {tos 6)?
indicates that the orbital angular momentunmgof inside f,

my distribution of this inclusive decay with tha,,, distribu-
tion of the semileptonic deca— D™)| v. It appears to be a
clean test. In order for this test to work, howev€must be
produced from a single weak current jusfa»sis. Therefore,
it applies toB°—D®)~X* (and the conjugajethrough the

becomes important in thB rest frame. One might think of dominant decay operator, but notBs —D®*)°X™ (and the
attributing the appearance {i|=2 to possible breakdown conjugate since X™ can pick either the current quatkor
of the qq description off,. But it is unlikely in the face of the S_%?Ctatlott' 'g :heﬂ?+ deC_?le- ton!y ':jhe neu_f_fr?]ﬁ decaty. is
. S -~ i _ possibly related to the semileptonic decay. The most impor-
tsr:)isSt\?/t(lﬁkiuv?/rekll rggie:ﬁtmgigﬁiﬁgprﬁg?ng;:ﬁm Iﬁ/gi? :;]3 in tant difference from our test is that the comparison with the
the static limit. albeit the phvsical nat f ks is diff semileptonic decay tests only the validity of the factorization
€ static imit, aibeit the physical nature of quarks IS diter-p .ty e the perturbative QCD improvement. The SDFSI
ent between the two limits. Ag—0, all I, states off, are

surely plays a significant role in the final state and breaks
equally produced anf, should approach 1/5. down the similarity between the nonleptonic and semilep-

tonic decays. An alternative to this test was proposed for
two-body decays and the importance of spin was mentioned

Various tests have so far been proposed concerning ﬂ{és], but it lis not free of.uncertainties and c_ompli_(:ation§ in
validity of the factorization. The most straightforward is to the theoretical computation. In contrast, the mclusn/_e hgllClty
compute as many decay amplitudes as possible with theorgfl€asurement tests not just Fhe lowest-order factorlzatlon but
ical resources at hand. In some simple cases we are fortundfe Perturbative QCD corrections to all orders independent of
to have only a single dominant decay process in the factort-heoret'cal details. It will pro_V|de us with important informa-
ization limit. An example i8°—D =" . Otherwise the de- t|pn as to how much long-distance QCD interactions enter a
cay amplitude for a given process is the sum of the compet3Ven process and aIIow_ us to use it for related processes. A
ing contributions of more than one decay process. Oncdegative side of the helicity test is, of'course, the common
short-distance QCD corrections are included, the quark opdrawback of LDFSI that, after LDFSI is found, we cannot
erators producing mesons are nonlocal. Then we need {gPMPute phases or magnitudes of decay amplitudes from
know not only the decay constants, namely, the wave funcll'St Principles. However, just measurir@P violations be-
tions at the origin, but aiso the entire light-cone quark distri-yond theB®-B° mixing effect will be important even if we
bution functions in order to obtain a single decay amplitudecannot easily relate them to fundamental parameters of
Furthermore, the relevant energy scale of the QCD couplingheory. Only when LDFSI is significant do we have a chance
a4(E) can take different values depending on how and wheréo detect direcC P violation from particle-antiparticle asym-
it appears. Therefore the final number for the total decaynetry. The helicity test will hopefully tell us which decay
amplitude is sensitive to small theoretical uncertainties ofnodes we should go after in search of dir€d® violations.
each contribution particularly when different terms enter
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