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Probing for the charm content of B and Y mesons
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A slow J/ ¢ bump exists in the inclusivB— J/ ¢+ X spectrum, while the softness of tliéy spectrum in
Y (1S)—J/¢+ X decay is in strong contrast to expectations from the color octet mechanism. We propose
intrinsic charm as the explanation: the former is dué_ste»J/l,/fD 7, with three charm quarks in the final state;
the latter is just a small fraction of (1S)—(cC)go,t+2 “jet” events, where the slow movingc system
evolves intoD*) pairs. An experimental search for these phenomeiiafattories and the Fermilab Tevatron

is strongly urged, as the implications go beyond QCD.
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Owing to its heaviness and narrow width, thfey meson

PACS nun§er12.38.Bx, 12.39.Ki, 13.25.Hw, 14.40.Nd

we plot in Fig. 1a) the result as diamonds without errors,

has helped shed much light on the underpinnings of quanturwhich confirms that there is some activity below 0.8 GeV.

chromodynamic$QCD), the more recent example being the
inclusive production of energetity ¢’'s in various processes.
Thus, the inclusive spectrum 8— J/ ¢+ X decay is largely
understoodexcept for a slow 0y bump observed[1] by
CLEO and recently confirmel@] by the Belle Collaboration
[see Fig. @]. Another intriguing old result from CLEO
could be related, namely, the peakingmf, below 2 GeV

£(p)=P(Pmax—P)/pace PPO77

To bring home the point, some modeling of the inclusive
spectrum has to be taken. For simplicity, we adopt the
“modified phase space” approadlé] and modulate a con-
stant matrix element squared by

@

for inclusive Y (1S)— J/+ X decay[3], which is in strong ~ Wherepn,=1.95 GeV is the maximurid/y momentum, and
contrast[see Fig. 1b)] to the hard spectrum expected from Po @and o are adjustable parameters. Taking a simple aver-

the color octet mechanism. In this Rapid Communication we
attempt at linking these two sadt s production phenomena
and propose specific, testable mechanisms.

We suggest that thimtrinsic charm(IC) content may be
better probed irheavyhadrons such aB mesons. Intrinsic,
in contrast with extrinsic, charm content of hadr¢ds$ car-
ries a large momentum fraction and is in the lowest energy
configuration as it arises from energy fluctuations. Thus, in
the decay of heavy mesons, the production of sldw and
7. mesons is favored. From the indication that IC in the
proton could be~1% [5], we find that IC inB could lead to

B—J/yDm (i.e.,ccc in the Bdecay final stateat the few
X 10™* level and can in principle account for the above ex-
cess. FromY(19)—J/ ¢l X we argue thatY(1S)
—D®)| g+ X could be quite abundant. These modes are
rather promising at th® factories[the Y (1S) especially at
CLEOQ] and at the Fermilab Tevatron, the observation of
which would provide strong impetus for establishing intrin-
sic charm in hadrons. In turn, this would have implications
for the flavor program, such as the extraction\f, from
B—D*lv.

Using 1.12 fb'! data onY(4S) resonance, CLEO has
published the inclusivé/ ¢ spectrum fronB decayq1]. The
result, with feed down fronB— ¢’ +X (¢’ —J/7m) and
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FIG. 1. (a) InclusiveB— J/+ X spectrum witlB— ¢’ + X and

XctX (xc—J/¢ry) subtracted, is reproduced as stars with . x feed down subtracted. The stadiamonds with(out) errors
errors in Fig. 1a). Evidently there is some activity around are from Ref[1] ([2]). The dashed curve is a simple modified phase
Py~ 0.4-0.6 GeV. In 2000, Belle gave preliminary results space fit. The solid line fits belo®* threshold assuming recoiling

[2] on inclusiveB—J/¢+ X based on 6.2 fb' data. Sub-

D r; D recoil is also indicatedb) InclusiveY (1S)—J/+ X spec-

tracting theB— ¢’ + X and x.+ X feed down by ourselves, trum from CLEO[3]. The curve is from the color octet mechanism.
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dd—cc rescattering. Assuming that this occurs perturba-

b c T/ d T
c ey N _<__u . . . .
% <: e S 3/, ne tively via one gluon, we estimate the rate from F|gt22
d ¢ p(*)0 —- alone to be no more thamgx (as/m)2X1/3 times B
@ —DDg rate~1%. Since the rescattering demands an ener-
. * . ; o & et geticd quarkand a speqtatoaquark to producg the heavy
¢ J/v e ,>'vv\/v\/vv\< o cc system, the/ 4 factor is expected to be considerably less
) déég\ﬁ i ; Eu’DC; v than one, henc®®—J/¢D™*)° from Fig. 2Ab) should be
d c q q safely below 10°. As this is not a firm result, we note that if
(b) (e one replacesc by ssin Figs. 4a) and 2b), one already has
S — T =, 0 .= the limit B°—DJ K~ <107* from the datg9]. This can be
b § ¢ wie >,mw< a(9) viewed as an upper bound @?— J/D*)° modes, where
cci 101 p(*)0 E g(g) the limit can be improved at thB factories. Similarly, res-
© o catterings such aB°—D* 7~ —J/¢D° [corresponding to
(Y

two cuts of Fig. 2b)] should not only suffer from cancella-
tions between the large number of possible diagrams, but can
also be firmly bound by searching for color suppressed
modes such aB°#P.

We thus see that, while hard predictions of hadrdBic
decays are difficult, there would likely be no plausible expla-
nation forB—J/yDr if it is observed atx 10 * level or
higher.

It is intriguing that a soft)/ ¢ problem exists fofY' (1S)
decays as well. Based on7x10° Y(1S) events and~20
J/p—pt u~ candidates, CLEO observéd] some time ago
that Y (1S)— J/ ¢+ X~1.1x 10" 3. The rate is still not suffi-
ently accounted fof10], but the most striking feature from
he data is the relatively softy,, spectrum that seemingly

FIG. 2. Standard®®—J/¢D™*)° via (a) exchange andb) res-
catteringEeJ/z//D(*)(w) via (c) exchange andd) spectator from
|bccq) Fock component, ange) bc annihilation(f) Y (1S)—J/ ¢
+X via |bceb) Fock component.

age(not plotted of CLEO and Belle data, we adjup, g
to 1.9, 0.8 GeV and give the dashed line in Figa)las a
plausible fit. The apparent excess in 0.3 G&yy,<0.8
GeV is of order 5<10 4, comparable to the rate foB
—JlYyKs.

We stress that more sophisticated models do not chan
the above result. For example, a Fermi motion model with[

pe=0.57 GeV forb quark inside theB meson can give a P
. peaks below 2 GeV, as shown in Fig(bl, compared to
g(_)tch]d fit [7]% go datak above 2'8 GeV. AI parton-li)as;abd _mOdelpma;—%.z GeV. Perturbative production predicts a hafgs

with a Softb quark momentum can also work, albel essspectrum[lO] (solid curve. Thus, this old CLEO result, if

well. In both cases one invokes nonrelativistic QCD and theconfirmed would be a major puzzle for the color octet
color octet mechanism, but one is unable to fit the (o, mechanisr,n

ehxce§s. Iln fact, theze ;nodels hak\(e arsloftern:gm tail than Figures 1a) and 1b) together suggest some additional
tstreiksi,:lrgp e approach of E¢1), making the excess even more mechanism that is responsible for safty production from
: . _ heavy meson decays. We propose one possibility, namely
The D _ar(;q D* drgcon_ threshohlds apy,=0.88 and 0.66 jyyingic charm IC of hadrons in principle should exigt],
GeV are indicate n '.:'g'(‘ﬁ)' There is no appar_ent EXCeSS and has been suggested to account for charm production in
for B—J/yD. Taking into account the broadening froin deep inelastic scatteri§] andJ/ y— p decay[11]. It has

motion in'Y (4S) frame, Belle data might indicate the pres- ;54 peen suggestéd?] for D and B mesons though never
ence ofB—J/yD*~10 “. SinceD* marks the opening of pursued.

the D7 threshold, we ad_apt Edql) t0 Pmax: Po. 0920.66, For the proton]p)=wP, Juud)+WP_ Juccud)+-- -,
1.4, 1.0 Eeé arﬁ fg WEZ;hleo_s’f“d cllérve n Fltggal tlrt] the |uccud) component[13] is generated by virtuabg
appears thaB—J/yDm could account for the = interactions(so multi-connected to valence quarks

lump at low py,, [8]. With three charm quarks in the final 4 o014 scale as2(m?)/m? relative to the|uud) com-
state, it would be rather distinct and should be searched for'onent Since this hiS hecr Fogk component arises as a quan-
The challenge, hoyvever, is to account f0( such rates. Fum qu.ctuation W gocl/(mz—Mz) SVhereMz i the in-q
Two possible diagrams are given in Figga)2and Zb). iant 'f tlﬁccu% ¢ tF.’ We show in Fidasth
The first involvesW exchange and is of the annihilation type, Varant mass of the fluctuation. We show in Figa3the
Since nonperturbativec production is exponentially sup- d|str|but|ons in thduccud) component. Qne sees ihat ine IC
; ia orfdries alarge momentum fraction4], in contrast to the

émallx tendency of the usual “seaextrinsig quarks from
gluon splitting. Using this feature, there is some evidence
from the data that the IC in the protdn P 4%, could be at
~0.86% level[5]. Such an analysis, of course, should be
done in a more consistent framewdrk4] and incorporate
more data to be conclusive.

For B mesons, one has the differential probability

gluon. Collecting factors, we estimate that the rate should b
suppressed by fg/mg)?X (ag/7)?X1/3 compared toB
—DDg ~1%, wherepw,/pD; 1/3 comes from the phase
space. This givesB®—J/¢yD*)°~1077 from Fig. 2a)
alone.

Figure 2b) is much harder to estimate, since it involves
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much. Withx,=(x;)~0.22 andxg at its peak near zerdy

—duc decay leads to the configuratiod)cc(cq), where
we have indicated color singlet pairings. The remairdads
also color singlet and plausibly evolves inthy or 7. . With
all quarks having low momenta, there is ample time for them
to redistribute energy and momentum, includiig/D "7~
—J/yD°70. It is sensible then that one can take the above
~10"? factor times the IC fractioh¥ 54 as a rough es-
timate. Note that, from duality, the “quark level” decay rate
can only feed into thd/#D* or J/¢D = final state. In this
way, we find that a rate at few 10~ * level is possibleif the
IC fraction is not much less than 1%ne should check
experimentally whether our suggested signals are present.
It is useful to identify other effects where the IC Bfcan
make an important impact. Since the forms a color singlet
in |bccq) Fock componentyc— sc, du, andl » annihilation
can proceed without helicity suppression in the vector chan-
nel, as illustrated in Fig. ®). They in general complement
standard channels and hence would not be easy to distin-
FIG. 3. Intrinsic charm in@) proton andb) B meson b andgq  guish. However, the energy fluctuation argument suggests
distributions also shown with arbitrary normalization. Dashed that thevector bcsystem would have near maximal mass,

P (x)

lines in (b) are for the|bceb) component ofy (1S). and the accompanyingq would end up in the lowest
energy-momentum state available, that is, a slow moving
dpB 22(M2)5(1—3* %) D*. Indeed, we find thatx.) +(xg) is right at theD* mass.
c s. o/ Timid , (2)  One therefore expects the most significant impact to be on
dXy- - dXs (M3 —mg/xp— Ma/x,— M/ xg)? B—D*lv near the zero recoil region, where a distortion in

- spectrumwould affect the program d¥,| extraction Thus,

in the |bccg) Fock component of [B)=%¥,gbg) iftheICinBis truly sizable, there would be new systematics
+Wysglbcca)+ - - -, sincemg, m, cannot be ignored. In to |V, determination, hence the importance is beyond
fact, the heaviness ah, guarantees that it still carries the QCD.
largest momentum fraction, as can be seen from Fig). 3 Turning to Y (1S)—J/ 4+ X decay, it is clear that IC of
We find(x.)~0.22 inB, lower than(x.)=0.28 in the proton Y (1S) naturally gives a soffi/ ¢ spectrum as given in Fig.
[Fig. 3(a)]. _ _ _ 1(b). Since thebb in the |bccb) Fock component should be

One has no deep inelastic scattering dateBofiesons to the color octet[16], it decays viab5—>g*—>qﬁ 9g, as

2 2
extract | Visesq|“. However, |W gz ” may be no less than shown in Fig. 2f) (bb—gg has an extra-channel contribu-

WV seud?, becausé15] of a larger reduced mass: tBeme- : . o )
¥ oud ¢15] 9 Jjon), while the accompanyingc is color octet and carries

son is more compact than usual hadrons, hence the IC ani-. :
plitude could be dynamically enhanced. Thus, I@icould minimal energy. Thus, one expects the underlying process
' Y (19)—(co)SM+2 “jets,” where (c)SoM, evolves into

also be~1%. A heavy quark mass expansion stydg| octet

gives the IC inp~10 23, which is not inconsistent. As Slow movingDDX or J/4(7¢)X, in contrast withD*) pro-

stressed i115], this study shows that thec pair should be ~duction by leading particle effects fromjets, or fromg*

in the color octet configuration, hence the IC component—cc splitting.

arises from the non-Abelian nature of QCD. The rate is easier to estimate than tBemeson weak
To account for the lowp,,, bump of Fig. 1a) from the  decay case. We estimaig1S) —qccq rate via the IC com-

|bceq) Fock component, note th&—J/¢D®)° decay via Ponent as

Fig. 2(c) is still suppressed byg, just like Fig. 2a). The

spectator decay of Fig.(@ is more promising. It give® Fqccq:@xreew6<a_s

—JIyD =7~ if one assumes factorization, hence it fits our lee @

interpretation of the lowp,,,, bump in Fig. 1a) rather well.

But can we account for the rate? for a single quark flavog, where 6 is from the ratio of color
The quark level 3-body spectator decay is very sensitiv@nd electric charges. Counting 8,(d, ands) flavors and

to x, as it scales with the available enerdye to the fifth  roughly Nc=3 colors forbb—gg, one gains an additional

power. Since(x,)=0.41 from Fig. 3b), takingx,=0.41 to  factor of 6. Understandably, the process of Fid) & rather

0.6 gives a rate in the 16 to 5x 10" 2 range, shooting up to fast We should certainly demand that’ ;5:g<50%

even 10% forx,=0.65. We have usedE=m,—m.~3.4  XTys, which implies that the IC fraction ¥ zpl?

GeV for standardb decay via|bg) component, anddE <10 °. This is not in conflict with| ¥ ,;z¢>~ 1% since the

=xpmg—1.3 GeV via|bccq) Fock component of Fig.(®). Y (1S) is basically a nonrelativisitic bound state and hence

Varying m.~1.3 to 1.4 GeV does not change this range bylacks high frequency components. But it does mean that, if

2
|¥sapl?X 1.3 keV, (3)
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the IC is relevant at allY (1S)— (Cc)3qu+ qq could easily  [12] of DO~ 4K as evidence for intrinsic strangenessiin
be 10% (or 5 keV) of Y (1S) rate. mesons suffers from large rescatteringrgf scale. We men-

It is remarkable that the last statement is consistent withion, however, the possibility ofB—J/¢¢K+X, since
all known facts. Very few hadronic decays ¥f(1S) have  CLEO recently observeftl9] B— J/y¢K~10"4. Whether
been reconstructed so far, while the str@@dependence of it is from intrinsic strangeness or final state rescattering, this
Y (1S)—ggg rate certainly a||owsY(1S)—>(Ec)§'§‘gt+a possibility should be studied further. Fourth, analagous sig-
~10%. This is also consistent with the obsen®@1S)  natures forB; mesons and baryons areB.— J/J/ (),
—Jlp+X~1.1x 1073, sinced/ formation should be justa I/ #7cm, andA,— /A ().
small fraction of €c)S9%, while the softness of observed ~ We emphasize that thB—J/yD* =, J/yD%=°, and

J/y spectrum is also explained. The main part oE)g2Y, ~ J/#D*° signals can be searched fight awayat B factories
evolves intoD™®) D)+ X where thed*) mesons are slow and at the Fermilab Tevatron with relative ease. The two
accompanied by two “jets” from thejq and gg with 56 ' environments complement each other, with excellehte-

. _tection atB factories but with a larger cross section and
GeV total energy. We note that the ARGUS Collaborationpjgher hoost at Fermilab Tevatron, where a large number of
has set a bound of17] Y(1S)—D* X<1.9% for pp«

- o b J/ events have been recorded. TBe-D'K*) modes
>0.86 GeV. This is not yet constraining after adjusting forgpoy|d be searched for as a control on rescattering diagrams.

D* fraction, and in particular, one must loosen the cut on |5 conclusion, we propose the following study plad.
Pp+ to be sensitive to the IC induced decays. It is rathefactory and Fermilab Tevatron experiments should scan low
exciting that CLEO would be running oYi resonances soon momentumJ/y events forB—J/yDr, JydpK+X, and

E[lﬂ’s\)'v_h)er(g:)vg,gwin;y“.ft?rgvigfsml\ﬁgfe rtehliyi /ZET/TS nO(;e of, YAN. If B—J/yD (and perhapd/yD*) is established
octet" < : above 10* level, whileD{*)K*) modes are found to be far

these "jets” would be charm jets. less, one then has a good case for intrinsic charni.in
Some further remarks are in order. First, the lump below <"’ 9 '

PJ/4<0.9 GeV cannot be due to feed down from additionaICI‘EO should run ofY (1S) and collect at least 1 fif data,

cc states, since such spectrum would in general extend bé(_aconﬂrm Y(ls)ﬂ‘]/l_ﬁ( 7e) + X, and_sea.rch forY(lS)
yond 1 GeV, as can be seen from the ddt2] for By’  — D™ +X. Slow movingd/y or D*)D™) in an otherwise
+X and 5.+ X. There is no evidence for excess above 0.9€tty event fromY (1S) decay would indicate, perhaps more
GeV. Second. the lo excess could be due t8 unequivocally, the existence of intrinsic charm. The discov-
Bt W1y : . ery of intrinsic charm irB andY mesons would not only add
—J/¢AN [6], but then a large baryon production probability 5nsther twist to hadron structure, it would have implications

is needed near the threshold, which is not more plausible(jnv extraction fromB—D* | » decav as well
Third, for intrinsic strangeness, one can have analgous sig- = ¢P y '

natures such a8— ¢D®*) by making simple changes to This work is supported in part by NSC 89-2112-M-002-
Figs. 2a)—2(d). While these signals should be searched for,063 and 89-2112-M-003-021, the MOE CosPA Project, and
they are less distinct since strangeness production is less sugs part of the NCTS Topical Program 8nPhysics andC P
pressed, and multi-particle final states may be preferred sincéiolation. We thank Andrzej Bozek, Stan Brodsky, Tom
available energy is more than 2 GeV. An earlier suggestioBrowder, and Henryk Palka for inspiration.
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