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Low-mass baryon-antibaryon enhancements irB decays
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The nature of low-mass baryon-antibaryon enhancements se@ulécays is explored. Three possibilities
include (i) states near threshold as found in a model by Nambu and Jona-LaSihispscalar states with
JPC=0*" coupled to a pair of gluons, ariii ) low-mass enhancements favored by the fragmentation process.
Ways of distinguishing these mechanisms using angular distributions and flavor symmetry are proposed.
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I. INTRODUCTION (and, we shall argue, should nd¢ad to such isotropy. The
decays of gluonic states should be flavor symmetric, while

In many decay8—D®)NN[1,2], B*—K*pp[3], and fragmentation products need not be. The decBy

B°— Ap [4], the baryon-antibaryon effective mass peaks—PPK™ may oceur /thriough a gimil«’flr (;ne.chani'sm, which
at very low values. Even more pronounced peaking at a loy§!VeS rise 10B~—»'K™ and B"— »'K", involving the

baryon-antibaryon effective mass has now been observed fmission of two gluons by a penguin diagram.

he radiative d / 151 The effect distri We discuss gluonic mechanisms in Sec. Il and fragmen-
t era '|at|v'e ecay/y— ypp[S]. e effective mass distrl- o0 mechanisms in Sec. Ill. Section IV contains some
bution in this last process is so sharply peaked near thresho

! ) ore general remarks about the possibility of observing
that for anS wave the data can be interpreted in terms of 3aryon-antibaryon and other exotic resonanceB iecays,

Pp bound state withM =185 —ig—SZS I\/leV/C2 and T while Sec. V concludes.
<30 MeV (90% C.L). For aP wave a fit[5] yields a state
just at thepp threshold:M =1876.4- 0.9 MeV/c?, T'=4.6
+1.8 MeV. There are numerous earlier claims for such
states(see, e.g.[6] and[7]), but not much unanimity about  The decays of the fornB— K+ X receive an important
their properties. An enhancement near threshold is seen igontribution from a “flavor-singlet penguin” amplitude.

Il. GLUONIC MECHANISMS

pp—e’e” [8], while various multiparticle production pro- Here the fundamental subprocesshis:s+g+g, whereg
cesses such as"e” — hadrons[9], e"e”—6m [10], and  +g stands for a pair of gluons or a nonperturbative structure
diffractive photoproduction of & [11] show dips at theop  with vacuum quantum numbers. The need for this amplitude
threshold. was anticipated24,25 before it appeared experimentally in
Theoretical investigations of baryon-antibaryon boundthe decaysB— 'K [26]. The %', being largely a flavor-
states date back to the proposal of Fermi and Ydi#j to  singlet meson, couples strongly to a pair of gluons with
make the pion out of a nucleon-antinucleon pair. The model?¢=0"". A flavor-singlet penguin contribution that boosts
of Nambu and Jona-Lasinifil3], which is constructed to that of the ordinary penguin amplitude by as little as 50%
give a nearly zero-mass pion as a fermion-antifermion bounduffices to explain the observed decay rgt&,28. Taking
state, also has a scalar resonance of twice the fermion masecount of interference with the ordinary penguin amplitude
Enhancements in the baryon-antibaryon channel near threstwhose importance is considerable; see the arguments by
old are expected on the basis of duality arguméhts-16 Lipkin [29]), the branching ratio oB* to »'K™ due to the
and by comparison with the systematics of resonance formasinglet penguin(sp alone was estimated to (28]
tion in meson-meson and meson-baryon chanriéls A his-
torical survey of bound states or resonances coupled_ to the B(B*— an+)|Sp> 1.1x 10°5. 1)
nucleon-antinucleon channel is given in REE8]. Gluonic
states can couple to baryon-antibaryon channels of appropri- ) o ) )
ate spin and parity. Recent discussion8afecays involving  1he inequality becomes an equality if the singlet and ordi-
baryon-antibaryon pairs include Refd9-23. nary penguin interfere constructlvgly. We shall use this result
In the present note we suggest some tests that may He estimate the value oB(B* —ppK™) due to a gluonic
useful in sorting out the various interpretations of the ob-mechanism.
served effects near or below the baryon-antibaryon threshold. The decay®*—ppK* andJd/— ypp both appear to be

Gluonic sgates WithJPC_I 0" can C%léme R isoscalgsp  dominated by @p bound state whose mass we shall take to
pairs in a~S, state, while those witd™~=0"" can couple be that for the 0" (S-wave fit presented in Ref[5], or
to such pairs in &P, state. The decays of both such states1859 MeVk2. We shall denote this state B We assume
into pp are isotropic. Fragmentation-based effects need not

B(B*—EK")|gp _ B/4y—vE)
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modulo phase space corrections. Silicés assumed to be
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This prediction is difficult to test. In the limit of flavor-SB)

spinless, th8” —EK" andB" —#'K™ decays are charac- symmetry one would also expect the same rateHgBs,
terized bySwave kinematic factors proportional to the first \yhere Bg is any member of the baryon octet, but GV

power of the center-of-mas¢éc.m) momenta p*, with
P5+ ek =2282 MeVk andpg. .+ =2528 MeVk, re-
spectively. The magnetic dipoleM(1) J/¢ decays contain
kinematic factors proportional top*3, with pj,dHyE
=990 MeVlc and p}, ., =1400 MeVk. We use the
branching ratio$30]

B3 — ypp)=(3.8+1.0)x 10" 4,
B p—yn')=(4.31£0.30 X 103, 3

whose ratio is 0.0880.024, to calculate

B(B*—EK")|s, 2282(1400°
= (0.088+0.024

B(B+H,7'K+)|Sp_ 2528 990

=0.23+0.06, (4)
or, combining this result with Eq1),

B(BT—EK")|s=(2.520.7)x10°. (5)

This lower bound is to be compared with the observe

branching ratid 3]

B(B*—ppK*)=(4.3"31+0.5x107°. (6)

breaking could alter this prediction considerably. For ex-
ample, the proposegp bound state at 1859 MeV is far
below theAA, 33, or 2 threshold, reducing the likely

branching ratios whenpp is replaced by a hyperon-
antihyperon pair. Some nucleon-antinucleon bound states
proposed to exist near or below threshold hawel [7], and
could not be identified with the gluonic effect we are propos-

ing.

Ill. FRAGMENTATION MECHANISMS

The gluonic mechanism of the previous section is unlikely

for certainB decays involving low-maspp states. A singlet
penguin mechanism cannot account for such decayB®as

—D°%p andB°—~Ap#~. Instead, a fragmentation picture
is appealing; this may also play a role ¥ —K*pp.

Let us consider the example BP—D%pp. Imagine that
the quark subprocess isd— (cu)godd, with subsequent
fragmentation ofdd into Bp through the creation of two
additionaluu pairs. The fragmentation rate foid into pp

Ohway differ from that intonn and othengg8 pairs. More-

over, the fact that thel is a spectator quark whild was
produced in the weak decay can lead to kinematic asymme-
tries. The Dalitz plot need no longer be uniform along the

Thus, the singlet penguin amplitude is expected to provide iDW-masspEband. Since both thB° andd are produced in
fair fraction of the observed final state. Reasons for a shortthe weak decay, they are correlated, leading one to expect the

fall could be that(1) the singlet penguin amplitude is larger inequalities(M(505))<(M(50p)) between the average ef-

than its lower bound based on E@d); (2) there could be

some additional contribution from anothpﬁ partial wave,
such as®P, (JP€=0""); (3) there could be a contribution

fective masses of pairs ar@;)<<p§> between average
c.m. momenta.
As has been pointed out elsewhésee in particular Fig.

from the fragmentation mechanism to be discussed in the of the last of Refs[22]), there are other subprocesses con-

next section.

The angular distribution of the photon H¢—ppy is
found to be compatible with the-lcog#* expected if the
pp system is in a state with"“=0"" [5]. Here §* is mea-
sured with respect to the beam direction in tiee™ c.m.
The same angular distribution is expected for & 0( 3Py)

tributing to B°—>D°pﬁ One involves the exchange process

bd—-cu, followed by the fragmentation ofu to D°pp.
Such processes are expected to be suppressed in Bther
decayg(see, e.g.[31]) and there is no reason to expect them
to play a major role here.

Another color-suppressed mechanism involves the quark

pa state. The two pOSSibilitieS could be diStingUiShed fromsubprocesgﬁgua in which theu is incorporated into a

one another by measuring the photon polarization, e.g.,
Dalitz process)/ y—ppe*e™.

If the pp system is in aJ=0 final state(whether 0" * or
0**), the band for the Iow-maspﬁ enhancement in the
Dalitz plot for J/ y— pEy should be uniformly populated. A
similar remark holds for thep system inB*—ppK * if the

in thBaryon while thed is incorporated into an antibaryon. This

process is not expected to lead to a low-mass baryon-
antibaryon enhancement. Its relative importance is hard to
estimate without a detailed flavor-symmetry analysis.

Similar arguments apply to the decB39—>/Tp77‘. Since
strangeness-changing charmiBsdecays appear to be domi-

singlet penguin mechanism is dominant. In such a case orfgated by theb—s penguin amplitude, we assume that to be

expects the c.m. momentum distributionsp)fandato be

the case here, so the expected quark subprocess-issd

identical. As we shall argue, this is not necessarily the case ifollowed by fragmentation o&d into Apz~. A graph for

a fragmentation picture.

this process, reading from top to bottom, involves the follow-

When thepp system is produced through a pair of gluonsing subprocesses.

(or any such flavorless staj®ne should expect isospin sym-

metry to give the same production rate for an system.

_Thes antiquark is “dressed” by aﬁantidiquark to form
aA. The antidiquark is produced withued diquark, which is

014004-2



LOW-MASS BARYON-ANTIBARYON ENHANCEMENTS IN . .. PHYSICAL REVIEW D68, 014004 (2003

dressed by ai quark to form a proton. The quark is pro- If all of the above processes are shown to be compatible
duced with au antiquark which forms ar~ with the spec-  With a fragmentation process, what does one learn? First of
tator d quark. all, one would then have established the phenomenological

observation that fragmentation into baryon-antibaryon pairs
{eads to low effective masses for those pairs. This feature
should be taken into account in any simulation which seeks
to describe baryon production. Second, one would have es-
tablished another feature of low-energy quantum chromody-
namics for which any nonperturbative approdshch as lat-
tice gauge theowyis obliged to provide an explanation.

In this process thé\ and the proton are neighbors in the
fragmentation chain. One thus expects their effective mass
be low, as is seen. Since tlpeand 7~ are also neighbors,
one expects their average effective mabs(p7)) to be
less than the average effective méss(A m)).

The observed branching ratid]

B(B°—Ap7~)=(3.97"33%+0.56 x 10°° (7)
IV. EXOTIC RESONANCES IN B DECAYS

. - - - + + — .
is quite similar to that forB” —K™pp quoted in Eq.(6). The fact that somé8 decays lead to low-mass baryon-

Thus, one might expect at least some contribution to this Iaséntibaryon enhancements encourages the reopening of an old

process from fragmentation. Here the quark subprocess |3 aqiion which has never been satisfactorily addressed: If
expected to bédu—su, followed by su fragmentation into  sych enchancements exist, are they limited to the ordinary

the final st_atg. Reading agam from top to bo+ttom in th.e d'a'quantum numbers of thqaasystem? Some arguments based
gram, thes is dressed with ai to form aK™. Theuis  on duality[14—16 or the systematics of resonance formation
produced in a pair with &. Theu is dressed witlud to form  [17] suggest instead that baryon-antibaryon enhancements

ap. Theud is produced with aid, which combine with the ~are possible in all systems with the quantum numbetsvof
spectatow to form a proton. quarks andwo antiquarks. If such resonances exist, why are

In the fragmentation picture fOB+—>K+PE the Dalitz they not seen in prdinary meson-meson channel;? A consis-
— tent set of selection rules was propog&6] to forbid such

plot need not be uniform alongihe Iqujmass band. One mesonic couplingsB decays offer a new opportunity to test
expects the fact that thé* and p are neighbors along the sych rules.

fragmentation chain to result iiM (K™ p))<(M(K"p)) Let us consider the decay ofBi" at the quark levelbu

and (py)<(py). The pp system in this case has been _cudu. The final state is “exotic” in the sense that it does

formed by fragmentation of au pair, which is not a flavor not share flavor quantum numbers with any quark-antiquark

singlet, so there are no simple relations for production ofstate. Now let the charmed antiquaskragment into aD ™~

other baryon-antibaryon pairs. by dressing itself with a quark. This is produced in a pair
A further example that may shed light on the fragmenta-yjth ad, so that in addition to th®~ we have a meson with

tion process is the decdy” — " Acp [32,33. This process  the quark conteniduu. This is an exotic meson.
has a color-suppressed contribution which can be visualized \yg thys suggest that in the deddy—D~X** the miss-

as involving the intermediate state,A** (treated recently ing mass ofX' * be studied. If the selection rules of Ref.
in [34]), but more importantly a color-favored contribution [36] are valid, any resonances in th&" ™ channel should
involving the subproceds— 7 c. Thec and the spectatar  decay to baryon-antibaryon pairs. Such pairs mighpAé ,
quark then fragment into A.p final state. Simple kinematic A**n, or A**A°. The last final state has the property that

arguments then favor loM(A.p), as is apparently ob- ppm 7" is one of its decay products; the others involve
served[35]. antineutrons and thus might be tricky to observe.

A similar discussion applies to the decap’ If the ¢ quark instead fragments tolx, by dressing itself
—a m Acp [32,33. Here thec produced in the color- with an's quark, the remaining meson has the quark content
favored subproceds— 7" ¢ combines with a spectatatto  sduu. Thus in B*—DJX"" if the missing mass oK™ *
producen Ap. This system should have a low effective displays peaks, one should see whether such resonances de-

mass, as should itS_ ~p component. Another mechanism cay to baryon-antibaryon pairs such &pm*.

for the decayB®— 7+ 7~ A p isB°—3_ ~A**, which pro- The selection rules of Ref36] also imply that thecduu
ceeds only viaW exchangd34] and thus is expected to be System produced by B" decay can fragment into an exotic
highly suppressed. antibaryon(composed of four antiquarks and a quaakd a

Some baryon production processesBirdecays, such as Eagon. All one needs is the production of two extra pairs
B°—D* ppm~ and B°—D* "pn [1], occur with much 0102010z, Where neithel; nor g is au quark. Then the
larger branching ratio§ O(10 )] than penguin-mediated exotic antibaryon isdq;q,u, while the baryon isig;q,. If
processes such as H@) or Eq. (7). In these, it appears that q;=q,=d, the baryon is a neutron. The systefii in B*
the charged weak current is fragmenting into a nucleon— X" n is exotic, but the neutron is difficult to detect.df

antinucleon systenfplus possible additional pioh$21,22. =d andqg,=s, the baryon can be A (easier to see The
Nucleon form factors then favor low effective masses forsystemX™ in B* —X*A again is exotic; a missing-mass
these subsystems. plot would be interesting. Depending on the relative masses
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of exotic baryons and exotic mesons, such a state might be short-range correlation between baryons and antibaryons in
forced to decay via a violation of the selection rules of Ref.the fragmentation chain. The possibility that exotic mesons
[36]. and baryons may be observable in the decays of chaBged
mesons is a further outcome of the recent experimental ob-
V. CONCLUSIONS servations.

The observation of low-mass baryon-antibaryon enhance-
ments inB decays has opened a range of interesting possi-
bilities. Some of these enhancements may be associated with
coupling to flavorless states of two or more gluons, and may | am grateful to Tom Browder, Steve Olsen, Sandip Pa-
be related to the enhanced branching ratioBfer 'K and  kvasa, Xerxes Tata, and San Fu Tuan for discussions, and to
B— #'X. If they are associated with spinless versions ofthe Physics Department of the University of Hawaii for hos-
such states, specific features of the Dalitz plots for threepitality during part of this research. This work was supported
body decays are expected. Other enhancements may be @s-part by the United States Department of Energy through
sociated with details of the fragmentation picture, suggestingsrant No. DE FG02 90ER40560.
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