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Production and decay of thed* dibaryon
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The production of the isoscald™=3" didelta dibaryond* by proton inelastic scattering from deuteron
targets is described in a double-scattering Glauber approximation. Each scattering changes a target nucleon into
a A with the help of the isovector tensor force transmittedsbgnd p mesons. The differential cross section
constructed from empirical Love-Franey nucleon-nucléomatrices and a simple model off shows a
maximum of some 1@b/sr at 70°(c.m.) for 500 MeV protons. The partial width of the decd§— NN caused
by the exchanges of the same mesons is found for this simple modél tof be about 9 MeV if thel* mass
is 2100 MeV. The implications of these results are discuds&@b56-281®8)04703-7

PACS numbds): 14.20.Pt, 25.40.Ep

[. INTRODUCTION mass is higher than the equilibrium bag mass of 2680 MeV
[10]. If the external pion cloud had been present, as in the
The successes of quantum chromodynant@€D) be-  actual Cloudy-Bag modgPB], the equilibrium massgat 2380
tween quarks as the fundamental theory of strong interadMeV) would have been much lowgt1]. It thus appears that
tions have led people to expect new hadronic states oftethe role of the pion cloud external to the bag needs clarifi-
dominated by exotic Fock-space componefts-3]. In  cation.
nuclear physics, one is particularly interested in new non- The R-matrix analyses have shown thEYl phase param-
strange dibaryonéwith baryon numbeA=2) of unusually eters are also consistent with many other “high-mass” non-
low mass and narrow width that might betray their underly-strange dibaryon§10], such as those predicted by nonrela-
ing quark structures. No such dibaryon has been unambiguivistic potential models with pairwise color confinement
ously identified experimentally despite years of seq8+b|. [12]. Itis obvious that the case for these high-mass dibaryons
There are two promising dibaryon candidates, one withcan be significantly strengthened if experimental effects are
unusually high mass and one with unusually low mass. Th@bserved for at least another of these dibaryons. Experimen-
high-mass candidate is an isospin 1 structure of width notal structures seen iAo (pp) at 2900 MeV[13] and in
exceeding 80 MeV first seen experimentally in the helicityAo, (np) at 2630 MeV[14] could be candidates for 3P,
differenceA o (pp) of the totalpp cross section at an en- and a®S; dibaryon, respectivelj15].

ergy that corresponds to a dibaryon mass of 2735 V&Mt In addition, suggestions have been made that these non-
has been seen more recently at the same mass pptlspin  strange dibaryons might appear at much lower masses in-
correlation parametehg, [7]- stead. One with a proposed mass 2065 MeV and width

This structure has been interpreted by Lomon and coll’,yny=0.5 MeV might be responsible for a narrow structure
laborators[8] as a six-quark “small-bag” state with the in the energy dependence of the experimental excitation
nucleon-nucleonN) quantum number ofS,. The inter-  function [at 5° in the center of mas&.m)] of the pionic
pretation uses the R-matrix formalism to determine if thedouble charge exchand®CX) reactionnn(#*,7)pp on
matching of an internal quark description based on QCD tmuclear neutrons af ,=50 MeV [16]. This explanation
an external nucleon description based on meson-exchangeems to be supported by observations of a narrow structure
dynamics at a boundary radius separating the two regionat 2060 MeV with a width<15 MeV at ITEP[17] and at
could be made in a way consistent with the empirial CELSIUS[18]. The associated dibaryon, usually calléd
phase parameters in the neighborhood of the observed strulsas the proposed quantum numbErs0, J7=0", making it
ture. (For an assumed quark model of internal wave func4naccessible fromNN channels and consequently narrow.
tions, the resonance energy can be predicted by varying thdowever, an alternative explanation of the DCX phenom-
matching radius, until the externaNN wave function van- enon that requires no dibaryon has also been gjt&h
ishes atry at precisely the same c.m. energy as the internal The dibaryon interpretation finds theoretical support in
bag-state energyThe R-matrix analysis also yields a reso- bag models of dibaryon masses where this particular
nance width of about 50 MeV, in rough agreement with ex-dibaryon appears at 2100 Md20] or 2000 MeV[21]. The
periment. This interpretation will require confirmation by theoretical bag state involved is a P-wave excitation in the
phase-shift analysis or by direct detection via resonance praz>—q* separation with the cluster quantum numbers of
duction in nuclear reactions. (T,S)1,=(0,0) and T,S)3456=(0,1). However, in quark po-

In the R-matrix analysis, the experimentally observedtential models with pairwise color confinement, the state ap-
mass(2735 MeV) has been found8] to be consistent with pears much higher, at around 2700 ME22]. The mass can
the bag parameters used in the “Cloudy-Bag” mode| % be reduced considerably with configuration mixing, but it
provided that the pion cloud is neglected. Furthermore, beseems difficult to reduce it to below 2400 MeV if one uses
cause of its coupling to the exterrfdN channel, the internal quark-quark ¢q) dynamics deduced from single-baryon
bag state is not in equilibrium, and therefore the resonanceesonancef22).

0556-2813/98/5(4)/196212)/$15.00 57 1962 © 1998 The American Physical Society



57 PRODUCTION AND DECAY OF THEd* DIBARYON 1963

This paper is concerned with a second nonstrange isoscassuming that the rising repulsion of the confinement poten-
lar dibaryon calledd* which has the quantum numbers tial at large distance§l2] does not exceed a finite upper
J™=3", is accessible frormp(®D;—3G;) channels, and bound[24,29. Now finally QD could become energetically
whose baryon-baryon component is made upafWe shall  favorable inA baryons.(The model of[26] achieves the
call this d* a didelta when we want to emphasize thi4  same result by measuring the confinement energy from the
component. nearer baryon center, thus avoiding laggg separation$.

The theoreticatl* massm* again covers a wide range: It  The QD phenomenon could presumably be restricted to
is highest in the small-bag based R-matrix analysis whictihe interior of a bag. However, if realized between well-
yields a value of 2840 MeV23], well above theAA thresh-  separated baryon5], the idea has far-reaching implica-
old at 2460 MeV. It is lowest in the quark delocalization andtions. With quark delocalization taking place at all densities,
color screeningQDCS model, where it appears at around the transition to the quark-gluon plasma will be at best a
2100 MeV[24-26, just above therNN threshold at 2020 second-order phase transition. This seems to imply that if
MeV. Near the lower limit of this mass range, theNN such an extreme picture is correct, attempts to search for
phase space is small so that the decaydbfis probably quark-gluon plasmas might be doomed to failure, given the
dominated there by thN channel, where the nucleons fall difficulty of detecting unambigous signals from even a first-
apart in a relative D state. However, ther)’NN widths  order phase transition. However, a counter-argument is pro-
could dominate asn* increases. vided by the recent observation of unusually strong absorp-

A search for thel* dibaryon is interesting for the follow- tion of J/i mesons in Pb-Pb collisiond30]. One
ing reasons: In most quark models, the-N mass differ-  interpretatior{31] is that this is a signal for the color decon-
ence comes from the color-magnetic term of the one-gluofinement phase transitiof82]. Consequently, it would be
interaction between pairs of quarks. The total pairwise colorinteresting to look for experimental indications for or against
magnetic operator has the safmepulsive matrix elementin  the QDCS model. This cannot be done by studying nuclear
d* as in two well separatefl’s if the former's orbital wave- forces, which can already be understood in terms of meson
function is totally symmetric in the quark labdl87]. In the ~ exchanges. In contrast, the observation of a i mass
Massachusetts Institute of TechnologMIT) bag model could be taken as a signal for QD A baryons.

[28], thed* mass then falls below th&A threshold by 120 In this connection, it is worth noting that a recent R-
MeV because the spatial integral associated with the interagnatrix analysis of availableNN phase shifts below the
tion is inversely proportional to the bag radiBs and this  dibaryon mass of 2240 MeV finds no sign ofi& resonance
radius increases from to d* by virtue of the increasing in the np(®D3—°Gj) channels with a width greater than 1
total kinetic energy{1,24]. (The radius of theA-baryon bag MeV [15]. However, the analysis does not exclude a nar-
of baryon numbe is roughly proportional toAY® in the =~ rowerd* at a mass in between the energies of known phase
MIT bag model) shifts.

The situation is different if quark confinement comes In any case, progress in our understanding of dibaryons
from a pairwiseqq interaction that rises to infinity at infinite Will require new experimental inputs. In particular, any new
separation. The increasing size ofAamaryon containing 8  information on whether thé* mass might be high or low is
quarks causes its confinement energy to increase so mudkely to have important implications on the dynamics of
that thed* mass moves substantially above thé threshold ~ quark confinement in baryons.
instead[12]. This result has been confirmed [B9]. The dibaryond* could be produced by the inelastic scat-

The QDCS model is able to reduce tti& mass substan- tering of projectiles from nuclear targets. The understanding
tially with the help of two additional assumptions: quark Of past failures to find if4,5] and the justification for future
delocalization(QD) and color screeningCS) [24—26. QD  searches in such reactions would require some theoretical
takes advantage of the fact that the kinetic energy of a singléput concerning its production and decay properties. The
quark state could be reduced if it is partly on the left side andnain purpose of this paper is to explore how its production
partly on the right side of the system. For a Gaussian spati#lross section irpd inelastic scattering and its partial decay
wave function, a maximum reduction of the kinetic energy ofwidth into two nucleons could be calculated using standard
about 19% appears when there is a 50/50 left/right separatidgchniques in nuclear reactions and a simple model ofithe
with the two wave function centers separated by 2.3 oscillaas a didelta object. Some of the issues which must be re-
tor lengths, like two peas in a pod. For a dibaryon built up ofsolved before realistic results can be obtained are briefly dis-
a product of six such delocalized quark wave functionsgcussed.
about 72% of the system is in the cluster configurations of

2_ 4 _ 45 . o
the typeq—q and'q g> where the reduction in the I_<|net|c Il. THE pd—pd* PRODUCTION CROSS SECTION
energy can be realized. If one reduces the total kinetic energy
in the MIT bag by the resulting 14%72% of 19%, one gets In our treatment of the inelastic production, th& is

a d* mass of about 2090 MeV instead of the usual 2340taken to be a purd? Gaussian wave function with an aver-
MeV, assuming that the interaction and confinement energieage AA separation of 2* =1.4 fm [24—26. No D-state or
retain their spherical forms. hidden-color components are included. Consistent with such
However, in color confinement models or even in stringa cruded* wave function, the deuteron is also crudely
models, this QD reduction of the kinetic energy alone cannoaproximated by an S-state wave function made up of a sum
overcome the strong increase in pairwise color confinementf three Gaussians fitted to the Bonn C S-state wave function
energy with increasingjq separations and with increasing [33] renormalized back to 100%. The quark wave function in
baryon numbeA. Color screening now comes into play by each baryon is assumed to be the same in biotind A with
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a quark-model r.m.s. radius of,=0.6 fm[24]. The quarks There are additional “baryon” form factors coming from the

in each baryon are localized to the left or righin d*, with  internal quark structure of baryons.

no left-right antisymmetrization or delocalizatid24] yet The dynamical description is simplest if it is first brought

included. Later in the paper, we shall estimate qualitativelydown to the quark level. Then an outside fackdy=9 ap-

the effects of delocalization in the calculated quantities.  pears in Eq(2) giving the number of distinct quark pairs on
The excitation ofl(T=0,1") to d*(T=0,3") requires an  the target side, with one quark from each of the two target

isoscalar transfer of 2 units of angular momentum. In thebaryons. The contribution on the projectile proton side is

usual models of nuclear forces containing the exchanges &fightly more complicated. There is a contribution from

only pseudoscalar, scalar and vector mesdfis;an only be  Np;=3 projectile quarks each interacting twice with the tar-

reached in the lowest order by a spin-isospin flip in each ofjet, and an effective contribution from three pairs of projec-

the two target nucleons. Each spin-isospin flip is caused biile quarks of

the exchange of an isovector meson suchrasdp between 1 5

the projectile and the target nucleon. It will turn out that the _al = _>

unpolarized cross section has important contributions from Ne2 3<9 (1. 2)(7. 1-2)> 3’ 0

that part of theNN t-matrix proportional to the operator

(oa- 9)(0og- 9)(7a- 75), Where A, B are nucleon labels. where the expectation value of the operators of quarks 1 and
The spin-averaged differential cross section in the c.m2 in the projectile(P) is taken over the quark wave function

P

frame has the structure of the projectile proton.
The inelastic baryon form factor involved is different in
dog  ppf doy ) each of these two cases, being both different from the elastic
a0 7 dt P 7 (| As ) spins ) formfactorF2B for NN scattering. Eventually we shall recon-

structNN amplitudes from the quark-quark§) amplitudes

wherep? is the proton momentum in the reaction c.m. framefi - For this reason, it is useful to separate each inelastic
in the initial or final reaction state. The invariant inelastic daryon formfactor into an elastic factéz and an inelastic

amplitude correction:
2 12
iN [fa(ay) fo(ay) Neexd — 3+ 3
Ag(a)~ 2—;) | s >[ o %}Fé(qlwé(qz) Seex(a.0") ex*{ 1207 * 3p2) ®
q2 qu
Xi:ELZNHSBBi(qu,)qu, 2 SBBz(q,q’)=exp[W—W , ©

is approximated by the Glauber double-scattering contribuwhere b=1/r,. These have been calculated from the as-
tion [34] between quarks in the c.m. frame of the reaction.Sumed Gaussian wave function of a bary@w=N or A)
Each scattering changes a target nucleon info @he inte- Made up of quarks 1-3:

gral involves two momentum transfers

1
®s(P12,A1239 = const ex%— 2p2 (pis+ )\523)} , (10

1 ’ 1 ’
%u=3509+d, G=70d-0" ()
where
The inelastic form facto&;(q) from the baryon wave func- (. N — (2D D — 11
tions of the initial and final dibaryon states will be con- pr2=(PL=P2IVZ M= (2ps=p1=P2)/VB. (1D
structed from the S-wavaA? wave function ofd*: The theoretical elastic form factofsg are also Gaussians,
) but they will be absorbed into the empiricsiN scattering
_ b amplitudes that will eventually appear. They do not appear
¥i(p) constex;é 2/3*7)’ @ explicitly in our final formula.

The momentunk* is the NN relative momentum in the
where p is the relative baryon momentum and NN c.m. frame. For elastic scattering, or in the high-energy
B*=/(3/8)/r*. The deuteron wave function used containslimit where the inelasticity is negligibly small, it is sufficient
Gaussians of the form to use the elastic scattering valkg= (3/4)p} . We recog-
nize that in inelastic scattering at lower energies, the effect of
the smaller projectile momentupf in the final state should
be taken into consideration, in order to describe more accu-
rately the energy dependence of both kinematics and dynam-
where the parametegwill be given later. Hence the inelas- ics. One possibility is to use the geometrical mean momen-
tic wave function form factor is a sum of terms each of theyym (3/4)\/pi*_p;<, but this cannot be correct because it gives
form the wrong behavior at threshold. Of course, the Glauber

. 32 ) multiple-diffraction formalism is a high-energy approxima-
2BB ) oxd — q ®) tion that should not be used too close to a reaction threshold,
,82+ ﬁ*i 2(,82+ B*z) ' but it is conceptually also important to ensure that the invari-

p2
(p) =const exé - 2_,82> , (5

Si(q)=
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ant amplitudeA does not have a spurious singularity at The identity(15) can also be used to handle central spin-
threshold. The threshold behavior is not just a question ofsospin dependent interactions by replacing one or more of
kinematics, because the elementary amplitéidg) is also  the momentum transfeg,, m=1,2, from the tensor inter-
involved. actions by projectile quark spin operataers, m=1,2, of the
Now the inelastic production ad* involves at least two central interactions. In this way, one can show that when
collisions. At each collision, the energy transfer can have ®oth interactions are central, the productionddf involves
range of values. This suggests that the correct descriptioiie Spin operatordsx ae)- (o1 X 0)(?). We see that the
might require an average over some distribution. We shalProjectile part_of thls.operator induces 2 units of spin transfer
use the simplest realization of this concept, namely the ag3t the projectile, which cannot then remain a proton. How-
sumption that th&N dynamics in Eq(2) should be that for EVer: the productiopd— pd* is possible when one interac-

the arithmetical average of the proton energies in the initiafi IS central and the other is tensor, b%:)ause in this case the
and final states: projectile operator is of the formdf; X p,)'<’. The projectile

then suffers only 1 unit of spin transfer. This mixed tensor-
1 central contribution will not be included in the present ex-
Tav=Tiab— > Am*, (120  ploratory study.

(¢) In the result reported here, we have neglected all
quark-exchange terms between target baryons. This permits
the required operator matrix elements to be calculated in
terms of the reduced matrix element

where Am* =m* —my is the mass transfer in the inelastic
scattering. The momentuk® is the relative momentum in
theNN c.m. frame when a proton projectile of kinetic energy
T,y is incident on a nucleon target:

16 |7
(VIS T =10l (o3¢ )27 (430~ = A2

k* = % San—m?, 13 (16)

Results with fully antisymmetrized quark wave functions for
the target will be reported elsewhere when completed.

On the other hand, the use NN t-matrices ensures that
all quark exchanges between projectile and target nucleons
are automatically included.

wheresyy=2m(2m+T,,) is the squared c.m. energy of the
two nucleons each of mass. In this prescription, the
Glauber double-scattering integral for the invariant ampli-

tude does not show a spurious singularity at threshold. ‘ _ _ _
(d) The spin-orbit terms in théeNN amplitude are ne-

The dynamical factorsf(/k*) inside the Glauber double- ) he
scattering integral is approximately frame invariant, becausd'€cted, s we are not concerned here with polarization phe-
nomena.

in the usual parametrization using the optical theorem, it de*
pends primarily on the totallN cross sectiorryy if nucle-
ons were the elementary objects of the Glauber method.
There aregq operators hidden in thgq scattering ampli- doe 1\ 2
tudesf; in Eq. (2). These quark scattering amplitudes are L' :(—) > |]-‘M(q)|2, (17
constructed from empiricdllN scattering amplitudes by us- dQ 15/ u==2
ing known relations between nucleon and quark operatorg o re
[35]. The reduction oNN amplitudes involving théNN op-
erator (@,- q)(og- q)(7a- 758), Where A, B are nucleon la- C
bels, requires a number of steps: Ful@)=— f d2q’i:§;2 NpiSeei(9,0)h(a,9")
(@ We first use the well-known relation[35] ’

The spin-averaged differential production cross section
then takes the form

Imaq= (3/5)gmnn, Wherem is 7 or p. 1 o 2
(b) Theqq operators are simplified by using the identities Xz @xa)—(a'xq)| (18
M
(o-q1)(0-0x) =01 - Qo tio- (41 X0y), (14 c ( Ny )(3)4(16)\ﬁ 19
= T — — —,
(6, -G) (0} -Gp) 2kIN8) 19 ) N2
1 - (0.0 = = 2= 072 | 1| () tun( 2S5 (@)
:g(("i'O'j)(Q1'Q2)+§(O'iXUJ)'(Q1><Q2) : 4 Qqr | TVEHLEVERHZISARA
(20)

) \(2), (2)
(07X o)™ (A1 X G2) ™ (15 We shall use the empiricaNN isovector-tensor(IVT)

g . . @ t-matrix t;,; constructed fronNN phase shifts by Franey and
Only the tensor-force terms involvingot X o) *( 7 7o) Love (LF) [36]. The one appearing here is actually three

for two target quarks 6 and 9 contribute dd production. i ' ;
(Quarks 4—6 are in the first target baryon, while 7—9 are i{imes the tensor-force function tabulated by LF, i.e., ¢

the second.On the projectile sid€involving quarks 1-8 scattering amplitude is here defined as

we keep only the term that is spin-independent. A projectile m m

spin-orbit term can be shown not to contribute to the spin- fan(d) = _(E)tNN(Q):(E)tivt(q)(al'qxaz'q)
averaged production cross section under rather general cir-

cumstances. X(7m 1)+, (21
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where the tensor operator is 1/3 of that contained in the usua 10 T T T T T
tensor-force operator used in nuclear physics.

In the Born approximationty,(q) simplifies to the Fou-
rier transformV(q) of the NN potential in the notation of
Ref. [33]. In fact, we shall also use the Full Bonn potential .\ ! \, —-== 2050 MeV
[33] in the Born approximation to study the separate contri-% 6 b

=

——— 2150 MeV

8 N — 2100MeV 1

butions of = and p exchanges and the dependence of the
production cross section on the projectile energy.

For the deuteron target, we use the Bonn C deuteron S3 4
state wave function after fitting it to the nonorthogonal three- ©
term Gaussian form

Q*

d

3
Ysonn c<p)~i§1 citi(p), (22)

whered;(p) is a normalized S-state oscillator wave function. 0% (deg)
The resulting range parameters obtained by minimizing the
percentagem.s. deviation are FIG. 1. Center-of-mass differential cross section far— pd*
at the proton lab energy of 516 MeV for differedt massesn*
y=(71,72,73) =0.044671,5.04,21.5fm 2, (23)  using the 1985 Love-Franeyt-matrix at 515 MeV. The
m* =2050 MeV result from only thet.=0 term of Eq.(9) is also
where yi=23i2. The expansion coefficients, renormalized shown.

from the fitted value of 94.34% back to 100%, are

that the angular distribution covers a narrower range in mo-
mentum transfer am* increases. For this reason, it is often

This is an excellent fit to the Bonn C deuteron S-wave funchecessary to show results for only the smallest

c=(Cy,Cp,C5)=(0.31491, 0.49716, 0.36926 (24)

tion whose probability is 94.39%. m* =2050 MeV because it has the largest range of momen-
The momentum transfeq of the reaction is of course tum transfers.
calculated with the corredtelativistic) inelastic kinematics. The cross sections shown are aboyilysr at the second

However, the other momentum transfers of the Glauber apMaximum at about 70° c.m.. They decrease with increasing
proximation are treated in the high-energy limit where thed* mass, and should vanish a}t threshold. The structure at
inelasticity is negligibly small. As is known, theaxis of the ~ Small angles, seen very clearly in th# =2050 MeV result,
Glauber formula is usually not constant in space but chosefomes from theu=0 component of the production tensor
instead along the bisector of the initial- and final-state mo-operator. Its contribution to the differential cross section of
menta. This means that the momentum transfer is on thEd- (17) for m*=2050 MeV is shown separately as a short
equatorial, oxy, plane. In fact, all momenta in the Glauber dashed curve in Fig. 1. The remaining qontrlbutlons are from
double-scattering formula lie on this equatorial plane. In exthe u=+2 components. Being proportional ¢g for small
tending the formula to inelastic scattering, we have kept alf®, they are responsible for the second maximum. The strong
momenta on the equatorial plane even when the energigs dependence means that the angular distributions can be
involved are not very high. This means that two of the termseXpected to be very different when the colliding particles are

in the sum in Eq(17), namely foru=+1, are zero. polarized. _ _ B
The production mechanism, requiring at least a double

scattering, is particularly sensitive to the dynamics of the
effective qq tensor force, here derived from the empirical
The results shown in this section are all calculated in thaNN tensor force. It is therefore of interest to show, in Fig. 2,
angle-averaged approximation in which @severywhere how strongly the production cross section for
inside the integrand in Eq?2) is taken to be 42, 6’ being m* =2050 MeV at the TRIUMF energy increases as the ef-
the angle betweeq andq’. The effect of a full angle inte- fective nucleon lab energy of the inpMN t-matrix is de-
gration will be discussed near the end of this section. For thereased.
sake of completeness, we shall give full angular distributions Since the production cross section as calculated depends
even though the Glauber multiple-diffraction approximationonly on the isovector tensor part of théN t-matrix, the
is known to be reliable only for small angles. effect seen is a direct reflection of the latter’s rapid increase
Figure 1 gives the differential production cross sections atvith decreasing nucleon energy. This behavior is well under-
the TRIUMF proton energy of 516 MeV. The 1985 Love- stood in the theory of nuclear forces: The shorter-range part
Franey(LF) t-matrix [36] at the lab energy of 515 Me\n  of the tensor force due to the exchangepahesons is op-
a nucleon targegtis used ford* masses ofn* =2050, 2100, posite in sign to the longer-range part framexchange. As
and 2150 MeV, a range of particular interest for the QDCSthe scattering energy decreases, the strong and long-range
model mentioned in the Introduction. Calculated with thes-exchange contribution becomes rapidly more dominant.
sameNN t matrix, these cross sections involve exactly theWe shall be able to show separately the results calculated
same invariant production amplitude. They differ only in thefrom each of these two parts of théN tensor force when we
outside kinematical factorg} pf in Eqg. (1) and in the fact use the Full Bonn potential.

Ill. RESULTS FOR THE PRODUCTION CROSS SECTION
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FIG. 4. Differential cross sections fprd— pd* at 516 MeV for

FIG. 2. Differential cross sections fprd—pd* at 516 MeV for  giferentm* in the notation of Fig. 3 using the Full Bonn potential
different Love-Franey-matrix energies usingi* =2050 MeV. in the Born approximation with théIN relative momentuni*

calculated at an average energy,. The m* =2050 MeV results

The inelasticity involved ind* production for them* for 7 exchange only and fos exchange only are also given.
range examined here is a very appreciable fraction of the
energy available in the beam. Given the strong dependenas wave-distortion effects in the sense of an impulse approxi-
of the production cross section on the effective nucleon enmation. To determine how important such effects are, we use
ergy of theNN isovector tensot matrix, it is necessary to the full Bonn potential treated in the Born approximation.
choose this energy carefully. For reasons discussed in the lashe results obtained with thBIN relative momenturk*
section, we shall use the average lab endigyshown in Eq.  shown in Eq.(2) calculated froniT,, are shown in Fig. 4 for
(12) which is the arithmetical average over the initial anddifferent values ofn*.
final states. We see that these production cross sections have the same

The resulting cross sections for differedit masses are angular behavior as those in Fig. 3 for the t-Ratrix, but
shown in Fig. 3. These are obtained by interpolating thetheir values are higher by a factor of about 2.8. The effect
results calculated for the three lab energies515, 425, and might seem huge, but since the calculated cross section is
325 MeV tabulated by LF. We see that interpolated resultgroportional tog®, whereg is a mesorNN coupling con-
have increased by a factor of about 2.0 over the value calcustant, thet-matrix reduction of the effectivg? is by a very
lated at the incident energy fon* =2100 MeV. The final modest factor of 0.77. In other words, a strong sensitivity to
cross sections at the second maximum are aboutd/8r. NN dynamics is unavoidable in such a high-order production
This is very large, but it is perhaps not totally unexpectedprocess. A quantitative calculation of the cross section might
because the production involves the same amplitudes respowell require bettet matrices constructed from more recent
sible for the resonance production®ffrom nucleon targets. NN phase shifts.

The use of empirical matrices takes care of rescattering  The use of the Bonn potential allows the contributions of

the - and p-exchange potentials to be separated. The cross

16 T T T T T sections for each contribution alone are also shown in Fig. 4.
Note that their total contribution to the cross section is not
the sum of their separate contributions because amplitudes
interfere and the production mechanism is double scattering.
The r-only result is enormous, but it is effectively controlled
by the much weakes exchange contribution. Since this can-
cellation is not a well-determined part BfN dynamics, Fig.
4 also shows the importance of using the Hgst input in
______ the calculation.

The Born approximation should improve in accuracy with
increasing projectile energy. Figure 5 shows how the calcu-
lated cross section fom* =2050 MeV decreases with in-
creasing energy, while the second maximum moves forward
in the angular distribution, but not in the momentum transfer.
0 0 3'0 6'0 9'0 150 1%0 10 Both features are consistent with the expected energy depen-

6% (deg) dence.of cross sect!ons. Of course, the accuracy of the Bonn
potential at these higher energies is somewhat uncertain. In

FIG. 3. Differential cross sections fprd— pd* at 516 MeV for ~ spite of this reservation, Fig. 5 does suggest that the produc-
differentm* masses using the Love-Franeynatrix at the energy tion cross section will not decrease sharply with increasing
averaged over the initial and final states. energy.

——— 2150 MeV

— 2100 MeV
\\ ’ £y

12 D —-—- 2050 MeV

S
————

do/dQ* (ub/sr)
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50 T T T T T been calculated. The angle-integrated result at the CM angle
*=70(0,180)° is 47.21(37.08, 7.14D ub/sr when the
""" 2000 MeV angle-averaged approximation gives 44.88.20, 7.118
40 e wblsr instead. Thus the angle-averaged approximation seems
o 516 Mev to have adequate accuracy.
—— LF: 516 MeV

The present calculations have given only a crude picture
of the inelastic production af* . Their many limitations will
be discussed in the last section.

IV. THE d*—NN DECAY WIDTH

The dibaryond* cannot decay into two nucleons if its
constituents do not interact. The simplest interaction that can
do it is a two-quark interaction containing the spin operator
(o1x a7)?, to bridge the gap between initial and final in-
trinsic spins. Ifd* is a didelta, even when these deltas are
not pointlike, the perturbing operator must also contain the
isospin operatorr;. 7; in order to change & into anN at
each quark vertex. It is clear that isospin-independent inter-
actions cannot do it. Thus all direct gluon exchanges do not
contribute, no matter how strong they are.

Among the simplest two-quark interactions that can do it
are the one-meson-exchange potentials carriedr and p.
Figure 6 gives the results calculated fér=0.5, 0.7, 0.9 fm,  We shall show below that their contributions are quite large.
covering a realistic range of possildé sizes. Other param- |t can be argued that these mesons might not have the
eters used arm* =2050 MeV and an effective nucleon en- presence insidel* that they have in the outside meson
ergy of 425 MeV for the LFt matrix, very close to the cloud, because much of the dibaryon interior might be in a
recommended average value of 429 MeV. We see that thgifferent vacuum state, the so-called perturbative QCD
effect is fairly strong especially for smallei*'s presumably  vacuum, where mesons loose their individuality. Since QCD
because the momentum transfers involved can then be more flavor-independent, the requireyl 7; operator could only
different. We therefore conclude that the calculated crosgome from the Heisenberg isospin exchange operator
section can be quite sensitive to the short-range components
of the wave functions of botld and d*. The short-range
components neglected in the present calculation include the
deuteron D state, exotic admixtures, and the effects of quark
exchange and delocalization.

Finally, we address the question of the accuracy of theyising from the Pauli exchange of two quarks. We now
angle-averaged approximation used this section. A selecteghow that the resulting potential has a functional form simi-
number of angle-integrated cross sections for the TRIUMFgr to that for one-meson exchange. In this preliminary study,
energy using the Bonn potential with* =2050 MeV have  we shall not consider any three-quark interactions, including
those where two interacting quarks involve a noninteracting

60 90 120 150 180
0* (deg)

FIG. 5. Differential cross sections fggd— pd* for different
projectile energies using* =2050 MeV, the Full Bonn potential
in the Born approximation, and an average nucleon enérgy

The production cross section also depends on dhe
wave function size* (half of the average\A separation

1
PT=§(1+11.7]) (25

25 N T T T T T quark via Pauli exchange, because they have more compli-
\ e 0sg cated structures.
\ = The exchange two-quark interaction generated by one-

0T —— 07fm ) gluon exchangéOGE) between quarks,j can be written in
~ \‘ —-=- 09fm the familiar form[37,39
3; 15 \

\ _ _ \ DTO

*v \ quq__Piquq__P P prqu' (26)
]
3 10
(o) where
=]

3 1/(2

O 1 1 1 1 1

0 30 60 90 120 150 180 .
6% (deg) is the color exchange operator. The space exchange operator

P*interchanges the spatial labels in tpe final state. For an
exchanged gluon of effective mags the directqq interac-

tion from OGE has the standard one-boson-exchange form
[33]

FIG. 6. Differential cross sections fpd— pd* at 516 MeV for
differentd* wave-function radiir* for m* =2050 MeV using the
Love-Franeyt matrix at 425 MeV.
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Vo 2 , 32 4
Vgo(@) = e (A M= (o7 - 09)q (N Nj) =57 3 (N Nj) (33
+(oi-a)(oj-q)+--]. (28)  and

The QCD coupling constant appearingVig is dependenton (¢ o)) (o -q) (o) =(0;-q) (0} -9+ (10 .(,-j)qZ_
the gluon masg:. In addition, it should be an effective cou- (34
pling constant that might include certain higher-order effects.

Of the terms shown, the second term is a tensor interaclhe final result is
tion which tends to be unobtrusive in baryon spectroscopy, 8 V
just like tensor forces in nuclear spectroscopy. However, the Vigd @)= —Px(g)(ffi Q)05 Q)7 7) — 0

first term is the color-magnetic interaction which can be re- wi+aq? M
lated to the A—N mass difference Am=m,—my (39
293 MeV: showing only the term which can turn colorleass into
Am colorlessN’s. This term too has a strength characterized by
Vo=1g= (29 V,. This is the only term that can contribute, in the lowest
B order, to the decay of thé* treated as a didelta.
Here In more realistic models af*, coloredA’s appear in the
so-called “hidden-color” componentg39]. These colored
3 q° objects can decay intdN by both direct and exchange OGE
'B:f d°q m5i g (30 potentials via terms proportional to the color operatom; .

However, all such contributions are necessarily based on the
is the spatial two-quark matrix element in a bary(®), effectiveqq interactionV,, whose strengtlV, is two orders
taken for simplicity to be the same in bothandN. There of magnitude weaker than meson-exchange interactions.
are momentum-conservingfunctions s, for the two quarks We are now in a position to calculate the decay width. Its
i,j at each gluon-quark-quark vertex. spin-averaged value in first-order perturbation theptg]

Is this empiricalqq interaction strong or weak? This has the structure
guestion can be answered by anticipating that even though
bothV, and the gluon propagator depend significantl *) * % 2 2\ yx 2y 4%\ |2
on theogluon mgs&, tﬁeife?fectsﬁ%d tg cancgl when tyrlwe (m™)=2mp” ui j A" p [Nagl (N)P* IVI(AD " in
sameA — N mass difference is fitted. The interaction strength (36)
V,, turns out to be 0.11 GeV¥ when u is taken to be the x .
meson mass. In contrast, the equivalent strength of the on%r‘fhere p* is a nucleon momentum in the center-of-mass

* 7 . P .
tho-exchangéORE) potential in the full Bonn potential is ~ 1ame anduy (=m*/4) is the relativistic reduced mass in
the final state calculated with dynamical masses or total en-
3)2 T gi

2 ergies.Nyq=9 pairs ofqq interactionV contribute to the
Voz(g e Ry =54 GeV? (31)  decay. The momentum stae*) has the normalization:
where the factor (3/%)comes from the reduction froMNN

to qq operators. This is about 500 times stronger thargitpe
interaction strength. Although theNN coupling constants
are not well determined in thegN interaction, it is clear that
the ORE potential appropriate to the baryon exterior is som
two orders of magnitude stronger than the effectjeginter- -~
action present in the perturbative vacuum of the baryon in- T(m*)= el
m*)

terior. This shows that the OGE contribution to the partial 7
decay width is negligibly small compared to the meson-

1+ -2
9

* .

1
<r|p*>=(2T)3§e'p g (37)

After some algebra, the decay width can be written in the

gnal form
\ 16\ﬁ216
a9 V2| 15

i < 1 * 7
exchange contributions. o X 7z s )|Fmode‘21 (39)
It is nevertheless interesting to complete the derivation of (2m)%m K

the exchangeq interaction and to determine how the space-

exchange operatoP* further affects the final result. We where the model-dependent facfode IS

therefore go on by noting that the term\ify,, containing the 2
d_*HNN decay operator can be isolated by using the expan- Fux= <§ lwi(x,1,1,2) (39
sion
—PPPI(N; -\ (07 -9) (0 Q) for the meson-exchangX) model, and is
8 8 93*2 3/4
=—glei-alo-a(n 1)+, (32 Fxoo= 5)(m Ixqo(x,D1,D5,D3) (40

obtained with the help of the identities for the exchangerq (XQQ) model. Here
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FIG. 8. Decay width fod* —NN as a function of thel* masss
m* for r*=0.7 fm using the Full Born potential in the Born ap-
proximation. The result for the Love-Frangynatrix is also shown
as a solid curve.

FIG. 7. Decay width fod* —NN as a function of thel* masss
m* for differentd* wave function radiir* using the Love-Franey
t matrix at the final-state energy.

The dependence on these parameters is significant, but not
strong, and is of a somewhat complex character.

The origin of some of the complexities in the behavior of
I' can be seen in Fig. 8, which gives the corresponding re-
sults for r*=0.7 fm covering a wider range of dibaryon
mass calculated with the full Bonn potential treated in the
Born approximation. The result is typically 2—3 times larger
fhan those for the LE-matrix in the mass rang@050-2130
MeV) of interest in the QDCS model, in qualitative agree-
ment with the corresponding behavior in the production
cross section. Note however that the leading decay process
studied here is first-order in the interaction, but the leading
production process is second order.

The “ only” contribution (shown as a dash-dot cunie
. ; again much larger, here by another factor of three in this
tions of the baryon size parametgg$ andb=1/r,, where  5qq range. Even thep“only” result (given by the short
r,=0.6 fm is the proton radius. Far* =0.7 fm, they have  jasned curveis large, becoming in fact larger than even the
the numerical values of “ 7 only” contribution after 2690 MeV. This behavior is
consistent with the fact that the decay involves interactions at
shorter distances and higher energies than the production at
TRIUMF energies. This means that the results Fois par-
ticularly sensitive to the cancellation between theand p
exchange interactions in our simple leading-order model. In
fact, the vanishing of the calculated decay width due to the
complete destructive interference between thand p con-
tributions can be seen in the figure at 2690 MeV.

| model #,D1,D2,D3) =€~ P12 f e 0292 ,(iD 3k Q)

X(KQ)S]tmode(ﬂ* Q)Qde (41)

x=k*/B* is the dimensionless nucleon momentum in the
c.m. frame, andQ=g/8* is the dimensionless momentum
transfer. The elastic baryon form factor at each quark verte
is already contained in thBN interactiont;,; of Eq. (21).
Furthermore, thé matrix containd\ N rescattering contribu-
tions to all orders of th&IN interaction.

For the XQQ model, for whicl,qq in this equation refers
to the functionVy/(u?+0q?) in Eq. (35), the exchange
baryon form factor appears explicitly Fqq. The latter de-
pends on the dimensionless paramet@rswhich are func-

D,=0.214; D,=0.398; D3;=0.153. (42

V. RESULTS FOR THE PARTIAL DECAY WIDTH

The partial decay width fod* —NN can now be calcu-
lated numerically for the empirical Love-Fran®N t ma-
trix, the Full Bonn potential treated in the Born apprOXima- For the XQQ interaction appropria‘[e to the perturbative
tion, and the OGEHjq interaction with Pauli exchange. vacuum of the baryon interior, we find a resultlof 77 eV

The empirical LRt matrix used is evaluated at the equiva- gt r*=0.7 fm, m*=2100 MeV and a gluon mass of
lent nucleon lab energy =300 MeV[41] if V,,q interaction of Eq(35) is treated as
a directqq interaction.(This is done by dropping the space-
exchange operatd? and adding baryon elastic form factors
to the expression far.) Because theq interaction strength
is always chosen to fit thA —N mass difference, the result
is very insensitive to the choice of the gluon mass, being 71
of the finaINN state. The resulting decay widths obtained eV if =500 MeV. Compared to the result of 22 MeV for
by interpolating from the values calculated at the three near* p only,” these are smaller by a factor of3LC°, in good
est energies tabulated by LF, are shown in Fig. 7 as functionagreement with the estimate based on the interaction
of thed* massm* for differentd* wave function radir*.  strengths.

m*2

Tlab:ﬁ —-2m (43)
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On restoring the space-exchange oper&tgrwe find that  wave function as 50/50 left or right. The six-quatk wave
the width drops drastically by another factor ok30® to  function then has the structure
only 2.1X 10 ° eV. The result is very sensitive td, being
250 times larger for the smallet* radius ofr*=0.5 fm.

One reason why the result is so small is that the orbital (L+R)8=L6%+6L5R+ 15L4R2+20L3R?

angular momentum in the relative baryon-baryon coordinate

is L=2, where the centrifugal potential inhibits the quark +15L%R*+6LR%+R®

exchange. If we had used=0 instead, the result would 5 6 5 5

have been 2.81072 eV, as compared to an=0 width of —2(L° orR?)+12L°R or LR)

190 eV whenP* is purposely dropped. We conclude from +30(L*R? or L2RY + 20(L3R%).  (44)

this that in the absence of stronger short-range components

in both initial and final wave functions, quark-exchange ef- o )
fects are negligible. After the projection of relative S-states between the clusters

Up to this point, we have done the calculation as if the@nd a correction for the position of the center of mass, the

interaction were 100% by meson exchanges via the mesoffave function simplifies to the form shown after the righ_t
cloud in the baryon exterior, or 100% by gluon exchange ir@rfow. Its components fall roughtly into tw_o groups: There is
the perturbative vacuum of the baryon interior. In reality, @ 9roup of norma(“n” ) clusters ofg®™ configurations made
there is always some “external” contribution even when allup ofL°R®, L® andR® with no delocalized quark. They have
the six quarks ofi* are in the same cluster. Since the exter-the probability of
nal contribution is so much greater than the internal contri-
bution, some of it will always survive to give a nonnegligible
decay width. In the absence of a detailed model describin — (22
the precise proportion between the two contributions, weg Pr=(2%+207)/1448~0.28, 49
shall discount our calculated meson-exchange contribution
by 50% as a guess of what a more realistic width should beThe remaining group of componernitsSR, LR®, L*R?, and
The interior correction for gluon exchange discussed hel’QZR‘1 has one delocalized qua(kdq” ) away from a normal
does not apply to the lowest-order production calculated iy®m configuration, and the remaining probability of
Sec. lll: The two mesons whose exchanges between projeg, =1 p, ~0.72.
tile and target nucleons are responsible for the inelastic pro- For the normal group, the projection of S states makes the
duction ofd* are both external virtual mesons. wave function spherical symmetric in the relative baryon-
Is the meson-exchange interaction used here too strong@ryon coordinate, and very similar to the Gaussian wave
This can be answered partially by using the same method tginction of our didelta model. In fact, the maximum overlap
calculate the decay width of that archtypical baryon decaypetween the two wave functions is close to 100%. There is to
A—aN. Using the «NN coupling constant of pe sure some depression of the two-center relative wave
f2 /4= 0.078 given by the full Bonn potential and reduc- function near the origin of the relative coordinate, but the
ing to awqq coupling constant, we find a result of only 70 effect is quite unimportant in the wave function overlap. The
MeV, much less than the experimental value of 120 MeV .behavior of the short-distance wave function is probably
This result is in agreement with past calculations of thismuch more important in the production and decay processes
width [35]. One might be tempted to increase the calculated¢onsidered in this paper, but it is likely that the short-
result by a factor of (120/78)=3, but this is not advisable distance wavefunction is not very good in both models. Fur-
because a realr on the energy shell is emitted in th®  thermore, theg® component is entirely absent in the didelta
decay, whereas thé* —NN decay involves virtual mesons model and is probably too weak in the QDCS model.
off the energy shel[42]. The off-shell coupling constants Though subject to these additional uncertainties, our
that appear are more appropriately determined from nuclearounting suggests that this normal group will contribute es-
forces, at least in principle. If we had been calculating thesentially the full amount, i.e., about 28% of that calculated in
d* — 7NN decay by the same method, we would be justifiedour model in both decay and production.
to increase the calculated result by a factor 126/I(y for For the abnormal components with one “wrong-way”
that vertex emitting the real pion. quark, the contribution could be very different, especially if
there is special coherence between the normal and abnormal
amplitudes. We are not in a position to estimate such coher-
ent contributions because it would require a specific model.
The calculatedd* production cross section and decay As far as its incoherent contribution is concerned, the worse
width can be expected to depend sensitively on the quarthat can happen is that it will vanish. This must be a rather
wave function of thed*, perhaps even more so than its the- extreme situation, because three of the nine pairs of interact-
oretical mass. We shall consider qualitatively some of théng quarks involve the “wrong-way” quark, and the interac-
issues involved. tion could scatter it back to form a normal cluster structure.
One of these issues is the possibility of quark delocalizain the remaining six pairs, the “wrong-way” quark is a spec-
tion, which refers to the idea that under certain circumstancestor, which requires a wave function overlap to get back to
a quark may find it energetically favorable to be partly on thenormal. There is thus a reduction in the calculated decay or
left side and partly on the right side of a dibaryon. Theproduction amplitude of the order of 1/2 orelfbr the spec-
QDCS model[24] actually describes each quark in tH& tator contribution, more if the clusters are farther apart. We

VI. DEPENDENCE ON QUARK MODELS
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then end up with an estimate for the decay width or producdistance refinements such as delocalization and hidden-color
tion cross section of the order of 7—20 % from these abnorstates to these wave functions. The inclusion of these fea-
mal components. tures are not intrinsically difficult, although they can be te-
Thus very crudely, we expect the delocalization to reduceiious to execute. The difficulty lies instead in the lack of
the calculated decay width or production cross section by &nowledge on how strong these components are. Studies of

factor of 1/2-1/3. _ _ o the effects of short-distance wave functions require sustained
Another model-dependent issue is the contribution Ofgfforts.

hidden-color(HC) configurations. Our didelta model used |, the calculation of the partia* — NN decay width, it is

without quark exchanges between the two baryon clusterse essary to account more carefully for the role played by

contains no HC comg)onent. In contrast, most quark modelg, o3| meson exchanges versus internal gluon exchanges.
of thed” contains 80% HC components where the first threqt is obvious that this too cannot be done on a quantitative

quarks are in a color-octet state. These HC components Al ois without a more realistic model of tk& wave func-

expected to contribute less, perhaps significantly less, thatri]on It will be necessary to include higher-order processes
the baryon-baryon components. A calculation of their contri- ~ "~ " Ty € g P
ot yet included by usin@iN t matrices.

butions using the method of this paper is now underway. Fol’ . . :
the time being, we shall allow for some contributions from 'D addition, the decay width could *be dominated by the
the HC components by reducing the baryon-baryon resulté™) NN branches for sufficiently large™ mass. It is neces-
by a factor of 1/2(The reduction factor is 1/5 when the HC Sary to understand these partial decay widths at least quali-
components contribute nothing. tatively.
The final educated guesses fibt decay and production The theoretical picture concerning the dibarydhat the
for the quark-delocalization model used with the Love-Ppresenttime seems to be as follows: Its calculated mass has
FraneyNN t matrix atm*=2.1 GeV and*=0.7 fm are as been in the range 205@4] —2840(8] MeV. lts inelastic
follows: The decay width is decreased from 9 MeV to aboutproduction cross section could be significant, i.e., in the
1 MeV when an “interior” correction of 1/2 and an octet- ub/sr range. Its partial decay width into two nucleons is
octet reduction factor of 1/2 are also included. The producprobably in MeV's for the low-mass candidate. Because its
tion cross section at TRIUMF energy is reduced from 13 tocalculated mass is so sensitive to certain assumptions con-
about 2ub/sr at the second maximum. cerning quark dynamics in hadrons, any positive or negative
experimental information on its presence in a certain mass
range has interesting implications.
VII. DISCUSSIONS AND CONCLUSIONS What is the experimental situation concerning isoscalar

The leading-order processes studied here suggest that tA¥aryons? A dibaryon search was made at Saturne by mea-
inelastic production cross sectionaf might be in theub/sr ~ SUring the spectra for missing masses between 1.9 and 2.35
range, while its decay width into two nucleons might be inG€V using thedd—dX reaction for 2.29, 2.00, and 1.65
MeV's. Love-Franey empiricaNN t-matrices are used to C€V deuteron beams. An upper limit of 30 nb/Gewas
include allNN rescattering effects to all orders in the decayfound for the invariant production cross section of a dibaryon
and in an impulse approximation for the production. Otherf its width is less than several tens of Mé¥]. This result is
aspects of the reported calculations are not sufficiently reaf©" the missing mass of 2.16 GeV and for a 2.00 GeV deu-
istic because of approximations made in the hadron wavieron beam with deuterons detected at 2(ab), or 69.3
functions and in the treatment of the reaction mechanisms. {¢-M)- It corresponds to a c.m. differential production cross
is worthwhile to enumerate the most serious of these probSection at this angle of only 15 nb/sr in tde reaction. It is
lems. not easy to extract pd bound from this result partly because

The Glauber multiple-diffraction model used in the calcu-©f the presence of an elastic form factlor fpr the intact deu-
lation of the production cross section might be quite good folt€"0N[44], which causes a large reduction in tthé produc-
elastic scattering at small angles. Its validity for large inelas{ion amplitudes relative to thpd amplitude for production
ticities and at large angles is unknown. It is necessary tgrom ;lng]e n'ucleons in the mtact' deuteron. An additional
correct for effects neglected by the Glauber model, especomplication is that for theld reaction, thed* can also be
cially at large angle$43]. However, there is probably no produced by another d_ouble-scatterlng process that involves
point in doing this unless one can also include higher-ordePoth nucleons of the intadl. Its contribution can be ex-
production processes. These are the usual difficulties cor€cted to be similar in structure, but probably reduced in
nected with the calculation of strong-interaction cross secvalue, when compared to that of production from a single
tions, and as usual, we see no simple solution. nucleon in thepd reaction. This process must also be in-

The baryon models used for badrandd* are very crude. cluded in the int_erpretation afd cross sections. This means
The S-state wave function used for the deuteron target tendgat any extraction of @d bound from thedd bound will
to underestimate the high-momentum components of the taflepend on a model-dependent theoretical analysis, and can-
get baryons. To be more realistic, one should include théot be a pure experimental bound. _

D-state of the deuteron, and probably also the D-stat¥ of To my best knowledge, the only direct experimental up-
Since d* production depends so much on these high-Per bound for resonance production in e reri\cnon is an
momentum components, one could argue that the presemnpublished LAMPF experiment based on thg,p)X™ re-
S-state results give conservative lower bounds on the praaction atT,=798 MeV and 15.19lab). The results are in
duction cross section. the range of 1-4ub/sr/MeV [5] dependent on the missing

Depending on the model, we need to add other shortmass in the missing-mass range of 1865—2200 MeV. They
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are of the same order as the very rough theoretical estimatémund will be needed to advance our understanding of the
of d* production given in this paper. Hence no definite con-situation.
clusion can be drawn from a comparison between them.

It thus appears that the present theoretical picture is still
very unrealistic and incomplete. Much additional work is
needed, especially on the partial decay widths in pionic
channels for which there is at present very little quantitative | would like to thank Fan Wang, Stan Yen, Terry Gold-
information. However, the question of dibaryons is ulti- man, Earle Lomon, Gary Love, Mike Franey, and Mahmood
mately an experimental question. A new dibaryon searchideyrat for many stimulating discussions and correspon-
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