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DIBARYON RESONANCES

A. B. Wicklund
Argonne National Laboratory, Argonne, Illinois 60439

ABSTRACT

Phase shift analyses of pp elastic scattering indicate
resonance-like loops in several partial waves, which could be
attributed to exotic 6-quark resonances or simply to inelastic
threshold effects. Differences between theoretical predictions and
experimental spin éorrelations in the plon-deuteron and Y-deuteron
channels have been cited as evidence for resonances, but no
unambiguous partial wave analyses are available in these channels.
The nucleon-nucleon dibaryon candidates are coupled Predominantly to
the NNm channels, and theoretical interpretation of these effects
will require detailed understanding of the NN *AN reaction.

L4

! INTRODUCTION +

The spectrdscopy of dibaryons, baryonium, and gluonium appears
to have some common features. Theoretically Ehese States involve
degrees of freedom not present in the QQ or Q” spectra.
Experimedtally the interest in these states has been spurred by

decays, and the D2 and F3 resonance loops in pp elastic
scattering. In each case considerable effort has gone into searches
for similar phenomena in other Processes, but these efforts have
generally not resolved the central issues, and there is st%ll no
firm proof that new degrees Ef freedom other than Qq and. Q° are
needed. The separatlon of @ Qz or gluonium states from ordinary

QQ mesons is still replete with difficulties; observation of pp
decay modes or coupling to radiative J/¥ decays represents only
circumstantial evidence. And while the 6~quark nature of dibaryon

and theoretical ingight. In this report we will concentrate on the
coupled-channel effects seen in pp scattering, which we regard as
the central evidence for dibaryons. We will briefly review the
effects seen in the YD, 7D and I-0 NN channels, which may or may not
be connected with resonances.

¢

RESONANCES IN PP * pp

The }Dz, 3F3, (3P2, 1G4 + « ?7) "resonance" spectrum seen in
elastic phage shift analyses exhibits several peculiarities
(notation: S+1LJ). First, the ground states have J = 2,3 , ,
whereas by analogy with baryon and meson resonances, one might
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low-lying J=0,1¢( S

xpecg
Pl) states!. If these

1 states were low enough in mass,
_| they would be mainly elastic

and would show up as clear

{ peaks in opgp (pp, np), given

by the unitarity bound

-——(2J+1}———

TOT TOT
A recent precision measurenert
of dpgr (np), illustrated in
Fig. 1, provides stringent
1imits,_on the existence of such
stateg”.. Other searches for
low-mass structure, for example
a recent stydy of the asymmetry
in pd + pX ~, have also proved
negative.

(1

A second issue concerns the absence so far of convincing

evidence for strange partners.

Searches for S

1,2 dibaryons in

the reactions K'd + K'X, K°d + 17X, and 7~d + K'X by the Rome-
Saclay-Vanderbilt group have revealed no etructures other than the

well=known Ap (2130) state, which 1s most likely
state of the IN system, analogous to the deuteron
s have been placed on low-lying S=2 states in

In falrness, the search for strange dibaryons has

stringent 1

mit
pp+KKX%

rtual bound
Similarly,

g vi

been confined to bump hunts, and there have been no systematlc Ap or
Ip phase shift analyses, which would be sensitive to broader

structures.

The third notable feature of the 1D2,

dominant inelastic decay.
branching ratlos have T,

/Tro

ToT <15%7
sectlons indicate that t e remaining DZ and

3F3 . «» states 1s their

Regarded as Brelit-Wigner resonances, the
The mea

ured inelastic cross
Fq decays are into the

5

NNw channel, ,including <15% couplings to the md channel (the wd

channel is pyesumably 9

roduced via final-state interaction from the

NNm intermediate state’; with or without resonances, one would’

expect the nd
section).
resonances mag be
NA production®.

following:

amplitudes in NN + NA, the waves expected t have t
inelastic cross sectiong are precisely the D2 and

production to be only a fraction of the NNm cross
Thus, the large inelasticities suggest that the

just reflectlons of the partial wave thresholds in
A more subtle feature that is worth emphasis is the
*in theoretical calculations of the partlal wave

e larges
F3 waves

§

This

feature is trivial for the "D, wave, since it 1is the only wave that

can_produce the final state NA in an S wave by the transi
this is not trivial for the

pp(lDz) > NA(5S ). However,

gion

F3. There

are several amplitudes that can feed the NA final state in an

overall P wave, an
the transition pp(

gF3) +> NA( P3).

plon exchange leads naturally to_enhancement in
Similarly the pp(°G,) wave is
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naturally expected to dominate D-wave NA production. Thus, the
large inelasticities observed in the 1D2, T4 and 1G4 waves are
natural consequences of the helicity structure of pion exchange.
The phase variations seen in the elastic partlal waves may be more
difficult to explain, although they would follow naturally from
bound states in the NA channel (see below).

The data base for pp elastic scattering 1s quite extensive up
to 800 MeV. New experimental results presented at this conference
include a detailed mapping of the PB + pp spin correlations from 400
to 600 MeV by thfISin-Geneva group ~, and new measurements of Acy by
the Saclay Group~~. Energy dependent and indfsefgeTz fgase shift
analyses have been carried out up to 1000 MeV™®2"=27"2"=, The
region above 800 MeV is still problematic, and thfie appear to be 16
significant differences between the Arndt-Verwest and the Saclay
phase shifts in this region. The principal pp * pp elastic partial
wave amplitudes are shown in Fig. 2, where the main discrepancies
between the two analyses are exhibited. The waves that rotate
counter clockwise with increasing enérgy are the highly inelastic
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Fig. 2. Argand plots for dominant elastic amplitudes (mixing terms

not shown) from Ref. 12. Crosses denote kinetic energieg 0.2, 0.4,
0.6, 0.8, and 1.0 GeV. Dotted trajectories for 1D2 and ~“Fj are
0.7-1.0 GeV from Ref. 16.
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1Dz, 3F3, 3P2, 3F4, and 164. We emphasize that the phase shift
analyses provide an accurate summary of the elastic observables and
total cross sections below 1000 MeV, including structures which have
gsometimes been adduced as evidence far dibaryons (e.g., the narrow
structure in Ayy (90°) near 700 MeV and the broad enhancement in
k (ANN-ALL)dolgg (90°) around 600 MeV ). Thus, the evidence
regarding dibaryons is entirely contained in the Argand plots of
Fig- 2. IS

Historically the spin-dependent total cross sections Aoy 6nd
AGq provided evidence for structure in the forward amplitudes1 . At
present, there are several sets of measurements of Aoy Ead Aaoq which
are mutually consistent at the 15% level below 1000 MevV<“. We find
that the phase-shift solutions give a good idterpolation of these
data. ?ig.'S shows the decompositionfof"ﬁuL and Aogp into elastic
and inelastic conE{ibutions. This decomposition was first given by
Arik and Willisms“®, and their concluslons are essentially
consistent with newer data. Aop is almost entirely due to the
inelastic channels (mainly Dy) above 400 MeV. The structure in Ady
is also due to the inelastic contrihutionai the pegk at 600 MeV and
the dip at 800 MeV are reflections of the "Dy and “Fq inelasticities

espegtively. There is a large elastic compoment in Aoy due to the

Sp» “PFo and “P; waves. A similar analysis usin%6the Saclay phase
shifts has been carried out by Bystricky et. al.™". A more direct
way of looking at the structures assoclated with the inelastic
channels is given in Fig. 4, which displays the contributions to the
total cross section from the prineipal inelastic transitions; for
clarity, we have indicated schematically the NA inelastic finmal
states that are expected to dominate.
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It is clear that the coupling between the NN and NA channels 1is
pivotal in understanding the dibaryon structures. In terms of a

coupled-channel partial-wave S matrix

[ne2161
2
-n

s(n,8.,6,) =
1712 11

)

i(l—nz)llzei(61+62)

> (2)
1/2,1(8,48,) 218

ne 2

the elastic phase shift analysis (and likewlse any measurements of
elastic or inelastic total cross sectlons in pure spin states) is
sensitive only to the parameters §; and n for each wave, and not the
NA + NA phase shift §,. Given only §, and n we could construct
quite different Argand plots for the channel NA + NA, as
illustrated in Fig. 5; the difference between the resonant and
nonresonant NA solutions in Fig. 5 lies in the behavior of 52.
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Fig. 5. The 1D2 pp * pp Argand
plot, and two possible NA + NA

Argand plots consistent with the 1D2

inelasticity. Solution (A) has

slowly varying 6,; (B) has Breit-

Wigner behavior for §,.

"A true coupled-channel Breit-
Wigner resonance of the type
seen for example, in 7N
scattering, would cause a 180°
advance %3 an eigenphase of the
S matrix““. For a two—channel
process, this would imply a
180° advance in §;+8,, which
happens to coincide with the
phase of the inelastic
transition NN + NA. We note
that several analyses have been
carried out using potential
model and K-matrix
representations, to fit the
full S matrix and extrapolate
the amplitude to t complex
energy planezg’%g’gs’gg. Sgnce
the phase 89 1s unknown, these
analyses suffer an inherent
continuous ambiguity. Although

these analyses generally find poles which could correspond to Breit-
Wignér resonances, NA virtual bound states, or migrated t-channel
singﬁlggities, none of the solutions exhibited by Edwards and

Thomars or by Verwest

yield a net 180° phase advance in §,+8,.

This is not because such solutions do not exist (Fig. 5, curve B,
providing a trivial example), but because they were not compatible
with the particular representations used.

b

As noted above, the inelasticitiles of the partial waves can be
understood qualitatively by unitarized v-exchange models, and much
effort has gone into explaining the waves in terms of threshold
effects, without explicit Breit-Wigner resonances. Consider a
thumbnail sketch of the origin of resonant/nonresonant solutions
(Ref. 27 provides a more exhaustive analysis). If dibaryon
interactions were mediated by meson exchanges, with N,A, and mesons
being the only "elementary” particles in the theory, then the only
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interes%éng phenomena would be NN, NA . . bound states. Levinson's
theorem“® prescribes thgt the phase shift associated with a stable
bound state (e.g., the ~S; wave in np > np) should decrease by 180°
with increasing energy. A virtual bound state could be formed by
strong attractive forces in the NA system, which would be free to
decay %nto the open PR channel. Exampleg of such states are the Ap
(2130)>, the Y*(1405)4%, and the S*(980) 0, An NA virtual bound
state would act like a resonance im the pp channel (phase advance),
and a bound state in the NA channel (phase retreat), with no net
phase advance in §1 +62; in terms of Levinson's theorem, the net
phase change is:zero because the bound state is unstable. A Breit-
Wigner resonance, on the other hand, corresponds to a particle that
is just as "elementgry” as N and &, for example an exotic color=
bound state Qge — Q@g- By Levinson's theorem, such a resonance,
being unstable against decay into the NN and NA channels, would
cause a 180° advance in §; + 8. . ST

Pr

To achieve.bractical realization of these different behaviors,
we can use a K-matrix formalism, with

1 = kl-1p (3)

where p are the channel momenta, and the elements of K correspond
approximately to the Born terms. With only meson exchanges in the
NN and NA channels, the K-matrix elements would be smooth in energy
(no poles in s). However, the unitary T matrix can have poles in s
due to the behavior py + ilp,| below effective threshold in the NA
channel (threshold is smeared by the A width). These virtual bound
state poles give Breit-Wigner behavior in the pp channel and a
stationary phase §;+8, above N& threshold; the requirements for this
behavior are strong pp * NA couplings (K;3), and strong attraction
consistent with a bound state in the NA channel (large Kpj).
This is the kind of solution considered by Edwards and Thom3323.
Other methods of unitarizing the meson—-exchange Born terms contain
basically the same physics as the K-matrix approach, producing
resonance loops in Yp + pp, due to the strong pp * NA + pp
intermediate atate3 . To incorporate a genuine exotic resonance
such as, our hypgothetical color-bound state, there are two possible
changes in the K-matrix representation: (1) add an explicit pole
g/ (s -a} to the K-matrix elemgnts_to describe the extra Born term,
or (%) add a third channel, Qgg=Qacs which is closed by color
confinement (p3 * ilegl), so tﬁat the resonance appears in the NN
and NA channels as a virtual bound state of channel 3. Either
description gives coupled-channel Breit-Wigner behavior and 180°
phase advance.for 61+62.

Y

The Breit-Wigner behavior expected for the exotlc resonance
case coulgzb§3nullified by the Jaffe-Low compensation
mechanism®42~°. It 1is also unclear, that a description involging
extra exotic channels such as QSC_Q8C can be made consistent” . In
any case, with only the elastic amplitudes and no data on 61+62, the
physical interpretation is ambiguous. Analyses have been carried
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out with color exoticsas’gg,asngoalso with only mesonic exchanges
37,38,37, which reproduce the qualitative

the NN and NA channels

in

features of the pp elastic amplitudes.

Experimental information
needed to obtain 8,

exist recent 2Ein
below 600 MeV'™, and there

singlezspi 1878

. TFor the

on the inelastic channels
ig regrettably sparse.

which 1s
For pp *+ m d there

correlation measurements from the SIN—-Geneva group
have been many new

etry parameter from threshold to 1200
dominant inelastic channels, there are

measurements of the

new bubble chamber measurements of unpolarized cross sections and

deng;ty-matrix.elements for pp *
Mev?/, Single spin asymmetries
pnﬂ+ final states
ZGS for pp * pnﬂ+

pom
have been meagured
at LANL at 650 and 800 MeV
from 600 to 1200 MeV.

© from 500 to 1200

for the ppﬂ° and
, and at the Argonne
The ZGS experiment was

and pp > PP

designed to cover the full phase space for production@and decay of

the 6++; typical

TRIUMF (380 to 515 MeV)
that the objective of any program
be to obtain the NN * NN% partial
very fruitful work done

pp~A"n at 147 GeV/e
L) L] 1
wl i
pii p33
be ’,
I. .. ...“l..
L] [ ] L] [ ]
L L
L . .n
Py -
L f — 4 f —
< 2f  Pa T 5
& 3-1
o a
o o
o o
00— ﬂn _é o f _6&
r oo " o o
a %, o
a Q (=)
OOO = s e n e e
’ o
-02 L T
1 1 1 L
-10 0.0 10 -10 00 10
v
cos 8‘\”
)
Fig. 6. Preliminawy unpolarized

density-matrix elements at 806 MeV

for pp * ATTn from the ZGS

experiment; 1.18 < Mp“+< 1.28 GeV.

results are shown in Figs.

matrix elements, to illustrate the quality of the data.

correlation meaaurémentz have been carried out og pg + pnt
9 and at LANL at 800 0,51

in the past
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at
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of inelastic measureuents should
wave amplitudes, analogous to the
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couplings in TN > n7N. Such partial wave analysis can be augmented
by the knowledge of the inelasticity parameters from the elastic
phase shift analyses, and by the pp * 7 d measurements. We stress
that there is little physics justification in measuring the
{nelastic contributioms to Aog, and Adp, since these quantities
depend only on the inelasticity parameters which are already
"known", and not on the inelastic phase shifts 84, which are the
quantities needed for resonance analysis.

Mgch theggeg%cgk effort has gone into understanding the

p > 7ddata’"?m " . This channel should reflect the behavior of
the intermediate NNm state, and so in effect it is the structure of
the NN »NNw ampliéudes which these models are testing. It is well
documented that the model predictions for the pp *+ © 'd asymmetry
fail above 600 MeV¥; this is illustrated in Fig.~8. In Fig. 8 we
have also shown the asymmetry for the reaction pp * pum ,
extrapolated to the region of phase space close to np threshold from
the ZGS experjment. The agreement is quitevgood (note that this
extrapolation I's very crude and does not project out the np (7S7)
wave). Fig. 9 shows the asymmetry around 90° from several
experiments, together with the extrapolated asymmetries from TRIUMF
and ZGS data for the free pp * pom reaction. The free and bound
asymmetries are in good agreement. Note thal: the extrapolation to
np threshold projects out 2 tiny part of the AN phase space,
especially at higher energies; away from this region of phase space,
the asymmetry in pp * PR 1T becomes strongly negative for T>800

MeV. It would seem remarkable for any theoretical model to predict
the overall asymmetries in pp * pim let alone the behavior in the
pn threshold corner of phase space. In fact, Nigkanen's predictions
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Fig. é. Asymmetry in pp * ntd Fig. 9. Asymmetry in pp > ntd at
from Ref. 44, with varlous 90°. From Ref's. 42-46. Solid
theoretical predictions. Solid poxes are extrapolations from
boxes are extrapolationi to pn pp *» pom . Theory curve is from

threshold from pp * pnt - the predictions of Ref. 52.
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are quite good up to 600 MeV (dashed curve in Fig. 9). The negative
asymmetry at low emergies is related to elastic 1'p » ﬁ+b
polarization, and is caused by interference of the amplitudes for
production of S and P wave Nr systems in pp + pnn'. At higher
energies, the positive asymmetry is caused by interference between
different partial waves for PP * AN, and these are highiy model
dependen&. We conclude that the observables for Pp * m'd and

Pp * pnw’ are closely linked, as expected; unfortunately the ntd
data provides, only a tiny window on the full pan ' reaction, and the
latter is sensitive to the inelastic phase ghifts which are needed
to elucidatgq the resonance question.

I = 0 CHANNELS
-

The LANL total cross section measurements in the np chaunel,z
illustrated in Fig. 1, have been usad to obtain Opor(I=0), and to
set limixg on the elasticity ofsgossible I=0 dibaryons. Tgs F3
resonance proposed by Hoshizaki<> to explain Ao; (I=0) data”V, would
be incompatible with Opop(I=0); with I' = 50 MeV, Lisowakijgb_ga.
show x, <0.05. It has been argued that the I = 0 channel 1is free of
the complication of possible AN threshold effects, and is therefore
a good place to look for genuine resonances. This argument is
clearly fallaclous 1f the I=0 states have <5% elasticity; either
such resonances do not exist, or they exist only in the inelastic
channels and will not be seen in np *+ np.

I

Physically, the absence of the nd and AN channels from I=0
Ssuggests that the inelastic I=0 cross sections must be small below
NN* threshold. The inelastic I=0 cross section caen be expressed as

o(I=0) = ZUINEL(“P)-UiNEL(pP) (4)
and this can be further decomposed into>/
2
o(1=0) = %01(I=0)+§<72(I=0) (5a)
91 (I=0) = 60(np>npn®)+30 (pp*ppm *)=30 (pppur™y (5b)
Tt 0y(120) = 3(o(apNNtE)-0 (pprppr®)) (5¢)

where’ g1= Oy= 0(I=0) by isospin conservation>’. Arndt and Verwest>8
have fitted the available channel cross sections and found that
9(I=0) is indeed quite small below 1000 MeV (e.g. 0(I=0)<lmb at 800
MeV). , The contpibution ¢, in Eq. 4b is poorly determined, because
it depends on differences of large cross sections and because the
chanpel np + npn°® is measured only below5900 MeV. Extraction of ¢
from the available data by Lehar et. al. suggested that g1 >> L)
(i.e., 1sospin violation), but it is clear that better data are
needed. There are recent data that can be uz;dsso obtain a fairly
accurate estimate of o0,, as shown in Fig. 107727, 1f Oy is taken
to be the inelastic I=0 cross section, then even more stringent
limits can be placed on the elasticity of a resonance. For example,
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W if 05 < 1 mb, then a lp
resonance at 800 MeV would have
xo <.02. Conversely, any I=0
dibaryon should show up as a
huge effect in the np + ppr~
channel.

DIBARYONS IN yd + np

Onagusme  (mb.)

The photoproduction
reaction has been extensively
searched for evidence for
dibaryons, and we refer the

0 ¥ \
°¥u’ (Gev)l - readersso Schwille's
. review -+ To summarize,
2 present theories are unable to
Fig. 10. Total inelastic cross predict the detailed behavior

sections from Ref's 47 and 59,
and fitted I=0 cross section
(Eq. 4) from Ref. 58.

of cross sections or single
spin asymmetries in this
reaction. These theories are
quite complicated, involving
' many Born term contributions.
The disagreements can be patched up by introducing “dibaryon
resonance” amplitudes ad hoec, but this fix is certainly not
unique. At this conference new results on thg incident photon
asymmetry were presented by the Yerevan group 1, Not surprisingly,
these data bear no resemblance to published predictions with or
without resonances. There appears to be little or no prospect for
obtaining Argand plots for this reaction.

DIBARYONS IN ntd +ntd

The situation in wtd » 774 is somewhat more interesting, owing
to the observation of oscillations %E gBe vector and tensor
polarizations with energy and angle”®»®~, We refer the reader to
the reviews presented at this conference by Mathie and Griiebler for
more detdils on the experiments and their interpretation.

As noted ahove,lthe gross section data on pp + 7td ilone
guarantees that the Dy, “"F3+ . .branching ratios into 7'd are less
than 15%. The same conclusion cgp be drawn from the absence of a
large backward peak in n'd + ntd °%, With no reson&ncis, the
Glauber model predicts substantial amplitudes in the n°'d §,P,D, and
F waves, which arise from the convolution of the dggteron form
factor and the coherent 7 p+n'n elastic amplitudes®-. The
qualitative features of the vector polarizations are consistent with
this model, eg positive peaking near 90° with negative-going
polarization near the forward and backward regions. The
oscillations require small departures from Glauber in one or more
high L/J waves; small admixtures of waves with L=J+1, J=2,3, or 4
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related to the J=2,3,4 structures in PP scattering, or whether they
represent some other kind of deviation from Glauber.

The tensor polarization also exhibits strong oscillations in
energy and angle around 135 MeV (near the Dy peak in effective
mass), according to the SIN experiment”?. Neither the oscillations
nor the magnitude and sign of the SIN tensor polarization are
consistent with Glauber theory. We caution that the SIN results are
at present altogether incggsistent with the LANL experiment
published by Holt et. waj]. + Thus it seems premature to speculate
on the,origin of the tensor polarization oscillations.,

SUMMARY

It is the author's Prejudice that systematid partial wave
analyses of the NNw chfnnelg are-needed to settle the physical
interpretation of the 1p » "F3 + . . "resonances”. In the abgence
of such data, there is ample reason to believe that the dibaryons
are just manifestations of strong attractive forces in the NA
channel, rather than color-exotic objects. We suspect that this
spirit of inconclusiveness will characterize dibaryons, baryonium,
wmultiquarks, and gluonium for years to come,

The author wishes to acknowledge helpful communications with
many workers in the field. Speclal thanks to R. Arndt, F. Lehar, R.
Holt, W. Grilebler, and H. Spinka,
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