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THEORETIC,4L ASPECTS OF THL NUCLEON-t4UCLEON MORKSHOP

Richard R. SILBAI?

Theoretical Division, Los Alamos National Laboratory,
University of California, Los Alamos, New Mexico 87545, USA



.
R@sum& - Ce rapportest centr6 sur I’etude des voles in~lastiques clansla
~ti~ion N-Nentre 300et 1500 MeV. Les sujets couverts comprennent la
manifestation de la structure en quarks, les dibaryons, la d~pendence en
modi21edes in@lasticitEs N-N pr~dites. Nous pr~scntons une comp~raison en-
tre les r&ultats donn4s par les modt!lesconventionnels et IJnensembl~ de
donn~es exp~rimentales en rapide expansion. Nous concluons qu’il n’y a, ~
pri%ent, aucune evidence nette de la presence dertsona~cc!sdibaryoniques
non conventionnclles clansle syst?me N-N aux @nergies interrn~diaires.Nous
pr@sentons aussi quelques remarques concernant d’une part une contribution
th~orique ~ la diffusion dlastique et, d’autre part, des r~sultats exp6-
rimentaux nouveaux pour la photod&int6gration du deuteron et d’~change de
charge clansle systhne pion-nuclikm.

Abstract - This r~port concentrates on the inelastic NN system f~om 300 to
~. Topics covered include the visibility of quark signals, dibaryons.
the model dependence of predicted NN in~slasticities,and a review of how
well present conventional models compare with a rapidly expanding database.
The general conclusion is that there is so far no clear cvldence in the NN
system at intermediate energies for unconventio~al dibaryon resonances,
Shortremarks are also made concerning one theoretical contribution on
elastic scattering and on nc?wexperimental res~lts for deutcron photo-
disintegration and pion-nucleon charge exchange.

I- INTROCJUCTION ,——. —
Catherine LCLUC has just told you about smc of the matters discussed at the W~rk-
shop on F!HScattering at Internwdiate Energies held ~week ago last Wednesday.
These included antlproton-nucleon roacttons,and the database for elastic scattering)
comparing especially the less-well-known np situation witl~pp scattering. She also
reviewed the experimental programs underway at various la!)oratoriesactive in this
energy range and then the status of elastic phase shift analyses.

My job today is to cover nll the rest, which largely mcms t!lethc!orcticalasp~cts of
the Workshop, There was only onc contribution on elnstic NN scattering, and 1 cliscu:,s
that first. 1 then will say a few words about two experimental subjects which wore
discussed, photo-disintug)ittionof dcutcrons and pion-nucleon charge exchange, ‘1’hc
bulk of my tolk, however, addresses the inelastic region from 300 to 15C0 IIIcV,whurc
single-pion protluclionis the dominant inelasticity, This is the region of tl]ccon-
trovcrsal (non-strange) dibaryon resonnnccs, Msidcs discussing dibnryons, 1 will
con,mcnton I!lofiul-dcl]clldullcein thc~oroticolprcdicticms of irwlasticitl~+siII IIIuI)-L
partial WiIVCSoThnt will I)cfollowed by reviewing present-clayconvcnt,ionolmodels,
comparing thcm with the rapidly oxponding clirtnboscIn this oncrgy regioi~,



turnLmax). This leads to a set of discrete ambiguities, many ofwl]ich can be clinli-
nated for reasons ofcontinuity and unitarity. Given an incomplete set of exp~rimmts,
such as u , ANO, ~YNS DpNS and Kl~N,these.ambiguities carinonetheless plague a phase
shift analysis. ~he metl~odis probably more useful, he suggests, for analysis of
reactions like pp into two pseudoscalar mesons than for elastic NN scattering.

Gersten also described his “no exchange model” forNN elastic scattering. By this he
mans a plon exchange model but without any pions being exchanged when the two nucle-
ons are closer than, say, 1.1 fm in configuration space. In this way, it is possible
to provide a very good description of the experimental double-helicity-flip amplitu-
de 02 = <++ITI--> for pp scattering from 100 to 500 MeV. The predictions of this mo-
del are similar to, but a considerable improvement upcn, the “poor m n’s absorption

$model”, in which po’wersof t in numerators are simply set equal to v .,This all very
interesting but, as Gersten emphasized, it leaves us with the mystery as to why no
other msons seem to be involved in the dynamics of the 42 amplitude.

In the discussion period, M. Moravcsik reminded us cfhis recently published work
with G. Goldstein in which the resolution of discrete ambiguities is shown to requi~
measurements of spins along three independent directions.

.,

111 - SOME RECENT, RELATED EXPERIMENTS

Somewhat isolated from other subjects at the workshop was the discussion by W, Meyer
of photodisintegration of the deuteron at intermediate energies. A new experiment,
done at Ronn, has measured this process using a vector-polar~zed deuteron target
with a brernsstrahlungbeam at 550~50 MeV. The asymmetry in tl?epn final state was
measured at 13 angles over the whole CM angular range and shows a rise throug!lzero
to positive values of about +,3 at the most backward angle. Meyer comp~red this data
with three theoretical curves : a calculation cloneat Bcnn based on a few leading
conventional Feynman diagrams, another conventional calculation by a Tokyo group,
and the same Tokyo calculation with added clibaryontenrs (fitted to reproduce the
old Kamae data on recoil proton polarization /1/, one of the first experiments clai-
med to show dibaryon resonances). Meyer concluded, “All analyses fail, with Or
without dit~aryons”,although to my eye the Bonn curvesdmsn’t do.sobadly . ]n view
of the skimpy nature of the theoretical models so far applied to this process,
however, it is probably dangerous to draw any conclusions. Theoretical work is
needed here.

Another photodisintegration experiment, involving a polarized photon beam on an
unpolarized dcuterium target and measuring the polarization of the recoil neutron
(! , was reported by a Yerevan group heaclcdby G. Vartapetyan, This expcrinwnt at
h30 to 500 MeV, the first such double-spin rneasurernentin this field, is still in a

preliminary stage of analysis, No attempt was made to corqx~rew;thmodel predictions,
and, indeed, it would be surprising if hny such predictions have yet been macle.

There has bcenone new development in TINphy~ics, gcncrnlly a slowly changing fivlci
at Intermediateenergies. l.l,Ncfkinsck?scribcdncw results of Ir-p cllargcexchange
using o polarized target, Four incident momenta were studiccl: 300, 470, 5[16ancl
625 MoV/c, The lowr~r-rnomenturnresults for the polorizntion asymmetry agree w(!11with
the Karlsruhe-Helsinki and CMU-I.BLl)hci~cshift nndlysis I)rcdictlons,The data at,
higher momenta, howcvc~’,cllsagrecstrwgly, Moruover, the triangle incqualit,yfop
the polarization (it applies to AN as vicllkstodiffercntial cross scctictns)is “on
the cclge”of showing an isospin symmntry violation for the higher cncrgiesi With
these data, onc has to wonder (again) if th?rc may not ~Jt2 something t’uIInyabout th(?
Roper rcsonancc in the IJ1lWNpartial wave.



IV -. CANONESEEQUARK SIGIJALSAT INTERMEDIATE ENERGIES ?— .—.—..— ... .— —

I turn now to the main consideration in this report, nuclccn-nucleon reactiorlsabow
the inelastic threshold. The basflcquestion to be faced is whether a conventional
description suffices to describe the experimental situation. Ilere,and below, a
“conventionalmodel” mrans one ilivolvingnllclconsand ckltasinteracting by poten-
tials or by meson exchanges. An “unconventionalmodel” refers to one which nccnssa-
rily involves quark degrees of freedom, such as the color quantum nunf~er.

A. Rinat reported on a calculation of the pp-ldn’.reaction in which he incorporated
quark effects in the ANirvertex by means of a cloudy chiral bag model.The ctlanges
Ingoing to this more complicated description are small, of the order of 10T or less.
Rinat feels -- now -- that the amount of effort involved in such calculations at
medium energies is hardly worth it. For the energy regime under discussion, he
says, it is probably most efficient computationally to use the “collective coordi-
nates” of baryons and mesons.

in discussion afterwards, E. Lemon suggested one should not be so pessimistic.
Perhaps we haven’t seen quark degrees of freedom yet because their major effects
lie at center of mass energies above 2.5 GeV, somewhat higher than have been inves-
tigated up to now. You will hear more about this from Lemon later this morning.

Altogether, I must confess that I am pretty sympathetic to Rinat’s point of view on
this question. Certainly, at this point, there is no clear and distinctive signal fcr
quarks in intermediate-energy NN physics. There are a few suggestive experimental
data that, ifthcy prove to be correct, may require eventually a quark-based explana-
tion, I will mention a few of these as we go along,. but, so far, conventional phy-
sics seems to be adequate to describe the physics in this energy region.

V- THE D]BARYOJ!:JROBLEM

The question of whether there are dibaryon resonances in NN scattering at medium

1
energies is now a most eight years old, It Is clear that something interesting is
happening in the D and $F3 partial wave amplitudes, but whether the underlying

fdynamics is convent onal or not is still very controversial. Besides discussion of
these two well-known cases, there were a few suggestions at the Workshop of new
possibilities for dibaryor resonances.

It was strongly cmphasizeclby P, Kroll that, as far as the Particle Data Group’s
criterion for a r sonance is concerned(approximateBreit-Wigner behavior in an

fArgend plot.),the 0? aid 3F waves have “four-star resonances”. The counter-clock-
wise looping bch~vior as th~ energy increases is clear. It is also very clear that
these partial waves are ver

#
inelastic, with most of that inelasticity coming from

single-pion production, ‘Fi“+~~~~”is not clear is whether this behavior is due
to “theoretical resonances”, i.e., poles on the second (or higher) sheet of the tom-
r)lcxenergy plane. The basic nlotivationfor raising s(!cha question is the impor-
tance of the NN+NAthresholds in these partial waves. The coupling to the inelastic
Nd channel provides an attractive force which may or may not give rise to a reso-
nance pole. Certainly, much of the motion on the Argand plot can bc attributed sim-
ply to the thrcshoicis,which analytically correspond to cuts rather than poles.

.
Kroll pointed out that the ‘D resonance appears t,obe nearly “purely conventiol]al”,
a manifestation of this Unll-?raser inelastic coupling mcchanisrll,

b
The situiltionfor

the l_3,he feels, may IIcmore interu’sting,since present conventional modclz do tiut
se:;mquite ahlc to rcproducc all Lhc features of the data, Perhaps this triplet
resonance is “mixed”, havirq bott~a conventional and an unconventions Colllpoll(’r’lt..
Kroll showed transparencies of how the addition of a diharyon resonance term in this
partial wave m~clcdrwuiiticimprovomcnts in h,isDeck nmdel predictions of ccrtuin
obs?rvablos, such tisAuL(pp.~NNv),



It is probably useful to be cautious about these conclusions. First, conventional mo-

dels, especially for NN-*NNTI,are few and limited in the physics they include. Also,
unitarity is probably essential for understanding odd-tensor observable like ANO,
the scattering asymmetry with respect to the beam.Iwill show a fiyurc illurtratlng
this point later on. Kroll and his colleagues plnn to apply their model to predict
AN and other such quantities.
?

Finally, besides comparing with all available NIJ~NNTI
da a, future analyses should eventually also include information on the strongly-
coupled NN+NN, NN+md (and its inverse), and nd-~ndreactions.

A first step towards such a unified analysis has ~lready been taken by an Osaka
group, as reported by N. Hiroshige, They have extende~ the K-matrix approach to in-
clude pp+pp,pp+md, and nd+md amplitudes as determined by recent phase shift analy-
ses for each of the e react”ons separately. Indeed, they find highly inelastic reso-
nance poles in the f 3D and F partial waves.

2 ?
A bit of caution is in order here as

well. The Osakagroup as not yet) included any pp+NNn information in their analy-
sis, and that is the major inelasticity in this rcgi~n. Moreover, or?ccan scmctimes
be fooled by the K-matrix approach. Some “experiments” have been done /2/ in which
theoretical models are used to generate “data”, which in turn areused for a K-matrix
fit. The resulting output amplitudes do not alwavs resemble the incwt anwlitudes.

9re there any hints of new dibaryons, i.e. resonances other than th~ I = 1 lD and
F3 ? Several suggestio~caue upduring the workshop. although none of the fol owingf
needs to be taken seriously yet. First, there was nothing said about I = O d’baryons.
In fact, the data and theoretical curves shown by Meyer for yd-wn can be taken as
evidence that the Kamae data should not be interpreted in terms of a resonance.—.

Things were more exciting in I = 1. Lemon pointed out, on the basis of a vague wiggle
In the Saclay-Cen@ve phase shift analysis, that there might be something resonating
in the 3P0 amplitude near 575 MeV. I was very surprised not to hear a discussion,
in the Worksl,~p,of the three narrow bumps found hy an ORay-Saclay group /3/ in
the reaction 3He(p,d) X, As reported at th~ PANIC, the invariant mass of X peaks at
2124, 2189 and 2243 MeV, with widths of the order of 20 l!eV.A, Masaike told us
about a KEK polarized-target experiment on elastic ml scattering at 740 !,leV,which
shows no trace of a previously reported 1G4 resonance. Pmcifinally, not at the
Workshop but yesterday, M. Lecher told us of another narrow bump at M = 20?0 14eVin
the photoproduction of pions from deuterons.

VI - MODEL DEPENDENCE OF INELASTICITY PREDICTIONS—. —-— .—.

The spin dependence of total inelastic cross sections has recently become availabl~
for the first time, and it ik~~~~nius a great deal about the dynamics of the
Inelasticity.Figure 1 shows AU (pp+NNn) , another version of which appeared several

Iitimes during the Workshop (and t c week since). The three conventional model calcu-
tions miss entirely the shtipeand sign of the experimental data (which comes from
Genkve and ANL). Since it is the triplet (spins parallel) cross section that h~s th~

I negative,sign, the lesson to be drawn from Fig.1 is that there is triplet inelastici-
ty missing from convcntionol model descriptions.

One way of including more trjplet inelasticity, cxploiteclby Kroll and his cc)llc[l-
gues, is to add an explicit JF3 clibaryonrcscmanc~ to the model. This gives, after
fitting a few paranwtcrs, the dashed curve shown in the figure, The fit to tlw dal.fl
Is much improved.

Even more reccntl~ we have begun to scc AO (pp+NNII)data.
T

R. Ilcssshowed us Colli:vc
data for this quantity up to LOO MeV, and t turns out to bu positive. Convcntiunal

inelmodel predictions for AOT arc also positive and rising in this energy rwlion.
Moreover, K. ]mai earlier this year at n conference in JaImn sl~owcdhis extrnct.ud

values of Au ~ncl -at higllcrenergies and has claimed thcm to be in “rcnsonablc
agrecmcmt” wi h the Klout-SilbarpR~diction. lhus wc can draw an import~nt conclusion:
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Fig.1 - Longitudinal spin dependence of the pp-~NNw total cross section,

inel
‘nel Is bad (compared with experiment) and AaTif Ml is good, then the triplet

inelasticity missing in the models has L = J,

At a finer level than total inelastic cross sections, one can study the inelasticity
parameters nL~J in specific NN partial waves. Kroll showed a plot of U(3F3) versus

Tlab, comparing three conventional models, plus his Deck model with the added diba-
ryon, with the values extracted from elastic phase shift analyses. In general, the
conventional models all underpredict the amount of inelasticity in this L=J triplet
wave. (The model with the fitted dibaryon, ofcoursc, does rather well.) This is quite
consistent with the conclusion drawn il the last paragraph,

It is notobvlous, however, tilatadding in a dihar on is the only way to get the
additional inelasticity here. 3First note that the F partial wave is not a pcriplIe-

$ral wave, since the NN state can couple to an NA sta e in a relative p-wave (with
channel spin coupled to S=2), }!owevcr,almost all the conventional models that have
predicted u l? are of the

7
onc-pion-exchange type (including others not shcw by

Kroll). It m gl~tbe that short-ranye forces not so far in the mockls (such as P-
cxchangc) are responsible for the missing inelasticity here ; that needs to ho fn-
vcstigatcd,

In regard to the model predictions of ,1(3F3),it is also worth noting that thcru ti~-c
big diffcrcnccs l~~ti:~enthcm, For example, nt [100MeV the Dock model n is 0,9, while
Lemon’s n is 0.73. Since the inelastic cross section in a portial wave goes like
1 - r17, thnt mcat)s the two models differ by almost a factor of three. It]a non-pcri-

3F3, this soI*tof modol depcnclcncc is’phcral partial wove, like not so surpri-
Siilg,even it annoying.

In fact, Ilowcvci,even the pcripl]vr~lpartidl wavEs show a wide varintion in prt:dic-
ted inclasticitic$, This point was nut ruollydiscusscd at the Workshnp, 1 know of it



body) unitarit.yinthe calculation. The mN input is relatively simple, hut leads to a
model with iterated pion-exchange forces with no free parameter. The Wuppertal group,
as wc have seen, can add in explicit dibaryon terms, which, though a non-unitary pro-
cedure, doesn’t hurt them since their model isn’t unitary to start with. Me, on the
other hand, cannot add such terms (very easily), and have not yet done so.

Actually, the unitary CIPEmodel does quite well iridescribing a large pp-wpn+ data
base. A “typical” comparison with the extensive 800 MeV Rice-Houston data /6/ for an
exclusive differential cross section and the corresponding asymmetry parameter, Ario,
is shown in Fig.2. For this forward-angle proton case, the predicted cross-sec:ion
Is a bit low, but at larger pro cm angl s it is high.

{ ~
This reflects the overprcclic:-

tion, in this model, of the NN( D2)_+NA(S2) Inelasticity, which in turn means a too
isotropic NA final state. The peak in the cross section around out oing proton mo-

?nmntum of 600 MeV/c is due to an NN final state interaction in the S0 or 3S1 states,
Our model does not contain any such dynamics (yet), whence it misses this peak. The
unitary prediction for AN~, shown as a solid curve, has Lhe right shape but is dis-
placed downwards from the data. The dashed curve on that graph is our Born approxi-
mation calculation of ANO, and the difference between the two curves illustrates my
@arlier point about the Importance of unitarity for understanding such observablcs.
r other proton-pion angle pairs, the agreement between model and data is somstin]~s

better and sometimes worse than shown.

6 2 .6 1,0 1.4
Pp

A NO 1

Fig.? - Exclusive deferential cross section and asymmetry for pp+npn+ :It800 McV,
Clp= 14° and G,,= 42” (lab).

This unitary model has also been compared~ with about the same degree of success, to
many other kinds of data on singlo-pion production from 42U to 800 McV. These include
spin-spin Correlotlons /7/, spln-transfer coeff!cicnts/0/ and polarization OZJIIIMI’JI Iy
In Pp-’ppn”/9/ and in Inclusive Pp‘PM /10/o

So, what arc the roblcms In the NNINNIIreactions? I have already discussed
tAU (pp+NNn) and t“’c–nir~<fngL ❑ J triplet illclasticity,Probably closely relatrd to

this is tho wrong sign prt!dictionfor ALL at [!00MeV, mentioned by Kroll. A p~rl]i~pr
enti~ly diffoicnt problcm is th~ spin-transfer coefficient measurccl for t!w inclu-
SIVC pp~/iXreaction at 0° at 800 MeV /11/. Figure 3 shows the kLL coefficient, CCJIN-
parlrlgwith our unitdry model, Again, the s!;q)cand mognitudc ore completely wrong,
In this case it IS nOE Clcilrat all how more L = J triplet Inelasticity cim iu]pix]vc



from a rcccnt preprint by Kloct and Tjon /4/. For example, the 3F4 partial wave ine-
lasticity at 800 i4eValso varies between models by a factor of three or more in the
cross section. Kloet and Tjon attribute the differences to two sources : differences
in the treatment of A propagators, and whether the cutoff functions in the models
are functions of variables appropriate to a two-body cou~led-charmel approach or to
a three-body Faddeev type approach. It is not obvious how the latter ambiguity can,
or should, be resolved.

This model dependence of the inelasticity parameters is unfortunate, since we there-
fore cannot now use theory to fix the peripheral partial wave n’s, thereby reducing
the number of parameters that must be fit in a phase shift analysis. The best that
can be said is that people doing phase shift analyses ought to try searching on the
q’s within an “error band” indicated by the various different model predictions,

VII - HOW GOOD ARE PRESENT DAY CONVENTIONAL MODELS ?
.,

I now want to discuss how well today’s first-generation conventional models compare
with experiment, For the reactions nctnd and ppmd I will be brief, since these
topics were very nicely covered in Lecher’s talk yesterday. On the other hand, the
PP”>N~ reaction has not S.Ofar been very extensively reviewed in this series of
Spin Physics conferences. The basic question to bear in mind”throughout this discus-
sion is, to what extent do disagreementswith data need to be modified by unconven-
tional dynamics?

Reg~rding the T20 controversy in elastic pion-deuteron scattering, there is little
to say theoretically. If the ETH data do turn out to be correct, however, then their
narrow structures will almost certainly require an unconventioilalexplanation. On
the other hand, if the ANL data are the correct ones, then T20 can probably be un&r-
stood with conventional models.

Note all problems in pion-deutercn scattering are discrepancies between experiments.
Although he was not a participant at the Workshop, several people referred to calcu-
lations by H. Garcilazo /5/, which compare well with the itll and (ANL) T20 data.
Unpublished work by him also does a good job in representing the cross sections and
vector polarizations for pion-deuteron breakup, mdfiNN. The problem, however, is
that Garcilazo has no abso~tion channel (i.e. , nd+NN+md) in his model. Is this,
as Lecher says, “a fiiit-ste~lZZIZZIF@? Or, are the usual treatments of the Pll
TINinput amplitude, which tend to involve a big on-shell cancellation between a pole-
term and a background contribution, wrong in some unknown way. don’t know, but the
latter sounds at least plausible to m.

For the pp+md reaction present theories are ove~’helrncdby very precise and numerous
data.Conventionalmodels only predict the trends of observable llke ANO correctly.
The agreement between model and data, Loch~~wecl us, can be much improved if one
simply adds, in an ad hoc manner, some (non-resonant) triplet strength, which in his
examples was in the~~and ‘3F2partial waves. Again, this is quite consistent with
the conclusions drawn AUL and AOT, As far as I know , there are no unconventional
model:;proposed for this reaction (other than Rinat’s cloudy bag essay), and that is
brobably because the data provide no compelling reason to propose them.

For calculations of the reaction where most of the inelasticity occurs, NN-~NNn,there
are only two active groups. The theoretical basis for all models in this energy
region is the isobar model, ptopctsedin 1958 by Lindcbaum and Sternheimer and by
Maildclstam,Here th(~initial NN state makes o transition to a (spectator) nucleon and
an isobar, whictlthen propagates scm distcncc and then decays into a nucleon and a
pion. The most important isobar is the A(3,3), for which the propagator is like n
llrcit-\iigncrrcsonan~e fact~r, TllcWuppertal group, hcadcclby Kroll, uses a form of
tliismodel called a i.)cckmodel (or, a lcrrari-Sclleri nudol), in which the isobar
prc~ductionmnplitudc i~ givm Ilysingle-piun cxcllangvallr.1tl~cIiNinput il]format.icmis
taken from the Karlsrulle-l{clsilll:ionnlysis. Our group /!l/solves couplccl-chrnnul
three-bodyequations fur that production amplitud~, thus maintoinillg(I,wo-and three-



J. the situation. Nor-is it clear whether the trouble comes from the lack of%hort-ranae
forces in the model.
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Fig.3 - Spin transfer coefficient KLL forpp+nX at 800 MeV,On ❑ OO.

What needs to be done to improve today’s Nhl+filbmodels? First, other unified-model
builders should turn their attention to the unbound three-body final state. Kroll and
company and Dubach, Kloet and Silbar badly need some competition! It is very hard to
know what the model dependence of certain predictions is if there are only two models.

A second major improvement would be to go beyond one-pion-exchange forces, To put
shorter-range forces into these :lodels,one could use phenomenolcgical potentials or,
perhaps more satisfying, the exchange of heavier mesons, The nucleon-nucleor final
state interactions are, as we have seen, sometimes important, and these should also
be brought into the models. As mentioned earlier, it might eventually be necessary to
Include explicit dibaryon resonances in the models, and one would hope that this can
be clonein way that does not vitiate unitarity.

In the farther off future, say, in about five years, we might expect to see unified
amplitude analyses of all the I = 1 data in the single-pion-production region, This
would treat NN+NN, NN+7~ and NN+N1ldata simultaneously, using theory to constrain or
fix the high-L partial waves.

VIII - CONCLUSION

In general, theoretical models of the I
better than) could have been expected,
cent flood of new experimentiilresults

nelastic NN region are doing as wel~ as ~.or
This has been no easy task in viw of the t*c-

1 see three major Problems that thcut-ists
must now face : the nloclcldependence of the pcripl~eral-partial wave Inclosticitic’s,
the missing S = 1, L = J inelasticity, and the KkL problcm in forward p[’mX. Ap~rt
from these problems, which probably are soluble in the usual way”, my tiasiccor~clu-
slon tisa spectator at the NN Wurkshop is that there is no c.,~arevidence +.odayin
the NNsystem at Intermediate energies for uncon~cntional clibaryont-eson~l]ces.-—.. ——

In closing, 1 would like tO thank C. Lechanoinc-[.cl.u:for doing css~ntially all of
the organizational work for tl]isWorkshop. J. Soff’crand F, Lchar were very helpful
with the arrangclwnts, suppcrt, and good advice, AridM. Noravcsik as cllilirnmndid a
good job of i~cpingthc Workshop on track, in spite of a very crowi,udscdm.lulr.
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