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s Division, Oak Ridge National LaboratoryOak Ridge, TN 37831-6373, USADepartment of Physi
s and Astronomy, University of TennesseeKnoxville, TN 37996-1501, USAInstitut für Theoretis
he Kernphysik der Universität BonnNuÿallee 14-16, 53115 Bonn, GermanyInstitut für Kernphysik, Fors
hungszentrum Jüli
h52425 Jüli
h, Germany(Re
eived August 21, 2000)This short 
ontribution is a lite MESON2000 
onferen
e summary. Asappropriate for the 600th anniversary of the Jagellonian University, it be-gins with a brief summary of the last 600 years of European history andits pla
e in hadron physi
s. Next a �physi
ist 
hirality� order parameterPC is introdu
ed. When applied to MESON2000 plenary speakers thisorder parameter illustrates the separation of hadron physi
ists into dis-joint 
ommunities. The individual plenary talks in MESON2000 are nextsorted a

ording to the sub
onferen
e asso
iated with ea
h of the 36 ple-nary speakers. Finally, I 
on
lude with a previously unreported Feynmanstory regarding the use of models in hadron physi
s.PACS numbers: 13.60.Le, 13.60.Rj, 12.38.�t1. Hadrons and the last 600 years of European historyI was very happy to a

ept an invitation from H. Ma
hner to give thesummary talk for MESON 2000. However I was qui
kly surprised and some-what dismayed by many of the plenary talks, whi
h dis
ussed meson physi
sfrom viewpoints with whi
h I was only vaguely familiar. A se
ond theme ofthis meeting, beginning with Prof. Jar
zyk's wel
oming talk, was the 600thanniversary of the refounding of the Jagellonian University, and its pla
ein Polish and European history. Late one night, while puzzling over howto redu
e this rather broad meeting to a few remarks, the random thought� Presented at the Meson 2000, Sixth International Workshop on Produ
tion, Proper-ties and Intera
tion of Mesons, Cra
ow, Poland, May 19�23, 2000.(2745)



2746 T. Barneso

urred to me that it would be easier to summarize the last 600 years ofEuropean history than to summarize this 
onferen
e. And, like many wildideas, this one would not go away. So, please bear with me through Fig. 1.
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an learn several interesting things from Fig. 1. The �rst is that, inphysi
s at least, we have made 
onsiderable progress. At the beginning ofthis timeline s
holars were mainly 
on
erned with theologi
al 
onsiderationsthat were not amenable to experimental 
on�rmation. With the reestab-lishment of European universities and re
overy of 
lassi
al texts, physi
istsagain turned to the study of astronomy, whi
h led to a pre
ise formulationof 
lassi
al me
hani
s in the 17th 
entury. The 
opy of De RevolutionibusOrbium Coelestium (Coperni
us) whi
h many of us have seen here in Cra
owis a stirring reminder of the work of our ante
edents in this �eld. To mymind European 
ulture peaked in the 18th 
entury Age of Enlightenment,both in the development of s
ienti�
 attitudes and so
ially, in �elds as dis-parate as government (Je�erson), history (Gibbon), literature (Goethe) andmusi
 (Mozart). With the emergen
e of the romanti
 movement in the 19th
entury, a general de
line was evident; theories of government be
ame moreradi
al, nationalism be
ame fashionable in Europe, and musi
 and literaturein
reasingly re�e
ted the so
ial problems of the age. To quote Wittgensteinregarding musi
, as early as Brahms `I 
an begin to hear the sound of ma-
hinery.' [1℄. Physi
s nonetheless 
ontinued dramati
 advan
es, due in partto developments in this ma
hinery and in mathemati
s, and the 19th 
enturysaw major a
hievements in the establishment of the theories of ele
tromag-
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e Summary lite 2747netism and 
lassi
al thermodynami
s. Finally, in the 20th 
entury Europeentered very troubled times indeed, from whi
h we are only now emerg-ing. One should note that good things 
an arise even in times of adversity,su
h as the reappearan
e of an independent Poland in 1919. Physi
s alsowent through 
rises at the beginning of the 20th 
entury, but we must allagree that the resulting quantum physi
s and relativity are two of the mostex
iting and fas
inating developments in the �eld.Against this 600 year histori
al ba
kground the development of hadronphysi
s has been strikingly rapid. The identi�
ation of the 
ompa
t atomi
nu
leus, the home of most terrestrial hadrons, was due to Rutherford in1911. The identi�
ation of the positively 
harged proton, the �rst knownhadron, 
an also be dated to about 1911. The �rst meson to be identi�edwas the pion, found by Lattes et al. in 1947 (in 
osmi
 rays), and it had beenanti
ipated by Yukawa as the 
arrier of the strong nu
lear for
e. The familiarlight mesons K, �, ! et
. were found in the late 1950s to early 1960s, andthe identi�
ation of these and the light baryons suggested the quark modelto Zweig, Gell�Mann and Ne'emann in about 1963. The identi�
ation ofQCD as the theory of the strong intera
tion, in 1973, was due mainly toits property of asymptoti
 freedom, whi
h had been observed at SLAC inthe late 1960s. The 
ru
ial 
on�ning property of QCD was at the timeregarded as an unproven 
onje
ture, and is still poorly understood. The midto late 1970s saw the experimental establishment of the 
harm and beautyfamilies of hadrons, the �rst sear
hes for glueballs, and the development ofnew theoreti
al te
hniques su
h as LGT. The remarkable QCD predi
tionsof glueballs and exoti
 mesons have taken longer to test experimentally,and the more widely a

epted experimental 
andidates for these states wereidenti�ed in the middle 1990s. This short time s
ale is most reassuring; inFig. 1 we 
an see that almost all the progress in strong intera
tion physi
shas been made in the last 10% of the timeline, and the study of QCD itselfo

upies only the �nal 5%.And �nally, as if to 
lose the 
ir
le, at the end of the millennium manytheoreti
ians have again turned to theologi
al spe
ulations whi
h are notamenable to experimental 
on�rmation.2. The many phases of the meson 
ommunityAfter the �rst few plenary talks I was 
on�rmed in my suspi
ion thathadron physi
s, even meson physi
s, is a very broad �eld with 
learly iden-ti�able 
ommunities that have little overlap. Sin
e mu
h of the work in
ontributing to a new �eld involves learning the �eld's terminology or �jar-gon�, one 
an identify the di�erent 
ommunities by the rate of re
urren
eof 
hara
teristi
 words or expressions in resear
h papers or presentations at
onferen
es.



2748 T. BarnesTwo obvious 
ommunities in nonperturbative QCD are the e�e
tive La-grangian/
hiral symmetry spe
ialists (to whom the pion is the most inter-esting meson) and the hadron spe
tros
opists (to whom it is not). As a testof the idea of separating these groups by their use of language, I invented anorder parameter whi
h I 
all �physi
ist 
hirality� (PC) to distinguish them.PC is de�ned by the number of times a plenary speaker used the word �
hi-ral� 
ompared to the exoti
a words �glueball�, �hybrid� or �exoti
�,PC = N
hiral �Nexoti
aN
hiral +Nexoti
a : (1)This quantity is �1 for a purely exoti
 physi
ist and +1 for a purely 
hiralphysi
ist. I had expe
ted to �nd an interesting distribution of PC in thismeeting, so I applied it to the �rst 18 plenary speakers. The result, shownin Fig. 2, is rather disturbing. One sees 
lear eviden
e of �phase separation�in the presen
e of two almost 
ompletely disjoint 
ommunities in mesonphysi
s!
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PCFig. 2. Phase separation in the hadron physi
s 
ommunity.For those who are keeping s
ore, the two extreme 
ases on an absolutes
ale were W. Weise (39 uses of 
hiral) and A. Sz
zepaniak (over 29 usesof exoti
). There were also 0/0 s
ores (re
orded at 0), whi
h suggestedadditional phases; eventually I identi�ed �ve sub
onferen
es at MESON2000, whi
h are summarized in the following se
tion.
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e Summary lite 27493. The index of plenary speakers and their 
onferen
es3.1. The 
ondensed matter hadron 
onferen
eThis subdis
ipline of meson physi
s 
onsiders the pion to be the mostinteresting of mesons be
ause it is the lowest-lying ex
itation, in 
ondensedmatter jargon the �gap mode�. In this �eld one dis
usses hadrons in termsof the hq�qi �order parameter�, writes e�e
tive Lagrangians for pions andnu
leons, and derives the resulting low-energy s
attering amplitudes and in-medium properties. Apparently part of the game is to borrow as mu
h of the
ondensed matter viewpoint and jargon as possible, and use it in a hadroni

ontext. (I am not being entirely frivolous about what appears to me to bean exer
ise in borrowing jargon, sin
e I a
tually work in 
ondensed matterphysi
s [2℄.)Our �rst plenary speakers Weise, Thomas and (rather surprisingly foran impartial experimentalist) Nefkens identi�ed themselves as belonging tothis 
ommunity through their frequent referen
es to 
hiral symmetry and or-der parameters. Mosel, Senger, Grioni, Cassing and Oset also parti
ipatedin this sub
onferen
e, whi
h was largely 
on
erned with prospe
ts for see-ing mass shifts e.g. of kaons, nu
leons and ve
tor mesons in medium, andin-medium 
orre
tions to other pro
esses, su
h as �� s
attering. In thesetalks one 
ould often hear loan words from 
ondensed matter, extending inextreme 
ases to �spe
tral fun
tions� and even �good quasiparti
le�, whi
his a rather impre
ise notion even in quantum magnetism.Throughout I 
onfess to having a feeling that we need one very 
lear,unambiguous experimental observation of a hadroni
 in-medium mass shiftin a relatively narrow state, su
h as the !, before this work on mass shifts
an be regarded as supported by experiment; the in
lusive distribution ofdilepton mass pairs, 
omposed of many hypotheti
al broad 
ontributions,seems less than 
onvin
ing. Cassing noted in parti
ular that there are severalinteresting prospe
ts for observing ! mass shifts.Experiment has not 
ontributed mu
h to this �eld �in-va
uum" re
ently,largely be
ause the favored topi
s of low energy �� and �N s
attering werestudied long ago, albeit not with espe
ially good statisti
s in ��. At thismeeting however we heard plans for two new relevant measurements. Oneis a determination of the a2�a0 �� s
attering length di�eren
e using �+��atoms, dis
ussed by Gianotti. There are dispersion relations known as theRoy equations that purportedly 
onstrain these quantities a

urately, so thiswill be a useful measurement. The se
ond (at DAPHNE, dis
ussed here byLauss) is a measurement of �KN a0 and a1 s
attering lengths, similarly usingradiative transitions in the hadroni
 atom.



2750 T. Barnes3.2. The good auld hadrons 
onferen
eThis se
ond sub
onferen
e was 
on
erned with �good auld hadrons�, bywhi
h I mean low energy rea
tions and the spe
tros
opy of reasonably wellestablished quark model states. There was a large experimental 
omponentfrom the various few-GeV fa
ilities that are studying these pro
esses. Mesonprodu
tion near threshold, espe
ially as a

essible at COSY, was dis
ussedby Speth. The interesting topi
s here are the various possible me
hanismsfor � and � produ
tion and the re
urring question of the physi
al size of theqqq �quark 
ore� in a baryon. Haberzettl gave a 
lear review of the 
om-pli
ations of ele
troprodu
tion amplitudes, in parti
ular in the produ
tionof asso
iated strangeness at CEBAF. Filippi told us about OZI violationin P �P annihilation, espe
ially in the �nal state ��, and dis
ussed ways ofdistinguishing between intrinsi
 strangeness and res
attering e�e
ts su
h asK� �K ! ��. Moskal dis
ussed PP ! PPf at COSY-11, where f = �; �; �0and K+K�, and noted the importan
e of ISI and the possibility of measur-ing the P�0 s
attering length. Salabura dis
ussed PP ! PPf at DISTO,where one 
an also study f = �; !; �. He noted that one may test hidden-s�s
omponents using polarized PP ! PP�, and also that the PP ! PK+�data supports a simple K-ex
hange pi
ture. Ströher dis
ussed baryon reso-nan
e produ
tion and de
ays, and noted that su
h a programme at COSYusing P beams would be a useful 
omplement to the various photon fa
ilitiesnow planned or in operation. Niskanen dis
ussed the origin of isospin vio-lation e�e
ts in nu
leon-nu
leon s
attering and suggested 
hannels in whi
hthese e�e
ts may be largest. Klimala 
onsidered meson produ
tion in PD
ollisions and dis
ussed how one might test models su
h as intermediate �produ
tion. Eyri
h dis
ussed prospe
ts for strangeness produ
tion at COSYusing TOF, in
luding K� (
urrent), N�s (possible in future), and the veryinteresting but long negle
ted Z� exoti
 �avor 
hannels (in parti
ular these
tor uu �d �ds). Kup±¢ summarized future plans for CELSIUS/WASA, whi
hin
lude rare �o and � de
ays, in
luding the pro
esses � ! �o�+�� (I vio-lating, of interest in �PT) and � ! 
�+�� (for whi
h VMD and �PT giverather di�erent predi
tions). Finally, Bra

ini reviewed the very interestingresults on 

 
ouplings of n�n, s�s and 
�
 resonan
es whi
h have 
ome fromLEP and Cornell re
ently. These results in
lude observations of the pos-sible radial ex
itations �(1440) and a02(1752), and in 

� eviden
e for thelight axials f1(1285) and f1(1440) and the �
, whi
h is apparently produ
edthrough J= ve
tor dominan
e.
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e Summary lite 27513.3. The exoti
a 
onferen
eThe subje
t of non-q�q mesons, the so-
alled �exoti
a�, has seen ex
itingdevelopments of late, with the announ
ement of glueball and spin-parityexoti
 
andidates. This, I admit, was the 
onferen
e I attended.Barnes �rst gave a review of exoti
 mesons (exoti
 meaning having quan-tum numbers forbidden to 
onventional q�q states). We now have two lightexoti
 
andidates, the �1(1400) (BNL, Crystal Barrel, VES) and �1(1600)(BNL, VES). Unfortunately it may be too soon to 
elebrate, sin
e LGT pre-di
ts that the 1�+ exoti
 level should lie at about 2.0 GeV, mu
h higherthan reported. Klempt dis
ussed glueballs, in parti
ular the various statesin the 0++ se
tor. These in
lude the Crystal Barrel 
andidate f0(1500),the possibility of a single very broad s
alar �der Rote Dra
he�, and variousmodels of s
alar mixing and de
ays. Sz
zepaniak summarized the CEBAFHall D proje
t, whi
h is a proposed high-statisti
s meson photoprodu
tionexperiment for the study of light exoti
 and s�s meson spe
tros
opy. Willut-ski reviewed results from BNL E852, in
luding eviden
e for the �1(1590),and in !� for a 1+� h1(1590) and a 1�� !(1650). Note that the h1(1590)is 
onsiderably lighter than expe
ted by Godfrey and Isgur for a 2P state.Close reviewed his very interesting work on the ex
hanged angular quantumnumbers and Q2i dependen
es in di�ra
tive meson produ
tion, whi
h 
an beused as a �dis
riminator� between q�q and G 
andidates. Clearly somethingvery important about di�ra
tion has been dis
overed here, although justwhat is as yet un
lear. Peters restri
ted himself to the �past, present andfuture� of meson spe
tros
opy, in
luding the 10th anniversary of the CrystalBall 3�o Dalitz plot, developments in exoti
s, the importan
e of high statis-ti
s, 
ompli
ations in analyses, s
alars, D de
ays, ... and future fa
ilities.Finally, Stefanski reviewed results from the 
harm photoprodu
tion exper-iment E791 at Fermilab, and noted that the 3� Dalitz plots from D+ andD+s show eviden
e for strong isobar 
ontributions, in
luding ��, f0� f2� and��. The interesting eviden
e of FSI e�e
ts in the 
omplex relative phasesof these states was also noted.3.4. The HEP 
onferen
eSub
onferen
e 4 (on HEP) was the shortest, with just two plenary 
on-tributions. These 
ontributions 
ould be identi�ed by the fa
t that thehadrons were 
learly 
onsidered non-essential 
ompli
ations to the interest-ing physi
s. The �rst HEP 
ontribution was by S
iaba, who summarized thestatus of the sear
h for Bos $ �Bos mixing. This has not yet been observed,but the limits are now rather 
lose to theoreti
al expe
tations, �wat
h thisspot�. Next, Fleis
her reviewed the general subje
t of CP violation in Bde
ays in impressive detail, and suggested several �nal states whi
h may beof interest in future experimental studies.



2752 T. Barnes3.5. The photon�hadron 
onferen
eThe �nal sub
onferen
e I identi�ed, with six plenary 
ontributions, wason photon-hadron intera
tions. (Bra

ini's two-photon talk might also belisted here as a seventh 
ontribution.) The �rst 
ontribution was by LeviSandri, who reviewed the baryon resonan
e program at GRAAL, and notedsome interesting results, su
h as the fa
t that the D13(1520) A3=2=A1=2 ra-tio does not agree well with Capsti
k and Isgur's quark model predi
tions.Brun
ko reviewed DESY results on ve
tor photoprodu
tion of �, !, �,  , 0 and � . A remarkable �universal 
urve� of ele
troprodu
tion 
ross se
-tions versus Q2 was shown for these states. Ste�ens reviewed polarizeddeep inelasti
 s
attering at HERMES, espe
ially the �semi-in
lusive� pro-
esses 
�P ! �; !; �;  ; � +X, tests of SCHC, produ
tion me
hanisms andparton distributions. Arends reviewed the status of the DHG sum rule and
on
luded that there is no indi
ation of disagreement with experiment. Niko-laev dis
ussed di�ra
tive ele
troprodu
tion of ve
tor mesons and the inter-esting possibility of distinguishing 2S from D states through their di�erentQ2 dependen
es. And �nally, Mu

ifora dis
ussed 
harged and neutral �ele
troprodu
tion at HERMES, whi
h 
an be used to test the Q2 evolutionof fragmentation fun
tions. These results in
luded surprising eviden
e ofpossible isospin symmetry violation above z = 0:7.4. Personal favoritesAlthough there were many interesting results presented at the meeting,I would like to take advantage of my r�le as summary speaker to 
ite whatseemed to me personally to be the single most remarkable new experimentaland theoreti
al results.In experiment: The �universal 
urve� for the Q2 dependen
e of ve
tormeson ele
troprodu
tion appears to be a very suggestive observation, andpresumably tells us something very general about hadron ele
tromagneti

ouplings. Does this establish a ve
tor dominan
e pi
ture over dire
t photon-quark pQCD amplitudes? If so, most quark model 
al
ulations of resonan
ephotoprodu
tion and ele
troprodu
tion amplitudes may be ina

urate! Thequestion of just what this result tea
hes us should 
learly be pursued.In theory: Close has found remarkably simple and a

urate results fordi�ra
tive s
attering amplitudes, using an almost 
onserved ve
tor 
ouplingmodel; this is telling us something profound about the long standing issueof just what the �pomeron� is at the quark�gluon level. As with manyinteresting dis
overies, it is not yet 
lear what these results mean, but theysuggest that progress in this long-standing question may now be possible.
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e Summary lite 27535. Feynman storyAt this 
onferen
e, the question of the limits of usefulness of variousmodels must have o

urred to many of the attendees. This story gives someindi
ation as to Feynman's attitude to the use of models in hadron physi
s.In about 1974 as a new Calte
h graduate student I was looking for aninteresting thesis topi
. This was an ex
iting period with many new devel-opments in physi
s, su
h as supersymmetry, string theory, the parton model,non-Abelian gauge theories, 
ompa
t obje
ts in astrophysi
s and so forth.Although I was initially interested in rather formal problems in quantumgravity, the very pra
ti
al and skepti
al resear
h atmosphere at Calte
hstrongly en
ouraged graduate students to study topi
s that led to dire
t
omparison with experiment. Sin
e QCD had just been proposed, and agroup at MIT had just published their �rst paper on the �bag model� whi
hshowed that one 
ould derive many experimentally observable properties oflight hadrons quite simply using quark and gluon �
avity resonator� modes,I began work on this model and suggested it as a thesis topi
 to my advisorJon Mathews. Sin
e Mathews was a rather pure mathemati
al physi
ist, hewas unenthusiasti
. He suggested however that I talk to Feynman aboutthis work, sin
e Feynman had heard about the model at a meeting and hadsin
e worked out many of its predi
tions for hadrons himself. I found thatFeynman, unlike Mathews, was very interested in and ex
ited by what 
ouldbe derived in this simple model; so mu
h so that I rather 
ourageously askedhim if he would tell Mathews that the study of this model was a suitablethesis topi
. The resulting transition from initial to �nal states is shownin Fig. 3 below (this is a Feynman diagram in whi
h Feynman a
tually ap-pears).
| Mathews >

f

| >Feynman
i

| >Feynman
f

| Mathews >
i

Fig. 3. A Mathews�Feynman s
attering diagram.



2754 T. BarnesAs usual, pre
isely what took pla
e within the 
ir
le is unknown, butmu
h 
an be inferred from the initial and �nal states. In this 
ase, in theinitial state jMathewsii the MIT bag model was not a suitable Ph.D. thesistopi
, and in the �nal state jMathewsif it was a suitable topi
. Although thedetails of the intera
tion were not observed, jMathewsif made statementsto the e�e
t that the study of models is useful in hadron physi
s be
auseone 
an abstra
t model-independent features. I presume that this is thejusti�
ation Feynman gave to Mathews. This has indeed proven to be the
ase for the bag model, sin
e it was the �rst to predi
t a light JPC =1�+ exoti
 meson; this exoti
 has been found by all subsequent approa
hes,in
luding LGT. We now have two experimental exoti
 meson 
andidates withthese quantum numbers, whi
h were dis
ussed in detail at this meeting, andthe general topi
 of �exoti
a� is now widely 
onsidered the most interestingsubje
t in light hadron spe
tros
opy.In summary, ea
h model is wrong in detail, but they may nonetheless
ontain some 
ommon physi
al truth.It is a great pleasure to thank the organisers for their kind invitationto summarize the many 
onferen
es of Meson 2000. This resear
h was sup-ported in part by the DOE Division of Nu
lear Physi
s, at ORNL, managedby UT-Battelle, LLC, for the US Department of Energy under Contra
t No.DE-AC05-00OR22725, and by the Deuts
he Fors
hungsgemeins
haft DFGat the University of Bonn and the Fors
hungszentrum Jüli
h under 
ontra
tBo 56/153-1. REFERENCES[1℄ R. Monk, Ludwig Wittgenstein, The Duty of Genius, Penguin, 1990, p.13.[2℄ For a re
ent referen
e on magnon�magnon bound states, whi
h have nothingto do with QCD spe
tros
opy, see 
ond-mat/0005222.[3℄ All 
ontributions 
ited after the histori
al introdu
tion are impli
itly PlenaryContribution, MESON 2000 (these pro
eedings).


