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In 1693, I seem to remember, William it Mary founded the place in which
we have been enjoying these past few pleasant and profitable days, seeking
after Nature's ways, for the pursuit of "good arts and sciences" together with
"good letters and manners". We have indeed enjoyed good science and good
manners and are most grateful to our local hosts both of William & Mary
and of CEBAF. since the beginning of our conference transmogrified into the
Jefferson Laboratory, for their care of our intellectual and material well-being.

It seems, and indeed is. a long time sin"" 1963 when, in Geneva under the
chairmanship of Yiki Weisskopf, Torleif Ericson. also here today, and Amos de
Shalit. I delivered the first lecture at the first of the series of conferences of
which this is the 14 th. Over the interim things have changed. The first several
conferences went under the name ICOHEPANS for International Conference
on High Energy Physics and Nuclear Structure, a name that persisted until,
after the 9 th conference, in Versailles in 1981, it became PANIC. Particles and
Nuclei International Conference, on the urging of John Domingo, co-chairman
for our present meeting. 1 mention this not just for historical reminiscence but to
emphasize that things have indeed changed and not just in name only although
that change is a useful peg upon which to hang my remark. "Structure" has
dropped out but ''Nuclei'' remain. The early meetings, in the ICOHEPANS
era. were dominated by nuclei and their structure: the ways in which our vision
of that structure could be illuminated by the nuclear interaction of particles of
high energy both in the kinetic sense and, for certain particles, in the sense of
the energy transmitted as rest energy on their nuclear absorption; reciprocally,
the ways in which our understanding of the ^rong and weak interactions could
be enlarged through the use of complex nuclei of known structure. But as time
has passed interest that was originally primarily in complex nuclei and their
structure has shifted more and more towards the structure not of nuclei but of
what we earlier were content to regard as "elementary" particles. Thus at our
7 th meeting, in Zurich in 1977, only 10% of the recorded talks did not have as
their primary objective our vision of the structure of complex nuclei; at the 10th

meeting, in Heidelberg in 1984, that proportion had risen to 35% and at the
14th meeting, just concluding, of the plenary talks it has been 85%. What do
we make of this drift? Is it a loss of sight of our primary mission, that should be
deplored? I think not: it just reflects PANIC'S role in a process of readjustment
and redefinition across the whole sweep of nuclear and particle physics: the
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nominally particle physics conferences used to devote a large fraction of their
business to nucleon structure and before the nucleon had a structure, other than
vaguely in the sense of some sort of effective disseminated spatial extension,
even to the nucleon-nucleon interaction; now nucleon structure falls squarely
in the domain of PANIC while the nucleon-nucleon interaction is even slipping
out of PANIC, where it resided for some years, and into the explicitly nuclear
structure conferences themselves. But we should at least be aware of this shift:
PANIC remains PANIC but we. its clientele, our tastes and interests, are a
move able feast.

But now to the substance of our meeting which has been one of great
richness and variety with some 25 plenary talks accompanied by ten times that
number in the parallel sessions. It would be absurd to attempt to distill the
whole into a formal summary even if that were not forbidden by the great
unities of time and space. What I will do is to pick out just a few of what
struck me as important novelties and growth points and to highlight some of
the great unresolved issues: such is. of course a highly subjective and personal
judgement for which I can make no apology.

Firstly. I need to pronounce a kind of blanket disclaimer that relates to
the great hopes thai we all have for the enlightenment that must flow from the
machine in whose dedication \v« participated a few days ago. Now I have just
pointed out that the properties of complex nuclei as such have almost slipped
out of PANIC meetings. But that does not mean that we know all that there is
to be known about complex nuclei, even in the most general terms and before
we start talking about superdeformation and neutron halos; in particular we
certainly do not know all there is to be known about what makes a complex
nucleus different from the Z protons and A' neutrons into which it can be
dissociated. That there are important differences, a least in the response of a
nucleus to certain types of questioning, we have known for many years. The
study of the influence and contribution of mesonic exchange currents, isobars
and so on. together with relativistic effects, has been, and remains, central
to the PANIC agenda. Now, however, we also know that nucleons themselves
are structured objects with their constituent quarks held together by the same
forces of gluon exchange that, in the last analysis, hold the nucleons together
in the complex nucleus either directly or, through their role in the generation
of exchange mesons, indirectly. The ineluctable consequence of this is that a
nucleon placed inside a complex nucleus must respond to that context: the
structure of bound nucleons must, to some degree, differ from that of those
in the free state; at some level, we shall have to take the quark substructure
of nucleons explicitly into account in our description of complex nuclei. Now
you may argue that we are there already: the EMC effect has demonstrated
it. But that is not what I am talking about. What I am looking for is an
unequivocal signal, the famous smoking gun, that tells me that quarks, as



such, must, literally, come into the reckoning for our full understanding of
the regime of classical nuclear structure physics namely exclusive processes
involving well-defined initial and final quantum states of complex nuclei. The
EMC effect indeed tells us that complex nuclei contain quarks, but that we
knew already because their constituent nucleons contain quarks; and it tells us
that the quarks in a complex nucleus are not behaving in the same way as are
the quarks in Z free protons plus A' free neutrons but beyond that there are
no specific and unique conclusions; the EMC effect does not tell us how, if at
all, other than by being taken off the mass shell, nucleons in the nucleus differ
from those in the free state; the only thing that it tells us beyond peradventure
is that bound nucleons are not free ...

As of today we know nothing about nuclei in the exclusive regime that 1
have just indicated that compels us to the belief that nucleons in the nucleus dif-
fer in any way from those in the free state other than through essentially trivial
binding energy effects. Of course, as 1 have just remarked, there is more to our
understanding of complex nuclei than neutrons and protons: explicit reckoning
of mesonic contributions is demanded even in low-energy properties of heavy
nuclei as E.K. VVarburton demonstrated convincingly through his study of rank
zero first forbidden beta-decay in the lead region where the effect of mesonic
enhancement of the time-like part of the axial current is systematically worth
a factor 2 in the transition rate. Sometimes the mesonic contributions are even
larger that this: the cross section for 3He(n.->)4He with thermal neutrons is en-
hanced by mesonic processes by an order of magnitude over that anticipated for
nucleons-alone as shown by J. Carlson and colleagues. But we look to CEBAF
to take us onto the next sheet in our understanding of the complex nucleus:
to show that in our account of A+B—»C+D, where A.B,C and D are all old
friends in their eigenstates of known J ' T , we must talk the quark language and
that the extended constituent model of N, A. rr. p ... is not good enough.

Needless to say. "must ... not good enough'" will arrive at different times
for different persons; the shade of Ptolemy will, for some, take a long time to
fade; it was well into the 20th century before such giants a" Mach and Ostwald
were convinced of the existence of atoms; perhaps Mach never was although he
admitted to Einstein in 1913 that atoms were a useful physical hypothesis but
even then he did not grant them "real existence". And so it will doubtless be
with quarks in nuclei; there will be those for whom a rococo elaboration of an
ever-more-extended Ptolemaic constituent model remains preferable to Coper-
nican quarks. But, as good scientists, we must wait to be compelled under threat
of Occam's razor and not claim that we can run before we have demonstrated
our ability to walk; the fact that, in certain regime, d<r(fd —f np)/dt ~ s ~ n ,
as already beautifully demonstrated at CEBAF, and reported to this meeting,
does not prove that quarks must be brought into play although it may be con-
sistent with the expectation of perturbative QCD based on counting rules in



which momentum transfer is large to all the constituents of the system and no
form factors are involved; the famous strictures of Isgur and Llewellyn Smith,
that at one time were even (mis)used by some to oppose the funding of CE-
BAF, must not be forgotten. It is the prime job of CEBAF. to lend conviction
to the role of quarks in exclusive nuclear processes.

Within the proper arena of E^>1 GeV perturbative QCD goes from strength
to strength in exposing the asymptotic inner workings of the nucleon; next-to-
leading-order corrections are becoming critically important and are demanded
by the data. However, large theoretical uncertainties remain in extracting the
desired quantities from the data, particularly in the context of certain sum rules.
Structure function data require extrapolation to x=0 with evolution to fixed
Q2 and for this theory provides as yet no unique guidance although "naive"
QCD-based extrapolation looks reasonable while Regge extrapolation is not so
attractive.

We should dearly love and. indeed, need to probe the quark structure of
the neutron with the precision now afforded in our examination of the proton.
The deuteron obviously offers itself but in certain respects 3He may be thought
of as a "free neutron'" and to be able to bring us more direct news. However.
\VP must not forget that at its centre the charge density of 3He is 60% greater
than that at the rentre of the lead nucleus and that we cannot simultaneously
discuss the modification of nucleons on their incorporation into nuclear matter
and claim 3He as a "free neutron"'.

Today's confidence in our knowledge of the neutron, however, permits us
not only to confirm the touchstone of partonic nucleon structure, the Bjorken
sum rule:
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but quantitatively to analyze the QCD correction which, through fourth order,
gives us a value for a,. We may here note that various values of a,, reported
at this meeting, derived from scattering experiments and evolved from about
10 GeV to Mz were 0.111 ± 0.004 ± 0.003,0.113 ± 0.005 and 0.113 ±0.002 to
be compared with LEP's "direct" determination at Mz of 0.123 ±0.006. While
this agreement is certainly a matter for lack of dis-satisfaction we must also
note reservations expressed as to its significance after such evolution over such
a range.

The seat of the nucleon's spin continues to excite and fascinate. The only
thing that we (think we) know for sure is that:

J, = Sf + L\ + Sf + If = ± i

because we know nowhere else where the spin might reside. After much study
the contribution of SJV* seems to be settling down to about ^ of that i with Sj



contributing about -0.1 ± 0.03 of that 5. (We note, in passing, that the irK
c-term namely m<p\ss\p> /m<p\uv + dd+ss\p> is now taking the value 0.15
to 0.2 while from deep inelastic scattering we have p, + pa = 4.1 ± 0.4% so all
indications are for a significant (putatively) strange contribution to the make-
up of the nucleon although inter-comparison of the different kinds of estimates
is not straight-forward. We may also note, in this context, that the lattice-gauge
computations of K-F. Liu and his colleagues have suggested a ss contribution
to the nucleon mass of about 6% - and with a further contribution of similar
magnitude from cc - hence my "putatively'' above. But where is the rest of the
nucleon's spin. In Sf ? In the Ls? We do not know but various possibilities
for addressing L are now emerging; we must wait, if impatiently. PANIC by
PANIC.

An immensely impressive addition to our armoury since the last PANIC
has come in the full flowering of HERA and for this meeting important fruit
has been borne. 27 GeY electrons or positrons on 820 GeV protons at \/s =
300 GeV bring news from r-values down to 10~4 or so i.e. vastly tower than
those accessible to fixed-target machines: the structure function data match
beautifully, in the region of x ~ 10~2. onto those from fixed targets. Some
of the fruit have not so much added fresh understanding as having been of
wonderful pedagogical value, for example the measurement of the cross section
for p(t", ut): previous measurements of the neutrino-induced cross section over
the accessible energy range had shown, with considerable accuracy, and as
expected, a rise linear with the neutrino energy, a linear rise that could not.
however, continue indefinitely owing to the constraints of unitarity. But now
the y/s = 300 GeV point form HERA indeed falls below the earlier linear
rise, reflecting the influence of the finite W-propagator and yielding Mz =
81.5 ± 6 GeV in conformity with the directly-determined value. That was a
sheer delight to behold.

A related inference concerns the possible scale of quark sub-structure where
an upper limit of 10~16 cm or so is found from HERA. (It is impressively amus-
ing to note that a similar limit on the "size of the electron" comes from the
table-top g-2 measurement of H. Dehmelt and his colleagues through com-
parison with the previsions of QED. Of course, all such size-limits are model-
dependent and the relevance of the quark-electron comparison depends on one's
attitude to grand unification.)

A most interesting observation from HERA concerns the jet structure re-
sulting from the e+p collisions. Without any but the most general reference to
the reaction mechanism but using for its description just lowest-order Feyn-
man diagrams we expect the mediating exchange objects to be coloured and
therefore the primary products of the interaction, the "lepton current" and the
"proton current", proceeding rapidly in opposite directions, also to be coloured.
But they cannot so emerge into view: complicated and speedy colour-trading



is necessary to ensure that the constituents of the hadronic recoil associated
with the lepton current and the proton remnant jet in the proton direction
are all colourless. This violent trading, necessarily associated with the multi-
fragmentation of the rapidly-stretching gluonic flux tubes, implies, in partic-
ular, that the proton remnant jet will be a complicated one. But sometimes
is isn't: sometimes it simply isn't there: the overall distribution shows a large
rapidity gap: sometimes the proton, literally, goes down the tube, by itself or
with very little accompanying it. In such events the exchange object of the
primary interaction must itself be colourless so that the fore-aft colour trading
negotiations following a primary colour exchange are not necessary and the
proton merely suffers, in effect, a diffractive nudge and does not come to great
harm. What is this colourless exchange object? It is easy to call it a pomeron
but that is little better than a tautology because pomerons, colourless oLjects
with the quantum numbers of the vacuum, come in different shapes and sizes
depending upon their role. Further analysis suggest that the "object" is about
909c gluonic in its make-up with the rest a (presumably) u,d.s colour singlet.

Another recent development of considerable interest is our ability to ad-
dress the gluon density of the nucleon through:

which opens up to us a new dimension of nucleon structure. (As an aside I
return to the EMC effect in response to a question as to whether we might now
be able similarly to access the gluon density of complex nuclei. The answer
is no because the meat of the EMC effect, the reduction below unity of the
ratio of the structure function of a complex nucleus to that of deuterium at
intermediate values of x. is sandwiched between the Fermi rise towards x =
1. which we understand in principle but which is not very interesting in the
"fundamental" sense, and the increase in the ratio above unity for smaller
values of x ("enhancement"') and its subsequent plunge below unity towards
r = 0 ("shadowing") neither of which we understand well enough to subtract
them out to reveal the gluons.)

A final comment from the world of F2 is a cautionary note: as already-
remarked, fixed-target and HERA data fit together beautifully and now cover
the whole range of x down to 10~4 over a wide range of Q2. Futhermore, all
data can be well represented by a QCD parameterization that superficially
lends considerable credence to the whole partonic construct upon which it is
based. The cautionary note, raised, in particular, by the "molecular" modeling
of the Jiilich group, is that this successful parameterization does not mean that
the physical sense and content of the nucleon are uniquely captured by it: for
example it obscures the possible importance of an explicitly mesonic component
to the physical nucleon.



Finally, before I leave the nucleon, a glance across the chasm, just hinted
at, that separates its structure in repose, its low-energy properties, from its
response to a probing well above the QCD characteristic energy: the chasm
that separates non-perturbative from perturbative QCD. We are firmly com-
mitted to QCD: the many impressive successes of our developing command of
next-to-leading-order corrections and their demonstrated correctness and rel-
evance, as reported to this conference, confirm us in that commitment. But
the major questions of the real world pose themselves non-perturbatively and
we struggle. We struggle with the lattice, which has become a major intellec-
tual industry, through which we hope to build an explicit and reliable bridge
across the chasm and we struggle with the QCD sum rules by means of which
we hope to leap across the chasm but both these struggles are long and hard.
The lattice, despite its multi-gigaflops remains very coarse in its scale and in
its approximations: quarks of realistically-small mass and the full relaxation of
the quenched approximation are still but fond hopes. The sum rules, despite
impressive successes, remain in large measure mysterious, involve mystical com-
mitment and lack a rigorous basis: we leap but cannot know where we shall
land.

To solar neutrinos is a far cry from the nucleon but the message they
bring may be even "more fundamental'", if such a term has any sense, than
thai from the structure functions. There is no definite conclusion as yet but
experimental data are firming up nicely and many new experimental approaches
are underway. Of the now-classical data bases: (i) the Homestake (chlorine)
results, sensitive chiefly to 8B and other high-energy neutrinos, are updated
and stable but have no direct calibration: ± 10%; (ii) SAGE and GALLEX
(gallium), chiefly sensitive to low-energy pp and other neutrinos, are now in
mutual agreement and are calibrated using 51Cr: ±15%; (iii) Kamiokande (t/e
scattering) sensitive to neutrinos of energy greater than 7 MeV, chiefly from 8 B,
is calibrated using 9 MeV gamma-rays: ±10%. The current statement is that
all approaches slow substantial deficits with respect to the expectations of the
standard solar model and have no significant correlation with the sunspot cycle.
In particular, the 7Be neutrinos appear to be strongly depressed. No reasonable
juggling of nuclear cross sections or solar models seems able to account for all
the facts as presented in particular the apparent strong depression of the 7Be
flux. Are we then forced to neutrino oscillations, presumably via the MSW
effect? But can we not juggle unreasonably: the S17 problem of the 7Be(p,7)8B
rate at the temperature of the centre of the sun is still with us; is there a
missing ingredient in our solar models? At the moment we must admit that
the jury is still (Ju s t) o u t - We await, impatiently, results from SNO which will
be sensitive to neutral currents, will have a high rate for certain processes and
should be running in 1997 and from Super-Kamiokande, with many times the
fiducial volume of Kamiokande and a threshold lowered to 5 MeV, which has



already taken its first data. Several other important initiatives, with differing
differential spectral responses, are at various stages of readying and will add
critical detail to the picture. (We note, with relief, that the SAGE/GALLEX
results, which show roughly the same shortfall in the pp neutrinos as earlier
reported for those from 8B, which go as a much higher power of the temperature
at the centre of the sun, refute the hypothesis that the sum has gone out: the
surface, and so we, not yet having learnt about this because of the very slow
radiative transfer from the interior for all except neutrinos.)

Exotics, quark-based hadronic structures that cannot be qqq or qq and glue-
balls, containing no quarks at all, continue to fascinate and to elude; many have
come and gone. Of the exotic mesons in the sequence J p c = 0 , 0 + ~ , l~ + , 2 + ~ . . .
the third now has a promising candidate and of the glueballs. 0 + + . 2 + + . . . , the
scalar /a(1500) candidate may match the lattice's expectation of 1650 MeV
although its decay tells us that it cannot be a pure glueball (what would keep
any glueball pure0) and must be mixed with nn and ss(n = u,d). £(2230).
seen in J/V decay, puts itself forward as a tensor glueball candidate at about
the lattice energy.

So far my eclectic picking of personal high-spots has confirmed the general
drift upon which I commented earlier: towards particles and away from nuclei.
But nuclei there were too and it was impressive to see the way in which through,
particularly, exclusive A(r.r'p)B reactions at NIKHEF and Mainz our confi-
dent knowledge of what nucleons are actually doing inside nuclei is expanding.
The longitudinal interaction, unaffected in first order by meson exchange, tells
us how the proton is struck and increasingly-refined optical model analyses,
inducing secondary effects, tell us how the struck particle separates, or does
not separate, from its parent nucleus. Earlier conclusions to the effect that the
occupation probability of well-defined shell-model states is only some SO-TO^c,
depending upon the nucleus and depth below the Fermi surface, of that naively
to be expected are confirmed although it appears that use of relativistic struc-
tural basis wave-functions may raise that range of probability to 60-80%, but
still well below unity.

We must not worry that nucleons in the nucleus are not following the
prescription of the zero-order shell model. We do not expect them to: nucleons
in the nucleus indeed interact with one another and this must tend to displace
them from their nominal zero-order orbitals into higher states. The simplest
extrapolation, to below the Fermi surface, of the imaginary part of the optical
model potential empirically determined in the continuum would lead us to
expect just such a depletion of the bound orbitals as we now know to be the
case: there is a lowering of the occupation probability below unity beneath the
Fermi surface and a corresponding finite population of states above the Fermi
surface with a discontinuity in occupation, long famous in condensed matter
physics, at the surface itself. All this is well understood, and in large measure



quantitatively so. from the work of C. Mahaux and others but it is beautiful
to see it emerging so clearly experimentally.

Something that has been a Holy Grail for nuclear structure experimenters
for decades is the putting into evidence of NN correlations in the nucleus.
Such correlations there must be, as is obvious from a glance at the NN poten-
tial with its hard core and they figure critically, of course, in nuclear matter
calculations. But until quite recently our inability to probe the nucleus suffi-
ciently cleanly has meant that initial- and final-state interaction uncertainties
have prevented our gaining any unambiguous indication of correlations. Simi-
larly, processes that, of their essence, must reflect correlations, such as (7r,2Ar)
reactions, are bedevilled in their quantitative interpretation not only by the
same problems as afflict knock-out reactions but also by post-prior uncertain-
ties: were the correlations there before the pion was absorbed or were the\ a
consequence of that absorption? Now. however, with effectively CW accelera-
tors and high-resolution detectors together with enhanced understanding of the
final-state interaction we are perhaps at last gaining meaningful exclusive data
on the high-momentum tail of the nucleon distribution although doubts are
still expressed. It even seems to be emerging that the tail is dominated by, as
we should expect, rneson exchange and isobar effects at high values of the miss-
ing energy (nuclear residual excitation) and by long-range (shell-model-related)
correlations at low values of the missing energy.

An important issue upon which 1 have already touched, namely that of
the possible modification of nucleons within complex nuclei, is beginning to be
meaningfully illuminated by these (e,('p) studies: there is no present evidence
for any change in the operative form factors of bound nucleons from those of
those in the free state. Such studies must be of increasing interest as more realis-
tic methods of assessing theoretically, on a quark basis, the mutually-polarizing
effects of neighbouring nucleons in the nucleus are devised. CEBAF indeed has
a great responsibility in this quest. An unresolved theoretical problem arises:
it seems to be necessary, for present practical purposes of data analysis, to use
different potentials either side of the electromagnetic vertex and this violates
the Ward-Takahashi identities, the consequences of which are obscure.

And finally: a sigh of relief: by doing the experiment in the right way at
the right energy and by looking at the results also in the right way the long-
standing shortfall in the Coulomb sum rule has been resolved and the number
of protons in the nucleus of carbon has increased to 6. Let us only hope that by
the time of PANIC XV in Uppsala in 1999, to which we look forward keenly,
that number has not risen to 7 ...


