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CONCLUDING REMARYE
Herman FESHUACH

Department of Physics, Massachuselts Instituie of Technology
Canbridyge, Massachusctis

Intrcduction

It s wot possible in these velatively shovt concluding vemarks to do justice
to all tio dmgovtant ccience we have beavd during the past week.  Indeed, the
progrem cesmittes in its dnstructicns to 1w has erphisizead that this final presen-
tation is not to Lo the customarey svimorvy.  Unel I hove chosen to do is to
considor how five major themes hove bean il1luninated in the course of this con-
ference and, within ihece thomes, the problews which need to be resolved in the
m2ar and far fulure. Some of the ivportant rcsults and izsues which have-occupied
us during this conference will net Tit into this pattern and consequently they
11 net be discussed.

Tne five grand topics abeut which Lhis contribution will he organized arve:

§1\ "llew" dogrees of frzedom.

23 "Rew" forms of ratter.

(3) "Hew" veaction mecnanisis,

{64) "Hew" aspocts of weak interactions inside nuzled,

(5) "New" syrwmetrics of the nucleer Hamiltorian.

he word "now" is put in guotes in order to irdicate that the d15cu951on wWill
include both new aszpects of well-known cramples in each catecory as well as now
exainples which hava bedn realized recently. :

1. "HNew" degrees of freedom

(3) Single particle motien in the mean field is the decree of freedom asso-
ciated with the great discoveriss of the fifties, the shell rodel and the unified
model of Behr and Motielson. Particular attention is now being paid to the high
spin siotes such as “hnse seen in M{L) contributions to elecirtn scattering as
reported by Sick'), particle-hole excitations seen particulariy in inelastic
scattering of high enerey protons.hy Gales?), and in the aligned particle orbits
in rapid]y reteting nuclei discussed by Stevens?) and Mattelison*). The properties
of these crbitels and their interaction vwith Lhe core nucleus are the interesting
ospects of these studies. Ve have learned already from the study hy electron
scattering of 170 that the mammetic woment, (1)), is not given as originally
thought by the ucment of the neutran in a d( ) orbit. Core cxcitation pleys a
very dinportant reles and the rosulcing wave Tunction rust be considerahly wore con-
plex than the wave funciion given by ihe naive ind-pendent pavticle snell modeld,
The residual interaction is thus of great inportance,

Arima ‘) has pointed out in his lecture that the problem of the residual inter-
“~tion remaivs uaresolved., According tu Arima, its derivaticn from nucleon-

..ncon forces has not boen successfully accouplished,  Calculational techniques
have dmproved sufficiently that cre must ascribe wost of the problem to the
Jtartan point -~ the deqcra;tlon of the nuclear forces. Of particular importance

the tensor force which i$ weaker in the Paris potential or the.Bonn-Julich one.



The size of the tensor force must be determined. Similar remarks can be made vith
respect to the effective three body force which empirically should be weak. At
the same tiwe, one must ensure saturation under these conditions, One should
wentien the important understood result that the quadrupole-guadrupole force
betycen like nuclcons is much smaller than that between neutrons and protons.
Still remaining is the problem of relating the p-h interactions used in the dis-
cussion of giant resonances and the p-p interaction used in the interacting shell
model, ) _

(b) This confercnce saw a great emphasis on giant resonance (Bertsch®),
Bertrand?), Cardman®), Petrovich?®)). In recent years the giant quadrupole reso-
nance and the monopole have Leen discovered and their systematics determined
(Bertrand’)). DBut a great deal remains to be done as one can see by looking at
the investigations of the properties of the giant dipole resonance since its
discovery. In particular, one wants to understand the origin af the width of the
giant resonances, as well as the way it decays (Cardman®)). But determining the
width experinmentally is not trivial. Backgrounu subtraction has been referred to,
but there is also the question of interferonce with other resonances. [ am also
concerned with the heavy reliance on the DJBA to make the scparation between mono-
pole and guadrupole resonances.  Fortunately, reaction theory can treat the back-
ground and evaluais the correction to the UWBA. One is struck by the extensive
use of a nuber of different experimental meothods used to investigate these
resonances, In this connection there seems to be a large discrcpancy between the
strength of the GQR as determined by electron scatteringl?) and Ly hadron inter-
actions. A second remark has to do with the use of the high encwyy probes such as
the €00 MoV (p,p') (Bertrand?)) and (e,a') studies (480 MeV) at Saturne which
revcal clearly not only thesc GQR and GHR but other structures as weli. These
rmay be the long sought for resonances of higher multipolarity. A theoretical
problen I should mention is the extraction of the nuclear compreszsihbility which
may turn out to be more subtle than it was first anticipated beczuse of the
presence of a surface as well as a volume response.

These resononces may be considercd as manifestations of a wector current type
interaction leading to excitation of natural parity 2%, 2%, etc. giant resonance
states. The excitation of giant resonances by an axial vector tirpe interaction,
the (p,n) reaction or a charqge exchange reaction more generally the so-called
G-T giant rescnances (Bertrand”) and {Rertsch®) is very exciting news. As in the
case of the G2, GOR, GQR, there could be a series of these with differing multi-
polarities. Another reaction in which the same type of axial vecter matrix
element occurs is the (4,n) reaction., It would be interesting to see the strength
with which these resonances are excited in this reaction and to compare them with
the (p,n) rcaction, which can be thought of as a pion stripping weaction,

c) Another erample of a new degree of freedom is provided by the so-called
nuclear melecular resonances, which are of the intermediate structure type. These
have been most visiply in the 12C + 12C and the 12C + 180 systems. But there are

strong indications that they are present, generally to a lesser degree in many
other "light heavy" ion interactions. An example was presented to this meetingll),
Their presence seems to be the consecquence of two circumstances. First, the
presence of an angular momentun window in the entrance and exit hannel, which
selecis particular values of J at particular values of the energy for which the
systems can apnroach cach other closely. They can then interact and form resonant
states. The issue is, of course, under what conditions will this occur? One
discussion suggests that this interaction needs to be on the weak side to keep the
resonances narrow and lecated within the angular momentum window. Of course, the
possible exit channels need also to be restricted to keep the width small.

(d) Experiments done with beams of what used to be called exotic particles
(pions and kaons) have generated an intes>st in a new class of degrees of freedom
in nuclei and in the related subject of ou.er forms of nuclear matter. I do not
need to emphasize here the importance of the nucleon-pion interaction and for that
matter wore generally of the nucleon-boson (p,w,n) interaction for nuclear physics,
Indirect confirmation of their presence inside nuclei has been made with the
observation of exchange currents with electromagnetic probes (Stck!)). However,




3t bos been Wleer dnihis case, in nucleon-nuleon scattering vhere interesting
airuciie hen been found at several hundred MaVoand in 1 GeV proton "He scattering
Lhat Lhe influence of the formation of the A-nucleon resonance needs to be taken
into account explicitly. This raises the whole issuc of the behavior of a
particle resonance such as the & inside nuclei, a problem which has its counter-
parts in a wide range of phepowena in physics. How are they wadified by their
nuclear environment? How can they be used to prohe that environment? These
questions must be resolved before adequate quantitative treatment of the pien-
nucteus interection in its various aspects can be achieved. Moniz!%) points out
applications to lho (c,¢'n) reaction and to three body forces in nuclei. One of
the regimes in which these questions have been addressed and answered is pion-
nucleus scotlering in an eneragy region which includes the free a-resonance enerqy
and width, The wethods ermloved wero initiated by KissVinger and Wang in their
jsobar doorway wodel and hhve boon carried to their present {inal form by Lenz and
Foniz and their collebarators (Foch, Theis, Hirata, Yazaki). Tho principal idea
behind these invesligetions is thut there exists collective modes of the aA-hole
type which overiap strongly with the incident channel, a phencmenon reminiscent
of that which vocurs with tne particle-hole states, the principal components of
giant ruliipole vesonance siates. As in thal case these modas are not exact
eigenfuncticns of the Loiltonian and therefore couple to wore complex mndes, as
well os to wbrorplion o don, qivieg rise to a spreading widlh.  These effects are
{taken into accoint seni-o pirically in matching theory with exparinent.

The Lenz-Toniz procedure should b used in the calculation of three body
forces in nucleil vhich are prnduced bo the excitation of a A by a virtual pion
emitted by bnnfhnr nucleon,  Tha eﬁ1rt~nce of such a force hos been suggested as a
way to xo:o]vL probless in the 1 GeVop - "He elastic scattering,

Beside its direct ivnorience in the understanding of picn-nucleon scattering,
the gonoral rotsed cen be usced for the descrintion of other baryon resonances in
nuclet, such s the Y%, for <d in this case when a K- strikes a nucleon,

(e) Keons have boen used to fore a now kind of nuclei using the nearly

roeoilo s (for pariicutar values of bean fﬂl”hLUJ) reaction (K, ). The nuciei
Toreed are H voenuelei, usually with o neutron replaced by a A; although recertly
somz nuclet kive teen foviead with the noutron replaced by the more massive 5. Dr.

Dality in h1< tell discussad the varicus results and issues connected with these

nuclei, We can ecroect their study to provide information on the & and Z nuclecn
interection, Information which 1t would be difficull to obtaiv in any other way.
Indeed onz qualititive ‘sg»ut sugges tod by Gal and Dover is that the spin-isospin
charecter of the o1, M coupling is theught to be responsible for the existence
of navvew ¢ hypernuciear states. We expect the study of hypernuclei to provide
inforwation as well on the weak interaction A+ n - 2n, uh1ch js competitive with
the simple decav .. - n + % only inside hvpernuclei, Studies with the heavier
nuclei as taveets will tell us if a collective state of the A- neutron hole type
can be formed.

07 course, the prop ertieq of hvpeynucled
end hzvo been discusscd by Dalitzl¥),
use of tho M an h‘p:“nuc)r1 as a p
a probe stens in part

are intrinsically very interestiing
My romarks will be limited to the possible
robe of nuclear structure. The interest in such
{ron the fact that the Pauli principle doesn't apply, yet
the A is a baryan ca thet its interacticn with nucleons 15 reasonably strong and
short-renned,  The effect of having @ baryon in any orbital, and 1 eumphasize the
word “any", rry thercfors bocor2 available for study.  The A will, for cxample,
produce chanﬂ?n in the wacroncopic preperties of the core from their value in the
absenca of the *. Tie core radius will chance and with it the Couloub enevgy.

The MOant of inzrtia vill change, as well as ihe vitrator frequency w, the super-
- conducting gap &, and the verious clectromacretic properties. These changes will
be reflocted by the wnnryy spectrum associated with excitations of the care and
the transitions betweos these levels.  The notion that many of the excitations of

hypernuclei involve the excitation of the core nucleus only seems to be verified
s the recent BNL experinents on 13C, N, 120, Measuremeni of these changes as
they apply seew to be feasible for p-shell hypernuclei. But it is uf importance
Jdt Lhis context to extend the identification and measurement of hypernuclei states
to heavier nuclei which exhibiti the macroscopic properties described above clearly.




I dan't trow whether such deteyminations will prove feasible bl 1 am encoursond
by the vecent measurenent of the gamma ray spectrum produced U a decaying nyper-
nucleus.

(f) Certainly one of the most exciting prospects which wz face in nuclear
physics is the problem raised by the modern picture of hadron structure as
descried by the HM.1.T. bag and by quantum chromodynamics!“). What indeed is the
quark structure of the nucleus? What is the nature of nucleayv forces at short
distances where the quark structure dominates?  The M.1.T. bag involves a hadron
radius of approximately 1 fm. This implies a severe non-locality in nuclear
forces and makes such simple models as the one boson-cwxchange rwodel suspect,
Indeed it may lead to a revival of the buundary condition model as that madel
seems ospecially appropriate in the context of the bag model.  Such a model was
used by Low and Jaffe to successfully explain piun-pion and pien-nucleon scat-
tering. The question arises as to what happons to the bag when the nucleons are
inside the nuclei. Da the bag surfaces dissolve and the ruclear structurc
description in terms of nucleons remain valid because of the strong quark-quark
forces favoring color singlet clusters or docs sowre rennant of the Lag surface
remain in place?  Herman raises the question of the effcctive rass of such @ color
singlet cluster., Percrbhor thot the efi1ective mass of the nuclzon in o nucleus is
a manifestation of e nen-locality of nuclear forces, The naewure of the ecrchanos
currents is substentially altered since one can have ¢nlor as well as charos
carrying currents, Theuwreticel expluratory studies are beinyg made of the duserip-
tion of sitple nuclei using the quark-gluon picture; for craple, the “He nuclcus
as a 12 quark system and so on, It will be interesting to sec how far one can go
with this rodel and what it impiies.

On the other hand, one con ask for direct experirental veorificotion of the
quark structure of nuclei. We recall that the guark structure ={ the hadron was
denonstratad by the MIT-SLAC group by chservation of the deep Tazlestic scatlorinn
cf electrons, Wo need to consider and plan for the analogous 2 <perimsnts which
will revcal the guark structurs of the nucleus and how that picoure chences into
the rucleon picture traditionally employed.

2. New forms of matter

New dearecs of frecdom imply the possibility of new forss of nuclear or rorg
generally hodronic rattar, istorically cne can g2 back to the lee-Wick "ebnornal
nuclear ;.iior" for which the new degran of freoedom is tha o ficld,  If the new
degree of frecdon is taken to bo the pion field, the irnlied new Torm of matter ds
produced by pion condensation which will ccecur at densitios whicm are sufficiently
large that it is energetically profitel:le to crecte pions in nacioscopic nunber,
If, on thr other hand, the new degree of froedom is represented by the auark, we
are dealing with guark rattoer, whose stability rayv anproach thei. of ordinary
nuclear matier for hovover unusual values of the strangencss quontem nurber,

Experimental dssues of irjurtance here are (1) the preductiton and (2) the
detection of the production of such now forms of matter., Se o~ bave suggested thol
the appropricte consities will be achidevad by heavy ion collisicns where the cner.y
is large encugh to pericit substantial internznetration.  Astroplvsics forins 2n arca
where one rignt Teak for ranitestations of aow forms of ratter.
condensates speed

Forr exainnle, pion
up the procnss of cooling of peutron stars by several orders of

magnitude, A third possibility 1s that there are indications, . o-cilled
"precussors,” which can be detected at ordinary nuclear donsitics.  Such a pre-
cursor rachanisy has becn suguested to explain the inelastic scattering of elec-
trons by 13C with cxcellent agreement obtained ernloying such a mechanism.  One
problem is the relation of this mechanism to confiquratlion miximg. O0f course,
configuration mixing wust be taken into account. But then one must ask: Do these
tvio machanisms really differ or are they differing ways of represeniing th: sane
underlying phenomenon?

The appeal of these exotic forms of matter should not obhscrmre the importance
of understanding the properties of our "ordinary" nuclear maticr spinning very
rapidly as discussed by Hottelson*) andfor at various excitatiom encrgies. The




reginas under which thermodynamic concepts, those of equilibriam statistical
mechonics, couetions of state mentioned by GyulassylS) can be applied and when
non-cquitibriun statistical mechanics and classical dynamics can bLe used need to
be delermined. These were discussed at this conference by K. Dietrich!®) and
evidence that a statistical Jiffusion type theory is implied by experiment has
been resented by Gobbil7). The notion some quantities change slowly with the
numbe » of interactions and others very rapidly seems to me to be of central impor-
tance for theso discussions. Heavy ion reactions seem to he the specific experi-
mental area on which such questions can be addressed. However, it is of essential
importance that the effect of the prompt (direct) reactions be carefully evaluated
in order to delineate the phenomena to which these statistical approaches can be
applicd, As both Dietrich and Scott!®) warned, a considerable fraction of the
reaction praceceds in this foshion., A greal deal of physics remains to be done
here. Because even if we have the correct formulation the actual physical inputl
still remains to he delineatced. Particle transfer, shape charge, excitation of
giant resonances wnd so on, which of these occur and in what erder? What is the
path of tho system in reaction space?

3. New reaction mechanisms

(a) The traditional concepts of direct and compound nucl@ar reactions need
to ha generalized. 1In Fig. 1 we indicate the regimes where the:se concepts apply
and where one pust include as well nulti-step direct and pre-equilibrium processes,
The required generalizations have been made in the course of which an unexpected
statistical process was delineated. This can be understoond as a stati-tical
way of treating the multi-step direct process when very many exit chanaels and
intermediate states are involved. [t would be inappropriate fur me to attempt a
complete descriptien, but since it was not reported during the «conference perhaps
a few exarnles by Eonstti and Mlazza-Colli of its satisfactory wpnlication would
be perrmissibic. In fig, 2-4 we show the spectrum at three cifferent angles
generated in the 15°Sn(p,n) reaction. e see how the total is made up of single,
double, and three step contributions: the multi-step contributinns achieving
greator importance as one goes to larger angles and lower neutron energies. At
the vory low neutvon ensrgies, or for that matter as the proton -energy is
decressed sufficiently, another process becomes important, thdt of the multi-step
compoand.  Thore is no time to discuss it except to say that inm the limit it
becomas the faniliar statistical theory of nuclear reactions as. formulated by
Weisskopf. This problem does therefore appear to be under control. But the
physics remains! What steps are important, and how to identify them are central
questions. What experinents should be done? One immegiate application, for
vhich the details are perhaps not that important, is the calcul.ation of the back-
ground for the gient resonancas., The calculation of Shakin and ilang for the
giant dipole is an erample. The removal of the background effects are required
befors the position end width of these resonances can be accurately determined.

(b) The tive dependent Hartree-Fock method (TDHF) involves the approximate
solution of the tire dependent many body Schroedinger equation wsing single
Slater determinants with the time dependent single particle wawe functions to be
determiined by a self-consistent method. This procedure has been used to discuss
heavy ion induccd reactions. These calculations have been very instructive,
certainly at a qualitative level. At a quantitative level thew do leave much to
be dewired. The quartitative relation to observables is not straightforward, and
althouqgh some have begun attempts to look at the next order of approximation, it
is rlearly a formidable task.

I would like to bring to your attention another procedure which has recently
been formulated by Levit, and applied togother with Negele, Petrel and Koonin,
trea}) that it is always possible to formally lincarize equaticns by intvoducing
Lo dependent variables. In the method of Levit, this is the #irst step, nomely
the lincarization of the many body Hamiltonian by the introduction of an auxiliary
olass.cal field., The second step is the evaluation of the appropriate physical



ouantitics, whith von alvavs be expressod as matrix elemonts of the tine-
propaoation which in turn involves this Hemiltonian, by the method of stuticnary
_phase.  This procedure yields semi-classical rewults but has the advantaae that
it is not perturbative, that it is not limited by the strength of the interaction.
Application to the theory of fission has been made and others ere in progress.

‘e) A great deal of intercst has been expressed in recent years in the
interaction of relativistic heavy ions with nuclei. In this conference, sce the
discussions by Scott!®) and Gyulassyl®). Tie hope cxpressed by some is that such
an interaction would result in the production of regions of high density and
temperature which might make possible the production of the new forms of matter
described earlier or of the super-heavy oloments. This would require mechanisms
which would deexcite the svstem without substantially changing the density. From
the investigation of collisions of relativistic protons (and more generally
hadrors) with nuclei it is apparent that these hadrons deposit a fixed amount of
encryy in the nucleuws and thot uhe space-tinme character of the hadron-nucloon
interactions plays a fundamental role. further cxneriments with single hadron
projectiles remain to be done to completely characterize this point.  Once under-
stood the questien of interest is to whet extent this is modificd when the ingi-
dent projectile is a relativistic heavy ion.

A major need is the developrent of useful deseriptinns of the many particle
final states, Corrdlatien tvie ooperiments are cssential -- but cne alsu needs
to know which will provide the most incisive information.

AL these energies cne can expect Lio production of miny hadron types within
nuclei: picns, kaons, A's and so on.  Sermo of the interc-ting cunsequences might
include the formalics of 1 tyvpo states, the dibaryon stuies of the bag model (or
of double A hypernucici). Here correlatlion type cxperiments would be essential.

4. New aspects of the weal interactions in nuclei

Keak interactions were orinqinally discovered in the decay of naturally
radicactive nuclei,  Present day caneric mts use the nucleus in testing the conse-
auence of recent developments in tho unificd gaure thenries, We recall nuclear
tests of C¥C, PCAC, a@nd second cl2ss curronts.  In addition, thesc studies aiso
provide new tocls with which to study nuclai.

(a) By choasing specific nuclei and specific transitions the spatial and
symretry structur2 of the rocently discovered week neutral currenis predicted by
the gauge theories zan be studicd tnrough the scatterinag of electrons by nuclei.

{b) The recent reasurenont of the violation of parity conservation in the
scattering of protons by protons ) will stirulate many experiments; first to
delineate the spatinl and syr:ietry structure of the weak nuclean-nuclecon inter-
action; and secondly, once that interaction is understood, to use this interaction
vhich is weak and short-ranged to probe nuclear structure.

5. New symmetries

Nuclear systers form an dirmorsely rich source of phenonena.
tage but there can 2loo be an “embarrasssont of riches". For exarple, one some-

times hears that if we only knew the residual potential the interacting shell rodel
provices the edconturctions and by dianenalizing in a sufficiently large space the
nuclear siructure preblen vould to solvoed. Unfortunately, this isn't true. Talmi
has provided an ex . le,  His point is that as the number of valence orbits and
valence particles increase, the number of states which can be formed grows astro-
nemically. In a typical nucleus like !245m5. the nurber of valence ncutrons is 10

This is an advan-

v
and the anpropriate single particle orbits are Yhyg, ?fy0, 2fgns “Paay Pras i1323
the nunber of velence protons is 12 and the orbits are Yq5,, 2dgs, “dag, 35y,
Yhigz. The nunber of J = 0 states is 4.1 x 1013, J = 2 states is 3.5 x 1014,

J =4 ds 5.3 %« 101", Obviously solving for all these states would be a ridiculous



prouvar. Me thorefore nust face the important questions: which of Lhese 10MH
states are interesting?  How cen they be selected and studied kuth theorctically
.and experinentally? Hature has been heipful in providing som2 enswers -- llature
has selected cut the low 1ying levels of nuclei, which are relatively sparse,
These levels are Jow becausc in some fashion they take advontage of symmctries of
the nuclear Hamiltenian, The symmetries manifest themselves in that one can find
families of levels wihich bear a relatively simple relation to eech other, The
rotational levels form a simple example. Their energies, electromagnetic preper-
ties and transition rates are simply related. When such families of levels can be
identified, a symmetry property of the nucleus has been uncovered, In the case of
the rotational systew the group is known as U{5). Another case in pcint is the
isospin symmetlry. Are therc cther synmetries? [If there are they can be used to
understand nuclear properties and conversely they reflect upon the nature of the
nuclear Hamiltonion,

During this conference ve heard a discussion of groups and nuclear structure
by Moshinsky"?) and in particular the role of the interacting bosen picture. The
use of such a picture is, as you all saw and heard, still very controversial. 1
will not attenpt teo deccribe the nature of that controversy; but with the distin-
guished thearists or both sides involved, 1 expect that it will} be resolved soon.
However, it is & fact that the IBM-10A devoloprents have had a ereat imppct -- and
it is no exaggeration to say that it has led to a rcnaissance i nuclear spectro-
scopy of Jow lying leveis by providing a relatively siaple thecretical framewark,

There is one aspect upon which I would like to coaments; namely, the nethod
used by lachello, Arima and Talmi provides a method which permits a systematic
search for syrmmatries. Their method is quite analogous to the nethod used by the

high energy physicist which, for example, led to the discovery ri the SU(3) syim-
metry armong the lighter hadrons of bnth the baryonic and resonit typzs, eventually
to be explained by the underlying quark structure. To see how this method i< used
for nuclear structure let me briefly review the application of i, The assump-
tion is made that the elementary excitations of a nucleus like I3%Sm are taven to
be s(j = 0F) and d{j = 2%) bosons. Assuning that the Hamiltouniin is inveriant in
the space forwed by the nossible multi-boson states implies & group structure; in
this case W(6). The propertics of the group are reflected in t-e propertics of
families of levels of this Haniltonian. Without going into the controversial
question of hcw well this model fits the data, one sees that if it does fit, a
symmatry of the nuclear Hamiltonian would have been discovered. One can of course
imnediately think of other possibilities such as the larger gro:p formed from the
0t, 2%, 4* bousons or for other types of nuclei perhaps the 1=, ¥ bosons might be
the most appropriate,

0f ccurse, all these dynamical symmetries are approximate. And the relation-
ship to the actuzl nuclear Hamiltonian is the ‘mportant issue f:r the long run.
One must ask and show how an observed symmetry is related to properties of the
Hamiltonian for that observation to be ultimately weaningful. In the case of the
IBM several theoretical develnpments which permit such comparirans demonstrate
the general techniques which need to be used and thus the feasivility of such an
approach,

In conclusion, let me point to the broad generality of the results and
probleins which have been discussed this week, They are importint not just for
nuclear physics but in fact for all of physics and in some cases for chemistry,
One of the major contributions of nuclaar physics has been the ¢iscovery of
methods which can be used to treat and discuss strong interactisns. It 95 no
accident that many of these techniques are now being used by pirticle physicists.
The behavior of resonances inside matter is of intersst to soléd state and atomic
physicists. The results of the study of reaction mechanisms are apnlicable
wherever reactions are used to study systems. The statistical mechanics {equili-
brium and non-equilibrium) of relatively small systems is of fundamental impor-
tance. The nature of weak interactions has been clarified in ihe past by studying
cheir impact on nuclear dynamics. This continues to be a fertile source of infor-
mation regarding these basic forces.

Each sub-field of physics contributes in its own special way to the resolu-
tion of these fundamental questions, increasing thereby the ability of the physi-

.
L3




cal scicnces to undersiend, pradict and produce natural phenomena.  This conferonce
demonatrates how nuclear physics contributes importantly to this effort, an efiory
that has constructed an intellectual edifice, that is one of thaz greatest achieve-
nents of the human mind.
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Figs. 2, 3, and 4. The double differential cross-secticn for neutron
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