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Abstract : Various experimental and calculational methods have been used to study 
some nuclear properties a t intermediate energy with l ight ion probes. Nucleon-
nucleon correlations, clustering, and high momentum components of nuclear 
wave functions are among these properties. A summary of a selection of con
tributions to t h i s session dealing primarily with these topics w i l l be presented. 

1. Introduction 

The Organizing Committee has given me a very d i f f i cu l t task, to present an 
im^oducticn in an area I know very l i t t l e about. I note that they have consis 
tently eliminated from th is session a l l areas of intermediate energy physics in 
which I have ever done any work. In looking for a profound reason for their choice 
I have only been able to come up with one explanation. They have apparently tried 
to safeguard the session fran any possible bias or prejudice which the introduc
tory rraaker might have. I fu l ly appreciate such a point of view, bur as iou wi l l 
soon e e , my presentation, l ike a l l presentations, cannot and therefore i s not, 
ent ire ly devoid of personal preferences. 

Sere questions come to mind when I think of nuclear reactions a t intermediate 
energy with l i ght ions as probes. They are : what can be learned about nucle i from 
nuclear reactions at a time when exotic concepts such as quarks in nuclei or ab
normal nuclear matter are a t the center of interest ? Moreover, when pions and 
kaons (and soon also antiprotons) are used extensively as probes of the nucleus, 
should we continue to use protons, deuterons and alphas ? Or, when we move from 
low (or high) energy to intermediate energy, do we only extend our experimental 
and calculational techniques to another energy domain, or do we learn new aspects 
of nuclei ? I would now l ike to i l lu s t ra te the las t point with an example taken 
from the recently published experimental results of Boudard e t a l . 1 ) , who studied 
the (d,p) reaction a t 7co MeV in Saturne I I , Saclay. The measured angular d i s 
tributions for the l^o(d,p)17o transit ions to the ground and f i r s t excited states 
in 17o are shown in f i g . 1. Also shown are their CUBA attempts (solid and dashed 
curves) to f i t the data, multiplied by 1/7. They also tried to f i t the data by 
including a contribution from pion rescattering (dotted-dashed curves). As can be 
seen, a l l three curves do not f i t the data wel l , but the inclusion of pion rescat
tering improves the agreement in absolute value. Boudard e t a l . concluded that for 
the (d,p) process, mesonic and baryonic degrees of freedom are important at ener
gies above the 3 : 3 resonance, just as they are Important in (p,"0 and (p,y) re 
actions. I trust that most readers were not surprised by this conclusion. However, 
commenting on th i s study, Shepard and (tost presented 2) the result of their analy
s i s of the same data, which they labeled a "normalized exact f i n i t e range-CMBA 
calculation", in which they used a best f i t deuteron potential . I t i s evident from 
f ig . 2 that their calculation (solid curve) f i t s both the shape of the angular 
distribution and the absolute value of the data quite well , without the inclusion 
of pion-rescattering terms. In a response to th i s catment Boudard e t a l . show') in 
f ig . 3 that by changing, in the calculation of Shepard and tost, e i ther the deute-
ron opt ica l potential (solid curve), the proton optical potential (dotted curve), 
or the captured neutron wave function (dashed curve) to values used in the or i 
ginal publ icat ion 1 ) , the results change by a great deal. Therefore, they claim 
that DWBA calculations for 160(d,p)17o at intermediate energy are not parameter 
free, so that an agreement of one CWBA calculation with the data should not be 
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Fig. 1. Differential cross section for the reaction 16o(d,p)l70 at 700 MeV (see 

text). 
Fig. 2. Absolutely normalized EFR—DHBA calculations for the data of fig. 1 (see 

text). 
Fig. 3. Sensitivity of the 0(d,p) 0 (g.s.) cross section to various input pa

rameters (see text) 
taken as a proof that the DliBA. alone can explain (d,p) results. 

It is not up to us here to judge which of the two approaches is more correct. Sfc .note, 
however, that the disagreement, and in particular the response of boudard et al, 
touches on an old and fundamental problem which we have always had in physics, 
i.e. whether an agreement of a calculation with a set of data can be taken as a 
proof of the theoretical approach. The point which I would like to stress here 
is the following. If it turns out that (d,p) data can basically be explained by 
the more conventional DWBA approach, we would be gratified. On the other hand, we 
would then lose the opportunity to use (d,p) experiments at intermediate energy 
for the study of picnic effects in nuclei. As a rule of thumb we could say that 
just as the appearance of Planck's constant is a clear indication that a certain 
treatment is not purely classical, the inclusion of pions, deltas or quarks in
dicates that we have left the domain of classical nuclear physics. 

I will new list the major topics which are covered by the thirty six con
tributions to the session. We already know that our session only deals with light 
ion projectiles. I should add that most contributions also deal with targets of 
light nuclei. Six contributions on (p,n) studies, which are used to investigate 
Gamow-Telier strength and stretched wave functions, have been submitted. Two papers 
report on the scattering of 4 GeV/c alpha particles from d, 3He, 4He and C tar
gets, and" discuss the contributions from internal clusters ; while various as
pects of nucloon-nucleon correlations are discussed in five contributions dealing 
with reactions which involve protons and either A » 3 or A => 4 nuclei. Quasifree 
scattering as well us cluster knock-out reactions continue to attract a great deal 
of interest and are discussed in a variety of ways in many contributions, includ
ing seme of the papers mentioned above. Ten additional papers, which are devoted 
mainly to these subjects, have been submitted. Five contributions discuss recent 
experimental and theoretical results on neutron pick-up reactions with beams of 
polarized and unpolarized protons and of deuterons, while one theoretical paper 
discusses the (°Li,d) stripping reaction. The phenomenon of high energy particles 
emitted at backward angles, and the interpretation via "nuclear scaling",still 



puzzles many researchers,and two experimental and two theoretical contributions 
have been submitted. Even fission at intermediate energy attracts some attention, 
with three papers submitted to the Conference. In my talk I will attempt to point 
out some of the experii:s»ntal and theoretical aspects, which for a variety of rea
sons 1 have found to be of special interest. As my time is limited I will have to 
make some choices and to refrain from elaboration, and I apologize to the contri
butors. 

2. (p,n) reactions. 
The cyclotron at Indiana University has now a capability to observe scattered 

neutrons with a long time-of-flight path, which makes it possible to study a va
riety of (p,n) reactions with polarized and unpolarized beams. In two contribu
tions to this session Goodman et al. report on their study of Gamow-Teller 
transitions in (p,n) reactions at 160 MeV on both 1 4 C and 4 2Ca. Their 0° data for 
the reaction 1^C(p,n) 1 4u is shown in fig. 4. The two GT transitions are shewn 
(full peaks) with the T O peak much bigger. They founu that about 1/3 of the GT 
strength, given by B(GT) » 3(N-Z), was missing in 1 4 C and = 1/2 was missing in 
4 2 C a ; and suggested that the missing strength can be explained by a A isobar-
hole mechanism''). This idea is discussed by Krewald et al. in their contribution. 
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Fig. 4. Spectrum at 0° for the reaction 14c(p,n)Hn a t 160 MeV. The full peaks 
correspond to GairDW-̂ Teller transitions. 

They performed RPA calculations, which included a A-particle nucleon-hole contri
bution. Fig. 5 shows that the form factor which they calculated for the 48ca(e,e') 
transition to the 1+ state a t 10.2 MeV (dashed curve) i s lower than the fonti 
factor with no i-hole contribution (solid curve), and that the effect decreases 
with the tranentum transfer q. A further reduction, this time q independent, was 
obtained when they also included an effective Ml operator (dashed-dotted curve) 
instead of a bare one. 

New giant resonances of magnetic type have recently been observed in charge-
exchange reactions') . These resonances are broad and are located about 10 MeV 
above the Garnow-Teller giant resonance. In a theoretical c:.tribucion to the 



Conference, Osterfeld et al. show that this resonance is a superposition of all 
AL = 1 AS = 1 modes, with J** 0", 1", 2~, as well as one iL = 1, US = 0 with 
J* = 1". 
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Fig. 5. Form factor for the *8ca (e,eM transition to the 1 + state at 10.2 MeV. 
(See text). 

When the spin of a two-particle state or of a particle-hole state i s maxi
mum, i . e . when J - J1+J2/ the state i s said to be "stretched". Thel.096MeV (J,r=7+) 
state in 4 8 Sc i s such a stretched state. It can also be termed a O-HD state, since 
i ts configuration is (fff7/2» v^7/2 _ 1 ) , !•••• b°th the proton and the neutron hole 
are in the £7/2 subshell. A 0-ttw state cannot be excited in inelastic scattering 
because of the Pauli principle, but such a state can be reached in (p,n) re
actions. Excitation of such a state i s of particular interest, because the spat
ial part does not change in the (p,n) transition, so that the reaction investigates 
only spin-isospin excitations. A collaboration of Kent State University-Indiana 
University Cyclotron Facility used 160 MeV protons at IUCF to study the 
4 8Ca(p,n) 4 8Sn(7 +) reaction. They were able to f i t the observed angular distrib
utions with the results of a EWBA calculation using harmonic oscillator wave 
functions and an effective interaction given by Love*). A KSU-MTT-IUCF collabor
ation used a bean of 115 MeV polarized protons and measured the analyzing power 
inthe l6o<p\n) i^F, and ^ B e f p » ^ reactions. The 6.37 Mev (JÏÏ=4",T*1) state in 
1 6 F is of a stretched character with a dominant (fd5/2> ,JP3/2' configuration. They 
emphasize that the analyzing power for such an unnatural parity transition i s 
sensitive to interference among several isovector terms in the nucleon-nucleon 
effective Interaction. Again, the results of a CUBA calculation f i t the data 
quite well. 

3. Scattering of He ions from very light nuclei. 

When an ion interacts with a target nucleus at low energy the wave length is 
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Fig. 7. UR for (a) protons and (b) composite part icles . The solid lines and ca l 
culation with no transmission. 



long and the process i s viewed as a c o l l i s i o n between the two macroscopic part i 
c l e s . When the incident energy increases the substructures become nore and core 
important. DeVries and Peng discussed 7) t h i s transit ion and showed that when the 
energy i s high enough the reaction i s rrainly due to nucleon-nucleon scattering, 
and microscopic calculations should be in order. In f i g . 6 we see the nucleon-
nucleon tota l cross section as a function of the lab. energy ; the data are taken 
from Alkhaaov e t a l . ' ) . In f i g . 7 are shown p,d, and a total cross sections on 
seme nuclei as a function of the c m . energy per nucléon. The dip at about 
80 MeV/nucleon i s clearly correlated to the dip in the nucieon-nucleon case. The 
sol id curve i s the reaction cross section, ag, calculated for no transmission 
( i . e . T=0). The decrease of the observed cross section indicates that a non-zero 
value i s needed for T. 
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Fig. 8. Spectra of alpha particles scattered off He, He and C at 7 and 10 de
grees, long-dashed, dot-dashed and dotted lines correspond to quasielastic scat
tering on substructures N,d and ̂ He/^H ; the solid line indicates the sum of 
these contributions ; short dashes represent the elastic peak. The arrows In

dicate the threshold of the n production. 
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In two contributions to the Conference a French-Italian collaboration pre

sents results of = 4 GeV/c alpha particles scattered from very light nuclei. 
Spectra of alpna particles scattered off 3{fe, ̂ ffe and C at 7 and 10 degrees are 
shown in fig. 8. The elastic scattering peak, i.e. a peak due to scattering from 
the whole target nucleus, is seen in each case, and we can also see contributions 
due to clusters in the targets. FOr instance, in the case of scattering from 4ffe 
at 10", peaks due to 3He (or 3 H ) , d, and N can also be seen. The heavy points re
present the data and the solid curve the sum of the various calculated cluster 
contributions. The arrow indicates the threshold for pion production. When deute
rium was used as a target they observed two peaks,as can be seen in fig. 9. The 
quasi elastic peak disappears beyond 14.5 s, the limiting angle for a free a-N 
scattering. Contributions from double scattering can also be noted, and at 4* they 
saw a peak corresponding to a ntt spectator, centered at M = 1130 MeV/c2 and with 
T = 1/2. Such an enhancement has previously been cu3erved in the a-p reaction, 
and dees not represent a resonance. 
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Fig. 9. Spectra of alpha particles scattered of d. Elastic (E) and quasielastic 
(Q) peaks are seen as well as contributions fzan double scattering (D). 

Clusters in the final channels rather than in the target nuclei were Inves
tigated by Chuvilo et al. from the Institute of Theoret and Exp. Phys. in Mascow. 
They used A * 3 ions, while the target nuclei were protons fron the ITEP 30-cn 
liquid hydrogen bubble chanter. In two contributions, they report on results with 
5 GeV/c 3fje ions. They observed 3-prong ( i .e . ppd) and 4-prong events, with the 
restriction that the minimum observed proton momentum was 0.2 GeV/c. They also 
looked at the case of 2.5 GeV/c incident tritons and observed 4-prong events with 
the same restriction. In al l cases, the data were «reared with the predictions 
of the pole nodel') based on the incoherent suntnation of several diagrams with 
exchange of a proton or a neutron, or of a deuteron, when appropriate. The agree
ment was good only when they took into account the final state interaction of the 



spectator nucléons. T5«y also state that they have not found evidence for a di-
baryon resonance in either the pp or the pn systans. 

4. Quasifree and cluster knock-out reactions. 

In the previous section we discussed briefly the PEE? study of reactions in
volving protons and A=3 nuclei, where the investigators used a hydrogen bubble 
chanter, impinging A=3 ions, and the pole model for the theoretical analysis. In 
two contributions to the Conference, Abeog et a l . report their results of ex
periments at TRUMF which studied the 3»'He-p systems, but with an entirely dif
ferent approach. Here 3He and 4He were used as targets and the reaction studied 
was quasielastic-(p,2p) scattering, They used conventional counter techniques, 
with the two protons detected in coplanar symmetric and asymétrie geometries. 
In the case of the 3He(p,2p)pn reaction, an interesting situation exists when 
the recoiling pn system has a zero nomentum. In that case the relative mznentun 
of this pn pair can be calculated, then Fourier transformed to yield the two-
particle wave function. Comparing with the single-particle wave functions this 
then yields the two-particle correlation function. Like most (p,2p) experiments 
in light nuclei, this group's study of the 4He(p,2p)3H reaction was mainly aimed 
at getting information on single-particle wave functions in *Ke. Specifically, 
they were interested in extending the measured region of the single-particle mo
mentum distribution in 4He up to 500 MeV/c. In addition, there had been a dis
agreement between the Chicago data at 460 MeV and the SREL data at 590 MeV, and the 
TRILMF experiment seems to agree with the SREL data as can be seen in fig. 10. 
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Fig. 10. Energy dependence of the differential cross section for the 4Be(p,2p) H 
reaction at zero recoil momentum, the full circles present results of DWIA cal

culations. 
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Fig. 11. Coplanar symmetric angular-distributions for the He(p,2p) H reaction at 
350 MeV . the curves are DWIA projetions with corrections due to meson-

exchange currents. The solid curve ircludes also a spin-orbit correction. 
Also shown In the figure are results of DWIA calculations. We note that the cal
culation agrees with the data best around 250 MeV, which i s the energy in which 
the nucleon-nucleon total cross section has a minimum (see fig. 6). Their results 



for the œplanar symétrie angular distributions at 3SO MeV are shown in fig. 11. 
The curves are CHXA predictions in which the wave functions «ere corrected for 
meson-exchange currents. The agréaient is reasonably good for low recoil momentum, 
but gets worse as the recoil momentum increases. It i s evident that the inclusion 
of spin-orbit terms (solid curve) in the optical potential makes the agreement 
with the data much better. 

Out of the many contributions on quasi free scattering or cluster knock-out 
reactions I would like to discuss an experimental contribution and a theoretical 
one, as they both are devoted to the (p,pd) reaction on lithium isotopes. 

6Li (p,pd)4He studies are intended in principle to check the wave function 
of &IA, and in particular the probability that this nucleus is made up of an 
alpha and a deuteron. Kitching e t a l . l ' ) , who studied this reaction at 590 MeV 
and used the plane wve impulse approximation to f i t the data, found that the 
number of a*d clusters in "Li i s 0.78 ; 0.10. When the momentum distribution >as 
fitted with a Gaussian, the width parameter was 73 Î 1.6 MeV/c. A Budapest-Dubna 
collaboration studied' l ) this reaction at 670 MeV, looking at backward protons 
in coincidence with deuterons in the forward direction. They found that some deu
terons come out of the Is inner shell as well as from the lp shell. The 
^LKprpâ)4^ reaction can, therefore, investigate nucleon-nucleon correlations 
in the 4He core, and in this respect i t i s connected with studies of p + 4He 
reactions which I discussed earlier, the Budapest-Oubna collaboration submitted 
to the Conference their recent results concerning the (p,pd) reaction on ~Li and 
1 2 C at 670 MeV. Again they observed deuterons from both the lp and Is shells. 
The missing energy spectrum taken at 9p = 147* is shown in fig. 12. Here the mo
mentum transfer to the recoiling nucleus i s zero. The high peak centered at 
5niss = 9 - 5 MeV corresponds to transitions to the ground state and first excited 
state of 5He. The other peak is attributed to deuterons ejected from the Is core. 
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Fig. 12. Missing energy spectrum for the reaction Li(p,pd) He at 670 MeV. 

Fig. 13. Energy-sharing spectrum for the high peak of fig. 12. The curve represents 
a f i t with a Gaussian distribution. 

The energy-sharing spectrum for the high peak is shown in fig. 13. The curve re
presents a f i t with a Gaussian distribution yielding a uuna man-distribution 
width of 126 : 16 MeV/e. A similar treatment of the second peak, which corresponds 
to the Is shell,yields a nrmentixn-iistribution width of 233±35 MeV/c. Theyconclude 
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by stating that the satisfactory agreement between their data and their theore
tical predictions suggests that the s shell of "Li and ̂ Li as -jell as of the 4He 
nucleus have similar structure as far as the two-nucleon correlations areccncem-
ed. Also, the fact that in their goenetry they managed to observe transfers of up 
to 1.6 GeV/c indicates the presence of large mcmenfcan components in the pn systan. 

In a contribution to the Conference Zhao et al., from Beijing, China, have 
used the eikonal treatment to calculate the 6Li(p,pd)4He reaction. They succeeded 
in reproducing the 156-MeV data 1 1) using a Hbods-Saxon parameterization of the op
tical potential. For the higher energy data of Kitching et al. l ") at 590 MeV and 
of Albrecht et al. 1 1) at 670 MeV they used a simple partial absorption model, in 
which the waves for impact parameters snaller than the nuclear radius are atte
nuated by a factor Vl-tri- Their results are shown in fig. 14, and indicate hat 
they have partially succeeded in accounting for the shoulder at high manentua 
transfer. They take this to indicate that distortion effects should be considered 
at energies above 500 MeV. 
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Fig. 14. Quasifree scattering fits (solid curves) to the data at 590 
for the reaction <>Li(p,pâ)4He. 

and 670 MeV 

5. Transfer reactions 

He have gone a long way in the last two decades in the study of reactions at 
intermediate energy in which deuterons are observed. I recall the excitement in 
the 1967 Tokyo Conference on Nuclear Structure in which people from the 
Brookhaven National laboratory reported ' ') on observation of deuterons following 
irradiation with 1-GeV protons. The BŒ. group had carried out a series of mea
surements and checks and were somewhat reluctant in stating the origin of the 
deuterons. In principle, there is a variety of experiments involving pi-oimi ir
radiation and deuteron detection which can be performed, and we have already dis
cussed the quasifree (p,pd) reaction. The more elementary quasifree (p,2p) and 
(p,pn) reactions deal with a pair of nucléons in the exit channel, presumably the 
incident proton and a knocked out nucléon. In the (p,d) reaction, on the other 
hand, the conventional approach i s tt> view the reaction in a somewhat similar way ; 
i t i s assumed that the incoming piuUin knocks out, or rather pulls out, a neutron 
from the target nucleus. In this case, however, the pn pair emerges as a bound 
system, i . e . a deuteron. We will soon also discuss a different approach to the 
(p,d) reaction. The main goal of most (p,d) experiments i s to study neutron-hole 
states. 

In a recent article, Liljestrand et al . 1 *) reported their results on the 
200- and 400-MeV (p,d) reaction at TRIUMF using a beam of polarized protons and 
a magnetic spectrometer. They ased 1 3 C as a target and studied the transitions 
to the ground state as well as the first excited state of 12c. As we see at the 
top of fig. 15 the cross section is largely structureless and can be well re-
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Fig. IS. Cross sections and analyzing powers for the reaction 13C(p",d)12C at 
200 MeV. The dashed curves are the results of a zero-range OCA calculation and 

the solid curves are the results of EFR calculations. 

produced by results of distorted «eve Born approximation using either zero range 
(dashed curves) or exact finite range (solid curves) potentials. The analyzing 
power, on the other hand, presents a more exciting situation. There i s acre 
apparent structure, and the data at 200 MeV are different in the forward directkn 
for the two final states. But the most striking aspects is the apparent disagree
ment with the n o t calculations. The reason for this disagreement i s s t i l l un
clear and awaits further theoretical studies. In their contribution to the 
Conference they report on the extension of their experimental studies of the (p,d) 
pick-up reaction. Targets of 'Li, l 6 0 and 4<*C* were used and the results were 
aompared with the results of a recent (it*,p) pick-up study1 ' ) . They note that 
their results support the model suggested by Wilkin'*), which correlates (p,d' 
and (ir+p) experiments with p-d elastic scattering. They also note that their 
results agree with the quasideuteron rodel of Jain to be discussed soon. Unfor
tunately, no mention i s made in the contribution of any progress in the under
standing of why DWBA f i ts ti> cross section so well, but fai ls in fitting the 
analyzing power. 

In an effort to better understand the dynamics of the (p,d) reaction at 
intermediate energies, Siepard and test contributed to the Conference the results 
of their calculations, in which they eikonalized the standard pick-up CWBA ampli
tude. A series of approximations lead than eo a relatively simple analytic form, 
similar to that obtained by Anado17) for elastic scattering. This amplitude 
depends on the geometry of the distorting and binding potentials as well as on 
kinematic quantities. They found that the angular distributions, which are de
termined by the transverse monentun transfer, are dominated by distortion effects 
and not by the details of the neutron bound state, as suggested by the plane wave 
Born approximation, thus diminishing the value of the (p,d) reaction for the study 



of nuclear structure. 
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Fig. 16. Reaction aechanisBi for the A<p,d)3 reaction : (ai quasideuceron triangle 
âiaçran ; and (b) the neumai pick up diaeraB. 

351 M2 fc7T 555 65* 760 S(M«yfc) 

^C(p d)"ags).Tp = 700 MeV 

10 15 20 25 

^mfdas.) 

Pig. 17. Angular distributions for the 1 2C(p,d)llC (g.s.) reaction at 700 *eV. 

A different approach i s presented in Jain's contributinn. As mentioned ear
l ier , picking up a neutron is*not the only way to view the (p,d) process. Jain's 
ouasideutercn. model describes the process as a uroton scattering off a deuteron 
in the target nucleus ; the proton i s then captured, while the deuteron amerces 
and i s detected. This process i s described in fig. 15a, while the nor» conven
tional pick-up approach i s shown in fig. 1ft. Jain's model, in which distortions 
are neglected, svrceerii in describing the shape of the observed (p,d) angular 
distributions as can be seen, for exarple in Hi. 17, for the data of Baiter et 
al **y 

" S- 6 
Singh e t a l . analyzed the (d,TJ.) and ( U,d) 3-transfer reactions. As in 

the earlier discussion of the *U(p,pd)*fie studies, the *LA nucleus here is 
viewed as made up of two clusters : an alpha and a deuteron. Because of the inter
pénétration of the tM} clusters, these authors take the interaction to be between 



nucléon pairs. They evaluated the over lap-interaction function 3 (R), which essen
tially represents the conventional") RA^tRia^fR) term in finite range DWBA 
calculations. As can be seen in fig. 18, they found a much smaller magnitude for 
3(R) as well as a shorter range, both mainly because of the exchange term. 

Fig. 18. Comparison of 3(R) with the corresponding phenanenological quantity 
R2V(R)<MR). 

6. Inclusive backward scattering 
In a contribution to the Conference, Ero et al. present recent results of an 

experimental study by a Budapest-Oubna collaboration, in which they detected pro
tons scattered at ISO" frum p-d collisions at 640 MeV. They measured an inclusive 
cross section several times bigger than the elastic cross section, with a flat 
erergy distribution, contrary to the predictions of the spectator model 2 0). They 
say that their study supports earlier findings21) of an unusual internal nanentum 
distribution above 0.25 GeV/c, and that their results can be explained by assuming 
an interaction through an intermediate A resonance. 

Interest in inclusive backward scattering still centers around the concept of 
quas^-too-body scaling. Several years ago Sherman Frankel proposed22) an interest
ing explanation for the backward production of high energy protons and other light 
ions when high energy protons or ions bombard nuclei. If we consider, for example, 
the backward (p,p') reaction with Ep. approaching EU , the emerging (and detected) 
p' obviously cannot be the incident proton which was scattered once off a target 
nucléon at rest. A great number of nodels have been proposed for the explanation 
of backward production of high energy protons and other ions. These models usually 
involve a collision of the incident particle with a high momentum nucléon, or with 
a cluster in the nucleus. Miltiple scattering is also a possible mechanism. 
Frankel himself, who proposed the quasi-two-body scaling model, suggested that the 
backward ejected proton, in the (p,p') example, is not the incident one, but a 
high momentum target proton/ which is ejected backward in a low momentum-transfer 
collision with the incident proton. He used the idea of Amado and Wbloshyn 2 3), 
that, because the momentum distribution falls off rapidly in nuclei, the cross 
section should be dominated by the lowest internal momentum k ^ that can produce 
the observed momentum of p'. But his most striking result was' his ability to de
monstrate that a large body of data can be represented by universal curves of a 
function G(kmin)/A when plotted against k ^ . The function G O t ^ ) , which is pro
portional to the product of the cross section and the momentum transfer is essen
tially the integral over the momentum density distribution. 
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Fig. 19 Proton and deuteron spectra at 102° for a gold target and 200 MeV incident protons 
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Fig. 20. values of G(fenin) calculated from measured cross sections for various 
nuclei (A ? 12). The solid curves are the same, and were gotten from best f i t to 

data for lighter targets. 
Fig. 21. Values of GOtnur' calcula'tad front measured cross sections for the reac
tion p+A -» p'+X on He, éld and ^Be. The solid curve is the same as in f ig. 20. 
The dotted curve is a calculation of G(l̂ nin) using non-correlated harmonic osci l 
lator momentum distribution. The dashed and dot-dashed curves are calculations us

ing correlated distribution. 
Fia. 22. Comparison of GOc^) obtained from p+(4He,6Lt,9Be) - p ' + X and from 

e+4He - e'+X. 



In a Clement Ferrand-Orsay contribution, Hassan e t a l . report their recent 
data froii a study of backward emitted protons and deuterons as a result of irra
diat ion with 200-MeV protons at Orsay. They used a wide accep*.ance Tabet i c spec
trometer. The energy spectra at 102° for a gold target i s shown in f i g . 19. In a 
contribution from Moscow, Galanina and Zelenskaya treat the case of 1-GeV protons 
incidenting on ^C, and ejecting high energy part ic les into the backward hani-
sphere. They view the process as due to scattering off an alpha-particle c luster 
in 1 2 C , and claim that this mechanism can qual i tat ively account for nuclear sca l 
ing. 

A new approach to hadron-nucleus reactions, with an emphasis on the correct 
treatment of Pauli and binding e f f ec t s , has recently been proposed2'') by Gurvitz 
from the Weiziann Inst itute in Rehovoth. In a contribution to the Conference, he 
applies th i s approach to the phenomenon of quasi-two-body scaling. We f i r s t see 
in f i g . 20 a p lot of G ( k ^ ) /A as a function of 1%^, which he computed from data 
on nuclei from C to Ta for various energies and angles. The same "best f i t" curve 
i s used for a l l of them (solid curve). I t i s obvious from the figure that 
GCkjjj-J/A, which represents the one-nucleon momentum distribution, i s the same 
for a l l the treated cases . A similar display i s shown in f i g . 21 for 4He, ^Li and 
^Be. Also seen are the resul ts of his integration of the one-nucleon momentum d i s 
tribution of Zabolitzky and Ey 2 S),showing a good agreement with the assumption of 
a super sof t core. Fig. 22 shows a similar display, th i s time for (p,p*) data on 
same nucle i , as well as (e,e*) data 2 ' ) on 4He. Again we see the same behaviour for 
a l l these data, and note that the detected electrons obviously do not come from 
the target nucleus. In fact, and agreeing with a recent paper by Amado and 
Wbloshyn 2 7), Gurvitz points out 'iiat Frankel's intfcrpretationof the (p,p') datahas 
great d i f f i c u l t i e s mainly because of the orthogorw<Lity of the wave functions for 
the bound state and the continuum protons. He then explains that since binding 
e f f e c t s lead to the pp amplitude being on s h e l l , and since the Pauli principle 
makes the backward pp amplitude equal to the forward one, the leading process in 
backward scattering i s that of a project i le prouai being scattered off a target 
proton. He concludes his interesting and thought-provoking contribution by s tress 
ing that GUc) i s a universal function, with a f a l l - o f f a t large k of the form 
G(k) -v. e~*^*°, where KQ i s 69 MeV/c. This value i s smaller than that found earl ier 
in phenomenological analyses. 

7. Fission 

various aspects of fission in intermediate energy have continued to provoke 
interest at several laboratories. Chestnov et al. from Gatchina detected the two 
fission products, in coincidence following the irradiation of 2 3 (Hj, 23 2Th and 197Au 
with 1-GeV protons. They selected events with snail momentum transfer and found 
that the sum-mass distribution for the two fission products for each of the three 
target nuclei peaks at 12-15 nucléons below the mass of the corresponding target 
nucleus. For small acceptance solid angles of the two coincident fission detec
tors, the sum-mass spectrum at t 90 s also shows a small peak corresponding to a 
loss of about 100 nucléons masses, as seen In fig 23. Moreover, for almost all the 
events in this group, the energy of the heavy fragment exceeds tlat of the lighter 
one. Vaishnene et al. from the same laboratory measured the fissility as a 
function of Z2/A, and in their contribution they report (see fig. 24) that the 
fissility decreases with Z-/A until about Z2/A * 28, the region of the rare 
earths, after which it stays constant. They compare their results with theoretical 
predictions2*'2*).Saint Iaurent et al. contributed their recent results of a 
Saciay-Orsay collaboration. They measured the forward components of momentum 
transferred to the fission products in the bombardment of a 2 3 2 T h target with 
protons, deuterons and alphas, and following the emission of fast particles. They 
measured both single and coincidence spectr? at several energies between 70 and 
1000MeV. Fig. 25 shows some angular correlations between the two fission products 
when one of the counters is placed at a scattering angle of 90°. The forward 
transferred momentum is extracted from these angular correlations. The arrows 
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Fig. 23. Sum-mass spectrun of the two fission fragments for 1-GeV incident proton 
energy and 238Q target. 

Fig. 24. Fissil ity as a function of Z /A for 1-GeV protons. The dashed curve is 
a calculation by lljinov et al 2*) and the solid .TUXVB i s a calcolation by Nix and 

Sassi 2') 
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Fig. 25. Angular correlations between S o fission products. The arrows indicate 
the angle for total momentum transfer. 

8. Closing remarks 
We have covered now a lot of ground. In several cases we have seen similar 

reactions or similar properties of a certain nucleus studied in several labo
ratories by different experimental methods, and with different theoretical approa
ches to analyze and interpret the data. Such parallel efforts are always worthy of 
encouragement, especially when the authors take the pain to correlate their find
ings with one another. Most, though not all, papers dealt with investigations which 
are natural extensions of work done at low energy. This extension is essential for 
our understanding of nuclear structure. For example, in one way or another many 
contributions dealt, and rightly so, with the high momentum components of nuclear 
wave functions. We certainly need the higher bombarding energy to study high mo
mentum components and short distance correlations. 

I would now like to end my bird's-eye-view talk with a transparency (fig. 26). 
A non expert introductory speaker is like a sea-gull. He first hovers way up look
ing at all the contributions (or fish) in front of him, as seen in part (a). After 
a while he selects one and dives, as shown in part (b). He may score a "hit" as 
In part (c), or a "miss" as in part (d). For the hits which I may have scored, I 
am gratified ; for all the misses I apologize. 



Fig. 26. A canparison between a sea-gull and a non expert introductory speaker. 
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