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"fiiltheory'was touched upon at some point, with excursions into atomic physics

L v
T,y

"lof Particles Emitted in Nuclear Reactions was held in Gatlinburg, TEnnessee
. i_ from l5-l7,0ctober., In addition to the APS the-conference was SPOnsOred by.f;é
iii'the Oak Ridge.National Laboratory and‘the Nuclear Structure-Subcommittee of ;f
'vifthe National Science Foundation and the National Research Council.

l“?';appears both esoteric and recondite, almost every facet of nuclear reaction

:{:fand high-energy physics. The conference was fascinating because of the univer-

:tif"sality of the subJect being discussed and unusual because while most of the= :
fj}ﬁabout theoretical nuclear physics and fundamental quantum mechanical problemS-;;

- 'Body Problem.' The three-body problem is the most celebrated of all dynamical

© body problem of nuclear physics since here the interacting particles have com~- i

- acting between them since they may often be sufficiently close together that ;f:

":ff;their intrinsic structure becomes important. The hope however is the same:

vgf-body forces.,

" participants were experimental physicists the long discussions vere mainly

- numerical solutionshave been obtained by successive approximations. The' approxi-j
r‘_parable masses and to make things worse they have forces of extreme complexity__.

‘ that the nuclear three-body system is capable of description in terms of two- "

test & theory. The dynamical structure of the system cannot be discovered from

L,

A topical conference of the American Physical Society on "Correlations

This was an unusual and fascinating conference. "Though the subJect

The conference might more appropriately have been named "The Three-

\

problems and has troubled physicists from the earliest days. In a few well-.

'
known systems such as the sun, earth, and moon and the helium atom accurate

mations which make these examples relatively simple cannot be made in the three-’

The bound three-body systems in nuclear physics, namely the H3 and He5 ;

nuclei’have only static properties such as binding energy that can be used to fé




.:,decay into three free particles, the kinematics of the decay reflects the

;:5T‘ﬂ‘chose as an example the scattering ‘of photons by atoms. For very low energy

“”.'ftrevealed (Tyndall effect). For intermediate energy photons the Raman effect

- -from an individual electron in the atom and in a single-stage process both 8 .

" reduced-energy photon and a recoil: electron are emitted (Compton effect)

p in the final state are more complicated than in the atomic analogues because

~ were under study. These ‘excited states if they have sufficient energy can- 1"}‘

x‘{information about specific dynamical configurations of the system.

o the conference with an introductory talk which he described ‘as "suitable for :
"wf;first-year graduate students ‘He said that most of the phenomena under study 0

\.had analogues in atomic physics where better approximations can be used. He

‘photons the scattering occurs ‘from the atom as a whole and no structure is

. ing ‘event the energies and directions of all the particles emitteds;'Becausevf

l,a_energy and momentum conservation have to hold for the interaction as.a whole

".it is only necessary to measure two of the particles, the energy and directionv
"5wof the third can then be inférred. These energies are measured in the labora-s

"tory frame of reference which is rarely the one of interest, 80 it is necessaryﬂﬁ

. :ﬂ;to choose. frames of reference of 1ikely importante and transform all the rele-égl“

. vant momenta and energies to these frames. Which fremes of reference are usefulf?,

its static properties.: At'this'cbnference'three-bOdy'SySfémS in’excited'statesj§f7V

-internal dynamics of the system so that experiments can be performed which give.’

C. Zupancic of the J. Stefan Institute in LJuleana, Jugoslavia opened

oceurs: in the initial process the photon is scattered with reduced energy L
while the atom is left in a long=lived excited state which decays by emission

of a second photon.A At very high energies the incident photon is scattered .

In nuclear physics the kinematic relationships between the three particles

the particles have comparable masses. It is necessary,to find for each scatterevl
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"?i“which form an almost bound state.' In the nuclear analogue of the Compton '
"1:;feffect (knockout reactions) the center-of-mass frame of the incident and struck ?
o ';;fparticles is of prime importance. Furthermore the 1aboratory frame of reference'

'~“}'is now significant since whatever. remains after the particle is knocked out

| f atomic interactions it is_possible to choose experimental conditions,(bombard-i”

'Lf,the well-known final-state-interaction theory of Watson. The theory enables fi'

';jone, in sequential processes, to derive the decay behavior of ‘the system from 3

.~p;depends on the reaction mechanism. If the reaction proceeds by a sequential
i". process by emitting one particle first 1eaving behind a long-lived state of
:;: two particles vwhich later decays, it will be found that the total energy of 5;f
e ‘the latter two particles measured in the rest frame. of the center-of-mass of f5
C the pair is almost constant, the energy spread reflecting the lifetime of the
v::fiftwo-body state via the uncertainty principle. If the reaction proceeds in thisjft
i‘fashion well established ‘procedures. using the laws of conservation of angular
1? momentum and parity can be used to find the properties of the two-body state. \if

i; This type of reaction is dominated by the interaction between the two particles -

remains almost at rest in the laboratory.~.Zupancic stressed that as for the if;{ﬁ

n'ing‘energy or counter angles) such that'particular'reaction mechanisms pre;
‘dominate and ve usually pick situations where the mechanism is dominated by the*i
" two~body forces. However, in general seweral reaction mechanisms can contribute

- and interference effects will appear to complicate:or.in'some cases assist the -
‘processes which had been derived by Phillips, Griffy and Biedenharn by modifying

”ffthe cross-sections for elastic scattering of the two interacting particles,x
; ,i-fwhich can be measured in a separate experiment. This approach typifies the'~%

5 ””“fpurpose of these studies and is essential since even in a seqnential process ?f

P

interpretation.

?. Swan, of the. Rice University, described a theory of sequential decay'

v ‘yrl . )
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- ",the secondary two=body system may not be in a state of ve]l-dei’ined spin a.nd

_b_."psr_ity. If such a theory can be proved to work it vill be possible to use it
4dn reverse and deduce from the three-body decay vhe_.t the two=body inter_actions
are.  Thus one could deduce the interaction betveen.ftvo neutrons or: two pions SR
'where scattering experiments are impossible. . | o

_ G. C. Phillips y of the Rice University, presented a very deta.iled _

L » experimental study of the Wew-particle decay of excited states o:f 012 A
- . ;,::preliminary interpretation of these results was presented by I. Duck, also of
f' «'«the Rice Universit}', vho used the theory described, by Swan. He startled the
B '.; audience by emphatically stating his belief that the problem of three a-particles';
: :_ ~is the most important problem in nuclear physics today.' '.l‘his is true in the
isense that the a-particles have no spin and thus ’ in 50 far as their internal | ‘
.".;‘-'\‘structure is unimportant, the problem is fa.r simpler both experimentally and L

' theoretically than the more obviously fundamental three-nucleon problem.~ It

i is worth noting that it is identical ih symmetry to the three-pion problem but
. much easier to study since the a—pa.rticle is stable and -0 scattering param- '
eters ‘may be fed into the. calculations. ‘ | ﬁ

o In the session\ on knockout reactions » experiments .analogou»s to (Jompton‘

:1_ scattering vere described. M. Riou of the Joliot-Curie Laboratory at Orsay, i

: Fra.nce described a type of. experiment of great elegance. A nucleus is bombarded
[ with 150 Mev to %00 ‘MeV protons and events are studied in which two high-energy.

: ,;protons are emitted at angles and. energies neaxr to those a.t which they would

- ‘ ‘appear if the incoming beam had been scattered by free protons. 'I'he results
are ana.lysed as a tvo-'body collision between the incoming and struck protons. ;. g

o Experimentally it 1s found that the struck protons have Vell'def med binding

o energies in the nucleus s and that these energies vary from nucleus to nucleus

. 'in a way which gives strong support to the shell model of nuclei ;. furthermore

2




) .;,Y_He said that it is possible not only to find the vave function of the struck

’;‘.ﬁ_lthe proton-proton interaction has to be of shorter range inside the nucleus.5;

‘fj.fThis is a suggestion ‘of considerable significance for our understanding of iif

vliiprotons but to show that the interaction between the incident and struck protons

3 is in fact slightly different from the interaction betveen two free protons' : "'

i e 3”mainly of a pedagogical nature on high-energy physics. The speakers were W;
‘ . ﬂSelove of the University of Pennsylvania, R. K. Adair of Yale University and
'.:‘_:v_'_fJ'. D. Jackson of the University of Illinois. The chairman of this session vas
%ta?LR. H. Dalitz of the Clarendon Laboratory, Oxford. The speakers outlined the .
h";;way many particle final states are ‘studied in high—energy physics where the "
' “?f?;proper description is of great importance ‘since the particles involved are la
i" 7:;usually unstable and it is only from the. many particle reactions that informa-

‘f@"ation on two-particle interactions can be obtained.-

1t 1s possible to find from the kinematics what momentum the struck proton

~originally had in the nucleus. The momentum distributions thus found once

+ Fhese (,2p) reactions can be analysed in detail with high-speed computers. ffx

K nuclearzractions and it is to. be hoped that it will be followed up by other

. studies. In the same session Js R. Mines ‘of the University of Liverpool, B

' final-state of the-nucleus is unstable.r In studying this problem he found itz

. necessary‘to reexamine,the fundamentalvassumptions of the_distorted-wave Bornf

e Co '»;, Nf',ij:f: L

more correspond closely to shell-model ideas of nuclear structure. These figf't
knockout reactions have been very fruitful but for further progress significantﬁﬁ;_fﬂ :
Amprovements in accelerator design are needed. | ' ' ' :

I. E. McCarthy of *the ‘University of California at Davis showed how

England attempted to show how to describe (d,p) stripping reactions when the‘

Approximation. .' ! v

An entire session of the conference was devoted to invited papers

e ..
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It is interesting to compare the methods of approach used in high-

. energy and nuclear physics. The aims are the same. but the types of data that

i”f can be obtained are quite different, being determined by the very. different

;{ techniques that have to be used. At high energles the bubble chamber is uni-

'v: ;égkversally used. This gives an overall picture of the reaction hovever many
g f;particles are emitted. The experimenter has no choice however but to scan all
U;‘iithe photographs taken to pick out the few that.are~of interest. With present
:“'ffmethods the scanning and measurement of photographs EY: very slow and after i
r;months of effort several tens of thousands of events may have ‘been measured
?Eout of which maybe a hundred or so may be in the kinematic configuration of |
'imajor interest. An imminent breakthrough in automatic photograph analysis is,
?}fortunately, expected.l ‘The nuclear physicist, by contrast -has no direction= :
' . sensitive detectors with good energy resolution.' He has to make his counters.
""small enough to define the direction precisely. With these small counters he ;
v'? can only study a minute proportion of the possible kinematic configurations

z:f_needed to study a threefbody reaction as a whole. Four~ or more-body reactionsu

'?flcannot be studied because the'counting-rates become too lov‘but they cannot. be~

E

exoluded and produce an unwelcome background in the ‘energy spectra. Here, too,
there is hope. one method applicable fbr three-body processes was described by
E. Norbeck of the University of Iowa who showed results obtained. using -1 new f;

type of* solid~state detector which is sensitive to the location at vhich 8 L

Ce

" particle enters it. _ _ ' _
;:;ﬁ o These technical differences lead to different methods of data analysis.
.i The high-energy physicist is forced in most cases to average his data over :
’; variables assumed not to be significant in order to obtain statistical accuracy.

ffi‘ With the poor,statistics it is impossible to test many of the assumptions. The

' :_ nuclear physicist on the other hand has to pick out only the avents he can:
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physics experiment designed to test it than by the laborious accumulation of ,

B ‘when a speaker unwsrily spoke of a- particle being precipitated' out of a system

 end G. M. Termer , the chairmen, cautioned him to take care 'othervise the high-

physicists for polology. o l:f

o .}_.', experimental data for direct comparison vith experiment on the oscilloscope.-

exsmple ’overlap integral' and 'coupling constant' Were revealed to be essen- .;;.

o energy people will call us all chemists . The nuclear pmrsicists present vere

' Donovan of the Be:Ll Telephone Laboratories described some beautiful vork done‘

bya group working with the Brookhaven 60-inch cyclotron. z '.l'he experimental

- on a tvo-dimensional pulse-height analyser vith oscilloscope display. 'I'he

analyser is coupled to a computer vhich can use any reaction theory to simulate

vith Simulated Experimenta‘.l. Results. Donovan presented some real results on . ;-.

interpret. There vas discussion about whether the averaging procedure does not
in some instances produce misleading results due to interference phenomena.

This may be a question that can 'be answered more easily by a specific nuclear

sufficient data at high energles to. reveal an effect vhich might at the end ; |

be negligible. » _ N ' . _

The unity of nuclear and high-energy physics was emphasized by the speakers.ﬂ
'I'he different Jargons used do ’ however » seem to hinder communication. For :
tially the same, and in a 'surface interaction ‘one gets peripheral production' .

'.l'he high points in the linguistics struggle vas reached in an- earlier session

\\

however » delighted to hear that their favorite tools » the optical mbdel and
the distorted-wave Born Approximation ) &8re 'now being used in high-energy physics ;"

vhile the high-energy physicists were intrigued at the enthusiasm of nuclea.r

The final session of the conference Vas “on., fev-nucleon problems. P. F.

techniques of this group are a model for all 'I'he events recorded are displayed :

The group has lightheartedly called the system PASER Publication Amplification




’ a- number of reactions. TwWo of these stand out. : In the 'bcmbardment oi‘ deuterium

vith deuterons there is a large peak in counting-rate for events in vhich the

target deuteron is broken up and its neutron is left stationary in the labora- v
tory. The shape of this peak was fit very satisi‘actorily vith a Chew-Low ' ~
: dispersion theoretical analysis ’ pro'bably the first real_ly convincing fit to
‘ 'be obtained by this method. In the bombardments of deuterium by He’ events ”
vere picked out in which the final state contained tritons and protons vith
"‘"lov relative energies.' The yield showed two peaks vhich were later shown by
W. E. Meyerhof of Stani’ord University to be consistent vith the observed cross-
.?:fsections for :E'ree proton-triton scattering. T ‘ ‘
' | B 'i‘he i'inal session was further notable for the presentation by Y. Y. Ya.m--:
i of results o‘btained by a youp led by R. D. Amado at the University of Pennsyl-
.. vania. 'l'his _group used a high-speed computer to. attack the three-nucleon pro- .
"~ ‘blem numerically, making si@ificant gains by writing the nncleon-nucleon o
{ -vl_::potential in a convenient form. 'I'he calculations ’ vhich could not even have
been considered a fev years ago, gave good fits to the binding energies of H‘.’
and l{e3 and to the n-d and p-d lov-energy scattering. ‘ This report caused a
great deal of excitement and the conference ended on a note of optimism. o
_ The conference proceedings vill 'be pu'blished in Revievs o:t Modern
'“Physics-- o S
"H. G. Puigh '

- Lawrence Radiation Laboratory,’
: Berkeley : L
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