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INTRODUCTION

This Progress Report describes the research performed at the School
of Physics, University of Minnesota under a U.S.E.R.D.A. basic research
contract. This contract is unique, in that within the scope of a single
task, research is conducted-in.theoretica1 nuclear physics, theoretical
elementary particle physics and experimental elementary particle physics.

The format of this report reflects the diversity of the research.
The theoretical investigations have been performed mostly by one or two

investigators, often in collaboration with a similar number of colleagues

. from other institutions. Each investigator, therefore, has provided his own

report. Experimental particle physics, however, requires the collaborative

efforts of a large number of inVestigators, who work together in a unified

effort. For this reason, a single experimental particle physics report

Nis included.

This Progress Report covers the period October 1, 1976 through
September 30, 1977. |
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I. Theoretical Nuclear Physics

. -Bayman

v W -

. E1lis
' Y. C. Tang
S. F. Tsai



Multistep processes in two-neutron transfer reactions (Ben Bayman (with M.

Franey, J. Lilley, W. Phillips)).

160 18 )206 b

Analysis of a two-neutron transfer reactfoh, such as Pb (
in terms of first-order disforted waves Born approximation (D.W.B.A.) implies
that the transfer of the two neutrons has occurred in a singie step. Testing
this hypothesis is made difficult by the fact that the calculated resu]ts'are'
strongly dependent upon the optical potentials used to generate the distorted
waves, whereas these optical potentials are not uniquely determined by elastic
scattering data. queVer, ff the process takes place at 5ubcouTomb energies,

" so that the oxygen and lead nﬁc]ei_never get close enough to feel the nuc1eaf

“part of the optical potentiai, then the transfer process occurs in that part of
cdnfiguration space in which the distorted waves afe coulomb wave functions,
and no ahbiguity rehaiﬁs. Moreover, the relative motion'of tﬁe oxygen and-
lead nuclei at subcoulomb enefgies can be adequately described by semi- _ ,

- classical methods. Thus we have undértaken a ca]CU]étion of the 2Qng(]GO,]go)ZOGPb

‘ ground-state-to-ground stéte transition, taking %nto account: 1) direct two-

207 17

neutron transfer, 2) two-step transfer via the 1ntermed1ate system Pb + 70,

208,

- 3) inelastic processes such as the excitation of the 3~ 1eve] 1n ~Pb

206Pb,‘or direct transfer

206

followed by direct transfer to the grbund state of

to the first 2' level of 206Pb, followed by de—excitatioh to the Pb ground
state. These indirect processes are taken into acéount Qsing‘sécond-order | .
Born approximation. The formalism has been worked out'and the calculations are'”
now in pkogress. " Comparison will be made with extensive data téken at the

Williams Laboratory.



- Study pfAthe

(3He,6He) reaction (Ben Bayman (with Ali Evinay)).

5/27,°7/27, 9/27, 11/27 and 15/2" 1levels in

described by the (1f7/2)5 configuration, or the (3He,

He have'attémpted‘to_ana1yze the data obtained at the Michigan'State ‘

cyclotron on the 48Ca (3He,6He)45Ca reaction, using a one-step DWBA calcu-

6

lation. The 3He wave function was taken to be (15)3, the °He to be

kls)4 (1p)2 L = S= 0, the 48

45Ca to be associated with'fhe

(Tf7/2)5 configuration. The calculated shapes of the angular distributions

for the 3/27, 5/27, 7/2° and 15/2" levels agree with experiment, but not those

of the 9/27 and11/2” levels. The calculated relative cross-sections for the

different levels are in poor agreement with experiment, except for the Towest

two levels (7/2°, 5/27). Thus either the higher levels of *°

6

these levels proceeds by a more complicated mechanism than we have assumed.

Analysis of data taken with other targets may shed 1ight on these questions.

This calculation was part of the Ph.D. Thesis of Ali Evinay.

4Wave‘fUnctionﬂf0r‘the'6—quark deuteron (Ben Béyman (with A. N. Mitra)).

+ Six-quark deuteron wave functions have béen constructed which are totally

antisymmetric with respect to the interchange of position; spin isospih_and

color of any pair of quarks, and totally antisymmetric with réspect to the

interchange of position, spin and isospin of the two nucleons. 'Exp1icit forms

are obtained for wave functions which transform irreducibly with respect to

operations of SU4 in charge-spinAspace, and SU3 in color space. These wave

Ca are poorly

He) ‘reaction populating

functions have been obtained by diagonalizing appropriate Casimir operators.

They are being. used in‘analysesAof elastic and deepéinelastic e-d scattering.

R ALK

Ca ground state to be (1f7/2)8,“and the 1owest’j3/2;,



A summary of this work appeared as an abstract at the International

Conference on Nuclear Structure held in Tokyo, September 1977.

Study of the (a,p) ‘reaction (B. Bayman {with Ali Evinay)).

This reaction has been treated in the distorted wéVes-Born approximation,
using Wood-Saxon wells for the nuclear bound states. The method of'trans-_'
forming to relative coordinate of the‘fhree transfefred nucleons is a generaﬁi-
zation of the one developed -for the two-nucleon prbb]em.by Bayman and Kallio.

A detailed analysis has been performed of some recent data tak1ng at the
Niels Bohr Inst1tute in Copenhagen on the Sc(a,p) 8ri react1on

#55¢ was assumed to be domxnated by the (1f7/2)5

The ground state of
configuration. Some of the 1ow-}y1ng even-parity 1evels‘of. 8T1 are dominated
by the (1f7/2)8 configuration,.gnd their (x,p) strength is given We]] by our
calculation. Exceptions are the two 6+ Tevels at 3.329 MeV'and 3. 507 MeV,
which are populated in the rat1o of 1 to 5, whereas we ca]cu]ate (u51ng o
(1f7/2) wave functions) that they should be egua]]y popu]ated Th1s 1nd1cates
. that one or both of these levels is considerab]y'affected by éonflgurat1on
mixing. The odd-parity levels of 48T1 involve excitation of nucleons out
of the (2s 1d) core or promotion of nucleons to fhe (35 2d lé).shell.

Although no shell-model calculations have been done for these levels, we have
done some (d,p) calculations for simple representativefconfigﬁratidns.- We
conclude that the falling cross—section'at forward angies seen;fn thg odd-
par1ty transitions is due to L = 2 transitions. ‘ | |

More data are being taken, and we will continue our co]laboratlon with
the Copenhagen group. _ }' |

This calculation was part of the Ph.D. thesis of Ali EVinay;



Coupling of a nucleon to a rotating core (B.‘Bayman (with R.~Fa]kenbefg)).

,.An:important feature of the description of rotational nuclei is the
behavior of a nucleon moving in the deformed potential provided by the other
nucleons. In the standard Nilsson treatment of this problem, the deformed |
popentia] is regarded as fixed in space, and thus the Schrodinger equation 
involves-only the.position -and spin degrees of freedom of the nucleon.
Single-nucleon states calculated in this way are-used to construct the in-
‘trfhsic state, on which the rotational band is built. However, the deformed
potential is really not fixed in space, and the problem of a nucleon moving
in this potential involves the orientatioh»dégrees3of fréedom of the potenfia]
as well as the position degrees of freedom of the nucleon.

This problem is so]ved by making the following expans1on of the wave

funct1on
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Here' I is the total angu}af momentum of the state and M is its CompOnenf

along a space-fixed z-axis. d;p)x’are the Ep]ef angles of a body-fixed
coordinate system, which determines the orientation of the'potenfia1. '?3 o
locate the nuc1eon and its spin with respect to these body-fixed axes. (btfj.
are harmonic osc111ator eigenstates. This wave function is substltuted 1n .
the" Schrod1nger -equation to determine the coefficients C WP
In the Nilsson model with an axially symmetr1c potential, the only

mixing is in nﬁj , and this is produced by the deformation. K is a good’



quantum number and the C_,
n2j e

band. In our more complete calculation, which takes into account the

are independent of I for a given rotational

Cor1011s coupling, we get mixing in K as we]] as in ﬂ{J R and the C"i‘)'<
depend upon 1. For a strongly deformed nucleus, the deviations from Nilsson's
’ fesu]ts are small, but they become appreciable in s{tuations where the off-
diagonal matrix elements of the Coriolis coup]ing is éompafab]e to the difference
between Nilsson energies.

The above wave function is also app]icab]e in the limit in which fhe
potential has no deformation. Then the coeff1c1ent C 23u~‘ becomes‘propor-A
~ tional to the vector-coupling coefficient (LJOK\IK), where L is the orbital:
angular momentum of the core. Thus we have been able, 1n a single representa-,
tion, to follow the transition from very strong to very weak deformat1on

This ca]cu]at1on fonned the basis of the Master s thesis of R. Fa]kenberg.

Its results are being prepared for pub11cat10n..
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Systematic Investigation of SCatterinQ ProbTéms with the Resonating-Group

‘Method (Y. C. Tang (with-M. LeMere and D; R. Thompson)).

The method Qf the resonating-group structdre or the resonating-group
method (RGM)_is a microscopic method which takés cluster correlations
explicitly into consideration. It has the following importaht characteristfés:,
‘(i) It employs tota]]y:antisymmetric<wave functions and, therefore, takes |
the Pauli exc]psion priﬁcip]e fully into account.

(i1) It utilizes.a nucleon-nucleon potential. which explains reasonably
well the two-nucleon low-energy scattering data. |

(iii) It treats cérrect]y the center-of-mass motion of the eht?re3system.
(iv) It coﬁsiders nuc]ear‘bdund—state,‘scattering, and reactidn‘probTems
from.a unified viewpoint. ’ | | | :

(v) It canbe used to study cases where the partuﬂes 1nvo1ved in the
“incoming and outgo1ng channels are arb1trary composite nuclei.

| The purpose of this 1nvest1gat1on is to test ‘the ut111ty of th1s

16

method-by making a systemat1c study of the o« +o¢ , N # 0L N 0, and

40Ca.systems.A The nucleon-nucleon potential emb]oyed éonta1ns a
weakly repulsive Cdre and yields a satisfactory descriptidn of not only

the two-nucleon low-energy scattering data but also the essential
properties of the deuteron, triton, and oc particle. The resu]t:shows
that the calculated values do generally agree quite well with experimental -
data. In particular, it is found thét, because of‘the'use of totally |
-antisymmetric wave functions, the scattering behavior at'Targe angies'

is adequately described.

From these calculations one can also examine the effects of the Pauli

princip]e; The result of this examination shows that this principle has -



generally an important influence and must always be taken into consideration

in nuclear scattering problems.

Complex-Generator-Coordinate Technique in Resonating-Group Calculations

(Y. C. Tang (with M. LeMere and D. R. Thompson)).

Because of the necessity to use a totally antisymmetri& Wave function
and to correctly treat the center-of-mass motion, complicated matrix
elements occur in resonating-group calculations when the numbe} pf
nucleons involved is large. To facilitate the.computatibn of these matrix
elements, we have recentiy developed a comp]ex-generator—éoprdinate ;
technique. In this technique, the essential idea is to express.the. '
resonating-group trial wave function as an integral of two-center shell-

" model functions, with the centers of the potential wells located at

. comp]exAspatia1_points, and then make use of techniques in shell-model
ca]cuiations to carry out ahuana]ytic‘evalqatfon of these matrix e]éments.
Using this technique, we have successfu]]y carried out a numbef of calcu- .
lations for relatively heavy systems where the c]ﬂsters are descfibed by .
flexible internal wave functions. In fact, it is anticipafed that éven_

208, scattering, can be studied by

very heavy systems, such as o< +
employing this technique, thus greatly extending the usefulness of the(f

resonating-group method in treating scattering and reaction problems.

Odd-even Behavior in the n + 6Li System (Y. C. Tang (with D. J. Stubeda)).

In this investigation, we have examined the elastic scattering of

neutrons from 6Li with the one-channel resonating-group method. - A
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phenomenological imaginary potential was used to approximately account

-vfor‘reaction effects. .The result shows that,~by‘adjusting only the

depth parameters in the fmaginary potential, a good agreement with

experiment for both the differential scattering and the total reaction

cross sections can be obtained.

In addifion,ﬁwe have studied the effect of the. Pauli princip1e-on
the odd-even nature of the effective internuclear potential. The results
of this study lead us to the conclusion that the blocking effect, arising
from the two nucleons -in thé nonciosed 1p shell of-thezsLi ndc]eus, is

very important. It is responsible for theAdjfferent;behavior in the two

.channel-spin states; that s, the effective potential for s:= 1/2 is

found- to be stronger in odd- £ states than in even-{ states,while the

-opposite is true for.s = 3/2. -

The blocking effect is also respdnsibTe'for the finding that the odd-
even characteristic in the n + 6Li system is not as pronounced as that in
the n + oL systefs. = As a consequence of this, there exists only a

6Lf differentia] cross section in the backward -

moderate rise in the n +
angular region. In fact, it is “found that at 30 MeV the backward-to-
forward ratio CT(180°)k5(0°) for the n + 6Li system is smaller by an

order of magnitude than that for the n + oL .system.f
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" Effective Operators in the Shell Model (P. J. E1lis).

The "tutorial-style" review article on effective operators, mentioned in
the progress report and proposal last year, is in the publication stage. This
article gives a non-rigorous, intuitive discussionAof the formé]fsm and a
fairly comprehensive summary of the ca]cu]etions'to date (with~E.-Oshes,

Stony Brook and Oslo). o |

We have studied the cancellation of the number conserving sets for the

effective charge by generalizing the unperturbed partic]e—hole states to

Tamm-Danc of f “approximation (TDA) phonons and by replacing the bare operator

by an effective operator consisting of the bare plus TDA contributions. For -

the sum of the first set (diagrams 4-7 of E11is and Siegel, Phys. Lett. 

34B, 177 (1971) we find for neutrons a change of sign and a somewhat-]arger;A
magnitude compared to second order. For protohs the sign remains negative
and the magnitude increases by 50%. Replacing the ogcillator basis by a o

simulated Hartree Fock bas1s, accord1ng to our earlier work the cancella-

tion for neutrons is 1mproved compared to the second order oscx]lator resu]t.

For protons the net result is similar to second order. For the‘second number-

conserv1ng set (d1agrams 8-13 of the above reference) the resd]ts are qua]ita- .

t1ve1y little changed from second order. There appear to be no strong corre-
lation effects in the diagrams cons1dered which 1nc1ude a class of
renormalizations not hitherto examined. These diagrams can therefore probab]y
be neglected in trying to construct a theory of effective)charges. (with
" F. L. Goodin, Minnesota graduate student). |

We have studied numerically a technique for-obteining linked effective
interactions using matrix techniques which differs from that originelly‘
proposed (publication C00—17644217). Good agreement between-the two methods

is obtained for closed shell and closed shell plus one nuclei, but we have
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‘not yet been able to generalize the second method to closed shell plus

two nuclei,'(wifh J. C. Collett, graduate student). He note that the proposed
study of the A = 4 - 6 systems by the or1g1na1 techn1que has been dropped as .
P. R. Goode (Rutgers) was unable to complete the calculations before Teaving

the field.

Heavy Ion Reactions (A. Dudek-E11is and P. J. E11is).

a) The %85i(%,1%)3p Reaction at 60 Mev.

Data was taken here at M1nnesota for this reaction and for the Os; (19 16 )33

reaction which shows s1m11ar features Comparison with- f1n1te-range,DWBA

ca]culations (using the no-recoil approximation in most cases) showed that the

predictions for the angular distributions of the 1/2+ and.3/2+ levels of 3]P

were completely out of'phase with the date. THe-prediction for the'5/2+
angu1af~distribution was'simi]ér to thét‘of the 3/2+'ease, sinee fhe opticaT
parémeters‘were spin-indepehdent so that there were only:hinor differences in
the calculations. By contrast ‘the 5/2 data showed a smooth fall- off with |
angle compared to the strong osc111at1ons seen in the 3/2 data The theoret1-

cal predictions were not improved by a]10w1ng inelastic scattering between

19

members of the '“F ground state rotational band in-a CCBA‘Ca1cu1atTon. We

therefore refitted the elastic entrace channel data including a spin-orbit

- potential g.,g of standard form and strength 3 MeV. In the exit channel

31

we included an ﬁ..z'component s Where I refers to the spin of P with a

strength of 3/4 MeV.‘ Since there was no data here, we deménded that the.spin

dependent and spin independent (taken from ]60 +'3ZS work) parameters predict
approximately the same elastic angular distribution. Using these 6ptica]

parameters, it was found possible to obtain a good fit to a11'the reaction
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data. This is qualitatively similar to earlier (¥,p) work, however,
rather 1ittle is known about spin dependent forces for heavy ions so that
further experimental work is to be deéired. This work is published fn Phys.

Rev. Lett. 38, 817 (1977) ‘(in collaboration with the Minnesota experimentalh

group).
, 4
b) The %si(1%0,'%") reaction at 60 'MeV (A. Dudek-E11is).
The Minnesota elastic scattering data for ]60 + 3051 shows pronounced

oscillations starting at about 500; accurate data out to 77° is also available

for inelastic excitation of the 2+ level of 30

Si.. We haVe-attempted to fit
this data in a coupled channels calculation using either the macroscopic -
rotational or vibrational model. It was not found possible to fit the

phasing of the oscillations for'both the 0+ énd 2+ angular‘disfributions'
simultaneously. Both small and standard imaginary diffusivities (i.e., 0.2 -
and 0.7) were tried and also coupling to the 4+ level was considered.  we did

find some improvement by including an 4@ .g; term in.the optical potential,

but the fit was not satisfactory (with D. Dehnhard and V. Shkolnik, Minnesota).

&) *9%ca(13¢,7%)3% reaction at 60 and 68 MeV (B. F. Bayman, A. Dudek-E11is
and P. J. Ellis). B A

39

This reaction to the K ground state and 1/2+ first excited state

provides perhaps the prime ekamp]e of a case where the DWBA predictions are

'out of phase with the data. We first investigated the'effect'of re-

14 39

orientation terms arising from the quadrupole moments of " 'N and ““K; only

very small changes were produced in the angular distribution. We then .
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investigated the-effect of spin-orbit components in the optical potenfiaTs
and found that it was possible to shift the phase of the DWBA pnedictﬁens (in
the no-recoil approximations) into agreement with the data, while maintaining
a fit to the eTastic data. Spin—orbit'potentia]s of standard form were used .
‘ with strengths of13 MeV for the gg.jg ‘term acting on 13 C and ]4N and 1 MeV

| for the’Q.EEltermﬂacting'on 39 (c.f. part a) above). MWe also investigated
.the non-andmafous 4OCa(]sc,]ZC)4]Ca reaction; predictions for the.phasing.
were reasonable when spin-orbit potentialswere included, but’the-damping.ef
theAmagnitude of the oscillations was disturbing. The results obtained were
- understood by generalizing -the StrutinSky model (Sov. Phys.adETPvlg_(1964)' |
- 401), for reactions joca]ized around a 1érge-angular moméntum, to inc]Udefthe'
effect'of‘the various spins involved. It was foundethat the oscillations

jn the cross section arose from interference between opposite relative

orientetidn of the intrinsic spins with respect to the orbital angular momentum.

This is part1cu1ar1y transparent for the T S | ; 28S'(19 16 )31P
(1/2 ) reaction of part a) where there are Just two channe]s—-one wWith the
' spins of ]9F and 31P both parallel to the relative orbital angu]ar momentum,

and the other w1th them both ant1para11e1 “Now the 1mportant quant1ty is

the d1fference in phase between the S-matrix e]ements in the two cases, each
takeneat the peak of ISW . In the absence of sp1n-orb1t_potent1als this
'pﬁase‘difference is ]800, but by introducing spin—qrbit4effects‘it.was
reduced to 37° and hence fhe predicted oscillations wefe breught.into phase 5

with the data. This work has been submitted for publication.
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A Unified Approach for Calculating the Nuclear G-matrix (S; F. Tsai).

Following a method proposed earlier by Tsai and Kub, we show that

nuclear G-matrix elements defined with orthogonalized p1ane—wave'and

“harmonic-oscillator intermediate states can both be evaluated converiently

and exactly using the same.approach.

Based on the conventional partic]e—hole representatioh of the reﬁdpm-
phase-approximation eigenvalue equation, it is shoWn that coordinate4spaee
formalism can be derived directly and is valid geﬁefa]]y for rotation and
time-reversal invariant interactions. EXp]icft expressipns'ere given for
the interaction strengths and transformation coeffieients in the case of

Skyrme interactions.

On the Va11d1ty of ‘a Model for Deep Inelastic React1ons (S F Tsai and
G. F. Bertsch) '

We show that within the DWBA theory less-than 25% of the deep inelastic

208

proton scattering cross-section on Pb at Ep = 62 MeV can be accounted

fof by direct one-step excitations of the target nucleus in an independent-_

particle model. A previous calculation which agrees well with the -

experimental result using this model prdbab]y has erred by misintekpfeting
. P )

the excitation strength amplitude BL(E) to make it about (2L+1)2 times -

larger.

Ly
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;On4theﬂRecunSiVe Computation‘of.an Integral .involving the Generalized

LaguerrefPQ]ynomia]s (S. F. Tsai).

The technique of backward recurrence is shown to apply to an integral
arising from the nuclear G-matrix equation and involving the product of

two.generalized Laguerre polynomials.



II. Theoretical ETementary Particle Physiés

. Gasiorowicz |
Geffen
Rosnefi

. Suura .

. Jd. Wilson
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Encyclopedia Article (S. Gasjorowicz).

I was asked to write a survey of -elementary particle physics which

would serve as an overall guiding art1c]e for 20 - 30 shorter-contributions

to the Encyclopedia_of Physics. The survey covers the following topics:

(a) Classification of Particles; (b) Classification of Interact1ons. The
e1ectkomagnetic interactions, the weak interactions, the unificatién of
the electromagnetic and weam'intehactions, the strong interactions; interna1
symmetries, Regge.Po]es,-MuTtipartic]e Processes and Diffraction; Duality;
"(c) Quarks as Fundamental Particles; (d) Hadronig’weék:Interactions and
Current~A1gebra;'(e) Deep ine]aStic~reactions and Asymptotic Freedom;
A(f)-Quantum Chromodynamics; (g).Electronfpoéftron‘annihilafion and the

: NeW<Paktic1es.

Recently much attention has been attracted'by onk of L._N. Lipatovi
on the structure of 1a?geforder terms in pefturbatibn expahsions of Green
functions. The basic approach is to eXpreSS'the Greénifunction in‘terms
~of a functional -integral in Euclidean space,Aand then to projecf out the

n-th order term in the expansion. For the vacuum functional, for example,

S [a¢) e"SE”'.S)A'

Z_ C. '3.n

implies

o - ¥ ”?‘ gfaﬂ g Srita)ntsy
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This functional is evaluated by finding joint saddle points in the field
4variab1e (classical solutions) as well as in the coupling constant space.
An important result obtained by E. Brézin et.al. is that the perturbation
series is Borel-summable if the field is expanded about‘a stable vacuum.
If the theory has real pseudoparticles (as the Yang-Mills theory_does)A<
“then the series is not Borel summable. '

In collaboration with H. Abarbanel of Fermi National Lébqratory
I studied the question of the convergence of the expansioﬁ for the vacuum
functional in a series in a parameter h that is a function of g.llThe |
procedure followed was

(1) The fields were rescaled so that the action took the form
Sg = _‘3~ A (W)

(2) The quantity of interest is D defined by

~Al®)/ - Al¥ R
[laa ¥ s g g,

where

(SA/S"? )q,‘_ = ©

and it is expressed as

e

} . - ' 4'._.h(.03‘-|”.
in J -lam-awal/s
D, = g s | [av] e . TE

(3) The form of h must be such that for n large, the Gaussian approximation
dominates the expansion of the exponential in the above expression. Thus

for the general relation G = A H® , where G = log g and H =.log h, it turns

4out.that
1< a<3
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It turns.out that foe o 1in that range the~series is convergent

The procedure turns out to be practically useless; since there is no
way of calculating the small n terms ‘reliably. what it does show is that
the series obtained by the Lipatov method need not have the same ana]yt1c1ty
propert1es in the parameter g as the original funct1on the ser1es is con—
l vergent for all o in the allowed range, yet the function c]ear]y cannot
ebe analytfc for all the o values. The rengts of this study were somewhat'

disappointing, and it was decided not to publish them.



Derivation of quark-confinement equation in Hamiltonian Formalism of

gauge field theories (H. Suura).

I derived the one-time relativistic wave equation for a gauge

independent amplitude

| ig [ Am-dx _ | ‘
X(I)Z): (g,;;/ € g-j’ Zr1) @72) Ei./)) o (1.1)

_ where q(x) is the quark field and.K(x) is the vector potentfa] in the
spatiai gauge-Ao =0, 1 takg»the équé]-time plane t] = t2 ih the rest
frame of the system and choose as the integration path a straight line
connecting 1 and 2. I emphaéize thatAthe amplitude (1) is eésential]y
different from the-Bethe-Sa1peter amplitude because (1) wou]d vanish if V¥
is a normal staté invo]ving only a finite number of photons, like a
positronium state. (1) is specifica11y suited to describe a‘confined
state of a quark aﬁd an anti-quark connected by a linear electric flux.

In order to make a resu]fing Brillouin-Wigner series for the potential
finite, I introduce the radius a of the e]ectfic flux, by modifying the -
straight 1ine integral in (1) into a bundle of line integrals conhectihg

1 and 2 and lying in a sausage-shaped tube of fadius a. The resulting

equation is

(=i, +[5m') X 0,2) '7(‘(),2_)[—-i‘o(~&”\c7;~/ﬁm.)‘.

= [ M = VIZ)] X2 (1.2).2'_..5

A
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where the potential consists of a confinement,potentia1~k2r with

"k2 = 92/8n411‘p1us a well-defined Brillouin-Wigner series, which are
defined in terms of the renormalized coupling coﬁstant‘gr. ‘T find

rigorous]y»V(O) = 0, and infer generally in the static limit-

Vi) = ka — g C(a/a)
41T N - (1.3)

-where C(x) ~ x2A'(x->0),‘and C{e) < w, It is suggested that the conf1ned state exists
for g /4Tr>2 whereas for g /4'L<:2 the pos1tron1um state is more stab]e.
It is also proposed that a be treated as a dynam1ca1 parameter to be

determined so as to make the energy minimum. (Submitted to Phys. Rev. D).-

* -Gauge-independent two-body amplitude and vector'dominance'mode1‘of~~-

electromagnetic form factors (H. Suura)

Under the aséumptfon"that co]or triplet stateé have infinite energies
(or correspondingly in QED the assumpt1on that states with quark number t 1
* have infinite energies), I have shown that the amplitude (1) vanishes

unless ty = t2' This result may be stated as

)(Pu,z) = §p - (xgxy))

4where p is the-4-momentum of the state. It fo]]ows that the e]ectro—

" magnetic vertexijly ):?/1 s2) 1Y ):F (1 2)d9X,d X5 van1shes un]ess :

p’ = p. On the other hand the 3-meson vertex is given by an over]ap

integral
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vhich is non-vanishing. This gives the basislfor the vector dominance'
model of the electromagnetic form factofs{ VDM does not apply io,
inelastic processes involving more than two hadrons. (Phys.'Rev.'Letters-»
38, 927 (1977)). | | N

3. Relativistic Two-body equation ‘and meson spectrum (H. Suura).

The relativistic equation (1.2) has a singularity at r = [ such e

that V(R) = M (mass eigenvalue). which happens if V(r) contains a Tinear

'potentiaT. The eqdation is infested with the so-called Klein-paradox,

because we have an effeétiye negative pdtentia] - %-V(r)2 aé ryea . 1
proposed to obtain an eigenvalue problem out of (1.2) by requiringl(a)
local normalizability ana (b) outgoing wave condition at infinity.  The
former- condition alone gives-a unique boundary condition at:r‘=<R, Whicﬁ,'
coupled with the ordinary boundary cqndition at r = 0, deterhineé the' B
eigenvalue and eigenfunction inéide R. The two condit{ons applied to’

the region r > R reqﬁire X (1,2) = 0 there. Thus, I arrived at a-
kind of bag picture of the hadrons. A preliminary analysis 6f the equat%oh

(1.2) was made without specifying V(r) for'ﬂf,\f R A]‘ahd B mesons. 1-found

that the eigenvalue problem for ,P is givén by two coupled second order - '},

differentia]Aequationslfor two amplitudes, which involve L = 1 éentrifuga]

barrier. Thus,‘f meson mass is raised without spin-spin interaction.

I also showed that there are two branches of solutions, which 1 identified

with P and y’ (Phys. Rev. Letters 38, 636 (1977)).

e e e e e — — — - R —
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nvariant Equal Time Two-Body MWave Equation;

,So1utions to a Gauge-!

'by~the~mass eigenvaiUe of the state.

' symmetry is spontaneous1y broken for the J =

iquark Systen (D. ‘A. Geffen and H. Suura).

The properties of solutions to the two body wave equation proposed-by‘

syura (see eq.(1. 2) above) have been examined in detail for the case of a

confining potential. (i) Because the potential is conf1n1ng, the -

conditions of ocal norma11zab111ty and outgo1ng waves at. 1nf1n1ty require,

uniquely, bag type solutions that vanish outside a sphere of radius fixed

A flux density has been defined

sat1sfy1ng an equat1on of continuity. We find that the bag boundary

cond1t1ons yield: everywhere a finite and continuous flux,dens1ty for all

's'sposs1b1e states. (ii) In the 1limit of vanishing quark mass, chiral.

= 0-and on1y the J =0 states

“This occurs because of: the bag boundary condition.. The p1on, in genera]

"has an appreciably 1ower mass than its chiral partner, a 0 meson.

Degenerate chiral partners appear for all the J > 7 states. The A1—trajectory

(c="pP= (- 1)J+]) is degenerate with the p traJectory (C =P = (;1)3),

while the B-trajectory (C = -p = (- 1) ) is degenerate with the —trajectory

‘ (C=P-= (-1) ), the latter system being the h1gher mass traJectory
split from the p-trajectory because of the mixing of (Jt])J states.

In an exact theory, the Nambu-Goldstone theorem requires that the pion

mass vanish if chiral symmetry is spontaneous]y broken He have*found

numerical solutions to equation (1.2) using as a model for the potent1a1

2 _ , o
O v al E L

r ta

Solutions with a zero mass pion can always be found by a suitabie choice

for-a as'1ong as gr/4n is greater than ‘the critical va1ue 2
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(iii) Using eq. (1), the mass spectra for the p , A, and B-trajectories
2
r’
300 MeV <m < 500 MeV, remarkably good fits to the observed I = 1 meson

have been calculated as a function of quark mass m, k2, g-, and a. For
spectra can be obtained for ranges of values of gg and-k2. When the para-
meter a is chosen to make the pion mass vanish when m—0, it turns out
to be very small so that all the other mass eigenvalues are inSensitfvé

to its value (alternative modes for t}eating a are being examined).

The p(773), A2(13]0),>g(1690), B(1230), and 6(976) (assumed toibe 0++)

. masses can all be fit to better than 5%. The A; meson (3P1, 17F state) is
found to exist with a mass in the neighborhood of‘1100 MeV. . The "expected
splitting scheme for the 3p states is verified with '

| &6 < MA]»< MA.2
so that our model does not éeem_compatible with an A; mass df 1450 MeV as
proposed by several authors who have analyzed hadron}production_datq(v‘Thev
clear m p enhancement, recéntiy reported by both SLAC and DESY as

pfobab]y arising from the héa&y lepton decay: T = v+ m + p , strongly
sugéests an A] meson with a mass of abodt 1150 MeV. This comeé remarkéb1y'
close to our prediction. _

Our modef potential favors values of g§/4w in the range between 2.2
and 2.5, in contrast to values g§/4ﬂ < 0.4 obtained for non—re]atiQistic
charmonium models. We observe tﬁat'these two different_Va]ues are not
incompatible when we take into account the fact that g§/4v' is an effective
coupling constant which depends on the'average momentum transfer in~fhe |

quark-antiquark system. Since much smaller momentum transfers occur in the

Tight mass system than in the heavy charmed quark system, a large increase

— W W e TR SN YT hd T R T YT A A, g WIS T T e



in g§/4ﬂ is expected (QCD, at present, cannot re]iab]y~estiméte the

increase). (Accepted for publication in the Physical Review D).
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Implication of new set of resonance photocouplings (3. Rosner (with

J. Babcock, R. Cashmore, and A. J. G. Hey)).

Work done previously with J. Babcock] was updated in coliéboratfon with
the 1a§t—named two authors in the light of baryon resonance photocoup]iﬁgs2 )
for which probable errors have been estimated. The conc]usiéhs remain]
that the relative phase of F-wave and P-wave «N couplings in the 56, L = 2
multiplet disagrees with that 0btained3‘from N *'WA,4 implying that a
re-examination of the N -+ 7A phases may be worthwhi]e.' Other possib]e
interpretations of this discrepancy also weré-offered:5 'uncertainties in
theAphotocouplings themselves, mixing between §§_and 70 L 2 mu1t1p1ets,

or the possible inadequacy of the single-quark SU(6), ana1ys1s 1tse1f

Isospin restrictions on_charmed: particle decays (with M. Peshkin).

1

Th1s work , described in part prev1ous]y, was comp]eted 6 The re- A’

strictions imposed by 1sosp1n on charge d1str1but1ons in decays like
C s A3w, D > k + pions, etc. were described, and consequences of a

0
statistical postu]ate7'Were given.

Tests for CP violation in charmed particle decays (with M. Goldhaber),

1 yas compTeted 8 Tests were

This work, described in part previous]y,
described of CP selection rules in the reactions e T~ + D0 D° + m(n° )-fn(y)
and in the subsequent decays of the neutral charmed mesons to e1genstates
of CP. It was shown that a signal for CP violation is easier to detect

when the two charmed mesons decay to different CP,eigenstates._
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Final states in decays of heavy particles (in part with C. Quigg).

Several items related to-this topic (descri»b'ed in part 'previous'ly])

9-1 A statistical model for charmed particle .deca_ys.Was

9, 1

were completed.

treated at some. length, and compared with present data. Predictions :

‘were presented for branching ratios into specific semﬂepton‘ic' and non-

leptonic channels. Suggestions were made for best channels in which to

9, 11

observe both the charmed-strange F meson, and the pseudoscalar cc states

r]c.'and nc'.w Specific ways in which decays h'k‘e_-D+ -

9

4+ ’
Kovr could resolve

' ~questions of nonleptonic enhancement were pointed out.

Improved lower limits on»‘neu'tra.] fermion masses. ‘

The apparent suppression of parity violation in atoms below the level
predicted by the Weinberg-Salam mode]:]2 can be deal t with 'by'pbétul,ating

a new heavy neutral fermion N coupled right-h.anded]yfto Othe e_]ectron via
the standard charged weak cur'rer-ﬂ:.-]3 '4EX1'st1'nig lower ]imits.on the mass of
this lepton came from the absence of K_+ >Net: my Y ;;—1- Gfe-V:/cz 4
However, it was shown that the absencelslof any prominent -signal for N }in“

A7 p

the decays of the charged heavy fermion T, ‘
allows one to improve this bound to My > | GeV /cz |
systematic searéh for F - Ne, if indeed mg = &2 6¢ V/e? ,]8 should.

allow this bound to be further raised to about 1 ‘G'GV/"—?’ o '11: .

no signal is s-een.g’ v

Potential models for bound states of heavy quarks (with AC., _Qdﬁ"gg),

It appears that the new heavy meson ,r‘-19 has an excited state Y._ZO
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with m(y ') -.m(Y') = m(¢') - m({J). It was found that the sole potential
- for which this equality is not an accident is V(r) = C An (r/r ) 1‘.2]
Consequences of this potential for the ¢ and Y families were enumerated,
and compared with resu]ts from the more popular combination of a Cog]omb '
and a linear potentia].22 As a result of these studies,isevera] sdmp]e
scaling laws for level snacings E and for squares l}E(d)]Z “of Sewave wave
functions at the origin, as functions of the particle mass -and principal |
quantum number, were derived. These will be presented in a separate '

publication.23

Applications of non-associative algebras to unified theories of particle .

interactions.

Dur1ng the author's stay at the Institute for Advanced Study the work
by Glrsey and co]]aborators24 on the ro]e of octonions in part1c1e phys1cs
_ was reviewed and?app]ications sought to the prob]ems of quark and lepton
classification and of quark confinement. "It was the authqr's oninton at the -
conclusion of this work that the spettrum of quarks and leptons and tne
structure of the weak gauge groun were sufficiently uncertain.at present
that no conclusive tests of the classification aspect could be made' The
quark- conf1nement prob]em was also found to be 1ntractab]e from the |
octonionic po1nt of view, since it was not expected to be a short d1stance
phenomenon, while octonionic quantum mechanics presumably makes statements
about the shortest distances. | '

An effort was begun in co]]aboratien witn‘R. Slansky and M. Gell-Mann
to graft an octonionic structune onto certain supersymmetries} The work

is still in progress.
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Progress. Report (Warren J. Wilson).

During the last year my time has been moré or less evenly divided
- between two projects. 'The'begfnning of the year was spent on‘'an analysis
of thé'semileptonic.decays of charmed‘(D) mesons with particu]ar‘attention
focussed on the energy spectrum of the final lepton. This ﬁork resulted
in the publication of my paper, "Lepton spectrum in the semi~1éptonic
weak-decays of charmed mesons" (Phys. Rev. D16, p. 742 (1977)). The
remainder of my time was spent collaborating with H; Suura_éndtD. Geffen
on the analysis of the relativistic two-body wave equation proposed by )
Suura to descr1be the properties of mesons. . | |

At present I am continuing -my collaboration with Suura and Geffen.

Also, I am cons1der1ng the possibility of extending my work on the decays

of charmed meson to -include Ke correlations, and perhaps also, pure]y 1epton1c o

decays.
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Progress Report - High_Energy Physics (H. Courant, Y. Makdisi, M. Marshak,
E. Peterson and K. Ruddick). | |

The experimental group has continued its program of'studying strong
interactions with both unpolarized and polarized beams at the;Argonne-
. Zero Gradient‘SynChrotron. in addition, a Fermilab experiment 6n.the
-electromagnetic couplings of vector mesons is currently being insta]]ed'in »
the‘Meson Laboratery M1 beam line. Highlights of the past year's ectivities
include: | D

~--Analysis of a high-= reso]ut1on, high statistics elastic scattering.
:exper1ment (E~365) indicated previously unknown. cross- sect1on fluctuat1ons
in mp elastic seatter1ng and showed that parton mode]s fa11'1n~the1r
detailed predictions for large t elastic scattering cross—sections as a
function of incident energy. | |

--An experiment on p-4He elastic scattering at iﬁcident kinetic energies '
near 1 GeV has reported a def1n1t1ve set of cross- sect1ons and the first
polarization measurements in this energy range. These data have already :
‘been used by severa] theorists to study nuc]eon nucleon ampl1tudes and
‘nucleon nucleus scatter1nq mode]s

--Data have been recorded on pn'e1astic scattering polarizations at 1arge
angles at incident momenta of 2, 3 and.6 GeV/c. Analysis of this experi—‘
ment is currently in progress; | |

~ —-An exhaustive experiment has been completed to‘search'for direct y

electron preduction at incident momenta between 3 and 12,GeV/c in pp
co]]isions. A variety of incident momenta, producfiqn eng]es3and targets
‘have been used The results are consistent-with zZero direct‘e1ectfon

product1on after the subtraction of vector meson effects The level of
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direct electron production is significantly lower than that reported in
a previous experiment by another group.

The status of all currently active experiments is listed in Table 1

-in the chronological order of the proposals. The following discussion of

the experﬁmenta] program is organized by subject without regard to the

chronology.

Elastic Scattering

0f all the processes that can occur in high energy hadron collisions,
elastic scattering is the single most 1ikely. Even at'vefy high energies,

when hundreds of inelastic channels are open, the elastic channel still

accounts for about a quarter of the total cross-section. Because of their

importance elastic processes have been extensively sthdied. Still many
questions remain'and, during the past year, welhave investigated a number
of them. | | |

The occurrence of~direct channel resonances in mp séatfering is an
important feature of these collisions. >At Tow energies, discrete resdﬁances;
are observed. There has been considerable speculation about the role of
resonances at higher energies. In particular, Frautschi has proposed that
at high energigs, é large number of resonances oVer]ap and résu]t in
statistical fluctuations in the elastic cross-section. :Argonne E—365 was
designed tohtest these ideas. Data analysis during the past_year has shown |
that both the = and T P crosg-sections do show fluctuations, but fhat
their amplitude and mass distribution are not consistent with Frautschifs
model unless one makes uhconventiona] assumptions ébouflthe eﬁsemble of

resonances (See Figure 1). The necessary assumptions would contradict the 3



Table 1. Currently active

Experiment No.

Ar90ne E-305
E-365

E-393

E-407
E-408

E-411
E-414
E-415
E-418
E-437

Fermilab E-272

Short Title

. Phi Production

Elastic Scattering

Inelastic Asymmetries
at 6 GeV/c

Depolarization

Inelastic Asymmetries
at 11.75 GeV/c '

Search for Psi

‘Production
-p—4He Elastic

Scattering

" Direct Electron

pn Polarization

Low Energy
Polarizations

CohérentbProdUCtion

experiments of the high energy group.

Activity This Year

Publication of results.

- Analysis and pub]icafibn
of resu]ts o

Analysis and publication
of results

Analysis ‘
Publication of results
Publication of results
Analysis.and publication
of resu]ts ‘

"Data collection and
analysis : :
Data collection and
analysis
Data collection and

“analysis

~ Construction and

installation

Current status.

Published -

‘Some data published;

analysis continues
Published

Analysis compiete
Published

Published
Published

Analysis compiete

~ Analysis continues

- Analysis continues

Beam starts in
late 1977

1413



exponential increase of resonance number density with mass that comes .
from statistical models of hadron interactions. The data taken at
lArgonne also disagree with-earlier measurements at CERN, whfch claimed. to
.show sharp changes in the large angle n+p cross-section with a c.m. energy
change that was a fraction of the T mass. |

The data from E-365 have also been analyzed in.ahothéf way. Parton
model treatments of elastic scattering make predictions about the s
dependence of 90° c.m. cross-sections. The sparcityjof eaf]ier data were
. not inconsistent with these predictions. In E-365, cf@ss-seﬁtions were |
measured at intervals of 1 percent in incident momentum énd 0.02 in cose*
~from 1.9 to 9.8 GeV/c for negative beam and 1.9 to 7.1'GeV/c for positive
beam. With these fine steps in‘s, we found that théx90Q mp croés section
could not be well represented by a power law in s.-lRafheF, if had a' |
rich diffraction-like‘structure'(see Figure 2),'none~§f which had an
exponent that agreed with the parton modé] predictibn; 'The pb cross-section
agreed better with the power-law behavior, but'stiil'$ome‘$tructure was |
observable. | o v v. .A -

Our other studies of elastic scattering were particu}ér]y éoncérned
with spin dependence. This is an important subjeét because on1y spin i,_
dependent measurements can reveal the entire amplitude structure of the -
elastic scattering process. During the past yedr,_we have cbmp]etéd‘
measurements of several reactions at iﬁcfdent momenta ranging from 1.2Ito
6 GeV/c. | |

In Akgonne E-393, we measured pp e]asticApd1arizations'ét small t as
a systematic check on the experimental apparatus. These datd, hoWever,“
proved to be the best existing measurements at»smalet‘and~wé‘hqve pub]ished

them together with a phenomenological fit to all the world's data at this




f * Ple

a
s
st i BN

o ’ .. S - 3

o i e s s e e C e e e A \ e e AL

ering.

4

6

5 : e
D . . : .

ﬁ%,scatt

I“*

:#l —l
D

in

6
—_—
- P

TP"’“‘

N
A

Al
wsT
10.
¢ross=section.

a
s [G14]

...2==5. dependence. of the 90°.

—

b

oo

A4S
|
b
|
Fig

*s JO uoijounj B SE Mﬂﬁﬂuuumum dfL 103 SU0T3098-55010 SurjenionTi--T ‘€14

(22/,A29) s - - L Cd
€1 o ... Ol .S Gl o1 gl ol - . s . .

——reT T T T LG CHLANLINS S S Suan S Yy —T

(227 8997097 ypsop

ol




momentum. The fit elucidates the rise of the polerization away from the
necessary zero in the forward direction. |
The difficulty of detecting neutrons and of preparing a eo1arized
deuteron target have resulted in a paucity of spin informatibn about'high
energy pn scatteringf Study of this reaction provides.a{usefu] cdmp]iment
to'fhe large amount of information known about spin effects fn:the isbspin;
related pp scattering process. Data taken previous]y in-the forward and -

" backward directions have shown that pn and pp polarizations are very
different. In E-418 we have collected the first comprehens1ve large ang]e ‘
pn po1arfzat1on data. Measurements were made at 2, 3 and 6 GeV/c 1nc1dent
momentum. Although ana]ys1s of the data is in process, pre11m1nary resu]ts __M
show that pn polarizations are considerably d1fferent from pp, they even
become negative at large t (see Figure 3). N

The problem of proton-nucleus interactions at incfdeht kinetic'energieS;
near 1 GeV is interesting for several reasons. The data can be used both fo 4
'test models of the scattering process from an'extended'bbjeetllike fﬁe

nucleus and to determine previously unknown information about the nucleon- -

nucleon (particularly pn) scattering amplitudes. Adain, spin infOrmatidn‘is E

important for a deta11ed compar1son between experiment and theory He haye, ;
therefore, measured polarizations and cross-sections in p-4He and p-d
elastic scattering at energies between 0.56 and 1.7 GeV (see Figure 4 and
Figure 5). In the case of the helium target, these uhique.pdlarization;
measurements have helped considerably to distinguish between poss1b]e :
parameterizations of both nuclear wave functions and nuc]eon nucleon '
scattering behavior. The helium cross-section data have also proved usefu1
in settling a factor of two discrepancy between measurements at other |

laboratories. The data from E-437 are still under aha]ysis;, However,_
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preliminary results from the backward pd po]afizatidn‘measqrements givel
support to the hypothesis that this process is'dominated by a baryon

exchange mechanism. In this experimeﬁt, we have also measured both pp and pn
polarizations in order to compile a coneisteht set of data measured uﬁder

identical conditions.

Particle Production Experiments

We have been active in three experiments during the past year Whicﬁ were
designed to give information about known particle production meehanisms or to
search for new mechanisms. vIn E-305, we were coﬁcerned with- ¢ meson
production in the region of the threshold enhancement. Cross-section,
angular distribution and decay information were presented in the ffna]t
report on this expefiment. TheeeAdistributions were all conSistent with |
isotropy, whichAplaces.1imits on the mechanisms that can be used to explain
~ the enhancement. (see Figure, 6). |

The similarities between the ¢ and the V¥ suggested to us the
poss1b111ty of a s1m11ar enhancement near thresho]d in thé cross- sect1on for
the process « p - yn. E-411 was des1gned to detect this process w1th a
sensitivity of order 1 nb. The results were cons1stent with no events,
whfch indicates that either there is no enhancement’or that it is‘shaller
than expected from some models. We expect that bothethese'heasurements
will provide strong constraints on models of tﬁe threshold enhantementb
process. | | : |

The question of the production of direct leptons in'hadroﬁic co]]isioes‘
has caused considerable controversy in the last few years. Such processes,"

if they exist, could indicate the presence of a heavy lepton or.they could
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shed light on the nature of the lepton contindum in these réactions. A
previous experiment showed direct electron prpduction at theklevel.of ’IO"4
for the ratio e/m at incident proton momenta of 10-25 GeV/c, with a marked
rise at low momentum transfers. In E-415, we have studied direct e]ecfron-
 product1on at.3, 6 and 12 GeV/c at lab angles of 3.50,'70, 13° and“200

from targets-of hydrogen, deuterium, beryllium. Our.resu1ts‘are consistéﬁt
with no direct electron production other than that from vector meson

decay (see Figure 7). We expect that other experiments will be done in
this energy range but it seems that such searches should cohcentréte<on

the higher energy regime.

Spin Effects in Inelastic Scattering

In the past two years, we Have pefformed a numbef‘of experiments_
studying the spin dependence of inelastic PP interactions. In the last |
Prdgress Report, we included our measurements of inc1usiye‘piqn asymmetries,
. which appear to have a strucfure dominafed by baryon‘e*change processes;
'The data from those experimenfs has now beeﬁ comp1ete1y analyzed énd sub— |
mitted for pub]ication.f This new analysis shows little structure in the
K+ and K~ asymmetries, even though they are as'lérge as 40-50 percent.

It also indicates that the isospin of the target has ]ftt]é effect on

.the inclusive asymmetries for meson production, but that the asymmetry

for the pfocess pn > p is coﬁsiderab]y different from thé asymmetry for ..
the process pp ~ p (see Figure 8). This observation in the inelastic
case seems a reflection of the difference already discussed for elastic
scatteriné.}

In E-407 we measured an additional spin parameter of inelastic pp. '
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interactfons, name]y'the depolarization parémeter, which refates the spin
of the outgoing proton to the spin of the incident proton. This parameter
is.simply related to the naturality of the exchange process.‘bln partfcu]ar,
since elastic scattering is dominated by natural parity exchaﬁge3~while‘the '
process pp + pA has a considerable unnatural parity component, 1argé
structure in D should be observed as a function of missing mass. ‘The '
analysis of this experiment is continuing, but preliminary results fndicate
that at some kinematic ﬁoints D becomes negative for A prodpction, whiéh

indicates strong unnatural parity contributions.

Coherent Production

As expected, Fermilab E-272 is now scheduTed to receive first béam in
the last part of 1977. During fhe past year, construction and installation
of the experimental apparatus has continued. The current situation is that |
the Tiquid argon detector is assembled and is under test, the drift chambers.
have been constructed, the electronics for the chambers haQe been constructed
and are under test, many of the scintillation counters have been conStrucfed
and installed and the drift chamber encoders have been purchased. |
Development of on-line and off-line analysis programs is in progress;

After teéting and calibration of the detectfon apparatgs; Qe will *
concentrate on measurements of the coherent Coulomb processes ™ >'e and -
K ~ K*; These measurements will yield the absolute e]ectromagnetié édup]ings
of the vector mesons, which can then be compared with the predictions of- '
symmetry models. This comparison is particularly important because, o
although these models have had numerous successes, their e]ectromagnétic

coupling predictions are in severe disagreement with the fragmentary data

that exist on these processes.
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