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I. Introduction

This past year has been very productive for the CMU group. Our research
program at the kaon beam line at the AGS has generated new and interesting
data while analysis of data taken at LAMPF has produced new and stimulating

results. Analysis of data on the hypernuclei 13C, 14N, 180 is now complete.

In particular a detailed interpretation of the level structure of 13C is
surprisingly simple and successful. Detailed momentum space calculations of
our kaon-nucleus elastic scattering data are now complete, These and inter-
pretation of the inelastic scattering data lead to some interesting and sur-
prising conclusions about the suitability of a kaon as a nuclear probe. In
studies of the (K_,n+] reaction on 6Li and 160 targets we see evidence for

the formation of narrow states in ¥ hypernuclei in agreement with related mea-
surements reported by CERN,

In our studics of plonannihilation, an investigation of the 7Li(n,pd)4ne*
reaction leads to statements about three body absorption mechanisms. We are
now preparing for a major run at | AMPF for August, 1981,

A major new project has been initiated in the area of hypernuclear decay
studies, In March the BNL program committee approved a CMU proposal to in-
vestigate the weak decay of a A imbedded in nuclear matter. Design and con-

struction of detectors for this experiment is now in progress. In connection
I

with this we report CMU beam line design studies that may facilitate the



improvement of the Kaon flux at BNL,

A detailed discussion of the above mentioned work is presented below
in section III. Associated work on hardware and software development as well
as studies of kaon beam line design are presented in section IV. We review

Professional Activities and Publications in sections V and VI.



Annual Progress Report

- Contents -

1. Introduction
IT. Group Personnel
III. Rescarch Progranm
A. Hypernuclear and Kaon Scattering Studies at the AGS
1. Formation of A Hypernuciei in the (K ,m ) Reaction on

12C, 13C, 14N, 18O

2. Formation of ¥ Hypernuclei in (K-,ﬂ+) Reaction on 6Li and 160

3. Elastic and inelastic Kaon Scattering on 12C and 40Ca
4, w: Scattering on Carbon and Calcium
5. Measurcment of the Magnetic Moment of the Negative Sigma
Hyperon
6. Weak Decay Modes of Lambda Hypernuclei
B. Pion Annihilation
1. The (n+,2p) Reaction-Expevriment 315 at LAMPE
2, The (n+,p), (n+,d) and (w+,px) Reactions
3. Feasability study of Monopole Resonances with Pions.
C. Nuclear Reaction Studies at IUCT
1. Asymmetrics in Positive Pior Production with Polarized Protons -
IUCF Exp. #38

2. Quenching of the Axial Vector Coupling Constant



By T

Iv.

VI.

Hardware and Software Development
A, Fast Timing Techniques with Scintillators

B. The New Kaon Bcam Line and LESBI Modification Studies
C. Data Acquisition with Q

Professional Activities

Publications, Reports, Proposals, Talks



IT. Group Personnel

During the post ycar Professor Fujio Takeutchi has returned to his faculty

position at the University of Kyota, Kyota, Japan. In the meantime Dr. Gregory

Franklin of the MIT-Bates lab has accepted a position at CMU to begin August,

1981.

Our senior graduate student, Dan Marlow has completed his thesis work

and received his degree of Doctur of Philosophy in the Department of Physics,

Carnegic-Mellon University in May, 1981. Our personnel roster for the year was

as follows:

a)

b)

c)
d)
e)
£)
8)
h)
i)

i)

Peter D. Barnes, Professor of Physics and Co-Principal Investigator
Robert A. Eisenstein, Associate Professor of Physics and Co-Principal
Investigator

William R. Wharton, Associate Professor of Physics

Bernd Bassalleck, Research Associate

Philip Pile, Research Associate

Nick Colella, Graduate Student

Richard Grace, Graduate Student

Christopher Maher, Graduatc Student

Dan Marlow, Graduate Student

Ron Rieder, %raduate Student



II1I. Research Program

The research activities for the past year were chiefly related to experi-
ments with the Moby Dick Magnetic Spectrometer on the kaon beam line at the
AGS and with our Ge crystal spectrometer on the LEP beam line at LAMPF. Ad-
ditional work includes development of fast scintillato? timing techniques and
design studies connected with the development of a higher flux modified ver-
sion of our current BNL kaon beam line. All these activities are described
below.

ITI.A. Hypernuclear and Kaon Scattering Studies at the AGS

The following sections describe a series of experiments conducted in
collaboration with BNL and the University of Houston and M.I.T. in which we
have built up and instrumented a moderately high resolution beam line and
spectrometér system at the AGS which allows us to study a variety of kaon in-

duced reactions.



12,13, 14, 18

II1. A. 1 Formation of A Hypernuclei in the (K a ) Reaction on C, N, 70

Data taking on experiment 746 at BNL, a study of hypernuclear states in

13, 14 18
AL’ AN and A

using the (K',n ) strangeness exchange reaction. The cxperiment was performed

0, was finished this past yecar., The hypernuclei were formed

on the hypernuclear spectrometer at the BNL AGS Low Energy Separated Beam, with
a typical resolution of 2.5 MeV FWIM in the binding energy of the A.

An extensive off-line analysis of all the data was done on the CMU
VAX computer using our program 'EVAL' that was described in last year's
progress report.,

The obscrved hypernuclear spectra proved to be very rich in
structure. This is particularly true for 13C where the momentum transfer
was varied from ~ 50 MeV/c to ~ 330 MeV/c. Figures 1 and 2 show repre-
sentative although not final results. As the momentum transfer is varied
stotes of different convigurations are preferentially excited. ‘The ob-
served excitation spectra could be interpreted in a simple consistent
model involving substitutional states. In this model a A in either the
1s or the 1p shell is coupled to those core nucleus states that have the
strongest one neutron hole strength. The location and strength of these
core states is taken from cfp calculations and from single neutron pick-up
reactions. The lic results are consistent with a very small A-nucleus
spin-orbit interaction, as deduced from upper limits on level shifts.

A careful analysis of the absolute cross sections was also undertaken.
By looking at new data for liC, taken prior to the ]zC data, we found that
the previously obtained cross section had to be renormalized by a factor

of &~ 2, The new numbers are now in good agreement with theorctical



calculations as well as with the CERN results on iiC. For this deter-
mination of the absolute cross sections extensive use was made of a
Monte Carlo code. This program had been written at CMU in order to
establish the effective solid angle of the hypernuclear spectrometer.

A first draft of a publication has been written and the final version

should be submitted soon.
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I11. A. 2 lFormation of ¥ llypernvclel in (K_,n+} Reaction on 6Li and 160

rctngn: et

Data taking on experiment 752 at BNL, a scarch for narrow N hypernuclear
states in GLi and }60 was finished in May 1981. The primary interest in
those narrow & states stems from the fact that the strong IN - AN conversion
in nuclear matter should result in the nonexistence of narrow states, at
least in a first approximation,

The (K",w*) reoaction at PK = 720 MeV/c was chosen, Only isospin
3/2 levels in the residual % -core hypernucleus arc populated in this
reaction. The cxperiment was performed on the same beam line and spectro-
meter at BNL as the previously mentioned A-hypernuclear studies. Due to
the different polarities in the X and n spectrometers the excitation spectra
were very clcan and esscutially free of background from kaon decays.

6Li data were taken at spectrometer scttings of 0°, 9v, 13°, 160
was studied at 0° first with a water target, then with a liquid oxygen
target in order to avoid the strong peak due to the free K'p » £t
rcaction., Fipgure 3 shows some of the results,

In 6Li at 0° we obscrved o clear indication of a narrow peak and
a somewhat broader structure at lower excitation energies. Because of
the relatively high momentum transfer there is a strong contribution from
the quasifree continuum. The structures in GLi are interpreted as primarily
substitutional states in the Is and the lp shell, respectively, This
6Li and gBe spectra

A

measurcd at CERN., At the large angles the spectrun appears much more

interpretation is based on a comparison with the

featureless.



A main motivation behind the 160 target wis the hope to learn

something about the f-nucleus spin-orbit interaction by studying the
splitting of the P3/2 and Pl/2 substitutional states, if they could be
clearly identified. Indeed, the spectrum taken with the water target
(see Fig. 3) shows traces of two narrow peaks at rather high excitation
energies. Another run with a liquid oxygen target resulted in a dis-
tribution without clear indications of any structure. This could be
due to the very thick target resulting in a worsening of the resolution,
The final interpretation of the 16O results and conclusions on the question
of the I-nucleus spin-orbit interaction are being worked on.

A first druft of a letter with the 6Li results has been circulated

among the collaborators.



P b W b et f——— . o i -

- oA 4 it bt £ 4 et <% —— b

Fe=320nVk|

e e ety b —s ot ¢

— O =0




IIT. A. 3 Elastic and Inelastic Kaon Scattering on 12C and 40Ca

We have recently completed analysis of BNL experiment 692 which was

12C and 40Ca at

a study of K* elastic and inelastic scattering from
800 MeV/c. There were two principal aims of the experiment: (1) to
investigatc whether or not the fundamental differences in K'N and KN
amplitudes would lead to widely disparate interactiong with nuclei, and
whether such differences could be understood theoretically; and (2) to
provide phenomenological distorted wave information for use in the studies
of the (K ,n”) reactions. An interesting sidelight of the experiment

was the simultaneous accumulation of rather high quality n* elastic .nd
inelastic data in an energy region where no previous data exist (see
below) .

All data were accumulated at the Moby Dick spectrometer installation
at BNL. A schematic diagram of the apparatus is shown in fig. 4. The
device is in reality two spectrometers symmetrically placed about the
target location., Each arm is about 8 m long, and together with the
LESB I channel (not shown in the figure), make up a flight path of roughly
24 m. At the momentum of our cxperiment only 10% of the kaons survive
to form good event triggers. The n/K ratio at the entrance to the spectro-
meter was about 12/1, so that pion counting statistics were quite high.

The kaon rates at the target for 4 x 1012 protons on the production target
were 20,000 and 60,000 for K~ and Kt respectively. The larger elementary
cross sections for K™N over K'N nearly equalized the number of scattered
particles from for each sign of kaon. Kaons were well identified using

a combination of time-of-flight measurcment and Fitch Cerenkov counter
techniques. Pions were not so well identified and that purt of the experi-
ment suffers uncertaintics due to muon contaminaticr, A typical spectrum

for kaons is shown in fig. 5; the resolution is about 2 MeV,
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Figure 4" The Moby Dick magnets and their functions. Magnets marked D
are horizontal bending magnets. V and H denote vertically and
horizontally focusing quadrupole magnets.
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All of the data werc normalized by measuring the scattering from
hydrogen in a o, target. This was done at scveral angles for all pro-
jectiles; the results arc shown in figure 6 for kaons. Running on the
CH, target allowzd a direct normalization of carbon scattering to hydrogen
scattering. For the kaons, an additional check was possible by observing
"straight-through' decays K - uv, Results of this check compared to our
Monte Carlo simulatica of the spectrometer acceptance are shown in fig. 7.

Let us now turn to an examination of the data. Figure 8 shows all
of the clastic Ki dav2 on 12C and 40Ca. The data extend roughly over the
angular range from 3 1o 38 degrees. (We were limited at the upper end
of the range by physica: constraints of the spectrometer and also by
counting rate.) The dats for both nuclei fall rather sharply with angle
and display minima which are characteristic of the nuclear sizes involved.
However, they are not sharply diffractive because the basic KN amplitudes
arc not resonance dominated or particularly absorptive. Iy one is so
inclined, one might conclude that the K~ minima are sharper than those
cor K'. Yor both nuclei, the k¥ minima are further out in angle
(typically ~3°) than for K, indicating, if the language of diffraction
theory is correct, that K" sees a smaller nucleus than K.

Shown also in fig. 5 are calculations using the coordinate space
optical potential program NPIRK., The predictions shown were generated

using a Kisslinger form of the optical potential, viz
. 2 2
2BV (1) =« AbgkTp(x) + Ab VoV

The complex parameters bo and b1 werc generated using the best available

phase shift information, and correspond in the theory to KN s- and p-waves
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respectively. For K+, our data show a clear prefercence for the results
obtained by B, R. Martin over the earlier work of the BGRT collaboration.
The parameters used for the K' calculations are given in Table I. In
calculating the cocfficients bo and bl, K partial waves s through f were
used. Since there are ambiguities associated with the generation of
optical potential terms in coordinate space corresponding to KN partial
waves higher than the p-wave, all such higher waves weve lumped together
0 In fact the bl term includes

since it is the largest contributing

with the s-wave to yield an effective b
only the contribution from POl’
am,-litude,

For the K~ calculations the amplitudes of Alston—Garnjost et al., and
also of Gopal were uscd, but there was no discernible difference between
them in predicting K -nucleus scattering. In these calculations, all ele-
mentary partial waves were lumped together to give only an effective b0
(sec table 1). No separate term in b1 was included since the p-waves
werce all of equal size, or smaller, than the higher partial waves.

Several cffects which could conceivably be important have been left
out of these coordinnte space calculations. The Kisslinger potential has
several known deficiencies, including a zerc-range fundamental KN amplitude
with unphysical off-shell behavior. In addition, the nucleon finite size,
which must be removed hecause it is alrecady included in the elementary
t-matrix, must be extracted simply by alteration of the parameters in the
ground state nuclear density. For all of these effects, therc arc con-
siderably more precisec models available in momentum space; these are des-

cribed below. The so-called "angle transformation" was omitted from

consideration in the coordinate space calculations because there exists
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no accurate way to admix properly the d, f, g waves with the s and p waves.,
Therefore, this effect was also left to the momentum space treatment.

The curves shown for cach case in fig, § correspond to different
choices of the ground state density. The lower curves are obtained using
unmodified clectron scattering densities, while the upper ones are den-
sities modified for finite size. For reasons not well understood, the
K" data prefer the modified densities while the K~ prefer unmodified
densities. The proper way of calculation using this particular coordinate
spacc formulation i's unclcar, because while it is certainly true that the
finite nucleon size is alrcady included in the t-matrix and therefore
should not be "double-counted" in the nuclear density, using an uncorrected
density is a conceivable way of mocking up range effects not otherwise
included in the model, In any case, it is clear that the calculations,
which are unadjusted, reproduce the essential features of the data. If

the paramecters b, and b] are allowed to vary, excellent agreement can be

0
achieved. This was done to describe the entrance channel as accurately
as possible for the inelastic mecasurements described below,

More accurate momentum space calculations also were done for these

\ P . . 12 . .

nuclei. The results for K scattering from "~“C are shown in figure 9. In
these calculations, the questions raised above regarding KN range, nucleon
size, and inclusion of higher partial waves in the elementary t-matrix
are correctly resolved in the context of a first-order optical potential.

12() and 40

In fig. 10, calculations of K scattering from Ca using a
coordinate space rendition of "doorway' theory arc presented. This theory,
which has been formulated for Kaons by Kisslinger, seeks to describe the

K -nuclear interaction via the formation and decay of A and % resonances
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as the X propogates through the nucleus. Kisslinger's paper provides
a scheme for expressing these ideas in coordinate space using an optical
potential of the form
: .2 . 2 4
2EV{r) = A[- bOK p o+ b]v-pv + b,V + b,V p

2 3

wherce the coefficients ho through b3 arce generated fgom the elementary
phase shift information. The very poor agreement of the theory with the
data probably points more to the deficiencies of the coordinate space
optical potentia! form given above than to problems with the basic door-
way model . It is clear, however, that more work in this arca remains to
be done,

The last results trom our kaon experiment to be discussed ure the
inelastic scattering dota obtained for the 2" and 37 states in IZC at
4.4 MeV and 9,06 McV, respectively. These are shown in figure 11 compared
to calculations using the coordinate space distorted wave program NDWPY,
As mentioned above, the elastic channel is described using a best-fit
optical potential to the clastic data from NPIRK, The inclastic tran-
sitions arc described using tyransition densities which are taken from
electron scattering, as presented by Gustaffson and Lambert. These are

of the form

L, 2 4, -dr
ptr{T) = r(a+br”+c¢cr)e ,
with the parameters a, b, ¢, d depending on the nuclear transition involved.
Other values of thesc parameters can be found from a standard rotational

model or from the particle-hole caleculations of Gillet and Vinh Mau. The
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three densitics so obtained are very different from each other, as shown

in figure 12, and yicld different predictions for the angular distributions.
This is especially true for the K" study, Since the transition density
for a given state is the same for K~ or K+, the observed differences must
be due to the distortions in the elastic channel. These clearly have a
large cffect on the inclastic scattering. Tt is both interesting and
satisfying that each of these transitions can be sco well described for

different projectiles by a common transition density,

Re(bg) Im(dgy) Re(by) Im(b4)
K-
Gopal .61 .84 - -
K* ,
Martin -.335 241 .084 161
BGLT D(i1) -, 182 .209 101 .198

Table 1: Table of the cptical model parameters calculated by Rosenthal and

Tabakin. The elementary xaon nucleon ampiitudes have
been taken from the analyses of Gopal et., al, , Martin
, and the BGRT group,. Note that for

the K™, all of the kaon nucleon partial waves have been
combined into a single c¢cmplex parameter, Dy,



0.1

. 0.08

U\O"U'ij

0.06

0.04

i i 1 i '

12 + +
C(o—2") i

Transition Densities

Electron data
Gillet-Vinh-Mau, ph
Collective, dV/dR

RMS Radius, '2C

]
- ! | \",j::;-.._.u
2 3 9 5
R, Fermis



+
111. A. 4 " Scattering on Carbon and Calcium

During the winter and spring of 1979 differential cross sections were
measured for the elastic and inelastic scattering of 800 MeV/c pions from
carbon and calcium covering a 4 to 34 degree angular range. The mecasure-
ments were made simultaneously with those of kaon scattering by using an
additional trigger channel,

The data were accumulated using the hypernuclear spectrometer at
the BNL AGS Low-Encrgy Scparated Beam with an overall system resolution
of about 2.5 MeV with a 2 gram/cm2 target. The pion beam flux was
1-3 x 105 per sec, however the effective flux was typically 2 to 10 times
less since the pion scattering trigger rate was adjusted to be less than
or equal to the kaon scattering rate. The spectrometer solid angle was
about 12 msr with a 5% momentum acceptance.

The analysis phasc of this experiment is almost complete except for
an overall normalization factor which must be applicd to the data duc to
a muon component in the incident beam. Typical spectra at two different
angles arc shown in figurc 13. The peaks were fit with gaussians up to
an cxcitation energy of about 10 MeV. The positions of the gaussians were

12(7). Differential cross

chosen to correspond to actual states in 4OCa (or
sections were calculated using the fitted peak areas, measured beam fluxes
(corrected for trigger efficiency) and a spectrometer acceptance as pre-
dicted by a Monte Carlo computer simulation program. The analysis procedure

used for the pion data paralieled the analysis procedure used for kaon

scattering data which is described in reference 1.
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The elastic differential cross scction data is presented in-figures
14 and 15 without a correction for the muon contamination in the incident
beam. The dashed lines shown in the figures are momentum space
calculations using the computer code PIPI'I‘.2 The basic amplitudes for
the calculations were constructed from the CERN theoretical set including
partial woves through £=3. [Llectron scattering ground state densities
were used and a »N range of 0.25 fm. Variations in the 7N range had little
effect. The lack of agrcement between the theory and the experimental
data for the small angle regions suggest that the muon component of the
incident beam may be substantial,

The 4.44 and 9.6 MeVl states in 12C were also analyzed. The dif-
ferential cross scctions for thosc states are shown in figures 16 and 17.
Distorted wave calculations for these states arc in progress at this time.

The overall normalization of this experiment will he based on pion
scattering from protons taken with a CH2 target over a limited angular
range. Figure 18shows both the #  and wt scattering results along with
other published experimental data (Bowler3 and Brody4). The dashed lines
are calculations based on the CERN thecoretical phasc shift set and the
solid lines on a set generated by Cutkosky.5 The Cutkosky set includes
80 partial waves and is based on fits to amalgamated data sets6 which include
incident pion momenta between 420 and 2000 MeV/c. Neither calculation éncluacs
Coulomb effects (although they are included in reference 5). The data of this
experiment will be normalized to the Cutkosky results with Coulomb effects
included. The overall normalization factor will be approximately 2 for both
the 7' and @~ differential cross sections. The differential cross sections
for vion scattering on the carbon in the CHZ target arc shown in figure 15 as

triangles and agreement is found with the natural carbon runs.
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The time-of-flight resolution obtained during this cxperiment between
the two trigger scintillators spaced 16.5 meters apart was about 1 nsec
fwhm. The resolution was not adequate to cleurly distinguish the prescnce
of muons or clectrons in the incident beam. At 800 MeV/c the pion-muon
time-of-flight difference is about 350 psec., However, during the tuning
phases of a recent experiment (May 16981) at the same beam line a time-of-
flight measurement was made between the scintillator ¢t the beginning of
the kaon specirometer and another small scintillator placed in the focal
plane of the pion spectrometer (17.6 meters scparation). We were able
to obtain a time resolution of about 400 pscc fwhm, which was adequate
to clearly sec a muon contribution to the pion time-of-flight peak. The
beam line was st for negative 720 MeV/c particles with the beam separator
tuncd te accept kaons., Figure 19shows the results of this test. The
position of the muons and clectrons with respect to the pion peak is
indicated. Clearly the broadening of the "pion® peak with respect to
the kaon peak is due to a substantial number of muons and a relatively
small number of clectrons, The relation number of muons and pions in the
beam is dcependent on tae beam momentum and polarity: thercefore, the pion/
muon ratic that would be predicted by a fit to the time-of-flight spectrum in
figure 19¢could be used to obtain an absolute ratio at a beam momentum of 800 MeV/c,
This figure does, however, tend to justify the large normalization factor

R . . . . ,
needed to bring the present p(n ,+ )p data in line with previous oxperiments.
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ITI. A. 5 Measurement of the Magnetic Moment of the Negative Sigma Hyperon

In the hydrogen-like region the fine structure splitting of an atomic
level is proportional to the mannetic moment of the particle in orbit. This
has been used by Roberts1 and Hu2 to make a 1% measurement of the antiproton
magnetic moment in good agreement with the magnitude of the proton moment.

3

In atomic fine structurc measurcments of the & moment, Roberts et al.” ob-

tain u(Z’) = -1.48 * 0.37 n m while Dugan ot ul.4 obtain -140 % g:gé nm
which agree rather well. The simple quark model estimate with equal mass
u,d and s quarks gives n(f’) = -0.88 n m while a model in which the s
quark is heavier gives p(%’) = -1.04 n m5. In a recent paper Brown ct a1.6
report a calculation in the chiral bag model in which they obtain u(s’) =
~-0.54n m. This problem is being further studied in an I atom experiment
proposed at BNL7 and a polarized £ hypevon beam experiment at FNAL8 and is
clearly an important test of the quark model,

In AGS proposal #723 our aim is to measure the magnetic moment of the
negative sigma hyperon with 0.05 nuclear magneton precision by observing the
strength of the fine structure splittings of sigma exotic atom transitions.
The institutions contributing to this effort are: Boston University, Carnegie-
Mellon University, California Institute of Technology, College of William and
Mary, and the University of Wyoming.

Construction of a target hodescope at CMU (by Sutton and Colclla) is
now nearly complete. A pion trigger detector is under construction at Boston
University while the William and Mary group arc finishing the target con-

struction. FExecution of this experiment is now scheduled on BNL AGS beam

LESB-1 for early spring, 1982.
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III. A. 6 Weak Decay Modes of Lamda Hypernuclei

In order to augment our growing knowledge of hypernuclei we are pre-
paring an experiment to study the weak decay (ie. particle decay.) of 12C
hypernucleus, This experiment will measure the hypernuclear lifetime (to
+ 15%) as well as the energy distribution and partial rates for the charged
particle decays making it the most complete and precise hypernuclear decay
experiment to date. This project (BNL Exp. #759) was proposed and defended
before the BNL-AGS program review committee in March; 1981, It was approved
for 450 hours. We are now preparing the final detector designs and preparing
for detector construction,

Experimental data up until recently have been obtained from bubble
chambers and emulsion stacké. These experiments measured partial rates for
A=]1 to 12 and the mean lifetime for A=3 to 5. However these data are based
on only a few events and are subject to large errors., (See figure 20.)

The most recent hypernuclear decay experiment was done by Nield et al,
This experiment used an 16O heavy ion beam on a polyethylene target. K
emission was used as the hypernuclear formation trigger, and the nuclear
recoil track was reconstructed with spark chambers. These data however
suffer from a large background and few good events (22 in all). (See figure
21.) Also this experiment is unable to measure any partial rates.

Theoretical calculations up until now have been of two types. One
type due to Block and Dalitz ignores initial and final state interactions
and is successful in predicting the lifetimes measured for light hypernuclei.
The other type due to Adams is a nuclear matter calculation with initial and
final state interactions included. This calculation predicts a lifetime to
be much longer than the free lamda lifetime which contradicts the results
of Nield et al,

The promise of high quality data from Exp. 759 has sparked new interest



in this theorctical problem. In particular Holstein who has done extensive
calculations on the related problem of nucleon nucleon parity violating
forces has initiated a program to calculate hypernuclear decay rates.

Our objective in this experiment is to combine the hypernuclear forma-
tion trigger capability of the Moby Dick spectrometer at LESBY with a
range spectromcter to detect the charged particles pfoduced from the hyper-
nuclear decay. The lifetime measurement will consist of a start signal from
two scintillators in the beam on either side of the target, and a stop signal
from the first two scintillators in the range spectrometer. These counters
are state of the art timing scintillators which should achieve a timing
resolution of 200 - 250 psec. FWHM.

The energy of the decay products will be measured in the range spec-
trometer which consists of two multi wire proportional chambers, two timing
counters (also used for AE information) and up to 18 additional scintillators
to measure the range of the particles. The range spectrometer design is
presently being studied by means of Monte Carlo simulation. The simulated
spectrometer has an energy resolution of * 10% AL/E, and can separate protons

and pions at the 1% level using EAE and Range AE information.
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III. B Pion Annihilation

I1I. B. 1 The (n+,2p) Reaction - Experiment 315 at LAMPF

The purpose of experiment 315 is to study the reaction mechanism
by which pions are absorbed in light nuclei. When a pion is ebsorbed at
low energies it deposits a large amount of energy in a small region of a
nucleus while carrying only a small amount of momentuﬁ with it., In con-
trast if a proton were to excite a nucleus by an amount of cnergy the
order of the pion rest mass it would bring in a momentum close to 1 GeV/c.
1f the absorption of a pion involves primarily a single bound nucleon the
nucleon must have a large momentum beforehand in order to have both energy
and momentum conserved. Since a3 typical value of the Fermi momentum is
~ 260 MeV/c higher momentum components of the nuclear wavefunction are not
probable. Absorption of a pion involving two or more nucleons should be
much more probable since the momentum can then be shared amcngst those
nucleons involved. A reaction involving two nucleons is attractive not only

to study the reaction mechanism but also because it allows a study of two
hole states.

7 6

In 1980 the targets 6Li, Li and 160 were studied, ’7Li were studied
at the following energies and angles: 49 MeV (827,82%), 40 MeV (58.5°,107°),
75 MeV (80°,80°), and 75 MeV (57°,104°); for 1°0: 90 MeV (75°,105°).
Improvements made during the previous year were the building of individual
wire readout MWPC's and the addition of two silicon detectors. The analysis
of last year's data shows that the wire chambers were very successful in
handling high rates efficiently which allowed us to move much closer to

the target increasing the solid angle by a factor of 10and also increasing
the angular spread of the coincidence events. Using the silicon detectors

allowed the collection of many deuteron events corresponding to the (n+,pd)

reaction,



It is found that the cross section for (n+,pd) is typically 20% as

large as the (n+,2p) cross sections for 6’7Li. Figures 22 and 23 show the
. . 6,., + 4 7., + 4
spectrum obtained from the two reactions "Li{m ,2p) 'He and "Li(wn ,pd) le.

The resolution of the 4

He ground state from the (n+,2p) reaction is 1.8 MeV,
The recoil momentum distributions of the ground statés from the two
reactions are shown in figures 24 and 25 and are very similar. Although
the spectra are not corrected for phase space some recent calculations show
that the distribution is shifted even more towards low values of recoil
momentum, Since the residual nucleus experiences low recoil momenta it

is very probable that it dces not participate in the reaction very much

and can be considered a spectator. 6Li is frequently described as a
deuteron orbiting in an L=0 state with respect to an alpha cluster, 7Li

is frequently described by a triton cluster in an L=1 orbit with respect

to an alpha cluster (the spin of the triton combines with the I=1 to

give the 3/2° ground state of 7Li). The ground state peak from 6Li(n+,2p)4He
is interpreted to be the absorption of the pion on the "quasideutcron". In
the shell model interpretation these two nucleons are the two p-shell

nucleons of 6Li. The ground state of 4He from the (n+,de reaction could

be from two sources, i.)} absorption involving three nucleons or ii.) ab-
sorption involving only two nucleons with one of the nucleons picking up
a neutron on the way out of the nucleus. In free space these two mechanisms
are distinguished by the kinematics of the fast outgoing proton. In mechan-
ism ii. the proton should have the kinematics of S SN p + d: in ii,

the proton should have the kinematics of e d o P *+ p. The encrgy

of the proton differs by 25 MeV for the two cases. Our data on Li shows
only a few percent of the 7Li(n+,pd)4ﬂe events have protons with encrgies

corresponding to that of mechanism ii. Thus we are now investigating whether
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the ground state data can be interpreted as the absorption of the pion on the
triton cluster (i.c. the three correlated nucleons) while the other four
nucleons remain spectators. There is also a peak around 22 MeV whose recoil
momentum distribution is shifted toward zero like an s-wave. An L=0 transi-
tion can only populate 27 or 1  states. There is a known 27 state at 22.3
MeV. The enhancement of this statc has not been scen in other types of
reactions and therefore suggests pion absorption as a different, unique probe
of nuclear structure,

Data was taken to observe the reaction ]60(n+,2p)14N at T" = 90 MgV
and with the arms of our spectrometer set at 72° and 105%. This is 17°
away from the kinematics of the two-body reaction (i.e. zero recoil momentum)
of our 1979 run with ]60 (figure 26). A spectrum from the 1980 run is
shown as figure 27 ; the enhancement of A=2 states such as the g.s., the
7.0 MeV state, and the 11.5 MeV state isseen to occur., (A is the total
angular momentum of the pn pair with respect to the center of mass of the
target nucleus.) The ground state is pradicted to be necarly equal in
strength to the first excited state (A=0) by c.f.p. calculations. Since
coefficients of fractional parentaée predictions contain cnly nuclear struc-
ture information and nothing about the rcaction mechanism, the difference
in strengths between the two states contains information about the reaction
mechanism. According to the Mishinsky transformation the ground state transi-
tion is 50% L=2, 2=0 and 50% L=0, 2=2. (L is the angular momentum of the pn
pair about the center of mass of the nucleus; ¢ is the angular momentum of
one nucleon in the pair relative to the other.) The 1979 run was collected
at angles corresponding to zero recoil. This configuration prefers L=0 to
L=2 from the geometry. On the other hand we cxpect absorption involving two
correlated nucleons to be close together. This implies a prefercence for

£=0, L=2. The recoil distribution for the g.s., contains the number of events



with L=0 and L=2 (hence £=0, £=2), The unfolding of this information will
give information about the mechanism. Unfortunately in 1980 there was not
adequate time to collect the statistics necessary for such an analysis and
a large amount of time will be spent on this during our next run,

We have been given an additional 550 hours of running time starting
in late August, 1981, Extensive work has gone into the preparations of a
new data acquisition program (sce section IV.C) for use in our upcoming run,
Also numerous refinements have been made to our spectrometer to facilitate

the alignment and setting up of the apparatus this August.
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I1I1. B, 2 The (w*,p), (n+,41l_and'(n+,px) Reactions

During the last two years the study of pion annihilation has led
to a close working relationship with the nuclear theory group. This work
began with Wharton and Keister collecting and examining all available
(p,n+) and (n‘,p) data in the 1p shell (much of it from our group).

They showed (Phys. Rev. (€23, 1141, 1981) that a single neutron pickup
distorted-wave calculation has serious problems in déscribing the syste-
matic energy and A-dependence of the cross sections of ground state
transitions in the 1lp shell. They cxamined the data in terms of a two-
nucleon absorption model and find that fecatures of the two-rucleon model
show good possibility of describing the systematics of the data.

As an outgrowth of this work Keister and Kisslinger have written a
computer code which includes a coherent sum of both the one-nucleon and
two-nuclecon absorption processes. Furthermorc the two-nucleon model is
done more accurately, with less approximations, than all previously
published two-nucleon model calculations. They are finding that many
approximations made by other thecorists have a large effect on the calcu-
lated (n+,p) cross section, and that the (n+,p) data is difficult to under-
stand even with their most complete calculation.

This computer code is easily adaptable to other two-nucleon absorption
processes and we are in the planning stage of applying it to our (“+,d)
and (w+,pp) data. No serious attempt has previously been made to relate
such diverse picn absorption reactions to the same theoretical model.

The (n+,d) data is continuing to be collected during experiment #315

at LAMPF., One of our chief goals is to cxamine the spin dependence of



the (n+,d) reaction. Existing models of the (n+,d) reaction predict

that nucleon transitions with spin transfer S=1 are a factor of 100
weaker than the S=0 transitions. These models assume a single-step
interaction in which a single nucleon absorbs the pion and picks up a
second nucleon immediately thereafter. Shown in fig.-2Sis a 7Li(n+,d)5Li
spectrum which suggests the population of the 16.7 MeV 3/2+ state. This
state 1is the only narrow state known to exist in particle unstable SLi
and must be populated by a S=1, L=1 transition. We are presently ana-
lyzing more data to confirm this S=1 transition., A confirmation of this
transition will demonstrate a need for a revision of existing models of

+ . .
the {w ,d) reaction mechanism.
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11T, B. 3 Yeasability Study of Monopole Resonances with Pions

As an outgrowth of our collaboration with the University of Washington
in LAMPF Exp #191 we have investigated the feasibility of using EPICS to sce
Giant Monopole Resonances.

The observation of the Giant Isoscalar Monopole excitation with in-
elastically scattered alpha particles has been reportod.l It is difficult
in alpha particle experiments to determine quantitative details of the mono-
pele excitation due to the presence of a strong continvum and a relatively
large, nearby quadrupole resonance. We are theretfore attempting to obscerve
the resonunce with low encrgy pions. Since pions are 28 times lighter than
alpha particles, it is possible that the cxcitation of the giant monopole
resonance may be cleaner. In particular, with alpha particles of 120 MeV,
the momentum transfer at C° for 15 MeV excitation is about .35 F—l, SO X~
citation of multipoles of L less than 3 for heavy nuclei is not suppressed.
With 67 MeV pions, however, the momentum transfer at 0° is less than 0.1 Fﬁl,
while at 10° it is 0.15 F'I, so one would expect L=1 excitations to become
important (for lecad) only beyvond about 10°, Thus if it were possible to
measure inelastic pion scattering ¢ross sections at 10° and forward, one might
expect to observe the giant monopole re¢sonance relatively free from contribu-
tions of higher multipoles. Furthermore, excitation due to quasi-elastic
scattering of pions is expected to be relatively low at forward angles. This
trend has been observed in our studies of inelastic scattering at larger
angles, and is expected because the basic pion-nucleon cross section is back-
ward peaked, and because forward inelastic scattering is suppressed by Pauli
blocking.

Distored wave Born approximation calculations from the University of
Washington support the view we have just argued that the monopole might stand

out at forward angles., (See Fig. 29.) The main competition to the isoscalar



giant monopole is from the giant dipole resonance. DWBA calculations indicate
that the dipole cross section will be less than that for the monopole for
angles forward of 10 to 14° and substantially less at 0°. There is some am-
biguity in the expected magnitude of the cross section, expecially for the
dipole excltation, since the isovector part of the pion-nucleus potential is
involved, and not much is known about the best parameterization for this part.
These calculations use the free pion-nucleon parameters in a Kisslinger model
for the isovector potential. |

Together with a group at the University of Washington and Dr. J. Amann
of LAMPF, we carried out some work on EPICS (Energetic Pion Channel and
Spectrometer) in order to develop a technique for measuring pion inelastic
scattering around 10°, The main problem that we addressed so far was the
muon background. Since the pion decay length at 67 MeV is about 8 m, and
since the maximum laboratory decay angle is about 15°, there is a very large

muon background in the spectrometer at 10°. 1In a previous test, we determined

Fig., 29: Predicted differential cross
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that the counters in the spectrometer could operate in this intense flux,
but that the muon events would have to be vetoed in order to maintain a
rcasonable computer trigger rate. The muons at the focal plane of the spec-
trometer arc fairly well localized by energy, so it is possible to differen-
tiate between muons and pions by range, although it is necessary to use an
absorber whosc thickness varies with position along tﬂe focal plane. By
installing and adjusting such an absorber, it was possible to veto from 95
to 98% of all muons, while losing only about 10% of the pions. The rate of
non-vetocd muons was then comparable to the pion rate, and they could be
identified by computing the mass associated with the measured time of flight
from the spectrometer entrance and particle trajectory.

When the muons were satisfactorily eliminated, it became possible to
study the pion spectra at forward angles. We found a large background re-
sulting from degraded elastically scattered pions. It appears that about
0.2% of the flux of elastically scattered pions which enter the spectrometer
is degraded by hitting flanges or walls of the vacuum system in the quadrupole
triplet at the entrance to the spectrometer. Because of the focusing in the
quadrupole, combined with multiple scattering in the timing scintillation
counter immediately after the triplet, it is impossible to project the
trajectories backward to the site of the scattering in the quadrupoles., Thus
it will be necessary to use veto counters at the flanges to eliminate this
background. Since the 10° elastic scattering cross section is around 20
barns/sr {for lcad) whereas the giant monopole resonance cross section is
expected to be only about 1 mb/sr, a reduction of this background by about
two orders of magnitude will be required.

Although measurcments at 10° are not possible with the present sctup of
EPICS, we were able to demonstrate the feasibility of measurcments on C and

Pb at 20°, We¢ plan to continue these studies in the summer, in order to



determine how large the dipole excitation really is at forward angles and
to extend the range of our previous inelastic scattering studies on the LEP

channel to the more forward angles already available at EPICS.

References:

1. D. H. Youngblood, Topical Conference on Giant Multipole Resonances, Oak

Ridge, TN, F. E, Bertrand, Ed., Harwood Acad. Pub., 1980, p. 113.



ITT. C Nuclear Reaction Studies at IUCF

IIT. €. 1 Asymmetries in Positive Pion Production with Polarized

Protons - TUCE Exp. #33

In the winter ot 1979 one of our group (P. Pile) participated in the

final phasce of IUCF experiment #38 in collaboration with others from Indiana

1y

University., The IUCE DD spectremeter ’ was used to measure the asymmetry

: o . 4 G
of the proton induced positive pion production from 1)0 to the ground state

and the 0.87 MeV states in 170. This data, along with asymmetry data pre-

’
viously obtained for 10B, ]“C and 40

Ca, has been submitted (April 1981) for
publication in Physical Review €. ‘The title page {(including the authors
and abstruact) of the submitted article is included as an enclosurce to this
report,

1) P.H. Pile and R.E. Pollock, Nucl, Inst. and Meth. 165 (1979} 209.



Positive Plon Production from tha Bombardment of 0B, 12¢, 180 and “0Ca with

147 to 159 MeV Polarized Protons

T.P. Sjoreenf, P.H. PileTt, R.E. Pollock, W.W. Jacobs, H.0. Meyer,
R.D. Bent, M.C. Green, and F. Sogal!ll

Indiana University Cyclotron Facility, Bloomington, Indiana 47405
(Received
ABSTRACT

Fe
Differential cross sections and analyzing powers for the (p,mT) reaction have been

measurad with 147-to 159-MeV polarized protons. Transitions to the ground, 2.12- and

4.45-MeV states in !B, the ground, 3.09- and (3.68-3,85)-MeV doublet in 13¢C, the ground

and 0.87-MaV state in 170 and the ground state in “!Ca are studied.

Pion center-of-nass

>
ensrgies range from 5 to 11 MeY. The results show distinct differences of the (p,n¥)

analyzing power for the various trausitions.

9>
NUCLEAR REACTIONS 108, 12¢, 180, 40cCa(p,nt), polarized protons, Ep=147-159

MeV; measuraed o(8), A(0).



I1i. ¢, 2 Quenching of the axial vector coupling constant

The ft valuc of Gamow Teller £ decay is direcctly related to the
o1 matrix clement of the transition through the axial vector coupling
constant Ep If the free value of g is used, the mecasured ft valuc
of the tronsition 140({).)M:\"(S.E)S MeV) gives a Gamow Teller (GT) transition
strength which is 40% lower than predicted by shell model calculations.
We have derived a ncarly model independent sum rule of the GT strength

14C(6Li,6He)14N reaction was used to

summed over all MN states.,  The
map out this (T strength and more than 40% was found to be missing. This
lack of strength became cven more dramatic when our neighbor, W. Dachnick,
remeasured the ]AO(B)ldN(S.QS MeV) ft value to wmuch better accuracy, Just
recently our collaborator, €. Goodman, remapped the Gamow Teller strength

up to 30 MeV excitation cnergy in 14N using the 14C(]),n)MN at Tp = 160 MeV.
He finds that the relative distribution of strength agrees perfectly with
shell model calculations. However only 60% of the strength is present,

basced upon the free valuc of g All of this suggests a 40% quenching

of £a from its value for a free neutron. This quenching of £ is undoubtedly
related to the mesonic degrees of freedom inside nuclei. Many of ¢ models
used to understand the quenching of £ are also used in predictions of

pion condensation and other features of pion nucleus interactions., Our
continued interest in this subject is part of our total ceffort to under-

stand the pion-nuclcus interaction,



IV. Hardwarc and Software Development

IV.A  Fast Timing Techniques with Scint’ llators

In preparation for BNL experiment 759 we have studied the timing pro-
perties of plastic scintillator detectors. In this study which is still in
progress we have broken the counter down into four scctions:

1) Scintillator Material.

2) Scintillator Geometry.

3) Light Guides.

4) Photomultiplier Tubes.

Each of these scctions will be discussed in turn.

1) Scintillator Geometry

It is well known that small scintallators have better timing propertics
than large scintillators. Therefore our procedure was to examine scintillator
samples of gradually increcasing sizes in an attempt to determine the recason
for the decreasing resolution with incrersing size. A typical setup (figure
30) consists of a scintillator sample viewed on cither side by a photomulti-
plier tube, and irradiated by a collimated Sr beta source.

The results of this section are shown in figure 31, We find that as the
sample increases the pulse height, ph decrcases and the resolution, At gets
worse. The usual claim is that the timing resolution depends on the amount
of light in a statistical manner that is At = C(wlw). Plotting pulsc height

Fom
vs. At (figure 31) onc can seec that the data fit a At = C(-—=) very well.
/i

The functional dependence of At on ph is an important result, It allows us
to make comparisons to counters presently in use in the Moby Dick spectro-
neter by measuring the light collection efficicency of these counters using a
90 Sr beta source. With this normalization we can achieve the desired resolu-

tion in the various counters in our experiment by adjusting the thickness of

the counters to produce the desired amount of light.
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2) Scintillator Material

Each scintillator material is characterized by parameters which describe
the light puisec produced by the material when excited by some radiation. The
usual parameters are: rise time t.» mean fall time t, and light production
dL/dX, and attenuation length, . One usually chooses a scintillator material
with a fast rise time, a large light production and an attenuation length large
with respect to the actual counter size,

Our preliminary results of tests comparing PILOT U, Nel02, and Nelll

show that timing resolution is independent of rise time at this level,

u

tr(Nelli) 350 psec

fi

tr(PILOT u) 500 pscc

i

tr(Nﬁlﬂz) 800 psce
Our investigation is continuing,

3) Light Guides

A light guide is a section of plexiglass or other transparent material
used to transmit light from a scintillator to a photomultiplier tube. Of the
many different light guides one can usc the most cefficient (vef. 1)} is the
rectangular light guide. That is a light guide that has the same rectangular
cross section as the scintillator fact throughout its length (figure 32).
Since we are only interested in the most efficient light guides the rectan-
gular type will be the only type discussed in this scction.

Having chosen the cfficient rectangular light guide the only problems
left are coupling the light guide to the scintillator material and the photo-
multiplier tube. The latter of the two problems is casily soluble, The light
guide is easily attached to the tube using optical grease. The only restrie-
tion is that the light guide can not be wider than the tube. This limits the

width of the scintillator to 4cm in our case.



The problem of attaching the light guide to the scintillator is more
difficult.  The main difficulty is in matching the indices of refractions.
The usual material used in constructing light guides is plexiglass. It has
an index of refraction of 1,47 which is quite different from the scintillator's
index of refraction, 1.58., This is in fact crucial. 1t causes the light
entering the light guide to bend away from the normal Iof the surface, and
therefore out of the angular range for total internal reflection.

To solve this problem of lost light at the interface one need only choose
a material (such as quartz) which has an index of refraction slightly larger
than that of the scintillator material. Another solution is to construct
the light guide as shown in figure 4 with a slot for the scintillator to fit
into. This geometry causes the light at large angle to enter through the
sides therefore bending in the desired direction,

Light guides corresponding to the two methods described above are now
under construction and will be tested in the ncar future,

4) The photomultiplicr tubes which we have tested to date are:

RCA 8575

RCA 8850

HAMMATSU 1246

HAMMAMATSU R1294x

PHILLIPS XP2020
Of these the 8575 and the XPP2020 give the best results. However the XP2020
tubes have somewhat better gain than the 8575 tubes. We shall investigate
these two tubes in more detail in the future.

In order to investigate cach of the above portions of our counters in
more detail we have purchased a Techtronics 7912AD waveform digitizer this
device wiil enable us to digitize in bins of 10 pscc. The individual pulses

from a photomultiplicer tube. These pulses can then be read into our PDHP 11/45
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to be analyzed. This will allow us to measure quantities such as rise time
fluctuations and determine their effect on timing. We hope that once we
determine what properties of the pulses ceffect the timing we will be able

to optimize the system for best timing.

Reference

1. D'Agustince ct al., CERN preprint EP/80-228, Dec., 1980.



Iv.B The New Kaon Beam Line and LESBI Modification Studies

During 1979 the Kaon Beam Line Working Group consisting of
representatives from Carnegie-Mellon University, University of Houston,
Massachusetts Institute of Technology, Brookhaven National Laboratory, Los
Alamos Scientific Laboratory and Argonne National Laboratory was formed,
The purpose of this group was to evaluate the possiﬁility of building a new

kaon beam line in the United States and to recommend a course of action,

With guidance from the Kaon Beam Line Working Group, Il. Enge developed

a beam line some of whose properties are listed below:

momentum 750 MeV/c
AQ 6 msr
AP/P £5%
n/K ratio 1

- 12 5

K /10" ° protons 3 x 10
energy resolution 500 KeV

A schematic drawing of the beam line is shown in figure 33, The proposed
design will allow for the possibility of extending the channel momentum to
above 1,2 GeV/c by decreasing the bend angles of the dipoles. The decrease
in bend angles is accomplished by physically moving D1 and D4 with respect
to the rest of the channel., D1 through DU are superconducting 5 tesla
dipoles. The new beam line will provide about 100 times more kaons per
second than are now available at the present target location and a reduction
of about a factor of 10 in the number of unwanﬁed particles in the kacn
beam., The reduction in the number of unwanted particles will be achieved by
a reimaging of the production target at the velocity slit before Q1 in

figur§33.
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A letter, prepared by working group members from Carnegie-Mellon and
the University of Houston, describing the activities of the working group
and the conclusions reached has been submitted (fall 1980) to the Brookhaven
Laboratory Management. The essence of the letter states that if the new
kaon beam line project {s to become a realit% support of the project with
detailed designs and construction personnel must be gencrated, Thjs work

is best done and most appropriately organized by BNI,.

In view of the fact that a new kaon heam line may not be a reality
until several years into the future, modifications to the present LESB-I
beam line are anticipsted to take place during the current year. The

present LESB-I beam line and hypernuclear spectrometer are shown in figure

34, The kaon flux at the target location between P wire chambers P4 and P5

12

is about 5 x 103 K™ /10 protons and the flux between Q6 of LESB~I and Q1 of

the kaon spectrometer is about 4 x 104 K"/1012 protons., The proposed design
change will consist of moving the experimenter's target location to about
the P2 location and either move the rotatable pion spectrometer forward to
replace the kaon spectrumeter or fix the kaon spectrometer at a small angle
and eliminate the pion spectrometer. The kaon momentum will be measured by
tracing the kaons through the Q5, D3 and Q6 elements of LESB-I. The
principal difficulty with such a move involves making a scintillation

counter, Cerenkov counter, and a wire chamber work efficiently in the high

background environment encountered between the mass slit and Q5 in LESB-I.

We at Carnegie-Mellon have studied the properties of the kaon beam at
the propcsed new target location, The study has been carried out using the
program TRANSPORT1 and TURTLE.Z TRANSPORT was used to determine the field
strengths of the beam line elements after the LESB~I mass slit and TURTLE

was vsed to simulate a beam of kaons originating from the production target.
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The following constraints were placed on the study:

1) The beam line elements and tune upstream of the mass slit remain

unchanged.

2) The distance from the last element in the beam line to the target shall
be no less than is now available at our present target location (0,88

meters).
3) The kaon flux shall not be reduced by any changes made to the beam line.

The TURTLE simulator assumes a kaon production target that is 6.4 em x
sin 10.5 deg wide and a proton beam 1.2 mm high. The transport coordinator
theta (9), phi (¢) and momentum range (68) were chosen large enough to
completely cover the entrance phase space of the LESB~I beam line. The
program TURTLE then transports these particles through the beam line, taking
into account the uapcrature constraints presented by the various elements,
Figure 35 shows a comparison of the turtle simulator output with actual data
at approximately the new target location, The TURTLE results shown in the
figure are gated by those events that make it through the kaon spectrometer
(as are the real beam events). The difference between the ¢ measured and
predicted distributions is principally due to the 5 mr angular resolution in

the actual measurement,

Figure 36 shows a schematic of a configuration that meets the criteria
specified previously and allows one to adjust the x and y widths on the
target to suit the experiment, The only change incorporated in figure 36 is
the insertion of Q7 between Q6 and the target., The distance between Q6 and
the entrance quadrupole Q! (see figure 34) has remained unchanged. Without

Q7 a small y dimension is not possible at the new target location. In fact,
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the phase space shown in figure 35 is a result of a Q5 D3 Q6 tune which
minimizes the y dimension at the target cornsistent with an x waist at the
target. The target can be moved closer to Q6 with a reduction in the y
dimension, however the x wagnification becomes so large (3 to 5 from the
target area to P1) that the momentum resolution is Seriously degraded. Even
with a target closer to Q6 the y dimension is still over 3 cm, The phasc
space for a tune of the QDQQ configuration which minimizes the y extent of
the beam while maintaining a 6 cm wide waist in the x coordinate is shown in
figure 37, The beam envelope is shown in figure 38. The transport control

deck for this tune is given in Table 1.

All other combinations of three quadrupoles and one dipole were tried
(i.e. QQDQ, DQQQ, etc.) and were found unacceptable because of their low
dispersion of about 0.5 cm/% from P3 to P1, The QQD and DQQ combinations

proved undesirable because of grossly unequal x and y magnifications.

The momentum resolution obtainable with the QDQ or QDQQ combinations
should be comparable. The tune giving the phase space shown in figure 35

gives a first order transport between P3 and P? of

(1) X = -2.26 XO + 1.74 &P
while the QDQQ tune giving the phase space shown in figure 37 gives (this

time between P2 and P1).

(2) X = -1.91 XO - ., 007 PO + 1,63 &P

where X, 6, and SP have respective units cm, mr and %. With 1 mm chamber
resolution and 8 mr (0.5 deg) 8, resolution the first order momentum
resolution will be about 1,4 x 10"3 in either case (1,1 MeV/c at 800 MeV/c).
Equations (1) ana {2) should be compared with similar transport equations

for thc present kaon spectrometer, for example, between P3 and P1 in figure 34
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we have

(3) X = -1.82 Xﬂ + ,024 80 + 3,51 é&p
which gives a momentum resolution of about 8§ x 10“4 (or 610 KeV at 800
MeV/e). The intrinsic resolution of the QDQQ specctrometer is therefore

about a factor of two worse than the kaon spectrometer resclution,

The final design study of the LESB-I modifications is not complete,
The design presented in this report is one solution which looks attractive
at this time since it will give the experimenter a flexibility in choosing
the beam size at the target and does not require major modifications to be

made to the beam line.

Refercences
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IV.C DATA ACQUISITION WITH Q

buring the past ycar we have converted the data acquisition software
for our experiments at LAMPF to the Q system. This system is a set of pro-
grams written and supported by the MP-1 and MP-10 groups at LAMPF., Thesec
programs run undexr the RSX-11D operating system on the DEC PDP-11 series of
computers. The system includes a Micro-programmed Branch Driver (MBD) which
acquires data from the modules in a CAMAC system, stores and then transfers
the data to the PDP-11. The PDP-11 then analyzes the data and can store it
on magnetic tape.

There are three main advantages of the Q system over the current CMU
data handling system. The first is that the Q system is easy to use. It
has convenient editing features which permit the experimenter to easily
change various paramcters during data taking., This is particularly useful
for debugging purposes. The display package includes a peak fitting routinec
which facilitates quick analysis when monitering an experiment. In addition
Q has a special programming language to write the code used by the MBD to
read and write data to the CAMAC system. This makes the data acquisition
code much simpler and much casier to follow than in the current system. The
second main advantage is that Q is supported by LAMPF and in fact is used in
many experiments there. It is supplied with cxtensive documentation and has
been tested through years of use. The third advantage is that the Q system
is always being improved and within a year a completecly updated version which
will run under the ncwer RSX-11M operating system will be available. This
new system will be compatible with the original Q system. Since it will run
under RSX-11M it will be possible to use the new Q for data analysis on the
CMU VAX computer.

Q is a multitasking system which does acquisition, analysis and display

in different RSX-11 tasks, The MBS acquires data event by event until it has



filled its own intcrnal buffer, The data is then handed to the POP-11 for
processing. This processing includes a user written subroutine which does
experiment specific analysis. From this subroutine the user can call on a
testing package and a histogramming package so that cuts can be made to the
data and spectra can be stored, During the data taking the user can call up
the various spectra for display on a Tektronics 4010 g?aphics terminal,
Scatter plots can also be displayed on the 4010 as a crude measurc of cor-
relations between different variables.,

The Q system has been used in replay mode to analyze data from Exp 315
at LAMPY as a means of learning the system and to prepare the on line analysis
for the extension of that experiment in September. We have found that in the
replay environment Q has lived up to expectations. Work has begun on the
actual data acquisition and so far the results have ben encouraging. We have
been able to acquire, analyze, display and tape data using the program that

will be used for our August 1981 experiment,



V. Professional Activities

Professor Barnes is presently serving on the Editorial Board,
Physics Review G and as Senior Referee, Physical Review Letters.,

In addition Professor Barnes is serving on the following committees:

1) Ameyican Physical Society, Division of Nuclc;r Physics; Publication
Committee.

2) Argonne University Association; Advisory Committee,

3) National Science Foundation Review Committee of NSU Electron Accelera-
tor TFacilities.,

4) Council for International Exchange of Scholars; Advisory Committec.

Professor Barnes completed his threc-year appointment to the Nuclear
Science Advisory Committece at the end of the calendar year, 1980.

Professor Eisenstein has served as Chairman of Los Alamos Meson Physics
Facility Users group from January 80 - January 81, and organized the ld4th
Annual Mceting of LAMPF User's (roup - October, 1980. He is a member of
the following:

1) Committee for Physics, National Science Foundation, three-ycar term,

2) American Physical Socicty, Division of Nuclecar Physics, Program
Committee.

3) Program Advisory Committee, Bates Linear Accclerator, MIT

4) NS¥ Visiting Committee, Indiana Cyclotron Facility.

5) Los Alamos Meson Physics Facility Board of Directors - threc-year
term,

This past year Professor Wharton has served on the Technical Advisory

Panel, Los Alamos Meson Physics Pacility,
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Lisenstein, R.A., "Meson-Nuclear Interactions at Medium Fnergies',
Proceedings of the Workshop on Nuclear and Particle Physics at Energies
up to 31 GeV, Los Alamos Scientific Lab, Jan. 1981, LA-8775-C,

Sjorecn, T.P., P.H. Pile, R.H. Pollock, W.W. Jacobs, I.0. Meyer, R.D.
Bent, M.U. Green, F. Soga, "Positive I'ion Production from the Bombardment
of 1OB, 12C, ]60 and 4OCa with 147 to 159 MeV Polarized Protons". Sub-
mitted for Publication in Physical Review C.

Barnes, P.D., "Review of Exotic Atoms, Kaon-Nucleus Interactions and

Hypernuclei'. Submitted to Nuclear Physics A.

B. Reports
R.A. Eisenstein, TAP Report on Medium Term Objectives for LAMPF, a re-
port prepared as a vesult of a study made by the Technical Advisory

Pancl at LAMPF, November 1980,
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C. Invited Talks, Seminars, Etc.

Barnes, P.D., Invited Overview Talk, Workshop on Nuclear and Particle
Physics at Energies up to 31 GeV, Los Alamos Scientific Lab,
January 1981, "A and I Hypernuclear Physics'.

. . LA . .
Barnes, P.D., Invited Talk on Exotic Atoms, Kaon-Nucleus interactions,

and Hypernuclei ', July 1981, IX International Conference on High Energy

Physics and Nuclear Structure, Paris, France.

International Conference on iHigh Encrgy Physics and Nuclear Structure,
Paris, France.

Barnes, P.D., Colloquium, State University of New York at Stonybrook,
March 1981, "Recent Progress in Hypernuclear Physics'.

Barnes, P.D., Colloquium, University of Notre Dame, February 1981,
"Recent Progress in Hypernuclear Physics',

Barnes, P.D., Collocuium, University of Pittsburgh, February 1981,
"Recent Propress in Hypernuclear Thysics',

FEisenstein, R,A., Seminar, University of Maryland, Dec. 1980,
"Flastic and Inelastic Scattering of Pions, Kaons and Antiprotons',
Eisenstein, R.A., Invited Talk, Workshop on Nuclear and Particle
Physics at Energies up to 31 GeV, Los Alamos Scicntific Lab, January
1981, "Meson-Nuclear Interactions at Medium Energies".

Eisenstein, R.A., Invited Talk, 2nd TRIUMF Workshop on Kaon Factory
Physics, August 1981, "Kaon-Nuclear Scattering and Reactions',
Wharton, W.R., Seminar, University of Maryland, April 1981, '"Pion
Absorption in Light Nuclei’,

Wharton, W.R., Contributed Talk, APS Meceting, April 1981, "The

6’7Li(w+,pp) and (n+,pd) Reactions at low Encrgies',
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12,

13.

14,

15.

Bassalleck, Bernd, Seminar, University of Minnesota, Feb. 23, 1981,
"Present Status of Hypernuclear Physics'.

Bassalleck, Bernd, Seminar, University of New Mexico, April 7, 1981,
"What Do We Learn from llypernuclei'.

Bassalleck, Bernd, Colloquium, Arizona State University, April 24, 1981,
"Some Aspects of Hypernuclear Physics'.

Bassalleck, Bernd, Seminar, MIT, June 15, 1981, "Recent Experiments

in Hypernuclear Physics',

Bassalleck, Bernd, Invited Talk, 2nd TRIUME Workshop on Kaon Factory

Physics, August 1981, "Experimental Hypcrnuclear Physics''.



D. Conferences Attended

Workshop on Nuclear and Particle Physics at Energies up to 31 GeV,
LLos Alamos Scientific Lab, Jan. 1081 {P.D, Barnecs, R.A. Eisenstein,
Philip Pile).

Workshop on Hadronic Quark Structure and the NN Interaction: Impact
on Nuclear Physics, MIT, January 1981 (P.D. Barnes)

APS Spring Meeting, Baltimore, April 1981 (W.R. Wharton, Richard Grace,
Ronald Rieder),

Erice School (Sicily): '"Quarks and the Nucleus'", April 1981 (P.D.
Barnes).

9th International Conference on High Energy Physics and Nuclear
Structure, Paris, July 1981 (P.D. Barnes, R,A, Eisenstecin).

2nd TRIUME Workshop on Kaon Factory Physics, Vancouver, B.C., Canada,
August 1981 (R.A. Eisenstecin, B. Bassalleck).

APS Fall Meeting, Div. of Nuclear Physics, Minn. Minnesota, October,

1980 (P. Barnes, P. Pile, R, Biscnstein).
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E. Abstracts Submi tted

"The 6'7Li(ﬂ+,pp) and (n+,pd] Reactions at Low Lnergies', W.R. Wharton,
J.I'. Amann, P.D., Barnes, B. Bassalleck, N.J. Colella, K.G.R. Doss,

R.A. Eisenstein, R, Grace, D.R. Marlow, C. Maher, P.H. Pile, R.J.
Rieder, F. Takeutchi, APS Spring Mecting, Baltimore, MD, April 1981.
"Preliminary Report on an Experiment to Cbserve I Hypernuclei in 9p
Shell Nuclei', E. Hungerford, S. Bart, R, lackenburg, B. Mayes,

L. Pinsky, K. Sekharan, R.E. Chrien, M, May, D. Maurizio, H. Pickarz,
J. Pickarz, Y. Xu, S, Chen, P. Barnes, B. Bassalleck, R. Eisenstein,

R, Grace, P. Pile, R, Rieder, W, Wharton, R, Stearns, ibid.

"Spin and Isospin Effects in Light Hypernuclei', S. Bart, L. Pinsky,

R, Hackenburg, E. Hungerford, D. Marlow, ¥, Takecutchi, P, Pile, N.
Colella, B. Bassalleck, R. Grace, W, Wharton, P. Barnes, M, Deutsch,

J. Pieckarz, R.L. Stearns, R. Cester, M, May, Il, Pecikarz, R.,l, Chrien,
Y. Xu, R, Sutter, H. Palevsky; ibid.

"Studies of Light Hypernuclei', M, May, S. Chen, R.E. Chrien, D.
Maurizio, H, Palevsky, Y. Xu, R. Cester, M. Deutsch, J. Pickarz,

5. Bart, [V, Hungerford, R, Hackenberg, B. Mayes, L. Pinsky, I,
Pickarz, R.L. Stearns, P. Barnes, B. Bassalleck, R, Eisenstein, R,
Grace, P. Pile, R, Ricder, W. Wharton, IX Internaticnal Conference

on iligh Energy Physics and Nuclear Strucvure, Paris, France, July 1981,

6C”, R.E. Chrien, M, May,

"Observation of i-Hypernuclel: ?H and 1y

D. Maurizio, Y. Xu, S. Chen, E. Hungerford, 5. Bart, R. Hackenberg,
B. Mayes, L. Pinsky, K. Sckharan, H. Piekarz, J. Piekarz, P. Barnes,

B. Bassalleck, R. Eisenstcin, R. Grace, P. Pile, R. Rieder, W. Wharton,

R. Stearns; ibid.
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"The (n+,2p) and (n+,pd) Reactions at Low Encrgies on Nuclei of the
2p-Shell", W, R, Wharton, J.F. Amann, P.D. Barnes, B, Bassalleck,

N.J. Colella, K.G.R., Doss, R,A, Eisenstcin, R. Grace, D.R. Marlow,

C. Maher, P.H. Pile, R,J. Rieder, F. Takeutchi; ibid.

“ni~Scattering from Carbon and Calciwn at 800 McV/c'", P.H. Pile,

P.D. Barnes, N.J. Colella, S.A. Dytman, R,A, Liscenstein, D.R, Marlow,
F. Takeutchi, W.R, Wharton, S. Bart, D. tlancock, R. Hackenburg,

t

E. Hungerford, W. Mayes, L. Pinsky, T. Williams, R. Chrien, Il. Palevsky,
R. Sutter; ibid.

“Ki-Scattering from 120 and 40Ca at 800 MeV/e™, D.R, Marlow, P.D,

Barnes, N.J. Colella, S.A. Dytman, R.A. Eisenstein, P.H, Pile,

F. Takcutchi, W.R. Wharton, 5. Bart, D. lHancocl, R. lNackenburg,

E. Hungerford, W. Mayes, L. Pinsky, T. Williams, R. Chrien, Il. Palevsky,
R, Sutter: ibid.

"On Nuclear Density in Momentum Space', R.A, Eisenstein, F. Tabaking
ibid.

"ﬂi~Scattcring from 12C and 4OCa at 800 MeV/c¢", P.H, Pile, P.D. Barncs,
N.J. Coleclla, S,A, Dytman, R.A. Eisenstein. D.R. Marlow, F, Jakeutchi,
W.R. Wharton, S. Bart, D. Hancock, R. Hackenburg, L. Hungerfoervd, W. Mayes,
L. Pinsky, T. Williams, R. Chricn, H. Palevsky, R, Sutter, APS Fall
Mecting, Division of Nuclear Physics, Minneapolis, Minn., October 1980,
”Ki-Scattcring from 12C and 4O(Ia at 800 MeV/c", D.R, Marlow, P.D. Barncs,
N.J. Colella, S.A. Dytman, R,A. Bisenstein, ¥, Takeutchi, W.R. Wharton,

§. Bart, D, Hancock, R. Hackenburg, E. Hungerford, W. Mayes, L. Pinsky,

T. Williams, R. Chrien, H. Palevsky, R. Sutter; ibid.
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F. Thesis

1. Marlow, Daniel R., "Elastic and Inelastic Scattering of 800 MeV/c
+
K™ Mesons from ]2C and 4OCa”, a dissertation submitted in partial

fulfillment of the requirements for the degreec of Doctor of Philosophy

in the Department of Physics, Carncgie-Mellon University.

G. Proposals Submitted

AGS - Brookhaven National Labs:
2. "The Weak Decay Modes of lypernuclei', Experiment 759, P.I), Barnes,

Spokesman, (approved for 450 hours).
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