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The experiment to measure charge symmetry breaking in the n-p system

has made substantial progress in the last year. A description of the exper-

iment for introductory purposes is followed by a detailed status report.

Up to now violation of charge independence (CIB) has been established,

but as yet no conclusive proof exists for charge-symmetry breaking (CSB).

in the N-N system. However, certain polarization observables in the n-p

elastic scattering system may yield results which depend on isospin non-

conserving forces. At TRIUMF we plan to measure the difference AA =

(A -A ) between the neutron and proton analyzing powers at 500 MeVx oono ooon .
to a precision of ±0.001.

The CSB and CIB effects one hopes to measure are small, and the theo-

retical calculations are incomplete. La France et at.1 have calculated the

contribution to AA from the one-photon exchange and the OPE amplitudes.

In a different calculation including p-w mixing, Cheung and his collaborators2



have also calculated AA. The results of these calculations are shown in

Figure 1. At larger angles where the calculations agree, the nuclear CS8

effects are small but definitely measureable.

Essentially the experiment is performed by determining left-right

scattering asymmetries under all possible beam and target conditions. To

reduce systematic errors both left and right scattered events should be

detected in symmetric systems. Simultaneous use of a polarized beam and

target may also cause difficulties. The quantity of interest is then the

difference in scattering asymmetries with beam or target polarized

[A = + Aooon)1:

eB - eT = A(PB-PT) + y - (PB+PT> • 0 )

Equation (1) shows the major d i f f i cu l ty of the experiment: Pg and Pj

must be identically equal, or else known to high absolute precision i f AA

is to be extracted with an error of ±0.001. Since this is impractical

(error in PB"PJ would be ~0.02), a simple solution is to do the measurement

where A - 0. Many other sources of systematic error are proportional to

A, making a crossover region even more attractive experimentally. There

is a crossover point near 9c#m- - 70°. The desired experimental
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precision of ±0.00) corresponds to a shift in the crossover angle of

±0.05° in the lab.

The proposed experimental layout is shown in Figure 2 and a summary

of properties is given in Table I . The neutron beam produced by scatter-

ing (polarized) protons in a LD2 target is incident on a large volume

"frozen spin" polarized proton target. Scattered neutrons are detected

Table I . Experimental parameters

Beam Energy
Proton angular range
Neutron angular range
Estimated angular resolutions

Estimated EJUM resolution
Volume of frozen spin target
Neutron beam intensity
Estimated event rate
Estimated experimental precision

500 MeV
47° < 6p < 57°
27° S 9n < 37°
~0.5° (o) for both proton
and neutron
~20 MeV
40-50 cm3

6 x 105 sec"1

4-5 sec"1

|AA| < 0.001, |A80| S 0.05°



in position-sensitive detectors while the directions and energies of the

recoil protons are detected in multiwire proportional chamber - range

counter telescopes. The neutron energy is determined by time of flight.

The coincidence measurement allows the (n,np) background to be reduced

to less than \% by using energy and angle kinematic constraints.

A frozen spin target is used because large target volumes are

possible, and because a low holding field <2.5 kG is possible after the

target is polarized.

A significant effort has been made to identify all potential errors

and reduce their individual effects on M to the lo"1* level. A summary

of these errors is given in Table II.

Table II. Summary of systematic errors.

Cause of error Hagnitude Effect on AA

Drift of proton beam across LD2 target
correlated with spin flip

Reproducibility of target position with
respect to the holding field

Incorrect precession of proton bean spin
Incorrect precession of neutron beam spin
Correlation effect between hydrogen

target polarization and residual neu-
tron beam polarization

Multiple scattering in the target
Bending of paths of recoil protons in

the magnetic field of the target
ReproducibiIity of the holding field
Quasi-free scattering from target

material (carbon and oxygen)
Neutron detection stability

Energy shift primary beam
Shift in primary beam direction

P* • 0.6 i 0.2
|eL - eL| - r

Ax » ±1 mm

|A?| - ±1 mm

A* - 5°
A* - 5°

Pn ~ 0.035

6proj. " °55

H - 5 kG
AH - ±2.5 G

0.5t background.
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It gain shift
It threshold
AE - 1 HeV
te - o.i*
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The ef fect of quasi-elast ic background is an important considera-

t i on . This was studied in a p-p e last ic scattering experiment. Using

opening angle, non-coplanarity and the energy sum constraints, i t appears

that background should be less than 0.5% in the np experiment. Beam

motion or target posit ion changes correlated with s p i n - f l i p cause

systematic errors because of the rate of change of the n-p d i f f e ren t i a l

cross section with angle. Dynamic proton beam posit ion control and

reconstruction of the n-p scattering events w i l l be used to control these

errors . The s t a b i l i t y of the neutron detectors w i l l be monitored by

measuring the average energy deposited in the counters by high energy

passing protons as a function of time. Using th is information f ina l

selection of events w i l l be made o f f l ine and the ef fects of electronic

dr i f t s el iminated.

Since the exact crossover angle is a poorly known funct ion of the

neutron beam energy we w i l l eliminate this potential source of error

by monitoring the mean primary proton beam energy to better than 0.5 MeV.

References

1. P. La France et al., preprint DPhPE 79-02, CEM, Saclay.

2. E.M. Henley, private communication.

Status Report

With instrumentation development near ing completion and a program

of preliminary measurements and tests well underway we give below a b r ie f

description of the status of the main beamline components and detection

equipment and the i r performance.



A. FROTOH BEAMLINE (BEAMLINE *>A)

I. Proton Beam Polarimeter

A new target ladder with five target positions, remotely controll-

able from the electronics station in the proton hall and the 4BT1

counting room, has been installed in the new lid of the SFU scattering

chamber. Tests performed in December, 1982 showed that the instrumental

asymmetry in the polarimeter with unpolarized beam is about ]%.

2. Proton Beam Energy Monitor

Several small corrections were made to the proton beam polarimeter

and energy monitor after the test measurements of February 10-13, 1982.

Tests made in December showed that the left B.E.M. has a clean stopping

distribution peak in two of the six counters of the stack. Energy

resolution is of the order of 50 keV for 10 K protons stopped in the

monitor.

3. Beam Position Monitoring Devices

Two new split-plate secondary electron emission monitors (each

providing X and Y information) have been installed in their own monitor

boxes. With their feedback system to steering elements upstream in the

beamline the beam centroid can be kept locked in position to within

±0.2 mm at both locations. Feedback correction matrices, so far

treating X and Y coordinates independently, have been established. Some

minor coupling is expected with the spin precession solenoid JAN IS

energized (as will be required for the test of charge symmetry) since

the S.E.M.'s are separated by this magnet.

A new beam profile monitor 4AM5 with 1 mm wire spacing for both
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X and Y coordinates has been installed just upstream of the liquid deuterium

target.

k. Spin Precession Solenoid

The spin precession solenoid JAN IS was installed during the

June-July shutdown and has since then been operated successfully in

two test measurements. Current control will be made remotely from the

4BT1 counting room.

5. Liquid Deuterium Target

The refurbished LD2 target has been operated successfully under

manual control in a test measurement August 15-17, 1982. Beam currents

with intensities up to 0.75 yA did not show any deterioration in the

operation of the target. The automatic control system has been installed

and tested during the September-November shutdown.

During the June-July shutdown a careful alignment of all elements

on beamline 4A was made. The alignment was checked during the

September-November shutdown and was found to be in accord. The only

beamline elements not yet aligned due to their inaccessibility are the

quadrupole magnets 4AQ3 and 4AQ*t. Perhaps more important is the effect

of the cyclotron magnet fringe field which distorts the beam transport

as demonstrated during the test measurements of last July and August.

It is conceivable that further correction elements may be required.

B. NEUTRON BEAM.INE (9° PORT)

6. Neutron Col 1imator

The alignment during the June-July shutdown showed that the centre

line of the 9° neutron port intersects the proton beam line at a point
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just downstream from the exit foil of the LD2 target. To correct this

offset a new beamline was established which originates at the centre

of the LD2 target. Originally, the apertures of new neutron collimator

steel inserts were machined to be symmetric with respect to the previous-

ly existing 9° neutron beamline. Measurements of the neutron beam

profile in July and August showed the vertical distribution to be well

defined but the horizontal distribution was non-uniform in intensity.

It was therefore decided to remachine the collimator inserts so that

the apertures become symmetric with respect to the new 9° beamline.

The second neutron collimator in the first spin precession dipole magnet

was aligned to be symmetric with respect to the new beamline. The

remachined collimator inserts have been placed in the 9° port during

the September-November shutdown.

7. First Spin Precession Dipole Magnet

The first spin precession dipole magnet CLYDE was installed during

the June-July shutdown. It has been operated successfully in two test

measurements. Current control and an NMR magnetic field probe readout

will be provided in the 4BTI counting room. The dipole magnet CLYDE

has the second neutron collimator installed symmetrically between the

pole pieces.

8. Second Spin Precession Dipole Magnet

The second spin precession dipole magnet BONNIE was insta l led during

the June-July shutdown. I t has been operated successfully In two test

measurements. Current control and an NMR magnetic f i e l d probe readout

w i l l be provided in the 4BT1 counting room.



9. Neutron Beam Profile Monitor and Polarimeter

The neutron beam profi le monitor has been successfully used in two

test runs during July and August 1982 to measure the two-dimensional

intensity distribution of the neutron beam at the converter position

(k.h m downstream of the frozen-spin target). I t was realized that

i t is essential to monitor the neutron beam position simultaneously

with measuring asymmetries with the neutron beam polarimeter, since

the scans of the proton beam position close to the LD2 target allow

no reliable determination of the position of the neutron beam. Thus,

the neutron beam profi le monitor polarimeter stand had to be modified

accordingly. The instrumental asymmetries for the lef t - r ight (eLR) and

up-down (eUD) configurations were determined. eUD was found to be

surprisingly large. A possible explanation is a position dependent

efficiency variation of the main trigger sc in t i l la tor .

C. DETECTION SYSTEM

10. Neutron Detection Arrays

Both neutron detector arrays are complete except for LED's which

were insta l led December 7-8, 1982. The detector arrays are placed on

the beam f loor in the f ina l posit ion for the test of charge symmetry.

11. Beam and Proton Range Counters

The booms with thei r central pivot have been placed on the beamline.

The range counters have been mounted on the booms. A f ina l test of

the range counters was made with tagged protons from 480 and 490 MeV

proton beams incident on a 5 mg cm 2CHz f o i l during the period

November 17-20, I982. Although the data s t i l l need to be analyzed

son.° minor trodif icat ion of the brass wedge absorbers may be required.
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12. Delay Line Chambers

Fabrication has been completed for al? eight 60 cm x 60 cm m u l t i -

wire proportional chambers, each of which has both X and Y coordinate

readout via delay lines on the cathode planes. Six of them have been

tested with protons. The data that has thus far been analyzed indicates

that the i r ef f ic iency approaches unity over the f u l l act ive area at a

reasonable operating voltage (4550 V) and that the i r spatial resolution

meets our requirements. One remaining problem that w i l l receive

further at tent ion is a d i f fe ren t ia l non- l inear i ty of a few mil l imeters

in the coordinate readout which appears to be caused by non-uniformity

of the impedance of the delay l ines. Although in pr inc ip le th is is not

a problem since the crucial horizontal coordinate is se l f -ca l ib ra t ing

via the anode-plane granular i ty , we intend to replace the delay l ines

with new ones incorporating d ie lec t r i cs of more uniform thickness in

an attempt to reduce the non- l inear i ty .

The wire chambers are now being mounted on the proton arm booms

in the neutron experimental area.

13- Electronics

Electronics have been set up in four racks in the proton hal l j us t

outside the fenced neutron area. Cabling using swinging cable trays

above the neutron area has been completed. The experiment w i l l be

executed from the 4BT1 counting room using the Eclipse S-130 computer.

Control instrumentation is befcng set up in the counting room.

14. Monte Carlo Calculations

The Monte Carlo Simulation of experiment #121 was undertaken for

several reasons. F i r s t l y , i t was necessary to t r y to duplicate the
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operation of the detection system and perhaps identify any errors in

its design. Secondly, the effect of materials other than the polarized

hydrogen in and around the frozen spin target on resolutions and as

sources of possible contaminating backgrounds had to be understood in

more deta i l . Thirdly, the simulation would permit analysis procedures

to be developed and prepare the road for more eff ic ient on-line

diagnostics and final of f - l ine analysis. Lastly, the simulation would

be able to verify estimates of some of the potential systematic errors

in the experiment

A general purpose program was written which includes effects

of energy losses, multiple scattering, tracking in a magnetic f i e l d ,

trajectory reconstruction from wire chamber data and general N-body

random event generation. The program wi l l also be applied to simulate

the ppy experiment #208.

15- Data Acquisition Program

All major components of the ECLIPSE data acquisition system

(histogram package, magtape input/output, CAMAC etc.) have been coded

and tested individually. Integration of the components into a

complete system is progressing.

Development of an of f - l ine analysis program (to run on a VAX) is

proceeding in paral le l . Differences between the two computers turned

out to be more substantial than was expected, necessitating a redesign

of several parts of the system. This has been completed and in i t i a l

versions of both programs should be available at about the same time.
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D. FROZEN SPIN TARGET

a. Dilution Refrigerator

The He-3 and He-4 gas handling systems are complete and operational

as is the refrigerator cryostat. The refrigerator insert has been

assembled with a low power heat exchanger between the still and the

mixing chamber. Cold tests have begun with this system and it has

been operated down to 50 mK. These tests and developments are

continuing.

b. Magnets

The superconducting solenoid'needed to provide the polarizing

magnetic field has been received and operated satisfactorily. The

field uniformity has been measured (in isolation) and meets the speci-

fication.

A fifty kilowatt power supply has been obtained for the room

temperature holding coil. This coil has been designed and materials

ordered.

c. NMR System

The preamplifier and frequency sweep system are sufficiently

advanced to allow tests of the thermal equilibrium signal at 4.2 K.

These tests have begun and are continuing. No significant amount of

work, apart from obtaining the commerical units, has been done on the

data processing system.

d. Microwave System

Diagnostic equipment (frequency meter, power meters and various

splitters) have been obtained and studies of the proposed microwave

system have been carried out.
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e. Support Stand

The beam line support stand for the dilution refrigerator and the

magnets has been designed.

Polarized Nucleon Radiative Capture on Light Nuclei

Participants:

J.M. Cameron Professor, University of Alberta
W.J. McDonald Professor, University of Alberta
P. Kitching Professor, University of Alberta
C.A. Miller Research Assistant Professor, U. of Alberta/TRIUMF
D.A. Hutcheon Research Associate Professor, U. of Alberta/TRIUMF
R. Abegg Research Assistant Professor, U. of Alberta/TRIUMF
A.W. Stetz Oregon State University
W. Shin University of Saskatchewan
I.J. van Heerden University of the Western Cape, South Africa
H. Wilson Research Associate, University of Alberta
J. Thekkumthala Graduate Student, University of Alberta
J. Soukup Design Engineer, University of Alberta
C. Davis Research Associate, University of Alberta
H.W. Fielding Research Associate, University of Alberta
J- I. Uegaki Research Associate, University of Alberta
J.W. Pasos Programmer Analyst, University of Alberta.

I. Polarized Proton Radiative Capture

Results of the excitation function for the p + d -*• y + 3He reaction

have been published in Physics Letters. Recent measurements made at the

Bates Linear accelerator for the inverse reaction have been shown at the

Washington APS and are in very good accord with the TRIUMF results.

Although this agreement is heartening it now leaves a large disarray

between various data sets for both reactions.

Angular distributions for the differential cross section and asymmetry1

are shown in Figures 3 and 4 respectively. The curves shown correspond to

two model calculations. The first, shown as a dotted line, is a DWIA

calculation by H. Fearing in which the cross section for the elementary

np->-dy reaction is used with an appropriate kinematical transformation.

The other two curves are from a model in which a series of Feynman diagrams
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are summed. These calculations have been provided by J-M. Laget. The

solid line corresponds to a coherent summation of the two Born terms plus

a pion rescattering diagram and this is seen to predict zero asymmetry at

200 MeV. The dashed curve is obtained after a nucieon rescattering term

is added and this results in much better agreement with the measured

asymmetries well below the A resonance. Neither of the latter two calcu-

lations seems to be able to correctly reproduce the asymmetry at the highest

energy where one might indeed expect the model to be most applicable.
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The measurements of the reaction p + 3H •*• y + "He were completed in

June, 1982. The machine ran exceptionally well and we were able to
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measure a l imited exci tat ion function (227 and 375 MeV) for th is reac-

t i on , as well as a complete angular d i s t r i bu t ion funct ion. A short

run is planned to cal ibrate the target thickness using p + 3H e las t ic

scat ter ing.

I I . Polarized Neutron Radiative Capture

The overal l status of our knowledge of the reactions n + p •+ d + y

has not changed s ign i f i can t l y during the past few years. I t appears

that measurement of the analyzing powers may be more sensit ive to small

components of the deuteron wave function or to deta i ls of the reaction

mechanism than the d i f fe ren t ia l cross sect ion.

In addi t ion, the existence of exotic 6-quark components in the

deuteron have been postulated by several authors based on bag-model

calculat ions; precision measurements are thus very desirable. Further-

more, such effects may well be most v i s ib le at momentum transfers between

500- 1000 MeV/c; a range which we shall cover in th is experiment.

We have undertaken a two phase study of th is reaction--be1ow and

above the pion production threshold. Below pion production threshold

energies we plan measurements at about 180 and 260 MeV. The technique

used is essent ia l ly that applied successfully to proton radiat ive

capture studies. The recoi l deuteron is detected in a to ta l absorbtion

plast ic s c i n t i l l a t i o n detector and a MWPC is used to measure i t s production

angle. The photons are detected in coincidence in our ex is t ing array

of lead glass Cherenkov detectors.

The f i r s t measurements have been made in a short run at E =180 MeV
n

in January, 1983. The apparatus performed well and some preliminary
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results have been obtained for the cross section at large centre of mass

scattering angles. A longer run with polarized beam is scheduled for

April, 1983 at which time we hope to complete the measurements proposed

at 180 and 260 MeV.

A second phase of the np + dy reaction is planned to extend our

measurements into the energy range above pion production threshold,

an energy range where dibaryon effects, either based on ordinary nucleon-

nucleon-pion dynamics or of more exotic composition, are possible. In

this domain our extant technique is not sufficiently selective to separate

the dy channel from the dir° channel because of the thick target and the

relatively poor quality of the neutron beam. It is thus necessary to

use a technique in which the angular correlation between photon and

deuteron is much better defined to separate the two exit channels. To

do this we plan to detect deuterons in a large gap magnetic spectrometer

and the photons in a conversion spectrometer in which the origin of the

electron shower will be determined.

Proposed Studies with Tensor Polarized Deuterons at Intermediate Energies

This past year a collaboration which consisted of two people on

leave from the University of Alberta and scientists from LNS, Saclay,

and CEN, Grenoble, have looked for structure in the three nucleon system

by studying the reaction d + p using tensor polarized dueterons.

Structure was indeed found (see elsewhere this report), the major part

of which is consistent with conventional nuclear dynamics. However, a

rather narrow resonance-1 ike structure seen at a total mass of about
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3.1 GeV does not seem to be reproduced by the best "standard" models.

I t has been proposed that th is may be due to dibaryon or tribaryon

resonances.

This encouraging resu l t , confirmed in fur ther measurements made

in October, 1982, has led us to propose a number of add i t iona l , related

studies to elucidate more c lear ly the o r ig in of the observed e f fec t .

The proposal then is to continue these studies at LNS, Saclay.

The reactions to be studied might include:

(1) d + p -»• t + TT+

(2) p + d -»• of + p

(3) p + P •> TT + d

(k) n + p -»• d + y

•+ d + IT°

the arrows indicating the definition of spin states for that particle.

Reactions (2) and (3) require us to measure the polarization of

the recoil deuteron. To do this we plan to assist in the design and

construction of a deuteron polarimeter operating in this energy range.

The critical parameter in this design will be the analyzing power of

the target used in the polarimeter. This information must be obtained

from measurements and this we plan to do in two experiments to be car-

ried out this Spring and Summer. In these we will evaluate the relative

merits of using 12C and hydrogen targets. Beam time has already been

scheduled in the early part of May to study the elastic scattering of

polarized deuterons from nuclei. It is then proposed to do further

measurements to study inclusive scattering and scattering from hydrogen

using an existing apparatus used for proton radiography this summer.
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Report on Experiment 152 - A Measurement of the Wolfenstein
R Parameter in p-''Helium Elast ic Scattering at 500 MeV.

Collaborators:

G.A. Moss Professor, University of Alberta
C.A. Davis Research Associate, University of Alberta
J.M. Greben IEP Fellow, University of Alberta
L.G. Greeniaus Research Assistant Professor, U. of Alberta/TRIUMF
G. Roy Professor, University of Alberta
J - l . Uegaki Research Associate, University of Alberta
R. Abegg Research Assistant, University of Alberta/TRIUMF
D.A. Hutcheon Research Associate, University of Alberta/TRIUMK
C.A. M i l l e r Research Assistant, University of Alberta/TRIUMF

W.T.H. van Oers Professor, University of Manitoba.

We have measured the Wolfenstein R-parameter in proton-^Helium

elas t ic scattering at 500 MeV from 15 to 50 degrees ( lab.) using the

focal plane polarimeter on the MRS. The results have been published1.

In conjunction with the ex is t ing d i f f e ren t i a l cross-section and

analyzing power angular d is t r ibu t ions we have published, these data

permit a complete determination of the e las t i c scattering amplitude

(apart from a sign ambiguity and an overal l phase) in th is angular

range.

The results are shown in f igure 5 along with a theoretical pre-

d ic t ion which uses an opt ical potential obtained from f i t t i n g the

cross section and polar izat ion data.

The cross section and polar izat ion data for p-l>He e las t i c scattering

at TRIUMF energies have, resisted a sat is factory theoretical descr ipt ion.

Neither the non - re la t i v i s t i c , nor the Dirac opt ical phenomenology have

been able to accurately account for these data. The measurement of a

th i rd independent e las t ic scattering observable, the R-parameter, can be

very useful in resolving th is problem.
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1.0

Fig. 5 Comparison ot the experimental data for R, meanired in thii experiment, and the theoretical
prediction. Representative error ban are shown for some dau points.

For *He, a!l existing optical potentials have given roughly the

same prediction for R, although this prediction showed little agreement

with the data. It could be concluded that an essential element in the

description was missing and that the R parameter was particularly sensi-

tive to this shortcoming.

We have analyzed2 the three sets of data (cross section, polarization,

and R) using the Born approximation. This has enabled us to uniquely

determine which features of the potential are responsible for the main

features of the data.

Our main conclusions are: (1) R measurements are very important

in determining the characteristics of the real spin-orbit potential.

In particular we find that its radius is larger than that of the central

and imaginary spin orbit. (2) The real central potential has an attractive

tail and a repulsive core. This is in accordance with findings for heavier
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nuclei. (3) The imaginary potential is very absorptive in the interior.

(4) The magnitude of the spin-orbit potentials is reduced when the

central potentials are described properly.

The final fit was obtained using an extension of the search program

SEEK, which now allows the use of potentials that do not have the

standard Wood-Saxon parametrization.

While our final potential can serve as input for reaction calcula-

tions, it is also useful as a means to connect experimental results and

a fully microscopic description. Unphysical features of the local

optical potential could signal the need for non-local interactions.

This, in turn, could be due partially to isobar or more exotic effects.

In fact we cannot exclude that the sizable core of the central potentials

we have found are manifestations of non-local effects.
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Experiment 155 - Quasi-Elastic Scattering of Polarized Protons at 300 HeV
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1. Contribution to the Fall Meeting of the Nuclear Physics Division

of the APS, Amherst, Massachusetts.

2. Proceedings of the 1982 IUCF Workshop on the Interactions Between

Medium Energy Nualeons in Nuclei, BJoomington, Indiana.

Our earlier measurements of the 4uCa(p,2p) reaction at 200 MeV

incident energy have been extended to 300 MeV using the TRIUMF polarized

proton beam. The angles and energies of both outgoing protons were

measured, one being detected in a magnetic spectrometer and the other

in a Nal(T&) scintillation crystal. Measurements were made in two

geometries, in one of which the angles of the outgoing protons were

close to equality and the other in which they were very unequal.

Values of cross section and analyzing powers for the knockout of

protons for Id3, 2si, and Ids shells in """Ca were obtained and are
T T T

compared to DWIA calculations incorporating the spin orbit terms in the

optical potentials, and also to calculations using optical potentials

derived from a relativistic approach based on the Dirac equation. The

expected j-dependence of the analyzing power was seen (Figure 6 ) .

As in our previous work however, the analyzing powers measured

in the geometry where the angles of outgoing protons are very unequal

are consistant with a value of zero for the two body polarization para-

meter, A__, while its value for free nucleon-nucleon scattering A ree ~ 0.2.

PP pp

This can be seen in Figure 6 where the value of A is roughly equal to

the analyzing power at the point where the d^ analyzing power equals



Figure 6

•"•CaCp^p) 300 MeV Incident Energy
Analyzing Power 30°-55°

23

ld3
z

x Ids
T

IM 1 1 A

DWIA,

l d 3
T

Ids
2

- 0 . 3

- 0.2

• O . I
I I I

I I
- - 0 . ]

- - 0 .2

I
160

I I

180

I

I 200
T,(MeV)

-0.3



the d5 analyzing power. Measurements for scattering from the 2si
F free T

protons, whose analyzing power A should be equal to A (if spin

orbit distortions are neglected), show no such effect (Figure 7). This

figure shows the ratio of A to the value of A ee obtained for free
y pp

nucleon-nucleon scattering, and indicates a value of A > A . We have

not developed a satisfactory explanation for this behavior. The possi-

b i l i t y that refraction effects are responsible is being investigated.
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Experiment 170 - Fission-Evaporation Competition in Heavy Nuclei

Participants:

P. Kitching Professor, University of Alberta
R. Abegg Research Assistant Professor, U. of Alberta/TRIUMF
H.W. Fielding Research Associate, University of Alberta
S.T. Lam Research Associate, University of Alberta
G.C. Neilson Professor, University of Alberta
W.C. Olsen Professor, University of Alberta
J-I. Uegaki Research Associate, University of Alberta
Z. Fraenkel Weizmann Institute

A. Breskin Weizmann Institute

This experiment had a very successful one week data taking run

in April, 1982, in which uranium and bismuth targets were bombarded with

450 MeV protons. The apparatus, which performed flawlessly, was designed

to detect the fission fragments in coincidence with low energy neutrons

produced both parallel to and perpendicular to the direction of the

fission fragments (Figure 8). The fission fragments (FF) were detect-

ed by means of a multiwire proportional chamber (MWPC) and two parallel

plate avalanche chambers (PPAC's) which measured their angle, energy

and time of flight. From these data the masses of the fragments and the

component of velocity along the beam direction of the fissioning nucleus

could be derived. The neutron energy was determined from its time

of flight. Pulse shape discrimination was used to reject the y-ray

background. The neutron counter efficiency was measured using a

252Cf source. The number of neutrons emitted parallel to the direc-

tion of the fission fragments compared to the number emitted perpendi-

cularly may be used to derive the numbers of neutrons emitted before

and after the nucleus has fissioned, thus enabling the competition
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between the f i ss ion and evaporation processes to be studies.

The data taking phase of th is experiment is now complete and

the results are being analyzed at TRIUMF and by our collaborators at

the Weizmann Ins t i tu te in Is rae l .

PPAC

Figure 8
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Experiment 208 - Proton-Proton Bremsstrahlung

Participants:

P. Kitching Professor, University of Alberta
R. Abegg Research Assistant Professor, U. of Alberta/TRIUMF
J.M. Cameron Professor, University of Alberta
L.G. Greeniaus Research Assistant Professor, U. of Alberta/TRIUMF
D.A. Hutcheon Research Associate Professor, U. of Alberta/TRIUMF
C.A. Miller Research Assistant Professor, U. of Alberta/TRIUMF
W.C. Olsen Professor, University of Alberta
D.M. Sheppard Professor, University of Alberta
G.C. Neilson Professor, University of Alberta
C.A. Davis Research Associate, University of Alberta
H.W. Fearing Research Physicist, TRIUMF
P.W. Green Research Assistant Professor, University of Alberta
K. Michaelian Graduate Student, University of Alberta
J.R. Richardson Professor, University of California, Los Angelos
A.W. Stetz Professor, Oregon State University
J. Uegaki Research Associate, University of Alberta/TRIUMF
E.B. Cairns Faculty Service Officer, University of Alberta
J. Soukup Design Engineer, University of Alberta

We propose to measure the proton-proton bremsstrahlung (ppy) cross

section and analyzing power (A ) in a wide variety of kinematic situa-

tions. Previous experimental measurements of the cross section seem

to be more in agreement with the on shell soft photon approximation

than with potential models of the N-N force, indicating either unexpect-

ed problems with the standard potential models or some peculiar off she'll

effects. In either case the situation should be investigated by measur-

ing ppY cross sections over a wider range of kinematic conditions. Theo-

retical calculations indicate that the analyzing power is sensitive both

to the presence of off shell (and higher order on shell) effects and

to variations of the off shell behaviour. Since essentially no previous

measurements of this quantity have been made, this experiment would

provide an entirely new kind of data with which to confront the theory.
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We intend to make three important changes in experimental technique

from previous ppy measurements in this energy region.

(1) We will detect the photon in coincidence with the two outgoing

protons. This was not done in either the previous TRIUMF measurement or

in the Manitoba experiment. Detecting the photon should dramatically

improve our ability to reject background events, principally chance

coincidences between two elastically scattered particles and (p,2p)

events from target walls and impurities.

(2} We will use a liquid instead of a gaseous hydrogen target,

so that the target volume is much better defined than in the previous

measurements, in which it was a principal contributor to normalization

uncertainties.

(3) We will simultaneously obtain data In kinematic regions where

we fully expect the soft photon approximation to be valid giving us a

built-in check of systematic errors lacking in previous measurements.

Finally, the experiment should yield ~ 500,000 events in the

region sensitive to deviations from the soft photon approximation. This

is at least two orders of magnitude more than the sum total of all

previous experiments, and we will also be measuring analyzing powers

as well as cross sections. We expect the experiment to lead to clarification

of a fundamental inelastic process and give significant new information

on the short-range behaviour of the N-N force.

The past year has been devoted to continuation of work on various

theoretical aspects of the ppy process, to measuring background and

single rates, and to testing a prototype multiwire drift chamber of
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the type we intend to use. Substantial progress was made in all these

areas and there appears to be no insuperable barriers to carrying out

the measurement as envisioned.

Bevelac Heavy Ion Collaboration

W. J. McDonald

I. Biophysics

In collaboration with the Shimmerling group at the Lawrence

Berkeley Laboratory a beam analysis spectrometer for studying fragmen-

tation of heavy ions has been completed and published.1 The apparatus

has, and is, being used in the following measurements:

a) Measurements of velocity, charge (in some cases mass), and

angle of all charged particles emerging in forward directions and from

thick targets of Carbon, Lucite, and Aluminium for relativistic beams

of Ne and Ar at incident energies in the 400 to 700 MeV/A range and

for target thicknesses comparable to the particle ranges. The data are

of importance in the design of beams suitable for radiation studies in

biophysics research and medical oncology. Data have been obtained and

analyzed for Ne and Ar beams on Lucite targets and a publication is

being prepared.

b) Removal cross sections have been measured for Neon beams

incident on Aluminium. This measures the survival probability of

relativistic heavy ions as they pass through matter and is of interest

in Nuclear Physics and Astrophysics, as well as Biophysics.

c) W value (ev/ion pair) measurements have been obtained for

relativistic Ne and Si ions in P-7 and N2 gases. This work has been
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reported at the Eighth Symposium on Microdosimetry (Ju l ich , Germany,

September, 1982) and w i l l be published in the Conference Proceedings.2)

I I . Nuclear Phys ics

In col laboration wi th the Crowe-Rasmussen Group at the Lawrence

Berkeley Laboratory a measurement of n-p correlat ions in the reaction

of 425, 557, and 670 MeV/A Neon beams with Uranium was made. The

apparatus used was adapted from a set-up used for two pion correlat ion

measurements and was not optimum for np studies. However, i t was

adequate to determine a corre lat ion function for np pairs and hence to

show that a singlet deuteron "s igna l " could be observed above the

uncorrelated np background. The measurement is of interest because

singlet deuterons are l i ke l y produced in s ign i f i cant numbers in heavy

ion co l l is ions and, therefore, give an opportunity to study the spin

ordering of neutrons and protons in the co l l i s ion region. For example,

the ra t io of deuterons in s inglet and t r i p l e t states may be sensit ive

to spin correlat ions in the interact ion zone.

In the present work charged par t ic les were ident i f ied by thei r

t ime-o f - f l i gh t and momentum as determined in a magnetic spectrometer.

Neutral part ic les were detected using a th ick p last ic s c i n t i l l a t o r and

the i r t ime-o f - f l i gh t was measured between an entrance s c i n t i l l a t o r

triggered by a charged pa r t i c l e , and the neutron detector. The momentum

correlat ion was then calculated for the neutron-proton pa i rs . An

enhancement was observed when the momentum difference was wi th in 25 MeV/c

re lat ive to the average of the correlat ion function for larger d i f f e r -

ences as shown in the fol lowing table.
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Incident Beam Energy -. .
(M V/A) Enhancement

425 4.2 ± 1.4
557 1.9 ± 0.4
670 1.7 ± 0.3

A publication is being prepared to report this observation of

singlet deuterons and discuss the correlation results in terms of

current model predictions.
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Nuclear Quasi Free Reactions: Progress and Prospects

Oregon State University, March 8, 1982

W.J. McDonald

The talk will consist of a survey of the present status of (p,2pj

and (p,pn) reaction studies with emphasis on the TRIUMF experiments and

a look at prospects for future work.

Quasi free scattering has traditionally been of interest because

it offers a unique possibility for observing the state of motion of

nucleons in the nuclear interior, whereas most nuclear physics is domi-
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nated by properties of the valence nucleons. Recent studies at TRIUMF

and elsewhere have yielded some encouraging results which suggest that

the original goal may be achievable. Polarized beam studies have

demonstrated the sensitivity of the reaction to the initial state of

motion of the ejected nucleon while comparative measurements of the

(p,pn) and (p,2p) reactions have been used to probe the sensitivity of

the process to the nucleon-nucleon force. The range of validity of the

Distorted Wave Impulse Approximation (DWIA) has been examined and the

model appears to be adequate to describe the reaction at least in a

limited kinematical range.

Future studies are now planned in which the interior nucleon

states will be probed.

HWPC Facility

Wayne Faszer Faculty Service Officer, University of Alberta

The major project this year was the assembly of eight 60 cm

aperture wire chambers for experiment 121. These chambers were

completed in November.

A prototype drift chamber for the MRS focal plane was completed

in June. We are currently working on plans for a second version of this

chamber for use in experiment 208. Some materials for the experiment

208 chamber have been ordered. A third version of this chamber, for

the MRS focal plane, is planned for next year.

Construction is under way on a 90 cm x kO cm chamber for experi-

ment 190. This chamber is similar to the 60 cm chambers of experiment

\
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121 but is configured as two 40 cm x 40 cm chambers in one frame with

a 10 cm dead gap in the center. The option exists of activating the

10 cm region in the middle to get the full 90 cm x kO cm aperture.

This chamber is scheduled for completion around the first week of

January.

A single wire proportional counter was constructed for Martin

Salomon and a 5" aperture chamber was repaired for Robert Openshaw.

As well we are presently fabricating five stacks of planes for the

beam line MWPC's. The beam line stacks are scheduled for completion

in February.

We have had problems reliably fabricating printed circuit delay

lines for 5" and 8" aperture chambers but have now overcome this problem

by going to a dry film photoresist process.

A new model 5" aperture chamber was designed and constructed.

The changes resulted in a chamber that is easier to assemble, less prone

to gas leaks, and easier to service. This was gained at the expense

of a larger envelope size, the new model being 9-25" x 13" x 1".
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Contribution presented at the " " Preprint DPh-N/82.9.2
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High Energy Spin Physics,
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ANGULAR AND ENERGY DEPENDENCE OF THE ANALYZING POWER AYo OF THE
REACTION p + p * d + ir+ BETWEEN 7 2 5 AND 1 0 0 0 MeV

R. Bertini, P. Catillon, J.M. Cameron, H. Catz, J.M. Durand,
G.P. Gervino, J.C. Lugol, B. Mayer

DPh-N/ME, CEN Saclay, 91191 Gif-sur-Yvette Cedex, France
J . Arvieux, S. Baker, L. Farvacque, C. Glashausser,

D.A. Hutcheon, C. Whitten
LNSt CEN Saclay, 91191 Gif-sur-Yvette Cedex, France

G. Smith

University of Karlsruhe, W. -Germany

A. Yavin
Dept. of Physics, University of Tel Aviv, Israel

The discovery of structure in spin-dependent cross sections for
proton-proton scattering has been interpreted as evidence for diba-
ryon resonances1). Resonance-like behaviour has been observed in se-
veral partial waves. More recently measurements of deuteron tensor
polarization and vector analyzing power in Tr-d elastic scattering,
which show marked oscillations with angle at 1^=256 MeV, have also
been cited as evidence for dibaryon resonance2). However, i t has been
argued that these phenomena can be explained in the context of meson-
nucleon physics3) and that i t is not necessary to introduce exotic
resonances in the quark bag model1*). The pp -*• ird and pp -*• irNN reac-
tions can provide a strong test of whether true resonances are being
observed. Taken by themselves, pp + ird polarization data might show
evidence of other narrower resonances") and, quite apart from ques-
tions of dibaryon resonances, are basic data for an eventual under-
standing of nucleon-nucleon and nucleon-nucleus interactions at in-
termediate energies. For these reasons, we have undertaken a program
to measure the angular and energy dependence of differential cross
sections (da/dn) and vector analyzing power Ay of the pp -*• dir reac-
tion between 725 and 1000 MeV, in steps of about 25 MeV, using the
polarized proton beam of Saturne 2.

Data were obtained by using the spectrometer SPES I to measure
deuteron angle and momentum, which combined with time-of-flight in-
formation, clearly identified deuterons from pp *• dir, and permitted
transformation of data to pion cm. angle (8^n). The target was l i -
quid hydrogen in a cell 14 mm thick. Beam intensity was about 5*10a

per bust with a polarization ranging from 80 % at lower energies to
about 55 % at 1000 MeV. Beam polarization was flipped at each burst
and was measured with an in-beam polarimeter based on p-p elastic



scattering at 17° from a thin CH target. Relative beam intensity in
each spin state was determined either from counting rates, either in
the poiarimeter or in monitor counters which viewed the target ; abso-
lute cross sections were obtained by normalizing to p-p elastic scat-
tering measured with the spectrometer.

Measurements were made at 725, 765, 800, 850, 875, 900, 940 and
1000 MeV. Some preliminary Av data are shown in fig. 1. The analy-
zing power angular distributions change significantly over this ener-
gy region, notably in the dip around ej.m. » 90° which becomes pro-
gressively deeper as the energy rises. We summarize our results by
showing in fig. 2 the energy dependence of the b^ (K*lto4) coeffi-
cients of the Legendre polynomial expansion :

* Z b K P£(e) . (1)

These coefficients show no sign of any pronounced narrow resonance
(20 to 50 MeV in c m . system).

0. 30. GO. 90. 120. 150. 180. 0. 30. 60. 90. 120. 150. 180.
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Fig. 1. Analysing power for the pp •* dir+ reaction at several incident
proton energies with fits in Legendre functions expansions.



Fig. 2. b|< coefficients of Legendre 0 u
functions expansions f i t s of the
analyzing powers. The open circles
are our results,the dark circles are
from other experiments5'6). The cur-
ves are drawn to guide the eyes.
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TENSOR ANALYZING POWER IN d-p ELASTIC SCATTERING AT BACKWARD ANGLES
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ABSTRACT

The tensor alignment T20 °* 0 >3 t 0 2*3 G e V polarized
deuterons scattered by hydrogen has been measured at or near 180°
c m . angles, using the Saturne synchrotron. Large values are
obtained throughout this energy range approaching the limit - 2 at
0.5 GeV. The data are compared to various theoretical calculations
including one-nucleon exchange with or without N components in the
deuteron wave-function, a triangular graph with pion-exchange and
rescattering mechanisms.

Using for the first time the polarized deuteron beam at the
Saturne 2 synchrotron, we have measured the tensor analyzing power
T-Q in d-p elastic scattering, at or near 180° c. m. angle, for
deuteron lab energies from 0.3 to 2.3 GeV.

The absolute deuteron polarization was calibrated with a
low-energy polarimeter using the d(d,p)t reaction induced by 380
keV deuterons from the polarized source. The degree of tensor
polarization was 76 X with a high stability and the intensity was
about 10 deuterons accelerated per beam burst.

The extracted beam was directed onto either a liquid hydrogen
target 3.8 cm thick or an identical empty cell for background
subtraction. The scattered particles were momentum analyzed in the
SPES IV spectrometer which consists of 4 dipoles, 6 quadrupoles
and 2 sextupoles. An additional dipole placed just after the
target greatly improved the separation of the incident and
scattered beam at zero degrees. The scattered particles were
detected by scintillator hodoscopes at the intermediate and final
focal planes, 16.2 m apart, between which time-of-flight was
measured for particle identification. Between 1.0 and 1.6 GeV
backward scattered deuterons and forward recoil protons were
measured, giving completely consistent results ; at the other
energies only protons were detected. Measurements were made at

0° (0cnj=180°) and/or at small angles (0cm> 170°).

Contribution to 5th Int. Symposium on High Energy Spin Physics
Brookhaven, 16-22 Sept. 1982.



Target-empty to target-full ratios were of the order of 0.1
to 0.4 depending on energy and type of particle detected. As a
further check of the beam polarization the vector (A > and tensor
(A ) polarization at T.» 1200 and 1600 MeV, at yforward c m .
angles, were also measured in the SPES IV spectrometer and found
in reasonable agreement with existing data1 (within ± 10 30.

Our results for T 2 0 are shown in Fig. 1. The solid dots and
open squares correspond to the detection of recoil protons or
scattered deuterons, respectively. Data at angles close to 180°
cm are statistically compatible with those at 180°, and they have
been combined. The error bars indicate the statistical uncertainty
only ; an overall scale foactor, arising from systematic
uncertainties in the knowledge o£. the beam polarization is
conservatively estimated to be 1.00 _fl*2o*

This value will be improved in rurther measurements. The
present results do not agree with data from the Argonne ZGS
(shown as crosses) at Td« 0.8, 1.6 and 2 GeV (lower scale) which
were all compatible with zero2.

Our results are compared with selected calculations 3*7. The
pronounced minimum at T. * 600 MeV is interpreted in the
one-nucleon exchange (ONE) model as arising from the interference
between the deuteron S-and D-States. It is qualitatively
reproduced by ONE calculations', although its exact position,
width and depth depend on details of the deuteron wave-function
and on inter srence with other reaction mechanisms. Above T,« 800
MeV additional structure is apparent. It is not reproduced by
available calculations based either on rescattering diagrams^ or
excitation of isobars in intermediate states that should
dominate in this energy region^**. This behaviour may be due to
production of resonances in intermediate states : dibaryons (be
they exotic or mediated by conventional N dynamics) or
tribaryons (although our results rule out the way these have been
introduced6 in order to fit the data of Ref.2.
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FIG.l : T-QCISO") in d+p scattering as a function of deuteron lab
energy (Tower scale) or equivalent proton lab energy (upper

l )scale).


