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ABSTRACT

A summary of np e las t ic scattering spin measurements at interme-
diate energy is given. Preliminary results from a LAMPF experiment
to measure free neutron-proton e las t ic scattering spin-spin correla-
tion parameters are presented. A longitudinally polarized proton
target was usecJ. These measurements are part of a program to deter-
mine the neutron-proton amplitudes in a model independent fashion at
500, 650, and 800 HeV. Some new proton-proton total cross sections
in pure heliclty states (Au^Cpp)) near 3 GeV/c are also given.
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INTRODUCTION

Although there have been a large number of new measurements of
spin parameters for pp elast ic and inelas t ic reactions below T^a^ =
1100 MeV in the last few years, the np data base remains sparse above
about 500 HeV. There are a significant number of np differential
cross section and polarization data, especially at backward angles.
These include recent results from the polarized neutron beam at
Saclay. ' However, there are only a few measurements of other spin
parameters. This a r t i c l e describes recent np e las t ic scattering mea-
surements from LAMPF, as well as the outlook for a complete determi-
nation of the five complex isospin-0 (1=0) amplitudes in the near
future. Finally some intriguing new information has become available
from a final analysis of past ZGS data on AaL(pp) (the total cross
section difference between antiparallel and parallel longitudinally
polarized beam and target ) , which are also included.

For this paper, the notation (beam, target; forward scattered,
recoi l ) will be used to express the e las t i c scattering spin observ-
ables. The spin directions are N (up and normal to the horizontal
scattering plane), L (longitudinal, along the incident beam direction
or the outgoing par t ic le directions), and * = * x L. An "0" denotes
that the spin direction is not measured.

Work supported by the UV", Department of Energy, Division of High Energy
Physics, Contract W-31-109-ENG-38.

Invited talk presented at the Second Conference on the Interactions
Between Particle and Nuclear Physics, Lake Louise, Canada (Hay 1986).

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED

The submitted manuscript hwz been authored
by a contractor of the U. S. Government
under comracl No. W-31-1O9-ENG-38.
Accordingly, the U. S. Government retains a
nonexclusive, royalty-free license 10 publish
or reproduce the published form of thii
contribution, or allow others to do so. (or
U. S. Government purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



-2-

np ELASTIC SCATTERING MEASOREMENTS

The free np elastic scattering data base presently contains many

different spin parameters and energies below about 500 MeV, with a

large body of data from TRIUMF a few years ago.4"6 Above 500 MeV,

there are numerous differential cross section and polarization

results. In addition, there is a set of older measurements from

DUBNA near 600 MeV (see Ref. 1), a few spin transfer parameter data

in the chargs exchange peak at 800 MeV, and some preliminary

polarized beam - polarized target results up to 665 MeV ( C ^ =

(N,N;0,0), see Ref. 8 ) .

Several groups have attempted to extract np spin parameters from

pd quasielastic scattering measurements. For example, a number of

Dj« = (i,0;j,0) parameters, as well as differential cross sections

and polarizations* were obtained at 6C m < 70° and 800 MeV using the

LAMPF High Resolution Spectrometer (HRS - Refs. 9, 10). The pp spin

parameter data extracted from these experiments agree reasonably well

with free pp measurements from other experiments. This strongly sug-

gests that the np spin parameters extracted similarly agree with free

np results. Recently, these measurements were extended to larger

0 C m values in another beamline by the same group , but preliminary

results are not yet available. Data are also being analyzed for D ^

from free np scattering at 800 MeV and large 0 c m values.

In addition to the pd experiments above, the p + d-»-n + p + p

reaction with the outgoing neutron along the incident proton direc-

tion is used to generate the LAMPF polarized neutron beam. The spin

transfer parameters K L L = (L,0;0,L) and K N N = (N,O;O,N) have been

measured at three beam energies. '

Finally, total cross section differences for pd interactions

Aa L( Pd) =

were measured some time ago at the Argonne ZGS. Using Glauber
theory relations, 6 » 1 7 Fermi motion and deuteron D-state corrections,
and results from dispersion relations, ' the values of Aa^(np)
were extracted; the results were reasonably featureless. Then the
(Fermi-smeared) AaL(pp) data were subtracted to yield AaL (1=0).
These derived results showed considerable structure because of the
AaL(pp) subtraction. Free np measurements are being planned for SIN,
Saclay and LAMPF to check the true value of AaL (I = 0) . The
observed structure, if confirmed, might suggest the presence of
dibaryon resonances. »

A three year program at LAMPF to measure free np spin-spin corre-
lation parameters for 9,, m ~ 50° to 160° and TT(>K = 500, 650 and 800

C • nl • La D

MeV recen t ly completed data taking. The spins of both the polar ised
neutron beam and the polar ized proton t a r g e t were in the hor izon ta l
s c a t t e r i n g plane. The spin parameters measured were C s s = (S,S;O,O),



-3-

GLS = CSL * (L,S;O,O) and CLL = (L,L;O,O). Interference with the

polarized target magnet coils prevented detection of both outgoing

particles in coincidence. Consequently, only the recoil proton was

measured in a magnetic spectrometer.

Preliminary results over part of the angular range are shown in

Fig. 1. Fairly good agreement with phase shift predictions can be

seen at 500 MeV, where a variety of different spin parameters were

previously measured at TRIUMF and elsewhere, and also at 650 MeV.

Refinements to the values shown in Fig. 1 are expected soon for

improved magnetic field integrals, background subtraction and cuts on

the target projections and the particle mass.

180

Fig. 1 Preliminary results for C^L and CSL for free np elastic scat-
tering at 500 and 650 MeV. The curves are phase shift predictions.
The quoted errors are presently dominated by uncertainties in the
background subtraction.

Basically the same apparatus used for measurements of Cgg, Cĝ
and C^L was also employed In a short experiment to determine the
polarization of free np scattering at 800 MeV and small 9C m . These
data were collected late in 1985 and they are presently in the
process of being analyzed. 12

21 fo rIn the past few years, model independent amplitude analyses
pp elastic scattering have been achieved for data from SIN,
LAMPF,23 and the ZGS . Results from a single experimental group
dominated the data base in each of these cases. Based on experience
with the pp system at LAMPF, phase shift predictions generally did
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not fit data for new spin observables very well until a model

independent amplitude analysis could be performed. In the np case,

this is likely to be true as well.

Using this experience as a guide, the number of additional np

measurements needed to obtain unique phase shifts can be obtained.

It has been shown that measurements with polarized beam and/or

polarized target (da/dft, P, CNN, Css, CSL, CLL) at 9Ciin. and

it - 9 , and knowledge of the pp amplitudes at 9c>m-i allows the

model independent determination of the 1=0 amplitudes up to discrete

ambiguities. The absolute phase at each angle is anchored to the

phase of the pp amplitudes. Therefore, the free np elastic data on
CLL» CSL anc* CSS from this experiment and existing data on the other

three parameters, will allow an 1=0 amplitude determination at 500

and 650 MeV at about 10 angles between 0,. m = 50° and 90°. (The 800
C« ul«

MeV Cfljj results will be measured this summer, permitting the recon-
struction of the amplitudes at 800 MeV as well.) At each energy,
there will be four discrete solutions as a function of angle. The
existence of other spin parameter results, described above, may allow
a unique solution at each energy.

Nevertheless, i t is expected that additional measurements at 650
and especially 800 MeV may be required to clearly establish the 1=0
amplitudes. Experimental difficulties with producing monoenergetic
neutron beams and with the detection of neutrons probably leads to
considerably larger systematic errors for np than for pp scattering.
Differences in data sets from various experiments on polarization,
total and backward differential cross sections outside quoted errors
are probably caused by these experimental difficulties. Thus, i t
will be important to overdetermine the amplitudes, providing consis-
tency checks on the data. For example, i t is considered important to
measure Kj. = ( i ,0;0, j) for free np scattering at LAMPF for this pur-
pose. The new high intensity polarized ion source planned for LAMPF
should make such experiments feasible over the full angular range.

Additional experiments on free np scattering at SIN , Saclay ,
9 ft

and TRIUMF ° are expected to begin later this year. These include

Aa^(np), as well as Cji(np), etc. The neutron beam energies will be
Tlab = 4 0 0 to 1 1 5° M e V a t Saclay and below 600 MeV at SIN and TRIUMF.

NEW &oL(pp) RESULTS

Final results for Aa^(pp) from the ZGS at several new energies
have revealed intriguing energy behavior. The experiment was similar
to that reported previously. ~ 3 1 The results are shown in Fig. 2
along with some of the earlier data. The errors plotted are purely
sta t is t ical ; systematic uncertainties are estimated to be 6% of AaL.
Coulomb-nuclear interference corrections are not included. It should
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be noted that the Sac lay measurement

with the new data.

32 near 3.25 GeV/c is consistent

Fig. 2

The A(JL(pp) dependence on
from 2.5 to 3.5 GeV/c from the
new measurements reported and
from Ref. 31. The errors shown
are statistical only. The curve
is to guide the eye. •
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Although the statist ics, are not compelling, a new peak structure
is indicated near 2.75 CeV/c. If i t is due to a resonance, the mass
is around 2700 MeV with a width less than 80 MeV. Earlier indica-
tions of structure near this mass include pp spin-spin correlation

2 J 3 4
pp

parameter data at 0c#m = 90° (k2 CLL da/dft and da/dQ34,

where k is the cm. momentum) and polarization for the pp •*• dir reac-
tion from Saclay. D Cloudy Bag model predictions'^0 'J l include a
narrow s-wave state near 2700 MeV, which may be consistent with the
new structure. I t is highly desirable to measure additional Aa^(pp)
data in finer steps near 2.75 GeV/c to clarify the energy dependence
in this energy region.
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