VOLUME 76, NUMBER 20 PHYSICAL REVIEW LETTERS 13 My 1996

Asymmetries for Elastic Scattering ofz* from Polarized 3He
and the A-Neutron Spin-Spin Interaction

M. A. Espy, D. Dehnhard, C. M. Edwards,* M. PalarcZyk, L. Langenbrunner, and B. Davis
School of Physics and Astronomy, University of Minnesota, Minneapolis, Minnesota 55455

G. R. Burleson, S. Blanchard, W. R. Gibbs, B. Lail, B. Nelson, B. K. Park,* and Q. Zhao
Department of Physics, New Mexico State University, Las Cruces, New Mexico 88003

W. J. Cummingg,P. P. J. Delheij, B. K. Jennings, R. Henderson, O. Hausser, and D. Thiessen
TRIUMF, Vancouver, Canada V6T 2A3

E. Brash and M. K. Jonés
Rutgers University, Piscataway, New Jersey 08854

B. Larson
Department of Physics and Astronomy, Ohio University, Athens, Ohio 45701

B. Brinkmoller”
Physikalisches Institut der Universitat, Karlsruhe, Germany

K. Maeda
Department of Physics, Tohoku University, Kawauchi, Sendai, Japan

C.L. Morris, J. M. O’'Donnelll S. Penttila, D. Swenson,** and D. Tupa
Los Alamos National Laboratory, Los Alamos, New Mexico 87545

C. Bennhold
Center for Nuclear Studies, Department of Physics, The George Washington University, Washington, D.C. 20052

S.S. Kamalov

JINR Dubna, Moscow, Russia
(Received 22 November 1995

Asymmetries forz* elastic scattering from polarizetHe were measured across th¢1232) -
nucleon resonance region at incident enerdgies= 142, 180, and 256 MeV. Large discrepancies
were found between the data and calculations that use the multiple scattering formalism and Faddeev
wave functions. Inclusion of &-neutron spin-spin interaction term in the calculations gives a greatly
improved representation of the data. [S0031-9007(96)00229-3]

PACS numbers: 25.80.Dj, 13.75.Cs, 24.70.+s, 25.10.+s

In this Letter we report on the first measurement ofshell nuclei of spin 12 [5—8]. The theoretically [9-11]
asymmetriesA, for 7 elastic scattering from polarized unexpected small, for >N and'*C imply shortcomings
3He at incident energies which pass through #(@¢232) in our present understanding of either thenucleus
ar-nucleon resonance. We find evidence for the imporinteraction and specifically its spin-dependent part, or of
tance of theA(1232)-neutron spin-spin interaction in the the nuclear wave functions of thegeshell nuclei, or
nucleus. Knowledge of the strength of the spin-dependeriioth. For the much simpler nucledsle, reliable wave
(and spin-independent) parts of thAenucleon interaction functions have been obtained by Faddeev calculations
is needed for tests of meson-exchange [1] and quark modi12,13]. Thus spin-dependent effects in thenucleus
els [2] of the baryon-baryon interaction. interaction can be studied without large uncertainties in

Measurements on polarizéte recently became pos- the nuclear structure. However, at 100 MeV the for
sible with the development of the high-density, optically*He show only a slight dependence on the reaction model.
pumped’He gas target at TRIUMF [3]. This target was Thus measurements ofr™ elastic scattering from
used in a7 " scattering experiment and very large valuespolarized*He at energies near the centroid and above the
of A, were found af’, = 100 MeV [4]. A(1232) resonance, wherg, is predicted [14,15] to be

These large values ofA, are in contrast with the very sensitive to the details of the reaction model, are of
generally small values obtained from scattering gn  great interest for a study of the spin-dependent parts of the
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pion-nucleus interaction. We note that sensitivity to thefront wire chambers allow traceback of the scattered par-
small components of théHe wave function is predicted ticle trajectories to a plane that intersects the center of the
atT, = 256 MeV. target perpendicular to the central ray of the LAS. The
The TRIUMF target was set up in the’lP area at projections of the reaction vertices onto this plane were
LAMPF, where high beam fluxes were available acrossised to discriminate between events froke and the
the region of theA(1232) resonance. The scattered pi-glass in the end caps and the top and bottom of the cylin-
ons were detected with the large acceptance spectromeitdrical cell wall. Events from the left and right sides of
(LAS) [16]. Measurements were made at incident enerthe cylindrical wall could not be eliminated by software
giesT, = 142, 180, and 256 MeV and laboratory scat- cuts. Thus the beam halo striking the sides of the cell
tering angles ranging from 4Q@o 100°. Some data were was reduced by a lead collimator that was machined to
taken at 100 MeV and found to be in agreement with thenatch the beam divergence. In order to enable subtrac-
results of Ref. [4]. tion of the remaining background, spectra were taken at
The *He gas was contained in a cylindrical glass cell,many angles with an evacuated target.
about 4.8 cm in diameter and 6.5 cm in length. Target The top and center panels of Fig. 1 show yields as a
cells were made of quartz glass that was about 1.5 mrfunction of the negativ€ value of the reaction measured
thick at the cylindrical cell walls and 0.4 mm thick at at 180 MeV and,,;, = 50°, normalized to the integrated
the hemispherical endcaps (where the pion beam enterdeam flux for the two target spin orientations. The target
and exited the cell). The cells were filled with 6—7 atmpolarization parallel to the norm of the reaction plane
of 3He gas, a trace of Rb, and a small amount of N is indicated byf, the one antiparallel by. The *He
which served as a buffer gas. 8-10 W of polarizedelastic peak, centered @ = 0, has a width of about
laser light at 795 nm (th®1 transition in Rb) from two 4 MeV (FWHM). The difference spectrum is shown
argon pumped Ti:sapphire lasers and solid state diod& the bottom panel of Fig. 1. A large negativg is
laser arrays were used to polarize the Rb atoms in thapparent in the region of the elastic peak fréife.
target cell. The electron spin polarization of the Rb was The experimentall, was obtained using
transferred through RbHe collisions to theHe nucleus
by the contact hyperfine interaction. The target cell was A, = MM l. (1)
heated continuously in the target oven to a temperature NN p
of approximatelyl75 °C in order to achieve the required
Rb vapor density for the optical pumping. When the
glass cell was hot, small amounts &fle leaked from
the cell. Therefore, the pressure in the cell and the
cell temperatures were monitored periodically so that a 600 |
correction for the pressure loss could be made.
The target apparatus was modified during the experi- 400
ment by the addition of a diode laser array [17]. The
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diode laser added to the optical pumping power and sig- 5 200 ¢ ]
nificantly increased the polarization after one of the ar- = L ,
gon lasers failed.*He polarization was typically 35% to %

45%, sometimes reaching 50%. Since the helicity of the - 600 1
laser light determines the direction of the target polariza-

tion, the orientation of théHe spins (and thus the sign of 5 49| 1
A,) was determined by use of a liquid crystal which trans- 2 | |
mits only left-hand circularly polarized light. One set of &

Helmholtz coils provided a vertical holding field forthe po- 5 o0~ |
larization. Another set of Helmholtz coils provided a vari- @

able horizontal field component employed for changing the >

direction of the polarization. The magnitude of the po-
larization was measured using the nuclear magnetic reso-
nance (NMR) technique of adiabatic fast passage (AFP)

[3]. Absolute normalization factors for the NMR signals L 7
were obtained by comparing the NMR signals fromtHe o T T T T T e T e 0 0
with the weak signals from the protons in a water-filled cell -Q (MeV)

of the same dimension. G 1 Tvoical lized ot s t
; FIG. 1. Typical normalized energy spectra from elastic scat-
Ihedl__AIS uses ?”rrlc_’slgnedtlct ql:adrUpOIS double][, a tma ring of 7+ on the polarizedHe target af’, = 180 MeV and
neuc aipole, scintiiation detectors, and several Sets o b = 50°. Top panel: target spin parallef){ center panel:
two-dimensional wire chambers in order to identify thetarget spin antiparallell) to the normal to the reaction plane.

scattered pions and to measure their momenta [16]. Thehe difference spectrum is shown in the bottom panel.
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Here Ny and N, are the normalized numbers of countsA, are negative at 142 and 180 MeV, in contradiction to
in the 3He elastic peak with théHe spins oriented “up” any of the conventional model calculations which predict
and “down,” respectively. p is the target polarization. positive A, between 100 and 180 MeV at these angles.
Background events cancel in the differenée— N and  Use of a simples-state wave function fofHe and the
were subtracted before taking the sum. The theoretical PWIA predicts positived, at all angles [14] (not shown)

in pion scattering from a spin/2 nucleus can be written similar to the calculations using Faddeev wave functions
in terms of the complex spin-independdi#t) and spin-  (solid lines) at 142 and 180 MeV. At 256 MeV this sim-

dependen{G) scattering amplitudes as ple model predicts positivd, at all angles, whereas the
2 IM(FG*) multiple scattering calculations give negativg. The

Ay = o (2) negativeA, at 256 MeV (but not at 142 and 180 MeV)
(FP> +1GP) can also be obtained by modifying the real partFoin

. . L a way that accounts for multiple scattering [14]. Except
EXBe”me.”ta' and theorencal angular distributionsipf =, yo minimum, the differential cross sections at 142 and
for 7™ elastic scattering af, = 142, 180, and 256 MeV %80 MeV (not shown) are fit quite well with the multi-

are presented in Fig. 2. The solid lines were obtaineg, o gcattering calculations. We note that a preliminary
using multiple scattering theory and three-body Faddeey. jation that uses a purely scalar phenomenologiéal

wave functions [12,13] fofHe to calculate the first-order term in the optical potential to account for pion absorption

terms inF and G. The dashed lines employ a hybrid 1 dictsA letel t of ph ith the data at
model (see below) that uses the first-order valueg of [18(]) rl\)/lrsvl.c S4y compietely out of phase Wi ¢ dalaa

andG but includes a second-order contributionGdrom
the A-neutron spin-spin interaction calculated in the plang,o
wave impulse approximation (PWIA).

Neither the conventional multiple scattering calcula-
tions of Ref. [15] (Fig. 2, solid lines) nor those of one of
us (W.R. G.) and of Ref. [18] (not shown) give a satisfac-
tory description oA, at 142 and 180 MeV. At both ener-
gies we observe large positive near80° as predicted by
the calculation, but the maximum df; is shifted towards
larger angles. At scattering angles néat the measured

Large second-order effects may be caused byAhe
utron interaction when thi(1232) resonance dominates
the elementaryr-nucleon interaction. For this resonance
the isospin coupling Clebsch-Gordan coefficients result in
much larger scattering amplitudé€sandG for 7+ elastic
scattering on protons than on neutrons. But#heinter-
acting with the paired-off protons in @s)* ground state

of *He cannot contribute to the first-order spin-dependent
amplitudeG which results only from scattering from the
unpaired neutron.F has a large (first-order) component
from scattering from the two protons and a small one from
scattering from the neutron. A large second-order contri-
bution toG arises if the intermediatd**, generated with
very high probability in7* scattering on one of the two
protons, interacts with the polarized neutron.

The magnitude of this second-order contributionGo
has been investigated by one of us (B. J.) using the simple
s-shell model for’He with Gaussian single particle wave
functions. The rms radius of the nucleon distribution
in 3He was kept fixed at the valué)'/?2 = 1.65 fm
obtained by unfolding the finite proton size from the
charge density offHe [20]. Furthermore, the model
employs the PWIA for this second-order term and a
meson exchange model for th&-neutron interaction
which includes ther, p, w, andny mesons. The meson-
A couplings were obtained from the meson-nucleon
couplings by use of SU(6) symmetry and the naive
quark model. Two-nucleon correlations were included
phenomenologically by multiplying the wave function
with a Gaussian correlation function that depends on the
relative distance of the interacting particles. The width
of the correlation Gaussian was kept fixed at a standard
value of 0.75 fm [21]. The resulting second-order term in

o _ G was added to the first-order multiple scattering values
FIG. 2. Asymmetry angular distribution for elastie® scat- for F andG
tering from polarized’He at T, = 142 MeV (top), 180 MeV This h b' id del ai d fi
(center), and 256 MeV (bottom). Solid lines: Multiple scat- IS hybrid model gives a very goo 't_ ta, at
tering predictions of Ref. [15] using Faddeev wave functions.180 MeV (dashed line in Fig. 2). The negati¥e near
Dashed lines: Predictions of the hybrid model (see text). 60° and the shift of the positive maximum towards larger
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