PHYSICAL REVIEW C VOLUME 54, NUMBER 4 OCTOBER 1996

ARTICLES

Measurement of the longitudinal analyzing power for noncoplanarp-d breakup
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First measurements of the longitudinal analyzing poigfor noncoplanap-d breakup aE,=9 MeV in
four kinematically complete configurations are presented. The measurements are compared with Faddeev
calculations obtained with the Bonn B nucleon-nucleon interaction andthex2hange Tucson-Melbourne
three-nucleon force. The measured analyzing powers and the corresponding theoretical predictions are very
small in magnitude and compatible within the error bars of the data. Because of the small#gsstio
expected enhanced sensitivity to three-nucleon force effects is not seen in this low energy region.
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[. INTRODUCTION tions with “noncoplanar” kinematics. This requires the de-
tection of two (or more particles in the final state with
There is currently a great deal of interest in understandingletectors separated in azimuthal angle by an amdupt
the nature of nuclear three-body fordds?]. It is now gen-  Other than 0° or 180°, so that the momentum of particle 2
erally believed that three-body forces are needed to reprdi©€s not lie in the plane formed by the beam direction and
duce the observeéH and *He binding energieg3]. Sophis- theT?omentufm of par|t|cle 1 ‘ h ibility of
ticated theoretical models have been developed which malﬁ% € use of noncopianar geometry opens the possibiity o

i . - . easuring a new class of polarization observables which,
quite definite predictions concerning the form and to some,qar ordinary conditiongreactions with two-body final

extent the strength of these interactions. However, it hagiates and breakup reactions with coplanar georjetme
proved to be difficult to identify experiments which are sen-required by conservation of parity to be zero. It is these new
sitive to the nature of the three-body interactions. observables which, according to the arguments of RHf.

It seems reasonable to suppose that profonneutron}  are thought to have possible enhanced sensitivity to the pres-
induced deuteron breakup may be a good system for thence of three-body forces. An example of such an observable
study of three-body force effects. In simple terms, the think+s the analyzing power for longitudinally polarized protons.
ing is that three-body forces may couple strongly to particu- In this paper we present the first measurements of the
lar three-nucleon configurations. The breakup reactions thelngitudinal analyzing power for proton-induced deuteron
offer the possibility of detecting these special configurationssreakup. We also report the first Faddeev calculations of this
since, with three independent particles in the final state, onebservable. Theoretical predictions with and without three-
can explore a very broad range of kinematic conditions angody forces will be presented and will be compared with the
observables. Of course, for this to be successful, one needs i@easurements.
identify particular experimental conditions which lead to a The experiments and calculations were performed by the
reasonable level of sensitivity to three-body forces. Wisconsin and Cracow/Bochum groups, respectively. Be-

In this paper we will report the results of some new meacause the work was done simultaneously, neither group had
surements op-d breakup with polarized protons B, = 9  knowledge of the other’s results prior to completion of the
MeV. This experiment was undertaken in response to thevork.
suggestion in Ref[4] that certain polarization observables  The outline of the paper is as follows. Section Il contains
for p-d breakup may have an enhanced sensitivity to nucleas brief review of the theoretical background along with dis-
three-body forces. The experiments proposed in REfin-  cussion of the choice of reaction kinematics. In Sec. Il we
volve obtaining polarization measurements for breakup reacdescribe the experiment in detail and present the experimen-

tal results. Section IV contains a brief description of the Fad-
deev calculations. Comments on the comparison between
"Current address: Department of Physics, University oftheory and experiment are given in Sec. V, along with a few
Wisconsin-Whitewater, Whitewater, Wisconsin 53190. concluding remarks.
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- FIG. 3. Schematic diagram of the interaction region. The inci-
dent beam is represented by the dashed line. The dotted lines indi-
cate the line of sight from the center of the interaction region to
detectors located at 30° and 60°. In the actual setup, the detectors
are located at various azimuthal angles.
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0.76 um thick Ni foil, located 51.3 mm upstream of the
FIG. 1. Calculated kinematic loci fap-d breakup atE, = 9 center of the interaction region. This foil isolated the beam
MeV. The protons emerge & =30° andd,=60° in the laboratory i€ vacuum from the chamber which was maintained at a
frame and are separated in azimuthal angle by an ambgnt pressure of 26.6 kPa. The beam was collimated with a circu-
lar aperture 1.5 mm in diameter located 13.4 mm upstream
of the center of the interaction region. Since the events of
interest involve coincidence detection of outgoing protons at
30° and 60° in the laboratory, the interaction region is the
The p-d breakup reaction was initiated with polarized region of gas which can be viewed from both angles. This
protons obtained from the University of Wisconsin crossed+egion was 13.6 mm in length and was defined at the up-
beam polarized ion sourd®]. The beam was accelerated to stream end by a 3.0 mm diameter circular aperture and at the
just above 9 MeV with a tandem electrostatic acceleratordownstream end by a 3.5 mm i.d. exit tube. The beam energy
momentum analyzed with a 90° deflection magnet, and thent the center of the interaction region was $:@02 MeV.
transportedd a 1 mdiameter scattering chamber. Charged particles from elastic scattering and breakup
The breakup reactions were initiated on a deuterium gawere detected with silicon surface barrier detectors located
target. Figure 3 shows the geometry of the interaction regiod5 cm from the center of the interaction region. The detec-
at the center of the chamber. The incident beam entered thers were 13.8 mm in diameter and were collimated with
chamber, which was filled with deuterium gas, through al1.9 mm diameter circular apertures.
Eight detectors were used in all, four at 30° and four at
60°. Coincidence events were recorded for each of the 16

lll. DESCRIPTION OF THE EXPERIMENT

A. Apparatus and procedures

02 ——— T ——— : .
| ' ' ' ' ! 30°/60° pairs. The polar and azimuthal angles of each detec-
. tor are given in Table I. The 60° detectors were located to
I A¢ = 97.5 the left and right of the beam 7.5° above and below the
0.1 horizontal plane, while the 30° detectors were basically
B . \~\ above and below the beam, 15° to either side of the vertical
1l,.L [ . plane. In this way the coincident detector pairs were sepa-
\\
0.0 AN ,
L \ TABLE I. Detector locations.
' 7/
\ ’
[ \ p Detector 0 ¢
—ox k- N (deg (deg
\ SN / 1 60 7.5
N P ‘\ /
~_ _- . 2 60 1725
—— ~ .
02 L A R | 1 ] ] 3 60 187.5
0 1 2 3 4 5 4 60 352.5
S (MeV) 5 30 75.0
6 30 105.0
FIG. 2. Bipolar harmonic functions fak ¢=97.5°. The dashed 7 30 255.0
and dot-dashed curves show the functions of E§s.and (10), 8 30 285.0

respectively.
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FIG. 8. Theoretical predictions of the longitudinal analyzing pofgis a function of distance along the kinematic locus. The dashed
and solid lines correspond to Bonn B and BonntBT'M 3NF calculations, respectively.

resulting effects of ther-~ TM 3NF for 3N breakup signifi- ~ coincidence counting rates can be achieved by using detec-
cantly. Therefore the 3NF effects obtained in the presentors that cover a larger fraction of the available solid angle. It

work with A ,=5.8u should be regarded as an overestimatetherefore seems likely that one could obtain statistically sig-
nificant nonzero measurements A&f. Such an experiment
would be a useful test of our understanding of tie $/s-
V. CONCLUSIONS tem.

On the other hand, observing the effects of three-body
longitudinal analyzing poweA, for all four kinematic con- forces at this energy does not appear to be possible. In order

figurations. In agreement with the measurements, we see thif check the e>_<pe§:tations Coﬁ‘cef”mg the enhanced sen;itiv—
the theoretical predictions are very small in magnitude. In all'tydOf the Iorf1g|tud|nal anal.yzmg powersfto a 3NFdand3K|1F
four configurations studied and for all values of the arcOrder to perform more stringent tests of present day
length S the longitudinal analyzing powek, does not ex- models one should perform such breakup measurements at

ceed 0.003 in magnitude. Including the 3NF increasgbut higher energies. For a general overview qf recent resu!ts in
only by 10—15 %. the A continuum and proposals of experiments of various
It is interesting to note that the calculatéd values are types we refer to Re{16].
qualitatively similar to the functiongz’l of Eq. (10) (see
Fig. 2. It might also be noted that in some regions of the
S curve not covered by the present experiment the effects of This work was supported in part by the National Science
the TM 3NF are of the order of 25%. However, the smallness-oundation under Grant No. PHY-9316221, the Polish Com-
of the observabl@, at this energy will hardly allow an ex- mittee for Scientific Research under Grant No. 2 P302 104
perimental test of this prediction. 06, and the BundesministeriumrfEorschung und Technolo-
Based on our current experience, we believe that experigie under Project No. 06 BO 788. The numerical calcula-
ments to measur®, with statistical accuracies af 0.001 or  tions have been performed on the CRAY Y-MP of the
better are perfectly feasible. In particular, significant gains inHochstleistungsrechenzentrum inlidh, Germany.

In Fig. 8 we show our theoretical predictions for the
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