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K)y,’(0°) for *He(d,p)*He near the J™=3" resonance
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The polarization transfer coefficieKﬁj'(O") hasbeen measured for thiHe(d, p)“He reaction at energies of
520, 890, and 1490 keV. The measured valuessare?/3, consistent with expectations based on the presence
of a broadJ™= %* resonance aEy =430 keV. A comparison with data taken at somewhat higher energies

reveals a large change in this observable as the reaction becomes dominated by direct neutron transfer.
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Detailed information on the relative role of processes such In this paper we present the results of the first measure-

as resonance capture and direct nucleon transfer is useful }Hents of the polarization transfer observalsgé(0°) at en-

describing low-energy reaction cross sections of interest i, wio oar the resonance. For this reaction under the experi-
nuclear physics and nuclear astrophysics. For some of these

reactions, it is difficult to experimentally determine this in- mental conditions described below, the observahfe(0°)
formation directly, and the description of the reaction processs related to the vector polarization of the deuteron beé‘ﬁw
often must rely on theoretical models. and the polarization of the outgoing protop$’ via

Nuclear polarization measurements complement cross
section measurements because polarization observables pro-
vide additional constraints on the scattering matrix elements. 5 plP)
For some special cases, such as the low-energy KY (0°)== B(% (1)
3He(d,p)*He reaction, polarization measurements can actu- Y 3 p;
ally be used to determine the relative importance of compet-
ing reaction mechanisms.

At deuteron energies below 1 MeV, tiéle(d, p)‘He re- The KJ'(0°) observable was chosen because it was ex-
action is dominated by a broadl,” Swave resonance ifili  pected to be somewhat sensitive to the relative importance of
at Eq=430 keV. The assumption that the reaction proceedgnese two reaction mechanisms. This can be shown using a
via this single resonance vyields well-defined predictions forsimplistic Swave scattering model with deuterons in t8e
the observable§l]. However, measurements of cross S€C-giate for two extreme cases: puBavave resonance and di-
tions [2-5] and _analyzmg_power$6—10] at low ENEI9IeS  yact neutron transfer. In each case, the deuteron beam is as-

; A P&umed to be polarized along the axis normal to the reaction
cially true for the polarization observables. For example, in . S
plane, withm;=+1. If the reaction is assumed to proceed

the recent measurements of Ged$tal. [6], the tensor ana- . 34
lyzing power data deviate from tt@wave resonance predic- ENtirely through theSwave ; = resonance, then the deuter-
tions by as much as 20% at some angles and the vect@S can only interact with théHe target nucleus witm
analyzing powers are nonzero. These discrepancies presuri-T 1/2. In this case, the proton and particle would be
ably result from the presence of additiorlak2 reaction ejected in a relativ® state, with them; of the proton equal
channels that compete with the dominant resonance and ma§ —1/2. For this; * resonance case, the incident deuterons
arise from direct transfer mechanisms or from the tails ofare spin-up and the emitted protons are spin-down, resulting
distant resonances. Additional experiments are required ti a polarization transfer coefficient of 2/3 [11]. Con-
identify the nonS-wave processes. versely, if the reaction mechanism proceeds through the di-
rect transfer of a neutron as in the simple stripping model
[12], then them; =+ 1 deuteron must react with e target
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Ki’,'(0°) [12]. However, this heuristic model does suggestsure in the®He target cell was 1 atm. The reaction energy

the utility of the polarization transfer measurement for reacWas determined by weighting the energy at each step within

tion model studies. the gas cell by théHe(d, p)*He cross section. For deuterons
The present measurements complement earlier measuredtering the scattering chamber at 1.58 MeV, the reaction

ments[13] of Ky'(oo) made from 4 to 14 MeV. A similar €Nergy in the gas cell was found to be 3240 keV, where
study was maée of thé’H(d,n)*He reaction in which the uncertainty represents the spread in energy calculated by

) , SRIM-2000.39
Ky (0°) wasmeasured at energies from 3.9 to 15 Mgl].

, N _ Protons produced at 0° by th&He(d,p)*He reaction
Here the influence of thé © Swave resonance was evident passed through the Havar gas cell window, and entered the

at th(_—} Iqwer energies. At_higher r.eactio.n energies in bo“broton polarimeter through a 3Q@m silicon A-E detector
polanzafuon trsapsfer—reactlon studies, dlrec_t transfer comz 4 4 50.84m stainless steel entrance foil. UsisgiM-
petes with the; S-W,ave resonance mechanism. 2000.39 the proton energy was determined to be 13.8 MeV,
The low-energyKy (0°) data were obtained using polar- giving an effective analyzing power at this energy of
ized deuteron beams from the atomic beam polarized ion-0.623+0.014 for the proton polarimeter.
source[15] at Triangle Universities Nuclear Laboratory, via A second set of data was taken with a deuteron beam
a three polarization state method with fast state switchingnergy of 1.90 MeV. The cross-section weighted reaction
[16]. The deuterons were accelerated through the tandem Vammergy was determined to be 8980 keV for this case,
de Graalff accelerator. The beam energy was determined vighere the pressure in théHe gas cell was 2 atm. At 1.90
an analyzing magnet system with an energy-calibrated NMRMeV, the effective analyzing power for théC(d,p)*3C
magnetometer. The deuteron beam polarization was mealeuteron beam polarimeter was found to be rather small
sured in the same scattering chamber as ¥He(d,p)*He  (—0.135-0.003), so to measure the deuteron beam polar-
measurements, as described below. Typically the deuterdaation for these runs, a 2bm Havar foil was rotated in
vector polarizationp'® were—0.60 for one of the polarized front of the deuteron polarimeter to degrade the beam energy
states and+0.42 for the other polarized state. A 2.54-cm- {0 @bout 1.62 MeV, where the effective analyzing power was
diameter cylindrical gas cell with gsm Havar foil walls ~Measured to bet0.461+=0.005. This value was consistent
was mounted at the center of the chamber and filled witfvith that for a similar polarimeter calibrated at a beam en-
3He to a pressure of 2.0 atm. In addition, the target cell coulrdy of 1.62 MeV with no foil in plac¢21], indicating that
be raised out of the beam path as needed. Because the ddf}ére was no depolarization within the Havar foil. Although
teron beams were stopped in the exit foil of the gas cell, thdh€ deuteron and proton polarizations were not measured si-
cell was electrically isolated from the chamber, and the incimultaneously in this case, the deuteron polarization runs
dent charge was integrated to determine the total beam inteMere interspersed with proton polarization measurements to
sity. The polarization of the outgoing protons was deter-COmpensate for any long-term variations in beam polariza-
mined using a*He(p,p)*He proton polarimetef17]. This  tion. The energy of the protons entering the proton polarim-
proton polarimeter was mounted on a plate that could b&ter was 14.6 MeV, corresponding to an analyzing power of

rotated to position it directly behind the gas c&lt 0°) or —0.609-0.014. )
completely out of the beam path. The beam energy for the third set of measurements was
For the lowest-energy measurement, the deuteron beam30 MeV, corresponding to a reaction energy of 1490
was accelerated to an energy of 1.58 MeV. After passing™ 30 keV within the 2-atnPHe gas cell. As in the second set
through the scattering chamber entrance slits, the deutero measlurements_, the effective analyzing power of the
passed through a 2@g/cn? carbon foil oriented at 45°. On (d,p)°C polarimeter was too low~0.088+0.003) for
either side of the carbon foil, at the 90° position, 306+ & good measurement of the deuteron beam polarization. At
surface barrier detectors were mounted so that thdliS energy, the deuteron beam polarization was found by
12C(d,p)13C reaction could be used to determine the deytaising the target cell, rotating the proton polarimeter out of
teron beam polarization. At this beam energy, the effectivél® beam path, and sending the deuteron beam to a calibrated
: 13 ; ’ 2H(d,p)3H-based polarimetef19,23 mounted behind the
analyzing power for thé’C(d,p)*3C polarimeter was mea- P P ,
sured to bet+ 0.429+0.005, based on a cross calibration us-Scattering chamber. As before, the deuteron and proton po-

ing a deuteron polarimeté.8] mounted behind the scatter- larization measurements were interspersed. For these runs,
ing chamber. This value for the effective analyzing power®" additional Havar foil was mounted behind the gas cell to

agrees with that for a similar devidd9] at this energy. At StoP thea particles emerging from théHe<d reaction, lead-

this beam energy, the deuteron and proton polarizations wef89 {0 @ proton energy within the proton polarimeter of 14.6

measured simultaneously. MeV as before. o _
After passing through the deuteron polarimeter, the beam The fesultlng values for the polarization transfer coeffi-

entered the’He target gas cell at the center of the chambercientKy} (0°) areshown in Table I. At all three energies, the

The computer codsRrIM-2000.39[20] was used to estimate measurements are consistent with the single-resonance

the energy losses of the deuterons through the carbon foimodel prediction of—2/3. In Fig. 1 these new results are

the Havar gas cell wall, and throughout the interior of the gaplotted with the earlier results of Hardekopt al. [13] to

cell. The Havar foil was modeled using elemental concentraillustrate the transition from the region dominated by $e

tions given in Ref[22]. For this lowest-energy data the pres- resonance to higher energies, where direct neutron transfer
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TABLE I. Results of thngl(O") measurements. The uncertain- LOO A B B
ties quoted for the measurements are statistical errors.
; 0.67
Eq (keV) K} (0°) g o °©
520+40 —0.68+0.03 033
890+40 —0.67=0.05 —
1490+ 30 —0.62+0.05 = 000
4
-0.33

and higher order partial waves become more important. Be-

tween 2 and 10 Me\4<§'(0°) values indicate a mixture of -0.67
resonance and direct contributions that might be individually
evaluated by appropriate calculations if additional polariza- ) S R ,
tion observables are included in the analysis. Such calcula oo 2 4 6 8 1012116
tions are now underway for this reacti¢®4]. A prediction Energy [MeV]
for this observable based on a multichanRehatrix param-
etrization of theA=5 system performed at Los Alamos Na-
tional Laboratory is also shown in Fig. 1. TiRematrix pa-
rameters for this calculation are determined based o
availableA=5 data[25] using methods similar to those de-
scribed in Ref[26]. The maximum energy for this analysis is
8 MeV. TheR-matrix predictions show good agreement with
the new data, and account well for the transition from thebutions t0KY'(0°) atenergies up to 1 MeV. In addition, our
resonance-dominated low-energy region to the higher ener-_, y
gies, where other effects come into play. K{, (0°) data will further constrain reaction models by al-
In summary, we have measured the polarization transfelewing for the determination of relevant matrix elements at
coefficientK§’(O°) for the *He(d, p)*He reaction at energies 0°. This W.i” hopefully provide quantitative information
of 520, 890, and 1490 keV. The data are consistent witl'ifijOUt addltlon_al reaction Cha’?”e's near the domirgant
predictions based on the presence of the brdadSwave resonance as indicated in previous measurements.
resonance aEy =430 keV, having values close te 2/3, The authors would like to thank the staff of Triangle
which are opposite in sign from the expectations of a simpleJniversities Nuclear Laboratory. This work was supported,
stripping model. This illustrates that this observable can bén part, by the National Science Foundation Research at Un-
quite useful for identifying resonant and nonresonant contridergraduate Institutions program under Grant No. PHY-
butions in few-body reactions. In this particular case, the9507202, and by the U.S. Department of Energy under Grant
results indicate that there are no sizable nonresonant contiNo. DE-FG02-97ER41041.

FIG. 1. The polarization transfer observab(%’(O") for the
3He(d,p)*He reaction as a function of deuteron energy. The trian-
ular data points represent the new measurements described here.
ircular data points represent the measurements of [R8f. The
solid line shows the predictions from d&matrix analysis of the
A=5 system as described in Ref&5,26).
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