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Polarization transfer in the 3H(ﬁ,ﬁ)g'He reaction and the 0" level in “He
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Longitudinal polarization-transfer coefficients for tﬁel(ﬁ,ﬁ)3He reaction have been measured at zero
degrees for proton energies of 1.3—2.8 MeV. The results show a striking resonance behavior for energies
corresponding to excitation of the Oevel in “He at 21.0 MeV. In agreement wifR-matrix calculations, the
value approaches unity at 1.52 MeV, the peak of the resonance. Near this same energy, at 1.62 MeV, the
transverse polarization-transfer coefficient was measured to be consistent witfS8&%6-28188)05108-3

PACS numbds): 24.70+s, 25.10+s, 27.10+h, 29.25.Dz

We present results from measurements of tr?e Iongitudinaj;H(ﬁyﬁ)sHe reaction using longitudinally polarized protons
and transverse polarization-transfer coefficieffs(0°) and  from the TUNL polarized ion source. Typical beam currents

K§'(O°) in the 3H(p,n)3He reaction from 1.3 to 2.8 Mev. Were 1 uA at 70% polarization and the target was a

Previous data extended no lower than 4 MeV and 3 Me\P-8 Ci/ent tritiated titanium foil. The proton polarization
proton energies, respectivelg,Z]. The new measurements Was reversed at 10 Hz in the eight-step sequefee— +

were carried out in an energy range which corresponds to * T~ — [0 remove possible drifts in time. Periodically, the

excitation of the 21.0 MeV 0 second excited state dHe  Proton spins were precessed into the verticak] direction

[3]. This narrow O level lies close to the broad subthreshold gt the source in ordig to measure the polarization via left-
20.2 MeV 0O first excited state, an®-matrix calculations right scattering from &'He gas cell upstream from the neu-

dict | ianature for th fh | Itr_on production target.
predicta very clear signature for the presence ol Inese 1evels. 1o polarized proton target consisted of 1 mm beads of

values ofK7 (0°) approaching 100% at the peak of the 0 propanediol doped with EHBA-chromiuivi) which were
resonance, with values N§’(O°) essentially zero. maintained at approximately 65% polarization through the

Our results provide striking confirmation of these predic-use of a 3He evaporation refrigerator and microwave-
tions, and fully confirm the resonance parameters of the 0 induced polarization. The sample was located in a 3* cm
level, parameters derived in the past from studies of finalKel-F container in a 550 mK bath ofHe at the center of a
state interaction§4—6] in the “Li(p,a) reaction and from 2.5 T magnet. The product of polarization and thickness for
3H(p,n) analyzing power measuremenitg]. Our results the proton target was approximate_ly 0.04_1bThe relatiye _
show that the®H(p,n)3He reaction is an exceptional source polarization was continuously monitored with a NMR circuit
of longitudinally polarized neutrons at energies around 70dNd @ coil wound around the target contair@he absolute
keV. calibration of the polarization times thickness was deter-

The measurements were made possible by the develoglined from a separate double-scattering experiment de-
ment of a dynamically polarized proton target which couldScribed late). By changing the microwave frequency, the
be used as a high-efficiency neutron spin analy@grUsing

the polarized target required an order of magnitude less time 10 em
per energy than conventional double-scattering measure-
ments, and allowed us to map out the energy dependence —— o 0:;)
over the whole energy range in a short amount of time.
Figure 1 shows a schematic of the experimental setup.

Longitudinally polarized neutrons were created with the T2 3 4 o

FIG. 1. Experimental layout for neutron-transmission measure-
) ~ments. A longitudinally polarized proton beai) was incident on

*Present address: Thomas Jefferson National Accelerator Facility, tritiated titanium targe?) and produced a beam of longitudinally
Newport News, VA 23606. polarized neutrons. The neutrons passed through a dynamically po-

"Present address: Department of Chemistry and Physics, Westefarized proton target3) used as a neutron polarization analyzer.
Carolina University, Cullowhee, NC 28723. Polyethylene collimation(4) defined the acceptance angle of the

*present address: Los Alamos National Laboratory, Los Alamosliquid scintillator detector5) that was used to count the transmitted
NM 87545. neutron flux at zero degrees.
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target polarization could be reversed relative to the neutron 1 2 3
beam direction. This reversal was performed gv&h and &
provided a means of canceling false asymmetries not associ- 4 N
ated with the polarized target.
.. | | o S
The neutron-transmission asymmetry was measured using =
a shielded 12.7 cm diameter and 12.7 cm thick BC-501 or- /
ganic liquid scintillator located at zero degrees. The solid ®
angle subtended by the detector was 2.5 msr and a tapere: —
1.3 m polyethylene collimator was used to prevent the neu- 10 cm
trons that passed around the target from reaching the scintil- £ 2. Experimental layout for neutron double-scattering mea-
lator. With a 1uA proton beam current the neutron count syrements. A longitudinally polarized 1.62-MeV proton beéin
rate was~700 Hz. Pulse-shape discrimination was used tQyas incident on the tritiated titanium target and produced a beam of
separate neutron events fromrays. To determine the neu- |ongitudinally polarized neutrons. The neutrons passed through a
tron energy precisely, a separate measuremenh-&iC superconducting magné?) which precessed the spins into the ver-
transmission was performed for energies near the 6.864 MeYfal direction. A collimator(3) defined the neutron flux onto a
resonance in*C. This calibration determined the energy of high-pressuré'He gas scintillator4) and scattered neutrons were
the neutron beam to withirt 20 keV. detected(5) at =59° in coincidence with recoil signals in the gas
The neutron-transmission data consisted of groups ofcintillator.
measurements representing transmission with beam and tar-
et polarizations parallel and antiparallel. The data were col- .. . "o
Igecter)d in 15 min gets of 1024 eigﬁt-step sequences and eagﬁnﬂrr’n the nonresonant behavmrl()if, (0°) ascompared to
measurement at a given energy consisted of four sets witihe K; (0°) values found in the transmission measurements.
target polarization parallel to the beam direction and four In the longitudinal geometry, the neutrons were produced
sets with target polarization in the antiparallel direction. Anwith longitudinally polarized protons and the neutron spins
asymmetry was formed for each target-spin state accordingere precessed transverse to the beam direction using a 0.73
to the equation T superconducting magnet. In the transverse geometry no
precession was necessary and the neutrons were produced
NR&— NP2 with the needed transverse polarization using a transversely
Ep'aZWa @ polarized proton beam. In both cases, the neutrons were sub-
* - sequently scattered in a high-pressdte scintillator, with
where N is the number of neutrons counted in the liquid tht_a ;cattered neijtrons.dgtected in a left-right pair of liquid
scintillator, + (—) represents neutron polarization parallel scintillators. The®He scintillator was placed 175 cm down-

(antiparalle] to the beam direction, ang (a) represents s_tream from the production _target _at zero degree§ a_nd con-
proton target polarization paralléantiparalle) to the beam sisted & a 5 cmdiameter cylinder filled to 1500 psi with a

direction. An average asymmetry was calculated from mixture of “He and 5% Xe. Attached to the top and bottom
of the 15 cm high cylinder were two photomultiplier tubes

1 for detection of recoiling“He nuclei within the scintillator.
€= E(fp— €%, 2 The left-right detectors, located symmetrically at 59°, were

two organic liquid scintillators, 4.8 cm wide, 12.4 cm tall,

and the polarization-transfer coefficient was calculated fronfind 6.9 cm deep, to count scattered neutrons. WigAlof
1.7 MeV protons incident on the production cell, double-

coincidence count rates were 0.7 Hz fof(O") and 0.2 Hz

for K§'(0°). Theenergy of the scattered neutron beam was
. o ] determined by the measured time of flight over the known
Here, Py is the target polarizationx is the proton target paih |ength.

thicknessP, is the proton beam polarization, andr_is the The effective analyzing power was calculated from the
longitudinal n—p total cross section difference calculated 414 phase shifts of Stammbach and Wal#g], using a

rrom krllown][\—hp phadse shift¢9,10]. Il(n practicrla the atk:so- Monte Carlo code to calculate finite-geometry and double-
ute value of the producPrxx was known only to about scattering effects, which were of order5%. The neutron

o I
20% (from NMR measurements and target weighiagd so polarization was then calculated from the measured left-right

separate double_-scattenng measurements were performedégymmetry and the effective analyzing power.
order to normalize the relative transmission data.

Figure 2 shows a schematic of the experimental setu%-‘ Results are summarized in Table | and plotted in Fig. 3.

z' oy — €
KZ (O )_ PTXPPAO'L. (3)

used for the double-scattering measurements. The techniqu lge table_ sh_ows the proton energy, the.neutron energy, .and
have been described by Wilbuet al. [11]. The measure- the polarization-transfer coefficients derived from normaliz-

ments were carried out in longitudinal and transverse geonil'd the transmission results to the absolute double-scattering
etries at 1.62 MeV, an energy that corresponded to close tggsults. Statistical and systematic errors are shown, the sys-
the maximum value of the longitudinal polarization transfertematic errors being derived from the uncertainty in the beam
determined from the relative transmission measurement§nergy leading to uncertainty iho , the uncertainty in the
The transverse double-scattering measurement was made ﬁble(f),p)“He analyzing powers leading to uncertainty in
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TABLE I. Experimental results fokZ (0°) andK} (0°) for the *H(p,n)*He reaction. Mean proton
energiesE,, and the resulting neutron energigs are shown together with the energy spreads associated with
stopping in the tritiated titanium foil. The value dﬁ’(O") at 1.62 MeV is obtained from the double-
scattering measurement that was used to normalize the transmission values. Both statistical and systematic

uncertainties are shown.

E, £ AE, E, =+ AE, Transmission Double scattering
(MeV) (MeV) KZ'(0°)= stat* syst. K§'(0°)ista&syst.
1.29+0.03 0.46-0.15 0.406-0.005+0.028
1.41+0.03 0.58-0.14 0.756-0.005+0.048
1.52+0.03 0.710.13 0.9570.006+0.058
1.62+0.03 0.82£0.13 0.9270.022+0.032 0.086:0.111+0.003
1.72+0.03 0.92:£0.12 0.78@-0.008+0.044
1.97+0.02 1.1#0.11 0.502-0.004+0.028
2.17+0.02 1.3%0.10 0.332:0.003+0.018
2.75+0.02 1.96-0.08 0.206-0.004+0.010

Py,

and the uncertainty in théHe(n,n)*He analyzing pow-

Here M®/® is the M-matrix element for channel spis

ers and finite-geometry corrections leading to uncertainty in(s’) and channel spin projection(v') for the incoming

the calculation ofP{X.

(outgoing channels. The solid curve in Fig. 3 is a calculation

The most notable features of the data are the sharp resgf KZ (0°) based on phase-shift parameters derived from a
nancelike behavior dKZ (0°) around 1.52 MeV and the fact full R matrix analysis of theA=4 system by Tilleyet al.

thatKy (0°) is essentially zero at this same energy. Follow- [3]. The agreement with the resonance structure at 1.7 MeV
ing the M -matrix formalism of La France and Winternitz IS €xcellent and fully confirms the Oassignment to the sec-

[13], the polarization-transfer coefficients are given by
ooKZ (0°)=2|MIj?+2RdMg5 MG (@)
and

ooKy (09)=2RgMIT" (ME+MPL, (8
with the unpolarized differential cross section

oo=2|M131%+|Mgg 2+ MY 2. (6)

* TUNL
O Jarmer

E, (MeV)

FIG. 3. Comparison of TUNL experimental data f&r;’(O")
with previous data of Jarmet al.[1] and with anR-matrix calcu-
lation based on the phase-shift parameters of It The error

ond excited state ofHe at 21.0 MeV. The value d{y (0°)
is also predicted to be small, again agreeing WeII with the
measurement.

The results imply that the reaction at low energies is
dominated by just two interfering amplitudes, the 21.0 MeV
0~ level and the broad subthreshold 20.2 MeV Gevel.
Only MY is nonzero for a 0 resonance and onll 35 is
nonzero for a 0 resonance. As a result,

KZ'(0°)~ 2ReMgh M3 dKY'(0°)~0. (7)
)~ ————————— an °)~0.
‘ |Moo +|M882 Y

If the relative 0" and O strengths are equakZ (0°) ap-

proaches unity aK§'(0°) remains small. This is effectively
what is seen in the polarization-transfer data.

In conclusion, we have measured zero degree longitudinal
and transverse polarization-transfer coefficients for the

3H(p,n)3He reaction at low energies. The measurements
confirm theR-matrix analysis of Ref[3] and provide per-
haps the most direct evidence yet for the presence of the 0

level in *He. The 3H(p,n)3He reaction is an excellent
source of longitudinally polarized neutrons-af700 keV.
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