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Polarization transfer coefficient K{ for n-p scattering at 15.8 MeV
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The polarization transfer coefficienKi’ has been measured for neutron-proton scatteringEat
=15.8 MeV and 6.,,=132.4°. Using a quasimonoenergetic polarized neutron beam produced via the
2H(d,n)®He reaction, and a liquid-helium proton polarimeter, a vaIuKﬁf: 0.160+ 0.020 has been obtained
which is appreciably smaller than the predictions of all realistic, meson-bés€dotentials but agrees well
with the result of an earlier measurement at 17.4 MgS0556-28138)06208-9

PACS numbd(s): 13.75.Cs, 24.7G:s, 25.40.Dn

The measurement reported here was part of a program gared with[5] was that now the quasimonoenergetic neu-
the Institut fir Strahlen- und KernphysidSKP) of the Uni-  trons produced via the’H(d,n)®He reaction were used
versity of Bonn to investigate the nucleon-nucledw-K) whereas before, the high-energy part of the breakup con-
tensor force by means of polarized neutron scattering. Faiinuum from the?H(d,n)pd reaction had been employed.
n-p scattering below 20 MeV, the three most importantThe obvious advantage was that cleaner experimental condi-
phase-shift parameters at§,, 3S,, and the®S,—°D, mix-  tions were thus obtained which facilitated the data analysis
ing parametek, which is related to the strength of the isos- and reduced systematic errors. Also, since due to the positive
calar tensor force. While in general the last few years have) value of the?H(d,n)*He reaction the same neutron energy
seen considerable progress in the phase-shift parametrizationuld be obtained with a lower energy of the primary deu-
of N-N scattering data, there is still some ambiguity con-teron beam, there was less room background and the count
cerning e,, best illustrated by a comparison of the mostrates in the various detectors were reduced, resulting in a
recent phase-shift analysgs,2] which differ most notice- much smaller number of accidental coincidences. At a pres-
ably in their results fore;. The reason is that, due to its sure of 25 bars, the collimated neutron beam had an intensity
nature as a spin-spin interaction, the tensor force is difficulef 7 10°/s, with an average energy of 15.8 MeV, and an
to measure, and only a few scattering observables are sufftnergy spread of 3.5 MeV.
ciently sensitive to allow its accurate determination at least The polarization of then beam was measureda n-«
in principle; they all involve the measurement of the polar-Scattering. Twa\E-E detector telescopes, each consisting of
ization of two of the reaction partners. Among these, the? thin sqnpllator foll anc_i a Sl—surface—_barrler_ detector, were
spin-correlation parametes,, andA,,, the total cross sec- placed inside a scatterlr_19 chamber filled with I;le gas at a
tion differencesA o, andA o, and the polarization transfer pressure of 1 bar. Recail's were detected at24°, corre-

. y' . _ sponding to the well-known maximum in tie « analyzing
coefficientK; are the most promising ones. While not many power até, ,=132°. The efficiency of this polarimeter was

such experiments have been performed, some of the moghyy 1078 which was, however, sufficient to determine the
accurate ones have produced contradictory results, especially,eragebeam polarization over all data runs with a statistical
at energies below 20 Me}8,4]. We h,ave therefore repeated gecuracy of better than 1%. More details about the perfor-
one of our own measurements Kt/' [5] under improved mance of this polarimeter can be found in Rgf]. A fast
experimental conditions with the hope to clarify the situation*?C polarimeter was used to optimize and monitor the per-
in this low-energy domain. formance of the polarized-ion source. The intensity and en-
The experiment was performed at the ISKP cyclotron akrgy distribution of the neutron beam were measured by
the University of Bonn. The setup was basically the same ameans of a proton-recoil-telescope placed behind the beam
described in Refd.5,6] so that only a brief account will be polarimeter.
given here. A vector-polarized deuteron beam of 400 nA A schematic diagram of the scattering chamber containing
average intensity was focused into a high-pressurethe proton polarimeter is shown in R¢6]. For the present
LN,-cooled deuterium-gas target. The main difference comexperiment, the target consisted of a L#isc of 1.5 mm
thickness and 25 mm diameter, attached to the upstream side
of a 300 um thick NE 104 scintillator foil housed in a V-
*Present address: Deutsche Telecom, Am Kavalleriesand 3, Dshaped Al reflector and viewed by an RCA 4516 photomul-

64307 Darmstadt, Germany. tiplier. The proton polarimeter was completely symmetric
'Present address: Assem Audi & Co., Feldstrasse 8, Dwith respect to the neutron beam. Recoil protons emitted

53340 Meckenheim, Germany. from the CH target were scattered from two identical, cy-
*Present address: VAW Aluform Systemtechnik, Friedrich lindrical liquid-helium targets placed at laboratory angles of

Wohler Strasse 2, D-53117 Bonn, Germany. +22.4° on either side of the beam, and detected in two
SElectronic address: vwitsch@iskp.uni-bonn.de 80 cnt scintillator detectorg" E detectors’). The liquid-He
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ground run had to be made because most such events could
I not be separated by their TOF. This was the case, e.g., if the
600 - ‘ recoiling neutron backscattered in the target itself, or if a
neutron was scattered into the LHe and from there intdghe
detector while the recoil proton provided the start signal in
the scintillator foil. For this background run, tliedetectors
were covered with Al plates so that they could not see any
charged particles. Although Monte Carlo simulations indi-
cated that such coincidences would constitute not more than
a few percent and produce mainly small pulse heights in the
E detectors, they had to be investigated carefully because of
the relatively large polarization of the neutrons involved.

For the data reduction, a proton asymmedry was de-
fined which takes advantage of the special symmetry of our
experimental setup. Denoting with, , L_, Ly, Ry, R_,
and R, the count rates in the left and right detector with
the beam polarization “up,” “down,” and zero, respec-
tively, we write[6]
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FIG. 1. Time-of-flight spectrum between the Ctdrget and one

of the E detectors of the proton polarimeter, after a window was sef,

to select the quasimonoenergetic part of the neutron beam. The

origin of the small satellite to the right of the main peak is ex- a=—(pt+p A 2

plained in the text. p=—(P7H+P) @

hich for point geometry transforms into

with

containers were fabricated from 3@m thick Al foil and ,
bonded with an epoxy-type adhestv@hey were 40 mm A=(AJP—APKY (11— AJAJP). )
high and 10 mm in diameter, and surrounded by heat shields ] _
made from 15m Al foil. The LHe vessels were coated on For th_e beam polarimeter, the asymmetry was defined corre-
the inside with 10Qug/cn? of the wavelength shifter diphe- SPondingly as
nylstilbene (DPS; each target was viewed from below
through a quartz window by an RCA 4516 photomultiplier
attached to a 90° deviating prism. The scintillator thickness ,, ., e :
of the E detectors was reduced from 8 mm in the original®y Ay » andA,“ are the f”a'yz'”g powers for-p, p-a,
setup[5,6] to 1.6 mm, which helped to further reduce the @d N-a scattering whilep” and p~ denote the absolute
number of accidentals considerably. values of the neutron polarlzatmn with spin “_up”_apd

For each side of the polarimeter, the pulse heights of all 9OWn,” respectively. Thus in the asymmetry, which is in-
detectors were recorded together with the times-of-flighd€pendent of the number of beam particles, solid angles, and
from the CH, target to the LHe scatterer (TQF and to the efficiencies, only thesumof the two polarlzat.lons appears,
E detector (TOK,). In addition, the TOF of the incoming anda, as well asa, are zero for an unpolarized beam. As

neutrons was measured relative to the rf of the accelerator &Plained in Ref[6], a short run with an unpolarized beam
that the quasimonoenergetic part of thebeam could be Was necessary becauge and p~ were not exactly the

a,=—(p"+p )AJ”. 4

separated in the off-line analysis. Finally, the spin state ofa@me. It follows from Eqs(2) and (4) that the task was to
the deuteron beam, which was reversed g5 at the ion  measure the sum of the neutron polarizatiom$ £ p~), and
source, was recorded for each event. to determineA which plays the role of a “combined” ana-

A typical TOF;5 spectrum is shown in Fig. 1. It can be YZing power resulting from the succes/sivep and p-a
seen that the accidental background is very low. The smalcatterings. Using Eq$2), (3), and(4), K§ then becomes
structure to the right of the main peak is due to events in
which the proton, after producing the start signal in the target 'l 8 he ann n o
scintillator, was detected in the LHe scatterer only, while the Ky =|- a, AV (1= AFTAP) + AP / AT B
recoiling neutron was scattered back from the far wall of the
target c_hamber and registered in. tﬂﬁ.edetector.. In o.rder 1o Of course, Eq.(5) cannot be used directly to extral y'
determine the number of true coincidences in which a neugom the measured data. Due to the extended geometry of the
tron was detected in one of tiedetectors, a separate back- gyperiment with thick targets and large solid angles, all ana-

lyzing powers are average quantities, and because out-of-

plane scattering was appreciable the effective beam polariza-

Araldit AW 116 with hardener HV 953 U, manufactured by tion had a smatk component. Nevertheless, the formulas can
Ciba-Geigy, distributed by AGS Chemie GmbH, Obertshausenserve to show the basic connections between the various
Germany. guantities, and to estimate errors.
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The actual data analysis was performed by means of
Monte Carlo simulations in which all details of the experi-
ment were taken into account, especially the finite geometry
and beam energy spread, straggling, multiple scattering, and
background reactions. Using fKr{(E,e) the predictions of
the charge-dependent CD-Bonn potenf®] an asymmetry
was calculated according to E¢l) and compared to the
measured one. This procedure was repeated with somewhat

! .
smaller or larger values fd(§ until the calculated and mea-

sured asymmetries agreed. The valueKéi‘ at theaverage
angle and energyf the experiment was then taken as the

&1 (deg)

“experimental” result. This is, of course, model dependent 27

in principle because the same quanﬂi@// which is to be -3 I ‘ —
determined must be used as input for the simulations and, 0 10 20 30 40 50
necessarily, certain assumptions have to be made with re- E, (MeV)

spect to the angular and energy dependencléi’,éf To as-

sure that the result does not depend on the particular pOte@_l in the energy range up to 50 MeV. The full circle is the result of

tial model used to Calcu.IaFlQ (E, 6), the simulations were  the present work combined with RS, the open circle is from our
repeated with the predictions of the Paris poterit@lin- _KY" measurement at 25.8 Mel8]. The additional values of, are
stead of CD-Bonn; the differences were found to be neglifrom work by other authors: trianglesA¢y) Ref. [4], square
gible. This is not surprising because all potential models prefa , (90°)] Ref. [3], cross @ or—Aay) Ref.[15], diamond @,
dict essentially the samgualitative behavior forK§ (E,9), andAo) .Ref. [27]; ‘the horizontal bars are from a single-parameter
i.e., in particular, the same basic shape for the angular dig2hase-shift analysis of thé,(90°) data from Ref[16]. Also

tributions. The final result for the-p polarization transfer Shown are the phase-shift predictions PWAS3 by Stekal. [1]
coefficient atE.= 15.8 MeV andé.. . = 132.4° was (thick line), and SM97 by Arndet al.[2] (thin line). The prediction
n em of the CD-Bonn potentidl8] essentially coincides with PWA93.

FIG. 2. Summary of the experimental situation with respect to

KY'=0.160+0.020+ 0.004,
value of —12.6 MeV, the'?C(n,p)!?B reaction could not
where the first error of one standard deviation is due to stasontribute to the background in any significant way.

tistics and the second one comprises all systematic errors and The new value foer’ at 15.8 MeV is in perfect agree-

the normalization uncertainty. . ment with our previous result, which wak? =0.155
The total error is almost completely due to counting sta-+0 026[5], obtained at the same angle Iﬁ,t=1y7 4 MeV

tistics in the proton polarimeter yvh|Ie systematic errors T”mdlgoth values are significantly smaller than predicted by any
the statistics in the beam polarimeter played only a minor

. ) realistic N-N potential model[8,10,13. According to the
role. Forp-«a scattenng,Af}" was calculated using several P [ 3 9

different sets of phase shiff§]; the results all agreed within CD-Bonn potential8], e.g., one should expeist =0.199 at
1%. On the other hand, the uncertaintyAf)® is relatively 15.8 MeV and 0.195 at 17.4 MeV. Since the energy depen-
large, but its absolute value is small. This parameter wagence ofKy is rather weak we can combine the two results
calculated with the phase shifts of REf], and its contribu-  to get an average Va|ué§’:o.158t 0.016 for a mean en-
tion to the error ofK{ was also estimated at 1%. For the ergyE,=16.4 MeV, which is more than two standard devia-
beam polarimeter, the-« phases of Stammbach and Walter tions below the corresponding CD-Bonn prediction.
were used11]; the absolute error of its effective analyzing  In order to obtain a value for the mixing parameter
power was 1.3%. Since out-of-plane scattering was signififrom our results fork)', a single-parameter phase-shift
cant in the proton polarimeter, the beam polarization had @nalysis was performed. For this purpose, the interactive
noticeablex component which could produce a small asym-computer codesaid [13] was used together with a program
metry even with K;'Ezero_ ConsequentlyKi’ was also adapted from Ref[14]. We started with the phase shifts of
needed in the simulations. Calculations with different predicthe CD-Bonn potential8] which are very similar to those
tions for KX showed. however. that its influence on the ex-obtained in the Nijmegen multienergy partial-wave analysis
* . ’ _ (PWA) [1] and fit the worldN-N data up to 350 MeV with a
tracted value 0K§ was well below 1%. The most important

. . near-perfect normalizeg?=1.03. Varying only the phase
correction which had to be made by means of Monte Carlg,, -y mete, to reproduce our average experimental value of

simulations was for double scattering involving the Al walls =,/ B i B
and heat shields of the LHe targets. Its overall effect was t&<y —0-158-0.016 atE,=16.4 MeV, we obtaineds,=
—0.36°+0.73° while the CD-Bonn potential predicts;

reduce the asymmetry by 3:5..0% while double scattering . . X L

in the LHe itself contributed only 0.8%. The removal of ~1.50° and the Nijmegen PWA gives =1.56°. Fitting the
neutron events, as determined from the background run, irfwo individual values oK} separately, the results wese
creased the statistical error by §#élative for a threshold of =-0.37°+0.93° at E,=15.8 MeV, and ¢;=-0.34°

0.7 MeV in theE detectors, while the error from the subtrac- =1.18° atE,=17.4 MeV. The results of such a simple
tion of accidental background was negligible. Due toQ@ts analysis should be realistic nevertheless because the other
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phase shifts to whicK{ is sensitive—especially the phases
15, and 3S,—are well determined experimentallg,2]; the

uncertainties in these parameters are estimated to contribu

to the error ofe, only at the level of+=0.1°. Also, contrary to
most spin-correlation experiments whergis strongly cor-
related with the'P; phase shift, the spin-transfer coefficient
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spin correlation parametek,, at E,=13.7 MeV andf.
=90°, where the correlation between and 'P; also van-
i@es. On the other hand, measurementAd @f andA o at
energies below 20 MeV4,15 did not produces; values
smaller than predicted, and the existing data between 25 and
60 MeV [6,16,17,18 all appear to support uncomfortably
large values ofs; which cannot be reproduced by realistic

Kz/ has almost no sensitivity to this parameter in our casemeson-basetl-N potentials, eithef19]. A final answer to

Thus, our result forKgr unambiguously translates into a

this puzzle can only come from additional experiments.

value ofe, at energies around 16 MeV which is considerably The authors wish to thank Drs. P. D. Eversheim and P.

smaller than the predictions of modeM-N phase-shift
analyses and potential modétee Fig. 2 It is in agreement
with the result of a related study by Sdel et al. [3] who
also obtained a very small from a measurement of the p

Meyer for their expert help with the operation of the polar-

ized ion source. This work was supported in part by the
Deutsche Forschungsgemeinschaft under Grant No. Wi
1144/1-2.
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