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Measurement of thew+|5 analyzing power at 68.3 MeV
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The analyzing poweA, for 77*5 scattering at 68.3 MeV has been measured at the Paul Scherrer Institut
with the magnetic spectrometer LEPS. The measurements cover the angular raadgg#070°. The protons
have been polarized in a butanol target, operated in frozen spin mod&3Thghase shift comes out by about
1° smaller than the Koch-Pietaringucl. Phys. A336, 331 (1980] phase shift analysis, supporting the
necessity of an alternative dispersion analysisrbf scattering to determine theterm and therN coupling
constant[S0556-28136)01409-4

PACS numbsg(s): 13.75.Gx, 24.70ts, 25.80.Dj

I. INTRODUCTION in a contribution of the strange sea quark pairs to the nucleon
spin(p[sy, yss|p)=2s,As with As=—0.10+0.03[7].
Two parameters to be obtained from investigations of A low-energy theorem of current algebra relates the iso-
pion nucleon interactions are of fundamental interest: thepin evensN on-shell amplitudeS = 2D " (0,2u?) at the

pion nucleon coupling cor_lstantﬁ,NN and the pion nugleon unphysical Cheng-Dashen point=0, t=2u2 to the o
zter:’n. KO_Ch and P('fta”nfm] and Iljmlerl (2] obtf?éned term (the overbar onD* means that the pseudovector
t_g 07%1%%”3? Stjn f|2n964fgn|3|n|\(;af \r/1a Ues Oann  nucleon Born terny?/m has been subtractedrhe theorem
NS ' and 0l =0a= eV for the isospin even 105 that in the chiral limit of vanishing quark or pion

7N on shell amplitude at the unphysical Cheng—Dasher}nassesm —m,=my=0), S=0. To test this low-energy
a— Huy—Hd— ’ —U. -

1 = = 2 -
f:rmnve doa{stwifl/t)é z;%m;g%gg@r ther term can be de theorem input from two sides is needed: the baryon masses
) can be used to determine and 7N scattering data can be

In recent years the Koch-Pietarinenier (KPH) value q | h lation b h litudie
of the =N coupling constant has been doubted and agaif'>® to evaluat&. The re at|on_ etween t € amp Itu
gnd the o term for finite pion masses is given by

discussed by various authors resulting in values betwee it
0.074 and 0.0813—6]. There is common understanding now = f2D"(0,2u%) = o(0)+ A+ Ag. Gasseet al.[8] calcu-

that the error bars of the values given in the literature ardated o(0) and Ag=0(u*Inu?) within the framework of
generally too low, in particular if seen in the light of the chiral perturbation theory at the one-loop level using baryon
propagation of relatively high systematic errors of the ex-masses as the experimental input and obtain€@l0)= 35
perimental data used. A value of 0.076.003 is well within ~ MeV andAg=0.35 MeV. ForA , they obtain about 15 MeV,

the error band of practically all analyses. worked out by means of dispersion relatides.

The o term of pion nucleon scattering is related to the up  The amplitude® (0,2u?) at the unphysical Cheng-Dashen
and down quark content of the nucleon and measures theoint has been evaluated by Koch, Pietarinen, antléto
explicit chiral symmetry breaking of quantum chromody-[1,2 1. Koch and Pietarinefil] carried out a phase-shift
namics. analysis, which extends to low energies and respects analyt-

. icity and unitarity, and consequently allows a unique ex-

o n(t=0)=3p|M(uu+dd)|p) trapolation both to therN threshold(to determine the scat-
tering lengthg and to the Cheng-Dashen poid determine
the amplitudeX). The authors carefully treated the electro-
magnetic effects according to the method of Trombeirgl.
[11,12.
It may also provide hints as to the size of the nucleon matrix At energies below 100 MeV the Koch-Pietarin€kP)
element(p[ss|p) of the scalar operatass, that is, on the analysis is based on only a few'p data points[13]
content of the strange sea quark pairs in the nucleon. In thignd practically not onr™ p data. The authors had to rely on
way it touches fundamental questions of nucleon structureghe more abundant data at higher energies up to about 300
Independent information on the strange sea quark content dfleV [14]. Koch[10] obtaineds, (0,2u?) =64+ 8 MeV with
the nucleon comes from measurements of deep inelastic scdhe KP phase shifts employing dispersion relations along hy-
tering of polarized electrons and muons on polarized protongerbolic paths in thev-t plane as mentioned above. In a
deuterons, andHe, which indicate a large nucleon matrix more recent dispersion analysis in the spirit of Koch and
element of the axial vector operat(xn|s_;/#755|p> resulting  Pietarinen, Gasseet al. [9] found a compatible value of

with m=3(m,+my). (1)
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3(0,2u?)=60+2 MeV. Using the value ofA ,~15 MeV target and because of the worse energy or momentum reso-
the results obtained from the analysis ®N data are now lution, which hinders the separation of the scattering on the
S (2u?)~o(2u?)~60 MeV and consequentlyr(0)~45  various nuclei of the complex target.

MeV. The obvious inequality otr(0)~45 MeV obtained The experiment has been carried out at #€3 channel
from the analysis o#rN scattering andr(0)~35 MeV from  of the Paul Scherrer Institut with the low energy magnetic
baryon masses might imply a considerable strange sea quaggectrometer LEPS, which features excellent momentum

content of the proton: resolution 0.2%) and effective muon suppression. The
spectrometer has been described in detail in Ref]. Two
o N:35i5 MeV=45 MeV with y= 2(_p—]s_s|p> beam defining scintillators have been mounted in front of the
™ 1l-y (pluu+dd|p) target to define the beam size corresponding to the size of the

(2 polarized target. The target material consisted of 95% bu-
] . tanol and 5% water. For the first data taking runs it was
A value y~0.2+0.2 would mean that there exists a contri- doped with 1% porphyrexide, later on with 1.5% EHBAYCr
bution of the matrix element(p|ss|p) to the proton mass  complexes. The target with a volume of4188x3 mm? has

of the order of (ns/2M)*10 MeV~130 MeV[9]. been cooled down to 70 mK by #He-*He dilution refrig-
erator[19] and has been polarized dynamically in the mag-
Il. EXPERIMENT AND ANALYSIS netic field of a Helmholtz coil of 2.5 T. A maximum polar-

. . ization of 85% for spin up and 72% for spin down has been

Low-energy wN data have an important impact on the hed. Th larization i d by irradiati .

numbers of therN coupling constant and theN o term reached. The po arization s reversed by irradiating micro-
waves at the opposite edge of the electron spin resonance

[15,16. Therefore, wide efforts have been made n recen%\bs:orption line. In almost any material the maximum polar-
years to improve the quality and expand the quantity of ex-

perimental data below 300 MeV. Nevertheless, some contra'-z‘rm.o.n th".ﬂ can be achieved is gliff_erent for negati_ve and

dictions between data sets of various authoré could not b ositive signs. The reason for this is not known; different

resolved[6,17] ffects.may play a rqle, for ex_ample, the shapg .of the elec-
o tron spin resonance line resulting from the specific paramag-

Measurements of t.h? analyzm_g power @N scattering o dopant and its concentration or the polarization process
seem to be very promising to clarify the intricate experimen-

tal situation. The analyzing powek, for the scattering of itself. The degree of polarization was measured by standard

ions from protons. totall larized peroendicular to th techniques, the continuous-wave nuclear magnetic resonance
pions trom protons lotally polarized perpendicuiar to e(NMR) method [20], where the integral of the measured
scattering plane is given by

NMR signals is proportional to the target polarization. An
do do do do absolute gauge of the signals is reached in the thermal equi-
—1— —l) / <—T + —l) librium of the system. In this case the degree of polarization
d€ dQ dQ d€ is only given by the Boltzmann factor and therefore known
=2 IM(GH*)/(|G|2+|H|?). 3) for a certain temperature. For the gauge we have used a
temperature of 2.17 K. The degree of polarization for such a

The arrows indicate the direction of the target polarizationtemperature is nearly three orders of magnitude smaller than

; o ; NN the degree we have found in the case of dynamic polariza-
= (kX
V\ﬁthé’respe'ct on b(i|,ng the normal vecton. (|.< k! tion. Around 100 of the thermal NMR signals have been
|[kxk'| (with k and k' the momenta of the incident and

. , added for each target in order to lower the statistical error.
outgoing piong

h V7i q . binati ¢ th Together with the systematic error due to the determination
.T € analyzing power ete_rmlnes a com '”‘f"“of‘ of tesf the integral of the signals and the uncertainty of the tem-
spin-flip and spin-no-flip amplitudeS andH that is differ-

f h ing in the diff il X di erature measurement, a precision#d% in the polariza-
ent from that appearing In the difterential cross section and igjo, gauge has been reached. After polarizing the protons the
sensitive to the smaller phases of which B&aves are of

. X X magnetic field has been reduced to 0.8rozen spin mode
most prominent interest. Another advantage is that only raTnq final deflection angle of the direct pion beam in the

tios of numbers(cross sectionshave to be measured and magnetic field was then 13.%Fig. 1). The relaxation time of
absolute normalization factors cancel, which allows the dethe polarization was about 500 h.
termination of phases with systematic errors different from  \1o5surements have been carried out at laboratory scatter-

those obtained by means of differential cross sections; ing angles of 40°, 50°, 60°, and 70° with both polarizations.
Angular distributions of the analyzing power fer“p  For background subtraction data have been taken with a
elastic scattering at low energies have been measured withjamm and a 3-mm carbon sheet in the target cavity and with
polarized target by Sevicet al. [18] for energies spanning an empty target cavity. It turned out that it was sufficient to
the region of thel resonanc€98-263 MeVj. The data are in  use the measurements with the 1-mm carbon sheet. A small
good agreement with the KP phase shifts, except for a feworrection for the different energy loss in the target was ap-
17‘[5 data points at 98 MeV. No measurements of the anaplied (Fig. 2).
lyzing power exist below that energy. We started those mea- The scattered particles have been identified by their time
surements at a pion energy of about 70 MeV because thewf flight (TOF) versus the rf of the cyclotron and by their
exist differential cross section data to be compared with and OF through the spectrometer determined with the two beam
because measurements are getting more and more difficudefining scintillators in front of the target and the trigger
with decreasing pion energies due to the increasing energscintillator in the focal plane of LEPS. Muons arising from
loss of the pions in the necessarily relatively thick polarizedw decays inside LEPS have been removed by a consistency

Ay=
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measured in the intermediate focus of the LEPS spectrometer to the
position of the polarized target. The difference of the spin-up and

spin-down measurements give the distributions shown. They are
found to be in good agreement with the dimensions of the target

cell.

beam defining
scintillators

The number of pions scattered on protons was normalized
to the number of pions scattered on heavier nuclei of the
complex target, mainly on the spin zero nuclC and
160. By this normalization most of the systematic errors can-

FIG. 1. Target region for the measurements of thgp analyz-  cel. This normalized number of scattered pions can be inter-
ing power aff .= 68.3 MeV. The direct beam and the trajectories of preted as the differential cross section at a certain target po-
the scattered pions at four different scattering angles are showtarization do/d{1),, in arbitrary units. It depends linearly

QSB72 is the last quadrupole of theE3 channel, QSDO1 the on the degree of the target polarizatiBn
entrance quadrupole of the LEPS spectrometer.

X (1+PA), (4

check of the particle trajectory in the spectrometer. The most ( do
0

efficient cut has been due to the target coordinates. They m) =(£
have been obtained by a traceback of the particle trajectory pol

from the coordinates measured at the intermediate focus of

the spectrometer to the position of the scattering target. The.

quality of this traceback has been checked by plotting thé’vIth

difference of the distributions for spin up and spin down

(Fig. 3). Since the scattering of pions dAC and 0 has no NpT =Nyl
polarization dependence, this difference just gives the pure =TTy
proton distribution. It clearly reveals the dimensions of the P
polarized target.
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FIG. 4. Results of ther*ﬁ analyzing power measurements. The

FIG. 2. Spectra of pions scattered from the polarized taiget  two symbols denote data taken with two different polarized targets
ward) and the 1-mm carbon targ@townward at a laboratory angle as explained in the text. Also shown are the KP phase-shift predic-
of 41.2°. The unit for the abscissa is MeV with an arbitrary zerotion, a prediction derived from a single energy partial-wave fit to
point. A correction for the different energy loss in the target wasthe differential cross section data of Braekal. [22] and a partial-
applied. The difference of both spectra is given by the black areawave fit to the data of this paper. Only t831 partial wave has
The pions scattered on protons are well separated from the piorizeen fitted, keeping thB31 andP33 waves fixed at the values of
scattered from the other nuclei of the complex polarized target. the KP phase-shift analysis. The phases are listed in Table II.
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TABLE I. Results of ther " p analyzing power measurements at ~ TABLE II. Nuclear phase shifts in degrees of the curves in Fig.
P 1av=154.10-0.50 MeVk. The two data sets correspond to mea- 3 andx? of the data points.
surements with two different target compositigias mentioned in
the texy, the target polarization of which has been calibrated sepalnput S31 P31 P33 x*Npe
rately. The errors of thg data are essentially given by the error of th%P 696 -123 1013 116.54/7
target polarization, which amounts t06% and is dominated by the .
error of the thermal NMR signalsee the tejt Additional system- Bracll< et al. prediction —537 177 9.84 34.2117
atic and statistical errors of the NMR signals in the polarized stat®W fit (S31) —6.07  (KP) (KP) 6.31/6
of the targets are included, but almost negligible compared to th€W fit (P waves (KP)  —4.02 17.95 8.69/5
+5% error mentioned.

Olap Ocm. A, Error A, a straight line has been fitted td4/d(2),, as a function
of P. The analyzing poweA, is then given by the param-

41.22 49.07 0.386 +0.021 atersa.b of the fit:
51.03 60.24 0.377 +0.019 ’
60.80 71.07 0.331 +0.026 do
(m> =aP+b, (5)
41.22 49.07 0.408 +0.013 pol
51.03 60.24 0.379 +0.014
60.80 71.07 0.366 +0.018 Ay=alb. ©
70.53 81.54 0.284 +0.030

By comparison of Egs.(4) and (5 one reads
a=(da/dQ)eAy, b=(da/d(1),. For details see Ref21].

(da/dQ), being the unpolarized differential cross section
andN,T andN,| the numbers of target protons with spin up
and with spin down. Data taking runs have been carried out with two different
Data have been taken at various values of the target pdargets. One target was doped with porphyrexide, the other
larization P including zero. To extract the analyzing power with EHBA-CrV complexes. Both data sets have an indepen-

IIl. RESULTS AND DISCUSSION

TABLE lll. Partial-wave fit results: nuclear phase shifts in degrees and scaling factors for the various data

sets.
S31 P31 P33 X?INpg Reference Scaling
—6.22+0.10 —-1.25+0.13 9.59-0.07 13.95/13 this work *1.05
this work *J1.05
[17] *J0.928
—6.30+0.07 —1.19+0.08 9.68-0.10 61.84/58 this work * 1.05
this work *J1.05
[17] *J0.936
[23] *J1.07
[24] *J0.95
[24] *J0.987
—5.62+0.06 —1.74+0.06 9.92-0.04 22.32/26 this work * 0.975
this work *J0.95
[22] *J1.05
[22] *J1.034
[22] *J1.018
—6.40+0.11 —-0.46+0.12 10.2:0.1 44.06/14 this work * 1.05
this work *J1.021
[13] *J0.95
—6.02+0.05 —1.50+0.05 9.70-0.03 157.79/80 this work *1.05
this work *J1.012
[17] *J0.956
[23] *J1.071
[24] *J0.95
[24] *J0.963
[22] *J1.05
[22] *J1.036

[22] *J0.995




1934 R. WIESERet al. 54

dent systematic error af 5% that is due to the calibration of of the S31 phase shift is about 1° smaller than in the KP
the target polarization. Figure 4 and Table | show the resultphase-shift analysi€Table IlI).

ing analyzing powers as a function of the scattering angle. The efforts of recent years on the experimental side for-
Since the data lie substantially beneath the KP phase-shiftinately result in a more and more converging data base. The
predictions, we have carried out an independent phase-shiftiain result is that th&31 andS11 phases below =100
analysis. If theP31 andP33 waves are fixed at the values of MeV are smaller than given by the KP analysis, which is
the KP phase-shift analysig] while theS31 phase is varied supported by the first measurement of the analyzing power at
freely, a fit to the data points results #6.07°+0.09° for the  those low energies described in the present paper. Some
S31 phase shiftdgs; instead of —6.96° for the KP phase older data simply have to be disregarded in a new phase-shift
shift. A badx? (Npg) of 8.69/5 and unacceptable values for analysis, which is extremely timely and has to use indispens-
the P phases are obtained if ti831 phase shift is fixed at the ably dispersion relations as theoretical constraints. This lack
KP value and theP waves are fitted freely to the dataee  of a new dispersion analysis in the spirit of the KPH analysis
Table Il). Hence we conclude that tt881 phase shift of the including recently measure@N data makes it difficult at

KP analysis has to be modified in order to reproduce theresent to draw final conclusions on a “new” value of the
data. In a more extensive analysis thg data have been amplitudeX.

fitted together with the differential cross-section data of vari-

ous_author$13,22—24}. Hereby Ieast-squqres fits have been ACKNOWLEDGMENTS

carried out for all phasesSg1,P31,P33) with some overall

rescaling of the various data sets. The data have been re- We are very grateful to Professor G. er, who continu-
scaled either by up ta-5% or by the systematic errors of the ously encouraged our work and followed our results with
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