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Il. Results for higher energies

C. E. Allgower? J. Ball>® M. E. Beddo'* J. Bystricky® P.-A. Chamouard,M. Combet?® Ph. Demierré, J.-M. Fontainé;®
D. P. Grosnick'™ R. Hess** Z. Janouf® Z. F. Janouf! V. A. Kalinnikov,® T. E. Kasprzyk! B. A. Khachaturov’
R. Kunne?"F. Lehar® A. de Lesqueri,D. Lopiano! M. de Mali®* V. N. Matafono\? I. L. Pisarev> A. A. Popov®
A. N. Prokofiev® D. Rapin? J.-L. Sang** H. M. Spinka’ A. Teglia;' Yu. A. Usov? V. V. Vikhrov,® B. Vuaridel?
and A. A. Zhdanof

'HEP Division, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, lllinois 60439
2Laboratoire National Saturne, CNRS/IN2P3 and CEA/DSM, CEA/Saclay, F-91191 Gif-sur-Yvette Cedex, France
SDAPNIA, CEA/Saclay, F-91191 Gif-sur-Yvette Cedex, France
4DPNC, University of Geneva, 24 quai Ernest-Ansermet, CH-1211 Geneva 4, Switzerland
SLaboratory of Nuclear Problems, JINR, RU-141980 Dubna, Moscow Region, Russia
Spetersburg Nuclear Physics Institute, RU-188350 Gatchina, Russia
(Received 1 June 1999; published 15 October 1999

Measurements at 18 beam kinetic energies between 1975 and 2795 MeV and at 795 MeV are reported for
the pp elastic-scattering single spin parameef,on=Aoono=An=P. The c.m. angular range is typically
60—100°. These results are compared to previous data from Saturne Il and other accelerators. A search for
energy-dependent structure at fixed c.m. angles is performed, but no rapid changes are observed.
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PACS numbe(s): 13.75.Cs, 13.88:¢e, 25.40.Cm

I. INTRODUCTION are given in Ref[3], and onA,yn,=Cnn Will be published

This paper reports results from a major experimental roin the future.
s e lasin.s jor exper Pro= Apout half the data sets in run periods Il and IV repeat

gram t(.) measurpp elastic-scattering spin observables up t,oenergies from Ref.1] in order to search for systematic errors
a kinetic energy of 2800 MeV at the Saturne Il accelerator iy 15 aliow a cross normalization, if necessary. Most of the

Saclay. It is a continuation of the measurements described iﬂemaining data sets are above 2.3 GeV, at energies where no
the accompanying paper—R¢1]. Analyzing power results previous data exist. A measurement at 795 MeV is included
are presented at 19 energies and compared to earlier dafg. order to check the absolute target polarization. Various
These results significantly increase thp elastic-scattering  tests for efficiency changes were performed for all data sets.
data base, and allow a search for rapid energy dependence in Many details of the experimental apparatus are given in
this spin observable. Refs.[4—9]. Some changes were made to the hardware for
The experiment was performed with a polarized protonthe different run periods, as described in Sec. Il and Réf.

beam incident on a frozen-spin polarized proton target inA brief description of the data analysis is made in Sec. IlI,

four run periods spread over a three-year time span. Datand the results are presented in Sec. IV.
from the first two run periodd, Il) are described in Ref1],

and from the last twdlll, IV ) are presented here. Each run Il. EXPERIMENTAL APPARATUS

period was 10—14 days in duration, during which measure- _ _

ments were made at a number of energies. Data were col- A. Polarized beam and beam polarimeters

lected simultaneously with an unpolarized L£tdrget, and The polarized beam was produced in an atomic beam-

theseAy data are published in Reff2]. Results on the spin type polarized ion source and accelerated in both the Mimas
observableK,nn, and Donon from these same run periods pooster ring and the Saturne Il accelerator. Four different
beam polarization states were used at most energies during
run periods Il and 1V, designated,O(state }, — (state 2,
*Present address: Data Ventures LLC, Los Alamos, NM 87544. + (state 3, and Q_ (state 4. The polarization of the beam
"Present address: Department of Physics and Astronomy, Vabylses normally alternated in the pattern 0-,+,0_,—,
paraiso University, Valparaiso, IN 46383. +,0,,—,+,0_,... . Thepolarization direction during ac-
"Deceased. celeration was vertical, with relative direction given by the
SPresent address: Faculty of Nuclear Sciences and Physical Engi= and — signs in the designation of the four states. Certain
neering, Czech Technical UniVerSityr@rO\/a?, 11519 Prague 1, beam energy ranges haid Corresponding to Vertica”y up,

ClzeCh Republic. . . and other ranges to vertically down, due to the flipping of the
Present address: Computing Center of the Czech Technical Unheam spin at certain depolarizing resonances. As described
versity, Zikova 4, 16635 Prague 6, Czech Republic. in Ref. [1], the ratios of polarizations were consistent with

TPresent address: Institut de Physique Naicke IN2P3, being constant with magnitudes:
F-91400 Orsay, France.
** Present address: Centrale Themis, F-66121 Targasonne, France. Po.:P_:P,:Py_=0.072:1.000:1.000:0.072. (1)
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TOp View TABLE I. Scintillation counter sizes and distances to the,CH
target for the downstream polarimeter. For counter locations, see
Fig. 1.

Height Width Thickness Distance to
Counter (mm) (mm) (mm) target(cm)

PO1, PO5 50 40 15 60
to beam dump PO2, PO6 60 60 120
PO3, PO7 85 mm dia. 18
PO4, POS8 150 60 46

Beam

< H->
g o1 g1

case, the beam stop near the Alimagnet was closed, so that
no beam entered the experimental area, and the beam inten-
Direction of Travel for Horizontal Position Adjustment sity on the SD3 polarimeter was increased somewhat by
opening the adjustable collimators upstream of 1Biresee
. . Fig. 1 in Ref.[1].

Side View The downstream polarimeter, shown schematically in Fig.
1, consisted of five arms with two or three scintillation
counters apiece. Four arms were in the horizontal plane,
similar to the SD3 polarimeter. Two arms were symmetri-
cally located on opposite sides of the nominal beam line at
laboratory angles-11.3°, and included counter paiFsO;
andPO,, andPOg andPOg. The manually adjusted recoil
arms were approximately set at the angles corresponding to
pp elastic-scattering kinematics, and contained counters
PO; and PO,, andPO; and POg. The fifth arm was lo-
cated vertically and include®¥O,;, VO,, andVO3;. The
dimensions of the®?O; counters and their distances to the
Itpolarimeter target are given in Table I. Coincidences

(One Vertical Arm Only)

Beam to beam dump

FIG. 1. Top and side view of the downstream polarimétet
to scal¢ showing the location of the scintillation counters.

These four magnitudes were then multiplied by a differen
constant at different times as the ion source polarization va
ied or the accelerator depolarization changeg These concl PO,-PO, PO;-PO,,  POs-POs-PO;-POg,  and

i : : 0,-V0,-V0O3), and their respective accidentals were
sions are partly based on special measurements made sub &led
guent to the experiments described in this paper; see Ref. The. target was a block of GHwith dimensions 3.0 cm
\[/3.0]. ;he ty[r)lzalt s%e ggtr?];biiag r;:atr Ehe r?;'?r:'z?[d tiar?e\t/vide, 2.0 cm high, and 3.0 cm thick along the beam direc-
mis nitﬁgzuoftheobe:m olarizatio?I V\?ai O?S 0 ge YPICAL 4ion. It was smaller in width than the beam spot, which was

9 X P ; S . 'Eypically several cm wide at this location.

Three relative beam polarimeters were used to monito The complete downstream polarimeter assembly was
the ve;tlcs;I(tl;ll-t)l/)pe) and rorlz?[pta[?r'[]ype) tranS\éﬁrsgsgm— | mounted on a remotely controlled table that could be moved
ponents of the beam polarization. 1hese were the PO aﬁorizontally, transverse to the beam. This was necessary be-
imeter[1,5] located near the Sire magnet, the target-region

or antipolarimetef1] situated slightly upstream of the polar-

New Neutron Counter

ized target, and the downstream or “Gatchina” polarimeter, P —
whose target was 6.54 m downstream of the polarized target peEla2
They measured the vertical, horizontal, and vertical compo- WH Hodoscope
nents of the beam polarization, respectively. ci N "\ - Double Scattering Track

Downstream Polarimeter
(Position Adjustable Side-to-Side)
[

Another pair of arms was added to the SD3 polarimeterﬁggfed 161
for run periods lll and IV, each arm containing two scintil- Magnes Rk

lation counters(SP;,SP, and SP;,SP;) in the horizontal Beam s
plane. These arms were fixed, and allowed the “on” and Taets ——-

“off” kinematics data to be collected simultaneously. o

The fourfold coincidences.[=SP;-SP,-SP;-SP,, R/ o

=SP;-SPs-SP;-SP;, and the corresponding accidentals Connillon Magnet

were generated and scaled in additioh o andR, ; see[1]. S Hodosoope — N

In these two run periods, the GHpolarimeter target was veto Counters “ Neural Track

h Charged Track

used for nearly all data collection with the beam incident on

the polarized target for the elastic-scattering measurements. FIG. 2. Experimental layout showing the magnetic spectrometer
The carbon polarimeter target results were taken while th@nd polarimeter arms and associated detedioos to scalg The
target polarization was being measured and reversed. In thitetectors are described in the text and R&F.
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TABLE II. Cross checks of the four relationR,=1 from Egs.(3) among the normalized elastic-
scattering yields. The values &, are averages over all angles at each energy. The run period for each data
set is also shown.

Energy
(MeV) Rq R, Ra Ra
795 IV 1.0113-0.0021 1.006%10.0031 1.002%0.0013 1.0046:0.0043
1975 1 1.0108+0.0060 1.0002:0.0069 0.9984 0.0020 1.015¢0.0112
2035 il 1.0075-0.0070 1.005%0.0065 1.0006:0.0020 0.99340.0114
2035 IV 1.0060=0.0069 1.01350.0068 1.004€:0.0018 0.99410.0115
2115 1l 0.9970-0.0057 1.00730.0077 1.0008& 0.0021 0.96930.0110
2155 Il 1.00590.0054 1.0033:0.0058 1.0006:0.0018 0.9948 0.0094
2175 1l 0.9992+0.0071 1.003%10.0056 0.9985%0.0017 0.97330.0107
2215 1l 1.0069+0.0053 1.005%0.0056 1.00130.0017 0.98660.0092
2225 IV 1.0166-0.0074 0.9976:0.0071 0.9993 0.0015 1.01940.0127
2235 Il 1.0040-0.0059 1.006%0.0073 1.00140.0021 0.9876:0.0112
2345 IV 0.99510.0077 0.99592 0.0079 0.99850.0018 0.98480.0133
2395 il 1.00680.0067 1.011¢0.0081 1.00230.0014 0.99120.0125
2445 |V 1.0133:0.0087 1.00130.0094 1.00120.0026 0.99180.0155
2495 Il 1.0243-0.0089 1.0104:0.0094 1.005&0.0027 1.0166:0.0158
2515 IV 1.0135-0.0092 0.9993 0.0082 1.000€0.0022 1.008%0.0150
2565 Il 1.0070=0.0099 1.02180.0102 1.005%0.0029 0.966%0.0167
2575 IV 1.0065-0.0088 1.000& 0.0091 1.00130.0022 0.9745%0.0150
2595 Il 1.0047-0.0066 1.002¢0.0094 1.00160.0024 0.99180.0137
2645 Il 1.0096£0.0107 1.01720.0085 1.004%0.0027 0.98340.0124
2795 IV 0.992(+0.0119 1.029¢0.0170 1.0016:0.0024 0.91440.0246

cause the magnetic field of the polarized target deflected th€he typical target polarization magnitude was 0.65—0.85 be-
beam. However, it was also found that the beam positiorfore entering the frozen-spin mode.
changed slightly with beam energy and beam tune when the The scattered and recoil protons were detected in coinci-
polarized target magnet and spectrometer analyzing magnéence. One detector arm consisted of a magnetic spectrom-
(Goupillon) were turned off. This beam position was mea- €ter, with five multiwire proportional chambers of 3—4 sense
sured at most energies in run periods Ill and IV, and wadVire planes each, trigger scintillators, a scintillation counter
found to change by-2.0 cm except at 795 MeV. It is esti- hodoscope, and a set of neutron counters with associated
mated that this change corresponds to a variation in the irfgharged particle veto counters. The other detector (@on
cident beam angle at the polarized target-c8.1mrad or ‘&/imete) consisted of two multiwire proportional chambers
less. At 795 MeV, the beam angle was found to be about 1:\é\nth three planes each, trigger scintillators, a scintillation
mrad from the néminal beam direction, and the data Wergounter hodoscope, plus other _chan_wberg, and cgunters_ that
corrected accordingly. This variation could cause a system\fvere not used for the data described in this paper; see Fig. 2.
. ; : Many additional details about the apparatus are given in
atic error in the c.m. angle, and would appear as a Zer?&efs.[l,4,8,q
crossing ofP=Agqno at an angle different from 90°; see |, ryn period 11, a new neutron counter hodoscope was
Sec. ll. installed in the polarimeter arm, and it became fully opera-
tional for run periods Ill and IV. The hodoscope detected
protons and consisted of 11 bars of scintillator, each with
cross sectional area(l®x20(w)cn? and length 137 cm,
The polarized proton target used for these measuremenigith photomultipliers mounted on each end. Similar neutron
is described in Refs. [1,6,7. The size was counters are described in Refll]. In addition, some
40h)x49w)x35() mm® and the target material was changes to the associated electronics for both hodoscopes
pentanol-3 (CHCH,CHOHCH,CHjy) in run period Ill and were made before run period Ill. However, the basic trigger
pentanol-2 (CHCH,CH,CHOHCH;) in run period IV. The conditions and quantities recorded for each event, namely
absolute target polarization was found by a comparison opulse heights, flight times, and wire chamber information,
the NMR signals in the polarized state and when the target/ere unchanged. The elastic-scatteriig data were also
material was in thermal equilibrium near 1 K. The thermalgenerally in agreement; see Sec. IV.
equilibrium calibrations were performed before and after
each run period, and these calibrations agreed with each
other within statistical errors. The target operated in the Details of the data analysis are presented in the accompa-
frozen-spin mode at a small magnetic holding field of 0.33 T.nying paper, Refl1]. Values of scalers from each spill were

B. Polarized target and detectors

Ill. DATA ANALYSIS
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evaluated first to identify bad spills with anomalous run con-  n_ ., =CoN[1+P_Ayonot Pr+Aooont P+ Pr+Aconnls
ditions. The polarimeter scalers were used to compute asym-
metries and ratios to monitor the performance of the pola-
rimeters and the beam polarization. This polarimeter n,,_=CoN[1—Py_Asonot P1+Asoon— Po—P1+Aoonnl,
information was used in the analysis of the elastic-scattering
candidate events at a few energies, where the average beam
polarization differed significantly for the two target- N_o+=N[1+PgiAgono— P1-Ascon— Po+P1-Aoonnl,
polarization-state time periods.

The elastic-scattering results were also tested for changes
in the relative efficiency of hodoscope counters, wire cham-  N--=N[1=P_Agons= Pr-Aggont P-Pr-Agonnl,
bers, or neutron counters. Histograms were generated of the
number of times each wire was struck for each beam polar-
ization state. Searches for sizable differences in these histo-
grams were performed. Cuts were made to eliminate data
from certain scintillation counters, individual wires, or wire
chamber planes that exhibited evidence of variation in rela-
tive efficiency. Such variation could lead to systematic errors
in the derived values of the spin observables. These cuts
were applied for both target and all four beam polarizationwhere P; and Py; for the beam and target polarizations are
states. expected to be positive values. It is assumed that there was

After the cuts described above were made, the remainingnly a slow variation in detector efficiencies over the period
elastic-scattering candidate events were analyzed. Partictd beam polarization changdseconds but the equations
positions were computed from the wire chamber signalsallow for drifts in efficiencies with target polarization rever-
Straight lines were fitted to the positions in chambers COsals(hour via the factorC,.
C1, C2 and in C11, C12. The observed laboratory angles |n Ref.[1], it is noted that four relations hold among the
were corrected for bending in the polarized target magnetigormalized counts, which can be expressed as r&igs
field to give (0, ,¢.) and (fr,®g) in the left and right de-
tector arms, respectively. The two fitted lines were also pro-

N_+=N[1+P.Asono~ Pr-Aooon= P+ Pr-Agonnl,

N_o-=N[1-Pg_Agono= P1-Aooont Po-P1-Agonnl 1(2)

jected to the target region, and the points at the distance of _Nio+ TNy

closest approach were obtained. The midpoint of the line Y ngi+n,_ =1 (33
segment connecting these two points was assigned to be the

reconstructed interaction point. Events were rejecteth)if

more than one counter was triggered in either hodoscope N_gy+N_g_

WH or SH, (b) the wire chamber data from three or four RfuT:l, (3b)
planes in CO or three planes in any other chamber were not

consistent with a single track in that chamber,(or there

was insufficient information from the wire chambers to de- NiosN__+N,_N_,+Nn,.N_¢,

fine the two lines or to calculate the momentum in the mag- Rz= =1, (o

. . Ny N_gs+NeN__+nN g.n_
netic spectrometer arm. Cuts were also appliedaothe oo T TR

reconstructed interaction poir{h) the difference in momen-

tum between the value measured in the magnetic spectrom- (0.072N, N4 +N.geN_s+N40sN_
eter arm and the calculated momentum frémand elastic- Ra= 007 T T =1
scattering kinematics, an¢t) the difference between the (0.079N, 4 n__ 4NN o 4Ny N_os (30)

measuredand correctedangle g and the value computed
from 6, using elastic kinematics. The location of typical cuts
are shown in Figs. 5 and 6 of R¢fl]. _ The factor 0.072 arises from the relative magnitudes of beam
Finally, the number of true elastic-scattering events apolarization states in Eq1). These ratios are computed as

each angle was determined from the Coplanarlty dlStrlbUtlonaverageS over all c.m. ang|es measured, and are shown in
Ap= ¢ + ¢pr—180°, for each of the target and beam polar-Taple II. It can be seen that the results are generally consis-
ization states after eStlmatlng an-d SUbtraCtlng remalnlngent with Rk: 1, Suggesting that certain Systematic errors are
backgrounds. The number of elastic events was normalizegmall. For example, rapid changes in detector efficiencies
to the relative beam intensity to give the quantitigs Sub-  \would generally result irR,# 1 at an energy.

scripts j_ and i correspor)d to the beam and target states, Equations(2) were solved for the spin observable,,
respectively. The normalized counts are expected to obey the p— A at each c.m. angle as described in Haf. Two

relations independent analyses were performed, with slightly different
cuts, and the results were combined for this paper. They are
N4+ =CoN[1+PoyAgonot P1+Acoon™ Po+ Pr+Agonnl, given in Table Ill and Figs. 3—8. Relative and additive er-
rors, o,e and o,qq, respectively, are also shown. The total
N, =CoN[1-P_Ayonot P1+Acoon— P-P1+Aconnl error onAqon IS given by
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TABLE Ill. (a) Measured values of the analyzing powey,, at T=795 MeV. The quantitieéd, ,,) and—t are the central values of the
c.m. angle and four-momentum transfer squared for each bin in degrees anccj&a¥spectively. The relative and additive systematic
errors aret 0.018 and*+0.0007, respectivelyb) Measured values &,,, at T=1975 MeV. The relative and additive systematic errors are
+0.045 and*+0.002, respectively(c) Measured values d&,,, at 2035 MeV in run period Ill. The relative and additive systematic errors
are =0.044 and*+0.002, respectivelyd) Measured values dk,,, at T=2035 MeV in run period IV. The relative and additive systematic
errors are+0.050 and=*0.001, respectively(e) Measured values oh,,, at 2115 MeV. The relative and additive systematic errors are
+0.038 and+0.001, respectively(f) Measured values d4,,, at 2155 MeV. The relative and additive systematic errors:a@030 and
+0.001, respectively(g) Measured values oh,, at 2175 MeV. The relative and additive systematic errors:afe032 and=+0.001,
respectively.(h) Measured values &, at 2215 MeV. The relative and additive systematic errorsza@e028 and+0.001, respectively.

(i) Measured values dh,,, at 2225 MeV. The relative and additive systematic errorsta@e042 and* 0.001, respectively(j) Measured
values ofA,,, at 2235 MeV. The relative and additive systematic errorstabed34 and+ 0.001, respectivelyk) Measured values &4,

at 2345 MeV. The relative and additive systematic errorsta@040 and+0.001, respectively(l) Measured values &, at 2395 MeV.
The relative and additive systematic errors ar@.039 and+0.002, respectivelyim) Measured values di,,,, at 2445 MeV. The relative
and additive systematic errors ate0.042 and+0.001, respectivelyn) Measured values o4, at 2495 MeV. The relative and additive
systematic errors arez 0.034 and=*0.002, respectively(o) Measured values o4, at 2515 MeV. The relative and additive systematic
errors are+0.036 and=0.001, respectively(p) Measured values o,, at 2565 MeV. The relative and additive systematic errors are
+0.036 and+0.001, respectivelyq) Measured values oh,,, at 2575 MeV. The relative and additive systematic errorsta@035 and
+0.001, respectively(r) Measured values of\,,, at 2595 MeV. The relative and additive systematic errors-ae034 and+0.001,
respectively(s) Measured values d&,,, at 2645 MeV. The relative and additive systematic errorsZa@e035 and+0.001, respectively.
(t) Measured values o4, at 2795 MeV. The relative and additive systematic errorsta@061 and+ 0.001, respectively.

<90.m> _t Aoon A'AOOH <0C.m> _t Aoon A'A\OOI’]
(a) 795 MeV 80.0 0.617 0.2174 0.0068
47.4 0.241 0.4851 0.015¢ 81.0 0.630 0.1986 0.0060
48.2 0.249 0.4941 0.005% 82.0 0.642 0.1788 0.0127
49.2 0.258 0.4924 0.0061 83.0 0.655 0.1560 0.0074
50.2 0.269 0.4921 0.0057 84.0 0.668 0.1322 0.0064
51.1 0.278 0.4850 0.0066 85.0 0.681 0.1043 0.0136
52.1 0.288 0.4813 0.0104 86.0 0.694 0.1006 0.0071
53.1 0.298 0.4805 0.014y 87.0 0.707 0.0682 0.0084
54.2 0.309 0.4742 0.0052 88.0 0.720 0.0468 0.0058
55.1 0.320 0.4660 0.007¢ 88.8 0.731 0.0146 0.0123
56.2 0.331 0.4574 0.0119 89.7 0.742 0.0076 0.0275
57.1 0.341 0.4657 0.004% (b) 1975 MeV
58.1 0.352 0.4534 0.0078 60.5 0.940 0.117 0.019
59.1 0.363 0.4466 0.0047 62.0 0.983 0.128 0.015
60.1 0.374 0.4590 0.0046 64.0 1.041 0.107 0.010
61.1 0.385 0.4400 0.0058 65.9 1.097 0.101 0.011
62.1 0.397 0.4329 0.0046 68.0 1.160 0.100 0.017
63.1 0.409 0.4225 0.005¢ 70.0 1.219 0.130 0.012
64.1 0.420 0.4156 0.0082 72.0 1.280 0.107 0.015
65.1 0.432 0.4135 0.0060 74.0 1.342 0.133 0.016
66.0 0.443 0.4040 0.006p 76.0 1.406 0.113 0.014
67.1 0.455 0.4058 0.0052 77.9 1.466 0.078 0.012
68.1 0.467 0.3833 0.0078 80.0 1.533 0.063 0.012
69.1 0.479 0.3699 0.005% 82.0 1.595 0.042 0.011
70.1 0.491 0.3571 0.007% 84.0 1.659 0.056 0.022
71.0 0.504 0.3490 0.0052 86.0 1.725 0.042 0.013
72.1 0.517 0.3422 0.0068 88.0 1.789 0.014 0.013
73.1 0.529 0.3226 0.0059 89.9 1.851 0.006 0.018
74.0 0.541 0.3162 0.0050 92.0 1.919 —0.024 0.014
75.1 0.554 0.2993 0.0067 94.0 1.982 —0.030 0.020
76.0 0.566 0.2878 0.0072 96.0 2.046 —0.061 0.022
77.1 0.579 0.2673 0.0059 98.0 2.110 —0.060 0.012
78.0 0.591 0.2431 0.0086 99.9 2.171 —0.094 0.012
79.0 0.604 0.2462 0.0068 101.2 2.213 —0.206 0.098
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TABLE lll. (Continued.

<6c.m> -t Aoon AAoon <0c.m> -t Aoon AAoon
(c) 2035 MeV 74.0 1.437 0.120 0.012
60.2 0.962 0.105 0.012 76.0 1.504 0.126 0.011
62.0 1.013 0.121 0.012 78.0 1.572 0.115 0.014
64.0 1.072 0.105 0.01% 80.0 1.640 0.098 0.014
65.9 1.130 0.129 0.012 82.0 1.709 0.079 0.012
68.1 1.197 0.124 0.011 839 1.774 0.080 0.012
70.0 1.256 0.123 0.012 88.1 1.917 0.047 0.012
72.0 1.319 0.123 0.012 90.0 1.983 —0.014 0.012
74.0 1.383 0.108 0.013 92.0 2.054 —0.028 0.012
76.0 1.447 0.097 0.011 94.0 2.123 —0.072 0.016
78.0 1.512 0.087 0.011 96.0 2.192 —0.085 0.017
79.4 1.558 0.050 0.022 97.9 2.259 —0.092 0.012
82.0 1.647 0.052 0.018 99.9 2.327 —0.124 0.013
84.0 1.710 0.047 0.012 1015 2.381 —0.117 0.017
86.0 1.776 0.031 0.013 (f) 2155 MeV
88.0 1.844 0.002 0.011 58.7 0.973 0.170 0.028
90.0 1.909 —0.010 0.012| 60.1 1.013 0.155 0.010
92.1 1.979 —0.053 0.012| 62.0 1.073 0.154 0.010
94.0 2.042 —0.074 0.018| 64.0 1.136 0.170 0.009
96.0 2.109 —0.047 0.030( 66.0 1.199 0.161 0.012
98.0 2.175 —0.081 0.023| 68.0 1.265 0.166 0.012
99.9 2.238 —0.072 0.014| 70.0 1.330 0.176 0.009
101.3 2.283 —0.054 0.053| 72.0 1.397 0.144 0.008
(d) 2035 MeV 74.0 1.465 0.149 0.010
60.3 0.964 0.120 0.011 76.0 1.533 0.126 0.014
62.0 1.013 0.128 0.009 78.0 1.602 0.135 0.016
64.0 1.072 0.123 0.009 80.5 1.688 0.070 0.016
66.0 1.133 0.123 0.01¢ 82.0 1.742 0.077 0.014
67.5 1.179 0.177 0.01¢ 83.9 1.808 0.073 0.012
72.0 1.319 0.129 0.020 86.0 1.881 0.032 0.012
74.0 1.383 0.114 0.010 88.1 1.955 0.020 0.010
76.0 1.447 0.096 0.014 90.0 2.021 —0.004 0.014
78.0 1.512 0.085 0.012 92.0 2.092 —0.056 0.010
80.0 1.578 0.067 0.012 94.0 2.163 —0.060 0.012
82.0 1.643 0.049 0.013 96.0 2.233 —0.081 0.012
84.0 1.710 0.034 0.012 98.0 2.302 —0.084 0.014
86.0 1.776 0.020 0.021 99.9 2.371 —0.123 0.010
88.0 1.844 0.000 0.011 101.7 2431 —0.151 0.017
90.0 1.909 —0.015 0.011 (g) 2175 MeV
92.0 1.977 —0.034 0.011| 58.7 0.982 0.133 0.023
94.0 2.042 —0.036 0.020( 60.0 1.021 0.160 0.009
96.0 2.109 —0.080 0.013| 62.0 1.083 0.153 0.012
98.0 2.175 —0.077 0.016 64.0 1.146 0.149 0.010
100.0 2.241 —0.102 0.018| 66.0 1.211 0.177 0.010
101.3 2.283 —0.091 0.027| 68.0 1.276 0.161 0.013
(e) 2115 MeV 70.0 1.343 0.146 0.014
58.8 0.953 0.090 0.04¢ 72.0 1.410 0.150 0.010
60.1 0.995 0.127 0.01¢ 74.0 1.479 0.134 0.011
62.0 1.052 0.131 0.01¢ 76.0 1.547 0.126 0.010
64.0 1.115 0.146 0.011 78.0 1.616 0.118 0.011
66.0 1.176 0.156 0.01¢ 80.0 1.686 0.111 0.011
68.0 1.243 0.141 0.011 82.0 1.758 0.036 0.012
70.0 1.306 0.133 0.011 84.0 1.827 0.064 0.011
72.0 1.371 0.137 0.012 86.0 1.899 0.038 0.014
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TABLE lll. (Continued.

<0C.m> _t Aoon A'AOOH <0c.m> _t Aoon A'A\OOI’I
88.1 1.972 0.012 0.012 100.0 2451 —0.140 0.026
90.0 2.041 —0.026 0.012] 101.9 2.520 —0.163 0.037
92.0 2.111 —0.044 0.011] 103.2 2.563 —0.101 0.062
94.0 2.183 —0.058 0.013 (j) 2235 MeV
96.0 2.254 —0.075 0.012| 58.8 1.010 0.155 0.020
98.0 2.324 —0.100 0.011] 60.0 1.048 0.167 0.010
100.0 2.394 —0.108 0.014| 62.0 1.113 0.192 0.010
101.7 2.456 —0.124 0.013| 64.0 1.178 0.186 0.010
(h) 2215 MeV 66.0 1.244 0.184 0.013
58.7 1.000 0.145 0.018 68.0 1.310 0.190 0.010
60.0 1.040 0.169 0.008 70.0 1.380 0.181 0.010
62.0 1.103 0.174 0.004 72.0 1.449 0.157 0.011
64.0 1.167 0.183 0.008 74.0 1.520 0.150 0.011
66.5 1.250 0.167 0.012 76.0 1.590 0.148 0.011
68.0 1.299 0.177 0.009 78.0 1.661 0.120 0.011
70.0 1.367 0.167 0.009 80.0 1.733 0.093 0.012
72.0 1.436 0.152 0.008 82.1 1.807 0.079 0.011
74.0 1.505 0.138 0.009 84.0 1.878 0.049 0.012
76.0 1.575 0.159 0.009 86.0 1.951 0.042 0.013
78.0 1.646 0.130 0.009 88.0 2.024 —0.003 0.011
80.0 1.717 0.114 0.01¢ 90.0 2.097 —0.022 0.012
82.1 1.793 0.088 0.010 92.0 2.169 —0.031 0.012
84.0 1.861 0.073 0.009 94.0 2.244 —0.068 0.014
86.0 1.934 0.032 0.009 96.0 2.316 —0.093 0.013
88.0 2.006 0.027 0.009 98.0 2.388 —0.097 0.012
90.0 2.078 —0.014 0.011| 100.0 2.460 —0.133 0.012
92.0 2.150 —0.039 0.010| 101.9 2.529 —0.136 0.012
94.0 2.223 —0.065 0.010| 103.2 2.575 —-0.178 0.080
96.0 2.296 —0.092 0.011 (k) 2345 MeV
98.0 2.366 —0.100 0.012] 58.0 1.035 0.177 0.037
100.0 2.438 —-0.111 0.010{ 60.0 1.101 0.173 0.012
101.8 2.504 —0.145 0.012] 62.0 1.168 0.186 0.013
(i) 2225 MeV 64.0 1.235 0.182 0.016
58.7 1.003 0.194 0.02% 66.0 1.306 0.163 0.016
60.0 1.044 0.142 0.010 68.5 1.393 0.183 0.017
62.0 1.108 0.146 0.010 69.8 1.442 0.149 0.020
64.0 1.172 0.146 0.01¢ 72.0 1.520 0.106 0.022
66.0 1.239 0.147 0.012 74.2 1.601 0.153 0.015
67.9 1.303 0.151 0.012 76.0 1.667 0.170 0.014
70.0 1.374 0.147 0.01¢ 78.0 1.743 0.149 0.014
72.0 1.444 0.143 0.01% 80.5 1.837 0.111 0.019
74.0 1.512 0.128 0.020 82.0 1.894 0.105 0.015
76.0 1.583 0.102 0.022 84.0 1.971 0.068 0.014
78.0 1.654 0.102 0.012 86.0 2.046 0.070 0.017
80.0 1.725 0.083 0.012 88.0 2.123 0.022 0.017
82.1 1.800 0.060 0.013 90.0 2.201 —0.021 0.015
84.0 1.869 0.021 0.023 92.0 2.276 —0.019 0.015
86.0 1.942 0.041 0.020 94.0 2.354 —0.039 0.020
88.0 2.014 0.005 0.014 96.0 2.430 —0.050 0.017
90.0 2.088 —0.024 0.013] 98.0 2.506 —-0.111 0.015
92.0 2.160 —0.051 0.016( 100.0 2.583 —0.142 0.015
94.0 2.233 —0.099 0.015( 102.0 2.658 —0.163 0.020
96.0 2.306 —0.116 0.029 103.5 2.716 —0.185 0.025
98.0 2.378 —0.119 0.023
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<0C.m> _t Aoon A'AOOH <0c.m> _t Aoon A'A\OOI’I
(1) 2395 MeV 70.0 1.539 0.237 0.014
60.2 1.129 0.187 0.01¢ 72.0 1.618 0.211 0.014
62.0 1.192 0.180 0.013 74.0 1.696 0.207 0.014
64.0 1.261 0.186 0.022 76.0 1.773 0.195 0.018
66.0 1.334 0.196 0.014 78.0 1.856 0.160 0.015
68.0 1.405 0.197 0.013 80.0 1.935 0.157 0.016
70.1 1.481 0.179 0.019 82.0 2.015 0.123 0.016
72.0 1.552 0.177 0.023 84.1 2.099 0.058 0.017
74.0 1.628 0.180 0.019 86.0 2.178 0.064 0.020
76.0 1.702 0.155 0.014 88.0 2.258 0.052 0.017
78.0 1.780 0.130 0.018 90.0 2.342 0.003 0.017
80.0 1.856 0.125 0.01¢ 92.0 2.423 —0.034 0.017
81.9 1.932 0.102 0.019 94.0 2.503 —0.047 0.016
84.0 2.012 0.068 0.019 96.1 2.588 —0.102 0.016
86.0 2.089 0.049 0.017 98.0 2.668 —0.089 0.017
88.0 2.168 0.001 0.020 100.0 2.748 —0.107 0.016
90.0 2.248 —0.026 0.017| 102.0 2.828 —0.180 0.016
92.0 2.326 —0.051 0.017| 103.9 2.905 —0.213 0.017
94.0 2.403 —0.054 0.019 105.2 2.953 —0.393 0.088
96.0 2.482 —0.105 0.019 (0) 2515 MeV
98.0 2.560 —0.119 0.023| 60.6 1.200 0.224 0.017
100.0 2.637 —0.123 0.016] 62.0 1.252 0.194 0.011
102.0 2.714 —0.170 0.021| 64.0 1.324 0.203 0.012
103.7 2.778 —0.189 0.023| 66.0 1.400 0.226 0.012
(m) 2445 MeV 68.0 1.475 0.204 0.012
59.7 1.137 0.230 0.029 69.9 1.549 0.225 0.016
62.0 1.217 0.187 0.013 71.9 1.628 0.199 0.023
63.9 1.287 0.188 0.013 74.0 1.710 0.186 0.026
66.0 1.362 0.196 0.014 76.1 1.791 0.175 0.015
68.0 1.434 0.168 0.014 78.0 1.869 0.172 0.016
69.9 1.504 0.220 0.01¢ 80.0 1.950 0.134 0.014
72.0 1.585 0.214 0.027 82.0 2.031 0.143 0.015
74.1 1.667 0.198 0.021 84.0 2.115 0.099 0.014
76.0 1.738 0.158 0.019 86.0 2.195 0.063 0.014
78.0 1.817 0.132 0.020 88.0 2.276 0.025 0.016
80.0 1.896 0.112 0.017 90.0 2.360 0.018 0.022
82.0 1.973 0.099 0.018 92.0 2.442 —0.015 0.017
84.0 2.056 0.068 0.01¢ 94.0 2.524 —0.038 0.018
86.0 2.134 0.067 0.02¢ 96.0 2.607 —0.072 0.016
88.0 2.213 —0.010 0.025| 98.0 2.689 —0.098 0.019
90.0 2.295 —0.011 0.029( 100.0 2.770 —0.135 0.018
92.5 2.394 —0.055 0.026( 102.0 2.851 —0.133 0.015
94.0 2.455 —0.091 0.016( 104.0 2.929 —0.161 0.017
96.0 2.534 —0.107 0.017] 105.2 2.979 —0.208 0.045
98.0 2.614 —0.153 0.021 (p) 2565 MeV
100.0 2.692 —0.163 0.018| 60.7 1.228 0.175 0.031
102.0 2.771 —0.157 0.035| 62.0 1.277 0.216 0.019
103.9 2.844 —0.202 0.018| 64.0 1.350 0.198 0.014
(n) 2495 MeV 66.0 1.427 0.219 0.014
60.5 1.187 0.202 0.017 68.0 1.505 0.216 0.019
62.0 1.242 0.203 0.013 69.9 1.580 0.218 0.019
64.0 1.313 0.218 0.014 72.1 1.665 0.196 0.020
66.0 1.389 0.223 0.01% 74.0 1.743 0.190 0.016
68.0 1.464 0.229 0.014
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<0C.m> _t Aoon A'AOOH <0c.m> _t Aoon A'A\OOI’I
76.0 1.823 0.167 0.01% 84.0 2.180 0.091 0.016
78.0 1.908 0.162 0.018 86.0 2.265 0.073 0.013
80.0 1.989 0.141 0.01% 88.0 2.349 0.050 0.015
82.0 2.071 0.097 0.016 90.0 2.434 —0.019 0.016
84.0 2.156 0.102 0.017 92.0 2.521 —0.053 0.016
86.0 2.239 0.087 0.018 94.0 2.605 —0.085 0.014
88.0 2.322 0.026 0.018 96.0 2.689 —0.115 0.015
90.0 2.407 0.008 0.023 98.0 2.774 —0.131 0.014
92.0 2.490 —0.025 0.020| 100.0 2.857 —0.151 0.017
94.0 2.575 —0.072 0.023| 102.0 2.941 —0.181 0.014
96.0 2.659 —0.058 0.027| 104.0 3.024 —0.193 0.013
98.1 2.744 —0.092 0.026( 105.4 3.081 —0.190 0.023
100.0 2.825 —0.136 0.017 () 2645 MeV
102.0 2.907 —0.200 0.019( 60.7 1.268 0.291 0.065
104.0 2.990 —0.177 0.016| 62.0 1.318 0.198 0.014
105.3 3.043 —0.221 0.038| 64.0 1.395 0.241 0.016
(g) 2575 MeV 66.0 1.472 0.217 0.014
60.7 1.233 0.186 0.022 68.0 1.551 0.257 0.017
62.0 1.281 0.179 0.013 69.9 1.631 0.237 0.015
64.0 1.356 0.225 0.014 72.1 1.719 0.196 0.014
66.0 1.434 0.204 0.019 74.0 1.797 0.201 0.019
68.0 1511 0.193 0.018 76.0 1.881 0.183 0.016
69.9 1.587 0.193 0.014 78.0 1.964 0.158 0.018
714 1.646 0.245 0.02% 80.0 2.052 0.142 0.016
74.5 1.771 0.237 0.033 82.0 2.135 0.098 0.024
76.5 1.852 0.151 0.023 83.9 2.220 0.066 0.018
78.0 1.913 0.151 0.014 86.0 2.308 0.075 0.017
80.0 1.997 0.120 0.023 88.0 2.396 0.021 0.020
82.0 2.079 0.104 0.01% 90.0 2.482 0.034 0.022
84.0 2.164 0.074 0.019 92.0 2.570 —0.033 0.019
86.0 2.247 0.056 0.018 94.0 2.654 —0.112 0.020
88.0 2.331 0.007 0.018 96.0 2.740 —0.087 0.018
90.0 2.416 —0.045 0.026| 98.0 2.828 —0.129 0.017
92.0 2.501 —0.041 0.022 100.0 2.913 —0.111 0.023
94.0 2.585 —0.101 0.016f 102.0 2.997 —0.158 0.017
96.0 2.668 —0.086 0.020( 104.0 3.082 —0.200 0.016
98.0 2.753 —0.147 0.018 105.3 3.137 —0.186 0.035
100.0 2.836 —0.169 0.022 (t) 2795 MeV
102.0 2.918 —0.210 0.015| 62.9 1.428 0.125 0.026
104.0 3.000 —0.194 0.015| 655 1.535 0.160 0.019
105.3 3.054 —0.196 0.036| 68.5 1.661 0.131 0.020
(r) 2595 MeV 71.4 1.786 0.149 0.028
60.7 1.243 0.236 0.024 744 1.917 0.135 0.034
62.0 1.291 0.198 0.010 77.8 2.070 0.119 0.032
64.0 1.367 0.192 0.012 80.5 2.189 0.072 0.020
66.0 1.444 0.203 0.013 83.4 2.323 0.112 0.019
68.0 1.522 0.187 0.012 86.5 2.465 0.007 0.032
69.9 1.599 0.187 0.01% 89.4 2.596 0.017 0.030
72.1 1.685 0.186 0.013 925 2.738 —0.096 0.033
74.0 1.763 0.166 0.014 955 2.873 —0.074 0.021
76.0 1.844 0.182 0.013 985 3.011 —0.112 0.022
78.0 1.929 0.164 0.01% 101.6 3.148 -0.174 0.034
80.0 2.013 0.162 0.017 104.1 3.263 -0.173 0.023
82.0 2.095 0.124 0.02]
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FIG. 3. Experimental results fak,,,= Ay as a function of c.m. FIG. 5. Experimental results fak,,,=Ay as a function of c.m.

angle at 1975, 2035, 2115, and 2155 MeV. The closed circles andngle at 2345, 2395, 2445, and 2495 MeV. The closed circles are
closed squares are from this paper, the open circles and opdrom this paper, and the open triangles from R&fl. The open
squares from Refl1], and the open triangles from RdR]. The  diamonds are data from Perret al. [16], and the crosses from
crosses are data from Paryal.[13], and the dashed line is from Parryet al.[13]. The solid curve is from a PSA prediction of the
a PSA prediction of Arndet al.[30]. Saclay-Geneva grou1] and the dashed curves from Arngital.
[30].
(5Aoon)2:(5Aoon,stat)2+(AoonX O'rel)2+(0'add)21 (4) . .
the apparatus compared to the actual average beam direction.
where 6A, ., tat IS the statistical uncertainty. Variations inA,,(90°), possibly the result of small changes
The valueAy(90°) should be zero fopp elastic scatter- in the beam direction or other systematic errors, are smaller
ing by the generalized Pauli princip[d2]. The measured than=0.03.
values foré. ,=90=5° were fit with a straight line to yield
the result at 90° as well as the slope. These are presented in IV. RESULTS
Table IV and Fig. 9. Data from Reff1] are also plotted. The . :
A,o(90°) results are seen to be consistent with a slightly A comparison of the data from this paper and the accom-

negative value, probably caused by a slight misalignment opanying article[1] is shown' in Figs. 3 and 4 ThBgono
measurements performed simultaneously, using at@idet

[2], are also included in Figs. 3—7. The same beam polariza-
tions were used for thd,,, data from the polarized target

0.25 . : 0.25
| i | i }H iy | and for theA, o results from the Chitarget. The agreement
0.5 ?g"w&m 0B 2;;&%%%}%? is generally very good except near 2225 MeV.
§ 005} 5 % { oos} %} .
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FIG. 4. Experimental results f&,,,=Ay as a function of c.m. 051 (o) 2565 eV £y 051 (@) 2595 Mev ii!}
angle at 2175, 2215, 2225, and 2235 MeV. The closed circles are ~ —0.25 70 %0 16 0250 70 %0 10
from this paper, the open circles from Ré1], and the open tri- 6, (deg) 0., (deg)
angles from Ref[2]. In addition, the open squares are from Miller
et al. [14], the pluses from Neal and Lond&5], the crosses from FIG. 6. Experimental results fd,,,= Ay as a function of c.m.

Diebold et al. [17], and the open diamonds from Makdist al. angle at 2515, 2565, 2575, and 2595 MeV. The closed circles are
[18]. The dashed curves are from PSA predictions of Aretoal. from this paper, and the open triangles from Réf. The dashed
[30]. curve is from a PSA prediction of Arndt al. [30].
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025 0.25 - g TABLE IV. Results from straight line fits to tha,,,, data near
0.5 | { 015} {}iﬁ“u . _90° c.m. The beam kinetic energy, fitted slope, angle at_ ZEero Cross-
i oos| 1 ool I { | ing, and value at 90° are all presented. The 90° data include sys-
j ---------------------------------------------------- }-}-% ---------- tematic errors. The values of? per degree of freedom for the
—0.05 1 170951 {%} T weighted averages are 2.26 and 2.21, respectively.
—0.15 [ (o) 2645 MeV 105 (b) 2795 MeV H 1
oas bl ol Energy(MeV) Slope (deg’) Angle (deg)  Ago(90°)
6, (deg) 6, (deg) 1975 —0.0095£0.0024 90.06:0.72 0.0006:0.0071
FIG. 7. Experimental results fok A as a function of c.m 2035 Il —0.013x0.0022 88.46:0.47 —0.0202+0.0061
C oon™ TN T 2035 IV —0.00770.0027 88.051.01 —0.0151:-0.0059
angle at 2645 and 2795 MeV. The closed circles are from this
paper, the open triangles from R¢R], and the pluses from Neal 2115 —0.0183-0.0031 90.130.35  0.0024:0.0068
and Longo[15]. The solid and dot-dashed curves are from PSA 2155 —0.0135-0.0019 88.940.41 —0.0143-0.0052
predictions of the Saclay-Geneva groad]. 2175 —0.0125-0.0021 88.720.50 —0.0160+0.0058
2215 —0.0129-0.0015 89.1%0.34 —0.0115:0.0044
Data at 2205, 2215, 2225, and 2235 MeV from Hai. 2225 —0.0169-0.0026 88.46:0.49 —0.0260-0.0069
were collected in run period |. For these four data sets, the 2235 —0.0121+-0.0021 88.580.51 —0.0171-0.0057
proton beam was accelerated to 2240 MeV, and absorbers 2345 —0.0132+0.0028 90.0¢0.55  0.00120.0074
were used to degrade the energy for the three lower energies. 2395 —0.0134:0.0028 88.78:0.64 —0.0163-0.0081
This was done so that the beam would be accelerated to a 2445 —0.0176+0.0033 88.9%0.70 —0.0192-0.0109
value well above a strong depolarizing resonance at 2201 2495 —0.0156+0.0028 90.540.50  0.0084:0.0079
MeV in Saturne Il. The results in this paper at 2215 and 2235 2515 —0.0121+0.0026 90.820.69  0.010@:-0.0078
MeV were collected in run period Ill, and at 2225 MeV in 2565 —0.0184+0.0031 90.240.49  0.0044-0.0090
run period IV; none of these data used a degrader in the 2575 —0.0185-0.0027 88.69:0.50 —0.0242+0.0085
beam. The results from run period | are seen to be slightly 2595 —0.0208-0.0022 89.76:0.31 —0.0062+0.0066
below the new data at 2215 MeV, and somewhat above at 245 —0.0213+0.0029 89.770.40 —0.0049+-0.0087
2225 and 2235 MeV. Careful searches of the data for 2795 —0.0110+0.0039 88.0+1.92 —0.0218-0.0160
changes in efficiency or other possible systematic errors have
been performed, but none were found. It is believed that th&Vt. Av. 89.39-0.11 —0.0104+0.0016

beam polarizationPg, for the 2225 MeV data in this paper
is too large by about three standard deviations, possibly
caused by a statistical fluctuation and the method used tBot disagree as badly at 2840 MeV. The 2393-2396 MeV
determinePg from the measurements; see Rigf]. A cor-  results of Perroet al.[16] and the 2205 MeV measurements
rection toPg would raise theA,,, values from run period IV of Makdisi et al. [18] agree very well with the results in this
to be in better agreement with those from run period 1. Paper. The two points of Diebolet al.[17] at 2205 MeV are
Previous results are also shown in Figs. 3—-5, 7. The dat@lso shown at small angles. Some time ago, a study of the
of Parry et al. [13] at 1967 and 2444 MeV exhibit good Zero-Gradient Synchrotron beam polarization was performed
agreement over part of the angular range, but appear somgL9]. A global analysis opp analyzing power data at small
what low near 70° c¢.m. Similarly, the results of Milletal. ~ angles {t[<0.7 GeV¥/c?) was included, and as a byproduct
[14] at 2205 MeV may be a bit high at large angles, butit was concluded that the data of Refd3,17 should be
agree over the rest of the angular range. The data of Neal arffg@normalized upward by 15% and 10%, respectively, while

Longo [15] at 2240 MeV appear considerably low, but do N0 changes were suggested for Rétel,15. The suggested
changes would improve the agreement with the new data

0.6 . . , : from this paper.

Knowledge of the absolute target polarization is one of
051 aewessg, ] the largest contributions to the systematic error onAbg,
04 L ’ ..""'a _ results. Data were collected at 795 MeV during run period
g %, IV in order to check the absolute target polarization with
< 0371 '&'-. 1 respect to the known beam polarization. These are compared
02 | a, i with the very precise LAMPF measurements of Bevington
4 etal. [20] in Fig. 8; very good agreement is seen. A
0.1F B weighted average of the ratio of the two data sets as a func-
00 . . . .4 tion of 6., gives
40 50 60 70 80 90
Oom. (de) An(Saclay
FIG. 8. Experimental results f@k,,,= Ay as a function of c.m. AN(LAMPF) [ 1.002+0.008,

angle at 795 MeV compared to Lampf data of Bevingeoral.[20].
The closed circles are from this paper and the open squares fromthere only the statistical error is quoted. A careful compari-
Ref.[20]. son of our 795 MeV data and the results of Bevingé&bral.
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FIG. 9. Plots of(a) Ay(90°) and(b) the slopedAy/dé at 90° FIG. 10. Experimental results fdxy at(a) 70° and(b) 80° c.m.
c.m. as a function of beam kinetic energy. These values were comaken from averages over 65—75° and 75—85°. The solid squares
puted from data between 85-95°. The solid circles are from Refare from this paper, the solid circles from REf], the open circles
[1], the solid squares from this paper, and the open circles fronfrom Perrotet al.[16], the open triangles from Albrowt al. [22],
Perrotet al. [16]. The dashed curve is from a PSA prediction of the open squares from Pargt al. [13], and the open diamonds
Arndt et al. [30]. from Makdisi et al.[18]. The dashed curves are from PSA predic-
tions of Arndtet al.[30].

was performed with the Saclay-Geneva fixed energy phase-
shift analysis(PSA) (Ref.[21], 795 MeV solution, unpub- whereasA,,,do/dQ and A,qdo/dQ) have both spin-
lished. An upper limit to a possible systematic difference singlet and -triplet waves.
between the different data sets was found to be 0.9%. The Recently, the Saclay-Geneva group performed a direct re-
data are in full statistical agreement, and the distribution otonstruction of thepp elastic scattering amplitudes and a
the values with respect to the common fit agrees with thghase shift analysi€Ref. [21]) at four energies where many
expectedy-squared distribution. It is concluded that the nor- previous spin observables had been measured. The predic-
malizations of the Saclay and LAMPF data agree within stations for A,,, are shown at 2395 and 2645 MeV in Figs. 5
tistical uncertainties. Other measurements close to this erand 7. Also, the Arndét al. PSA was recently extended from
ergy and in the angular range of the results in this paper aré.6 to 2.5 GeV[30]. Their predictions at selected energies
given in Refs.[22,23, but the statistical uncertainties are are given in Figs. 3—6, and the energy dependence of
much larger than in Bevingtoet al. [20]. Aoon(70°), Ayon(80°), anddA,,,/dA(90°) are shown in

A search was performed for rapid energy dependence ifigs. 9 and 10. The PSA predictions reproduce the data rea-
Ay . Data from Ref[1] and this paper were averaged over sonably well and agree closely at 2395 MeV. The two solu-
the c.m. angular ranges 65—75° and 75—85° and are showions of the Saclay-Geneva PSA at 2645 MeV are not distin-
in Fig. 10. Similarly, the slopes at 908Ay/d#, are givenin  guishable forA,,, in the angular range measured. Note that
Fig. 9b). Data from Perrott al. [16] at 1796, 2096, 2396, the data from Refl1] and this paper are included in the data
and 2696 MeV, from Albrowet al.[22] at 1958 MeV, from bases of Arndet al. and the Saclay-Geneva group, and thus
Parryet al. [13] at 2444 MeV, and from Makdiset al.[18]  the good agreement is not surprising.
at 2205 MeV are also included. The results show a smooth, The data from run periods Il and 1V, shown in Figs. 3-8,
gradual rise ifAyn(70°)) and(A,,4(80°)) with increasing  will make a major contribution to thep elastic-scattering
energy, with perhaps a decrease near 2800 MeV. The slopgtata base. A total of 20 data sets, at 19 beam kinetic ener-
at 90° c.m. also appears to fall smoothly and slowly. Hencegies, and 477 different points, are included. A careful search
no rapid energy dependence is observed over the angular afat systematic errors, particularly from efficiency changes in
energy range of this experiment. It should be noted thathe apparatus, was performed. There is good agreement with
much more rapid changes are seen in the spin observabldata in Ref[1] when energies were repeated, and with other
Aoonn=Cnn [14,24,25 and A, o= Ci L [26—29 at 90° c.m.  previous measurements. Many of the data sets are at energies
in this energy range. Furthermore, at 90° c.Ado/d() and angles where no previoAs,, results exist, especially at
contains contributions from spin-triplet partial waves only, the higher energies.
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