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Experiments searching for parity nonconservation in the scattering of
1.5 GevV/ec (800 MeV) polarized protons from an unpolarized water target and
a l11quid hydrogen target are described, The 1intensity of the {incident
proton beam was measured upstream and downstream of the target by a pair of
ionization detectors. The beam helicity was reversed at a 30-Hz rate,
Auxiliary detectors monitored beam prcperties that conld give rise to false
effects. The result for the 1longlitudinal asymmetry from the water 1is
AL = (1.7 £ 3,3 £1.4) x 10—7, where the first error is statisticai and the
gsecond {s an estimate of systematic effects. The hydrogen data yield a
preliminary result of AL = (1,0 £ ).6) x 10-7. The svstematic errors for

p-p are expected to be < 1 x 1077,
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This paper describes two  experiments searching for parity
nonconservation in p-p and p-H,0 scattering at 1.5 GeV/c (800 MeV). The
experiments measure a longitudinal asymmetry A; = (o, - o.)/(o4 + 0 ),
vhere o,(0.) 18 the total cross section for positive (negative) helicity
prctons on an unpolarized target. A value of AL is expected to occur at
the 1level of 10-7 from the 1interference between the strong and weak
scattering amplitudes. If the strong part of the 1interaction 1is known,
these experiments can help determine the strangeness conserving weax
interaction between hadrons.

The pre<eent experiments are at an energy intermediate to previous
measurements.!™ When extenced to the energy of the present experiment,

calcuiations®15

provide conflicting predictions for p-p scattering of
Al €2 x 107 and A = 1.8 x 1076, an experimental determination of the
asymmetry at 1.5 GeV/c gives new information on the energy dependence of AL
and tests the range of validity of theoretical models for parity
nonconservation.

The experiments were performed at the Clinton P. Anderson Meson
Physics Facility (LAMPF) wutilizing 1longitudinally polarized protons
produced in a Lamb-shift-type ion source.’ A transverse magnetic fielu 1in
the source reversed the proton helicity at a rate of 30 Hz. The reversal
frequency was chosen to minimize noise due to random fluctuations 1in beam
prejerties. The beam was accelerated to 1.5 GeV/c as H™ atoms and reached
the apparatus in ‘'"macropulses" of 500 usec duration with a 120-Hz
repetition rate. The beam intensity was typlcally between 2 and 5 nA and
the average polarization was I;l = 0,70 + 0.03,

The layout of the experiment during the Hy0 run 18 presented 1in
Fig. 1. The stripper foil was located 50 m upstream; an aperture in the
foll defined tht . . size and removed beam halo. The beam position was
stabilized by steeving magnets, which were controlled by feedback systems
from detectors that sensed the beam position. Two {dentical low-noise 1on
chambern,8 I71 and 1C2, were used to determine the cross gsection by
measuring the transmission, Z, of the polarized beam through the target.
The aperture of the ion chambers was 10 x 10 e¢m and the active length was
30 em. A 10-cm thick H,0 target had a transmission of B5% and was placed

2 m upetream of IC2. A Pbh target, used in the experimert as a control, wasu
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1.6 am thick and had a transmisgsion of 982. The thi~kness of the Pb target
was chosen to give the same multiple Coulcmb scattering as the Hzo target
but with a factor of ten fewer nuclear interactions, Data were also taken
with no target.

It was 1important to measure the properties of the beam during aach
pulse. Split-plate ion chambers, SIC! and SIC2, measured the position and
angle of the bean. ICl monitored b:am iutensity changes. A four-arm
polarimeter determined residual transverse polarization 1in both the
horizontal and wvertical planes. The polarimeter was also used with an
alternate target that was mcved repeatedly through the beam to map the
distribution of residual transverse polarization across the beam profile.
A circulating component of polarization, TPOL, can cause a helicity
correlated change 1in the amount of scatzered beam passing through the
aperture of IC2 even if the net transverse polarization is zero.

The transmission for each macropulse was determined from the amplified
analog difference of the TIC1 and IC2 sign:ls to keep the least count in the
digitized number from becoming a limiting factor in a8ignsl nclse. The
transmigsion and the other measur2d beam properties for each pulse were
writcen on magnetic tapre and later analyzed for helicity correlatad
variation.

Correlattons with the 30-Hz helicity reverssl were souj,ht by analvzing
groups of four beam pulses. The nelicitv pattern of tne group, + - - +,
wag chosen to reduce the effects of drifts; {t alsc suppressed 50 Hz
effects, For each pronp -he  quantity 2222 = (2 -2 V/(Z,+2) was
calculated where Z+\_) Is the average of the two +(-) helicity pulses.

12 four-pulse groups, an

From each ran, which cousisted typically of
average was calculated aad a statistical uncerteinty was computed from the
variarce of the measurements.

Contributions o <AZ/22> due to 30-Hz afgnals carries by beam
propert!es were determined by measuring the effect of each contributing
beam property. The senaitivities of <AZ/27> to position and transverse
polarizacion were determinad from getr of calibratisn runa (each set called
a aweep) irterspersed among the data runs., In these sweeps, bheam position
wan aystematf{cally viried tn determine the funitional dependence o1

tranamf rqe{on on changes {1 these bheam properties. Sweepg taken with the
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polarization fully transverse determined the depandence of <AZ/2Z> on
transverse polarization. The position of the beam for which these
corrections vanished is called tlhe neutral .xis. CPOL was measured during
target—out runs. The dependence of AZ/2Z on intensity was determined from
the correlation between the 30-Hz component of intensity and AZ/2Z during
each data run.

Electrical couplings of any 30-Hz signals into the data channels were
suppressed by paying careful attention to signal path and component’
isolation. The 30-Hz reversal signal used at the polarized source was
divided down to 15 Hz before transmission to the apparatus. The 15 Hz was
isolated and coded into a frequency modulated signal as an additional
measure to eliminate any 30 Hz pickup.

As a check on other unidentified systematics not directly related to
the helicity of the beam, data were taken in two configurations (N and R)
of the polarized source.’ In both configurations protons exiting the source
were longitudinally polarized but the spin directions for the N and R
configurations are opposite with respect to the transverse spin-flip field
of the source. Hence, the combination (N-R)/2 cancels the effects of
helicity-independent systematics and is {nterpreted as a PNC signal. The
combination (N+R)/2 is a measure of the presence of helicity-indenendent
systematice and is called ¢ "null" signal.

A total of 18.0 x 1017 protoas were incident on the H,0 target in
twenty—eight runs. The data with the Pb target consist of eleven runs with
6.1 x 1013 protons and 4.5 x 1015 piotons were taken with no target in nine
runs. The position and intensity corrections were computed for each run by
multiplying the average 730-Hz component of {atensity or positiou by the
appropriate sensitivity. The CPOL corrections for Hy0 and Pb runs were
made by interpolating the values from ne.arby target-out runs. A fiicting
program determined the sensitivit: of <AZ/2Z> to polarization and Lhe‘
position of the effective nentral axis of the experiment for all targets
simultaneously. The weighted average values of <(AZ/27> for the PNC and
null combinations were computed for each target. These values are
presented in Table T hefore and after the corrections are applied. The
values of each correction are also given in Table I, Uncertainties in the

determination of the gensitivities have becn included in the statistical
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uncertainties, Contributions to <AZ/2Z> from electrical pickup were
measured in beam-off runs to be (0.1 * 0.7) x 1078,  This correction has
been applied to the null values for each target.

The X2 for the fit to the data runs after all corrections is 39 with
42 degrees of freedom. The change 1in xz due to each correction was
determined by removing each correction with all the others applied. The X2
is expected to decrease as each correction is addrd, corresponding to an
improved internal consistency of the data. The only significant exception
is the position correction for Pb, which resulted in an increase In XZ of
3.7.

The PNC values for the two control targets are consistent with zero as
are the null values for all targets. This 1is a strong test for the
presence of systematic errors, which may arise from 1imperfect
characterizations of the corrections. Two plausible sources of systematic
error are the time dependence of the CPOL values and the uncertainty in the
effective neutral axis affecting the polarization correction. There is an
additional contribution to the systematic error e: imate for Pb due to the

increase in X2

when the position correction 13 1included. The separate
systematic error estimates have been combined quadratically and the total
is given in Table 1 for each target.

For the H,0 target, the PNC value . an be related to Ay by the factor
1/(|;|1n 7Z) = -8.8, The net corree ted value of A for Hy0 1is
(1.7 £ 3,3 ¢ 1.4) x 10-7, where the first error 1s statistical and the
second is an estimate ot systematic effects.

The hydrogen experiment differed from the water run 1in several
i{mportant respects. A second pclarimeter was added t¢ monitor the residual
polarizatlon from the transmission target. This allowed the moving
polarimeter target that scanned across the beam to be operated
continuously. New detectors were added to measure the beam pousition on a
pulse by puise basis with greater linearity than available from the split
for chambers. A device was built to modulate the bheam intensity at a 30-idz
rate, With this tool we were able to understand the sensitivity of the
system to intensity changes at a much better level. These changes, a
realignment of the transmission detectors, and a breakthrough {n our

understanding of the position and polarization sensitivity of the detectors
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were Important in reducing the sources of systematic error in the hydrogen
run to correspond to the higher statistical precision of the data.

The 1iquid hydrogen target was 1 m long, which corresponds to
Z = 0.85. The data consist of 74 runs with the source in the N
configuration and 83 runs of the R type. At this time the analysis of the
p-p result is not complete. The preliminary result is based on the raw
data, corrected only for position and intensity. The value for Al 1is
(1.0 £ 1,6) x 1077, We have not evaluated the systematic errors but
believe they will be <1 x 10-7.

Previous measurements of A; at low c¢nergles yield non-zero results in
good agreement with theoretical predictions based on a mneson-exchange
model97!! and a hybrid quark model.!? 1In contrast, the high-energy
experiment has reported a value for an Hy0 target that 1s more than an
order of magnitude larger than meson-exchange predictions® for N-N
scattering. Recent theoretical work!3 treating the quark constituents of
nucleons has predicted a wvalue of Al ~ 2 x 1076 at 6 GeV/c, in good
agreement with the experimentel result. Another calculation,!“ involving a
parity violating admixture in the nucleon wave function, has predicted a
similar result.}3

The result for HZO i> conslistent with the expectation from meson
exchenge calculations that A; ~1 x 10~7 but 1t 1s rlearly smaller than the
prediction6 of A; ~ 1.8 x 10_6. A rapid increase in the magnitude »f Ap
between 1.5 and 6 GeV/c 1s ccnsistent with the quark-level calculation
although its validity is not expected to extend down to 1.5 GeV/c. The
hydrogen 12sult {s also consistent with zero. When final, it will have two
important advantages over Lhe HpO result. First, it will not {involve a
nucleus and thus will be exenpt from questions about nuclear structure.
Second, the statistical precision will be a factor of three better, The
Ho0 result does give some information about the magnitude of PNC effects 1in
p~n scattering but this result will ke superceded by a new experiment just
completed that uses a deuterium target and also has a statistical precision

at the level of | x 10"7.
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TABLE 1. Summary of the raw and corrected results for <AZ/2Z> x 108 and
the correction for each type of false effect.

Target: H,0 Pb none
A2 AZ AZ
R _— —> at + —> * h 4 :
aw <ZZ> stat tays <zz> stat *sys <ZZ> stat *gys
PN . 7. -6,
c 3.3 3.5 ! 7.3 6.6 6.1
null 2.6 17.1 -7.6
Corrected
PNC =le t3.7 8.9 =T
1.9 1.6 7.4 1.8 9.2 6.1 £0.0
null -5.2 3.8 -3.6 3.1
PNC null PNC null PNC null

Corrections for

Position ~-0.9 -6.8 1.8 -10.1 0.0 0.0
Polarization -=0,7 0.4 0.7 0.6 0.0 0.2
Intensity -1.9 -0.2 -1.0 -11.0 -2.7 10.4

CPOL -1.9 -1.3 0.3 -0.3 0.2 0.1




=10~

POSITION SERVO __ POLARIMETER
ELECTRONICS ~2 DETECTORS
TARGETS

EXIT
WINDOW

STRIPPING
APERTURE

SCATTERING

STEERING | TARGET

MAGNETS

Fig. 1 Experimental layout. Beam position 1s monitored by split 1ion
chambers, SICl and SIC2, Feedback systems keep the beam centered con the
stripping aperture and SIC2. Ion chambers, ICl aud 1IC2, measure the
transmission of the scattering target. The polarimeter can be used with a
stationary or a moving target to measure average transverse beam
polarization or its distribution across the beam profile.



