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ABSTRACT

A search has been made for parity nonconservation in the scattering of
800 MeV polarized protons from an unpolerized water target. The result 1is
for the longitudinal asymmetry, Ap = +(6.6 t 3.2) x 1007. Control runs
with Pb, using a thickness which gave equivalent beam broadening from
Coulomb multiple scattering, but a factor of ten less nuclear interactions
than the water target, gave Ap = —=(0.5 t 6.0) x 1077,
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ABSTRACT

A search has been made for parity nonconservation in the scatter.ng of
B00 MeV polarized protons trom an unpolarized water target. The result is
for the longitudinal asymmetry, Ap = +(6.6 % 3.2) x 1077, Control runs
with Pb, using a thickness which gave equivalent beam broadening from
Coulumb multiple scattering, but a factor of ten less nuclear interactions
than the water target, gave AL = =-(0.5 & 6.0) x 1077,
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An experiment has been carried out to search for parity
nonconservation (PNC) 1in p-HZO scattering at 800 MeV. Longitudinally
polarized protons are scattered from an u.,olarized water target and PNC is
looked for as a emall helicity dependence in the total cross section. The
goal of the experiment 1s to study the contribution of the strangeness
conserving weak force to nucleon-nucleon scattering. Although the
scatterinug is dominated by strong and electromagnetic 1interactions, the
weak interacrion may be identified by the signature of PNC,

A longitudinal asymmetry can be defined as A = (o, = 0_)/(o, + 0_)
where o, (c_) 1is the total crcss section for positive (negative) helicity
protons on a water target. Measurements of A} have already been carried
out at other energies on hydrogen. At 15 and 45 MeV, the experiments! ™3
yield Ap = =(1.7 £ 0.8) x 1077 and A;, = =(3.2 ¢ 1.1) x 1077 respectively,
in good agreement with theoretical predictions.“?’5 However for 6 GeV/c
protoas on a water target a value of Ap = (2.65 % 0.60) x 1076 has been
repotted.6 This value 18 an order of magnitude larger than an existing
theoretical prediction of Ay ~ 10”7 (Ref. 7). However Mardulli, Scrimeri,
and Soffer estimate values of Ap ~ 2 x 1076 at 6 GeV/c, using parity
violating nucleon wave functicns.® We report a preliminary result at an
intermediate energy (800 MeV).

The experiment utilizes the LAMPF polarized proton heam at an energy
of 800 MeV. The beam is structured in "macropulses" of 500 usec duration
with a 120 Hz repetition rate. Beam intensity during the experiment was in
the range of 1 to 5 nA. The longitudinally polarized protons were produced
in a Lamb-shift ion source located at the injector.® The polarization was
reversed in the source at a rate of 30 Hz. The reversing component of
polarization was 652.

The experimental layout is presented in Fig. l. The two ion chambers
determine the cross section by measuring the transmisasion of the polarized
p-oton beam through the tar§et. These ion chambers are designed to possess
lowv noise characteristicsl? ard they are the integrating types so as to
handle the tull polarized proton beam current. (See Fig. 2.) The target
was 10 cm of H,0, and had a transmission of 85X. The mean angle subtended
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Fig. 1. Arrangement of the ex-
periment.
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Fig. 2. Low noise ionization SIGNAL PLATE M1 -VOLTAGE PLATE
chambers. The -eclal features
which reduce the 1olse are: a) :t:#g
hydrogen filling f¢ no spallation
products and fast ion collection,

b) collector plates which do not
intercept beam and hence do not
have s8pallation products. «c)
"snouts" which move the end
windows far from the collector
plates so that reaction products
from the end windows do not
produce noise.

ION CHAMBER

at the downstream ion chamber by the target was 0,042 rad. By analyzirg
the signal for a component correlated with the 30 Hz polarization reversal,
we can determire the magnitude of any helicity dependence in the total
cross section.

Auxiliary detectors monitor 30 Hz changes in beam properties which may
mimic a true parity violation signal., Two split-plate ion chambers monitor
beam position, (HPOS and VPOS). A four-arm polarimeter monitors residual
transverse polarization in both the horizontal and vertical plares, (HPOL
and VPOL)., The polarimeter is also used with an alterrate target which can
be scanned across the profile of the beam, in order to map the distribution
of residual transverse ©polarization across that profile. From this we
derive a first moment (circulating polarization)

CPOL = | (HPOL-y-VPOL-x)P.d%d_!

Here pdxedy is a beam current element and 1 the beam current, CPOL
contribuctes a systematic error for which we make a correction. The
upstrean transmission detector doubles as a monitor of 30 Hz correlated
beam iutensity changes, (ILMOD).

In the signal processing chain, low noise amplifiers are used to form
the analog difference of the two transmission detector signals. The
difference signal is then digitized and analyzed for 30 Hz variation by the
computer, Other beam pr.perty signals are treated in a similar fashion.
Careful attention is paid to signal path routes and ccmponent isolation so
as to minimize ground loop coutributions at 30 Hz. In addition, the 30 Hz
reversal signal used in the data analysis is reconstructed digitally in the
computer from a synchronous 15 Hz signal transmitted from the polarized
source, In this way a 30 Hz polarization reversal signal as a direct
source of electronic pickup is eliminated.

The ma jor sources of systematic error for the experiment result from
changes of beam properties synchronous with the polarization reversal.
Such changes can produce a spurious helicity related transmission signal.
To Beparate out the effects of these systematic errors, specific runs are
taken in addition to the data runs. In these runs both position and
intensity are systematically varled to determine the functional dependence
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of transmission on changes in these beam properties. Similar runs are also
taken with the polarization fully transverse. From these rune corrections
arising from net residual transverse polarization and from circulating
polarization can be calculated. Subsequently, during the measurement of
the longitudinal asymmetry, the beam position, residual transverse
polarization, and intensity for each macropulse are recorded. Corrections
are made off~line for their contributions.

To further eliminate systematics not directly related to the helicity
of the beam, data are taken 1in two configurations of the polarized
source.? In the "normal" configuration (NN in Table 1) protons exiting the
spin filter region of the source are longitudinally polarized with spin
forward.? They then traverse the spin flip region, where their spin 1is
flipped by 180° if current is supplied to the spin flip coil. The helicity
reversal signal received by the experiment is synchronized to the current
in the spin flip zoil. In the "reverse" configuratior (RR in Table I) the
polarization of the protons leaving the spin filter region is of the
opposite helicity. Hence any true parity signal will appear, for the two
configurations, as transmission asymmetries of equal magnitude but opposite
sign. On the other hand, helicity in dependent systematics will appear as
asymmetries equal in both magnitude and sign. We use the symbol (NN-RR)/2
to denote the difference of the variable as meassured in runs for the two
configurations of the source. In Table I, we list for the systematics the
polarization dependent pieces (NN-RR)/2. The largest contribution is from

TABLE I. Systematic corrections, longitudinal asymmetries, and controls,

Systematic Corrections (NN=RR)/2

POS (0.9 £ 1.1) x 1077
PO, (1.8 £ 0,5) x 1077
CPOL (1.6 £ 0,7) x 1077
IMOD (3.6 ¢ 0,6) x 1077

Longitudinal Asymmetries

Raw Corrected
A (NN) (=2.1 £ 3.2) « 1077 (10.4 £ 4.5) x 1077
AL (RR) (0.5 £ 3.9) x 1077 (-1.8 ¢ 4.2) x 1077
AL$§E§551 (0.8 % 2.9) x 1077 (4.3 £ 3.1) x 1077
ALSEE%EEl (-1.3 £ 2.9) x 1077 (6.6 £ 3.2) x 1077
control Runs .
Pb ~(0.5 ¢ 6.0) x 1077

Target Out (7.5 £ 5.5) x 1077
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intensity modulation. It contributes to A at a level of 1077, From Table
I the net corrected value of Ap is (6.1 % 3.1) x 1077 including statistical
and systematic errors.

Control experiments were made with no target and with a Pb target
chosen to give the same multiple Coulomb scattering as the HZO target. The
Pb and no target results are scaled to the transmission of the H,0 target
and given in Table I. Further analysis of this data is in progress.
Although the central value differs from 2zero by only two standard
deviations, taken at face value it 1s intermediate between the high energy
and low energy results. We are planning to do a transmission experiment
using liquid hydrogen as the target instead of H,O0.
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