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A parity-nonconservation asymmetry has been measured in the total cross section for
6-GeV/c polarized protons on a water target. The asymmetry Az, = {o,—o )/(o, + o ),
defined as the fractional difference of total cross sections for positive- and negative-
helicity protons on an unpolarized target, is Az = (2.66+ 0.60) && 10 . The quoted error
includes both statistical and systematic contributions.

PACS numbers: 13.75.Cs, 11.30.Er

We have performed a search for parity noncon-
servation in proton-nucleus scattering at 6 GeV/c
by studying the dependence of the total cross sec-
tion on the helicity of the incident polarized pro-
ton beam. This dependence is expressed by the
parity-nonconservation asymmetry A~ = (0+ —o' )/
(o', +0 ), where o+ (0 ) is the total cross section
for positive- (negative-) helicity protons on a
water target. At present, investigation of parity-
nonconserving phenomena is the only way to gain
experimental knowledge of the strangness-con-
serving hadronic weak interaction.

A parity-nonconservation asymmetry A~ can
arise from the interference of the strong and
weak interactions between nucleons. Measure-
ments at low energies" yield A~ =10 ' in agree-
ment with calculations. ' ' The first measure-
ment at 6 GeV/c found A~=(5+9) x10 ' with use
of a beryllium target. ' A value of A~ = (-15.0
a 2.8) x10' was obtained when the experiment
was repeated with use of a water target. ' At that
time, it was realized that a nonzero transmission
asymmetry can result from the production and
subsequent decay of longitudinally polarized hy-
perons. A focusing magnetic spectrometer was

added to eliminate hyperon-decay products. '
Here we report our most recent measurement
A~ =(2.65+ 0.60) x10 ' which is an order of mag-
nitude larger than an existing prediction' of A~- 10 ' for both pp and pn scattering.

This experiment used a vertically polarized
proton beam from the Argonne National Labora-
tory zero-gradient synchrotron (ZGS). The beam
had an average polarization ~P

~

=0.71+0.03, an
average intensity of 3.2x10' protons/pulse, a
spill width of roughly 700 ms, and a repetition
rate of 0.3 Hz. The polarization direction was
reversed at the source between ZGS pulses. An
upward bend of the beam rotated the polarization
to a longitudinal direction. The horizontal posi-
tion of the beam centroid at the target was stabil-
ized with the aid of a feedback loop controlling
the current in an upstream bending magnet.

A schematic representation of the experiment
is shown in Fig. 1. The transmission Z through
an 81-cm-long water target was measured by two
independent detector systems which have been
described previously. ' One system consisted of
a pair of identical plastic scintillation counters,
each viewed by four photomultiplier tubes. The
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FIG. 1. Schematic of parity-nonconservation experi-
ment. The components are SOL, a solenoid magnet
for rotating the plane of polarization by a few degrees;
B1, a dipole magnet which bends the beam by 7.75,
producing a longitudinally polarized beam; F1 and Y2,
arrays of scintillators arranged as polarimeters; P1,
P2, and P3, position monitors; MON, DIF1, and DIF2,
the ion chambers for measuring beam intensity and

transmission; I and T, the scintillator detectors for
measuring the transmission. C is a brass collimator.
S are counters to look for any beam halo which might
interact with matter while passing through the evacu-
ated beam pipe in the spectrometer. X is a left-right
polarimeter designed to measure asymmetry due to
beam-matter interactions upstream of the target.
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second system was a set of three identical ioniza-
tion chambers. The output currents from ion
chambers upstream and downstream of the target
were subtracted before amplification. The dif-
ference signal was normalized to the beam inten-
sity with a third ionization chamber. Integral
counting techniques allowed high beam intensities
to be used so that a sensitivity of &10 ' could be
achieved in a few days. Auxiliary scintillation
detectors shown in Fig. 1 monitored various
beam properties.

The data include 184 data runs and 54 control
runs, each consisting of -1600 pulses, for a total
of 10"incident protons. Consecutive 'data runs
were started on alternate polarization states to
avoid any effects from drifts. The fractional
change of transmission with helicity reversal,
~/2Z=(Z, —Z )/(Z, +Z ), was computed for
each pair of pulses. An average (bZ/2Z) was
calculated for each run. The error was deter-
mined from pulse-to-pulse fluctuations in hZ/2Z
and was typically three times as large as fluctua-
tions due to the finite number of incident protons.
Approximately 10/o of the pulse pairs were re-
jected because of poor beam conditions. Weighted

H,aw asymmetry
After regression
Corrected for

Transverse polarization
Beam-matter scattering

—5.32+ 0.77
—5.05+ 0.69

—4.75+ 0.68
—2.92+ 0.80

—6.66+ 0.87
—6.23 + 0.84

—6.14+ 0.82
—4.96+ 0.99

average values of (~/2Z) are given in Table I.
A small reduction in the statistical fluctuations

was obtained by a linear regression analysis of
~/2Z in each run against horizontal and vertical
beam position, beam position squared, and beam
intensity. The regression coefficients were deter-
mined from the correlations between polarization-
independent linear combinations of data from sets
of four consecutive pulses. The regression vari-
ables were found to be independent of helicity,
thus the noise reduction process did not apprecia-
bly change the value of (~/2Z) (Table I).

The observed (~/2Z) for each data run was
corrected for known background processes aris-
ing from the following factors:

(1) Interactions with air a.nd monitors in the
beam channel where the beam polarization is ver-
tical (beam-matter interaction).

(2) The imperfect alignment of the beam polar-
ization with its momentum producing residual
horizontal and vertical polarization components
of the beam that interact with the water target.
These scattered particles, which have a helicity-
correlated spatial asymmetry, strike the detec-
tors measuring the incident and transmitted beam
intensities. If the centers of these detectors are
not the same as the beam center, a nonzero val-
ue of (~/2Z) will result.

(3) Correlations of the transverse polarization
with beam phase space. " This produces helic-
ity-dependent changes in the transmitted beam in-
tensity. Another source of asymmetry, hyperon
production and decay, was eliminated by the
spectrometer shown in Fig. 1.

The form of these background terms is yd(~).
In this expression, y(cm ) is the sensitivity con-
stant for the term; d(cm) is the displacement of
the beam from the symmetry axis; and (~) is
the average change with polarization reversal of
the asymmetry measured by auxiliary scintilla-
tion detectors. The asymmetries were monitored
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each beam pulse and the sensitivities were meas-
ured in control runs in which the size of the rele-
vant variable was enhanced. To measure the ef-
fects of transverse polarization, the horizontal
and vertical components at the target were in-
creased by use of solenoids in the beam line. In
the runs measuring the beam-matter interaction,
the number of interactions was increased by add-
ing material upstream of magnet B1. During
each type of control run the beam position and
angle were varied. This procedure established
the symmetry axis of the experiment, where the
contributions from these background processes
vanish.

The values of y and d were determined in a
least-squares fit of the measured values of (hZ/
2Z) from the data and control runs to a parity-
nonconservation signal and the sum of background
terms. In addition to the term for beam-matter
interactions, the model included terms for hori-
zontal and vertical transverse polarization. The
contribution from the third background was calcu-
lated separately. Approximately 10%%uo of the runs
have a y'&5 and were rejected; the remaining da-
ta are consistent with this model since g' per de-
gree of freedom =1.17 for both detector systems.
The net asymmetry after each correction is given
in Table I, and Table II summarizes these con-
tributions to (~/2Z). The correlation coeffi-
cient between values of (~/2Z) from the two
systems for individual runs was 0.2 indicating
that they are substantially independent measure-
ments. A combined fit to all the data gives (AZ/
2Z) = (—3.73 + 0.62) + 10 '.

To calculate the contribution from a correlation
between transverse polarization and position in
the beam, we measured the average transverse
polarization for the upper, lower, left, and right

portions of the beam. The result is expressed
as a (~) in Table II. The coefficient y for this
term is the same as for a net transverse polar-
ization and d, in this case, is the rms size of the
beam. Correcting for this effect yields a net
(aZ/2Z) = (- 3.23 a 0.72) x 10 '.

The parity-nonconservation asymmetry is re-
lated to the net (~/2Z), valid only for small
b,Z, by the expression A~ = (—

~
P j lnZ) '( ~/2Z).

The average transmission was (Z) =0.18+ 0.01.
Our result is A~ = (2.65+0.60)x 10 ' and the quot-
ed error is 1 standard deviation.

Since at low energies calculations are consis-
tent with measurements of A~ for pp scattering,
the discrepancy between our result and the exist-
ing calculation was unexpected. This experiment
suggests that the interference between the strange-
ness-conserving hadronic weak and strong ampli-
tudes has a large energy dependence. It is also
possible that the observed parity-nonconserva-
tion effect is caused not only by the pp system
but also has a large contribution from the np sys-
tem. Finally, since we used a water target it is
possible that the disagreement with calculation
involves nuclear structure effects. This experi-
ment is part of our program to measure Al, at
several energies. An experiment at 1.5 GeV/c
is underway at Clinton P. Anderson Meson Phys-
ics Facility at Los Alamos. "
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TABLE H. Contributions to (AZ/2Z) due to background processes.

Term

Beam-matter
scattering

S.C. I.C.

Residual transverse polarization
Horizontal Vertical

S.C. I.C. S.C. I.C.

Phase space
correlation'

Both

lO'y (cm ')
d (cm)

iO'(aH)
10 yd (AH)

5.7~ 0.3 5.8+ 0.4
0.09+ 0.02 0.06+ 0.03

—350 +0.2
—1.80+ 0.49 —1.18+ 0.60

—3.9+ 1.6 —3.9+ 2.2 —6.0+ 4.0 —4.4+ 8.4
—0.36+ 0.15 —0.27+ 0.15 1.1+0.4 0.3 + 0.4

—4.7+ 0.2 + 3.5+ 0.5
—0.07 + 0.04 —0.05+ 0.04 —0.23+ 0.18 —0.05+ 0.10

—4.0+ 2.0
1.0+ 0.1

+ 12.5+ 7.0
—0.50+ 0.37

Scintillation counters.
Ion chambers.
Tra118verse polRrizRtion corx'elRted with beam phRse spRce
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A search was made for spontaneously fissioning superheavy elements in damped colli-
sions of two uranium nuclei. Different techniques were applied covering the elements 108
to 118 and ~ 126, and a half-life range from 1 ms to more than 1 yr. No evidence for
superheavy elements was found at upper cross-section limits of 10, 10 33, and 10 3~

cm for half-lives from 1 to 100 ms, 100 ms to 1 d, and 1 d to 1 yr, respectively.

PACS numbers: 25.70.Hi, 25.85.Ca, 27.90.+ b

In most attempts to produce superheavy ele-
ments around atomic number Z =114 and neutron
number N= 184, complete fusion reactions have
been tried. Although a large variety of target-
projectile combinations have been examined, no
positive results have been reported thus far. '
This may indicate' that in the region of neutron-
deficient superheavy nuclei accessible to fusion,
fission barriers are lower than calculated in
most theoretical studies, so that production cross
sections are smaller and half-lives shorter than
expected.

An alternative pathway to the superheavy ele-
ments has been opened by the first studies of the
interactions between two uranium nuclei. ' The
resulting element distribution clearly indicates'
the production of elements around Z = 70 in damped
collisions with cross sections of about 10 "cm'
at 7.5 MeV/u bombarding energy. If element 70
is formed in a binary collision from one of the Z
= 92 colliding partners, element 114 is the com-

plementary fragment. According to potential-
energy considerations' that describe the neutron-
to-proton ratios of fragments in damped colli-
sions, N = 182 should be the most probable neu-
tron number associated with Z = 114 fragments,
but N = 184 fragments should also be formed with
sizable cross section, about 10 "cm', as a re-
sult of the dispersion' in neutron numbers.

Most of the superheavy fragments formed in
damped collisions will decay by fission, but a
small fraction originating with very low excita-
tion energy may survive. The distribution of
excitation energies of Z = 112 to 114 fragments
has been deduced from Q-value measurements. '
By folding this distribution with calculated' sur-
vival probabilities against fission, a production
cross section of the order of 10 "cm' for ele-
ment 114 has been estimated. ' A value of about
10 "cm' results from a similar analysis of
excitation-energy distributions calculated with
the diffusion model for damped collisions. Such
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