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The status of the TRIUMF 221 MeV proton-proton parity violation experiment
is reviewed. Several other proton-proton parity violation experiments in the inter-
mediate energy range, currently in various stages of preparation, are discusser1 A
new experiment at an energy of 5.13 GeV (and if confirmed also at an energy of
tens of GeV) is needed to follow up on the earlier unexpected large result obtained
at 5.13 GeV.

Because flavour changing neutral currents are almost completely suppressed
by the G.l.M. mechanism, the study of hadronic neutral currents in nuclear
systems provides a unique window of hadronic weak neutral currents. Parity
violation in nuclear systems is the only flavour conserving process in which
hadronic weak neutral currents can be observed. Such observations are com-
plementary to studies of parity-violating electron-proton asymmetries, the next
generation of which is focussing on constraining the possible contributions of
strange quarks from the sea to the nucleon form factors. At low and interme-
diate energies, the parity violating weak N-N interaction can be described in
terms of a meson exchange model involving a strong interaction vertex and a
weak interaction vertex (in a one boson exchange model). The strong inter-
action vertex is thought to be understood and is represented by the standard
meson exchange parameterization of the N-N interaction. The weak interac-
tion vertex is calculated from the Weinberg-Salam model assuming that the
W- and Z-bosons are exchanged between the intermediate mesons (JT, p, and w)
and constituent quarks of the nucleon. The interaction can then be described
in terms of seven weak meson-nucleon coupling constants. The exchange of
neutral scalar mesons is suppressed by CP conservation by a factor of a few
times 103 (Barton's theorem). The six weak meson-nucleon coupling constants
(/*, h°, h),, h7

p, /i£, hi, with the superscripts indicating isospin changes) have
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been calculated by Desplanques, Donoghue. and Holstein (DDH) ! , synthe-
sizing the quark model and SU(6) and treating strong interaction effects in
renormalization group theory. A seventh weak meson-nucleon coupling con-
stant hy

p is estimated to be smaller and is usually deleted from further consid-
eration. DDH tabulated "best guess values" and "reasonable ranges". Similar
calculations have been made by Dubovik and Zenkin (DZ) 2 . Extending the
earlier work in the nucleon sector, Feldman, Crawford, Dubach, and Holstein
(FCDH) 3 included the weak A-nucleon-meson and weak A-A-meson parity
violating vertices for ir. p. and w mesons. The latter authors also present both
theoretical "best guess" values and a theoretical "reasonable range" for the
weak meson-nucleon coupling constants. Using the expressions of an earlier
paper by Desplangues (D)1 the latter authors (FCDH) present a third set of
weak meson-nucleon coupling constants. It is apparent that these coupling
constants carry considerable ranges of uncertainty (see Table 1). Taking into
account the more recent experiments. Desplangues5 argues for a reduced range
for the weak meson-nucleon coupling constant / „ . A complete determination
of the six weak meson-nucleon coupling constants requires at least six linearly
independent pieces of experimental information As of to date there do not
exist enough experimental constraints of significance to determine the six weak
meson-nucleon coupling constants. Consequently, one needs several new pre-
cision parity violation measurements.

Measurements of parity violation have dealt with nuclei where nuclear
matrix elements amplify the parity %'iolating part of the hadronic interaction,
as in the measurements of the circular polarization of gamma rays (P-,) emitted
from a parity mixed doublet (18F and 21Ne) 6 '7 or of the asymmetry with
respect to the nuclear polarization direction of gamma rays (A-,) emitted from
a parity mixed doublet (19F) (Ref. 8), or of the longitudinal analyzing power
{A.) for the scattering processes 13C(p,p)13C and ) 9F(p,a)1 6O at energies
corresponding to a parity mixed doublet (14N and 20Ne) 9-10. Even larger
amplifications are present in the measurements of the helicity dependence of
the scattering cross section or capture cross section of epithermal neutrons on
heavy nuclei n . For these measurements there is a dynamical enhancement
factor consisting of the product of the reciprocal of the energy difference of the
parity mixed states and the ratio of the particle decay widths of the states in
question. The enhancement factors range from 102 to 103 for the 2s-Id shell
nuclei and are as large as 10s in epithermal neutron scattering on the heavy
nuclei.

Other measurements have dealt with the circular polarization in n-p cap-
ture 12 or with the longitudinal analyzing power in n-p capture for polarized
incident neutrons13, or have dealt with the angle averaged longitudinal analyz-



Table 1. Weak meson-nurleon coupling constants,
(all entries are multiplied by a factor of I07)

Coupling

II

K

hi

hi

Range

(DDH)

0-yll.4

-31->11.4

-0.38-yO

-11.0-+-7.6

-10.3-y5.7

-1.9-y-08

'best value'

(DDH)

4.6

-11.4

-0.19

-9.5

-1.9

-1.1

Theoretical

Value

(07.)

1.3

-8.3

0.39

-6.7

-3.9

-2.2
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(FCDH)

0->6.5

-31-vll

-l.l-vO.4

-9.5-V-6.1

-10.6-+2.7

-3.8-y-l.l

'best value'

(1-CDII)

2.7

-3.8

-0.4

-6.8

-4.9

-2.3

Value

(H)

2.7

-6.1

-0.4

-6.8

-6.5

-2.3

Experimental

Best fit

2.1

-5.7

-0.2

-6.8

-6.5

-2.3

range

0-y 11

-32 -v 11

-0 .4-y 0.4

- 1 0 - y - 6 . 3

-12 -y 2.7

_3.0 -y -1.1



ing power Az in p-4He (Ref. 14), in p-d (Ref. 15) or in p-p scattering16. Here
.4j is defined as Az — (<r+ — <7~)/<r+ + <r~). where a+ and c~ represent the
scattering cross section for polarized incident nucleons of positive and nega-
tive helicity, respectively, integrated over some appropriate range of angles. A
non-zero value of Az implies parity violation due to the non-zero pseudoscaiar
observable 5 pwith a the spin and p the momentum of the incident nucleon.
Most straight forward in interpretation are the nucleon-nucleon parity viola-
tion measurements. It should also be noted that the measurement of Az in
p-p scattering is sensitive only to the short range part of the parity violating
interaction.

Parity violating terms in the scattering matrix for the p-p system were
incorporated by Woodruff17 and Thorndike18. The form of the p-p scattering
matrix, which preserves time reversal invariance. becomes

- 77)

• 7 7 7 ) ( < 7 2 m ) + ( C -

• n + r(ff] I - 5^ •

(1)

where /. m, and n are unit vectors given as / = {k, + kf)/\k, + kf\: m =
(kf - k,)/\kj - k,\: n — (k, x kj)/\k, x kj\ and k, and kj are the initial and
final state centre-of-mass nucleon momenta. The amplitudes a,b,c,d,e,r, and s
are functions of centre-of-mass energy E and scattering angle 6. The additional
amplitudes r and s are the parity violating amplitudes introduced by Woodruff
and Thorndike (after multiplication by a factor of 2) i 9 . Written explicitly, the
longitudinal analyzing power has the form

A:(6) = ^ j|Re(a + fc-c + d)V-Re(e*s)|cos(0)/2)

- flm(a - b + c - d)'s - Im(e"r)l sin(0)/2) j . (2)

A partial wave decomposition allows the various contributions to At to
be calculated based upon reasonable estimates of the parity violating mixing
angles19. These mixing angles are directly related to the transition amplitudes
OSo - 3Po), (3P2 - 'Dj) , ( ^ 2 - 3 F 2 ) , (3F4 - 1GA), etc. In practise it is almost
impossible to measure the angular dependence of the longitudinal analyzing
power At and consequently one has to resort to measuring an angle-averaged



longitudinal analyzing power Az while at the same time excluding the forward,
Coulomb scattering dominated, angular range. A determination of Az can
be accomplished through a scattering measurement, restricted to the lower
energies, or through a transmission (attenuation) measurement at intermediate
and higher energies.

Impressively precise measurements of Az in p-p scattering have been made
at 13.6 MeV [Az = (-0.93 ± 0.20 ± 0.05) x 10"7] at the University of Bonn20

and at 45 MeV [A, = (-1.57 ± 0.23) x 10"7] at the Paul Scherrer Institute
(PSI)21 . These measurements are at a low enough energy that essentially only
the first parity violating transition amplitude ('So - 3Po) contributes in the
partial wave decomposition of A:. Note that from the PSI measurement at
45 MeY and the vE energy dependence of .4- at the lower energies, one can
extrapolate .4, at 13.6 MeV to be A: = (-0.81 ± 0.12) x 10~7). There exist
thus excellent agreement between the two lower energy measurements. Both
results allow pinning down a combination of the effective p and *J weak meson-
nucleon coupling constants h™ and /»«", with h™ = h°p + h\ + >>j/\/6 and h™
= hi + hi,. Following the approach of Adelberger and Haxton" . one can fit
the more significant nuclear parity violation data using theoretical constraints
by the two parameters /„ and (h° + 0.6 x /i°,). This leaves the experimental
value of U = [(0.28+° fe x 10~7] (Ref. 6) at the border of the deduced range
so determined 23. See Table 1. last two columns. The energy dependence of
the first two partial wave contributions to Az , corresponding to the transition
amplitudes ( % - 3Po). and (3P2 - ^ 2 ) , are shown in Fig. 1 (Ref. 24). There
is good agreement of the theoretical prediction with the experimental results
at 13.6 and 45 MeV. One notices the increase in importance of the second
partial wave contribution for energies above 100 MeV. There exists a further
p-p parity violation measurement at an energy of 800 MeV [A: = (2.4 ± 1.1)
x 10"7] (Ref. 25). Interpretation of the latter result in terms of the effective
p and ui weak meson-nucleon coupling constants is much more difficult due to
the presence of a large inelasticity (pion production).

As shown in Fig. 1 there is a unique feature at an energy of 230 MeV:
the (JSo - 3Po) partial wave contribution to At integrates to zero. This re-
flects the change in sign of both the !So and 3 P 0 strong interaction phases
near 230 MeV and is completely independent of the weak meson-nucleon cou-
pling constants. Thus, with the exception of a small contribution (~5%) from
the (lT>2 - 3F2) transition amplitude, a measurement of Az at this energy
constitutes a measurement of the (3P2 - ^ 2 ) transition amplitude alone. Si-
monius26 has shown that the (3P2 - ^ 2 ) transition amplitude depends only
weakly on omega-exchange (to an extent dependent on the choice of the vector
meson-nucleon coupling constants of various N-N potential models), whereas



0.5

-B.5

-1 .0

-1.5

PoHiol Wove

20 SO 100

i .
1 \ A

Coniribuiions

150 «p^

/ TRI jMr

to

SOS

*—-

Energy (MeV)

Fig. 1. Transition amplitude contributions to .4^ in p-p scattering as a function of
incident energy.

p-exchange and ^-exchange contribute to the ('So - 3Po) transition ampli-
tude with equal weight. Consequently, a measurement of A2 at an energy
of 230 MeY constitutes a determination of hFf. The energy dependence of
the real parts of the p-p phase shifts predicts that, neglecting inelasticity, the
( !D2 - 3F2) transition amplitude changes sign at about 650 MeV, and that the
(3P2 - JD2) transition amplitude changes sign at about 950 MeV. Precision
measurements of A2 in p-p scattering at both 230 MeV and 650 MeV would
then provide another determination of both h?? and h^f (in addition to a 230
MeV measurement in combination with the low energy p-p results).

Various theoretical predictions of the longitudinal analyzing powers have
been reported; at 230 MeV the values for A, presented are +0.6 x 10~7

(Ref. 27). +0.7 x 10"7 (Ref. 24), and +0.4 x 10"7 (Ref. 28). Extensions
to the one boson exchange model have been made to include 2TT and n - p
exchange via N-A and A-A intermediate states to which the (3Pj - 1D?) tran-
sition amplitude is particularly sensitive. For example, Iqbal and Niskanen 2 7

find that the A isobar contribution at 230 MeV (dependent on /„) may be
as large as the single p-exchange contribution, enhancing the value of A, by
a factor of two. What is needed here is a self consistent calculation of the



longitudinal analyzing power A: , avoiding possible double counting and tak-
ing into account that the value of / , is constrained to a rather small value by
experiment. Considering all the above, a measurement of A: at 230 MeV with
an accuracy of ±2 x 10~8 would provide a most important determination of
parity violation in p-p scattering. Such an experiment is now in the control
measurements and data taking phase at TRJUMF.

In the TRIUMF experiment, a 200 nA proton beam with a polarization
of 0.75 to 0.80 . extracted from the optically pumped polarized ion source
(OPPIS). is accelerated through the cyclotron to an energy of 221.3 MeY. A
combination of solenoid-dipole-solenoid-dipole magnets on the beam line pro-
vides a longitudinally polarized beam with positive and negative helicity. The
longitudinal analyzing power follows from the helicity dependence of the p-p
total cross section as determined in precise measurements of the normalized
transmission asymmetry through a 0.40 m long liquid hydrogen target (LHT):
.4- = (1/P)(T/S)(T+ - T-)/(T+ + T-). where P is the incident beam longi-
tudinal polarization. T = 1 - S is the average transmission through the target,
and the 4- and — signs indicate the helicity state.

There are many other effects that can cause such a helicity correlated
change in transmission. Very strict constraints are imposed on the incident
longitudinally polarized beam in terms of intensity, transverse x (horizontal)
and y (vertical) beam position and direction, beam width (given by ox and <ry).
transverse polarization (given by Py and P r), first moment of the transverse
polarization (given by < xPy > and < yPT >). and energy, together with de-
viations of the transmission measuring apparatus from cylindrical symmetry.
Systematic errors, arising from the imperfections of the incident beam and the
response of the transmission measuring apparatus are individually not to ex-
ceed one tenth of the total error on Az (or 2 x 10~9) individually. Particularly
troublesome are the residual transverse polarizations and their first moments
(so called "circulating" polarization profiles), as well as energy changes. In
addition to the strict constraints on the incident beam and on the measur-
ing apparatus required to minimize systematic errors, the approach which is
being followed is to further measure the sensitivity or response to residual im-
perfections, to monitor these imperfections during data taking and to make
corrections where necessary.

Helicity changes are implemented through shifts in the linearly polarized
laser light frequency, minimizing helicity correlated changes in the accelerated
beam parameters. The beam transport parameters are selected to produce
an achromatic waist located downstream of the LH2 target. The beam waist
is circular in cross section {ox = ay = 5 mm) with the x and 6 parameters
decoupled from the y and <f> parameters. To negate possible helicity correlated



changes in the incident beam energy, the currents in the two solenoid magnets
as well as the rotation angles around the beam axis of three sets of quadrupole
magnets are switched in polarity once every 24 h. This allows for a linear
combination of all four permutations of helicity states of the beam at the
polarized ion source and at the LH2 target in the deduction of Az.

Producing a longitudinally polarized beam for the parity violation exper-
iment requires careful tuning of the polarized ion source, of the acceleration
through the cyclotron, and of the beam line. Many improvements to the oper-
ation of the polarized ion source had to be made to reduce helicity correlated
changes in intensity, emittance. polarization, and energy. The Faraday effect
provides a means to monitor the Rubidium vapour polarization (source for the
polarized electron exchange with protons) on a continuous basis using a probe
laser. It causes the polarization direction of the linearly polarized light of the
probe laser to rotate by an amount proportional to the Rubidium polarization.
The polarization of the Rubidium vapour in the two helicity states is to dif-
fer by no more than 0.59J. The Faraday rotation measurement also provides
confirmation of the helicity states at the polarized ion source.

To aid in tuning, various retractable horizontal and vertical wire chambers
were placed along the beam line. Following the second solenoid magnet, where
the polarization direction has both a longitudinal and a horizontal sideways
component, a four branch polarimeter measured the transverse polarization
components, while a beam energy monitor measured the energy of the proton
beam with a precision of ± 20 keY. The latter is to agree within a few MeV with
the energy for which the contribution of the ('So — 3Po) transition amplitude
integrates to zero, taking into account the finite geometry of the transmission
measuring apparatus, but any changes in energy greater than 40 keV will intro-
duce transverse polarization components in excess of 0.001 with the canonical
setting of all beam transport elements. All beam transport elements have their
excitations monitored on a continuous basis (superconducting solenoid mag-
nets - currents; dipole magnets using NMR probes; quadrupole magnets using
Hall probes).

Figure 2 provides a diagram of the experimental setup. The longitudinally
polarized beam, incident from the lower right, passes first a series of diagnostic
devices - a pair of beam intensity profile monitors (IPM's), which also deter-
mine the beam current median, and a pair of transverse polarization profile
monitors (PPM's) - before reaching the LH2 target which is preceded and fol-
lowed by transverse electric field ionization chambers (TRIC's) to measure the
beam current.

The dual function IPM's which are based on secondary electron emission
from thin (8 (im thick) aluminum foils, measure the beam profile with harps
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Fig 2 Three dimensional view of the TRIUMF parity violation experiment: both
diagnostic and measuring apparatae are shown

of 31 foil strips (1.5 mm wide, separated 2 mm centre to centre), as well as the
normalized difference signals with split foils, in both the vertical (x-position)
and horozontal (y-position) directions. The gap between the split foils was
chosen to be 1 mm based on the width of the incident beam at the IPM's.
The latter signals can also be used to drive fast feedback loops to a pair of
x and y steering magnets. This allows the beam current medians to be kept
in position at the two IPMs to better than 5 fjim in both x and y in the
frequency range up to 1 kHz. The harps provide the beam intensity profiles
in both the x and y directions at the two IPM's. A schematic view of the
assembly of split foils and foil harps of each IPM is shown in Fig 3a; a typical
beam intensity profile is shown in Fig. 3b. The beam profile measurements also
allow beam intensity centroid determinations through appropriate integration
of the discrete profile distributions; a corresponding normalized error signal
with respect to the desired centroid positions can be deduced. The latter
signals can also be used to drive feedback loops to x and y steering magnets.

The PPM's are based on p-p scattering using CH2 targets. Scattered
protons are detected in & forward arm at 17.5° with respect to the incident
beam direction with a pair of scintillation counters. The solid angle defining
scintillator is rotated around an axis perpendicular to the scattering plane to
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rjg. 3. a) Schematic illustration of the assembly of split plates and foil harps of each
IPM. Split plates and foil harps are mounted on G10 frames with apertures of 76 mm;
b) Typical horizontal beam intensity profile produced by a harp of 31 aluminum strips
(2 mm centre to centre). The intensity profile has a az of 6.8 mm.

compensate for changes in solid angle and differential cross section when the
CH2 target moves through the beam (see Fig. 4). Coincident recoil protons
are detected in a backward arm at 70.6° with respect to the incident beam di-
rection with a recoil scintillation counter; a second scintillation counter acts as
a veto for higher energy protons from 12C(p,p)X . Each PPM contains detec-
tor assemblies for "left'" scattered protons, "right" scattered protons, "down"
scattered protons and "up" scattered protons. The targets consist of blades,
made of CH2, 1-5 mm wide and 5 mm deep in the direction of the beam. The
blades move through the beam on a circle of 0.215 m at a frequency of 5 Hz.
Each PPM has four blades: two which scan the polarization profile in the hor-
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Fig. 4. Schematic representation of one of the four detector assemblies of each PPM.

izontal direction and allow for determining the quantity (L - R)/(L + R) and
therefore Pv as function of x for each of the two helicity states, and two which
scan the polarization profik in the vertical direction and allow for determining
the quantity (D-U)/D+U) and therefore P r as function of y for each of the
two helicity states. A typical horizontal profile for unpolarized beam and
the corresponding normalized asymmetry (L - R)/(L + R) profile (giving the
instrumental asymmetry profile) of one of the PPM's are shown in Fig. 5a,b.

With two PPM's each with four blades, the spin flip or helicity flip be-
comes 40 Hz, i.e., in one cycle all eight blades of the two synchronized PPM's
(four blades of PPM-1 and then four blades of PPM-2) will have passed once
through the beam. The master clock for sequencing the whole experiment,
including helicity changes, comes from the PPM's shaft encoders. In order to
suppress the non-helicity correlated effects up to second order from changes
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Fig. 5. a) Typical horizontal profile for unpolarized beam with a width of ox = 4.6
mm ; b) Corresponding normalized asymmetry given by the quantity (L - R)/)(L +
R) as function of x (PPM instrumental asymmetry).

in the incident polarized beam parameters, a cycle consists of the following
sequence of helicities: + r —t- H—. Out of each helicity state of 25 ms
duration a little less than 2 ms is reserved for the polarization to stabilize
upon a helicity change, the next 6.4 ms is reserved for the measurement of the
transverse polarization (one of the blades whisking through the beam), and
the remainder of 16.667 ms (corresponding to 1/60 of a second to cancel line
frequency noise) is used for the actual data taking (determining the helicity
dependent transmission). The LH2 target is shown in Fig. 6. It has a target
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Fig. 6. Engineering drawing of the liquid hydrogen target.

flask of 0.10 m diameter and a length of 0.40 m . Special precautions have been
taken to make the end windows of the target flask perfectly flat and parallel.
Maximum heat load of the target is 25 W with operation at 5 W . By circulating
the liquid hydrogen rapidly density gradients are minimized. The target flask
is movable remotely within ± 5 mm in two orthogonal directions at both ends
to position it at the "neutral axis". The total scattering probability at 221.3
MeV of the 040 m long LH2 target is close to 4%. The target flask length
is limited by multiple scattering: the various entrance and exit windows (as
are all energy degrading foils in the beam) are kept to the minimal allowable
thickness.

The main detectors are two transverse electric field ionization chambers,
producing current signals due to direct ionization of the ultra-high purity hy-
drogen gas by the beam. Field shaping electrodes plus guard rings ensure a



0.15 m wide, by 0.15 m high, by 0.60 m long sense region between the paral-
lel electrodes (negatively charged anode and signal plate), with the field lines
all parallel and perpendicular to the electrodes. The transverse electric field
ionization chambers have been designed for operation at -35 kV at one atmo-
sphere: in practise they are operated at a pressure of 150 torr and a high voltage
of-8 kV. The entrance and exit windows are located at approximately 0.9 m
from the centre of the TRIC's to range out spallation products from proton
interactions with the stainless steel of the windows (see Fig. 7). Incorporated
in the design of the transverse electric field ionization chambers (TRIC's) are
considerations of noise due to <5-ray production and due to recombination.

Extensive Monte Carlo sinr 'ations have been made to determine the sen-
sitivities of the detection instrumentation (the combination of the LH? target
and TRIC's) to systematic errors, i.e.. helicity correlated changes in: intensity,
position and width of the beam, first moments of the transverse polarization
<-r>mponentc and enerjry The calculated sensitivities in turn gi\f> the precision
wi'i. ••"li- ;. • ' ' 'I ' of tin j'-niamc'terr listed here ha» to be measured in order for
each of these individually not to contribute an error greater than 2 x 10~&.
More important are. of course, the measured sensitivities, since these will de-
termine the experiment. An initial comparison of calculated and measured
sensitivities as well as the precision with which the various parameters need
to be measured in the experiment is shown in Table 2. Clearly further mea-

/ Active vcis^ne \

15x15x60 C~~ I . - 2 0 kV ncmino'
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/
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\ / \ chain /
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Fig. 7. Schematic drawing of transverse electric field ionization chamber.
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Table 2. Comparison of calculated and measured sensitivities to systematic
errors and the precision required in measuring the various parameters.

Beam Parameter

Position Modulation
(<x> Ax)

Size Modulation

Energy Modulation

Current Modulation

Sensitivity
(calculated)

+3 x 10~5 mm"1

-3 x 10"5 mm"1

3.2 x 10"6 mm"2

6.5 x 10~7/mm

Energy Loss:
1.4 x 10"8/eV

3 x 10""
for A/ / / = lO"5

Sensitivity
(measured)

+5 x 10~5 mm
-8 x 10"5 mm"

(2.7±0.6) x 10"8

0.5/jm

- 1 4
-i 2

6

5

/eV

Measure to

x 10~5 mm
x 10"5 mm
x 10"4 mm2

x 10~4 mm

0.] eV
0.7 x 10"5

surements need to be made. The parity violation experiment has reached the
stage of control measurements and data taking.

A further p-p parity violation experiment is being prepared at TRIUMF
at an energy of 450 MeV 29. This measurement can be made with minimal
changes to the apparatus used in the present TRIUMF experiment. It is in-
tended to arrive at the same overall uncertainty of ± 2 x 10~8. The combi-
nation of measurements at 221 MeV and 450 MeV would give an independent
determination of the effective weak meson-nucleon coupling constants hp

p
F and

h^f. Measurements of Az in p-p scattering are also planned at COSY near
230 MeV and with an extension to 1.5 GeV (Ref. 30). The choice of the
latter energy (or better even a higher energy) is in part motivated by the
earlier 5.13 GeV measurement of the longitudinal analyzing power Az (on a
water target) at the ZGS of Argonne National Laboratory, which resulted in
A- = (26.5 ± 6.0) x 10"7 (Ref. 31). This result is an order of magnitude
larger than what is expected from conventional scaling arguments. It must be
remarked that various reevalutions of the experiment have not discovered any
flaw, in the way the experiment was conducted, that could have led to such a
large false signal. It has also been pointed out that when Glauber shadowing
is taken into account, the fundamental p-p parity violating A2 increases by as
much as 40%32. Figure 8 shows the energy dependence of Az\ note the loga-
rithmic scale used for the abscissa. The theoretical prediction that matches the
experimental curve was normalized using the experimental datum. The calcu-
lation is based on a di-quark model introducing a parity violating component
of the nucleon wave function. The authors find an important role for diagrams
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Fig 8. Energy dependence of the parity violating longitudinal analyzing power A:
in p-p scattering. Various theoretical predictions are compared to the data at 13.6,
45, and 800 MeY. and 5.13 GeY. Note the logarithmic scale of the abscissa. The
theoretical predictions are from Driscoll and Miller (Ref. 2 ! ) . Iqbal and Niskanen
(Ref. 2' ). Oka (Ref. 3?) based on the meson exchange model, from and Goldman and
Preston (Ref. 3A j based on a vector-diquark-quark model

in which the weak interaction between the members of a vector diquark in
the polarized proton is accompanied by the strong interaction between that
diquark and a quark of the other proton. The theoretical curve agrees with
the 800 MeV experimental result value and is characterized by a steep increase
with increasing energy. It predicts a value for A2 at 20 GeV of the order 10~5.
The theoretical interpretation of the unexpectedly large result at 5.13 GeV has
created a great deal of controversy 34. Clearly, the 5.13 GeV result presents a
great challenge both in terms of obtaining experimental confirmation through
a new measurement (first of all at an energy near 5.13 GeV) and of obtaining a
self-consistent theoretical explanation. Secondly, if confirmed experimentally,
t h ' - r •• •;• ' ' r' •"'!• * .• • \]"- '"T:I--"l)* a : ->n ° n e r g y o f t e n s o f G e V S u c h
a second higher energy measurement of parity violation may be made in the
near future, at KEK with the proposed Japanese Hadron Facility, at the AGS
and/or RH1C of Brookhaven National Laboratory, and at the Main Ring In-
jector of Fermi National Accelerator Laboratory. The measurement forms an
important part of the proposed light ion spin synchrotron (LISS) of Indiana
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University. It has been pointed out that a storage ring/internal target envi-
ronment, as forseen in the proposed LISS facility, would allow for innovative
methods for making such a measurement, quite different from the methods
used in all previous parity violation experiments35. A schematic illustration
of a possible p-p parity violation experiment, in a storage ring with an internal
target is shown in Fig. 9. The polygonal ring has a twelvefold symmetry. The
Siberian snake of the "first kind'" precesses the spin direction of the polarized
beam by 180 degrees about the longitudinal axis. When energized the Siberian
snake causes the stable spin orientation in each straight section of the ring to
be horizontal, rather than vertical. Choosing the appropriate beam energy,
corresponding to a half integer spin tune of G-> = 7.5, or 13.5. etc. (where
G is the anomalous magnetic moment of the proton and -> is the standard
relativistic factor) one arrives at a stable spin direction for the various straight
sections of the ring as indicated (beam energies 2.99 GeV, 6.13 GeV, etc). In
particular one should note that the stable spin direction for any bombarding
energy is longitudinal in the straight section located diametrically opposite
the Siberian snake. Consequently, this is the location to perform the trans-
mission experiment with an internal gaseous high purity hydrogen target. The
unwanted transverse polarization components of the beam at this location re-
verse sign upon each successive passage of the Siberian snake and are therefore
very effectively cancelled. As stated above these transverse polarization com-
ponents and their first moments may be the cause of significant systematic
errors in measurements of Az. The stored beam spin direction can be flipped
rapidly by an 'adiabatic fast passage" technique using an ;rf field' also indi-
cated in Fig. 9 and independently on a longer time scale by reversal at the
polarized ion source between successive beam injection cycles. The transmis-
sion experiment consists of determining the helicity dependence of the stored
beam lifetime by a current transducer. The resolution of the current monitor
is one of the determining factors for the precision attainable in the experiment.
Existing current monitors for stored beams need improvement in performance
parameters in order to meet the accuracy required for a p-p parity violation
measurement. The use of a windowless gaseous pure hydrogen target as well
as the cancellation of extraneous transverse polarization components are clear
advantages of the stored beam/internal target environment. It is also to be
noted that the ring acts as a magnetic spectrometer, so that the experiment
becomes insensitive to a false parity violation signal caused by weak decays of
the hyperons produced by p-p interactions. Of concern are the interactions of
the stored beam with the residual gas in other sections of the ring, where the
polarization direction of the beam is not longitudinal, or the presence of beam
halo interacting with the ring structure, as well as helicity correlated changes
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Fig. 9. Schematic illustration of a possible p-p parity violation experiment in a storage
ring with internal target. The windowles? gaseous pure hydrogen target would be
positioned at the location labelled Expt. # 1 . At the location lacked Expt. #2 a
second p-p parity violation experiment could be mounted at the above quoted energies
for the storage ring with twelffold symmetry shown, since the stable polarization
direction is at that location again longitudinal but with opposite sign.

in beam emittance in successive injection cycles or upon the 'rf field' induced
spin flips. Once the specifications of the storage ring/internal target arrange-
ment are known in enough detail, a thorough evaluation through simulations is
needed to underpin the asserted advantages of the storage ring/internal target
environment.

In suinnian. the measurement of parity violation in p-p scattering at
TRIUMF at 221 MeV, which is mainly sensitive to the weak meson-nucleon
coupling constant hp

p
r , should be of great importance to delineate the role of

the effective p and u weak meson-nucleon coupling constants. As with any of
these extremely challenging measurements, experimental confirmation through
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an experiment at another laboratory or at a higher energy is highly desirable.
The anomalous result at 5.13 GeV requires experimental confirmation together
with a renewed theoretical effort. If confirmed a further parity violation mea-
surement at an energy of tens of GeV will become a great challenge. The p-p
parity violation experiments demand a great deal in terms of polarized ion
source and beam transport elements' development and a dedicated accelera-
tor. It appears though that significant progress will be forthcoming in the near
future.
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