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1 Overview

1.1 Synopsis of PAC update

This update has been prepared for the review of the G0 experiment by the CEBAF Program
Advisory Committee.

In this experiment, the parity-violating asymmetry in elastic electron scattering from
the proton will be measured at both forward and backward angles and over a range of
momentum transfers. These measurements will enable us to determine the contribution
of s quarks to the nucleon ground state charge and magnetization densities. A special
purpose, superconducting toroidal spectrometer with large azimuthally symmetric angular
acceptance is proposed for these measurements.

We request a total of 3940 h of beam time to carry out the separation of the s quark
contributions to the nucleon form factors in the region 0.1 < Q? < 0.5 GeV?, This time is
to be utilized as follows:

1. 1100 h for commissioning of experiment

2. 700 h for the forward angle measurement (all momentum transfers simultaneously),
and

3. 2100 h for backward angle measurements at Q% = 0.2, 0.3, 0.4 and 0.5 GeV?2,

Subsequent to the CEBAF Program Advisory Committee having granted conditional
approval to the experiment in January 1993, we have

1. completed a conceptual engineering design for the spectrometer and associated in-
strumentation,
2. worked to address other concerns of the previous review committees, and
3. had the experiment reviewed by a Technical Advisory Panel (CEBAF, November
18-19, 1993)
Summary responses to the questions previously posed by the PAC and the first ‘Barish

Committee’ review are included in Appendix A.

We have adopted the superconducting design for the spectrometer magnet after con-
cluding that the fabrication costs are only slightly higher than those of a resistive magnet,
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and that the operating costs are significantly less than the $250k per month estimated for
the room temperature magnet. The cost of the superconducting magnet is reduced sub-
stantially by use of a single, overall cryostat and ‘dry’, mechanically clamped coils. Full
details of the design for the spectrometer and associated instrumentation are available in
the GO Technical Design Report. The design for the experiment has been reviewed ex-
tensively by the TAP; a report from that body will be available by the time of the PAC
meeting. Important aspects of the conceptual design have also been reviewed by Elin En-
ergieanwendung, contractors for the CEBAF HMS dipole coils; they have also provided a
cost estimate. An independent cost estimate has also been made by Powers Associates.

A summary of the important conclusions of our recent studies are as follows (costs
are those for complete design, fabrication, assembly and test in North America
or Europe):

1. The cost of the spectrometer is estimated to be $3.061M including 20% EDIA and
an overall 25% contingency (constant 1993 $ assumed throughout).

2. The cost of the detectors, electronics and target is estimated to be $0.931M.

3. The cost of auxiliary equipment such as beam polarimeter components, beam position
monitors, etc. is estimated to be $0.105M.

4. The total for items 1 - 3 above is $4.097M (constant 1993 dollars).

3. The total institutional contribution from ongoing grants is $1.516M ($0.341M from
NSF, $0.039M from DOE exclusive of CEBAF and $1.136M from CEBAF opera-

tions). The remaining required support (‘new money’) amounts to $2.298M
from NSF and $0.283M from DOE.

6. Two scenarios for procurement of the spectrometer are being considered:

{(a) shared fabrication of some elements by UIUC and CIAE at a nominal cost
ratio of 60% compared with the ‘industrial’ price, with UTUC acting as general
contractor for industrial procurement of remaining components, and

(b) industrial procurement of the complete spectrometer.

|

. Assuming significant funding at the beginning of FY95, a two year time scale for
fabrication is estimated with beam tests beginning in spring 1997.

This document comprises the following information. This section concludes with an
overview of the experiment. A brief summary of the physics is presented in Section 2.
The experimental plan is outlined in Sections 3 and 4; the latter section addresses those
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special aspects of the experiment related to measurement of parity-violating asymmetries
in electron scattering. The apparatus for the ezperiment is not described in this document
— details may be obtained from the GO Technical Design Report prepared for the TAP. This
report continues with an outline of cost and schedule aspects of the project. Finally, the
beam time request (including an outline of the plan for commissioning) is presented.

1.2 Synopsis of experiment

The structure of the nucleon at low energies is not well understood from the point of view
of QCD, i.e. in terms of the quark and gluon degrees of freedom that appear in the QCD
Lagrangian. This proposal describes an experiment to measure two ground state proton
matrix elements that are sensitive to (point-like) s quarks and hence to the ¢g sea in the
proton. The matrix elements of interest are the elastic vector weak neutral current ‘charge’
and ‘magnetic’ form factors, G% and G%,, respectively, which can be extracted from a set
of electron-proton parity-violation measurements. If a relationship between proton and
neutron structure is assumed (for example that the proton and neutron differ only by the
interchange of u and d quarks, i.e. isospin symmetry), the s quark (as well as the v and d
quark) contribution to the form factors of the nucleon can be determined using these weak
neutral current form factors and their (measured) electromagnetic counterparts.

Both the charge and magnetic s quark form factors have intrinsic interest as funda-
mental quantities, as they would constitute the first direct measurements of the quark sea
in low energy observables. The goal of the experiment is to determine these contributions
to the proton form factors at the few percent level. Observations at high energy suggest
that s quarks carry about 1/2 as much momentum as u or d quarks in the sea: it is im-
portant to determine both the role of the sea and the relevance of s quarks at low energies
where QCD is not understood. Independent of whether the s quarks contribute at the level
which is observable in this experiment, it is important to make the measurements. Up-
per limits at this level provide information as valuable as non-zero determinations. These
matrix elements are also relevant to the discussions of the Ellis-Jaffe sum rule and of the
7N sigma term; there is evidence in both cases that the s quark contribution is larger
than expected. The present measurements will allow the determination of the s quark
contributions to proton observables in a much more straightforward manner than in either
of the cases noted above.

In this experiment, parity-violating electron scattering asymmetries will be measured
in the range 0.1 < Q% < 0.5 GeV? at both forward and backward angles. These pairs
of measurements will allow us to separate G%Z and G%. The asymmetries range from
about —3 to —35 x 107%; we are planning to measure the asymmetries with statistical
uncertainties of AA/A & 5% and systematic uncertainties related to helicity correlated
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effects of AA < 2.5 x 107, Initially we will measure concurrently the forward angle
asymmetries at five values of momentum transfer in the range 0.1 < Q? < 0.55 GeV?2.
Assuming a beam polarization of 49%, the time required to reach this precision for the
initial measurement will be about 700 hours. There is good reason to expect that by the
time of the experiment higher beam polarizations will be available which would reduce
this base time by a factor of two or more. (Using the G% (Q* = 0.1 GeV?) result from
the SAMPLE experiment now running at Bates, it would be possible to separate the
charge and magnetic form factors in the lowest @? bin after this first measurement.) Each
subsequent backward angle asymmetry would require from 0.5 - 1 month of running time.
We note that the systematic uncertainties quoted for the recent parity measurements at
LAMPF, SIN, Mainz and Bates of a few x10~® suggest that systematic uncertainties of
~ 10~7 should be attainable in this experiment.

To achieve the desired precision in a reasonable amount of time, this experiment must
be run at high luminosity with a large-acceptance detector. First, for the forward angle
asymmetries, we propose to measure elastically scattered protons (320 < p, < 797 MeV
with 77.4° > 0, > 61.2°, respectively) in order to avoid measurements of electrons at
very forward angles (with high luminosities); the electron beam energy will be 3.0 GeV,
The solid angle acceptance for the forward angle measurement is 0.9 sr. Second, for the
backward angle asymmetries, the spectrometer will be turned around to detect electrons at
the complementary angle centered at about 110° with a solid angle acceptance of from 0.9
sr at @% = 0.2 GeV? to 0.5 sr at Q? = 0.5 GeV?; the beam energies will range from 0.34 to
0.59 GeV. The spectrometer proposed for this experiment provides the unique capability
of measuring both the forward and backward angle asymmetries. It consists of a toroidal
array of eight superconducting coils with a field integral of approximately 1.6 T-m. The
spectrometer is designed to focus particles of the same momentum and scattering angle
from the length of the extended target to a single point (zero magnification in the dispersion
direction). The bend angle of about 35° at the highest momentum is sufficient to allow
complete shielding of the detectors. We expect to be able to count individual particles
rather than to integrate the signal in the detectors. Detectors and electronics similar
to those planned for the experiment have been bench tested to ensure that counting is
feasible (see Section 4.4.9). Particle counting provides the possibility of using time-of-
flight to supplement the resolution of the spectrometer. Time-of-flight measurements also
require a pulsed beam (31.25 MHz). The detector package for both modes would consist
of 14 scintillator elements per segment, each element covering approximately 7% of the full
momentum range. In the particle counting mode we also have the option of using pairs of
scintillator elements in coincidence.

The spectrometer described above has a number of advantages for this parity-violation
experiment. It has very large solid angle and momentum acceptance. The solid angle ac-
ceptance is axtally symmetric and thus susceptibility to systematic uncertainties is reduced.



The shape of the field is determined by the current conductors, there is no polarized iron in
the system, and the magnetic field at the target is zero. Both forward and backward angle
asymmetries can be measured with minimal changes in the hardware. The spectrometer is
a stand-alone device which would coexist with the Hall C CDR instrumentation thereby
providing the stability required for measurements of small asymmetries. It has a relatively
siple design and could be fabricated on a reasonably short time scale.

Various types of backgrounds have been investigated for both forward- and backward-
angle measurements. In particular, the inelastic proton background was measured at SLAC
under essentially the same kinematic conditions. It was found to be approximately con-
sistent with the predictions of Lightbody and O’Connell. These predictions were used in
Monte Carlo simulations of the spectrometer which show the inelastic proton contribution
to the yield is about 10% or less over the whole kinematic range. The positron background
was also measured to be negligibly small. Neutron background has been simulated with
the standard codes MCNP and LAHET. In the time bins of interest the neutron contam-
ination relative to the proton elastic signal is expected to be <2%. The asymmetry of
the combined backgrounds (inelastic protons, neutrons, pions, etc.) is measured simulta-
neously in time bins which do not contain the elastic protons. In the case of the backward
angle measurements where the electrons are detected, the 7~ background is kinematically
forbidden for the proton target and low incident energies; inelastic electrons are adequately
separated from the €lastic electrons of interest.

The pattern for data taking will be chosen to reduce random background noise. The
standard measurement interval will likely be 1/30 s (or a minimum in the local noise
spectrum); i.e. the beam helicity will be reversed at a frequency of ~ 30 Hz with short
intervals between measurements to reverse helicity and read out the spectrometer and the
monitors. The helicity pattern + — —+ and its complement will be randomly chosen to
reduce further background noise. With this scheme contributions from all harmonics of
30 Hz will be averaged to zero; in addition, long term drifts will be effectively eliminated
by averaging the two positive and the two negative helicity measurements in each sequence
of four before forming the asymmetry. Data from the spectrometer and beam monitors
will be read out at the end of each 1/30 s measurement interval during the time (<100
ps) the beam helicity is being flipped (the experiment will be “gated off” during this time;
the beam will continue to run).

The liquid hydrogen target will have a length of about 20 ¢m. The existing SAMPLE
target will be modified for this purpose. With a 40pA average current the total power
deposited by the beam is about 200 W. The SAMPLE target has operated with total dis-
sipated power of about 400 W to date. The beam will be rastered over a target area of
about 0.2 cm? - comparable to that in the SAMPLE experiment.



Table 1: Summary of responsible institution and individual for instrumentation subsys-
tems.

Source construction CEBAF, L. Cardman

Source, accelerator instrumentation | CEBAF, C. Sinclair

Beamline instrumentation CEBAF, R. Carlini

Target Maryland/Caltech, B. Beise
Spectrometer UTUC, R. Laszewski; CIAE, M. Fan
Detectors ) RPI, J. Napolitano

Electronics, DAQ CMU, B. Quinn

DAQ CEBAF, S. Wood

Simulation software ASU, R. Alarcon

Precise monitoring and control of the beam will be required for this experiment. For
each measurement interval the beam characteristics — position, angle, energy and charge
must be measured. Based on the present design of the experiment, position measurements
with precision on the order of 25 um will be required for each measurement interval (the
most stringent requirements are for the position measurements used to determine the beam
energy centroid). During the experiment continuous monitoring of false asymmetries due to
changing beamn characteristics will require substantial interaction with various accelerator
controls, including, for example, some control of steering in the beam switchyard.

The collaboration brings much experience in both electron scattering and parity-
violation experiments, in the instrumentation necessary for the experiment, and in knowl-
edge of the CEBAF accelerator. Arizona State is undertaking the GEANT and TOSCA
sinulations. The Caltech and Maryland groups will be responsible for the target. The
Carnegie Mellon collaborators will provide the data acquisition electronics. CEBAF takes
responsibility for accelerator and bearnline instrumentation as well as general experimen-
tal support. In addition CEBAF will make a substantial contribution to the overall cost
of the new instrumentation. The spectrometer will be designed and constructed by the
University of Illinois and the China Institute of Atomic Energy. Illinois has also provided
the polarized electron source for the accelerator. The detectors will be built at RPI. The-
oretical support will be provided by Musolf and Holstein, with particular emphasis on the
radiative corrections. A summary of the responsibilities for the experimental subsystems
is presented in Table 1.



2 Physics

2.1 Introduction

There is strong experimental evidence that the quarks and gluons of the QCD Lagrangian
are observed in deep-inelastic scattering and high energy ete™ annihilation among other
processes. This is the regime in which the interactions of quarks are weak; it is “QED-
like” in the sense that perturbation theory is a suitable tool. However, at low energies,
QCD exhibits at least two properties which make it very different from QED, those of
confinement and spontaneous chiral symmetry breaking. Here perturbation theory is not
suitable and much effort has gone into discretization (lattice) and other techniques to try
to understand QQCD in the strong coupling regime. The purpose of this experiment is to
make a low energy measurement of a quantity precisely defined in the context of QCD.

At low energies (corresponding to distance scales ~ 1 fm) little is known about the
detailed structure of hadrons within the framework of QCD. As effective degrees of freedom,
constituent quarks have proven to be very successful in categorizing and understanding the
spectra of baryons and mesons. Neither the general properties of constituent quarks nor
their relationship to the quarks of QCD are well understood. For example, how large is
a constituent quark? What are its charge and magnetic moment densities? Does it have
any “excited” states? [We90] How does it respond to its environment (or, for example,
are the constituent quarks in the nucleon and the pion the same)? One of the other
successfully demonstrated consequences of QCD at low energies is the near chiral limit in
which pions (at least) play the role of Goldstone bosons. [Do89] This “chiral perturbation
theory” leads to the recovery of the current algebra phenomenology of strong interactions.
The relationship of this language to that of constituent quarks is not clear, although some
connection can be made through the “chiral quark” effective Lagrangian of Manohar and
Georgi. [Ma84a)

In this experiment an approach will be made from a different direction to try to gain
some insight into the consequences of QCD at low energies. The ¢g sea, whose importance
at these energies is relatively unknown, is subsumed in effective degrees of freedom in
all of the pictures described above. Because this measurement is sensitive to s quark
contributions, and because s quarks are restricted to the sea in the nucleon, it can provide
direct information on the importance of the §¢ sea at low energies. We note that even
upper limits on the s quark contribution of a few percent (in this experiment determined
directly), should that be the result, are as important as, for example, the indications of s
quark contributions of tens of percent from other experiments discussed below.

There is some experimental evidence that suggests the s quark contribution to various



proton matrix elements is significant (notably the Ellis-Jaffe sum rule measurements [Ad93,
An93, As89] though the evidence here is mixed and the »N sigma term [Do89]). These mea-
surements determine axial-vector and scalar s quark current matrix elements in the proton;
the related quantity in this experiment is the vector s quark current matrix element. That
s quarks are present in the nucleon is not an issue - deep inelastic measurements [Ab82]
show that they carry about 3% of the nucleon’s momentum or about half the average
momentum carried by u and d sea quarks. The plausibility of significant s quark contribu-
tions to low momentum transfer matrix elements is reinforced by the fact that these same
deep inelastic measurements show that the momentum distribution s(z) diverges as ¢ — 0
(corresponding roughly to the large size components of the nucleon wave function).

The proposed experiment will measure the parity-violating asymmetries in elastic
electron-proton scattering at momentum transfers between 0.1 < Q% < 0.5 GeV2. These
asymmetries depend on both the electromagnetic proton form factors, Gg and G, and
the analogous neutral weak current form factors, GZ and G% . From the neutral weak
current form factors and the measured electromagnetic form factors of the proton, one can
extract the so-called flavor singlet form factors, G% 5, which characterize the difference
between the corresponding electromagnetic and weak form factors. These form factors are
determined by proton form factors only (including those from this measurement) and are
therefore independent of the less well known neutron form factors and of a model linking
the proton and neutron,

Alternately, one can combine the electromagnetic form factors of the proton and neu-
tron with the weak neutral current form factors of the proton and determine the s quark
contributions to the form factors (as indicated below). Asymmetries will be measured at
both forward and backward angles using the same spectrometer to enable us to separate the
charge and magnetic form factors in each case. It should be noted that the only assump-
tions required to extract the s quark components of the form factors are that the quarks are
point-like (and that we know their charges), that ¢ and heavier quarks do not contribute
significantly and that there exists a model relating proton and neutron structure.

Little is known about the nucleon s guark (or, equivalently, the flavor singlet) form
factors. Only the normalization of the s quark contribution to the charge form factor is
known - since the proton has no net strangeness, Gz'(Q* = 0) = 0. Neither the normal-
ization of G} nor the @? dependences of either form factor are constrained by experiment.
There are preliminary results of an analysis [Ga93] of the Brookhaven E734 [Ah87| p(v, )
experiment, which indicate that the G} and G}, are small averaged over the momentum

transfer range 0.5 < Q% < 1.0 (see Section 2.4).

In principle, the asymmetry is sensitive to deviations from the Standard Model as
well as to hadronic structure. However, the effect from possible new physics beyond the



Standard Model is expected to be about an order of magnitude smaller than what might
be expected from s quarks at these momentum transfers (although both estimates are
obviously crude). If the ‘expected’ results for G% and GY; are obtained with a high degree
of precision, it might then be possible to design a set of experiments optimized to determine

all the hadronic structure physics necessary to search for departures from the Standard
Model.

2.2 Flavor-dependent nucleon currents

The electroweak probe provides a precise means of studying the currents of point-like
quarks inside the nucleon. Because they are assumed to be Dirac particles in QCD, their
(vector) currents are written simply as

T = Q37,9

where Q is the charge appropriate to v (ordinary electromagnetic charge) or Z° (neutral
weak “charge”, see below) coupling. The total electroweak current of the nucleon can then
be written as a sum of the contributions from each of the quark flavors. [CaT78, Ka88, Mc89,
Be89, Na9l, Mu93b] For example, the electromagnetic form factors can be divided up in
this way

Py 5P
1, = Y 0,63
Jj

where j runs over all quark flavors and Q; is the electric charge. (We note that this is
an exact statement.) In what follows the contributions of the quarks and antiquarks of a
given flavor are combined. For example, G5 will represent the net contribution of v and
@ quarks to the charge form factor. The expression for the electromagnetic form factors is
then

u 1 d
GEm = zGEm — §GE'?M +-..

The utility of measuring the corresponding weak neutral current of the nucleon (in this
case via parity-violating electron scattering, see Section 2.3) is that it can also be written
in terms of the Gy

1 ) -
Efﬂd = Z (ETJ?’ _ QJ sm2 Gw) G.E‘F,JM
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where (1 [2T} — Q;sin? Gw) is the weak “charge”. This in turn suggests that the contri-
butions of the quark flavors may be separated experimentally.

In order to determine Gg° or G}, the s quark vector current matrix elements of the
proton (“s quark form factors™), three measurements are required (in addition to the as-
sumption that ¢ and heavier quarks do not contribute significantly). In addition to the
form factors G%" and G%Z it is possible to make use of G%” if a model of the relation
between proton and neutron structure is assumed. The simplest relationship is that inter-
changing u and d quarks will transform a neutron into a proton and vice versa (isospin

symmetry), i.e., in this language

u,p _ dn
EM — GE,M
d,p _ TR
GE,M "'"' EM
$,p _ LR
EM = GE,M

The s quark form factors are then
par = (1= 4sin® 0w ) Gy — Gy — 4Gy

with similar expressions for the u and d quark form factors. We note that this experiment
will allow the three pairs of form factors G3%,, GEy and Gg"f{,, to be written as the
set G pr, G5 ar and G 5. The u and d form factors, combinations of valence and sea
contributions, also contain interesting information. The non-zero neutron charge radius,

for example, suggests rather different u and d form factors. [Be92]

It is possible that s quarks could show up in either Gg or in Gy if they are significant.
In order to contribute to the charge form factor there must be a ‘polarization’ of the s and
5 distributions, 1.e. they must have different spatial distributions. The presence of s and 5
with different angular momenta — opposite my, for example ~ would result in a contribution
to Gar. A variety of combinations is therefore plausible in which s quarks would contribute
more to one form factor than the other. It should be noted that at present no microscopic
model is capable of realistically linking the contributions to the charge and magnetic form
factors.

The experiment may also be discussed in a model-independent framework. Since the
electromagnetic and weak neutral currents of the nucleon are related, it is natural to ask
what new information is contained in the G",’_;jfw. For this purpose it turns out to be
useful to rewrite the individual flavor contributions in terms of an SU(3) flavor basis. The
electromagnetic form factors are then

Py 3,p 1 8,p
EmM=GCGEmT ﬁGE,M
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where
‘r i dl;
G:J};]‘,M =5 ( EM — GE,M)

are the ordinary isovector form factors, and
1
GSVP — Gusp + Gd-P - 2G"lp
E.M ‘_'“2\/5 ( EM EM E,M)
are the octet contributions. In this basis the neutral weak form factors are

1 1 1 1
G’}’.ﬁ” = (5 — sin? Gw) Gy + (~2——\/_——§ - —\7-§sin2 Gw) Gy — ZG%’TM
1
= (5 — sin® ﬂw) B — ZG%’""M

where 1
Q, U, ds '
Ggim = 3 ( gm + G + GSEI,’M)
are the flavor singlet proton form factors. Therefore, the new information in the measure-
ments is the flavor singlet current. It, along with the octet current, is sensitive to s-quark
contributions.

At this stage there are no reliable microscopic models of the nucleon which could
predict any such distributions. The phenomenological model of Jaffe [Ja89] in which the
dispersion theory based approach of Hohler et al. [Ho76] is extended to include a strange
vector meson, the ¢(1020), is apparently in disagreement with the recent analysis of the
E734 neutrino scattering data (see Section refsubsec:precision. Attempts have also been
made to consider the contributions from the point of view of kaon admixtures in the
nucleon wave function, both in the SU(3) Skyrme model [Pa91] and in Ax admixture
models. [Mu93a, Co93] These models give generally small results. A recent cloudy bag
mode] calculation [Ho93] predicts a rather large positive G3,(Q? = 0) of 0.4 n.m. whereas
most of the other models predict comparable negative values.

2.3 Parity-violating elastic electron scattering

Electron scattering by current distributions is described by the coherent sum of v and Z°
amplitudes

M=M"+ M?
although we tend to ignore M7 since it is very small, roughly 10~% as large as M".

However, MZ, unlike M”, has both vector and axial-vector pieces. Therefore, the cross
term in the cross section violates parity.
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The cross term can be determined experimentally by comparing two parity-sensitive
cross sections whose parity-conserving parts are identical. In this case the two cross sections
are those of longitudinally polarized electrons with positive and negative helicities. Because
the parity-violating terms in the cross sections are proportional to the electron helicity, the
asymmetry is directly related to the cross term, i.e.

9+

— — - ¥ aqZ |2
A_a++a_°CM MM

In terms of the form factors defined earlier, the asymmetry for elastic €p scattering is [Ca78,

Mc89, Be89, Nagl, Mu93a]

G 2
A = =CE9 (Apt A+ Ad) /4D
o2
where
Ag = EGEG%,
AM = TG},IGJ%;,
1
Ax = —3(1- 4sin0w)\/r(1 + 7)(1 — €2)G},GZ,
Ap = e(GL) +7(G3)?,
and

e = [1+2(1+7)tan’0/2]”

Note that £ can be varied between zero and unity for a fixed Q? by varying the beam
energy and electron scattering angle. The “axial-vector” term proportional to G% arises
from the axial-vector current in the proton which may couple directly to the Z°. Note

that it is suppressed relative to the vector “electric” and “magnetic” terms because of the
factor (1 — 4sin® fy) = 0.08.

Knowing G4 [Ba81, Mi82, Ki83], it is possible separate GZ and G% by making asym-
metry measurements at the same momentum transfer but different values of £. Figure 1
shows the contributions of each of the three terms to the asymmetry for the lowest and
highest momentum transfers proposed. This plot is analogous to the Rosenbluth plot for
ordinary electron scattering. Note that the magnetic term, Aps, dominates the asymme-
try over the range of the experiment. In particular, it is therefore not possible to ex-
tract information about GZ with forward angle measurements alone. For this experiment,
e = 0.95 — 0.99 for the forward angle measurements and ¢ = (.2 at back angles.
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Figure 1: “Rosenbluth” plot of the parity-violating asymmetry showing the contributions
of the three terms for a) Q% = 0.1 GeV?, and b) Q% = 0.5 GeV?. The terms Ag and A
are shown for both no s quarks and the Jaffe [Ja89] model. All asymmetry contributions
are positive except Ag(Q? = 0.5) for no s quarks.
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Table 2: Summary of proton and neutron form factor uncertaintics used to obtain the
results for G% and G, shown in Figures 2 and 3. Note the improved precision listed for
G% and G% - such measurements are planned for CEBAT. Note also that the uncertainty
listed for G% corresponds to that of its radiative correction as discussed in Section 2.6.

Quantity | Uncertainty
(%)
AGR |G 2
AGYIGRY 2
AGRT/GE” 20
AGY G 3
AGRZIGR* 10

2.4 Expected results

The expected results from the experiment are summarized here. The details of the experi-
mental parameters such as kinematics, luminosity, acceptances, rates and asymmetries are
presented in Section 3.2. In Figures 2 and 3 the expected results are shown for the s quark
form factors G} and G}, assuming pn isospin symmctry and the experimental parameters
as listed in Tables 3.1-3.5. (The backward angle asymmetry required at Q? = 0.125 GeV?
is taken from the expected result of the SAMPLE experiment.) In addition, the uncertaintics
in the proton and neutron form factors needed to extract G and G4 are listed in Table 2,
The uncertainties shown do not include systematic uncertaintics (which arc expected to
be small relative to the statistical uncertainties for Q% > 0.2 GeV?) nor do they include
uncertainties in the radiative corrections for the weak vector form factors (the large un-
certainty in the axial-vector form factor is included). It should be noted that whereas the
uncertainty in G% is dominated by the statistical uncertainty in this experiment, there are
roughly equal contributions to the G}, uncertainty from the combination of statistics and
uncertainties in G4 and Gﬁ,‘z. We note that with a possible improvement of a factor of
2.5 in the figure of merit from the polarized source, the uncertainties for G would then
have equal contributions from statistics and the uncertainty in G

Also shown in these Figures are the preliminary results from the reanalysis ol the
Brookhaven E734 experiment. [Ga93] These determinations of the form factor result from
fits to the v and 7 proton elastic scatlering data (note that 79% of the protons in the
target were bound in '2C and ?"Al) to extract, effcctively, the three form factors G,

s, and G% along with the axial vector dipole mass parameter M, and two overall scale
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Figure 2: Expected result for G assuming pn isospin symmetry, the cxperimental param-
eters of Section 3.2 and the uncertainties in the proton and neutron form faclors listed in

Table 2 for G%(Q?) = 0 and the model of Jaffe [Ja89)].
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Figure 3: Expected result for G}, assuming pn isospin symmetry, the experimental param-
eters of Section 3.2 and the uncertainties in the proton and neutron form factors listed in

Table 2 for G3,(Q?) = 0.
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parameters. Because there is a term in the cross section that is proportional to G4G%,
and this term changes signs for ¥ relative to v, G% and hence G}, determined by the
cross section difference, is the most precise result of the analysis. The fits assume a simple
dipole parameterization of the s quark form factors with the same mass as the overall
dipole form factors (though some related forms were tested with similar results). The
uncertainties shown for these data are from statistics and both overall normalization as
well as Q% dependent systematic experimental uncertainties; no uncertainties are included
for model dependence.

Back angle asymmetries may also be measured for 0.5 < @?<3 GeV? by adjusting
the collimators to limit the angular acceptance and retain the separation of the elastic and
inelastic electrons. Useable effective solid angles vary from about 0.5 st for Q% = 0.5 GeV?
to 0.28 sr at Q2 = 3 GeV2 The uncertainties anticipated for such mecasurements with
one month of beam time per measurement are shown in Figure 4. We note that because
the asymmetries are increasing with Q% the systematic uncertainties are less significant
than in the lower Q? measurements above. Higher Q% forward asymmetry measurcments
using lower incident energies may also be possible with comparable statistical precision
and reduced Q? resolution (see the Technical Design Report, Section 8.3.11). Lower Q?
measurements will also be possible, limited by the minimum dctectable proton energy.
With kinetic energies of 30 MeV, protons will lose about 1/2 of their energy exiting the
spectrometer and stop in the detector scintillators — this lower limit corresponds to Q% =

0.056 GeV?2.

2.5 Complementarity with Hall A program

The plans of the Hall A collaboration [[Fi91] to measurc forward asymmetries for the
proton at momentum translers between about 0.3 and 1.3 GeV? complement the present
measurements well. There will be some overlap in the forward asymmetrics and their
measurements, combined with the back angle asymmetrics from the present experiment
for momentum transfers above 0.5 GeV? will enable us to extend the separation of G%
and G% significantly. The projected uncertainties of about 5% in the asymmetry are
comparable to those from the higher Q* G0 measurements.

There are also plans for forward ?H and *He measurements [[i91, Be91] in Hall A.
A comparison of nucleon form factors determined from all experiments will be useful to,
among other things, set limits on changes in these nucleon properties in nuclei.
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Figure 4: Expected results for possible high @? back angle asymmetry measurents. The
experimental parameters of Section 3 are assumed; the running time for ecach point is 700 h.
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2.6 Radiative corrections

A proper interpretation of precision measurements of the hadronic neutral current
requires that one take into consideration corrections to “tree-level” formulae introduced
by higher-order electroweak processes. While the scale of these corrections is generically
of O(G,af4r) at one-loop order, their importance relative to the tree-level amplitudes can
be enhanced by the presence of large logarithms in one-loop amplitudes and by accidental
numerical suppression of tree-level terms. [Mu90] In addition to carrying a dependence
on the undetermined Higgs and ¢ quark masses, electroweak corrcctions can also depend
on theoretically uncertain hadronic physics. While (My, m,;) uncertainties introduce no
fundamental limitation on the interpretation of precise electron scattering parity-violation
experiments, hadronic uncertaintics can represent a more serious issue in certain kincimalic
situations. One must be clear, then about where the latter uncertainties arise and to what
extent they limit the information which might be extracted from precision measurements.
The ep elastic asymmetry presented in Section 2.3 depends on three terms each of which
has an associated electroweak radiative correction. The corrections for G% and G% may
be calculated with good precision; the correction for G% is several times larger than that
for G%;. For example, the calculation of the correction factor for GZ, dcfined by

Gg,meas _ Gg,tree(l + RE)

gives Rg = —0.33 £ 0.01; [Mu90] the scale of the uncertainty is estimated {rom the work
of Marciano and Sirlin. [Ma84b)

The potential source of difficulty for the present measurement is the relatively much
less certain radiative correclion for GZ. The correction is estimated to be fi4 = —0.24 £
0.22, [Mu90] where the uncertainly cited is only an informed guess.

An additional measurement can be made with the same apparatus, however, to im-
prove our knowledge of this correction. The parity- violating asyinietry in quasielastic
scattering from the deuteron at backward angles emphasizes the A4 term in the asymme-
try [Ha92]. As discussed in Section 3, such a measurement will allow us to at lcast confirm
the uncertainty at the level somewhat better than that cited above. Quasielastic scatltering
from deuterium at backward angles is advantageous in that the s quark (isoscalar) eflects
enter multiplied by essentially u? + y* = 0.88 and the axial form factor (including its
radiative correction) enters multiplied by essentially u” — u* = 4.7. Therefore, in such a
measurement the unknown s quark effects are suppressed relative to the unknown axial
form factor radiative corrections. The roughly 3% uncertainty in the neutron magnectic
form factor G}y measurements to be done at NIKHEF, Mainz and CEBAT restricts inter-
pretation of this deuteron quasielastic asymmetry at the level of ~ £0.1 for the radiative
correction.
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The ordinary radiative effects which enter into normal electron scaliering experiments
do not enter the asymmetry to first order. They do, however, affect the rates in that cach
cross section will be reduced by, in our case, about 15%. Therefore, the nominal running
times for the experiment have been increased by the appropriate factor.
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3 Experiment

3.1 Introduction

In this experiment the parity-violating asymmetry in elastic clectron-proton scattering
will be measured at forward and backward angles in the @? range of 0.1 to 0.5 GeV?Z.
Because the asymmetries in such experiments are small, a large counting rate is required.
In the present case the measured asymmetry will be a few x107% and in order to achieve
a statistical precision of 5% of this asymmetry approximately 10'® counts will be nceded.
The large counting rate is generally obtained by using a combination of high luminosities
and detectors with large acceptances. In the present cxperiment a 20 cm long LH; target
will be used with a 40 pA beam current (£ = 2.1 x 10 cm~2 s7!) and a detector with
a solid angle acceptance of 0.9 sr for the forward angle mecasurements and 0.5 - 0.9 sr for
those at back angles.

In order to perform the most precisc scparation of GZ and G% it is advantageous to

1. measure forward angle asymmetries for values of € as near to 1 as possible (it can be
seen from Figure 2.1 that the axial contribution drops only near € = 1) and,

2. measure backward angle asymmetrics with small € Lo increase the lever arm as much
as possible.

The first requirement implies very forward electron scattering angles at these momen-
tum transfers, and this condition is in turn difficult to handle given the requirement for
high luminosities and large solid angle acceptances. The condition of large ¢ can also be
met by detecting the recoil protons at relatively large angles which is the choice for this
experiment. The second requirement can be met by detecting electrons al the comple-
mentary angle to that of the recoil protons (operationally by turning the spectrometer
‘end-for-end’ relative to the beam direction) because € docs not vary rapidly with angle in
the backward direction (¢ = 0.2 for the kinematics of this experiment).

Further, the recoil protons and elastic electrons for the conditions set out above have
roughly the same momentum for the Q? range of interest. The maximum momentum
of the spectrometer is chosen to match the maximum proton momentum ~ 800 MeV;
this range of momentum also allows the spectrometer to be used to measure backward
asymmetries as high as @* = 3 GeV? (see Section 2.4). For these moderate momenta,
a relatively simple spectrometer of very large acceptance can be designed (see Technical
Design Report). Another important characteristic of this spectrometer is the choice of zero
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magnification optics, (z|z} = 0,! rather than the point-to-point optics common in dipole
spectrometers. This allows us to use a long target while preserving a large solid angle
acceptance.

In particular, this spectrometer has been designed to minimize the overall experimental
running time by taking advantage of rapid variation of Q? with proton angle in the forward
measurement combined with a solid angle acceptance which is ncarly as large for cach of
the back angle measurements. As can be seen in Figure 5, the momentum transfer in
the forward measurement varies from about 0.1 to about 0.55 over the range of proton
angles from 80° to 60°; in the backward measurements, however, the momentum transfer
varies slowly (as it does for all angles backward of ~ 60°). The spectrometer is designed to
measure the entire range of momentum transfers in a single forward measurement. Such
a strategy is impossible for the back angle. Therefore, the objective for the back angle
measurements 1s to maximize the total angular acceptance without adverscly eflecting the
range of the forward measurement.

To illustrate the present balance, it is useful to consider an examplec in which the same
experimental results are obtained and the total running time (presently one month forward
plus three months backward) is reduced by 25% by increasing the back angle acceptance.
Increasing the back angle acceptance significantly would lead to a reduction in the Q2
range of the forward measurement (as discussed below) such that (at least) two forward
measurements would be required. For this example the back angle acceptances would have
to increase by a factor of three to obtain the 25% beam time reduction! An increase from
0.9 to 2.7 sr (corresponding to a scattering angle acceptance of about 55°) at the lowest
momentum transfer in the backward direction seems unlikely. We present below a simple
argument which suggests that significant increcases in the back angle acceptance make the
forward angle measurements (and the whole experiment) much more time consuming.

The primary requircment for the back angle mcasurcments is resolution of the clastic
and inelastic electrons. Ideally, one would like to place all clastic electrons at the same
point on the focal plane and all inelastic electrons, whose energy roughly tracks that of
the elastic electrons, in some separate region. Schematically this could be accomplished
by using the matrix elements (z|p) and (x|0) to account for the kinematic variation of
final elastic electron energy as a function of scattering angle, i.e. one would like to set the
variation of # with respect to the clastic energy equal to zero. To lowest order the position
at the focal plane is

z = zo + (z[p}(p(0) — po) + (]0)(0 — o).

!To be precise the focal plane is defined by the minimum of (z|z) for a given point in the plane normal
to the trajectories.
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Figure 5: Forward (solid) kinematics for proton detection. Back angle (dashed) kinematics,
for example, at Q* = 0.5 GeV? (‘0" for back angle is complement of actual scattering angle).
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The desired condition can then be expressed (to the same order) as

dz dp _

Now, for a toroidal spectrometer similar to the one proposed here the matrix elements
are on the order of +0.5 cm/MeV (~ 2.5 cm/%) and -0.5 cm/mr, respectively, but the
derivative is small: dp/df ~ —0.1 MeV/mr. Therelore, it is very difficult, even in first
order, to group all the elastic electrons from a large angular bite in a small region of the
focal surface without reducing (z|@) by an order of magnitude (while changing its sign and
keeping (z|z) = 0) or increasing (z|p) by the same amount {or some combination of the
two). Increased dispersion (z|p) would reduce the Q? range in the forward measurement
for a fixed detector size. Since significant changes in this quantity are called for, two or
more forward measurements would be required Lo cover the % range of interest. We note
finally that increasing the dispersion and enlarging the detectors significantly is ultimately
limited in an azimuthally symmetric device because of the fixed distance from the beam
line to the floor.

There are also several advantages accruing from the spectrometer and the design for
the experiment that are particularly uscful for measurements of small asymmetries. It
is azimuthally symmetric thus the sensitivity to systematic errors associated with beam
motion is minimized. Forward and backward angle mecasurements can be made with the
same device. The spectrometer has no magnetized iron, thercflore, false asymmetries due
to secondary scattering will not be a problem. There is zero magnetic field at the target
position. It is a standalone device which will provide the stability of setup important to
such measurements. Finally, this spectrometer is small enough to be positioned upstream
of the pivot in Hall C so that interference with other experiments will be minimal.

In addition to the need for large rate, the experiment must be designed to reduce
systematic errors to an acceptable level - the goal also being AA < 2.5x 10~7 from helicity
correlated effects, or about 5% or less of the measured asymmetry. This requires precise
monitoring of beam characteristics such as position, angle, shape, encrgy and intensity as
well as spectrometer acceptance, counting rates and backgrounds. The elfects of each item
on this list are described below in Sections 3.3 4.3 and 4.4. The beam monitors are also
described in the Technical Design Report Section 6.4,

3.2 Kinematics and rates

The basic layout of the forward angle experiment is shown in Figure 6. Polarized electrons
scatter from the target cell; recoiling protons in the angular range 61.2 - 77.4° are sorted
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Figure 6: Schematic layout of the forward angle experiment (proton detection).

according to their @? by the spectrometer. This Figure may be viewed as 1/4 of the exper-
iment — it shows the particle trajectories for two of the eight segments of the azimuthally
symmetric (with respect to the beam axis) spectrometer. With an incident energy of 3.0
GeV, this angular range for the protons corresponds to the @* range of 0.1 - 0.55 GeV?.
Therefore, the forward angle asymmetries for the Q2 bins centered at 0.125, 0.2, 0.3, 0.4,
and 0.5 GeV? may be measured simultancously by using secgmented detectors. The pro-
tons are detected by an array of plastic scintillators which arc nominally 1 cm thick. The
detectors will be shielded from the target by the internal collimator (shown schematically)
as well as by a much thicker lead shield for neutrons (not shown), and [rom general hall
background with concrete shielding.

The layout for the backward angle measurement is stmilar except that the spectrom-
eter is reversed with respect to the beamn direction as shown in Figure 7. In this case
electrons scattered from the (same) target cell are detected in the angular range centecred
around approximately 108°. For the backward angle mcasurcments, the @* range for a par-
ticular incident energy is small (typically 0.02 GeV?); thercfore, each value of Q2 requires a
separate measurement at a specific incident energy. Four such measurements are planned
corresponding to @? values of 0.2, 0.3, 0.4 and 0.5 GeV? (thc back angle asymmetry at
@? = 0.1 GeV? is being measured in the SAMPLE experiment at MIT-Bates). This setup
will also be used to measure the asymmetry in quasielastic scaltering from the decuteron
to investigate the radiative correction associated with the axial- vector form factor (sce
Section 2.6).



ELECTRON TRA)ECTORIES

DETECTORS

1

y o

SECTOR COLLIMATION G

Figure 7: Schematic layout of the backward angle experiment (electron detection).

Table 3: Range of kinematics for forward angle asymmetry measurement (proton dctec-
tion). The incident beam energy is 3.0 GeV.

Q? o P T | ¢
(GeV?) || ((deg)) | (MeV) | (MeV)
0.10 77.4 321 93 0.994
0.55 61.2 797 293 0.962

The detailed kinematics for the experiment are presented in Tables 3 and 4. We note
again that the forward angle asymmetries in five Q2 bins will be measured simultancously
utilizing a beam energy of 3.0 GeV. Each Q? point at backward angles will require a
different beam energy as shown in Table 4. The deuterium quasielastic measurement will
likely be done at @Q? = 0.5 GeV?; the kinematics are identical to the kinematics for elastic
scattering from the proton at Q% = 0.5 GeV2.

A summary of the experiment parameters is presented in Table 5. With the 20 c¢m
LH; target (length limited by the spectrometer acceptance) and a beam current of 40puA
(taking the same average current and hence the same beam power deposition density as in
the SAMPLE experiment at MIT- Bates) the luminosity is 2.1 x 10°® ¢m~2 s~'. The beam
will be rastered over an area of approximately 0.2 cm?.
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Table 4: Kinematics for backward angle asymmetry measurements (electron detection). A
separate measurement (incident energy) is required for each Q2. The quasielastic deuterium
experiment would likely be done at Q* = 0.5 GeV? (the kinematics for the elastic proton
and quasielastic deuteron are identical). :

Qz Ek E';e 0; £
(GeV?) | (MeV) | (MeV) | ((deg))

0.2 335 228 108 0.260

0.3 428 268 108 0.196

0.4 512 299 108 0.192

0.5 590 324 108 0.188

Table 5: Experimental apparatus parameters.

Average current 40 pA

Target length 20 cm

Target thickness 1.4 g/cm?
Luminosity 2.1 x 10 cm™2%s!

Spectrometer acceptance (forward) | 0.9 sr ([sin0A0 = 0.26, A¢ = 0.45] x 8)
Spectrometer acceptance (backward) | 0.5 - 0.9 sr
(5indA0 = 0.15 — 0.26, A¢ = 0.45] x 8)
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Table 6: Summary of rates, asymmetries and uncertainties for the forward angle mcasure-
ment.

Q* Ay, | dofdSY, | Rate A | Time | Adyar | AAsar/A
(GeV?) (sr) | (ub/sr) | (MHz) | (10-%) | (h) | (1077) (%)
0.10 - 0.15 | 0.155 1.19 38.7 1 -3.06 700 2.07 6.8
0.15 - 0.25 ] 0.239 0.671 33.7 | -4.76 700 2.21 4.7
0.25-0.35 | 0.187 0.283 11.1 -8.90 700 3.86 | 4.3
0.35-0.45 [ 0.165 | 0.146 475 ( -13.9| 700 5.90 4.2
0.45 - 0.55 | 0.134 | 0.0850 239 -19.4 | 700 8.32 4.3

The rates, asymmetries and statistical uncertainties for the forward and backward
angle measurements are presented in Tables 6 and 7. The rates given are for the entire
spectrometer. Each of the eight segments will be instrumented with 14 plastic scintillator
detectors — the segmentation being necessary to maintain a maximum counting rate of 1
MHz in each detector. We note that for the backward angle measurement typically one
to four detectors per segment will be required to measure the elastic electrons (inelastic
electrons can be measured in the other segments which correspond to lower momentum).
The asymmetries in these Tables are calculated assuming no s quark contribution. The
running times are chosen to obtain roughly 5% statistical precision. A 3% measurcment
is required for the deuterium quasielastic measurement; because of the larger cross seclion
and asymmetry this measurement requires a shorter running time. A beam polarization
of 49% is assumed throughout.

3.3 Physics backgrounds
3.3.1 Introduction

In the forward angle measurement the spectrometer described in the Technical Design
Report will accept protons over a broad but correlated range of momenta and scattering
angles corresponding to the recoil proton kinematics. For the forward angle measure-
ment the main backgrounds come from inelastic protons and pions. The backward angle
measurement should be very clean since 7~ ’s are kinematically forbidden and there is a
significant separation between elastic and inclastic electrons.
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Table 7: Summary of rates, asymimetries and uncertainties for the backward angle mea-
surements. The deuterium quasielastic measurement is shown in the last line of the table.
It requires less time to obtain a smaller relative uncertainty in the asymmetry both because
the cross section and asymmetry are larger than those for the proton measurements.

Q7 [AQ, [do/d0, | Rate| A | Time | AAum | AAualA
(GeV?) | (sr) | (nbfsr) | (MHz) | (10°8) | (h) | (1077) (%)
0.2 0.9 41.2 4.33 -12.3 390 6.18 9.0
0.3 0.75 22.4 2.43 -19.6 470 8.25 4.2
0.4 0.6 13.6 1.43 -27.6 580 10.8 3.9
0.5 0.5 8.84 0.928 -35.4 700 13.3 3.8
0.5 0.50 12.2 1.28 -47.2 460 14.0 3.0

3.3.2 Inelastic protons

Two studies have been made of the inelastic proton background for the forward angle
measurement. First, a measurement was carried out at SLAC using the NPI injector beam
at 2.4 GeV and the 1.6 GeV spectrometer at a scattering angle of 63.5°, essentially the
same kinematics as for the proposed experiment. While this measurement was not made
under ideal conditions (the spectrometer trigger was set up for positrons, with pions and
protons being prescaled by a factor of 128, and all the measurements were made in about
30 min), the results support the inelastic cross sections from the Lightbody and O’Conncll
code as shown in Figure 8. The data in this Figurc correspond to only the elastic and
inelastic protons. The pions have been (largely) cut out using a pulsc height cut on the
scintillators. The background that extends above the elastic peak might be pions that were
not excluded by the cut (we note that the elastic peak energy is the kinematic limit for
inelastic protons from the LH; in the target). There were no positrons seen, with a limit
of about 10™* of the elastic proton rate.

Whereas the momentum and scattering angle resolution of the 1.6 GeV spectrometer
in the above case are relatively very good, the spectrometer in the the present experiment
has poorer resolution but is tightly correlated to the elastic kinematics. A detailed Monte
Carlo study has been performed using the inelastic proton cross sections from Lightbody
and O’Connell, and including the optics parameterization of the spectrometer for the {ull
acceptances as well as multiple scattering in a realistic target. This Monte Carlo also
includes the cut from the collimator in the middle of the spectrometer (also described in
the Technical Design Report, Section 8.3.5). It should be noted that whereas the coils of
the spectrometer enclose a large volume, the restriction of the allowed phase space at the
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Figure 8: Proton spectrum from elastic ep scattering at 2.4 GeV incident energy and proton
scattering angle of 63.5° The calculation of the inelastic protons (solid line) is from the
code of Lightbody and O’Connell. The residual background (dotted line) seen above the
peak may be due to 7t that were not cut from the spectrum.

focal plane represented by the collimator is very severe. In other words, this is not an
open spectrometer geometry like that of the CLAS, but is more nearly like that of the 1.6
GeV from the point of view of shielding of the dctectors. The Monte Carlo results for the
(combinations of) detector segments corresponding to cach Q2 bin arc shown in Figurc 9.

The ratios of the raw (no time-of-flight cut) inelastic background to the elastic signal
are listed in Table 8. These ratios can be reduced by applying a time-of-flight cut; at
@? = 0.3 GeV? such a cut reduces the background by a factor of about two. The t.o.f.
spectrum for this typical case is shown in Iigure 10. I"inally, by simultancously measuring
the inelastic asymmetry using the appropriate time bin, the uncertainty in the contribution
of the inelastic protons to the elastic asymmetry should be reduced to negligible levels.
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Figure 9: Monte Carlo simulation of elastic (inclastic) proton spectra for detector segments
corresponding to a) Q% = 0.125 solid (dotted) histogram, 0.3 - x3 - dashed (dotdashed)
histogram and 0.5 GeV? — x10 - solid (dotted) histogram, and b) Q? = 0.2 solid (dotted)
histogram and 0.4 GeV? - x5 — dashed (dotdashed) histogram.
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Figure 10: Time-of-flight spectra for protons at a) Q% = 0.2 GeV? and b) Q? = 0.4 GeV?.
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Table 8: Ratio of raw (i.e. no time-of-flight cut) inelastic to elastic protons, Ripe for each

Q2 bin.

Q2 Rinel
(GeV?) | (%)
0.125 3.4
0.2 9.9
0.3 11.2
0.4 5.2
0.5 < 0.5

3.4 Neutrons

The high luminosity required for this experiment will result in a high rate of neutron pro-
duction in the target. If left unshielded, these would cause high background rates in the
scintillation counters. In addition to degrading the performance of these counters, this
would tend to dilute the asymmectry. Furthermore, if there is a helicity dependence to
the neutron production, this would contaminate the asymmetry of interest. Heavy shicld-
ing will surround the spectrometer to reduce room background’ neutrons from exiernal
sources, such as the beam dump. Because of its close proximity to the detectors, shielding
of the target merits special attention. The emphasis will be placed on the line-of-sight
between the target and detectors. Neutron shielding will be built into the spectrometer to
reduce this background to inconscquential levels. No attempt will be made to block the
most intense flux of neutrons, at small angle from the beam, so as to avoid scattering them
into the detectors.

A first-iteration design for the shielding has been tested using a standard neutron
simulation Monte Carlo code, MCNP [LA81], with a well-tested high energy transport
front-end, LAHET [Pr89]. Several enhancements of the code were required to make the
source and detection descriptions suitable for this task. An elongated source was added,
with the actual starting point of each neutron randomly chosen along a 20.0 ¢cm length to
simulate the effect of the finite length of the target. The initial encrgy of each neutron is
chosen randomly, according to a weighting distribution, and the initial angle is then chosen
with a weighting distribution appropriate for that energy. In both cases the distributions
used are simple parameterizations of experimental distributions for protons observed in
inelastic electron scattering at several GeV incident electron energy. The approximation
is made that the inelastic neutron cross-section is equal to that for protons. Finally,
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detection probability is modeled by a reasonable mean free path applied to the actual
detector thickness presented to each neutron. This is determined from the angle (relative
to the normal) of each neutron as is crosses the detector surface, which is presently modeled
as sections of a cone.

Figure 11 shows a cross-sectional view of the present shield simulation. The shield has
rotational symmetry about the beam axis, forming a cone, except for gaps at the positions
of the spectrometer’s super-conducting coils. The first layer encountered by the neutrons
is made of lead and has a central thickness of 41 cm along the flight dircction. This serves
to scatter some neutrons off the path to the detector and to degrade the energy of most of
the remainder. This is followed be 25 cm of paraffin and boraffin (borax-doped paraffin)
to slow and absorb the neutrons. Early calculations showed that the shield itself acted
as a significant source of low energy background neutrons in the diametrically opposite
detectors. A 2 cm thick paraffin backing has been added on the beam-side of the detectors
to protect against this effect. The lcad shield is not a rectangle in cross-section because
our studies have shown that the inner corner would then act more as a source of neutrons
than as an effective shield because of the high flux of small-angle neutrons which would
strike it.

The rates of above-threshold neutron-induced interactions calculated in this model
vary across the focal plane from about 16 kHz to 40 kHz per dctector. Of this, about
6 kHz results from neutrons penetrating the shield and the majority of the remainder
results from neutrons which are scattered from the shield into another detector, not atong
the original line of sight. The next stage of the optimization is clearly to try to eliminate
those neutrons which are scattered out of the line-of-sight shiclding toward other sectors.
This can be accomplished by simply increasing the thickness (presently only 2 cm) of the
paraffin backing near the detectors. The goal is, therefore, to try to approach the neutron
rate from direct penetration.

These rates are quite moderate in comparison to the average 500 klz signal rate
expected when the spectrometer is in this forward-angle configuration. In addition, because
of the wide range of speeds and flight-paths involved, the neutrons are expected to be
roughly uniformly spread in time. The proton signal of interest is expected to come within
a window of approximately 3 ns out of the 32 ns repetition time. The contamination of
the signal by neutrons will thus be decreased by an order of magnitude by the time-of-
flight cut. This should reduce the neutron contribution under the peak to a few percent
or less of the signal, with the present shield design. The effect of dilution of the measured
asymmetry will therefore be small and calculable. (It will be possible to estimate neutron
background contribution both by interpolation of the flat background and by measuring
rates with the spectrometer field off.) The false asymmetry contribution should also be
small, even if the asymmetry of the neutron background is several times larger than the
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Figure 11: Cross-sectional view of the simulated neutron shield. Shield has rotational
symmetry about the beam, except for eight 12 cm gaps at the positions of the magnet
coils.
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asymmetry of interest.

Further studies of the neutron background and optimization of the shieclding are con-
tinuing, using the Monte Carlo programs described above.

3.4.1 Pions

For the forward angle measurement, the 7% background, dominated by pions from A pro-
duction at relatively low Q? (effectively from photoproduction), is essentially independent
of momentum and angle in the acceptance of the spectrometer {cross sections from the
code of Lightbody and O’Connell [Li88]). The rate in each detector is roughly equal to the
elastic rate at @? = 0.4 GeV?2. These pions (and any other prompt particles that evade the
shielding) are easily discriminated using time-of- flight (typically 6 ns as compared with
roughly 20 ns for the protons) and/or scintillator pulse height (using a threshold discrim-
inator); if they are not cut out by the discriminator their asymmetry can be measured
simultaneously by recording the information from the appropriate time bin. Since there
is no direct contribution of these pions to the clastic proton signal, the only effect will
on the dead-time. However, the difference in pion rate for positive and ncgative helicity
electrons is at most on the order of that of the protons, hence, since the dead-time is small
(about 0.03 counts maximum per detector in each machinc period of 32 ns}, the eflccl on
the proton asymmetry will be negligible.

Production of 7~ is kinematically forbidden at the low incident encrgics required for
the back angle measurements (because production of two pions is necessary). If measure-
ments of higher Q% back angle asymmetries arc pursued, 7~ contaminalion of the elastic
electron signal can be sufficiently reduced using relatively small acrogel Cerenkov deteclors
to back the scintillators covering the elastic acceptance (the elastic rates in these cascs are
10’s of kHz at most).

3.4.2 Inelastic electrons

The backward angle measurements of electrons will essentially be free of background con-
tamination. There is a significant energy gap betwcen the clastic electrons and those
inelastic electrons at the pion production threshold. Figures 12 and 13 show the separa-
tion of the elastic and inelastic events for measurements at % = 0.2 and 3.0 GeV? with
effective solid angle acceptances of 0.9 and 0.28 sr, respectively.  Since, unlike the re-
coil protons in the forward angle measurement, the elastically scattered electrons arc in
this case contained on a few detectors, the inelastic background and its asymmetry may
be measured simultaneously with the separate detector elements corresponding to lower
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Figure 12: Monte Carlo simulation of elastic (upper) and inelastic {lower) electron spectra
for @* = 0.2 GeV% R and ® are defined in the Technical Design Report, Section 8. For
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Figure 13: Monte Carlo simulation of elastic (upper} and inclastic (lower) electron spectra

for Q% = 3.0 GeV? R and ® are defined in the Technical Design Report, Section 8.
Contour interval for elastic (inelastic) events is 2(4) counts.
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momenta. The neutron background, which will again be approximately uniform over the
interval between beam pulses, is expected to be a factor of about two smaller than in the
forward angle measurement [De68].

The separation of elastic, quasielastic and inelastic elecirons in the deuterium mea-
surement should be possible with an acceptance of 0.5 sr since the separation in energy
of the elastic and quasielastic peaks is larger than that of the quasiclastic peak and the
pion production threshold. Again the yield and asymmetry of the clastic and inelastic elec-
trons may be measured concurrently using detectors on either side of that containing the
quasielastic peak. It is possible in this case that detectors (covering a relatively small arca
of the focal plane) would have to be replaced with (or backed up by) Cerenkov detectors
to reject the small 7~ background from (neutron) resonance decay (the kinematic limit for
7~ is just below the quasielastic electron energy).

3.5 Room shielding

In addition to the internal shielding in the spectrometer used to restrict the angular accep-
tance (collimators), prevent particles further from the angular acceptance from reaching
the detectors, and scatter line of sight neutrons away from the, detectors, there will be
approximately 1m of concrete shielding surrounding the detectors as outlined in the Toch-
nical Design Report, Section 9.13. An equivalent thickness of shiclding will be required to
shadow the switchyard tunnel exit into the hall.

3.6 Compatibility with other Hall C experiments

As discussed in the Technical Design Report, Section 9.13, when the G0 spectrometer is on
the beamline the angular range of the HIMS is unaffected and that of the SOS is restricted
to 85055 135°. There are presently no approved or conditionally approved experiments
which would use the SOS at angles greater than 135°.

The simplest possible scenario for G0 operation is to simply remove the hiydrogen from
the target cell and move it off the beamline. This general capability exists presently in the
SAMPLE target; it is straightforward to extend the range of motion by a sufficient amount.
The target could also be warmed and removed by withdrawing it from the spectrometer
through an ‘airlock’. Lastly, the spectrometer will be able to move in and out of the
beamline (while cold) on Hillman rollers or airpads. This option allows maximum flexibility
for the beamline and unrestricted motion of the SOS.

The standard Hall C beamline from GO downstream including the scattering chamber
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will be removed for operation of this experiment. We plan to continue the beamline vacuum
from the spectrometer to just downstream of the standard pivot where the He bag begins

with large aperture beam pipe.
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4 Asymmetry Measurement Methodology

4.1 Introduction

Because parity-violating asymmetries are small, analysis of the data in this experiment is
more involved than in other electron scattering measurements. However, the framework
is relatively straightforward. The starting point for assessing the uncertainties in the
asymmetry is the normalized yield, i.e. the number of counts in the detector per unit
beam charge. The asymmetry is determined from yields for the two beam helicities (each
measured for a time T}):
Ameas Y+ - Y.

Y+ +' Y_

where

(do /dQ)LANT,

Y. =
" Qn

Ch

Qn

and do/dS} is the differential ep cross section, £ is the luminosity, AQ is the solid angle
acceptance, and Cj and @), are the total number of counts in the spectrometer and the
beam charge passing through the target in time 75, respectively. In each signal used to
determine these quantities there may be, in addition to the true signal, contributions from
random (not correlated with beam helicity) background noise, helicity correlated back-
ground noise and helicity correlated changes in beam, target and/or detector properties.
The helicity correlated piece is separated into the sct which can, in principle, be correcled,
and the remainder (“correlated noise”). These contributions comprise the uncertainties
and corrections for the experiment and are examined in turn below. Assessment of these
contributions leads to tolerances on various parameter measurements {for example, beam
position) as well as to a framework for data taking.

The experiment will involve both the counting of individual scattered protons and
electrons as well as the integration of various signals from beam monitors. Those systematic
effects which can be corrected enter the two types of mcasurements in similar ways; the
effects of noise enter in different ways. These consideralions arc detailed below.

For the purpose of planning the experiment, in order to obtain a consistent sct of
specifications, the following criteria have been adopted uniformly in the following material.
For individual contributions to both statistical and systematic uncertainties the goal is set

at 5% of the overall goal for the experiment. For example, individual false asymmetries
should be less than 5% x 2.5 x 1077 = 1 x 10~8.
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The remainder of this section is organized as follows. First, the data-taking time
sequence is described. The statistical and systematic uncertainties are then discussed.
Lastly, the analysis scheme for an asymmetry with background is presented.

4.2 Data-taking sequence

The overall experiment timing diagram is shown in Figure 14. In order to mcasure proton
time-of-flight in the forward measurement, every 16** micropulse of the nominal 500 Mliz
Hall C pulse train is used. We expect that this will be accomplished using a mode-locked
laser operating at 31.25 MHz (see the Technical Design Report, Scction 5).

The unit of measurement time for the experiment (‘the measurement interval’ or
‘macropulse’), T, will likely be 1/30 s to reduce the effect of 60 Hz (plus harmonics
and subharmonics) noise as much as possible (see also Section 4.3.2). The helicity of the
beam therefore remains constant for this period. For the time At (presently estimated to
be < 100 ps) after the measurement interval of 1/30 s, the master data-taking gate for the
experiment will be disabled while the beam helicity is flipped and the beam monitors are
read out. The beam (running at 31.25 MIz) continues throughout. The beam helicities
will be randomly chosen patterns of four, + — —4 or — + +—, such that the average time
of measurement of + and — helicity for cach set is the same. The asymmetrics will then
be calculated for each sct of four. Long term drifts that arc cssentially linear over these
4/30 s intervals will not effect the asymmetry measurement, as a result (sce also Section
4.3.2).

In addition to these time scales, the beam will be “rastered” on the target to reduce the
local power density. We anticipate covering an arca of about 0.2 cm?, consistent with the
design for the SAMPLE experiment. The horizontal and vertical rastering coils, operating
at about 10 kHz, will be driven at slightly different {requencies to produce a Lissajous figure
on the target cell. The rastering pattern will be the same for cach mcasurement interval.

4.3 Statistical uncertainties
4.3.1 Beam charge measurement

The uncertainty in the measurement of the charge should contribute only a small amount
to the overall uncertainty in the asymmetry, i.e. it should be significantly smaller than
the uncertainty in the spectrometer signal. The uncertainty in the charge measurement
will be dominated by uncorrelated background noise (i.e. not particle counting statistics)
to be discussed in general in Section 4.3.2. For all uncorrelated noise contributions to the
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Figure 14: Overall experiment timing diagram. The beam is pulsed at 31.25 MHz; the
basic measurement time will be T, = 1/30 s. Times between measurement intervals when
beam helicity is flipped and the experimental equipment is read out is § <100 us; the
beam runs continuously throughout.
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overall uncertainty, the goal in this proposal is taken to be 5% of the uncertainty due to
counting statistics (for the case of the highest counting rate of ~ 40MHz for the low 2
bins in the forward angle measurement). Therefore, if the measurement time is taken to
be T, = 1/30 s (as it will be throughout for illustration) the rclative uncertainty required
in the charge measurement is 5% of the relative uncertainty in the nunber of counts in
time T}, i.e.

Q = T U\A0MIlz T,
- 4% 1075,

Note that consideration of the helicity correlated beam intensity changes yields the same
tolerance as will be discussed below. With modest improvements in existing r.f. cavity
charge monitors we hope to meet this objective (see the Technical Design Report, Section
6.4).

4.3.2 Uncorrelated background noise

In this section the general effects of noise not correlated with beam helicity are considered
and a measurement strategy is developed to reduce them to as low a level as possible. The
effects in the counting and integration modes are similar; the result in cither case is that
if the background is small relative to the signal in cach measurcment (of duration T}), it
will remain so in the final result if some simple precautions arc taken. In the following

the measured signal is denoted by S, the true (real) signal by R and the uncorrelated
background by B.

In a measurement of duration T} (with a single beam helicity), the overall uncertainty

will be
A%S = AR+ AR

where AR = C), in the case of the signal from the spcctrometer. If the true signal is
to be measured very precisely using N such measurement intcrvals, then as long as two
conditions are fulfilled the resulting uncertainty will be dominated by that of R. First,
A?B must be smaller than A?R, and, second, the N time intervals must be chosen in a
random fashion relative to the background noise (in a sense that will become clear below)
to prevent unintended helicity correlations. If these conditions are mct, even if there is a
significant background signal at, for example, a frequency of 60 11z, A25/S? can in principle
be made arbitrarily small (reduced by the factor N for many measurcments).

In practice, io reduce the uncorrelated background as much as possible the following
strategy will be used (as outlined briefly in Section 4.2). First, measurements will be
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made for the period T} corresponding to a frequency f, = 1/T.. (Note that while cach
measurement interval will be precisely Ty, the beam helicity will be changed with a period of
Tr+ 6t where the time 6¢ <100 ps is used to change the helicity and read out the electronics
after each measurement). This frequency will likely be 30 Hz depending on whether this
is a quiet region of the local power spectrum of uncorrelated noise. For this discussion
it is assumed that f; = 30 Hz. Second, suppose that the pattern of four beam helicities
+ -- —+ is used for four consecutive measurement intervals and suppose this pattern or
its complement is chosen randomly to make up the N measurements. The uncorrelated
noise components with frequencies f >> f, will largely average to zero leaving some
small residual which will be reduced by N as in the preceding paragraph. Background
components with frequencies at harmonics of 30 Hz will be averaged to zero with high
precision in each measurement interval #,. TFor background components with frequencics
f << fu (for example, Jong term drifts), averaging measurements from intervals one and
four, and two and three (i.e. the averaged mcasurements for cach helicity are effectively
made at the same time) before forming the asymmetry will result in cancellation of the
effect of these low frequency components to the extent that they are changing linearly over
the time period 4T,. For frequencies closer to f;, (where little power is expected), the
contributions will simply be reduced by making N measurcments as above. Note that if
the + — —4 and — + +— patterns were not chosen randomly, noise at a {requency of f/4
would accumulate, generating an unintended helicity correlation.

The eftect of uncorrelated noise in an integrated signal is straightforward - it simply
adds to the true signal. In the counting mode, noise may enter, for example, the double
pulse resolution time (i.e. this resolution may fluctuate). The true number of counts in a
measurement interval C}, is

Ch = My+IM,
= M,(1 4+ r7y)

where M}, is the measured number of counts and the loss fraction [ is product of the rate
r and the double pulse resolution time 7;. The uncertainty in Cy, is then
2
A*C), = Ath(I +r7a)? + Affrzrg%;i

i.e., it has a piece from ordinary counting statistics and a piece due to uncorrelated noise
in the double pulse resolution time 7, (the rate, unlike the double pulse resolution, is
measured in the course of the experiment). For this experiment if the noise due to double
pulse resolution fluctuations is o be less than 5% of the overall uncertainty, with loss
fractions of 3% the relative fluctuations (over the period 47}) in the double pulse resolution
(averaged over eight detector elements) must be less than about 1 x 10-3, (The noise in
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question here is the residual noise, i.e. that noisc not eliminated by the data- taking
methodology described above.)

There will be a similar noise contribution in time-of-flight measurements. For example,
consider the effect of a short gate of duration T 2 1 ns sct for cach detector during the time
the elastic protons arrive (see the Technical Design Report, Section 11). If the machine is
pulsed every 32 ns, in the standard measurement time of 1/30 s there will be N, = 1.04 x 10°
such gates. The uncertainty in the measured number of counts including that from the
fluctuating gate width will therefore be

A, AM, AT

Ct M} 7
ATM, 1 AT,
+_.........._
MZ "N, T2

where T; (< Tj) is the live time. Thercfore AT,/T, must be smaller than 4% (again
averaged over eight detectors) to meet the “5%” standard.,

4.4 Systematic uncertainties and false asymmetries
4.4.1 Beam polarization measurement

The measured asymmetry defined above is related to the physics asymmetry by
Ameas _ Pe Aphy.s.

Therefore the uncertainty in the average beam polarization adds to the other systematic
uncertainties in the experiment. Diffcrences in the polarization for the two helicity states
will not be important (see Section 4.4.3). We expect to be able o measure the average
polarization to 2% (see the Technical Design Report, Section 6.5).

4.4.2 Correlated background noise

‘There are many parameters throughout the entire experimental apparatus (including the
accelerator) whose variations will be correlated with helicity at some level. The effects
of those apparatus parameters which can be measured independently will be treated in
below; variations in all other parameters will be seen only indirectly in the spectrometer (or
charge monitor) signal. These effects are referred to here as helicity-correlated background
noise. They can be distinguished by providing for different means of reversing the beam
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helicity. For this experiment at least two different methods will be used. The “fast”
helicity reversal will be effected by changing the sign on the drive signal of a Pockels cell
“t quarter-wave plate” in the laser drive for the source. In addition there is provision
in the laser drive for the polarized source to insert a 1/2-wave plate in the optical path
which will reverse the sign of the helicity at the target without any other changes (in
particular, without changes in electrical signals) in the system. In practice this plate
would be inserted for half the running time (changing from ‘plate in’ to ‘plate out’ several
times during the experiment). The offsct in the asymmetries so measured (which should
only differ by a sign) is the overall effect of correlated noise on the asymmetry. Finally, the
spin direction of the electrons in the beam can be changed to an arbitrary orientation using
the electrostatic spin manipulator in the polarized source. Therefore, the polarization of
the electrons upstream of the manipulator can be reversed in the normal way and the
manipulator tuned to provide, for example, transverse polarization at the target in which
case the parity-violating asymmetry effectively vanishes.

4.4.3 Corrections for correlated parameter variations

In the expression above for the normalized yield all terms are effected by one or more of
the beam, target and spectrometer propertics except for the measurement interval. Many
of these properties can be measured independently of the main signals to determine their
dependence on beam helicity. Specifically, the beam energy, position, angle, shape, po-
larization and intensity will be measured in addition to the relative acceptances of the
detector elements. The response of the yield to variations in these parameters (the mea-
sured derivatives rather than the various derivatives caleulated below will be used for the
analysis} as well as their helicity dependence will be measured continuously throughout the
experiment. The tolerances for these measurements are again determined here by requir-
ing that the false asymmetry corresponding to the tolerance is less than 5% of the overall
systematic uncertainty in the asymmetry. If the time interval considered for measuring
these parameters is again taken to be 7}, = 1/30 s, the corresponding uncertainty in the
asymmetry is about 8 x 10™*; therefore, in 1/30 s the false asymmetry resulting from the
resolution of the parameter measurements should be less than 4 x 10-5.

In practice, each measured asymmmetry A,, is composed of a number of such false
asymmetries Ay; in addition to the true asymmetry A; and the contribution from the
correlated noise A., discussed in the previous section

Am = A1+Acn+zAf,i

19Y

Y 5oy 0

= A!+Acn+z
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Table 9: Tolerances on beam and spectrometer parameter measurement. Measurements
are all assumed to be made in the time period T}, = 1/30 s. The quoted values are all
relative (measurement interval to measurement interval). The linear tolerance for the beam
energy assumes a dispersion of 2.5 cm/%. The tolerances on the beam position and angle
measurements depend on the relative efficiency of opposite detector pairs being corrected
at the 5 x 1073 level. The linear tolerance for the beam angle assumes two measurcments
10 m apart.

Incident energy 1 x 107% (25 pm)
Beam diameter at target | 1 mm
Beam charge 4 x 10°°

Beam position at target | 800 um
Beam angle at target | 14 pr (100 gm)
Detector asymmetry | 5 x 1073

since for Y, = Y_

1Y 1 9y
A = {Y+ (1 + —Y—.@&Yﬁ) -Y_ (1 - }_’8&;6%)} .

1 oY 19Y -
{Y+ (1 + Fa—altsa,) + Y_ (1 - ?5'0—’601,)}

1Y
Y 8(1,-

o

boy;.

This expression is written to first order in 8a;, the deviation from the helicity average of a;,
where the ¢; are parameters such as the beam energy, etc. Finally, since Aa, Y, aY/da;
and éoy are measured in the experiment, the true asymmetry can be calculated

13y

= Am—An -3 ==
At A ’-Yaa’;

bay.

Each of the types of parameter variation are considerced below. The required resolutions
of the measurement devices for the various parameters are listed in Table 9.

‘The beam energy enters the yield through the cross section; the derivative of the cross
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section with respect to energy is
Ek 60‘
o OF;

for the forward angle kinematics; the backward angle measurements are less sensitive to
changes in the beam energy. Therefore § Ex/ Ex must be measured to 1 x 10-% in time 7).

=4

The beam “diameter” (r.m.s. size) also enters directly ~ through the effective solid
angle. If the beam changes its diameter in a helicity- correlated manner, a false asymmelry
will be generated as the solid angle is actually smaller for a larger beam (of the same
current). In the case of a uniform beam of diameter d:

AQ ad |~ 1\

d aaQ| 1 (d)"‘

To

where r is the distance from the beam to the solid angle defining aperture. Assuming
even a (defocussed) CEBAF beam diameter of d = 1 mm and ry ~ 20 cm (effectively) for
the proposed apparatus, éd/d must be measured at only about the 100% level. Therefore
the effect of the beam size is not significant.

The final parameter which enters the asymmetry directly is the beam intensity. If there
is a systematic change in intensity {from onc helicity to the other, and the intensities are
measured with some non-zero helicity-correlated precision, there will be a false asymmetry.
However, the relative change in intensity in times on the order of the measurement time
is not expected to be large; it was ~ 1 x 102 in the Bates *C experiment [Ku90]. There
are actually two contributions from correlated intensity changes: a direct uncertainty in
the asymmetry resulting from the uncertainty in the intensily; and a contribution duc to
the change in detector deadtime in the counting mode. The direct contribution is simply

13y

yartt =1
hence §1/1 = 6Q/Q = 4 x 10~ as above (in the absence of non-lincarities in the charge
measuring device — see Sections 4.4.2 and the Technical Design Report, Section 6.4). The
indirect contribution through changes in deadtime is not as important as the direct con-
tribution of deadtime fluctuations to the noise since, for these “induced” changes, there is
an extra factor of 67/1.

The remaining false asymmetries all require a combination of effects, for example,
a helicity-correlated beam motion and an (uncorrelated) asymmetry in the spectrometer
acceptance. To first order, changes in the beam position and angle are compensated by a
perfectly symmetric detector. For the purposes of illustration consider a helicity-correlated
beam motion or angle change in the plane of two opposite detectors (“L” and “R”) with
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identical acceptances. In the case of beam translation the changes in solid angle are
compensated, one side to the other, and in the case of changes in the beam angle, the
increased cross section on one side compensates the reduced cross section on the other.
However, the opposite segments of the detector will not be perfectly matched. The gencral
form of such effects is

4 = {[Y+R(1+—1—6—”6a)(1+e)+Y+L(1-%Z—Zaa)u-e)]-— |

Y da
18Y 10Y . =1
[Y_R(l - ?-—a—gé'a)(l +e)+ Y o (1+ -}7%-60!)(1 - e)]} - {“sum
~ L%,
T Yoa "

for
Yirn=Yi =Y p=Y_,

where the beam position or angle is represented by a and the efficiency asymmetry for the
two detectors is €. For the case of changes in beam position

L@AQ
A Or

2

To

where rp is again the distance to the solid angle defining aperture. For the case of changes
in the angle of the beam with respect to the nominal

_{ Jdo
o 00,

1
= 570 —
rad

for the forward angle kinematics; again, the backward anglc incasurement is less sensitive
to changes in beam angle. If it is further assumed that ithe detection asymmetry can be
reliably determined at the 5 x 1072 level (corresponding to the statistics of one 1/30 s
measuring period for each detector element}, the required precisions for beam position and
angle measurements (per 1/30 s mcasuring pcriod) are

br = 800 um
80, = 14 pur

The tolerance for the angle measurement corresponds two beam position monitors cach
with precision of 100 uym at a separation of 10 m.

Changes in beam shape which preserve the first (beam centroid position) and second
(the ‘diameter’ as discussed above) moments of the beam charge distribution also enter
the expression for false asymmetries multiplied by a detector efliciency asymmetry. Such
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a change could consist of, for example, the third moment simply changing signs. However,
such changes result in much smaller asymmetries than those associated with beam diameter
changes since they come in like (d/rq)%e and are certainly smaller than the diameter effects
for beams of reasonable shape.

If the beam polarization for positive and negative helicitics is different the effect on
the physics asymmetry is small. As discussed in Section 4.4.1 the uncertainty in the
average polarization enters in the relative uncertainty in the physics asymmetry (t.e. if
the precision of the polarization measurement is n%, the limiting relative precision of the
physics asymmetry will be n%). In contrast, false asymmetries due to helicity- correlated
changes in polarization come in only at the level

6P
Af ~ A:.'r:pt -F

and are thus unimportant.

4.4.4 Non-linearities

A false asymmetry can result from helicity-correlated changes in beam intensity coupled
with a non-linear response in either the spectrometer or the heam charge monitor. As an
example, consider the non-linear response of the charge monitor. Suppose that the beam
charge Qo changes by +8Q as the helicity changes. If the non-linearity 5 is defined to be

{5
Qo Qo Qo

for a change of —6Q in the beam charge, then

§ 2

In the absence of measurements of 7, this false asymmetry must be less than 5% of the
overall uncertainty in the experiment, i.e. about 1 x 1078, In the Bates '2C experiment
the helicity correlated changes in the beam intensity were reduced to be less than 1 x 105
averaged over the whole experiment [Ku90], therefore, the relative difference between the
measured and true charges must be less than 1 x 10~® for relative changes in current of
1 x 1075 or s
n—Q <1073,
Qo

This typical non-linearity tolerance for charge monitor and spectrometer response (mea-
surement interval to measurement interval) should be relatively casy to meet given the
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small dynamic range of interest (about 1% from measurement interval to measurement
interval).

For the case where detector deadtime (including the case where the deadtime is as-
sociated with running pairs of detectors in coincidence) eflectively gencrates a non-lincar
response, the product r - 7, where r is again the rate and 7 is the deadtime, must be less
than 10~3, Noting that all three quantities (§Q/Qo, r and 7) can in this case be measured,
a small correction can be made if needed.

4.4.5 Deadtime

The electronics is such that each detector records at most on pulse during each machine
period of 32 ns (see the Technical Design Report, Section 11.2). For back angle electron de-
tection the instantaneous rates are low ( <100 kllz), hence the counting losses are <0.003.
The forward angle proton detection is slightly more complicated. Since we expect roughly
equal counting rates of pions and elastic protons and since the pions precede the protons
by typically 14 ns, the main effect onc necds to consider is the “shadowing” of a legitimate
elastic event by a pion. We estimate the clfect on the asymmetry of these shadowed events
with the following assumptions: equal rates of pions and elastic protons; counting losscs
of 0.03 (corresponding to 1 MIlz rate over 32 ns); equal asymmetries for pion and elastic
protons. We find that the measured proton asymmetry is lower than the actual proton
asymmetry by 6%. A pion asymmetry twice as large as the proton asymmetry would give
rise to a 9% effect, whereas a pion asymmetry of zero would give rise to a 3% effect. In fact,
one can correct for this effect if one knows the pion rate and asymmetry, which one can
measure by making the appropriate time cut on the data. Thercfore the uncertainty in the
elastic asymmetry due to deadtime can be reduced to a negligible amount. As discussed in
Section 4.4.3, the 2nd order effect due to helicity- correlated differences in beam intensity,
giving rise to helicity-correlated differences in the deadtime correction, is also negligible.

4.4.6 Pileup

Since the event rate is expected to be dominated by pions and clastic protons, there are
three types of pileup to consider: proton-proton, proton-pion, and pion-pion. With the
data rates anticipated in the experiment, the probability for each of these is on the order
of a few percent. The principal effect of two particles hitting the same detector is a shift
in the apparent time of the event due to the mean-timing technique, as we now discuss.

For the 2-proton or 2-pion events, in which the two particles arrive at different places
on the detector at essentially the same time, the net eflect is to introduce a small triangular-
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shaped tail on the low-time side of the time distribution. The maximum deviation from
the nominal time is the product of the half the length of the scintillator (1.4/2 m) and
the inverse of the velocity of light in the medium (7.5 ns/m), or about 5 ns. With a time
window on the elastic proton events that is tighter than 5 ns, this means that a few percent
of good events are lost. As long as the eflect is not correlated with helicity (as it could be
if the beam current was correlated with helicity and not well measured), it will not affect
the measured asymmetry. Our expected §I/1 = 4 x 10~ will be sufficient to guarantce
this.

For the pion-proton pileup events, we note that the time separation of the pion and
proton events (14 ns) is larger than the maximum propagation time of light in the scintil-
lator (10 ns). Therefore the pion-proton pileup events simply get recorded as a pion event
with no shift in the apparent time. This becomes part of the deadtime correction, which
we already concluded has a negligible effect on the measured asymmetry.

Finally, we intend to instrument some fraction of the detectors to allow us to count
coindinces between photomultiplier signals from different detcctors, thereby allowing us to
measure the rate of pileup effects and study their time distribution.

4.4.7 Polarized proton scattering in collimators

Because the recoil protons acquire some polarization from interaction with the polarized
electrons in the beam, the analyzing powers of the materials in the target and the col-
limators from which the protons may scatter can generate scaltering asymmetries which
may show up as false asymmetries in the parity-violation mcasurement. This effect is not
important for electron detection because the analyzing powers are much smaller (in the
absence of polarized scattering materials).

For the first case, the polarized proton scatters from the collimator and is detected
at the focal plane. Because the distribution of such scattered protons can have a left-
right asymmetry, any misalignment of the detectors can resull in a false asymmetry when
the beam polarization is flipped (and the proton spin reversed in direction). A GEANT
simulation of the combined probability of hitting the detector after scattering from the
collimator has been performed with a realistic cvent generator and median plane magnetic
fields. This scattering fraction is (3.9 % 0.9) x 10~ for the lowest momentum protons.

The other factors in the calculation of the false asymmetry are presented in Table 10.
The proton polarization is taken to be the maximum of the combined p, and p, as spin
will rotate in the magnetic field of the spectrometer. The analyzing power is taken at
the multiple scattering angle for 1 radiation length of collimator (07/*"¢ = 8° for 320 McV
protons, for example) and the carbon analyzing power is used. The detector asymmetry
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Table 10: Terms contributing to the false asymmetry resulting from the scattering of
(polarized) 320 and 800 MeV /c protons from collimators in the spectrometer.

320 MeV/c | 800 McV/c
s 0.055 0.23
Ay(Orms) < 0.1 0.15
detector asymmetry | 2 x 1073 2x 1073
(2 mm @ | m)
scattering fraction 4x107* | < 4x107*
False Asymmetry 4x107° | < 3x1078

is taken to be a worst case alignment tolerance of a 2 mm left-right displacement over its
approximately 1 m length. We note that the asymmetry for the Q% = 0.5 GeV? point (500
MeV protons) is about five times larger than that for the @* = 0.1 GeV? point; thereflore
the potentially larger false asymmetry for this casc is still well within the conservative limit
of 1/20 of the overall systematic uncertainty for any one contribution.

4.4.8 Polarized proton scattering in target

A similar effect can arise from the scattering of the polarized protons through interactions
in the liquid hydrogen. In this case, if the target were azimuthally symmetric or if the
target were symmetric but displaced and the detectors were azimuthally symmetric, the
false asymmetry averaged over all detectors would be zero. Following the same reasoning
as in the previous case, the false asymmetries for both extremes of proton energy can be
determined as shown in Table 11. Becausc the hydrogen in the target is a much thinner
target for the protons than is a collimator, the scaticring angles are much smaller {x1/20);
the analyzing powers are taken to be 5% of those in the casc above. Because precise relative
counting rate measurements for the detector elements are a byproduct of the asymmetry
measurement, they can be used to establish the relative efficiencies for potential false
asymmetries of this type. The counting statistics for a single detector corresponding to
low (high) proton momentum yield measurements of the relative efliciency with a precision
of 5 x 1074 (7 x 10—3) in 1/15 s. The target is taken to be offset by 2 mm; this results in
a difference in scattering probability for these protons of about 1.2 x 10~ for the thin and
thick parts of the target. We therefore use the (azimuthal) average difference in scattering
probability of 1.2/2 x 1071, These false asymmetries are thercfore negligible.
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Table 11: Terms contributing to the false asymmetry resulting from the scattering of
(polarized) 320 and 800 MeV/c protons from a misaligned hydrogen target.

Pz 0.055 0.2
Ay(0r,) 5x 1073 | 7x 1073
detector asymmetry | 5 x 10~* | 7 x 10~2
(1/15 s)
average scattering
probability 6x10°% [ 6 x10°°
False Asymmetry |8 x 1072 [ 6 x 10-1©

4.4.9 Particle counting tests

To demonstrate the feasibility of performing a counting experiment to the desired degree
of precision, we have started an experimental investigation of the possible problems that
might be involved. In earlier parity experiments where counting techniques have been used,
uncertainties of about 6 x 107 have been achieved without any particular problems asso-
ciated with the measurement technique {Ze89]. Before reaching a final decision regarding
counting, we would like to have demonstrated that a high precision counting experiment is
feasible by measuring an asymmetry with a precision of about 1 x 107 with the electronics
to be used in the experiment.

The experimental set up used in the initial tests is shown in Figure 15. Two radioac-
tive sources viewed by plastic scintillators connected to pholomultiplier tubes are used to
provide random pulses. One of the sources is a high intensity source and is used as the
main signal, while the other, much weaker source, produces a controlled asymmetry when
added to the main signal. A random pulser has been used in place of the weak source for
the most recent runs. The phototubes are connected to gated discriminators. The main
signal is fanned out to two scalers; the weaker signal is added (via a linear fan-in) to the
input of one of the scalers during alternate gates.

By separately counting the number of pulses added to the main signal, the actual
asymmetry can be determined. If the summed signal measurement is done properly, the
calculated asymmetry from this measurement should agree with the actual asymmetry
within statistics. Results from initial test show that this is indeed the case, at least at the
precision achieved so far. Two tests have been done. In the first the low rate source was
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“turned off” in order to try to simply measure zero. The result is:

A=(-0.1£3.0)x 1077 (Measured)
A=100 (Actual).

The average rate in each of the 10 scintillator elements was 1.8 Mllz for this test. In
the second test the low rate was set to produce an asymmetry comparable to those to be
measured in the experiment. The result is

- A=(674+£28)x 1077 (Measured)
A=656x10"7 (Actual)

The errors shown are due to statistics only. A small correction was made for deadlime
in the latter case (reducing the asymmetry from 66.9 x 10-7); the average rates {four
elements) were 1.3 MIz. Scalers with a speed of 200 MHz were used throughout. The
measurement intervals for the latter case were only approximately 1/60 s with no apparent
consequence; furthermore, the “helicity pattern” — 4+ +— was used throughout (in licu of
choosing this pattern or its complement randomly). Thercfore, there are in principle at
least two aspects of the tests where we could be more careful if needed. In summary, at this
level of accuracy there are no obvious difficulties encouniered in measuring asymmetries
by counting individual particles.

4.5 Analyzing asymmetry data in the presence of background

As discussed in previous sections of this document, we expect backgrounds from pions,
neutrons, and inelastic protons (for the forward angle mcasurements). Crucial to our
ability to separate these backgrounds from the desired events (clastic protons) is the time-
of-flight technique. I'or each 1ns time bin, we measure an asymmetry A. This asymmetry
is related to the elastic asymmetry A, (due to clastic protons} by the following expression:

4 AR — ARy
- Re + Rb ’

where R, and H; are the total counting rates for the clastic and background events, re-
spectively, and A, is the asymmetry of the background events. All of these quantities
may be functions of time. Although we have some knowledge of how large R; can be (see
Section 3.3), we have no knowledge of A;. Our plan is to, in effect, measure A, by finding a
time bin where the background dominates. By measuring both the helicity-averaged event
rates and the asymmetries as a function of time, it should be possible to correct for the
background.
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We now ask how different A can be from A, based on what we now know. First we
note that for a given time bin, if there is no background (R, = 0) or if the background and
elastic asymmetries are equal (A, = Ay), then A = A.. On the other hand, suppose there
- is a background of roughly 5% in the time bin corresponding to most of the clastic cvents.
Then if Ay = (0—2) x Ac, A = (1.000.05)A,. If these estimates are reasonable, then the
measured asymmetry deviates from the elastic asymmetry by ~ £5%. If our technique of
correcting for the background is successful, we should be able to reduce the uncertainty in
A, due to background to =~ +2%.
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5 Budget

5.1 Overall budget

The budget for the GO experiment is presented in Tables 12 — 14. The numbers in the
present section are the best estimates of the engineering group associated with the project.
They are based primarily on the independent cost estimate of Powers Associates. In all
cases the estimates of the GO engineering group are equivalent to or slightly higher than
those in the independent estimate (see Section 5.2). Note that all costs are quoted in
constant 1993 §.

Engineering, design, inspection and acceptance (EDIA) costs are included in the esti-
mate for the spectrometer at rates of 10 - 20% depending on the type of activity. Contin-
gency is included in the spectrometer estimate at a rate of 25% of equipment plus EDIA.
Costs for the smaller subsystems are the usual equipment costs quoted in, for example,
on-going grant proposals.

The total cost of the experiment is outlined in Tables 13 — 14. The estimated total
cost is $4.097M. Of this, $2.298M would be new money requested from the NSF and
$0.283M would be new money requested from the DOL. The remainder, $1.516M would
be contributed from continuing grants including $1.136M from CEBAT operations. A
possible profile for the new NST money is shown in Figure 16.4. The new moncey requested
from NSF may be reduced by in-kind contributions from the China Institute of Atomic
Energy.

5.2 Comparison of Powers Associates and Elin cost estimates

In Table 15 we present the comparison of the cost estimales for spectrometer components
from Powers Associates and Elin Energieanwendung. Elin estirnated prices for supercon-
ducting and mechanical components. This job is comparable to the IIMS superconducting
coil /cryostat recently completed by Elin for CEBAF.

As one would expect, because of the particular manufacturing capabilities of a specific
vendor, in detail the prices of the components are not equivalent. In addition, assembly
labor is folded in to the Elin estimate item by item to a greater extent. We note that the
differences in cost for individual components are < 13% of the total (excluding the labor
item ‘Assembly Labor and Tooling’), and that the totals comparable.
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Table 12: GO budget detail

| Item Equip | EDIA | Cont. | Total | Total | Resp. Inst.
k8) | (k) | (k8) | (8) | (8)
Spectromeler
Superconductor 300 30 83 413 CEBATF
Coil & Case 390 78 117 585 UIUC/CIAE
Coil Support 80 16 24 120 UIUC/CIAE
Collimators, Line-of-sight Shielding 137 27 41 206 UIUC/CIAE
LHe Plumbing 179 36 54 268 UIUC/CIAE
LN2 Shield 24 5 7 36 UIUC/CIAE
Cryostat 210 42 63 315 UIUC/CIAE
Carriage 25 5 8 38 UIUC/CIAE
Detector Support 25 5 8 38 UIUC/CIAE
Scintillator Shielding 15 3 5 23 UIUC/CIAE
Assembly Labor & Tooling 300 45 86 | 431 UIUC/CIAE
Vacuum System 60 6 17 83 CEBAF
Power Supply 60 6 17 83 CEBAF
Control Systems 80 16 24 120 UIUC/CIAE
Shipping ' 30 3 8 41 UIUC/CIAE
CEBAF Assembly
Labor & Tooling 70 7 19 96 CEBAF
Hall Cabling 40 4 11 55 CEBAF
External Shielding 75 15 23 113 CEBAF
Subtotal 2100 349 612 | 3061 | 3061 | UIUC/CIAE + CEBAF
Detectors
Scintillator 25 RPI
Lightguides 20 RPI
Phototubes 75 RPI
Bases, Shields 48 RPI
(GGain Monitoring 30 RPI
Assembly 11 RPl
Subtotal 209 200 | RPI
Elecironics
Clock Distribution 13 CMU
Mean-timers 29 CMU
CFD’s 57 CMU
Shilt Register Boards 28 CMU
Scalers 140 CMU
Fastbus ADC’s, TDC’s 39 CMU
Splitters, etc. 17 CMU
Bins, Cables, Crates 95 CEBAF
H.V. Power Supply 42 CEBAF
DAQ Computer Station 35 CEBAF
DAQ Electronics Modules 18 CEBAF
Subtotal 512 512 | CMU4CEBAF
Target
Gas Panel 50 Caltech/UMd
Target Cell 60 Callech/UMd
Moving Mechanism 35 Caltech/UMd
Plumbing 65 Caliech/UMd
Subtotal 210 210 | Caltech/UMd
Beamline
Electron Polarimeter Modifications 30 CEBAF
Beam Current, Position Monitors 75 CEBAF
Subtotal 105 105 | CEBAF
Grand Total 4097
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Table 13: GO Budget Summary

Item Equip | EDIA | Cont. | Total

(k$) | (k$)| (k$) | (k$)
Spectrometer | 2100 349 612 | 3061
Dectectors 209 209
Electronics 512 512
Target 210 210
Beamline 105 105
Total 3136 349 612 | 4097

Table 14: G0 Budget Contributions

Item Home Inst’'n | CEBAF Ops | NSF (new) | DOE (new) | Total

(k$) (k$) (k$) (k$) | (k$)
Spectrometer 300 841 1920 3061
Detectors 11 198 209
Electronics 39 190 283 512
Target 30 180 210
Beamline 105 105
Total 380 1136 2298 283 4097
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Table 15: Comparison of estimates for spectrometer components from Powers Associates
and Elin Energieanwendung. Powers Associales estimales include 15% EDIA and 25%
contingency.

Item Internal | Powers | Elin | Elin - Powers
(k8) | (k8)| (k)| (k$)
Spectrometer
Superconductor
plus Coil & Case 998 992 | 720 —272
Coil Support 120 89| 154 +65
Collimators, Line-of-sight Shielding 206 151 | 170 +19
LHe Plumbing 268 250 | 384 +134
LN2 Shield 36 35 45 +10
Cryostat 315 277 | 53T +280
Carriage 38 36 | 127 +91
Assembly Labor & Tooling 431 431 63 —368
Total 2412 2261 | 2220 —41
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6 Schedule

A preliminary project schedule has been created for the GO equipment fabrication. The
near term goal is to complete enough of the engineering to allow for coil construction
beginning in October 1994. The spectrometer fabrication and assembly is expected to
take about two years (consistent both with the Elin estimate and the time required for
the HMS dipole fabrication). Spectrometer construction is the overall critical path item;
target, detectors and electronics are required as the testing phase is approached. Overall
assembly and testing of the entire apparatus is expected to take place at the University
of 1llinois. It would then be disassembled in the largest possible pieces and shipped to
CEBAF.

The preliminary ‘network’ (PERT) chart outline for the project is shown in Figure 16.
The accompanying timeline (Gantt) chart is shown in igure 17.  As is shown, we expect
that equipment fabrication, assembly and testing will be completed late in calendar 1996
with installation at CEBAF to follow. The specific critical path item identified here is the
construction of the cryogenic system (reservoir, etc.) which is not scheduled to begin until
the start of FY1996 in order to level the new money requests from NSF. The earliest an-

ticipated arrival among the target, detector and electronics subsystems is for the detectors
- 3Q FY9%.

As mentioned above, the overall critical path item is the spcctrometer, and the near
term need is to complete the engineering required for the reference conceptual design
(RCD). The anticipated distribution of engineering resources for the complete spectrometer
project is shown in Figure 18. These data are also listed in Table 16.

In the first year, the coil fabrication dominates; the expected duration is about 1
year (consistent with the HIMS coil construction time). Other necessary components are
constructed to allow the coils to be placed first on the assembly fixture and then suspended
within the cryostat early in 'Y 1996.

The second year fabrication is largely confined to the cryogenic system and cryostat
heads. We expect to have the cryogenic system installed by approximately the beginning
of 3Q FY1996. Testing would begin in the summer of 1996 and be completed by the end
of the year.

The largest sum of new money would be requested from the NSF. For the spectrometer
fabrication alone (as shown in Figure 19, and listed in Table 16), the initial requirement
is for $171k (constant 1993 § in all cases) to complete the RCD in time to begin coil
construction at the start of FY1995. Therealter, the requests are approximately equal:

$870k and $879k in FY1995 and FY1996; all contingency is delayed until FY1996 in this

62



Iv 111784

Design angd  pewar

Engingenng

\\
10/28/93 /

I» 10/

Earliest Start

1/94

Cryostal
cyhinder

-

tadrication

Finish Constrn

Legend

1172894

i

Figure 16.1: Preliminar:

63



g sant

£ Dosign and Enginesring

;ﬁ Prototyping and lesls

B Shislding module fab.

B Coil support fab.

B Coil fab. and winding

Crysstat eylinder
fabrication

Camiage fab.

ssembly locling fab.

argel arrives

oCUORICS Arrive

5 Scintillator and LG.
rives

2 Carriage Assy

LN2 Radiation Shiek! Fab,

oly shiaiding {abrication

2 Deloctor support tab.

2 L2 shisld nstalied in
# crvostat

g Coll sub-assy on fiduie

& Colkd/Wam suppon fab.

hekding module assy inle

ixlure

Cold mass insartien in

ryostat

& Cryogenic plumbing

Einstalisd
Detector/shield module

SSY

Detectorishield modules

installec on DS head

Cryostal mounied on

arriaga

PMTs instalied

Detector testing

Crys sysiem lesiing

Shipping 1o CEBAF

Einstallation In Hall C

Figure 16.2: Prelimir

64



2 -
1w - i
I.— L -
L L |
o i T
= | i
© i ]
S 14 -
N B N
£ - .
o [ :
c 0.5 —
| ®))
«
LU

0~ L

1994 1995 1996
Fiscal Year

Figure 18: Preliminary distribution of engineering resources for the GO spectrometer fab-
rication project.

breakdown. These costs may be reduced by in-kind contributions from CIAE. Assuming
an equal division of funds in FY 1995 and FY1996 for the target and detectors, the total
requests would be $1059k in FY 1995 and $1068k in FY1996.

Table 16: Preliminary distribution of resources for the spectrometer fabrication project.

Fiscal Year | Engineering | Engineering New NSF | New NSF
IFTE Expenditure | Spectrometer Total
(yr) (k$) (k$) (k$)
1994 1.88 171 171 171
1995 1.11 127 870 1059
1996 0.50 53 879 1068
Total 3.49 351 1920 2298

65



1200

T 1000+ +
z ]
= 3 ]
Q — 800 1
5¢ | 1
"Ei o™ 600 _—_. .................................................................... _~_
-
28 | ]
j Rl ¢ [ [ ANURR— . . a1
c._;_) Z ]
= 200 ____ “....

0 ..~ -

1994 1995 1996
Fiscal Year

Figure 19: Profile of new money requests from the NSI' (spectrometer — dark, targel and
detectors — light).

7 Beam time request

We request a total of 3940 h of beam lime to complete measurements of forward and
backward asymmetries in the range 0.1 < Q% < 0.5 GeV? as outlined in Section 3. This
time is divided among commissioning (1100 h), forward asymmetries (700 h) and backward
asymmetries (2140 h). As is shown in Table 17, all the forward angle measurements
are made simultaneously; backward angle measurements are made for each of the four
momentum transfers.

Table 17: Beam time request.

Energy Q* Time

(GeV) | (GeV?) | (h)

Commissioning 3.0 1100
Forward asymmetries 3.0 0.1-0.5| 700
Backward asymmetries 0.2 335 390
0.3 428 470

0.4 012 580

0.5 590 700
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A preliminary commissioning plan has been formulated. We anticipate breaking this
time into three runs of approximately 2 weeks each (running with the fully instrumented
spectrometer and the liquid hydrogen target). The details of the mcasurements for the
three runs are as follows:

1. Run 1
e check spectrometer optics (shape of constant Q2 locus at focal surface, ctc.): 3
days

e backgrounds: external shielding, set field to low value to investigate neutrons
and v’s: 4 d

detector efficiencies, ADC and TDC spectra, overall device symmetry: 2 d

first asymmetries: 3 d

empty target (background, symmetry, etc.): 2 d
2., Run 2

e more background studies: 4 d

® begin to establish procedure for centering beam with respect to target and
detector: 2 d

e begin measurement of correlated parameter derivatives (vield with respect to
beam position, etc.): 2 d

¢ asymmetry test (correct with measured coeflicients): 5 d

e studies of beam polarization (current dependence of polarization): 1 d
3. Run 3

e final procedure for centering: 3d
o final correlated parameter derivative study: 4 d

e asymimetry lest: 7 d
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Appendix A

Barish Committee questions

QL.

Al.

Q2.
A2.

Qs.
A3.

Q4.
Ad.

What false asymmetry results from the analyzing power of elastic protons scattering
from a) collimator edges, b) LH; in the target?

a) The false asymmetry for scattering of polarized protons from the collimator
edges is estimated to be < 3 x 10~® (recall that the goal for false asymmetries
was Ajarse < 2.5 X 1077). The scattering probability for this situation has been
determined in a GEANT simulation. We continue to explore options both for
reducing these false asymmetries and for measuring such asymmetries during
data-taking.

b) The false asymmetry for scattering of polarized protons from the target LH,
requires the target to be azimuthally asymmetric (cg. target misaligned). For
a misalignment of 2 mm, the false asymmtry is estimated to be 6 x 10-19,

Are the back angle measurements optimized?

Adjustable collimators are used in the spectrometer allow the largest angular accep-
tance consistent with resolution of clastic clectrons. It is not possible to increase
significantly the backward angle acceptance without a severe compromise in the for-
ward angle measurements and/or a very significant increase in cost.

Can the back angle measurements be extended?

The back angle measurements can be cxtended (using the adjustable collimators to
define the acceptance) such that measurements with AAsiaif/A = 0.10 can be made
for Q% < 3 GeV? in about one month of beam time per mcasurement (Section 2.4).
It might also be possible to extend the forward angle measurements to Q% = 1
GeV? with comparable statistical precision in a separatc measurcment of one month
duration.

Is the design of the spectrometer optimized?

The superconducting option has been chosen to mimimize the combined fabrication
and operating costs. Both the resistive and superconducting versions have been
optimized in terms of coil number and size subject to the constraints of the physics
program and of hall access and maximum overall size. The layout and design of the
spectrometer, including the superconducting coil geometry, has simplified as much
as possible.
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Q5.

Ab.

Qs.
AS.

Should a superconducting design be considered? Does the spectrometer have other
uses?

The superconducting option has been adopted (see A4.). It may be possible to use
such a spectrometer to measure angular distributions (“out-of-plane”) of final state
hadrons, for example, with the spectrometer axis set along the momentum transfer
direction. An example of such a use is in the analysis of partial wave amplitudes
contributing to nucleon resonance production. Other uses are being contemplated
by other groups. The primary emphasis is on the spectrometer’s use in a program of
parity-violating electron scattering measurements.

Can the time-of-flight timing be improved from 2 to 1 ns?

The timing has been improved by adding a second parallel shilt register and four new
scaler channels per detector element. The cost increment is estimated to be $50k.
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PAC questions

Ql.
Al.

Q2.

A2

Q3.

A3.

Q4.
Ad.

Q5.
A5.

Is a superconducting option cost-effective?
Yes, see A4. above.

Is the detector system for electrons adequate? Should Cerenkov counters be part of
the detector package?

Based on measurements at UIUC-NPL, single scintillator detectors appear to be ad-
equate for electron detection in the range 0.2 < Q? < 0.5 GeV?; 7~ are kinematically
forbidden for the incident energies used in these cases. For higher momentum trans-
fer measurements and for measurements in deuterium, Cerenkov detector elements
may be required. These are considered to be a second stage addition to the basic
system and would be funded separately.

Can the polarized source be operated eflectively in the chopped, increased peak
current mode?

The chopping can be effected using a mode-locked laser. The required peak current is
available from bulk or thin GaAs crystals; it may also be possible to obtain it reliably
from strained crystals. The optimum frequency for the laser is 31.25 MHz. In the
worst case present experiments indicate that high polarization crystals have sufficient
quantum efficiency to operate with a 93.75 MHz laser, and generate approximately 40
pA for the experiment after eliminating 2/3 pulses with a supplementary r.{. chopper.

Can the beam polarization be reliably measured to 3%?

A beam polarimeter with performance expected at the 1% level is being constructed
for Hall C (for low average beam currents). The chopped heam for the GO experiment
can be reduced in duty cycle to meet this average beam current limitation. Therefore,
even if the polarimeter does not meet its design goals it seems likely that 3% is within
reach.

What is the total cost of the experiment?

See summary in Section 1; see also the ‘Budget’ section.
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