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ABSTRACT

We propose to measure the parity-violating interference betw~n electromag-

netic and weak coupling in deep-inelastic electron scattering from hydrogen and

deuterium. The primary physics goals are to test the electro-weak Standard Model

and to determine the flavor content of the quark sea. The experiment will deter-

mine the Z-quark coupling to an equivalent precision in sin2(9w) of approximately

0.003 (1.2%), and will be quite sensitive to the possible existence of certain types

of new physics beyond the Standard Model. The experiment will also measure two

new combinations of quark distribution functions \\'ith errors of about 0.05. The

deuterium case is particularly interesting because it directly isolates the strange

sea. quark contributions.

The e~eriment consists of scattering polarized e1E'Ctrons from long liquid hy-

drogen and deuterium targets in End Station A. The scattered electrons are de--

tected in two large solid angle magnetic spectrometers centered around scatter-

ing angles of 4.25 and 6.5 degrees for an incident beam energy of 29.1 GeV. At

E = 48.6 GeV, the 6.5° spectrometer is mo\'ed to 2.75°. The spectrometers are

entirely made up of existing magnets. The detectors consist primarily of lead glass

arrays that can be made from the surplus ASP pieces. The beam is required to

have a polarization of 80% or more, and high current (4 x lOll e- per beam pulse at

120 Hz non-SLED. 2 x 1011 SLED). The combination of higher beam polarization,

higher beam energy, and larger spectrometer solid angle provides a factor of eight

greater sensitivity than the original SLAC experiment on deuterium. The addition

of hydrogen allows more sensitive studies of the flavor content of the quark sea.

A total of twelve weeks of running time is requested for an initial run at 29.1

GeV, of which one third will be used for checkout, calibrations, and background

studies, and two thirds for data taking. A subsequent run of ten weeks at 48.6

GeV is also requested. In a relatively modest running time, this experiment will

provide significantly improved precision on electroweak ph)'sics at low Q2 and on

the flavor content of the quark sea. We emphasize that this experiment can only

be undertaken at SLAC.
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I. INTRODUCTION

The 1978-1979 SLAC measurements [1] of parity violation in deep inelastic

scattering (DIS) were pivotal in establishing the Weinberg-Salam ~lectro-weak part

of the Standard Model, and measured sin2(8w) to ~ 10%. The experiment consisted

of scattering longitudinally polarized electrons from unpolarized liquid deuterium

or hydrogen targets, and detecting the scattered electrons at relatively forward

angles in a momentum-analyzing spectrometer system. The interference between

single photQn and single Z exchange to the struck quark in the target results in an

asymmetry between cross sections measured with the two possible beam helicities.

Five factors now make it possible to propose a much more precise experiment

using the facilities available at the SLAC linac and End Station A: higher beam

energy; higher beam polarization; better beam polarization measurements; longer

targets; and larger spectrometer acceptance. There are t\VO principal physics goals.

The first is to measure the weak quark charges, which depend only on sin2(8w), to

an equivalent precision in sin2(Ow) of 1.2% (or 1.5% if Clm and C2m are determined

independently). Deviations from the values expected using sin2(8w) from the Z

mass (which gives the most precise determination) \\'ould indicate physics beyond

the Standard Model, such as extra Z's, leptoquarks, or composit.eness. The pro-

posed 1.2% sensitivity to"sin2(8w) is eight times better than the original SLAC ex-

periment, and is comparable to many of the other Standard model tests presently

being performed. In particular it is comparable to the level of sensitivity expected

in the next five years from atomic parity violation experiments, which provide the

only other sensitive measurements of the Z-quark couplings away from the Z-pole

(but measure a different combination than DIS, and have much different system-

atic errors). It is important to make precision tests of the Standard Model with as

many observables as possible to look for new physics, since the existence of new

particles affects each of the observables differently. Only by observing the pattern

of deviations from the Standard Model in several different observables will it be

possible to pinpoint the type of new physics that has been observed. The present



proposal makes a significant contribution to this effort, and SLAC is the only place 

where the experiment can be carried out in the foreseeable future. 

The second goal of the experiment is to measure a new combination of quark 

distribution functions at low I. Combined with other deep-inelastic experiments, 

this can be used to determine the flavor content of the quark sea, and in particu- 

lar learn about the strength of the strange sea and a possible isospin asymmetry 

between u and d sea quarks, as suggested by the observed violation of the Got- 

tfried Sum Rule. The experiment measures relative quark contributions at the 5% 

level, providing very strong constraints on models of nucleon st.ructure at low to 

moderate x. By combining the present result,s with measured F2 and Fs structure 

function measurements from unpolarized lepton and neutrino deep-inelastic scat- 

tering, we will obt,ain much better determinations of t.he relat,ive contributions of 

the three light quarks to the sea. Considering that the strange quark contribution 

is practically unknown at. present, and could in fact be strongly Q2-dependent (go- 

ing to zero at low Q”), the present experiment will mark a milestone in the field 

of nucleon structure. In addition to studying the fla.vor content of the sea, the 

higher-x measurements on hydrogen provide another way to determine the ratio 

of d and u valence qua.rk distributions, and consistency with neutrino and Ft/F; 

measurements can be checked. 

II. DEFINITIONS 

The experiment consists of measuring the asymmet.ry between scattering left- 

and right-handed polarized electrons from unpolarized hydrogen and deuterium 

targets. In the Standard Model, the asymmetry arises from the interference be- 

tween photon and 2 exchange diagrams, and is given by [2] 

2Q' C f;(x)(Q~/e)[g>& + yg;g>] A=uR-uL=-z 
CR + CL Z c f;(4(Q:)2 ’ 

where fi(r) are the quark distribution functions for a quark of type i, the g’s are 

the electroweak axial and vector charges, Q’ = -q2 is the four-momentum transfer 
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squared (Q2 > 0 for our kinematics), Mz is the mass of the 2 boson, and 

1 - (1 - y)’ 
y = 1 + (1 - y)2 - y%/(l + R) 

where y = u/E, u = E - E’ is the energy lost by an incident electron of energy E 

scattering to an electron of energy E’, and the factor R = a~/cr~ takes into account 

[3] the longitudinal contributions to both 2 and photon exchange. Performing the 

sums and re-writing Mz in terms of the o and GF coupling constant.s, we obtain 

A = ~GFQ' 2Cw+9 - G,@(x) + s(x)] + Y(2C2,,21&) - CZddv(x)] 
xa2Jz 4+:) + d(x) + s(x) 

We have assumed that the U, d, and s quark distribution functions of the proton 

can be described in terms of valence (2)) and sea (s) cont,ributions as 

u(x) = u.,,(x) + u,(x) + iiS 

d(x) = d,!(X) + d,(x) + J,(z) 

4x:) = ss(x) + S,(x) 

and we will assume for the sea quarks that the quark and anti-quark distributions 

are the same. We have neglected the contribution of quarks heavier than the 

strange quark. The quark dist,ribution functions depend mainly on the Bjorken 

scaling variable x = Q2/2Mv (where M is the nucleon mass), but also evolve 

slowly with Q2 due to QCD and finite mass corrections. 

In the case of the deuteron, the assumption of isospin symmetry is generally 

made (i.e. all u and d distributions interchanged for the proton and neutron, but 

the s distributions remain unchanged), and it can be shown that in this case the 

asymmetry can be written as 

Ad = 
~GFQ’ 2C1, - Cld[l + R,(x)] + Y(2C2u - C&?.v 
xcx2Jz 5 + R.,(r) 
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where 

R,(x) = 244 
44 + 44 

and 

R,u(x) = 4x) + W) 
u(x) + d(x) ’ 

At high x, where sea quark contributions vanish, R, = 1 and R, = 0, so direct 

measurements of Clrn = 2C1, - Cld and Cz,,, = 2C2, - C2d can be made. At low 

x, a direct measurement of the stra.nge content. of the sea can be made through the 

sensitivity to R,(z). 

Using the most recent value [4] of sin’(6,,) = 0.233, t.he Z-quark coefficients 

are given by 

C lu = -i + 4sin’(Qur) Z -0.190 

1 
cld = 7 - f sin’(0,,.) z 0.345 

C2U = -+ + 2sin’(8,,,) z -0.035 

‘%d = $- 2 sin’(O,,) e 0.035. 

Numerically, for an isospin symmetric nucleus such as deuterium where R,,(x) =r 1, 

the asymmetry becomes 

Ad z -1O-4 Q’ (0.77[1 + .44R,(x)] + O.llY). 

The asymmetries for a proton target are slightly smaller because the ratio d(x)/u(x) 

decreases from approximately 1 at low x to about l/4 at high x. 

The experimental asymmetry is diluted by the beam polarization Pe, so that 

A 
h’ 

erp = +-N-=pA 
h; + h’- e ’ 



where N+ and N- are the number of scattered electrons detected from + and - 

beam helicities respectively. The statistical error is given by 

i5A = 
1 

pe 4Q7--- 

For Q2 in the few (GeV/c)2 range, it can be seen that on the order of 10” electrons 

must be detected to achieve few percent errors in the physics asymmetry. Given 

that there are only 10’ beam pulses in 10 days of perfect running at 120 Hz, 

this means that hundreds of scattered electrons must be detected per beam pulse, 

making counting of indi\‘idual particles difficult. This is the reason that so-called 

flux counting was used in the previous SLAC experiment,. Note also that increasing 

the beam polarization by a factor of two is equivalent to a factor of four in statistics, 

so it is important to achie\Te the highest possible beam pola.riza.tion. 

Two interesting quantities can be formed in an experiment that measures both 

proton and deut,eron asymmetries. The first. qua.ntit.y is 

A,h = 
2c1, - +)cld 5 

2c1, - cld 4 + r(x)’ 

where T(X) x d(x)/u(x) at high x. This quant,ity has t,he advanta.ge of being insen- 

sitive to errors in the beam polarizat,ion measurement. It allows sensitive measure- 

ments of r(z), providing a valuable consistency check on the values extracted from 

Fzp/F2d, which is more sensitive to the assumpt,ion of isospin symmet.ry. Another 

quantity of interest is the asymmetry in ad - 2ap. After some algebra this becomes 

&zp = 
“(f -y uf - 2(upL - u;, 
0: + ud R - 2(upL + u,“) 

= GFQ~ 

7ra2JZ 
-5 + 2sin?(8,) 1 (1 + Y) 

= -0.65 x lo-’ Q’ (1 + Y), 

which has the interesting property of being independent of quark distribution func- 

tions at all values of x, and being very sensitive to sin’(B,,) since 2sin*(B,) and 3 
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are almost equal. The small size of the asymmetry means errors in beam polar- 

ization are negligible, but also means the statistical errors will be relatively large, 

and the relative normalization between the two targets must be well known. 

III. PHYSICS 

1II.A Testing the Standard Model 

Status of the Field 

Testing the electroweak sector of the Standard Model is a major focus of high 

energy physics experiments around the world. The mass of the 2 from the LEP 

[4] and SLAC p ex eriment,s establishes a benchmark value for sin2(t9,,) with an er- 

ror of about. O.l%, and given an assumed top quark mass, many observables can 

be predicted [5]. Hopefully the top quark mass will soon be det,ermined directly 

at Fermi1a.b. Uncertaint.ies due the la.ck of knowledge of the Higgs mass are much 

smaller [6]. To date, measurements of quantit,ies such a.s the I+’ mass (iWw> [7], 

the 2 total and partial decay widt,hs [4], inclusive 2 decay widths (I’;) [S], for- 

ward/backward asymmetries of final-stat.e fermions at the Z-pole (AJ-B), left/right 

asymmetry from longitudinally-polarized electrons at t,he Z-pole (ALR, at SLAC), 

final-state r polarization (A,) [9], neutrino-quark and neutrino-electron couplings 

[lo], as well as the parity-violation parameters, are all consistent wit.h a common 

value of sin2(oW) if the top quark mass is in the range of 110 to 175 GeV, as shown 

in Fig. 1. A recent fit [ll] gives mt = 150~~,“‘~~, where the second error comes 

from varying MH from GO to 1000 GeV. The challenge is to continue to measure all 

these observables as well as possible, because physics beyond the Standard Model 

shows up quite differently in the different observables [12]. Presently, some are 

much better determined tha.n others, with the recent large flux of LEP and SLAC 

data making a big improvement in the observables related to the Z-pole, resulting 

in errors bars of 0.5% to 3% in sin’(O,,), depending on the observable. Many er- 

rors will be decreased further with the inclusion of LEP 1992 a.nd 1993 data. A big 

improvement is likely to come in the SLAC A LR I-IlehSUrement Of2.5% in Sin2(&), 
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which is expected to be reduced to better than 0.6% in this year’s run, and possibly 

to 0.3% next year [13]. This improvement is mainly due to the development of the 

high polarization beam, which is also what makes the present proposal possible. 

\ sin2ew(hIJ = 0.2328 ~0.0007 

m, = 150*'g.2r GeV 

60GeV~M,<lOOOGeV 

v) I v 
d 

Fig. 1. Recent compilation [I l] f o values of sin2(0,,,) from various observables 
assuming rnt = 150+1: GeV 60 < M, < 1000 GeV. This proposal would reduce 
the eD error by a. factor of approxima.tely eight,. 

Deep Inelastic Scattering and Atomic Parity Experiments 

The situation is not yet as good in the low energy (far from the Z-pole) ob- 

servables. In general, low energy experiments are important because although the 

Z-pole data are very precise, they are not sensitive to certain types of new physics. 

The previous deep inelastic parity violation (DIS PV) experiment. (11 determined 

sin*(e,) to only lo%, and more recent atomic parity violation experiments 1141 

measured the combination 

c,+ = O.GGGC,, + 0.747C,d = 0.126 f 0.003, 
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for an equivalent precision in sin”(0,) of 4%. It’is hoped that. in the next few 

years the error can be improved to the 1% level. There are two principal reasons 

why a DIS experiment of comparable precision is important: first because the 

systematic errors are completely different for the two experiments, and provide 

a valuable check on each other; and second because while atomic PV essentially 

measures Cl, + Crd, the DIS PV measures the almost orthogonal combination 

c lm = 2cr, - Crd, so that combining the experiments together can determine Cr, 

and Crd independently. The C:! coefficients can also be determined, but not nearly 

as well. 

Sensitivity of proposed experiment 

There are two ways to look at the sensitivity of our proposed experiment. If 

we assume Cz,,, /Cl m has the Standard Model value to within lOYo, then we can 

extract Cl, from the proposed 29.1 GeV deuterium data with a statistical error 

of 1%. This comes from a 2-pa.ramet,er fit., with the second paramet.er describing 

the strength of the strange sea a.t low Z. Adding t.he 48.6 GeV dat,a reduces the 

error to 0.7%. Since 

~sin2Pw) ~ o 926C1m 
sin2(0,,) ’ Cl, ’ 

the equivalent errors on sinz(0,) are about the same size as errors on Cl,. As will 

be discussed in more detail below, the net systematic error will be about 1.6% for 

each energy, resulting in a final determination of sin’(8,) of 1.2%. It. can be seen 

in Fig. 2 that this result for Cl*, combined with a possible 1% result. from atomic 

parity violation in cesium, will allow the determination of Cl, and Crd individually 

to about f0.04. This is important in the search for new physics, which may affect 

Cl, and Cld quite differently. 

Another way to look at the data is to consider C2m as completely unknown, 

and perform 3-parameter fits to the deuterium data. This is the preferred method 

for two reasons. The first is that new physics may affect Crm and CZ,,, quite 

differently, thus invalidating the assumpt,ion made in the first. analysis method. 
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The second is that the Y-dependent Czm terms are more susceptible to higher 

twist and radiative correction systematic errors than the Cl,,-, contributions. The 

result for 29.1 GeV, including systematic errors, is a determination of Cr, to 2%. 

Adding the 48.6 GeV data reduces this to 1.6%, equivalent to an error in sin2(8,) of 

1.5%. Even with both energies, the value of C 2,,, is poorly determined, with about 

a 25% error which is completely dominated by statistical contributions. However, 

because sin2(6,) is close to l/4, this still determines sin2(&) to an equivalent 

precision of 2%. This is an independent measure from Cl,, and has the advantage 

of being insensitive to errors in determining the beam polarization. It should be 

noted that from the high z proton asymmetries we can also get a determination of 

sin2(f?,) to 2%, assuming a 0.02 error in the ratio of &(z)/uv(z), as determined 

from simultaneous measurements of F:/F,d. This will be a good consistency check 

on the assumption of isospin symmetry in the deuteron. Finally, we can det,ermine 

Adzp (see definition above) to about 25’S, where in this case the error is dominated 

by statistics and the cross normalization of the prot.on and deut,eron target.s, but 

is insensitive to the beam polarization error. This also det.ermines sin’(0,,) to 2%, 

and provides a valuable consistency check on many assumptions about theoretical 

corrections and systematic errors. 

Limits on new nhvsics 

It is beyond the scope of this proposal to discuss all the possible physics beyond 

the Standard Model that could affect the DIS PV observables. Among the many 

recent reviews, that of Ref. [12] is particularly comprehensive in comparing the 

sensitivity of various experiments to new physics such as extra Z’s, extra leptons 

and quarks, leptoquarks, and elementary fermion compositeness. As it happens, 

the Z-quark coefficients CrU and Cld are much more sensitive to certain types of 

new physics than most of the other observables. We will consider three examples. 

The first example is extra 2 bosons. There are many possible characteristics 

for these, with typical limits of 1 TeV being set by the various experiments. The 

Z-pole observables, naturally, a.re quite sensit.ive to extra Z’s that. mix with the 
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-0.19 

-0.20 

-0.23 
0.33 0.35 

‘1, 

0.36 0.37 

Fig. 2. Possible results (zt one sigma) for t.he proposed eD parit.y violation ex- 
periment and a future atomic parity violat,ion on cesium (&l% in Qw, which is 
proportional to Cl+). The solid line shows the Standard Model values of Cld and 
Cl, as a function of sin2(6,). 

ordinary Z. However, both at,omic parit.y and t.he present, proposal are t.he most 

sensitive observables for an extra 23~ boson with C = -ma or C = 0 (no 

mixing), setting limits of about 1000 GeV each [12]. These limit,, are comparable 

to those expected (1 to 2 TeV) from direct. sea.rches at t,he SSC or LHC. 

Another example is the possible existence of extra SU(2) singlet or doublet u 

or d quarks, which would significantly affect the extracted Cl and C2 couplings. 

The proposed error on Cl, will produce an upper limit on sin2(8A,) of < 0.002, 

where 8~ is the mixing angle between exotic and ordinary quarks. These limits 

are generally as good as those from a 1% atomic parity experiment, and together 

these two experiments, in most cases, will provide the best limits on these possible 

extra ferrnions [12]. 

Another example to which we would have strong sensitivity is to four-Fermi 

constituent interchange diagrams [15] induced by compositeness of the quarks or 
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leptons. An example is shown in Fig. 3. There are many such four-Fermi operators 

possible, but of the three considered in [12], two directly affect either the Cl or 

C2 coupling, while having almost no effect on other observables. For example, the 

operator of the type 

changes Cl,, and Cld by 

so the proposed error on Cl, would set a lower limit on the mass scale A of 

about 7 TeV. A similar limit is set from a 25% measure of C?,,. If operators were 

constructed that change Cl,, and Cld with 0pposit.e sign, the limit is increased to 12 

TeV. The atomic parity experiments are the only other ones sensitive to operators 

of these types, and similar limits can be achieved. These limits are comparable or 

better than the lower limits of 1 to 10 TeV that are hoped to be set at the SSC and 

LHC. The discovery of quark/lepton sub-struct.ure would have a major impact on 

particle physics. 

Fig. 3. Constituent inter- 

change diagram, leading to 

4-Fermi eq interaction. 

It should be remembered that the new physics that may lie beyond the Stan- 

dard Model, and hopefully explain the la.rge number of particles a.nd free parame- 

ters that now exist, may be something that ha.s not even been considered yet. By 

pushing the precision frontier on as many fronts as possible the present experiment 

will provide new constraints and possibly open the door to new ideas. The factor 
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of eight improvement in asymmetry error (equivalent to a fact.or of sixty in statis- 

tics) compared to the previous experiment makes the effort required worthwhile. 

1II.B Measuring the Flavor Content of the Quark Sea 

Stat,us of the Field 

The second physics goal of this proposal is to measure the quark distributions 

functions. Although there is a lot of information about the overall z-dependence of 

the sea, there is less known about the flavor composition. At the s-range accessible 

to this experiment, the contributions of heavy quarks (c, b, t) are known to be quite 

small, so the focus will be on determining the relative IL, d, and s contributions. 

It is of particular interest to determine the strange content, in light. of the “spin 

crisis” which suggests that we don’t understand what quarks are carrying the spin 

in the nucleon. Knowledge of the quark distribution functions is crucial in helping 

to resolve this question. Another indication of interesting structure in t.he nucleon 

is the observed violation of t.he Got.tfried Sum Rule [lCi] 

1 

J 
$[Ff -F,” 

I 

0 

I = J d+(z) - 6(x)]. 

0 

Recent results from NMC [17] g ive 0.227 f 0.007 f 0.014, for the integral from 

2 = 0.004 to 0.8, and they estimate the contribut,ion from z < 0.004 a.t 0.011, giving 

a total value of 0.240, well below the sum rule value of 0.333 obtained for a flavor- 

symmetric sea. The results indicate that either the distribution functions have 

rather anomalous behavior at very low z, or there is a very significant difference 

between us(z) and d,(s) sea qtiark distributions. Another possibility is that the 

assumption that the strange content. is identical for protons and neutrons is wrong. 

There are several observables that can be used to determine t.he quark distri- 

butions: for electron or muon scatt,ering from hydrogen one measures 

F; = ; [411(2) t d(z) + s(z)], 
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while scattering from the neutron measures 

F; = f [4w + 44 + 4x,] I 

assuming isospin symmetry and no nuclear effects in the deuteron. It can be seen 

that both the difference F: - Ft and the ratio FF/Fl are relatively insensitive to 

the s(z) contributions. Additional information comes from neutrino scattering ex- 

periments, with the most precise information coming from the CCFR experiments 

at Fermilab [18]. I n order to get sufficient statistics, an Fe target, was used in 

these experiments, requiring corrections for the “classic” EPIC effect and for the 

excess of neutrons over protons. Aft,er correcting for non-isoscalarity, the experi- 

ment measures the quant,it,ies 

F{h’ = x[u(x) + d(x) + s(x)] 

zF3 = +L(r) + %Jb)l 

Note the close analogy wit.11 the Y-independent. and Y-dependent. parts of t.he deep 

inelastic asymmetry. In principle, additional information can be obtained from 

neutrino and anti-neutrino scattering from the prot,on, but so far statistics are too 

poor to provide very strong constra.ints. Finally, informat,ion on the zi = ‘us(z) 

and d = d,( 2 content of the proton and neutron can be obtained from the Drell- ) 

Yan process. A recent. experiment [19] has shown that the percentage difference 

between us(s) ?nd d,( x is less than 20% (20) in the range 0.04 < x < 0.12. ) 

This data, obtained by comparing Drell-Yan production from W and C, has ruled 

out some of the explanations for the Gottfried Sum Rule violation. Ideally, this 

experiment will be repeated using proton and deuterium targets, and much smaller 

errors obtained. 

Taken together, all the available measurements are insufficient to disentangle 

the five unknown quantities, uV(x), &(x), Q(X), d,(z), a.nd ss(z) very well. The 

present proposal adds two new observables, A, and Ad, increasing the total num- 

ber of well-measured struct.ure functions to six, and thus permitting a much less 
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ambiguous separation of the light quark distribution functions. The case of deu- 

terium is especially interesting, because the relative strange content. is determined 

directly, without having to combine experiments. 

The most recent fit by CTEQ collaboration to all of the relevant experimen- 

tal data has recently been published [203. They find that the inclusion of new 

low x data from NMC (muon-deuteron deep-inelastic scattering) and from CCFR 

(neutrino-iron deep inelastic scattering corrected to neutrino-deuteron scattering) 

provides some interesting constraints on the flavor content of the sea. This is be- 
0 cause in leading order, the quantity $F,YD - 3F, z xs(x). Th e results of their 

fit are shown in Fig. 4. Note that while the SU(2) symmetry between us(x) and 

ds(x) is not strongly violated, there is a very strong SU(3) non-symmetry, with 

K = s(x)/[us(x)+d,(x)] z 0.9 t I a ow 2, ra.ther than the value of 0.5 expected from 

a flavor-symmetric sea. They find t,hat fits that impose K = 0.5 (such as MSR-DO 

in Fig. 4) do not provide a good fit when the preliminary NhlC and CCFR data 

are included. Note that in the CTEQlhl fit., L (..) 1. f 11 $ T a $0 a s more ra.pidly with z 

than‘the u or d sea quark distributions. 

An interesting consequence of a non-symmetric sea is that the s(x) distribution 

should be strongly Q’ dependent, becoming weaker at. low Q”. By performing 

parity violation measurements at two bea.m energies, we can look for this expected 

strong Q2 dependence, and verify the large s(x) result of the CTEQ fit using our 

E = 48.6 GeV data, where the Q’ values are compatible with those in the global 

fit. This is particularly important since there appears to be some inconsistency 

between the low x CCFR and NhlC data (note added in proof to [20]), which 

might well be generating an artificially large strange sea. 

What will be learned from this experiment 

It can be seen from the asymmetry formula for hydrogen that the larger, Y- 

independent part mea.sures the ratio 
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Fig. 4. The flavor-dependence of the sea quark parton distribution functions from 
the recent global fit of CTEQ [PO], which g ives a good fit to recent NMC and CCFR 
data. Also shown is a typical fit (MRS-DO) with SU(3) symmetry (K = 0.5), which 
has a much smaller s(x), but does not provide a good fit to the new data. 

The relatively small Y-dependent part of the asymmetry has no sea quark con- 

tributions. At low x, D(x)/U(x) d’ff I ers f rom the FT/F?p ratios, which essentially 

measures d(x)/u(x), by th e addition of s(x) in the numerator. Thus, the mea- 

surements are especially sensitive to the strange sea quark contributions. At high 

x, the proton asymmetries essentially measure &(x)/z~~(x) directly. This mea- 

surement is direct: it does not%rely on the assumptions of isospin invariance and 

the absence of nuclear effects in the deuteron that are made when &(x)/u,(x) is 

extracted from comparisons of Fz measured on proton and deuteron targets. By 

taking the derivative of the asymmetry expression, we obtain 
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Fig. 5. The quantities a) -104A,/Q? and b) - 104An/Q’ for four different. repre- 
sentative quark distribution fits. Solid curves from [22] with symmetric sea. Dot- 
ted curves same fit as solid curves but. S(X) = 0. Dashed curves from [23] with 
u(x) # H(x). Dot-d as 1 curves are the recent CTEQlh4 fit [20]. The da.t.a points 1 
illustrate the size of the errors expected from the proposed experiment, averaged 
over both beam energies, and including point-to-point systematic errors. Overall 
systematic errors are not included. All models and possible data a.re evaluated at 
Y = 0.5. 

so errors on D(x)/U(x) in the 0.03 to 0.05 range can be obtained from asymmetry 

measurements in the 2% range, as proposed below. 

As was seen before, the asymmetry for deuterium at low x essentially measures 

the ratio R,(x) = al. M easurements from deuterium below I = 0.2 allow 

a direct measure of the relative strange sea strength, and will be extremely valu- 

able in determining the flavor content of the sea. It has been suggested 120, 211 

that the strange sea may be strongly suppressed at. low Q’. The possible strong 

Q2 dependence is one of the main factors driving our proposal to make measure- 
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ments at both 29.1 and 48.6 GeV. Assuming for the sake of argument the quark 

distribution shapes of Ref. [22], a 3-p arameter fit to all the data will determine c, 

to 0.06, where cs is a coefficient that multiplies the strength of R,(z). This would 

correspond to a 6% determination of the strange sea if it’follows the z dependence 

and approximate magnitude of Ref. [22]. The error is reduced to only 0.04 using 

a 2-parameter fit, in which the ratio C&,,/Cr,,, is fixed. 

Sensitivitv 

To illustrate the sensitivity of the proposed measurements, we have plotted 

the asymmetries for both hydrogen (Fig. 5a) and deuterium (Fig. 5b) for some 

representative quark distribution parameterizat.ions. In order t,o compare with 

data taken at various beam energies and angles, we plot. both model and possible 

data at 1’ = 0.5. The solid curves from hlorfin and Tung [22] assume a flavor 

symmetric sea, while the dotted curves are the same except. s(z) = 0, which could 

be the situation for our low &’ data. The dashed curves are from Eichten et. 

al. (231, and have a harder d,(s) than U,(X) distribut.ion [IJs(~) = 0.2(1 - z)‘.’ 

versus us(z) = 0.2(1 - z)“.~], wit.h the s(z) distribution having an intermediate 

2 dependence [s(z) = 0.2(1 - ~c)s.~]. This model is one of many that fits the 

Gottfried Sum Rule violation. The dot.-dashed curves are from the CTEQlM fit 

[20] mentioned above, which has more s(z) at low z, but falls faster with increasing 

z. The proposed errors on Ad and Ad are sufficient to distinguish between the 

representative models and, combined with other data, provide definitive constraints 

on the flavor content of the sea. 

As an added bonus, the present experiment will make very precise measure- 

ments of the ratio FT/Fl, which provides another handle on the flavor content of 

the sea. The errors will not be limited by statistics, but are completely determined 

by the uncertainty in the ratio of target lengths (0.8% from uncertainties in cryo- 

genic data) and possible differences in radiative corrections (est.ima.t.ed to be less 

than 1%). These errors are considerably smaller than those on exist.ing data in the 

low-z range. We will also measure the difference Pl - FT with negligible statisti- 

21 



cal error, but with an absolute normalization error of less than 3%, depending on 

how well the absolute spectrometer acceptance can be determined. Both of these 

measurements are quite insensitive to s(z) contributions [assuming So = +(z)], 

and primarily determine the relative U(Z) and d(z) contributions. We will make 

these measurements with both the long and short targets to check for possible sys- 

tematic errors due to radiative corrections and rate-dependent efficiencies. 

IV. KINEMATICS, RUN PLAN, AND ERRORS 

1V.A Kinematic Coverage 

Several parameters dictate the experimental setup needed t#o achieve the 

physics goals outlined above. In order to st.ay in the deep inelast.ic region, we 

require the missing mass squared 

to be greater than 4, which limits t,he highest z t,hat can be achieved with a 

given beam energy. In order t.o minimize higher twist corrections, we also require 

Q2 > 2 ( GeV/c)2, which limits the lowest. 2. To cover both physics objectfives, 

we want data both well above 2 = 0.2 (for the Standard Model tests) and well 

below z = 0.2 (for th q e uark sea). In pract,ice, high pion background rates at low 

x are minimized by running at the smallest’ electron sca.t,t.ering angle 6 that can 

give Q2 > 2. For a fixed beam current, it then turns out that. it is always best 

to run at the highest possible beam energy, which for a non-SLED beam is 29.1 

GeV. We have determined that a scattering angle of 4.25’ is optimal for studying 

the low z region, while 6.25’ is best for the high z region, In the SLED mode, 

we can get up to 48.6 GeV. In this case the optimal angles are 2.75” and 4.25”. 

The higher energy running allows studies of the Q’ and Y-dependence to be made, 

as shown by the kinemat,ic coverage illustrated in Fig. 6. Additional kinematic 

factors and the rates in representative x bins are shown in Table 1. The targets 

(liquid deuterium and hydrogen) are assumed to be 80 cm long. The length was 
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chosen to maximize counting rates while maintaining a reasonable spectrometer 

acceptance, and keeping the radiative corrections from becoming too large at low 

x (80 cm corresponds to 9% r.1. for Hz, and 10% r.1. for Dz). The beam is assumed 

to have a polarization of 80% at a current of 4 x 10” electrons per spill (2 x 1Or’ 

SLED, obtained using wide energy slits), and a repetition rate of 120 Hz. The 

solid angle of each spectrometer as a function of momentum has been included. 

Each point corresponds to z 10% in scattered electron momentum, comparable 

to the spectrometer resolutions. The lowest x bin is determined by requiring the 

n/e ratio to be less than 4, and E’/E > 0.3 to minimize systematic errors from 

radiative corrections. 

LEGEND 
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I 
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X 

Fig. 6. Kinematics covered by t.his proposal. The lines are for the central spectrom- 
eter angles: in actuality they would be broadened by the finite angular acceptance 
of each spectrometer. 
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1V.B Rates and Statistical Errors 

It can be seen that the total electron rate is as high as 2500 electrons per 

spill. Even with highly segmented counters, this high rate precludes the use of 

conventional tracking, as was the situation for the original SLAC experiment. We 

will therefore primarily rely on the flux counting method. In order to have some 

resolution in Z, this means that the spectrometer must have a position focus in 

both scattering angle and momentum (see section on spectrometers). The eighth 

and ninth columns in Table I list the statistical error on the physics asymmetry 

for each of the z bins, assuming 300 hours of running time for each target. The 

errors of typically 2-3% are smaller than the point-to-point, systematic errors listed 

in the last column. The components of the systematic errors are discussed in the 

next section. I 

1V.C Systematic Errors 

There are several sources of syst.emat.ic error, each of which is discussed in detail 

in the following sections. Table II lists the estima.t.ed ranges of each of t.hese effects 

on both the overall and point-t.o-point sgst,ematic errors on the asymmetries. The 

combined point-to-point. errors are list,ed in the last column of Table I. 

QCD and Higher-Twist Corrections 

The formulas present.ed above have all been in the parton model framework: 

in reality the quark distributions functions depend on Q2 through t,he effects of 

target mass corrections, calculable leading order QCD corrections (which depend 

on the gluon distribution functions), and dynamical higher twist correctlions. There 

have been many studies of all these effects on F2 and R (241. Generally, the data 

are corrected for all calculable effects, and the remaining difference is ascribed to 

dynamical higher twist effects, parametrized as (1 + Ci(z)/Q2), since the higher- 

twist terms are expected to fall off as 1/Q2. The dynamical higher twist. coefficients 

(241 are consistent with zero for z < 0.4, although all the values are slight.ly negative 

in this region. Above 2 = 0.4, the coefficients become positive and rise rapidly with 

x. Fortunately, the dynamical higher t.wist effects cancel in the Y-independent 
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-x Q2 Y E’ IV2 7r/e rate %(%) y(%) y(sySt,%) 
E = 29.1 GeV 0 = 4.25’ d2 = 0.6 msr 

0.06 1.9 0.76 11.9 31.0 4.98 513. 2.8 3.9 2.6 
0.09 2.3 0.62 14.7 25.5 0.94 475. 2.2 3.0 1.5 
0.12 2.7 0.50 17.0 20.7 0.19 427. 1.9 2.7 1.1 
0.16 3.0 0.42 18.7 17.1 0.05 384. 1.9 ..2.7 1.1 
0.20 3.2 0.35 20.3 14.0 0.01 374. 1.9 2.7 1.1 
0.25 3.5 0.29 21.7 11.2 0.00 350. 2.0 2.7 1.1 
0.31 3.6 0.24 22.8 8.8 0.00 332. 2.0 2.8 1.1 
0.41 3.8 0.19 24.0 6.4 0.00 309. 2.0 2.9 1.1 

E = 29.1 GeV 8 = 6.5’ dfl = 1 msr 
0.13 4.2 0.79 11.3 29.8 2.66 137. 2.5 3.6 1.9 
0.18 5.1 0.67 13.7 24.5 0.37 118. 2.0 2.9 1.1 
0.24 5.9 0.57 15.7 19.9 0.06 95. 2.1 3.0 1.1 
0.29 6.4 0.49 17.2 16.5 0.01 74. 2.3 3.2 1.1 
0.36 6.9 0.43 18.G 13.5 0.00 60. 2.5 3.4 1.1 
0.43 7.4 0.37 19.8 10.8 0.00 44. 2.8 3.9 1.1 
0.50 7.8 0.32 20.8 8.5 0.00 32. 3.1 4.4 1.1 
0.60 8.1 0.28 21.8 6.2 0.00 20. 3.8 5.3 1.3 

E = 48.6 GeV 8 = 2.75’ dfl = 0.3 msr 
0.04 2.3 0.75 20.4 52.2 4.00 232. 3.3 4.5 2.2 
0.06 2.8 0.61 25.2 42.8 0.64 21i. 2.3 3.2 1.3 
0.09 3.3 0.49 29.2 34.7 0.11 200. 2.2 3.1 1.2 
0.12 3.6 0.40 32.3 28.6 0.03 184. 2.2 3.1 1.1 
0.15 4.0 0.33 35.0 23.2 0.01 187. 2.1 3.0 1.1 
0.19 4.2 0.27 37.4 18.5 0.00 184. 2.1 3.0 1.1 
0.25 4.4 0.22 39.4 14.4 0.00 ISS. 2.1 2.9 1.1 
0.33 4.7 0.17 41.5 10.3 0.00 196. 2.1 2.9 1.1 

E = 48.6 GeV 0 = 4.25” rlfl = 0.6 msr 
0.10 5.3 0.78 19.6 50.8 1.57 75. 2.5 3.4 1.4 
0.14 6.4 0.65 23.9 41.6 0.16 G7. 2.1 2.9 1.1 
0.18 7.4 0.54 27.5 33.7 0.02 57. 2.1 2.9 1.1 
0.23 8.2 0.4G 30.3 27.8 0.00 47. 2.2 3.1 1.1 
0.29 8.8 0.39 32.7 22.5 0.00 41. 2.3 3.2 1.1 
0.36 9.4 0.33 34.9 18.0 0.00 33. 2.4 3.4 1.1 
0.43 9.9 0.28 36.7 14:0 0.00 26. 2.7 3.8 1.1 
0.53 10.4 0.24 38.6 10.1 0.00 19. 3.1 4.3 1.1 

Table I. Kinematics, expected pion to electron ratio n/e, the electron rate per spill 
(for 02), and the expected statistical errors on Ad and A,. The final column lists 
the expected point-to-point errors (same for Ad and Ap). The overall systematic 
error is estimated to be 1.6% (see Table II). The rates assume 300 hours per 80 
cm long target with a beam polarization of SO%, and 4 x 10” e/spill (29.1 GeV) 
and 2 x 1O1’ e/spill (48.6 GeV). 
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Source ptp error (%) overall error (%: 

Dynamic higher twist 0.2- 1.6 X 

Radiative corrections 0.7-l .o 0.7 

Beam Polarization X 1 

Average Q2 determination 0.7 0.7 

False Asymmetries < 0.5 < 0.5 

Pair Symmetric Background < 0.3 X 

Pion Contamination O-1.6 X 

Pion Asymmetq Cl X 

Detector nonlineari t.1 0.5 0.5 

Table II. Point-to-point (pt,p) and o\yeraIl sgst,emat.ic errors. 

part of the asymmetries [25], so we need only worry about. t,he effect on the Y- 

dependent part. For this, we have use as a conservat.ive upper limit two times 

the coefficients of [24], applied t.o the I’-dependent t.erm only, as an estimate of 

the possible systematic error. The effects are included in the total point-to-point 

systematic errors listed in Ta.ble I, and are always less than the statistical errors. 

The largest effects are at the lowest, x for E = 29.1, 6 = 4.25’ (1.6%) and at the 

highest x for E = 29.1 GeV, 0 = 6.5’ (0.7%). F or most. kinemat,ic point,s, the error 

is < 0.3%. At common values of x, the Q’ values are a.bout t.wice as large for the 

E = 48.6 GeV points as for the E = 29.1 GeV points, so t.he higher twist effects 

are reduced by a factor of two. We have also considered the effect of an error of 

0.1 in the value of R used to calcula.te t,he kinema.tic factor Y. The error from this 

is < 0.2% in all cases. 

It is important to note that QCD corrections preserve the essential sensitivity 

of Ad to the strange sea. Van Neerven has evaluated these corrections for the Y- 

independent part of the asymmet.ry [25] a.nd ha.s shown that. 
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Ad o; 1 + $ s,' $[s(z, nf2) + s(z, Af2)]@$, Q2/J42) 

F2(5, Q2) , 

where Qgf is a non-singlet coefficient function calculated up to order CX~. Since 

this is strongly peaked near z = 2, measuring Ad at a given value of x primarily 

probes s(x) at the same value of x. 

Pa.diative Corrections 

There are two categories of radiative corrections which need to be applied to the 

measured data: e1ectrowea.k and electromagnetic. The first category is mainly the 

effect of the top quark mass, which leads to a correction of the form [26] (1 + c/m:). 

In the m scheme the extracted value of sin’(0,) changes by only 0.5% in going 

from 77~ = 100 to 200 GeV, while in the on-shell scheme the change is 1.5%. 

There is a much weaker dependence on t.he Higgs mass, assuming the minimal 

W(2) x U(1) model with one Higgs doublet. We will not. assign a.ny systematic 

uncertainty to these corrections, since the top mass is likely to be known by the 

time the experiment is completed. 

The second category is due to the ordinary emission of photons by either the in- 

cident or scattered electron, either in the field of the nucleus (internal corrections), 

or in the field of another nucleus (external correctAions). There are two sources 

of uncertainty in these corrections: the uncertainty in the model used to evaluate 

cross sections away from the nominal kinematics, a.nd higher order corrections in- 

volving multiple photon emission. The formulas needed to calculate radiative cor- 

rections for deep-inelastic parity violation asymmetries have been calculated [27], 

and show that to a large extent at low Y the radiative correction factors for the 

numerator and denominator in the asymmetry cancel each other, thus consider- 

ably reducing the sensitivity to the assumptions made. We have programmed these 

formulas, and are in the process of testing the code. Preliminary results using a 

simplified version are shown in Fig. 7. Preliminary investigations show less than 

0.7% point-to-point variations by making reasona.ble changes to the model cross 

sections, with the effect being biggest at low x. The most important effect comes 
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Fig. 7. a) Radiative corrections t.o the a.symmetries for deuterium for t.he four 
kinematic points of t,his proposal. b) Ra.diative corrections t.o the unpolarized cross 
sections. 

from the change in the average value of Q’, on which t,he Z-phot.on interference 

cross section is linearly dependent, relative to t.he phot,on exchange cross section 

alone. We are fortunate tha.t for this experiment, t,he deep inela.st.ic cross sections 

are already quite well known, so the range of input, models is well constrained. 

The greatest sensitivity comes at low 2, where the portion of the measured cross 

section due the elastic (Hz) or quasi-elastic (LIZ) t,ail becomes la.rgest,. However, 

by requiring E’/E > 0.3, we have kept this contribut,ion to be < 5% in the worst 

case, and for most points it is negligible. Changing the elastic asymmetry model 

by 20% changes the radiative corrections in lowest x bin by f0.5%, typically. The 

elastic asymmetry has never been measured in our range of Q’, but. is expected to 

have the same magnitude as the deep-inelastic asymmetry (A,l/Q2 e 0.8 x 10W4), 

unless there are anomolously huge contributions from st,range quark form factors. 

Our measurements in the highest zc detectors will include t.he elastic region, so if 
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there are any large deviations from the expected asymmetry, we will be able to see 

them. We have tentatively assigned a point-to-point systematic error of 0.7% to 

all the kinematic points except the lowest zr bin, which has an error of 1% included 

in the values in the last column of Table I. 

The second source of uncertainty is due to multiple photon corrections and 

higher order vacuum polarization and box diagrams. While we can exactly cal- 

culate the multiple hard photon emission from two or more external nuclei, the 

inclusion of these effects in the internal corrections is very difficult, and has not 

yet been done. As is usual for other deep-inelastic measurements, we will assign 

an overall unpolarized cross section systematic error of 1% and a point-to-point 

error of 0.5% to account for these neglect.ed terms, since they are higher order in 

fY = l/137. We assume that. some of this effects will cancel in the asymmetries, and 

so conservat,ively assign an overa. syst,ematic error of 0.7% to the asymmetries. 

Beam Polarizat.ion 

As discussed in more detail below, we plan to measure the beam polarization 

continuously in End Station A using a Compton polarimeter. The design is very 

similar to that at the SLD [2S], rl 11 lere t.he syst.ematic error is being improved from 

the 3.6% achieved last year to an expected error of 1% by the end of this year. The 

shorter laser transport line and anticipated lower and more stable backgrounds 

lead us to expect that, we should a.lso be able t.o achieve a bet,ter than 1% error 

on the beam polarization. To do this, we will keep t.he laser polarizat8ion as close 

to 100% as possible, measure it close to t.he IP, minimize backgrounds, and have 

good detector linearity. 

Determina.tion of Mea.n Q2 

Since the measured asymmetries are directly proportional to Q’, we need to 

know the mean Q’ in each x bin with an accuracy of better than 0.75% in order not 

to dominate over the statistical errors. We will make a detailed spectrometer model 

based on the measured field ma.ps of the ma.gnets, and check the model against 

several types of calibration runs. One type of calibration run involves using a set 



of thin aluminum foils at various positions along the beam axis to verify the target 

position dependence of the acceptance. Another test is to use an aperture-defining 

mask in front of the first quadrupole to define an aperture-free set of rays. Finally, 

we plan to do a series of measurements using hydrogen and deuterium targets with 

beam energies from 12 to 25 GeV in 1 GeV steps. Since we already have a very 

good knowledge (f2%) of th e cross section over the deep-inelastic, resonance, and 

elastic peak regions, we can verify that the number of counts in each detector 

follows the expected pattern. Since t,he spectromet.er design is quite simple, and 

the magnet properties well known, these tests should det.ermine the mean Q2 of 

each detector to better than 0.75%. We include this as an upper limit, to both the 

point-to-point and overall systematic errors. 

False Asymmet.ries 

False asymmetries can be int reduced if any paramet.ers SUC)I a.s t.he beam en- 

ergy, intensity, posit,ion, or angle are correlat.ed 1vit.h helicit),. Problems can also 

arise if the det.ector electronics a.re not completely isolat.ed from the electronics 

that determines the beam helicit,ies, or if the halo of the beam scrapes on a.ny mag- 

netized iron. Experiments such as the eC elast,ic scattering parity violation study 

at Bates [29] h ave shown that false asymmet.ries from effects such as these can be 

reduced using straightforward techniques to 2 x lOwe, much bett,er than is needed 

for the present experiment, in which false asymmetries of 1 x lOa” or less are negli- 

gible. This is a factor of 100 larger than has already been achieved at. Bates, which 

has an injector design very similar to the one at SLAC. 

We plan to measure the beam position at the P13 and Pl5 cavities and at wire 

arrays both upstream and d0wnstrea.m of the target.. Bea.m positions are measured 

to better than 0.4 mm for each beam pulse. Averaging these measurements over 

one million beam pulses (3 hours of running) allows t.he det.ermina.t.ion of helicity- 

correlated differences in posit(ion, angle, and energy to < 0.000:3 mm, < 0.00007 mr, 

and < O.OOOl%, respectively. For a typical kinematic point., these values correspond 

to false asymmetries of < 1 x 10q7, < 4 x 10w7, and < 2 x 10e6 respectively. If 
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any significant differences are observed, they can be corrected for since we will 

simultaneously measure the cross section dependence on each of these parameters. 

However, during the recent El42 experiment [30) no measurable position or angle 

asymmetries were observed (the beam energy cavity Pl3 was not calibrated, so 

no energy measurements were obtained), so it is likely that we will not see any 

asymmetries either. We will measure the beam helicity for each beam pulse with 

three different methods (as in E142) and check that they agree. We will look for 

any correlations with GO Hz or other frequencies t.hat could generat,e systematic 

electronic noise signals. 

The data acquisition system measures the tot,al incident charge for each beam 

pulse in each of two toroids with a precision of 0.2% for each pulse, leading to a 

negligible error in the incident, charge asymmetry. Experience from El42 shows 

that small charge asymmet,ries ( < 1 x 10w4) can be measured and the laser optics 

can be tuned to minimize them. We plan to digitize the shape of each beam spill 

to also look for slight differences in time struct.ure which could lead to differences 

in the response of the charge mea.suring toroids. 

With these diagnostics, the overall syst.ematic error from false a.symmetries 

should be < 1 x 1 O-6, or 0.5% of the smallest, (low x) asymmetries. 

Pion and Pair Symmetric Dilution 

For the lowest x bin of each spectrometer setting, there will be typically four 

pions for every electron, and a several percent contaminat,ion of electrons coming 

from pair-symmetric processes. This second cont,ribution is relatively small, and 

will be measured by reversing the polarity of the spectrometer. Running for about 

5% of the normal polarity reduces the pair-symmetric error to a negligible level. 

There are two problems associated with the large flux of pions. The first is to 

know the precise pion-to-electron ratio, as well as the mean amount of cerenkov 

light deposited in the detector from pion showers compared to the mean amount of 

light from electrons showers. As discussed below, the detectors have been optimized 

to reduce this ratio as much as possible, to a value of about 0.1. For a/e = 4, 
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this means that 30% of the light in each low 2 detector will come from pions, 

on average. We will measure the response of the detector t,o both electrons and 

pions both using a test beam and using the 4 meter cerenkov counter from El42 

placed in front of the shower max detectors to distinguish pions and electrons. By 

running at low beam current and using the short targets, we will have much less 

than one particle per detector element per beam spill, allowing pions and electrons 

to be cleanly separated for this calibration run. We believe that we can measure 

the pion versus electron rates and detector response to 2% in each detector. This 

results in contributions to the point-to-point systemat.ic errors of 1 .S% in the lowest 

z bins, quickly becoming negligible a.t higher f. 

The second problem with the pions is that, alt’hough we expect. most. of them to 

have no asymmetry because they come from phot oproduct ion at (2’ = 0 , t,here are 

some which come from elect(roproduction, a.nd could halve a non-zero asymmetry. 

For this reason we have a. second set of detect,ors at low z, behind an absorber 

which stops the electron showers. This will allow full stat.istics mea.surements of 

the pion asymmetry. To account for possible elect.ron contamination in the pion 

detectors, we will assign a systema.tic error of 20% to whatever pion asymmetry 

is measured. Unless this asymmetry is unexpectedly large, it will not const.itute a 

significant systematic error to the electron asymmetries. 

Detector Non1inearit.y 

Non-linearities in the detector/electronics combination will cause t,he measured 

asymmetry to be in error by an amount proportional to the quadratic component 

on the response function. We, plan to run the phototubes in a region well be- 

low saturation, and place the signal in the middle region of the ADC’s, where the 

linearity is best. We will make careful measurements of nonlinearities using three 

techniques: testing the ADC’s with precision charge sources, and testing the detec- 

tor/ADC combination by placing them in a test beam and observing the response 

to N electrons of a fixed energy, where N will vary from 5 to 30. Such a test beam 

was recently used in E146, and can easily be brought. into ESA when t.he SLC is 
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running. As a final.check, we will measure the response as a function of beam cur- 

rent, which we can determine to better than 0.2%. We anticipate that we will be 

able to reduce systematic errors from detector non-linearity to < 0.5%. 

V. EXPERIMENTAL SETUP 

V.A Beam 

Most of the running for this experiment will be at either 29.13 or 48.55 GeV, 

which are the highest energies which are multiples of 3.237 GeV in the non-SLED 

and SLED modes respectively. The requirement E = n3.237 originates from re- 

quiring the beam to retain longitudinal polarization a.ft.er passing through the A- 

bend magnets. Running at 48.6 GeV will require the completion of the A-line 

upgrade project [31]. For both energies, we request a beam polarization of 80% or 

greater, and the highest possible current. By running the A-line slits at 1.2%, we 

should be able to get 2 x 10” e/spill in the SLED mode. The development of a 

new flash-lamp pumped Ti-Sapphire laser and strained gallium-arsenide cathodes 

should provide the high polariza.tion and current needed. Good progress has been 

made lately in this area, and no obstacles are seen in meeting the requirements of 

this proposal. 

We plan to measure the beam position and angle in a similar manner as other 

recent experiments (P13 and P15 cavities and wire arrays upstream and down- 

stream of the target). We will require a feedba.ck system to keep the beam cen- 

tered on the target. A small amount of dedicated beam time will be needed to 

calibrate the P13 cavity by making small changes in the A-line ma.gnet settings to 

sweep the beam across the cavity. 

V.B Compton Polarimeter 

As can be seen in Table I, we need to know the bea.m polarization to 1% or 

better in order to be compatible with the statistical errors for an overall test of 

the Standard Model, which depends on the average of all the high z deuteron 

asymmetries. Recent experiments have relied on spin dependent Moller scat,tering, 
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measuring Pe with relative precision of 4%. This is the state of the art and is limited 

by two systematic effects. First, the electron polarization in the magnetized foils 

was measured with about 3% precision limited by knowledge of the foil thickness, 

uniformity, and variations of its magnetization. Second, the background on which 

the Meher peak sits has an unknown asymmetry. With a lot of work, these errors 

may be reduced to 2% in the future, but this is still a factor of two worse than we 

would like for the present proposal. For this reason, we propose to build a Compton 

polarimeter in End Station A, located upstream of t.he target as shown in Fig. 8. 

The design is very similar t.o that. of the SLD Compton polarimeter, which will save 

considerably on engineering and design costs. The SLD group is hoping to reduce 

their polarization measurement, to 1% or less within a year [21], and we should also 

be able to meet this goal since the background conditions are much more favorable 

in our case, and the distance from t.he laser to t.he interaction point is much shorter. 

The details of the design and performance are given in Appendix A. 

V.C Targets 

The primary target,s needed for this experiment are straightforward liquid hy- 

drogen and deuterium cells about 80 cm long, similar to those built. for experiment 

E136. We will also use 15 cm long cells for various calibrat.ion runs. Many such 

cells have been built for use in End Station A, and over the years improvements in 

the cooling (especially the use of high-ca.pacity fa.ns to circulate the target liquids 

through the liquid hydrogen reservoir) have resuhed in cells which have no mea- 

surable change in densit.y from loca.1 boiling effect,s, even at the maximum beam 

currents. The change in average target density is typically 1% when beam is put 

on the target, and can be measured very accurately with a redundant system of 

resistors to measure temperature, and vapor pressure bulbs to measure pressure. 

The absolute density can be determined to about O.S%, mainly limited by our 

knowledge of the cryogenic coefficients that convert temperature to density. An- 

other recent design improvement permits the use of very thin (0.01 cm) aluminum 

entrance and exit windows, so that the total number of nucleons in the windows 

is < 270 of the number of nucleons in the liquid hydrogen or deut,erium. Since the 
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Fig. 8. Schematic layout of the Compton Polarimet,er in the front. part of End 
Station A. Note vertical scale is twice that of horizontal scale. Target and laser 
hut positions are the same as E142/E143. 
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asymmetry from aluminum is practically the same as for deuterium, the presence 

of the aluminum windows will result. in very small corrections to the measured 

asymmetries. 

BOG LH2 

Fig. 9. Schematic layout of liquid hydrogen and deut.erium t.arget.s. The diameter 
of each cell is 7.5 cm, and the liquid flow through an inner tube t.o t.he end of the 
target, returning along the region between t,he inner and outer walls. Also shown 
are several short aluminum target.s used for calibrat.ions. Each of these targets can 
be individually put into the beam. 

In addition to the cryogenic cells, we will need some thin aluminum targets 

positioned at various distances along t.he 80 cm act.ive region. These will be used 

in measuring the spectrometer acceptance, as well as the cont,ribut.ions from the 

liquid target endcaps. A schema.t.ic layout of t’he entire target, assembly is shown in 

Fig. 9. As in previous experiments, t,he targets will be on a vertical ladder under 

computer control, allowing frequent interchanging of targets. 

V.D Spectrometers 

The spectrometer design has been simplified from the original proposal to make 

it less expensive to build and to make it ea.sier to predict the optical properties. The 

new design also provides a more uniform acceptance as a function of momentum. 

We propose to build spectrometers at 4.25’ and 6.5’ for the 29.1 GeV running, and 

to move the 6.5’ magnet.s inwa.rd to form a 2.75’ spectrometer for t.he 48.6 GeV 

running, keeping the 4.25’ magnet.s in place, but. adding one srna,ll extra quadrupole 



in front to provide extra focusing. The layout of the 4.25’ and 6.5’ spectrometers 

in shown in Fig. 10. The configuration of each spectrometer is basically the same, 

consisting of a vertically focusing quadrupole (QS2-type) followed by a vertically 

bending dipole magnet (B81 or B82). Finally, each spectrometer has another 

vertically focusing quadrupole to generate a tilted momentum focal plane. By 

having the dipole bend downwards, the detectors are close to the End Station 

floor, thus reducing the cost of building and earthquake-proofing the detector hut. 

Note that the side plates of the front quads will be replaced with thinner ones to 

allow these quadrupoles to be close to the beam pipe. This can easily be done since 

the side pieces are held in with bolts and are designed to be easily removed. We 

will avoid large gradient distortions by running these front quads at. 10 kG, rather 

than the maximum field of 12.5 kG. The dipoles run at the maximum field of 21 

kG, and the back quadrupoles run at 12.5 kG. 

The optics of a typical spectrometer are illustrated in Fig. 11. The rays have 

been generated by a custom ray-trace program that. takes int,o a.ccount the magnet 

apertures and field strengths. It can be seen that because both quads are vertically 

focusing (needed to obtain a momentum focal plane), there is a strong horizontal 

defocusing. The low momentum particles are bend further outwards, but since their 

momentum focus is closer to the target than the high momentum particles, the 

required detector width is approximately constant at 120 cm. For a point target, 

horizontal position provides a perfect mea.sure of horizont.al scattering angle. For 

the 80 cm target of this proposal, the resolution is smeared out, as illustrated 

by the rays in Fig. 11 with 0 = 0 but ~0 = 3 cm. For an 80 cm target and 6 

cm wide detectors, the resolution in Q’ and t is f5%, roughly independent of 

momentum and spectrometer angle. This is adequa.te for this experiment, since we 

will typically histogram the data in bins that are AlO% wide in x. As will be seen 

below, the detectors will have a typical E’ resolution of &5%. The corresponding 

Q2 resolution is f5%, but the x resolution varies with V, from &5% at low x, to 

=tlS% in the highest x bin. This is still adequate for our experiment. 

The acceptance of the spectrometers has been designed to be uniform over 
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Fig. 10. Layout of the 4.25’ and 6.5” spectrometers in End St,al,ion A. The  target position is the same as in E14’2/E143. 



as large a momentum range as possible to allow the entire kinematics indicated 

in Table I to be covered in a single momentum setting in each case. As can be 

seen in Fig. 12, the acceptance falls off much more rapidly on t.he low momentum 

side, which is a desirable property since the pion rates increase very rapidly at low 

momentum. The average solid angles for the three spectrometers is 0.3,0.6, and 1.0 

msr. These are a factor of three larger than the El42 reverse bend spectrometers. 

The gain in solid angle is at the sacrifice of a more open geometry: particles 

that bounce once from the dipole pole face can enter the detectors. With this 

in mind, we have designed the detectors to be more resistant to background. It 

should be noted that we cannot use the E142/E143 spectromet.ers in their present 

configuration because there is not a good momentum focus, which is necessary 

because of our very high part.icle ra.t.es. 

Fig. 12. Solid angle of 
the three spectromet.ers a.s 
a function of moment,um. 
Both the low and high mo- 
mentum setting of the 4.25’ 
spectrometer are shown. 
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‘V. E Detectors 

The requirements for the detector system are to be able to handle up to 2500 

electrons per 2lisec bea.m pulse in each spectrometer, and to discriminate electrons 

from a background of pions. In addition to the real pions that pass through the 

spectrometer optics, the det,ector area will also be filled with low energy neutrons 

and photons. The high rates mean that traditional trac.king devices will not work, 

so the electron scattering angle a.nd moment.um must be measured by position 
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Fig, 11. Optical properties of the 6.5” spectrometer in the horizontal and vertical 
planes, for rays with momenta P from 11 to 22 GeV/c. The a.ppr0ximat.e detector 
array position is also indicated. The smaller angle spectrometer optics look very 
similar, but the 2 scale is stretched out. 



alone. Even with a highly segmented system, each.element will count several par- 

ticles per pulse. The ideal detector element, in such an environment is a lead-based 

shower maximum detector. This type of detector is quite insensitive to low energy 

backgrounds, and can discriminate electrons from pions since the electron shower 

is detected close to its maximum particle multiplicity, while the pion hadronic 

showers have only just begun to form. 

We have done extensive studies using the GEANT code, and found that the best 

x/e separation, consistent with a reasonably narrow electron peak, is obtained with 

6 r.1. of lead, followed by a 2 r.1. active lead glass detector. In this setting, the type 

of lead glass is not too importa.nt, since the main requirement is to obtain at. least 

two photoelectrons for every one of t.he pa.rticles ma.king up t.he electromagnetic 

shower. In the interest of saving money, we t.herefore propose to rna.ke t,he lead 

glass detectors from existing 6 cm by 6 cm by 75 cm ASP F2 pieces. There are well 

over 100 pieces which are not presently being used. By cutt.ing them into 12 cm 

lengths, we can obtain over 600 pieces. We plan to a.rrange these in ten rows for 

each spectrometer, approximately following the moment,urn foc.al plane as shown 

in Fig. 11. Each row is made up of between 18 and 22 blocks placed side by side, 

with the phototubes below, to cover a horizontal range of up to 132 cm. Behind 

each row is a layer of 25 r.1. of lead (or preferably tungsten heavy met if available) 

to stop most of the electromagnetic showers from entering the detectors in the 

next row down. For the first five rows, where there are significant pion rat,es, this 

thick absorber would be followed by another set of lead glass detectors so that the 

number and asymmetry of pions can be measured. 

A schematic layout of the detectors for one row is shown in Fig. 13. Since we 

have the lead glass in hand, the principal capital equipment, cost. for this detector 

will be in obtaining the 600 2” photomultipliers needed. If they cannot be obtained 

from decommissioned experiments, they would have to be purchased. 

The simulated response of the detectfor t.o 10 GeV pions and elect,rons is shown 

in Fig. 14, for r/e = 4, the highest va.lue of this experiment.. It. ca.n be seen that 

on average, the pion deposits 0.11 times a.s much energy as an electron, including a 
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Fig. 13. Schematic layout. of’ one row of tlctect.ors. The elect.ronics readout for 
each photomultiplier tube is also shown. 

non-gaussian tail from pions that hadronicly shower in t.he lead filter. The electron 

peak has a relative width (cr) of 0.15. The dashed curve shows the actual electron 

response as measured recently by a 12 GeV test. beam pa.ssing through 6 r.1. of 

lead into a single ASP block, with an original ASP phot,otube. We ascribe the 

slightly wider experiment,al electron widt(h (0 = 0.16%) to the phototube light 

collection efficiency, which is not included in the simulation. From Fig. 14, it can 

be seen that if we integrate the<total light output for each beam spill, we will have 

a 30% dilution due to pions for the worst case of x/e = 4. As discussed above, 

this increases the error on the electron asymmetry, and adds a systematic error 

due to the uncertainty in pion conta.mina.tion. However, we also plan to integrate 

the signal with a bias at. about GO% of the electron peak posit,ion, in which case 

only about 3% of the light comes from pioIls, while most. of the elccl.ron signals are 

retained. This method will have different systema.f.ic errors due to the effects of 

42 



16 

“0 4 12 16 

(solid line - simulation) 
(dashed line -measured) 

20 24 28 32 36 1 

Pulse Height (arbitrary units) 

Fig. 14. The response of a single detect.or element (G r.1. of 1ea.d followed by 
2.r.l. of F2 lead glass) to 10 GeV electrons (open hist.ogram) and pions (shaded 
histogram). The dashed line indicates the act,ual response to 12 GeV electrons as 
measured in a test beam. 

multiple pion and electron pile-up, but will provide a va.luable consist,ency check 

on the total light integration method. 

As mentioned above, we will a.lso use the gas Gerenkov counters to distinguish 

pions and electrons during low rate ca.libra.t.ion runs. These ca.n either be the 4 m  

E142/E143 Gerenkov counters, or modified versions t,hat, are needed for proposed 

50 GeV extension to E143, if it%is a.pproved. These counters have a pion threshold 

from 13 to 18 GeV/c (depending on gas pressure), and will be placed between the 

last quadrupole and the first row of shower max detectors. 

V.F Electronics and Data Acquisition 

There are presently enough high voltage supplies to power the photomultiplier 

tubes of all GO0 detector elements, and there are enough cables to bring all the 

signals into the counting house, a.lt.hougll some of them need new connectors. Once 
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there, each signal will be split three ways using passive splitters which need to be 

built. One of the three outputs will go directly into a 2‘280 ADC with a gate 

which is as long as the beam pulse. The second output will receive a bias before 

going to a second ADC, so that only the large components of the signal will be 

integrated. The third output will go to a discriminator, and then to a 16-hit TDC. 

Most of the needed ADC’s, discriminators, TDC’s, cables, NIM bins, and CAMAC 

crates are available from the E142/E143. W e will need to obtain the remaining 

discriminators, obtain extra ca.bles, a.nd build t#he split,ter and biasing circuits. 

For normal running, we will read out. a.ll of the ADC’s (2400 bytes) for each 

beam spill, and only read the TDC’s in the large angle spectrometers, where the 

rates per detector a.re low enouglt (average 3/spill/tlet.ect.or=~~~~ byt,es/spill) to 

make count,ing individual elect.rons feasible. For t.he low rate calibration runs, we 

will read out, all of the TDC’s to check the consistency of the flux int,egration 

and counting met,hods, look for coincidences wit.11 the Cerenkov counter to identify 

a clean sample of elect.rons, and look for coincidences bet.ween a.djacent. blocks to 

check our simulat.ion of energy sharing between adjacent lead glass blocks. Another 

use of the TDC’s is to look for coincidences between the first and second layers of 

detectors, due to hadronicly showering pions. The present data acquisition scheme 

is limited to 2700 bytes/spill, so some moderate upgra.de will be needed t,o handle 

approximately twice that. ra.te. 

VI. MANPOWER, SCHEDULE, AND REQUEST 
Most of the members of this collaboration have had extensive experience in 

setting up custom spectrometers ii1 End St.al.ioll A. 111 ~~a~iticulir~. \2’(’ l~a\*t~ a lot. of 

experience using the proposed Q82-t,ype quadrupoles and B8l-type dipoles. We 

have built and tested arrays of lead-glass based detectors, and extensive experience 
. 

with large gas Cerenkov counters. We believe that. the new spectrometer could be 

set up and the new detectors built, within one year of approval, a.ssuming the needed 

phototubes are acquired in a timely fa.shion. The elect,ronics a.nd da.ta. acquisition 

system are straightforward extensions of the present E142/E143 set,up, and could 
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also be ready within one year. The cryogenic target.s are very similar to those 

built in less than one year for SLAC experiment E136. With good engineering 

and technical support from SLAC, it should be possible to built the new targets in 

a similar time frame. The Compton polarimeter will be, the most significant new 

technical development for End Station A experiments. Members of this calibration 

have extensive experience with laser systems, and some of us have been strongly 

involved in the SLD Compton polarimeter project. 

As in past experiments, the final list of collaborators will undoubtedly be ex- 

panded, especially as none of the four to six graduate students expected to work 

on this experiment have been listed. We believe that our collaboration has the ex- 

perience and manpower needed to prepare for, carry out, and analyze the proposed 

experiment in a timely and efficient. manner. 

We request 12 weeks of running at 29.1 GeV, of which one week is for check- 

out, two weeks are for detector a.nd acceptance calibration runs, and seven weeks 

are for data taking on the long target.s. A furt.her t.wo weeks are needed for data 

taking with the short ta.rgets to measure Ft/F,” and check radiative corrections, 

with the dummy targets to measure endcap contributions, and with the spectrom- 

eter polarities reversed to measure pair-symmetric contributions. For an overall 

efficiency of 50%, this will result in 300 hours of good data. for each of the long 

hydrogen and deuterium targets, as indicated in Table I. We request an additional 

nine weeks of data taking at 48.6 GeV, which would take place after the A-line 

has been upgraded and the 6.5” spectrometer ha.s been moved to 2.75”. Two to 

three weeks of checkout and calibration runs would also be needed at 48.6 GeV. 

Some of this time could be inkcommon with the proposed 50 GeV extension to 

E143, which plans to use the sa.me two spectrometers. Finally, we request several 

weeks of E146-type parasitic electron beam time in End Station A to calibrate the 

shower max detectors. 

45 



APPENDIX A. COMPTON POLARIMETER 
In spin-dependent Compton scattering, circularly polarized laser photons are 

shined on the electron beam so that the photon energy in the electron rest frame is 

several hundred I<eV. The spin dependence of Compton Scattering leads to a large 

difference in scattered electron count rat.e which is proportional to the electron 

polarization. The polarization of the laser photons can be greater than 99.5% and 

precisely measured. Background is less than a few percent in the kinematic region 

observed and dependent on the electron spin only through t.iny parity violating 

channels. One significant feat.ure is that t.he electron polarization is monitored 

continuously. No running time or cha.nge of beam parameters need be devoted to 

polarization measurement’. 

In the electron rest. frame the spin-dependent. Compt.on cross section is given 

by 1321 
da wrcl + 
r-l= 24; 

co2 0) + (q, - (I)( 1 - cos l9) 

iP;P# - cos U)( qo + y) cos e 

iP,‘P, cos $( 1 - co.sU)q sin O] 

where qo and g are the incident and scat.t.ered phot.on energies in the electron rest 

frame (qa = 2E*) with Xc = 2.43 x 10S3 nm the electron Compton wavelength 

and X the laser wavelength measured in t,he lab fra.me. B and 4 are the polar 

scattering angles, and the + and - refer to elect.ron and photon helicities parallel 

and anti-parallel. (The electron helicity is changed on a pulse to pulse basis and the 

laser photon helicity can be reversed arbitrarily rapidly.) The electron polarization 

components are separated into longitudinal (Pi) and transverse (PT) pieces. In 

the lab frame, the cross section for longitudinal electron polarizat,ion can be written 

(averaging over azimuthal angles) a.s 

da da0 da1 
d/,=d/l 

iP,LP- 
‘I dp 



da1 
dp = $a (1 - p(l + a)) 1 - (1 - - a))* >I 

where 

P = ahma= 

and q and qmaz are the final and maximum final phot,on energies in the electron 

rest frame given in terms of the electron energy E bj 

(I mar = E(1 - u) and 0 = l 
1 + 47&!/X’ 

Although in principal we could detect the back-sca.tt.ered phot.ons, it. is much more 

practical to use momentum analysis t.0 separat.e out t,he corresponding elect,rons. 

The expected asymmetry of scatt.ered electrons for electron polarization P, = SO%, 

beam energy 29.1 Ge\‘, and laser wavelength 532 nm, is shown in Fig. 15a. As in 

the SLD Compton pokrimeter, we will detect, electrons corresponding t,o large p, 

where the asymmetry is large, a.nd decrea.ses to zero at a well-det,ermined point. 

This corresponds to electrons wit.11 final energy between 15 and 21 GeV at. E = 29.1 

GeV. The corresponding energies for E = 48.6 GeV are 18 to 2G GeV, as can be 

seem in Fig. 16a. The well-defined endpoint a.t zero crossing points are used 

in studies of the detector energy calibration, resolution, and linearity by fitting 

the results to the calcula.ted asymmetry, convolut.ed with the expected det.ector 

response function. 

The electron polarization iS given by extracting an asymmetry of the counting 

rates for parallel(qg ) an d antiparallel( 77; ) electron and photon spins: 

where r]c is the averaged Compton counting rate and 7~ is the rate of background 

counts. 
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Our scenario for detecting the scattered electrons is shown in Fig. 5. The 

optimum location for the laser has not yet. been finalized. The laser beam crosses 

the incident electron beam at an angle of 10 mr at a point several meters upstream 

of a series of three chicane magnets. The first chicane magnet is an analyzing 

magnet for the Compton scattered electrons. Energy resolution of the scattered 

electrons is provided by a position sensitive detector. The major elements of the 

Compton polarimeter are 1) the laser and optics, 2) the chicane for separating 

incident electron energy from Compton scattered electron energy, 3) the position 

sensitive detector for the Compton scattered electrons. Ea.ch of these is discussed 

in more detail in the next sections. 

Laser and Opt.ics 

The choice of laser for t.he Compton polarimeter is based on considerat,ions 

of statistical precision, ba.cl;grounds and resolut iou of’ the det.ect.or set.-up. A fre- 

quency doubled Nd:k’ag laser, similar to Quani ;1-Ra!, GCR- 190-130, is 1.1~ best, 

commercially availa.ble choice. This laser produces 6 ns pulses at. 30 Hz witah 0.4 

Joule (10” phot,ons) with beam quality suffcient. 1.0 foc.us onto a 1 mm radius 

electron beam. The output wavelengt,h is 1064 nm. Af’t.er frequency’ doubling, the 

wavelength is 532 nm, and the power is reduced to 0.2 Joule. The short pulse is 

an advantage for background rejection since we can use timing to separate Comp- 

ton events from background events. Background in the detector is dominated by 

bremsstrahlung scattering of the electrons from the residual gas (< 10e4 torr) be- 

tween the A-line bend and the chicane. In Fig. 15b we show the expected number 

of counts (per pulse per GeV) due to Compton scattering and background for a 

2~s long, 29.1 GeV electron pulse a.nd G ns laser pulse. The corresponding rates 

at 48.6 GeV are shown in Fig. 1Gb. For these calculations, we have used a con- 

servative estimate of laser performance (half the energy per pulse utilized and 6 

ns pulse width). The laser pulse can also be moved in time relative to the start 

of the electron pulse. This ma.y provide useful information on the change of elec- 

tron polarization or background during the pulse. It. is also possible to run the 

laser repetition rate anywhere bet,ween 1 and GO Hz with lower energy per pulse 
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Fig. 15. a) Compton asymmetry, b) rates per spill per GeV, and c,d) signal to 
noise for E=29.1 GeV, 4 x 10” electrons per pulse, and a G nsec, 532 nm, 30 Hz, 
0.2 Joule laser crossing at 10 mr. Only electrons in the range of 14 to 21 GeV will 
be detected. 
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Fig. 16. Same as Fig. 15 except for a 48.6 GeV SLED beam. Electrons from 18 
to 26 GeV are detected. 
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at high repetition rates. Since the electronic noise-associated with the laser pulse 

may affect the experiment’s electronics, the variation of this rate or choosing an 

odd frequency will reduce the potential false asymmetries. 

The optical system consists of steering mirrors, a two-lens telescope to increase 

the beam diameter and reduce its divergence for transport (Liouville’s theorem), 

a focusing lens to reduced the laser beam to the electron beam size, high quality 

windows for entry into the beam line, linear polarizers (3) for the incident laser 

beam and polarization analysis, a pockel cell for fast modulation of the laser polar- 

ization and photo-detectors for normalization and polarization analysis. All optics 

must be of the highest qua1it.y and a.6reflection coated so that. no stray laser light 

(which may be unpolarized) is incident on the electron beam. 

Greater than 99.5% circular polarization of the laser light is routine. Reflec- 

tion from mirrors and transmission through windows can degrade this. The use of 

two nearly identical mirrors and high qualit,y, anti-reflection coated glass windows 

(used in SLC and E-142) improves t,he sit.uat.ion, but. is not perfect.. The best set- 

up, which can be easily employed in End Station A, has the polarizing elements 

after all mirrors. The polarizat.ion of t,he light, will be measured with transmis- 

sion through linear polarizers after the light crosses the electron beam. Perfectly 

circularly polarized light has no 1inea.r polarization component.. By rotating the 

linear polarizer, the difference of the circu1a.r polarization from 1 is rcvcalcd by the 

change of intensity from I,,,, to I,,,irL. The light’s circular polarization is given by 

The intensity is measured by photo-diode detectors. 

Chica.ne 

The Chicane consists of three 18D72 magnets separated by 8.5 m. The first 

and last magnets run at 2 T-m, while the middle one has exactly twice the bending 

power, namely 4 T-m. The first magnet bends a 29.1 GeV beam by 20.5 mr, while 

the 14 to 23 GeV Compton electrons are bent by 28.5 to 43 mr. For a detector 
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placed 7 m from the center of the first magnet, the dispersion is about 1.4 cm/GeV, 

which is very similar to the dispersion in the SLD Compton polarimeter (where the 

bending magnet is stronger, but the drift distance shorter). The needed detector 

size is 10 cm, which will be divided up into ten lcm cells, The 6 cm distance to the 

primary beam allows enough room for a vacuum window to separate the primary 

and scattered electrons just upstream of the detector. At 48.6 GeV, the primary 

beam is bent by 12.2 mr, while the Compton electrons (18 to 26 GeV) are bent 

by 23 to 33 mr. Thus the geometry is not much different than at 29.1 GeV. The 

second and third magnets are necessary to restore the beam polarization to the 

longitudinal direction, and to point it towards Beam Dump East. We have chosen 

a horizontal rather than vertical deflect.ion in order to simplify the eart,hquaking 

requirements. 

Det ect.or 

We need a detector wibh a.bout. 1 GeV (equivalent. t,o 1 cm) resolution in the 

bend plane. It should be relatively insensitive to low energy photons and x-rays, 

and be capable of working in the MUX counting mode, since we will be counting much 

more than one electron per pulse per detector element. The SLD collaborat,ion has 

used a multi-channel Cerenkov det,ect.or (built. at LBL) which has been shown to 

have sufficient resolution, linearity, and insensitivity to noise [28]. We plan to use 

a copy of this detector. Calibration of the detector can be achieved by translating 

it with respect to the scattered beam and using the kinematic end point. This 

also tests the linearity of the detector as a function of position. With polarized 

electrons, the zero asymmetry point can be used during actual running to monitor 

changes in the position calibration, resolution, and linearity. Cross talk from the 

laser to the detector was observed in the SLD set-up. This led to an underestimate 

of the background since the laser pulse produces both Compt.on scattered electrons 

and electronic noise. Sufficient shielding of cables from this electronic noise will be 

essential. Also, the effect can be measured by varying the number of electrons per 

pulse to determine the detector background with no .beam. Channel to channel 

cross talk in the detector wa.s shown to be negligible by the SLD collaboration. 
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The SLD detector also used a lead/proportional tube detector for redundancy. 

It proved to be more susceptible to noise than the cerenkov counter, and to be 

less reliable. We will most likely use a segmented lead glass counter instead, made 

from ten pieces of high density lead glass. While the approximately 5 cm length of 

each cell will lead to some shower sharing among adjacent cells, lead glass is very 

insensitive to background, and should provide a robust backup to the eerenkov 

detector. 

R.ates and systematics 

In Figs. 15 and 16 we show the resuhs of calculations for incident electron 

energies of 29.1 GeV and 48.6 GeV under condit.ions ant.icipat,ecl for this experi- 

ment. The expected observed asymmetry as a function of scattered electsron energy 

is shown in panel a.) for electron pola.rization P, = 80%. In panel b.) we show 

the expected number of scattered and background electrons per GeV. Note that 

we have pessimisticly assumed a vacuum of 10e4 torr, wherea.s we should be able 

to get up to a factor of ten improvement on t.his. In panels c.) and d.) we show 

the signal-to-noise ratio per dpulse * Ge\f (S/n! = Acdw) and t.he signal 

to background. These graphs show that about. 100 pulses or a few seconds are 

necessary for 1% statistical precision. The background is less than 2.5% for the 

highest scattered energies that we will det.ect (21 and 26 GeV for E=29.1 GeV and 

48.6 GeV, respectively), and can easily be measured to 10% relative precision (i.e. 

0.25%). 

The major systematic uncertainties are due to laser light polarization and 

detector calibration, linearity and cross talk. With greater tha.n 99.5% polarization 

and precise measurement of the circular polarization, the systematic error due to 

Pr can be kept well below 1%. For the SLD detector, linearity and channel-to- 

channel consistency were the largest systematic errors. We plan to spend sufficient 

time studying these properties to reduce the effects to t,he 1% level at which they 

will still dominate the uncertainty on the determination of PC. We will benefit in 

this regard from the work currently underway to understand these problems for 
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the SLD detector, where time variations of the background cause a more difficult 

situation than we expect to face. 

We have investigated using the laser without frequency doubling (1064 nm), 

‘and find larger systematic errors due to the higher Compton electron momenta, and 

no improvement in the signal-to-noise. Since we are not limited by statistics, it is 

clearly better to use the frequency doubled mode. Tripling the frequency to obtain 

a wavelength of 355 nm will lead to even lower Compton electron energies, larger 

asymmetries, and smaller systematic errors, but poses possible optics problems, 

and the power is reduced to 0.1 J. We p1a.n to keep open the option of running at 

either 532 or 335 nm. 
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