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SUMMARY

We propose an experiment to measure asymmetries of events at high P with
opposite initial spin states. We will measure the single-spin asymmetry, Ay,
where the beam is polarized in the transverse plane, and the double-spin
asymmetry, ALL’ where both beam and target have longitudinal helicity. These
asymmetry measurements will be done for single hadrons at high p, and also for
Jjet-like events or clusters of particles at high p, .

An existing calorimeter will be uged to select jet events and also to
simultaneously trigger on charged single hadroné. The use of a large
aperture, magnetic spectrometer in the polarized beam line will aid in the
reconstruction of the jet-like events to obtain a p, resolution of * 0.35
GeV/c. A measurement of the asymmetries to + 3% can be made at 400 GeV/e for
jets at about p, = 6 GeV/c and for single hadrons at about p; = 4.5 GeV/c.

This experiment will attempt to shed more light on the current under-
standing of the basic hard scattering models as well as open the door to
possible new horizons in polarization phenomena. The polarized beam at
Fermilab provides an excellent opportunity to investigate spin effects as a
natural and essential step for our further understanding of the constituent‘
behavior. ‘

We will run both with a liquid hydrogen target during‘the polarization
measurements and later with a longitudinally polarized target. Proton induced
reactions will be studied at 400 GeV/c and antiproton induced reactions at 200

GeV/c, where the p flux is highesé.



I. Introduction

Since the observation of a strong s dependence and apparent power
law p; dependence in high transverse momentum events, there has been a large
investment of the high energy physics community in high Py reéctions, on both
experimental and theoretical scales. High p, reactions have helped develop
the notions that constituents comprise hadrons and that it is these
constituents which are fundamental in the high p; reactions. QCD has evolved
into a probably correct theory to explain many aspects of high energy reac-
tions. The unpolarized QCD tﬁeory successfully predicts many of the high
p, observations.

The study of high Py reactions is not complete. Experimental problems
with the definition of a jet make the jet properties vague. Much work is now
going into an investigation of jet-jet correlations at various s and
p, regions. The determination of quantum number flow from initial to final
state using various beams is being pursued. Experimenters still need to find
gluon jets in hadronic réactions. The theories still need to explain baryon
production at large p; and the observed A% dependence. All high P
information available will belp theorists determine to what level the higher
twist terms (CIM) are influencing the scattering processes. A detailed study
is fundamental to our understanding of the hard scattering mechanism.

Along with the continuing struggle to interpret jet charac;eristics,
further studies are necessary to obtain more’insight into the hard'scagtéring
features. SLAC polarized electro-production data with polarized target are

confirming theoretical beliefs that fast constituents within the proton are
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retaining the characteristics of their parents' spin. This result implies
that the spin is transmitted to the quarks which may then scatter in high Py
reactions, transferring some component of spin to a final state hadron or
jeé.

Since a natural éxtension of jet studies is to understand the role of
spin in the basic scattering process, we propose to.measure spin asymmetries
in high p, events uéing polarized p and B'beams and a polarized nucleon
target. These asymmetry measurements will provide further checks on the
validity of QCD, which makes very definite predictions for single and double
spin asymmetries. Besides QCD, we open up vast new horizons in expioring

physics which has never been done before.

II. Physics Goals for High p, Experiments

The recent data on deep inelastic polarized ep scattering shown in
Fig. 11 are considered evidence that large x quarks in the proton have a h;gh
probability of retaining the helicity of the parent proton. Since the only
known way of studying parton-parton scattering is through the investigation of
the properties of large transverse momentum hadron collisiomns, we can expect
that the influence of constituent spins on the fundamental scattering proces~
ses may be of some consequence. A measurement of the asymmetries in pp + cX
or pp * ¢X, with ¢ a high Py hadron or a jet-like event, can be related to the
fundamental 2 + 2 parton processes via the spin-weighted distribut%on func~-

2-4

tions as shown in Fig. 2.
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Unfortunately, deep inelastic electron production can only measure the
spin dependence of quarks within the nucleon and therefore the spin properties
of gluons within the proton are not yet established. But experiments are
being proposed which will enable us to learn about the gluon polarization from
asymmetry measurements in polarized J/¢ production. Gluons may be instrumen-
tal in jet production and in single particle triggers having
x| < 0.3.2 Since the gluon fragmentation functions are expected to fall off
faster at high z than the quark fragmentation functions, single particle
triggers are "biased” in favor of quark decays while gluons are responsible

for 70~80%Z of the jet triggersz’5

at x| = 0.3. At x| = 0.6, gluonsg are esti-
mated to cause 45% of the jets but only 3% of the single particle triggers.
Thus for Jet production and for single particles produced with X £ 0.3, the
subprocesses qG + qG, GG + GG and qq > GG are relatively more important than
the subprocess qq + qq. Asymmetry measurements where both the beam and target
are polarized should provide new experimental information on the gluon spin
distribution which cannot be probed directed in ep scattering. High p; events
in polarized Pp collisions allow us to compare qq + GG with GG + GG.

In pp collisions a K~ at high p; is preferentially produced by a quark
scattered from the sea. The large A polarization observed at Fermilab and 1SR®
may be explainable by processes involving gluons or sea constituents which
have a large polarization.7 Comparing asymmetries for m and K production may

also show interesting results on the relative polarization of the sgea

quarks.
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S;milarly, b§ comparing *t and 7~ production at large p, the relative
polarizations of u and d valence quarks can be estimated. For instance,
first-order QCD indeed has very different predictions for the two-spin
agsymmetries Ary, for " and 7 triggers, as seen in Fig. 4.

Singie-spin agsymmetries with only the beam polarized normal to the scat-

tering plane will be measured; i.e.,

- Ed30+/dp3 - Ed30+/dp3
Ed3o4/dp> + Ed>ot/dp>

AN = P

for the process ptp + ¢ + X with ¢ a single hadron or jet at high P - The

first-order QCD model predicts zero polarization, but experimental results

8

showing up to 50% asymmetry® in the measurement of ppt+ + w0 X (see Fig. 4)

suggest extending this or similar measurements to higher energy. By using
polarized beams and a hydrogen (or nuclear*) target the disadvantage of
polarization dilution in polarized targets is avoided.

Recently progfess has been made in understanding the observed p;
behavior of inclusive hadron production at moderate values of Py within the

framework of QCD.10 This interesting result lends credence to the ideas that

* The non~trivial A-dependence of large p,  hadron or jet production seen in
unpolarized reactions 1s a clue that the fundamental scattering may not
be incoherent. The study of the A-dependence of large p production with
polarized beams may clarify the nature of the A-dependence. Since the
unpolarized A-dependence for jet and single particle production both show
an anomaly”, it may suffice to measure jet asymmetry in order to get to
higher p,. However, if no asymmetry is seen with Jjets, there may still
be an effect in single particle production due to the lessened effect of
gluons which may ultimately be unpolarized.
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these processes can be described by a simple perturbative QCD approach. In
this context, lowest order QCD makes very definite predictions on the spin-
spin asymmetries of the basic 2 + 2 scattering (see Appendix 1). With a

measurement of the double-spin asymmetry, A,

Ed3o(:)/dp3 - Ed3o('-§)/dp3
Ed>o(3) /dp3 + EdSa(3)/dp>

A (s,x,p)) = )
where 3 (3) refers to parallel (anti-parallel) helicities, this experiment can
provide valuable constraints on the relative contributions from differeht QcD
subprocesses.

The asymmetry A;p is predicted to be sizeableé, ranging from 27 to 10%
at x; = 0.5 depending on the parton distributions used in the calculation.

Ary for‘both ©° and jet triggers is shown is Fig. 5 for pp collisions and in
Fig. 6 for pp collisions. The predicted A;q for Pp is sméller because the
large qq * GG process contributes a negative asymmetry.

The proposed experiment will be able to measure, with adequaté statis-
tics, the region out to x) = 0.4 at pj,y =7400 GeV/c. Negative values for ALL
in pp collisions would seriously.modify our understanding of the low order
contributions to parton subprocessses, since all subprocesses qq + qq, 9G > qG
and GG + GG contribute positive asymmetries. Large asymmetries would alseo
contradict fundamental assumptions. If Ap; for pp + Jet + X is found to be
positive while A;; for pp > Jet + X 1s negative, we can conclude tpat a iarge
amount of qq + GG contributes to jet production. We note that theoretically
Ay when beam and target are polarized normal to the scattering plane, is

expected to be negligible.l1
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The double-spin asymmetries we wish to measure for the single particle
triggers are expected to be only weakly dependent on energy3 above v s = 20

GeV and are maximum at 6, , = 90°, decreasing by only about 10% at O .m. =

70°.% We thus propose to measure the average of A;; between 70° < 8 <

Cell.

110° and only at 400 GeV/¢ for incident protons and at 200 GeV/c for incident
-

p S‘

From the above discussion and weighted by the ease of performing certain

measurements, we list in Table 1 an expected priority of experiments.

Table 1

Expected Experimental Measurements

Reaction Measurement Beam Polarization Target
o+ ) >
pp > b, (jet-like) + X P = Ay N LHy
+ > >
pp + h™, (jet-like) + X Arp L L
— + > >
4 > >
pp + b, (jet-like) + X ANN N N

Note: h, (jet~like) means simultaneous measurements of single hadrons and
jet-like events. :




III. Design Features of the Experiment

In the proposed experiment, emphasis will not be on the rigorous defini-
tion of Jet structure but in measuring the differences in cross section for
different initial helicity states of high p, hadronic final states. This
includes single particles of high p, and jet-like events, which we will con-
siéer as events consistent with what is presently known about jets. OQur
detector, therefore, must possess at least the following three capabilties:

1) It must be able to trigger efficiently and in an unbiased fashion on
high p, jet-like events and single hadrons of large p, over a large
kinematic region.

2) The transverse momentum of the jet of high p, hadron should be
resolvable to within the resolution of our proposed bin width.

3) In order to reduce systematic errors, the triggering efficiency must
be kept constant and uniform to a large degree. Alternatively, we
will need to reverse beam and target polarizations frequently to
average over any time dependent triggering inefficiencies. This
reversal time should be much less than the time scale of variations
within the detector;

Furthermore, these jet-like events can extend over a wide range of p; and
center-of-mass angle. We will be interested in measuring evenis centered at
90°, where the asymmetry A;; is predicted to be a maximum.

The conditions for selecting high P jet-like events (condition 1) are

the following:y
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a) The deposition of energy at angles about 90° c.m. must be large. We
assume the large p; comes from a two-jet structure at ~ 90° CMS.
This feature will be used in our Monte Carlo analysis, but it is not
critical.
b) The energy distribution peaks in a small A6A4$ regilonm,
c) The energy distribution drops by a large factor before reaching the
edge of the detector. |
Parts (b) and (c) are necessary conditions to insure that our detector does
not falsely create jet*liké events. To select single hadrons at large Py
the detector should have granularity in rapidity, allowing large energy
deposition in a small Ay region. The ideal triggering detector is the highly
segmented, good resolution hadron calorimeter designed and used by the
Fermilab~Lehigh~Pennsylvania~Wisconsin group in Fermilab experiments E-395 and
E-609.12
The calorimeter will be situated such that the entire azimuth will be

covered between 70° <8 < 1100 as shown in Fig. 7. The angular acceptance

c.m.

of the calorimeter is shown in Fig. 8 for particles having Py < 0.5 GeV/c and
for particles with p; > 0.5 GeV/c. The gmall block size of the calorimeter
modules will enable us to sample small rapidity regions, Ay = 0.4, for the
single particle trigger. The fine block system will also allow good energy
resolution of the electromagnetic component of the jet events and, coupled
with a large-aperture spectrometer as shown in Fig. 9, can determige botﬁ the
neutral and charged component of the jet energy with better resolution than

just the calorimeter alone.
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It has been shown that a detector of finite size causes a bias in the
selection of narrow jet3.13 Our detector, although of large solid angle, will
not trigger on all jets, but only on a certain class of jet-like events. But
for these events centered in the calorimeter, only ~ 10% of the triggering

14 centered at 90° in the center-of-

energy is contained outside 0.8 steradians
mass. This means that, for the sample of events centered at 90°, we can
expect, on the average, to misjudge the jet p; by 0.3 - 0.4 GeV/c, essentially
independent of pl.5’13’14 This uncertainty has also been verified in our
Monte Carlo studiés. Although our triggers and offline event reconstruction
do not include all jet members, the systematic error in transverse momentum
will be independent of beam or target polarizations.

We therefore conclude that for p, uncertainties of about + 0.3 GeV/c in
jet momentum, the E~609 calorimeter satisfies the criteria for efficiently
triggering on jet—-like events in an unbiased manner. Furthermore, with the
proposed spectrometer, single charged hadrons will have their p| determined to
better than + 8%.

Uniformity of the calorimeter regponse from module to module ié known to
be better than + 4%. Gain fluctuations of this magnitude are also expected
with a time constant of about 24 hours. If the gain fluctuations, which cause
varylng triggering efficiencies, couple with beam or target spin reversal,
then part of the asymmetry we measure will be due tg the calorimeter fluctua-
tions. Since good stability of the detector is not guaranteed, beam

polarization should be reversed as often as possible, preferably every
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spill. Similarly, to reduce systematic effects, the field of the analyzing
magnet and the target polarization will be reversed every few hours.

A 2.5 meter long gas threshold Cerenkov counter éill occupy the magnet
volume. By using a radiator mixture of air and helium, 1.00029 < n < 1.00005,
we can select particular p, reglons where we will be able to separate pions
from kaons and protons (XK/p's) for the single particle trigger (see section
IV.D).

The polarized beam will be run at 3 x 107 protons/spill at 400 GeV/c with

a 1/4 interaction length polarized Li®

D target. We will trigger simultan-
eously with a "single-particle” and a "global jet" trigger, both having more
than one p, threshold. p induced jets will be studied at 200 GeV/c with an
intensity of 3 x 106 antiprotons/spill. To get similar acceptance at 200
GeV/c, the calorimeters will have to be moved 30% closer to the target. This

can be done by moving the polarized target closer to the magnet and moving the

calorimeter and drift chambers upstream as far as they will go.

IV. Apparatus
A. Beam .

The polarized beam line in the meson lab will be used. The charac—-
teristics of the beam are assumed to be thése as detailed in Fermilab Proposal
P~581. 1In particular, we assume

1) Ap/p = 5%, divergence < 1 mrad,

2) Polarization = 45%, longitudinal or transverse spin,




-13-

3) 3 x 107 protons/spill at 400 GeV/c and
3 x 10% antiprotons/spill at 200 GeV/c,

4) Tevatron II duty factors,

5) Beam size { 2 cm diameter.

Beam hodoscopes of either narrow scintillator or proportional
chambers will define the beam angle to + 0.1 mrad (APL = + 0.04 GeV/c at 400
GeV/c). This measurement is important sc that we are able to monitor beam
position stability. A systematic change in beam direction, correlated with
beam spin reversal, can create a falgse asymmetry, the magnitude of which
depends on the relative triggering efficienc? of the calorimeter modules.

To estimate the effects of beam motion we consider a systematic
left~right beam divergence of 0.1 mrad and also assume that the left-right
calorimeter efficiences differ by 5%. From the jet and single particle cross
sections at 400 Gev/c.,15 we calculate a false asymmetry of < 0.6%. This
number, of course, scales as the relative difference in detection
efficiency.

Corrections to detector efficiency for varying instantaneous rates
are important in the measurement of small asymmetries. This requires moni-
toring, and keeping constant, the Instantaneous rates of beam and halo for
opposite beam polarizations.

B. Target

The choice of polarized target 1s mainly dictated by the abiliﬁy to

attaln large effective polarization, or equivalently, large signal to back-

ground. This requirement means that the degree of free nucleon polarization



-1l

should be high and that the number of polarizeable free nucleons to bound
nucleons 1s large. Furthermore, for high P, events, the anomalous A% effect
enhances events from heavier, unpolarized nuclei in the target, causing a
reduction in the effective polarization at high P We therefore need the
advantage of a target containing light elements which are not polarized.

We will use a Li®p target which has an.effective nucleon polari-
zation of 337, assuming no anomalous A dependence. The polarization per
nucleon drops to about 22% when a = 1.5. This material has a density of
0.58 gm/cm3 and a free nucleon to bound nucleon ratio of 0.6. However, we
note that LiéD is an 1soscalar target where both protons and neutrons are
polarized.*

A 257 interaction length (20 cm) target with a diameter of 2 cm will
be used. It will be polarized longitudinally in a superconducting solenoid
magnet. The polarization will be reversed frequently as a consistency check
on the data obtained by beam spin reversal and also as a crucial technique to
eliminate systematic errors in the spin-spin measurements.

¥or the single~spin asymmetry measurements, we will use a liquid
hydrogen target 2 cm in diameter by 100 cm in length (10%Z absorption

length).

* In Section II we have discussed the double-spin asymmetry predictions for
polarized proton targets. Although it is very appealing for comparison
with theoretical ideas to use only protons as a target, isoscalar targets
will introduce only isospin complications. 1In fact, Ap; will probably
not change for 33 + Jet + X, but the meutrom component in the target may
make ALL(ﬁa T + X) = ALL(ﬁa > 7t o+ X). The isoscalar target should
pose no problem to theorists interpreting the data. S
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C. Detectors

We intend to make use of a magnetic spectrometer as shbwn in
Fig. 9. The spectrometer will give us additional information on the momentum
of the particles comprising the jet and the momentum of single charged hadrons
in the single-particle trigger. It will also be necessary to ascertain that
all events come from within the target fiducial volume.

An analysis magnet with a low field integral will improve the
charged particle momentum resolution over the calorimeter alone, but will not
appreciably affect the trigger p,. An SCM105, along with its power supply,
will be supplied by Argonne. Shimming the pole pileces t6 0.8 m vertical
aperture still maintains relatively good field quality. The horizontal
aperture of 2.1 m will not limit our 6 acceptance out to ~ 130° in the center-
of-mass. With a p; kick of ~ 0.2 GeV/c, we can easily reconstruct momenta to
the desired 8Z resolution without significantly smearing the P threshold and
with a negligible dispersal of individual tracks.

Track detectors in front of the magnet will consist of both propor-
tional chambers and drift chambers (Pl, P2, D1, D2 in Fig. 9). Thenchambers
from E-609 will be used, and in addition we will add a 1 mm propoftional
chamber, Pl, just down stream of the target. This will add to the momentum
resolution. A y coordinate in addition tokthose from E-609 will be added to
the series of chambers in front of the magnet. It may be sufficient simply to
use existing proportional chambers from Argonne as an aid to the track figd-
ing. Pl will be an xy chamber with 1 mm spacing, 13 cm x 13 cm active area,

while P2 will be a 2 mm chamber measuring xuv coordinates and an active area
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of 60 x 30 em?. Dl and D2 are drift chambers with active areas 120 x 60 cm2

and 150 x 75 cm? respectively. Both chambers give two x coordinates each, but
" D2 will give a y coordinate from a delay line readout (resolution = 1 ecm). D1
hés cells 1.2 and 3.2 cm and D2 has cells 2.4 and 3.2 cm.

In back of the magnet are drif: chambers and proportional chambers,

D3-D5 and P3. D3-D5 have 240 x 145 cm®

active area; each gilves two x coordi-
nateé, and D5 gives, via delay line, a v coordinate. The cell sizes for these
chambers are 2.4 and 3.2 cm. Just in front of the calorimeter is a 2 mm PWC
with active area 200 x 162 cmZ. In addition, it may be necessary to construct
a y coordinate PWC or dfift chamber to aid in reconstructing the tracks in
back of the magnet. Studies are currently being done, and valuable advice
will be obtained from the data from E-609.

A modification of some of the drift chamber electronics for use in

high rates and for resolving left-right ambiguities may need to be done.

D. Cerenkov Counter

Charged hadron identification will be accomplished by means of a
multi-celled gas tﬁreshold counter occupying the volume of the magnet (see
Fig. 9). The main purpose of this counter is to tag the high p; single-
particles as either pion or unresolved kaon or proton (K/p).

The counter will be 2.5 m long and have 16 cells, covering the
angglar range out to 6, . = 130°. With wavelength shifters and ﬁi—alkali
photocathode photomultipliers, the counter will be capable of oper?tion at the

three photoelectron level with an effective index (n-l) = 50 x 1078,
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Figure 10 shows a plot of the allowed momentum of a particle with a
glven p| incident into the calorimeter. Also shown in the figure are the
momenga where we can separate 7's from K/p's with a 907 n detection effici-
ency. With a suitable mixture of air and helium, we can easily tune to a
desired p; region and measure the asymmetry in v and K/p single-particle
production. The gas proportions can be measured accurately with a laser
interferometer.

E. Calorimeters

The calorimeter at the downstream end of the experiment con;ists of
lead-scintillator sandwiches for electromagnetic detection and steel scintil-
lator sandwiches for hadron detection. As shown in Fig. 7, we plan to use 108
of the E-609 calorimeter blocks -~ 40 modules 8" x 8", 48 modules 6" x 6" and
20 modules 4" x 4".

The calorimeter modules will be wired into a trigger matrix .so that
thelr output will be propgrtional to the energy deposited weighted by their
mean lab angle (p;). We intend to use the calorimeter subtending from 45° to
about 130° in the center-of-mass, with a full 2w azimuthal coverage between
70° £ 8, . £ 112°. It is important to have a uniform detector at opposite ¢~
angles to reduce false asymmeltry measurements.

The tower counstruction of the calorimeter is schematically shown in
Fig. 11. Each longitudinal segment contains two different types of modules:

a 5 radiation length lead-scintillator sandwich (A') and three iroy-scinfil—
lator sandwiches each 2 absorption lengths thick (4,B8,C). The segments grow

in transverse dimension with the development of the shower.
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The A' modules, for electromagnetic detection, has 3 samplings of
acrylic scintillator with ﬁhree 1.0 em Pb plates. The iron-scintillator
modules, A, B and C, consist of either 16 iron plates, 2 cm thick, with 16
scintillator samples, or 20 iron plates, 1.3 cm thick and 20 scintillator
samples. The modules with 20 samples are placed at larger lab angles in order
to improve the énergy resolution of the lower momentum particles. The calori-
meter total thickness corresponds to 6.5 absorption lengths and 57 radiation
lengths of material.

The energy rescolution of the calorimeter was determined by E-395 to

be
%E-s -9;22 for hadrons
Y E
= 9;lﬁ. for electrons.
Y E

From detalled studies and Monte Carlo calculations of E~395, a Py resolution
of multi-particle groups is estimated to be + 8%. This is within the uncer-

‘tainty of the jet p,.

V. Logistics
A. Triggers

With the large aperture calorimeter our triggers can be varied. The
jet triggers can Include a "jet-jet” trigger requiring a coincidence bet&een
two sides of the calorimeter. Such a trigger will eliminate the trigger bias

caused by the Fermi motion of constituents inside the initial hadrons. Also
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of interest is the "global" trigger created by looking at the total energy
deposited in the calorimeter exceeding a preset threshold. The single jet
trigger can also be used. We await the outcome of E-609 before deciding on a
final "best" trigger to determine jets and minimize trigger biases.

The "single-particle” trigger will be a simultaneous, but distinct,
trigger. The small block size of the calorimeters makes triggers by » 2
particles rather unlikely.

The trigger matrix which will allow us to use the outputs of all
modules to form these varied triggers is now being constructed for E-609 and
will be available for our use.

B. Rates

For the geometry described in Section IV we can estimate the yields
from the observed single jet cross section and from the single particle cross
section. The error in the asymmetry measurements for a total of N raw events

(sum of both beam polarizations) 1s

by = %«- L for single spin measurements
B /N
1 1

Mgy = S for double spin measurements.
BT ¥V N

The number of events in a fiducial region between p, and p, + A p; is given by

dsc

N(Pl) = E — 21 « Ay «Ap » 4p P, * F
dp™ - .
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where A$ is the fractional azimuthal acceptance and Ay is the rapidity accep-
tance. ‘fZSp‘L is the P, bin we choose. Since we cannot expect to measure the

jets' to better than # 0.3 GeV/c, we take bp, = 0.75 GeV/c. For the sin-

Py
gle-particle trigger we are essentially limited by the spectrometer resolution
for charged particles At p; = 4 GeV/c, a * 8% resolution corresponds to P; =
% 0.32 GeV/c so that, for consistency, we also choose Ap; = 0.75 GeV/c. F is
the target thickness multiplied by the beam flux.
The fiducial area used in these calculations corresponds to
70° < 8, .m. S 110°, or Ay = 0.73. The full azimuth is used so A¢ = 1. A
flat x defendence 1s assumed. Table II lists the relative parameters for the
beam and target for the single spin, Ay, and double spin, Ay, measurements.
In order to estimate the effective target polarization, we can
easily parameterize the A% dependence of the target by assuming

°p

a-1 a-l —~
I - R A P

peff *

where the pi's are the densities of the various target materials in Libp

(~ 30%Z of the target volume is Hea). We obtain the approximate result for
1.0 a 1.8

Pp = 0.33 - (a - 1)/4

for jet production9 a(pl)_ﬁ 1+ pl/8 while for single-particles above pleu
3 GeV/e, a(pl) = 1.1.1% This results in the approximate effective

polarizations shown in Table II used in the rate calculations.
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Table II

Parameters Assumed in Rate Calculation

Ay AL
Target LHy L16D
Target length 100 cm 20 cm
Target density 0.72 g/cm3 .58 g/cm

0.30 Single-particles

Effective target polarization - 0.33 - pi/32 Jets

Protons/hour at 400 GeV/c 1.8 x 10° 1.8 x 107
Antiprotons/hour at 200 GeV/c 1.8 x 108 1.8 x 108
Beam polarization 0.5 0.5
AdAy 0.73 0.73
t, 0.75 Gev/c 0.75 GeV/c

The cross sections can be written as

d o -28

g 79 - 10728 1071-3(P 73 Lp/gev?
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for jets at 400 GeV/c and

a3 15 e 13%
E =
3 , &
1+ P, )

mb/GeV2

for single particle (n*) triggerslé. The 200 GeV/c jet cross sectlons are
gotten from Bromberg et al.? and we assume o(pp) = o{pp) = o(pn) = o(pn) for
both jets and n's.

Assuming 100%Z operating efficiency, the expected arrors on Ay for 50

hours of running and for Ap; for 350 hours of running are listed in Tables III

and IV.
Table IIT
Error in Ay for 50 Hours of Beam on Target
200 GeV/c 400 GeV/c
- - + +
Py pp + Jet X pp + m X pp » Jet X pp *+ v X
(GeV/C) AAN(Z) AAN(Z) AAN(%) AAN(Z)
3 34 4.85 .03 .85
4 1.46 23.8 .12 3.4
5 6.5 - .62 11.5
6 29.5 - 3.2 -
7 - - 16.7 ——
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Table IV

Error In Ay; for 356 Hours of Beam on Target

200 GeV/c 400 GeV/c
= = + +
P, pN » Jet X pN » 1@ X pN + Jet X pN » 7 X
(GeV/C) AALL(Z) AALL(%) AALL(Z) AALL(Z)
3 .17 1.95 .01 .34
4 .86 9.5 .07 1.4
5 4.5 — .43 : 4.6
6 2408 Rt 2-7 1347
7 | - - 17.8 -

In the rate calculations for w productlion we assume the same fiducial
region as with the jet trigger. But in actuality we would use the entire

calorimeter regiom, 45° < 6 < 125%. The increased acceptance results in a

C.M.
50% reduction in the asymmetry errors for the same running period. Also, for
charged hadron asymmetry measurements, the errors for charged single particles

will, of course, be less than the 7 errors listed in the tables.
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B. Run Plan

We request a total of 1000 hours to complete the following

measurements:
System check out and calibration: 150 hours (parasite)
Polarization at 400 GeV/c: 50 hours
Polarization at 200 GeV/c: 50 hours
Spin-spin asymmetry at 400 GeV/c: 375 hours
Spin-spin agymmetry at 200 GeV/c: 375 hours

At 400 GeV/c, this would provide an ALL4measurement to + 3% for jets
having p, { 6 GeV/c and single particles with p, £ 4.5 GeV/c. Likewise,
polarization can be measured with an accuracy of * 3% at a jet P, <6 GeV/c

and single particle P, € 4.5 GeV/c.
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Figure Captions

Experimental values of (01/2 - 03/2)/(01/2 + 63/2) vsS. X.
01/2(03/2) is the total absorption cross section when the z

component of angular momentum of the photon plus proton is 1/2

(3/2).

Hard scattering model for initially polarized protons with

helicities XA and AB.

The nmeasured asymmetry in ppt » 7m0 + X as a function of Py in the

Feynman x range 0-0.l1. Data is from Ref. 8.

Asymmetry, Ay, for the reaction pp + ﬂi + X as a function
of x| for (a) conservation SU(6) distributions,
{b) diquark distributions, and

{¢) Carlitz-Kaur distributions.

Asymmetry, Ay, for reactions pp * (n0 or Jet) + X as a function
of X, for

(a) conservative SU(6) distributions,

(b) diquark distributions, and

(¢) Carlitz-Kaur distributions.



Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11

-28~

Asymmetry, A;;, for reactions pp + (w or Jet) + X as a function of
X, for

(a) .conservative SU(6) distributions,

(b) diquark distributions, and

(c) Carlitz~Kaur distributions.

The structure of the front face of the calorimeter and the angular
regions covered at 400 GeV/c. Note full azimuthal acceptance in

the range 65° < § < 1120,

Ca.M,.

The calorimeter angular acceptance 400 GeV/c for particles having

Py < 0.5 GeV/c and for particles having p, > 0.5 GeV/c.

Plan view of the spectrometer. P1l-P3 are proportional chambers and

- D1-D5 are drift chambers. The calorimetries, EC and HC, are shown

subtending the region § < 1109. Not shown is the beam

oM

polarimeter downstream of the calorimeter.

p vs p, for hadrons between 70° and 110° in the center of mass.
Also shown (arrows) are the regions where a X/p and 7 can be
separated with 90% 7 detection efficiency using a suitable mixture

of helium and air.

A schematic view of the E609 calorimeter showing the tower

construction.
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Appendix 1

Table of lst-Order (CD Cross Sectionsg for Pure-Helicity States

(All cross sections are to be multiplied by a common factor ﬂasz/sz.)

s PRy,

Process
ab + cd do/dt(a(+)b(+) + cd) do/dt{a(+)b(-) + cd)
2 2 2 2 2
> 8 rs s° 2y s 8 r(u t
fals * Yalp 5 7+ 8 -3 wI 5 (Z* 8, 2
t u t u
2 2
— _ 8 s 8 u
dodg ™ %89y 9 (aaBSBY zfj 9 [GaSGSY ;f)
+5 6 (2 + u®)
ap &y S2
2
2 u
3 5aysa866Y EE']
2 2 2 2
2s 8 s 2u 8 u
96 > q6 [ 29 usJ ( 2 §‘A§§)
t t
2 2 2 2
— —_ 2s 8 s 2u 8 u
©r Gy ) Gog)




2 2
- 1 (u” +t%) 3 (£ +u")
€6 > aq 0 [5_ ut A 2 ]
s
2 2
— 64 t° +u 16 t "+ u
a9 » €6 0 [_2-?- ut 3 2 )
s
GG + GG 3 [___252‘ A _s_t_] 3 (6 - __,,_232 Ssu st
2 ‘ut 2 u? 2 ut 2 w2
Note: (+) (+) is »«, and (+)(-) is +».




