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ABSTRACT 

Lambda and anti-lambda production at Fermilab energies is so 

abundant that an enriched antiproton, polarized proton and polarized 

antiproton beams with reasonable intensity can be constructed for the 

use of counter physics. We particularly emphasize the completion of nec-

essary digging and modification of the target train during the mesopause 

period. 

We propose to construct such a facility and to study the substructure 

of hadrons through the spin effects at high energy. Physics motivation and 

proposed experiments are described. We propose measurements of total 

cross-section difference and of high-xF low-p inclusive pion production 
J. 

using a polarized beam and a polarized target. 
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I. INTRODUCTION 

It has been shown that spin effects are importaqt experimentally and 

theoretically at high energy. Large polarizations are observed in inclusive 

A0 production in the neutral-hyperon beam, 1 and in inclusive proton pro-

duction in the internal-target experiment~ A sizeable asymnetry effect is 

observed at CER~ in TTo production by 24-GeV/c protons at x 0 and high p1 . 3 

Unexpected energy dependence in p-p elastic polarization is observed at 

Fermilab energies (E-61 experiment) 3 ' 4 a.i~d It I-dependence near the dip region 

is remarkable. 4 :More importantly, the study of spin effects in the scattering 

of quarks could be crucial for further development of current theoretical 

ideas regarding the constituent nature of hadrons. 7 ' 8 

An attempt has been made to obtain information about the spin dis-

tribution of quark-partons by using a polarized-electron beam and a polarized-

proton target. 9 At Ferrnilab we can produce reasonably intense polarized-

proton and antiproton beams for counter experiments from the decay of A and A 

respectively with polarization of ~50%. 10 

At ZGS energies the importance of spin effects has been well 

derronstrated: structures in the total cross-section difference, 11 large 

t • . • 1 • tt • 16 t t • t asymne r1es in inc us1ve sea er1ng; s rue ures in asymne ry measure-

ments at large p
1

, 12 and the connection to quark-quark scattering. 13 At 

Fennilab energies, the polarized beam will be unique and useful in investigat-

ing effects of this nature at much higher energies. 
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The reason for the rise in the total cross section at energies above 

150 GeV is not presently understood. This cross section can be described 

' 14 
in terms of two s-channelhelicity amplitudes, <I\ (O} and $3(0}, as: 

crTot = (2n/k} lm{<l>
1 

{O} + cp
3

(0} },. 

where k is the center-of-mass mo:nentum of the incident beam. 

By studying these amplitudes separately, we could learn whether they 

behave similarly at increasing energy or whether the rise could be 

ascribed to one of them. The total cross-section difference in longitudinal 

spin states allows us to do just that: 

Tot The study of .6.aL at lower energies has proven to be useful in 

other ways. It has p1·ovided evidence for a diproton resonance 
15 

and 

for an A 
1
-like exchange traje.cto~y. In addition to the measurements 

of cf>1(0) and cp3 (o), it is interesting to investigate cp2 (0), which can be 

determined by the total cross-section difference in transverse spin states: 

Measurements of inclusive pion production with a polarized 

beam, ptp-+ TT+ x, have revealed large asymmetries in these pro-

cesses at ZGS energies, especially for large values of 

Recent experiments have shown that the par-

ticle ratios TT+/TT- and K+/K- at high x and low p 1
18 are re-

markably similar to those at x = 0 and high p 1 . 19 These 
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results have been successfully interpreted in terms of the 

quark-parton mode1, 20 indicating that high-x meson production 

gives information about the constituent structure of the initial 

protons. Both theoretical arguments 7c, 2 l and experimental 

data18 , 22 support the notion that the leading valence quark 

( x "' 1) in the proton II remembers" -the helici ty of the proton. 
+ Thus, the measurement of asymmetries in the react ions p t p +TI-+ x 

+ and ptp t + TI - + x in the high-x region may be a direct way of 

probing the spin dependence of the quark-quark interaction. In 

addition, if sizeable asymmetries were found in the first 

reaction, then this process could be used for monitoring the 

beam polarization in other types of experiments. 

We show in the Appendix I and II other possible experiments under 

consideration. A separate proposal is written on high-p asymmetry 
.!. 

measurements using calorimeters. 
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II. ENRICHED ANTIPR OTO NS, POLARIZED p AND p 
IN THE MESON LABORATORY 

Polarized Protons from A Decay 

0 In the rest frame of the J\ , the proton decays with a 

lo!lgitudinal polarization of 64%~ 3 Under the transformation from the 

rest system to the lab system, the spin vector of the proton remains 

ahnost fixed. The polarization in the lab system can be in the longitudinal 

o· 
or transverse direction depending on e = 0 or 90 respectively. cm 

The production of polarized beams from AO decay has already been 
10 

proposed by several authors.. We find that there are many ways to 

optimize the intensity and polarization of polarized beams. 

We propose to construct polarized beams by using the .following two 

schemes. 
24 

Details of the polarized beam design are given in a report. 

We describe here the outline. 

The basic idea is that polarization direction corresponds to decay 

direction of the protons in the 11.
0 rest frame. If we select this decay 

direction in the lab frame with some property of the beam line, we have 

selected the polarization. The best place to make this selection is at 

the first focus where protons with different decay angle have different 

focal points; those with e = 0 are centered and those with e = 90° cm cm 

are furthest from the center. 
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i) Transverse Scheme 

A transversely-polarized beam can be selected at the first 

focus with a sliding collimator or two moving collimators 

as shown in Fig. 1. (Better, a vernier magnet may be used to 

move the beam spot). Polarization direction can be changed 

to the desired direction by the 4-magnet scheme. Spin reversal 

is done by either a collimator or a vernier magnet located 

downstream of the production target. This scheme gives 

high-intensity beam with variety of momenta. 

ii) Longitudinal Scheme 

By choosing fast protons from lambda decays, we will obtain 

protons primarily from forward-decaying events. The resulting 

proton polarization will be longitudinal. This scheme is for 

high momentum protons, > 300 GeV/c with 400 GeV/c primary 

protons. Spin reversal is done by using a set of reversing 

magnets in such a way that there is no motion of the beam in 
• 24 

the beam transport system or at the experiment. The 

scheme uses 8 magnets of 27. 4 kG-m field integral each. 

iii) Predicted intensities of enriched antiproton and polarized 

beams are shown in Fig. 2 together with 1T background. 
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Table I: Surnmary of polarized beams 

400-Ge V / c primary protons, 1013 / spill, 1 /2 interaction-length Be target, 

±1 mr acceptance, and ±5% momentum bite 

Scheme Momentum 

Transverse <280 GeV/c 

Longitudinal >.320 GeV / c 

Intensity /pulse Spin Reversal/ 
each spill 

Collimator or 
Vernier 

Eight-magnet scheme 
at the downstream 
end of the beam trans-
port system 

A universal set of spin precession magnets would be eight magnets 

of at least 2 7. 4 kG-m field integral which fit into roughly 16 m and have 

5-inch gaps. The power supplies could be ramned and the maanet 
J. 0 

polarities switched on a spill-to-spill basis. For most experiments this 

full set would not be necessary but the minimum set for any exper:i.m.ent 

is four magnets with 3-inch gaps. The spin-reversing scheme is illustrated 

in Fig. 3. 

Target Train, Sweeping Magnet, Collimator, and Beam Dumping 

We need zero-degree production angle, and the three-way split 

beam presently planned by Meson-lab physicists is well suited to our purpose. 

A dipole magnet to be used for sweeping is shown in Fig. 4 where the beam 

positions ofM-1, M-2, M-3, and M-6 are also indicated. The sweeping 
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magnets can be drilled or cut to allow simultaneous use of the M-1, M-6, 

and M-3 lines with beam splitting in Meson lab. The second of the two 

sweeping magnets is used to sweep away hadronic shower particles that 

leak into the collimator opening, so that they will not get into the beam line. 

Collimators and beam du1np are sho"wn in Fig. 5. Collimators used at 

high intensity should be made of aluminum so that the hadronic shower 

will be spread out sufficiently to allow adequate heat dissipation. 

The· beam should be dumped far from the coils of the sweeping magnet. 

We should be compatible with other uses of the M-2 and M-3 lines in a 

time sharing manner. Specifically, the high-intensity K 0 experiment 

in M-3 and a fraction of the primary ( ~10 10) being transported directly 

through our sweeping s'ystem and down the M-2 line. A new target train 

should be constructed during the mesopause. 

Polarized-Beam Transport 

The decision to plan this beam for the M-3 line which has no bend is 

made in terms of polarization. A focusing elernent such as a quadrupole 

triplet would depolarize a high-divergence beam such as we are proposing. 

The first order solution is to use another identical element after a focus 

to compensate and return spins to their original directions. The initial 

focusing stage must match the final focusing stage. An odd number of 

foci between the first and last stage is required. 

We are constrained to compensate all bends between sets of quadrupoles 

and further constrained to compensate all momentum dispersions between 
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quadrupole sets. 

The schematic of the beam transport system is shown in Fig. 6. The 

pro::ilems arise because the beam pipe is o::tly 12 inches in diameter and 

displacements of the beam of roughly a foot are needed both for neutral 

beam dmnping and m,omentum selection. Alternative methods include 

i) the use of superconducting magnets and ii) different beam design with 

oore depolarization. 

We recommend strongly to make a bigger beam pipe in the region of 

momentum selection. We need 15-ft. deep, 4-ft. wide, and 600 -ft. long 

(4, 000 cubic yards) digging. 

Beam Polarimeter 

While the polarization of the beam can probably be calcu-

lated to better than three per cent, including correlations of 

polarization with position and angle, a beam polarimeter -could 

greatly reduce the risk of taking data where the beam was not 

working properly. Details of this subject are discussed exten-

sively in reference 25. Two types of polarimeters which could 

in principle give an absolute measurement of the beam polariza-

tion are: 

(1) Measure the p-p asymmetry, A , from elastic 
PP 

scattering in the Coulomb-nuclear interference region with an 



[1 Od] 
N-type polarized beam. 

9 

Soffer et al. r27 J have calculated 

App to be ~5% at -t=2 10-3 and almost independent of energy. 

This calculation assumes the stro~flip amplitude ¢ 5=0 .for very 
small -t. (The hadronic polarization A ~ Im(cp + ch )Reep has been 

pp . 1 '3 5 

observed to be very small in FNAL E-61 at moderate t values. In light 

of the small value of Re(cj\ + cj, 3 ) at FNAL energies, we believe that had-

ronic App~ Imcp5Re(cp1 + cj,3 ) will be very small in the Coulomb scattering 

region. 

The rates are quite high in the Coulomb region, and with 

an APP~5%, this should be good mechanism beam polarization 

measurement. The inclusive pion spectrometer (Figure 12) 
,., 

could be used as this polarimeter. The Cerenkov counters and 

ho_doscopes cou~d be used to help discriminate against inelastic 

events and the hodoscopes spread further apart to allow a 

measurement of the scattering angle to <.l mr. The 0 for rms 
multiple Coulomb scattering in the LH2 ~s an order of magnitude 

less, and thus should not jeopardize the measurement. Sample 

MWPC data would be used for a cleaner measurement off line. 

Assuming useful 6¢=±45° and there are 2.5xlo5events 

-per 200 pulses, giving tpB =±.06 for <A >=.04. earn pp 
(2) The process can be related via the 

Primakoff effect to low energy yp+TI 0 p, which has large polarization 

asymmetries. The effective yp kinetic energy is typically 

500 i V • ld • ,:,:, (25 26) b~ , yie 1ng asymmetries ~40~ at certain scattering angles. ' 



10 

Both longitudinal and transverse polarization of the beam can 

be analyzed using this effect, if the asymmetries in yp+o 0 p and 
+-'-y~w 0 p are known at the appropriate low energies. The inclusive 

pion spectrometer (Figure 12) with the addition of a hodoscope 

of y detectors at the end can be used for this sort of polari-

meter.· 

The total cross section, for Coulomb dissociation, is ~20 mb, 

so the rates are quite adequate. 107 protons/pulse incident ort 

a 3mm Pb target gives about 100 events/burst in the region of 

useful asymmetry region for Mp 0 ~1300 Mev, for example, thus 
TI 

giving ~PB~.03 in about 20 minutes. These measur~~ents require 

measurement of the po 0 lab angles to .03 mR for ±5° angular 

resolution in the equivalent low energy yp c.m. This method 

should give a more certain measurement but requires a much more 

elaborate polarimeter. 

A third type of polarimeter is discussed in the proposed 

exper irnen t part B. 

NECESSARY EQUIPMENT AND MODIFICATIONS 

i) Modifications to Meson lab: target train and M-3 line (See Ref. 24 

p. 46 and p. 47) 

ii) High-field quadrupoles {S-ee Ref. 24, p. 49) 

iii) Spin-precession magnets (See Ref. 24, p. 50) 

' 

iv) We need 4000-cubic yards digging as discussed in the section of Beam 

Transport. According to the Architectual Service, this can be 

accomplished within a month with $ 45 to $ 50 K. 
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III. DESCRIPTION OF PROPOSED EXPERIMENTS 

PART A EXPERIMENTS TO MEASURE 6o~ot IN p-p SCATTERING UP TO 

340 GeV/c; 

We propose to measure t.h.e pp total cross-section difference of pure 

longitudinal spin-states, 6crLTot {cr_ -cr_J, in the polarized beam line at FNAL. - -----
Measurements will be made at six different momenta between 100 and 340 

GeV/c, where the cross-section rises by about 1 mb unit. {38. 5 to 39. 5) 

This experiment will be a standard transmission experiment with the 

detectors specially designed for a high-diyergence beam. 

EXPERIMENTAL SETUP: 

The layout of the experimental setup is shown in Fig. 7. A polarized 

proton beam, in the M-3 beam line, entering from the left, passes through 

a threshold Cherenkov counter {C 1), set to reject i's, then through 4 scin-

tillator-hodoscope planes (HX1, HY1, HX2, HY2) and finally interacts with 

a polarized proton target. The unscattered beam and forward scattered 

particles pass through 6 scintillator-hodoscopes (HX3, HY3, HX4, HY4, 

HX5, HYS). 

The anticoincidence counters A define the useful beam and the counter -

hodoscopes IC help in the identification of inelastic events. The detectors 

downstream of the target are positioned on rails so that their distances fro:n 

the target can be adjusted depending on the incident proton momentum. At 

plab = 200 GeV, z 5 = 18 m. 



POLARIZED BEAM 

Momentum bi.te: 

Angular cliv::!rgence: 

Intensity: 

Degree of Polarization: 

POLARIZED TARGET. 
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b..p/p = ±5 % (rms). 

b..8 = 1 mradian (rms ). 
b 

/ 

I = 5 • 10° protons/spi.11. 

P =40 -50.% 
B 

It will consist of NH3 molecules, of which the 3 hydrogen atoms can only 

be polarized. We list its char·acteristics: 

Free-hydrogen polarization: 

Target Density: 

Length: 

Diameter: 

3 
pNH = . 5 6 gr/ cm . 

3 
L = 10-20 cm. t 

D = 2. 5 cm. t 

SCINTILLATION-COUNTER HODOSCOPES. 

Schematic diagrams for the HX1 and HY1 planes are shown in Fig. 8. 

Each X-and Y-plane (i) consists of an array of N. scintillation-counters 
1 

5mm (thick) x W. mm (wide) 
1 

Both planes are placed parallel to each other and the center beam line passes 

perpendicularly through their centers. Whenever a beam-or forward 

scattered particle passes through a hodosco2e-pair, it is almost always 

counted by only one X and one Y scintillatio!'l-CO'..lnter. The light from both 

ends of each co:..inter is fed via two fiberglass lightguides to the corresponding 
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photomultiplier device. 

S1Y::ne hodoscope characteristics are shown in the following table. 

TABLE II: SCINTILLATOR -HODOS COPES 

Counter Hodo scope Target to-
i N. Width Width Hodos cope 

l w. N•W• Distance~:~ l 1 1 
(mm) (mm) Z.(m) 

1 

1 20 1.0 20 -9.0 

2 20 1. 5 30 -0.2 

3 20 1.5 30 1.0 

4 30 1.5 45 9.0 

5 45 1.5 68 18.0 

-·-p ,,. lab = 200 GeV. 

SETUP REQUIREMENTS. 

For the design of this setup and hodoscope system, the following con-

siderations were taken into account. 

i) It is possible that spills of opposite proton spins will have different 

:-co:itamination. This necessitates the use of a threshold Cherenkov -

counter to reject the1n. 

ii) The counter width size is mainly determined from efficiency and 

counting rate requirem.ents as well as mechanical construction. 
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feasibility: 

1 mm =:;; W =5: 1. 5 mm 

iii) It would be desirable to have a beam spot at the target with a diameter 

slightly smaller than the target diameter (Db$ 2. 5 cm). 

iv) We require a t-resolution (4-vector mo:::nenturn transfer): 

-3 2 o t ( 1 . 5 - 2 . 5 ) • 10 Ge V . 

For plab = 200 GeV, this corresponds to a polar angle-resolution 

00 (. 20 - . 26) mradians. 

v) To maintain the same t-re solution, independent of the incident proton 

momentum, for each scintillator-hodoscope, one must maintain a 

target-hodoscope distance proportional to plab" 

vi) By requiring the beam divergence to be smaller (.6.8 < 1 mrad) one 

could move the target further downstream and keep the size of the 

beam spot at the target the same. 

In addition, one can get better t-or a-resolution by moving the 

downstream hodoscopes further away from the target without increas-

ing the number of scintillation-counters. Or, one can increase the 

counter widths and maintain the same angular resolution. 

vii) Since our sample of forward scattering events contains a small frac-

tio:n of inelastics, care must be taken not to introduce biases in our 

extrapolation to .6.cr(t = 0). 
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TRIGGER REQUIREMENTS AND DA TA COLLECTION 

The two pairs of beam hodoscopes (see fig. 7} will be used to define 

the direction of incident proto:i.s. • 

The beam hodoscope logic will reject ambiguous or multi-particle 

incident tracks, In addition, the Cherenkov co:.inter upstream (of the beam 

hodoscopes) will veto charged pions present in the beam. The anticoincidence 

counters A will be used to insure that only beam particles that potentially 

pass through the whole length of the target are in the trigger. 

The primary function of downstream hodoscopes is to define the angles and 

positions of the out going particles, The presence of the three pairs of 

hodoscopes will provide sufficient redundancy to permit the continuous mon-

itoring of the individu.al hodoscope elements. The comparison of the hodo-

scope hit patterns upstream and downstream of the target will provide an 

additional check on the continuity of the beam and scattered particle-tracks 

through the target. 

The electronic hardware will provide sufficient flexibility to either 

reject multi-particle events entirely, thus selecting elastic or low multipli-

city events, or to identify the leading particle track (more precisely the 

track with the minimum scattering angle.) 

To simplify the logic we plan to process the signals generated by the 

X and Y arrays separately. This method lends itself more naturally to the 

use of the projected angles e and e and not to the polar angle e. 
X y 

2 2 2 (e == e + e } 
X y 

From the incident and outgoing angles (projected) the scattered angles will 
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be calculated by hardware. After each even.t the appropriate scalers 

associated with the incident and o·.1tgoing angles and positions will be iq.-

cremented. At this stage we use the hardware to combine e , e and incre-x y 

ment the scaler corresponding to the polar angle e. The 0-distributions o£ 

opposite incident-proton spin-directions will serve to eliminate elastic scat-

t ering background. 

These as well as the other scalers will be read into an on-line computer 

at least once for each spill. In addition, magnet currents, target polarization 

and hodoscope hit-patterns will periodically be sampled and read into t..lie 

computer in order to monitor various experimental parameters such as 

beam profiles and phase space. 

We would like to emphasize that since this is a scaler experiment and 

since beam polarization flips every alternate spin, it is relatively easy 

to obtain ~aL values on-line. 

TRIGGER LOGIC AND ELECTRONICS REQUIREMENTS 

To measure a total cross-section, we must count all incident tracks 

within the live time of the apparatus. A transmitted ?article is defined by 

the following 5 require1.nents. 

T
0 

= Neither the incident, nor the most forward track should be a pio1:1. 

T 1 = One and only one incident track in each x and y-plane. 

T 2 = The incident track ·must lie within the range of the angular beam-

divergence, and pass through the target. 

T 3 = Only one outgoing scattering track in H4 o::- HS or both. 

T 4 = The ·most forward scatte:ring track must match with the incident 

track at the target within the spatial resolution of the hodoscope-

syste1.n. 
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We scale all beam tracks, outgoing tracks, and their 1natrix-coin-

cidences. We scale separately coincidences with only 1 hit in H3 and coin-

cidences with multiple hits in H 3 and/ o:r hits in IC1 and [CZ. 

The high rate of about 5 • 106 ?articles/ spill in each hodoscope, poses 

rather stringent constraints on the electronic logic's time resolution and 

speed. We estimate that we need approximately a speed of 30 - 100 nsec. 

To be able to distinguish particles from different RF-buckets, we need 

a maximum of 15 nsec in time resolution. 

We plan to use standard electronic logic with matrices to perform all 

the required functions. In Table Ila we list the electronic circuitry to be 

used for most of these functions. 

TABLE Ila: 

FUNCTION 

N. 
l 

Minimum {A, B, C, ... ) 

2 2 o , e 
X y 

t:..x 

ELECTRONIC CIRCUIT 

Digital Adder 

Analog Linear Add 

Matrix + "And11 

Matrix 

Matrix 

In Fig. 9 we sketch the implementation of some of the above functions. 

In the appe:::idix we express these requirements in terms of logic 

functions, to be hardwired in the electronic circuitry. 



18 

~crL MEASUREMENT 

The amount of bea1n passing through the polarized-proton target is 

attenuated by both the free polarized protons and oy the rest of the material 

in the tar get. The number of particles, N. (corrected for efficiency}, that 
1 

is transmitted through the target into the ith solid angle covered by segments 

of the transmission hodoscope is given by: 

± 1 ~crL i 
~=Noexp[-ai-A(cri±PBPT 2' )), (1) 

where ± refers to the beam and target polarization oriented antiparallel 

(+) or parallel (-), N 0 is the number of incident beam particles, ai is an 

attenuation constant for everything in the target except free hydrogen, cr. 
1 

is the integrated differential cross section from the ith solid angle subtended, 

A = {NAPFL)-
1 

= 232 0 mb is the tar get constant for free hydrogen, NA is 

3 
Avogadro's number, PF = O. 0714 gm/ cm is the free-proton density, L = 

10 cm is the tar get length, and PB = 0. 5 and PT = O. 8 are the .magnitude 

of the beam and target polarizations, respectively. 

The partial cross-section difference £or each counter, ~crL ., is 
'1 

calculated from these numbers by: 

~ 0L, ip BP T 
tanh 2A = {2) 

Note that the dominant contributions to the attenuation, a. and a.IA, 
1 1 

exactly cancel in this expression. The efficiencies also cancel to first 

order because the beam polarization is flipped on alternate pulses. 
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RATES AND RUN PLAN 

The accuracy of 6-crL measurement is expressed by: 

We wish to measure 6-crL to± 10).lb. We will need 2. 0 • 10
11 

incident 

protons per beam momentum. Therefore we will need to take data for 

100 hours per beam momentum. (Assume incident beam of 5 • 106 protons/ 

spill). We will also need 100 hours for checking out the geometry of the 

experiment to reduce systematic errors. We need a total of 600 hours to 

complete 6-crL measurements. We note that for high-momentum data points 

a polarized beam will be produced by using the longitudinal scheme and for 

low-momentu..."'TI points by the transverse scheme. 

SYSTEMATIC ERRORS: 

Experiments with polarized beams and polarized targets, in which the 

polarization of each is reversed frequently, have the happy property of 

cancelling out many kinds of systematic errors. Sources of -- for example~ 

detector inefficiencies, or geometrical misalignments -- which change 

slowly with respect to the period of polarization reversal, have little effect 

on the value of the parameters measured by the experiment. 

The systematic errors that are correlated with the beam or target 

polarization can be classified as multiplicative or additive. The multipli-

cative errors refer to those factors by which the raw asymmetry must be 

multiplied, or divided, to yield the final result. When the asymmetry is 

small, and the number of counts are so few that statistical errors dominate, 
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multiplicative errors may not be important. 

Additive errors, which can introduce a spurious asymrnetry into the 

data, are more serious. In the case where both beam and target are pol-

arized, and reversed at independent intervals, each type of polarization 

can be used to monitor, and to cancel out, additive errors associated with 

the other polarization. 

The following kinds of systematic error are common to most polariza-

tion experiments: 

1) Target polarization measurement (multiplicative error associated 

with polarized target). The polarization of the target can be mea-

sured to an accuracy of ± 3%. The principal uncertainties lie in 

the calibration of the nuclear magnetic resonance system, using 

the (small) thermal equilibrium signal. Other uncertainties are 

introduced by non-linearities in the measuring system when the 

polarization becomes very large. 

2) Beam polarization measurement (multiplicative factor associated 

with polarized beam). Several schemes have been suggested 

for measuring the beam polarization. The calculation based 

on beam kinematics is probably accurate to ± 3%. 

3) Change in beam geometry with beam polarization {additive factor 

associated with beam). We control this source of error by (a) 

using the 8-magnet spin reversal scheme that maintains constant 

beam geometry, or doing polarization reversal upstream of the 

collimator, {b) using the incident beam telescope and matrix 
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coincidence to define acceptable incident beam direction, (c) 

co1npa.ring asymmetries observed with the two serises of target 

polarization. 

In the total cross-section measurement there is an additional source 

of syste1natic error because, in a transmission geometry, the quantity 

measured is the total cross-section minus the cross-section for elastic 

scattering into the solid angle unresolvable by the detector (about . 1 milrad 

in this design). The latter cross-section ranges from less than a millibarn 

up to several millibarns as the beam mornentuxn increases. 

If we assu_rne that the angular dependence of the elastic cross-section 

1s similar in the two spin states, this becomes a multiplicative factor whose 

magnitude can be estimated using the diagnostic data from those scattering 

events sampled by the computer. 
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APPARATUS 

1) Use of one o:: the existing Argonne polarized ~'.lroton targets. 

2) Threshold Cherenkov upstream to reject incident pions. 

3) Threshold Cherenkov downstream to reject events in which fast pion.s 

are produced. 

4) Ten scintillator hodosco;ies, five horizontal and five vertical whose 

characteristics are given in Table II. 

5) Fast hard-wired n1atrix conicidence logic, with 15 ns time resolution, 

to perform the following functions for each event triggering the experi-

ment. 

a) Veto any event in which more than one scintillator has a count in 

any of the upstream hodoscopes. 

b) 

c) 

d) 

Define trajectories that will intersect the polarized target. 

Measure (x, y)(in) and (x, y/out) - coordinates and {0 , 0 ) angles 
X y 

of these trajectories. 
2 2 2 Calculate 0 = 0 + 0 . 

X y 
e) Measure number of hits m each hodoscope. (N(i)). 

6) Fast scalers, gated for live-time (plus some ungated ones) to count: 

a) Incident protons. 

b) Events £ro1n x- and y-hodoscopes. 

c) Events £rain the matrix coincidence logic. 

7) Monitor telescope. 

8) On-line co1nputer to perform the follow.i ng functions: 

a) Control and measure target polarization, 

b) Record all scalars and :monitors, once per spill. 

c) Various on-line diagnostics. 
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ASY111vIETRIES IN INCLUSIVE PION PRODUCTION 

WITH A POLARIZED BEAM AND TARGET 

We propose to measure asymmetries in inclusive pro-

duction of high momentum pions in the reactions 

1) ptp+ TI±+ anything, using a transversely polarized beam 

and a liquid hydrogen target, and 

2) ptpt+;± + anyt..~ing, using a longitudinalJy polarized 

bean and a longitudinally polarized targ~t. 
The measurements would be made using the polarized proton beam 

proposed by the M-3 Beam Workshop, and a single arm spectro-

meter consisting of an analyzing magnet, proportional chambers 
A 

and gas threshold Cerenkov counters. The kinematic range cov-

ered by the experiments would be pT$1.0 GeV/c and x=pL*/p* ~0.5~0.9. max 
If sizeable asymmetries are found in reaction (1), then the pro-

posed apparatus could be used as a beam po~arimeter for further 

experiments: modified versions of the same apparatus could 

be used as possible polarimeters utilizing electromagnetic 

effects. 
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PHYSICS INTEREST 

Measurements of inclusive pion production in p-p collisions 
+ with a polarized beam, ptp+TI-+anything, have revealed sizeable 

asymmetries inthese processes at plab=6 and 12 GeV/c.f161171 

These asymmetries seam to be energy independent, they increase 

with both increasing pT and increasing x (=pf/P;ax) of the 

scattered pion, and reach large values (30-40%) for x~0.7 

(Figure 10). The presence of these large effects in inclusive 

reactions was rather unexpected, since it was thought that con-

.tributions from different inelastic channels would tend to can-

cel out, resulting in small asymmetries. At the present time 

there is no clear theoretical understanding of the origin of 

these effects. 

In order to study the spin dependence of inclusive pion 

production a~ Fermilab energies, we propose to measure asymmetries 

in the processes 
+ 

ptp+TI-+ anything (1) 
+ ptpt+TI-+ anything (2) 

with special emphasis on the high x region. The first experi-

ment would utilize a transversely polarized beam, and thus we 

would measure the asymmetry 

E d 3cr+/dp3 - E d 3 cr /d 3 
An(s,pT,x) 

-1, p 
I {3} = 

d 3 cr /d 3 3 3 E + p + E d cr-1,/dp 

where E d 3cr/dp3 is the invariant cross-section for pion pro-

duction and t, + ref er to the transversity of the incoming proton. 

The second experiment would employ a longitudinally polarized 
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beam and a longitudinally polarized target, and we would measure 

, (4) 

where the++ and+- refer to the helicities of the initial 

protons. Presently there are no data on these parameters at 

Fermilab energies, and no data at all on All" Furthermore, 

current theoretical models give very little guidance as to what 

to expect. Hence, it would be particularly valuable to obtain 

experimental information on these asymmetries, to be tested 

against further theoretical developments. 

However, we believe that the study of these processes may 

yield direct information about the constituent structure of 

the proton and about the spin dependence of the constituent-

constituent interaction. This possibility arises from the fact 

that recently there has been considerable success in explaining 

certain features of high x meson production in p-p collisions 

in terms of the quark-parton model. [2Q It has been generally 

thought that the description of low pT phenomena within the 

framework of this model is very involved since all the constitu-

ents must be included in the considerations simultaneously. 

This is in marked contrast with high Pn processes, in which 
.L 

the high pT hadrons or "jets 11 presumably are fragments of a 

single quark scattered through a hard collision. However, recent 

data of Johnson et a.l. ~SJ show that the particle ratios n+/TI-

and K+/K- at high x and low pT are remarkably similar to those 

at x=O and high pT (Antreasyan et a.l. P-9)), as shown in Figure lL 
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This independence of pT seems to indicate that the relevant 

variable for describing meson production is the radial scaling 

variable xR=E*/E;aJ; 8dnd that there may be a connection between 

high PT production and low pT, high x production. 

Ochs~8] has noticed that the TT+/TT- ratio vs. xR closely 

resembles the u(x)/d(x) ratio, where u(x) and d(x) are the 

number of up and down quarks of fractional momentum x in a proton 

as determined by deep inelastic lepton scattering experiments. 
+ 'Uri.s observation suggests that the TT- production cross-sections 

in p-p collisions are determined by the u and d valence quark 

distributions in the proton, and in particular that the u quark 

in a fast TT+should be one of the original u quarks in the inci-

dent proton (similar arguments hold for the d quark in TT pro-

duction). Hence, low pT, high x single pion production gives 

informaticrr.about the constituent structure of the initial 

protons. 

In addition,· there are theoretical reasons to believe that 

the leading valence quark (x~l) in the proton carries the heli-

city of the proton. f21, 6c] This assumption implies that the u/d 

ratio approaches 5 as x+l, ~l] which in turn leads to the TT+/TT-

ratio approaching 5 as xR+l, in agreement with the data of 

Johnson ez al. There are also data from deep inelastic scat-

tering of longitudinally polarized electrons on longitudinally 

polarized protons [221 supporting the notiori. that quarks "remem-

ber" the helicity of the proton even at moderate values of x. 

Thus it may be that the alignment of the spin of the proton 

and the spin of the leading valence quark is a general pheno-

menon and this in fact is our main motivation for emphasiz-

ing the high x region. 
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In conclusion, we believe that measurements of the asymmetries 

of fast pions produced in inclusive processes (1) and (2) may 

be a very direct way of probing the spin dependence of the quark-

quark interaction. These studies may also shed ligh~ on the 

question of whether the high momentum pions result from quark 

fragmentation through gluon emission[29 ] or whether they 

are produced through the quark recombination process as has 

been recently suggested.~0,30]Finally we wish to point out 

that if sizeable (~10%) asymmetries were. found in reaction (1) 

then this discovery would have an immediate application in that 

the proposed apparatus could be used as a simple and convenient 

beam polarimeter for other types of experiments. 

EXPERIMENTAL TECHNIQUE 

The proposed layout of the experimental apparatus is shown 

in Figure 12. 

The transversely or longitudinally polarized proton beam 

is incident upon either a 100 cm long liquid hydrogen target 

or a longitudinally oriented polarized proton target. Since 

the beam originates from A decay, its ~ivergence will be large 

(~lmr). To obtain good resolution in pT, the angle of each 

incoming particle is measured by the two x-y hodoscopes Hl and 

H2. The other hodoscopes H3 and H4 will be used in the trigger. 

These hodoscopes will have a spatial resolution of 1.5 mm and 

will be spaced 15 ·m apart. 

The production angles of charged particles emerging from 

the target are measured in the rnultiwire proportional chambers 



28 

(MWPC) labeled Pl and P2. Their angles, after magnetic analy-

sis, are again measured in .MWPCs P3-P5. The MWPCs are standard 

Rice University proportional chambers with "fast'' (40 nsec 

strobe} readout electronics so that rates 1 MHz/2 mm can 

be tolerated. For some parts of the experiment, especially 

"hot" sections can be deadened. Most of the needed MWPCs already 

exist and, in fact have been tested and utilized in medium and 

high energy physics experiments. Fast readout electronics are 

being constructed for all planes. 

The analyzing magnet shown is a standard BM109 (24VIII72) or 

BM105 (18VI72) bending magnet. Such_ a magnet should be readily 

available at FNAL or one could be borrowed from Argonne. 

For TT- production, particle identification is simple due 

to the opposite curvature of pions and protons in the field of 

the BM109. We plan to trigger only on TT produced to beam left; 

thus, at P5 TT are separated from the beam by >l m. Simply 

placing a scintillation counter {labeled C) as shown should 
'IT 

provide a clean trigger for 'IT- The TT- trigger will be tight-

"' ened further by requiring the two threshold Cerenkov counters· 

in coincidence. We expect to be able to make reliable estimates 

of TT- asymmetries on line. 

+ For TT production, particle identification is much more 

difficult, especially at very high values of x. We plan to use 

"' "' "' the two gas threshold Cerenkov counters, labeled Cl and C2, in 

coincidence to suppress background from proton induced o-rays 
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from the beam and the copious inelastically scattered protons 

(p/TT+~104 at x=.9). Each counter should discriminate against 

1 1 10- 2 • ' t t 1 • f 10-4 10-s protons at a eve < giving a o a suppression o 

of spurious proton triggers. We expect singles rates .'vl0 5/sec 

for each counter, but multiple coincidence trigger requirements 

should eliminate this problem. The ·C threshold setti~g along 

with the bend of the BM109 should strongly suppress background 

due to lower x pions (p1~£0 Gev/c). These counters are standard 

pieces of FNAL equipment such as were used in E-61. It is 

our understanding that the bodies of the E-61 counters still 

exist in storage at FNAL, and we would hope to use them after 

rehabilitating the optics and providing our own photomultiplier 

tubes. 

We plan to trigger the TT+ experiment by detecting deflect±on 

of scattered particles using the x-y hodoscopes Hl-H4 and a hard-

wired coincidence matrix to further suppress spurious beam in-

duced triggers. The hodoscopes have 2 mm spatial resolution 

and each pair Hl-H2, H3-H4 provides a lever arm of approximately 

20 m. A deflection in particle trajectory of at least 0.2 mrad 

will be required to trigger the experiment corresponding to a 

cutoff pT>.05 Gev/c. Although this requirement introduces a 

bias against legitimate events with a very small angle particle, 

we believe it is necessary for distinguishing very high x, small 
+ pT TT from .protons, and that in fact, this small pT cutoff will 

negligibly bias the physics results. We have had experience 
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in previous experiments with fine grained hodoscopes and with 

coincidence matrix electronics. We expect to improve our 

spatial resolution by a factor of approximately 2 and upgrade 

the complexity of our matrix electronics. There should be <10 4 

trigger candidates/burst, so that a clean decision can be maae 

by the matrix electronics with little deadtime. 

The trigger for TI+ will therefore consist of deflection 

through an angle of greater than 0.2 mrad. in coincidence with 
A 

a count in both Cerenkov counters. For TI the trigger will 

consist of the required bend in the BM109, i.e., a count in 

the C counter and 
TI 

A A 
the coincidence of Cl and C2. This 

trigger can be further tightened by hodoscope requirements if 

necessary. For the single spin measurements with a liquid 

hydrogen target, an appropriate amount of target empty running 

will be included. From our experience at the ZGS, we expect 

the target empty background to be <20%. 

In the case of a longitudinally polarized beam incident 

on a longitudinally oriented polarized target, all single 

spin hadronic asymmetries raust vanish due to conservation of 

parity. Any observed asymmetries must ·then be due to spin-spin 

effects involving scattering off of the free protons (only the 

free protons are polarized) in the target. Thus, the problem 

in inelastic measurements using a transversely polarized 

target of contamination due to asymmetries from scattering from 

carbon and other bound nucleons is avoided for measurements 

involving longitudinal spin orientations. 



3.1 

spurious asymmetries due to long term drifts in beam position, 

spot size, intensity or spill structure will be averaged away 

by reversal of the sign of the beam polarization on alternate 

accelerator pulses. Additional signal averaging will be 

provided during polarized target running by periodic reversal 

of the spin direction of the target polarization. 

This apparatus can be used to extend these measurements to 

higher values of pT simply by shifting the downstream elements 

in the apparatus by one meter transverse to the beam direction. 

At these higher values of pT discrimination of TI+ from protons 

becomes less difficult due to the greater angular separation of 

+ the rr s from the beam protons. 

EQUIPMENT REQUIREMENTS 

We • will need the following equipment: 

1. Use of the .M3 polarized proton beam operated in 

both the transverse and longitudinal modes. 

2. A BM109 or BM105 bending magnet and power supply 

or the arrangement of a loan of such equipment from 

Argonne. 

3. A 100 cm long liquid hydrogen target 

4. Two threshold Cerenkov counters of the type used 

in E-61. 

5 .. Use of one of the existing Axgonne polarized 

proton targets. 
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The trigger and monitor counters, proportional chambers, 

cabling, and electronics trailer (which includes a PDP-11 

computer, tape drives, discs, fast and slow logic and scalers) 

will be furnished by Rice. We require only AC power hook-up, 

beam line controls, and timing signals from accelerator control. 

RATES, RESOLUTIOJ>J, AND RUN PLAN 

A summary of the expected rates and run time r9:£uired to 

execute the initial parts of the experiment is shown in Table 3. 

The parameterizations of the inclusive scattering data by Ander-

son e:t. a.£.. [ 3 l] and Johnson e.:t. a.£. .. )lB] have been used for these 

rate estimates. With the initially expected intensity and beam 

polarization I
0

=10 7/pulse and pB=.4, we should be able to 

measure asymmetries for x=.6+.9 in bins of .05 in five bins of 

PT for pT<.5 with an accuracy of 6A~.025 in the running time 

indicated. We will also explore the region .5<pT<l.O, since 

the TI+ asymmetries here were largest at ZGS energies. We also 

request a tune up period which may be parasitic with low intensity 

" beam on target; however, rates in the MWPCs and Cerenkov counters 

should be tested at I ~10 7/burst during the final stages of 
0 

tune up. 

The rates expected in a polarized beam-polarized target 

experiment at low pT are listed in the last line of the table. 

We hope to execute this experiment some time after the initial 

polarized beam turn on, even if single spin asymmetries prove 

uninteresting. 
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We expect to use a BM105 or a BM109 shimmed to a 6 11 gap 

as the spectrometer magnet, giving a 1.2 Gev/c transverse 

deflection. The angular resolution of the upstream hodoscopes 

Hl and H2 determine the resolution ~pT=.03 Gev/c, and the .MWPCs 

give ~x~±.02. Our resolution should enable measurement of the 

asymmetries in sufficiently small bins to determine their x and 

Pm dependence. Discrimination against spurious proton triggers 
.L 

and lower energy pions should ensure clean measurements of 11 

+ asymmetries up to x=. 90, and 1T asymmetries up to x=. 8+. 9. 

We hope to tune and debug the apparatus during initial 

tune-up of the M3 beam line soon after the Mesopause. We then 

plan to quickly explore the high x, low pT region for possible 

large single spin asymmetries. If these are found, the appara-

tus could then be used as a relative polarimeter for further 

beam tune-up. After the polarized beam is in stable operation, 

we then propose to explore the higher pT pion production asym-

metries. We believe that the measurements with a polarized 

target are especially compelling,· and request an additional 200 

hours as an initial run, since averaging out systematic 

errors may prove time consuming. A summary of running time 

requests are as follows: 

Tune-up (mostly parasitic) 

Higher pT scan: H2 
Polarized beam-polarized target 

run, low pT 

200 hours 

100 hours] 
] 300 hours 

200 hours] 

200 hours 
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The systematic errors incurred with a polarized beam-

polarized target measurement will be studied in such measure-

ments soon to be carried out at the ZGS. We hope to attain an 

accuracy of 6A~±.03 in the measurements at Argonne. 

If substantial asymmetries (~.2-.3) are found in one 

spin measurements, a polarimeter which measures 

6PB/PB=.05 in ~20 minutes can be effected with the same spectro-

meter. £25 J 



TABLE 3 

Simultaneously 
Recorded Range 

React ion Pr X Io(ppp) 

pt~x . h·.5 .6+.9 107 

pt p-r-rrx .5+1 .o . 85 107 

ptpt+rrx . I+. 5 .6+,9 107 

RUNNING TIME ESTIMATES 

6A I n 5 bins 
Target of Pr for 6x=.05 

1 m LH 2 .Ol/p 8 

l m LH 2 .01/pB 

10 cm .02/pB 
NH 3, 

80% polari-
zed, 

20% free H 

Beam Time (hrs) 
Assume 180 useful 

pulses/hr on average 
+ -

'If 1r 

l 3 70 

25 140 

20 105 

TOTAL ( Es t . ) 

100 hrs. 

200 hrs. 

150 hrs 

w 
Ul 
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IV. SUMMARY 

The constrw:tio~1. of. a bea:n for po!arized p:tof:ons and anti-protons will 

pro0 rid~ a .. '.1:1.:.q1.1e facility for s::udf of s,::nne ,:>£ the outst2:nd.'.ng problecns in 

~1.adroll physics. In ?articular, the su,-:>3tructure a:-1d interactions o: ha::lrons • 

can ~-:>e stu::1'.ed throug~1. :3pi.n effects at hig:.~ energy. 

Vve are su~-:>mitting two .3epa.rate pro_?osa.ls. In this proposal, we in-

elude 1neasure1nen':s of the pp total c:ros s- section difference in the region 

;,vhere the rise in c:ro.3s-section is observed, and low-pl... large-x hadron-

prod.11ctiol1. ;::n-oces s using a polarized hea.m and a polarized target. The 

second proposal concerns measure1nent of the asymmetry in high-p ..L events. 

In this pro_?osal, we req·.1eat the following :;.nachine time: 

Pa rt A, 6.cr L measure 1.ne:,.1.: s including polar iZ ed-b ea~m tuning -

600 :1.ours. This experiment will be a standard transmission 

experim:ent with the detectors specially designed :fo.:.- a high-

divergence bealn. 

Part B, Asymmetriea in inclusive pion production - 600 hours. 

Equip1ne·n'.: req.1ire1:nen.ts are 

(i) a BM109 o: 105 bendi.ng r:nag;,1.et, 

(ii) liq:iid ::1ydrogen and ?olarized targets, 

(iii) threshold Chere,1.kov counters, 

(iv) scintillation-cou,:1ter hodoscopea, and 

(v) multi wire pro 2or'.:ional chambers. 
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APPENDIX I 

HIGH-P HADRON PRODUCTION WITH A TOROIDAL SPECTROMETER ---·---T -·- -·- --- -- ---·- - --- - - - - - - -·----- - -- ·- -- -- ---- ------------- -·-

PHYSICS INTEREST 

Hadron pro,:111ctim1 and jet p::od.11ctio11 at hig11-PT ~:'.:!e,n to oe two 2£fi-

cient ways fo:: probi.ng q·.1ark-q·.13.rk interactions at sho:;:-t di.stance.s. The 

ro~e of. spin-force.3 in the dy;.1acnics of. the ele1.nentary constituents of the n 1.1-

cleo11 is e1nphasized '.:o so1ne extent in the Tntrod11r:tion. We regard this part 

of physics as one to which very important contributions can co1ne £ro1n 

polarized ",?roton-proton (a:1tiproton) experiments. To this end, we 11ave 

51.11.)rnitted a separate jno;:,osal to study asyinmetries of inclusive and jet-

like prod11cts in high-PT p-p interactions using large acceptance calorimeters. 

Here ,;,ve would like to discuss our interest in the very interesting possibility 

of usi.n6 a to:;:-oidal spectrmneter to study inclusive-charged hadron prod,.1c-

tion at high-PT. 

DETECTOR REQUIREMENTS ·---~-------

The limited luminosity, the low high-PT inclusive rates, and high 

low-PT backgrou'.'1.d d·1e to the sharp fall-off of the cross-section with PT 

(~ P;8 ) impoGe the following stringent require1.neats on such an experiment: 

(a) Large cj> -acceptance. 

(b) Maximum pos si.ble target length and beam intensity available, 

(c) High signal (high-PT)/noise (low-PT) ratio. 

( d) Good rno1nentu.rn resolution. 

Up to :.ow, all high-PT incJ.usi.ve experiments have had a very limited 

-i>-acceptance (~ "/20). We have mad 1') a preliminary Monte-Carlo study of a 

to:roidal spe,::tro1nete::: desig·a as well as two 1nore conventional large aperture 

spectr01neters. 

The re:3u].ts ini:Ecate tha.t the toro:_d 
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(a) Is rnore tha.n 3 o::.·d•::!ra of magnitucb better in sig:1.a.l-to-noi_se 

ratio (2 - 3 . 3 10 73, ~ 1), 

(c) It can accept simultaneously a large range of PT> 2 GeV and 

X F 0 i_nclusi.vc,3 'Nith high acceptance. 

DESCRIPTION OF THE SPECTROMETER AND ITS PROPER TIES 

Fig. 13 shows so1ne ,,iews of our cur re·nt magnet d 1:.'!sign. The field inside 

the toroid '1.as cylindrical sy;_nmetry and varies as ~ 1 /r (r ::: radius); 

Fig. 14 shows the experime;:ital set up. The bea:n axis coincides 

with the toro;_d axis. 

The bend:_ng of each particle prod1lced. at the target and entering the mag-

net ha;::ipens 021 the prod11ction plane con:aining the beam-toroid axis. The 

particle trajectory is always perpendicular to the field lines and so the field 

is fully utilized. The inner cylind•=r of the toroid of 10 c1n radius allows 

the bea~'Xl and the forward-gGing low-PT prod.11cts of multiparticle events to 

?ass unaffected '~y the field. The field can be set so that positive particles 

bend ,::n1twards a·,1.d negative ones inwards, getting trapped arou~1d the beam 

axis. Th~.s and the dependence of the angle of bend on the particle momen-

tu.n provid,e this spectro1ne:er with charge and kine1.natic selectivity in 

With such a field configuration, th-e }.ow-energy (X F -:S 0, low-PT) 

partic].es can be swept with high e:f.ficie:c1.::: y away fro1n the MWPC and DC-

p1-ane3 (Drift- Chamber) shown i.n Fig. 14. This should allow the de:e.::tor 

to tolerate ,easily :he rate.3 from a 21) cm NH3 target and a beam intensity 

> 10 
7 2rotons / s;::ii.11 in an O?timized 5etu? configcu:ation. 
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TRIGGER 

At s0 , s1, s2 of Fig. 14, three scintilla:ion-cou:1.ter hodosco?es, finely 

segcnented ::i.:n::1 ::;i.zimuthally syn:1metric, clef.ine the p::.~oductio~1 ?~an.::: of each 

inclusive prodilct as well as its x F and PT-ra:1.ge. Th:.is, they can provide 

a very tig}1t, triple ,::ojnciden.ce, coplanar trigger, essentially free fro1n no~1.-

coplanar background and a suppression in the ge01netrical acceptance of 

signal (PT > 2 GeV) 3 .----------~---- > 10 nm.se (PT > 0. ::> GeV) 

Fig. 15 shows the shape of these hodosco?es a:1.d the wire configuration 

of MWPC and DC-planes placed after the magnet to find particle tracks and 

facilita:e their kinematic analysis. 

The part of the detecto:..· corre:3ponding to those particles that are swept 

away fro1n the hea::n-toro:d axis has the maximum sensitivity. 

Therefore, by siinply switch~_ng the 1nagnet cu:rre;:it polarity, one could 

+ -study ;r and .r separately at that pa rt oi the detector. 

By placing a segmented Cherenkov-counter, shown in Fig. 14, behind 

the .SZ-hodoscope, a 1T + vs. proton d,_scrimination will be possible. By plac-

o ing a rr detector further downstream, one could trigger simultaneously on 

0 • 1 • d . 1T -inc us1ve pro 11ction., essentially free frorn low-energy background. 



43 

INCLUSIVE RATES AND TRIGGERS 

Inclusive rates for this experiment have been calculated using the data 

(19) A 

of Antreysan et al as well as AN(ppt),A.i_,i_: 1pt) errors, listed in Table I 

along 'with the conditions as sun1ed. 

TABLE I 
-pT c,lnV -y;'f" + ) < PT·e? inc 6ALL (ptpt) 6AN(ppt) 
(GeV} (cm2 ) (G-kV} 

3.0 2.1 X 10-32 3. 6 <. 01 <. 01 

4.0 7. 3 ·x· 10-34 4. 8 . 03 <. 01 

4. 5 1.ox10-3 4 5.5 . 07 

5.0 1.s x·io-35 6. 1 . 13 

7 
I = 3 • 10 protons/ spill, LNH = 20 cm, 1 month running 

3 
(700 hours) 

- a - • .1, A PT = • 5 GeV, x(x ~ 0) = • 1 

CONSTRUCTION FEASIBILITY AND COSTS 

Preliminary calculations and discussions with a toroid specialist at 
.,, 

ANL··· indicate that its building should pose no problems in mechanical 

construction. For a regular Cu-coil, water cooled magnet, with a central 

JBdl = 20 kGm and 2. 5 meters long, the following estimates have been 

calculated: 

Cost = $25 - 30 k. 

Time for construction, test and calibration~ 5 months. In addition, the 

highly symn1etric characteristics of the device would allow simplicity and 

. 01 

. 02 

high corppactnes s of the detector, thus keeping building, testing, maintenance 

costs and time consumption low. 

Finally, we point out the easiness of access to the detectors and their 

flexibility to adapt to different experimental conditions .. 

. • . 
• ,,Bert vVan6 , priva'·e .::01nmu:1.i.cr1•iun. 
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APPENDIX II 

OTHER POSSIBLE EXPERIMENTS USING THE POLARIZED-PROTON BEA\1 
FACILITY 

Fir st, we note tha we -:::an _neasure Llcr T with a,i N-type polarized 

targ,at and ·:he apparatu:, de3cribed. ·.n the te:s:-t. This v.rould give ;is an ad.di.-

timvtl clue a.bou': the: rise 5.n our total cross section. 

Taking a:lvan-f:ag-2 o:f. the po1..arized-an'.:ip.roton 1::>eam, we can :measure 

~o- L and. :'.:).er T for pJ? scattering. Theo:etical interests a re recently discussed 

by C. So?ensen. 29 

In the d:lej_)ton-prodnction experiment,- pt pt- (µ + µ -) + x, we study the 

:rne;::ha.nism o~ t, prod1.1ction at m z 3 GeV a.nd the Drell-Yan -;:necha:iism 
µµ 

at higher n-:1ass b, 7 With a ?Olarized antiprotm1 beam, a reaction ptpt - {µ+ µ -) 

+ x enables us to observ-e th~ S~:)in effect of valence .. quark a:id anti-v.ale-n.ce-

quark interactions 20 Another exciting ?Ossib;_lity is that one can perforin 

an experiinent like pp -- (Jet) + x. Then we can observ-e valence quark, 9v, 
t L. 1 1 ·- • .,__ .,__. h' l . '-t • , o an ... 1-va. en.ce q1.1arr;::, q • 1n.,erac,.1011, w ,_ e 1n pp sea,. er1n~, we ooserve 

V -

qv - q
5 

(anti-sea quark) inte-raction. 

Total cross section or large -p ..L i_nclusive 1neasure1ne.i.itS using a longi-

tu<Lnally-pola:rized beam should 1'.)e ·,.1se£ul in a search for a parity-no.c~conserv-

ing co1nponent in the force between c1'1cleo11s. The pred:cted asymmetry effect 
_? -5 27 varies fr01n 10 to 10 . 

Finally, we note that pola.rizGd bea1ns are use:f.ul. to ;:mrsue 11 old physics" 

such as elastic-scattering amplitude 1.neasure1nents at s~all It I 28, 29 
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APPENDIX III. 

where c 1, c2 are the Cherenkov-counter signals set to detect fast pions. 

'\Ve define 

X~i) (Y~i)) = thejth-scintillator of the HX. (HY.) hodoscope. 
J J 1 1 

Then, tJ1e abo'/'e 4 requirements read as follows: 

N N N N 
Ti= (~ 1 x(i) = 1) • (z:2 x(2) = 1). (z 1 y(1) = 1). cz 2 Y = 1) 

j=1 j j=i j j=1 j j=1 j 
wl1.ere N = mrnber 0£ scintillation-counters of H. -h'.)doscope. 

i l -

Define f:::u:'< in= X(2) _ X(i) 
• .L j2 -j1 

.6 yin = y ( 2) _ y ( 1 ) 
ki 

T2 = A • ( !.0.Xinl ..: Min) ( l.6 yin I ..: Min) 

where Min "' 10 
' 

a parameter defined by the beam-hodoscopes and target setup. 

N N 
T3:.: (Z 4 X( 4 ) 1) · {Z 4 y( 4 )~ 1) 

N 
(I:5 y(S) i) 

j-= 1 J j= 1 j j= 1 j 

For every hit {X~ 5 ), Y~S)) in HS 
J J 

Find .6Xout = X{2) - X(5) 
2 .5j j 

Then, find 

e = ( 12 • .6Xin _ .6.XO'.lt I) 
x25 25j 

e = ( I 2 • .6 yin _ .6YO'..ltl) 
y25 25j • 



F , . . 'X(4l or e v r 'f ,11 t 1 n , i ' , ., 

Then, find 

46 

e = ( I 2 . ,6,.Xin - ,6,.Xou~ I ) 
x24 24J 

I 
in AY o214lJ.Jt_ I 0 y24 = { 2 • ,6,. y -

where MD = 3 1nm, which is the spatial re,3olution. u ... ')per limit of the scintil-

lator-hodosco_?e syste1.n. 

Fina.Hy, the "!::rans1nitted particle is def.ined oy 
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+ Figure 1~ The asymmetry A in ptp-+TI"- +anything 
plotted against x=pf/P;ax at plab=6 GeV/c. 
Lines of ~pproxinately constant pT are drawn 
for the TI data. 
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ABSTRACT 

Lambda and anti-lambda production at Fermilab energies is so 

abundant that an enriched antiproton, polarized proton and polarized 

antiproton beams with reasonable intensity can be constructed for the 

use of counter physics. We particularly emphasize the completion of nec-

essary digging and modification of the target train during the mesopause 

period. 

We propose to construct such a facility and to study the substructure 

of hadrons through the spin effects at high energy. Physics motivation and 

proposed experiments are described. We propose measurenlents of total 

cross-section difference and of high- x low-p,J., inclusive pion productionF 

using a polarized beam and a polarized target. 
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I. INTRODUCTION 

It has been shown that spin effects are important experimentally and 

theoretically at high energy. Large polarizations are observed in inclusive 

A ° production in the neutral-hyperon beam, 1 and in inclusive proton pro-

duction in the internal-target experiment. 2 A sizeable asymmetry effect is 

observed at CERN in TIo production by 24-GeV/c protons at x 0 and high Pl.3 

Unexpected energy dependence in p-p elastic polarization is observed at 

3 4 Fermilab energies (E-61 experiment) , and It/-dependence near the dip 
4region is remarkable. 

More importantly, the study of spin effects in the scattering of 

quarks could be crucial for further development of current theoretical 

7ideas regarding the constituent nature of hadrons. ,8 An attempt has been 

made to obtain information about the spin distribution of quark-partons 

9by using a polarized-electron beam and a polarized-proton target. 

At Fermilab we can produce reasonably intense polarized-proton and 

antiproton beams for counter experiments from the decay of A and A 

respectively with polarization of and with the spin direction reversed 

from spill to spill. This gives an important advantage over experiments 

with polarized target only. The spin reversal on a short time scale 

minimizes systematic errors in experiments with polarized beam and hydrogen-

or nuclear-target and in experiments with both target and beam polarized. 

At ZGS energies the importance of spin effects has been well 

demonstrated: structures in the total cross-section difference,ll large 

. . 1 . . 16 titasymmetries 1n 1nc US1ve scatter1ng; struc ures n asymme ry measure-

12 13ments at large Pl' and the connection to quark-quark scattering. At 

Fernilab energies, the polarized beam will be unique and useful in 

investigating effects of this nature at much higher energies. 
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The reason for the rise in the total cross section at energies above 

150 GeV is not presently understood. This cross section can be described 
. 14 

in terms of two s-channel helicity amplitudes, '1 (O) and 4>3{0}, as: 

where k is the center-oi-mass mo:-nentum of the incident beam. 

By studying these amplitudes separately, we could learn whether they 

behave similarly at increasing energy- or whether the rise cO'.lld be 

ascribed to one of them. The total cross-section difference in longitudinal 

spin states allows us to do just that: 

TotThe study of L\oL at lower energies has proven to be useful in 

i5 
other ways. It has provided evidence for a diproto!1 resonance and 

for an Ai-like exchange traje'ctory. In addition to the measurements 

of ¢i(O} and ¢3(0}, it is interesting to investigate 4>Z(O}, which can be 

determined by the total cross-section difference in transverse spin states: 

Measurements of pion production with a polarized 

beam, ptp+ IT + x, have revealed large asymmetries in these pro-

cesses at ZGS energies, especially for large values of 

x - */ * 16,17 Recent experiments have shown that the par-- PL Pmax'  
. + - + - 18 ticle ratios IT /IT and K /K at high x and low PI are re-

markably similar to those at x = 0 and high PI.19 These 



3  

results have been successfully interpreted in terms of the 

k t 20 . d' . h hquar -par on mode,1 1n 1cat1ng t at hig -x meson production 

gives information about the constituent structure of the initial 
. 7c 21protons. Both theoretlcal arguments ' and experimental 

18data ,22 support the notion that the leading valence quark 

(x '" 1) in the proton IIremembers" the helicity of the proton. 

Thus, the measuremen t of asymmetries in the react ions p t P 1T-
+ + X 

and ptp t 1T 
+ 
- + x in the high-x region may be a direct way of 

probing the spin dependence of the quark-quark interaction. In 

addition, if sizeable asymmetries were found in the first 

reaction, then this process could be used for monitoring the 

beam polarization in other types of experiments. 

We show in the Appendix I and II other possible experiments under 

consideration. A separate proposal is written on high-p asym.metry ... 
measurements using calorimeters. 
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II. 	 ENRICHED ANTIPROTONS, POLARIZED P AND P 
IN THE MESON LA BORA TOR Y 

Polarized Protons from A Decay  

o In the rest frame of the II, the proton decays with a 

longitudinal polarization of 640/0?3 Under the transformation from the 

rest system to the lab system, the spin vector of the proton remains 

ahnost fixed. The polarization in the lab system can be in the longitudinal 

900 or transverse direction depending on e == 0 or respectively. 
cm 

A0The production of polarized beams from decay has already bGen 

10 
proposed by several authors. We find that there are many ways to  

optimize the intensity and polarization of polarized beams.  

We propose to construct polarized beams by using the following two  

24 schemes. Details of the polarized beam design are given in a report. 

We describe 	here the outline. 

The basic idea is that polarization direction corresponds to decay 

direction of 	the protons in the AO rest frame. If we select this decay 

direction in 	the lab frame with some pro?erty of the beam line, we have 

selected the 	polarization. The best place to make this selection is at 

the first focus where protons with different d'ecay angle have different 

:::: 0 are centered and th . h e 90°focal points; 	those with e ose Wlt --
cm cm 

are furthest from the center. 
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i) Transverse Scheme 

A transversely-polarized beam can be selected at the first 

focus with a sliding collimator or two moving collimators 

as shown in Fig. 1. (Better, a vernier magnet may be used to 

move the beam spot). Polarization direction can be changed 

to the desired direction by the 4-magnet scheme. Spin reversal 

is done by either a collimator or a vernier magnet located 

downstream of the production target. This scheme gives 

high-intensity beam with variety of momenta. 

ii) Longitudinal Scheme 

By choosing fast protons from lambda decays, we will obtain 

protons primarily from forward-decaying events. The resulting 

proton polarization will be longitudinal. This scheme is for 

high momentum protons, > 300 GeV/c with 400 GeV/c primary 

protons. Spin reversal is done by using a set of reversing 

magnets in such a way that there is no motion of the beam in 

24
the beam transport system or at the experiment. The 

scheme uses 8 magnets of 27.4 kG-m field integral each. 

iii) Predicted intensities of enriched antiproton and polarized 

beams are shown in Fig. 2 together with Tf background. 
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Table I: Smnmary of polarized beams 

400-Ge V I c primary protons, 5.10
121spill, 1/2 interaction-length Be target 

±1 mr acceptance, and ±5% momentum bite 

MOlnentum Intensity I pulse Spin ReversallScheme 
each spill 

Transverse <280 GeV/c 1.5 x 107 Collimator or 
Vernier 

Longitudinal >320 GeV Ic 5.0 x 610 Eight-magnet scheme 
at the downstream 
end of the beam trans-
port system 

A universal set of spin precession magnets would be eight magnets 

of at least 27.4 kG-m field integral which fit into roughly 16 m and have 

5-inch gaps, The power supplies could be ramped and the magnet 

polarities switched on a spill-to-spill basis. For most experiments this 

full set would not be necessary b'.lt the minimum set for any experiment 

is four magnets with 3-inch gaps. The spi.n-reversing scheme is illustrated 

in Fig. 3. 

Target Train, Sweeping Magnet, and Beam Dump:ng 

We need zero-degree projuction angle, and the three-way split 

beam presently planned by Meson-lab physicists is well suited to our purpose. 

A dipole magnet to be used for sweeping is shown in Fig. 4 where the beam 

positioll.'S ofM-1, M-2, M-3, and M-6 are also indicated. The sweeping 
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magnets can be drilled or cut to allow simultaneous use of the :\1-1, M-6,  

and M-3 lines with beam splitting in Meson lab. The seco:ld 0: the two  

sweeping magnets is used to sweep away hadro:lic s'hower particles that  

leak into the collimator opening, so that they will not get into the beam line.  

Collimators and beam d'.1mp are shown in Fig. 5. Collimators used at  

high intensity should be made of aluminum so that the hadronic s'hower  

will be spread out sufficiently to allow adequate heat dissipatio:1..  

The" beam should be dumped far from the coils of the sweeping magnet.  

We should be compatible \vith other uses of the M- 2 and M- 3 lines in a 

time sharing manner. Specifically, the high-intensity K O experiment 

in M-3 and a fractio!l of the primary (_1010) being transported directly 

through our sweeping system and dow"n the M-2 line. A new target train 

should be constru.cted during the me sopause. 

Polarized-Beam Transport 

The decision to plan this beam for the M-3 line which has no bend is 

made in terms of polarization. A focusing element such as a q'.ladrupole 

triplet would depolarize a high-divergence beam such as we are proposing. 

The first order solution is to use another element after a focus 

to comp.:::msate and return spins to their original directions. The initial 

focusing stage must match the final focusing stage. An odd of 

foci between the first and last stage is req-.1ired. 

We are constrained to compensate all bends between sets of quadrupoles 

and further constrained to compensate all momentum dispersio:ls between 
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quadrupole sets. 

The schematic of the beam transport system is shown in Fig. 6. The 

pro:,lems arise because the beam pipe is only 12 inches in diameter and 

displacements of the beam of rO:.lghly a foot are needed both for neutral 

beam dwnping and momentum selection. Alternative methods include 

i) the use of magnets and ii) different beam design with 

more depolarization. 

We recommend strongly to make a bigger beam pipe in the region of 

momentum selection. We need is-ft. deep, 4-ft. wide, and 600 -ft. Ions:: 

(4,000 cubic yards) digging. 

Beam Polarimeter 

While the polarization of the beam can probably be calcu-

lated to better than three per cent, including correlations of 

polarization with position and angle, a beam polarimeter could 

greatly reduce the risk of taking data where the beam was not 

working properly. Details of this subject are discussed exten-

sively in reference 25. Two tlrpes of polarirneters which could 

in principle give an absolute measurement of the beam polariza-

tion are: 

(1) Measure the p-p asymmetry, A ' from elastic pp 
scattering in the Coulomb-nuclear interference region with an 



9  

[10d] 
N-type polarized beam. Soffer ai. [27] have calculated 

App to be at -t=2·l0-3 and almost independent of energy. 

This calculation assumes the strorg flip amplitude 4>S=O .for very 
small -to (The hadronic polarization App'" 1m (<PI + $3 )Re$S has been 

observed to be very small in FNAL E-61 at moderate t values. In light 

of the small value of Re{<P + <P ) at FNAL energies, we believe that had-1 3

ronic App...... Im<PSRe(<I>l + <1» will be very small in the Coulomb scattering 

region. 

The rates are quite high in the Coulomb region, and with 

an this should be good mechanism beam polarization 

measurement. The inclusive pion spectrometer (Figure 12) 
... 

could be used as this polariMeter. The Cerenkov counters and 

hodoscopes could be used to help discriminate against inelastic 

events and the hodoscopes spread further apart to allow a 

measurement of the scattering angle to <.1 mr. The 8rms for 

multiple Coulomb scattering in the LH2 an order of magnitude 

less, and thus should not jeopardize the measurement. Sample 

MWPC data would be used for a cleaner I!leasure..rnent off line. 

Assuming useful and there are 2.SxlOSevents 

per 200 pulses, giving for <A >=.04. pp 
(2) The process pA+pnoA can be related via the 

Primakoff effect to low energy yp+nop, which has large polarization 

asymmetries. The effective yp kinetic energy is typically 

(25 26)500 M,eV, yielding asymmetries -40% at certain scattering angles. ' 

http:PBeam=�.05
http:t=.OOl+.Ol


10  

Both longitudinal and transverse polarization of the beam can 

be analyzed using this effect, if the asymw.etries in yP+TIop and 

are known at the appropriate low energies. The inclusive 

pion spectrometer (Figure 12) with the addition of a hodoscope 

of y detectors at the end can be used for this sort of polari-

meter.' 

The total cross section, for Coulomb dissociation, is ",20 rob, 
7 . so the rates are quite adequate. 10 protons/pulse incident on 

a 3mm Pb target gives about 100 events/burst in the region of 

useful asymmetry region for Mp 0",1300 Mev, for example, thusTI 
giving 6PB"'.03 in about 20 minutes. These measurements require 

measurement of the PTI o lab angles to .03 mR for ±So angular 

resolution in the equivalent low energy yp c.m. This method 

should give a more certain measurement but requires a much more 

elaborate polarimeter. 

A third type of polarimeter is discussed in the proposed 

experiment part B. 

NECESSAR Y EQUIPMENT AND MODIFICA TIONS 

i) Modifications to Meson lab: ta rge t t" 3 . I" (See R 2 4,raIn and "'1 - Ine ef. 

p. 46 and p. 47) 

ii) High-field quadrupoles (See Ref. 24, p. 49) 

iii} Spin-precession magnets (See Ref. 24, p. 50) 

iv) We need 400O-cubic yards digging as discus sed in the section of Beam 

Transport. According to the Architectual Service, this can be 

accomplished within a month with $ 45 to $ 50 K. 

http:6PB"'.03
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III. DESCRIPTION OF PROPOSED EXPERIMENTS  

PART A EXPERIMENTS TO MEASURE IN p-p SCATTERI)[G UP TO 

340 GeV/c. 

We propose to measure the pp total cross -section difference of pure 

Totlongitudinal spin- states, /:::'0L (0_-0_), in the pOlarized beam line at FNAL.  

Measurements will be made at six different momenta between 100 and 340  

Ge Vic, where the cross-section rises by about 1 mb unit. (38.5 to 39.5)  

This experiment will be a standard trans:nission experiment with the 

detectors 3pecially designed for a high-divergence beam. 

EXPERIMENTAL SETUP: 

The la yout of the experimental setup is shown in Fig. 7. A polarized 

proton beam, in the M-3 beam line, entering from the left, passes through 

a threahold Cherenkov CO'.lnter (C 1), set to reject .;tIS, then thro'.lgh 4 scin-

tillator-ho::!.oscope planes (HX1, HY1, HX2, HY2) and finally interacts with 

a polarized proton target. The unscattered beam and forward scattered 

particles pass through 6 scintillator-hodoscopes (HX3, HY3, HX4, HY4, 

HX5, HY5). 

The anticoincidence CO'.lnters A define the useful beam and the counter -

hodos cop:: s IC help in the identification of inela s tic events. The detectors 

downstream of the target are positioned on rails so that their distances fro:n 

the target can be adjusted depending on the incident proton momentum. At 

Plab = 20) GeV, Z5 = 18 m. 
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POLARIZED BEAM 

Momentum bite: t::.p/p = ±5 %(rms). 

Angular divergence: t::.8 = 1 mradian (rms).b ,  
Intensity: I = 5 • 10° protons/spi.ll.  

Degree of Polarization: P =40 -30.% 
B 

POLARIZED TARGET. 

It will consist of NH3 molecules, of \vhich the 3 hydrogen atoms can only 

be polarized. We list its characteristics: 

Free-hydrogen polarization: P = 80 0/0H 
3Target Density: P =.56 gr/cm .NH3 

Length: L = 10-20 cm. 
t  

Diameter: D = 2.5 em.  t 

SCINTILLATION-COUNTER HODOSCOPES. 

Schematic diagrams for the HX1 and :IY1 planes are shown in Fig. 8. 

Each X -a nd Y-plane (i) consists of an arra. y of N. scintillation-co"J.nters 
1 

5mm (thick) x ,\V" mm (wide)
1 

Both planes are placed parallel to each other and the center beam line passes 

perpendicularly through their centers. a beam-or forward 

scattered particle passes thro'..lgh a hodosco?e-pair, it is almost always 

counted by only one X and one Y scintillatio:l-co'J.nter. The light from both 

ends of each cO'J.nter is fed via two fiberglass lightguides to the corresponding 

http:protons/spi.ll
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photomultiplier device. 

S0:::ne hodoscope characteristics are shown in the following table. 

TABLE II: 

Coun.ter Hodoscope Target to-
i N. 

1 
Width 
W·1 
(mm) 

Width 
N·W-1 1 
(mm) 

Hodoscope 

Zi(m} 

1 20 1.0 20 -9.0 

2 20 1.5 30 -0.2 

3 20 1.5 30 1.0 

4 30 1.5 45 9.0 

5 45 1.5 68 18.0 

:;(p =200 GeY.lab 

SETUP REQUIREMENTS. 

For the design of this setup and hodoscope system, the following con-

sid'::!rations were taken i.nto aCCO:.lnt. 

i) It is possible that spills of opposi.te proton spins will have different 

+ .. v1T-CO::1.tan:1lnatlon. This necessitates the use of a threshold Cherenkov-

counter to reject them. 

ii) The width size is mainly deterITlined from efficiency and 

cO'..l.nting rate req"..lirements a s well as mechanical constructio::1. 

http:opposi.te
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1 mm :$ W :$ 1. 5 mm 

iii) It would be desirable to have a beam spot at the target with a diameter 

slightly smaller than the target diameter (Db:$ 2.5 em). 

iv) We require at-resolution {4-vector momentum transfer}: 

-3 2 ot "" (1. 5 - 2. 5)' lOGe V . 

For Plab ::: 200 GeV, this corresponds to a polar angle-resolution 

69 "" (. 20 - .26) mradians. 

v) 	 To maintain the same t-re solution, independent of the incident proton 

momentum, for each scintillator-hodoscope, one must maintain a 

target-hodosco?e distance proportional to Plab" 

vi} 	 By requirin'g the beam divergence to be smaller (..6.8 < 1 mrad) one 

could move the target further downstream and keep the size of the 

beam spot at the target the same. 

In addition, one can get better t-or a-resolution by moving the 

downstream hodoscopes further away from the target without increas-

ing the nurn ber of scintillation-counters. Or, one can increase the 

counter widths and :'TIaintain the same angular resolution. 

vii) 	 Since our sample of forward scattering events cO'ltains a small frac-

tio:1 of inelastics, care must be taken not to introduce biases in our 

extra polation to ..6.a( to}. 
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TRIGGER REQUIREMENTS AND DATA 

The two pairs of bearn hodoscopes (see fig. 7) will be used to define 

the direction of incident p::-otO:1s. 

The bearn 'lodoscope logic will reject arnbiguous or multi-particle 

incident tracks. In addition, the Cherenkov CO:.l::.ter upstrearn (of the beam 

hodoscopes) will veto charged pio:1s ;:>resent in the hearn. The anticoincidence 

counters A will be used to insure that only bearn particles that potentially 

pass thro'.lgh the whole length of the target are in the trigger. 

The prirnar y function of downstream hodoscopes is to define the angles and 

positions of the out going particles. The presence of the three pairs of 

hodosco?es will provide sufficient redundancy to perrnit the continuous mon-

ito of the individ:.lal hodoscope elements. The cornpariso'!1 of the hodo-

scope hit patterns upstream and downstrearn of the target will pro7id':! an 

add:itional check on the cO:1tinuity of the beam and scattered particle -tracks 

through the target. 

The electronic hardware will provide s'.lfficient flexibility to either 

reject multi-particle events thus selecting elastic or low m'..lltipli-

city events, or to identify the leading particle track (more precisely the 

track with the minimum. scattering angle. ) 

To sim?lify the logic we plan to process the signals generated by the 

X and Y arrays separately. This :nethod le::.ds itself rnore naturally to the 

222 
use of the projected angles e and e and not to the polar angle B. (s =e + a )x y x y 

From the in.:::ident and outgoing angles (p:-ojected) the scattered angles will 
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be calculated by hardware. After each event the appropriate scalers 

associated with the incident and o"..ltgoing angles and positions will be i1').-

cremented. At this stage we use the hardware to co::nbine e ,e and incre-x. y 

ment the scaler corre sponding to the polar angle e. The e-distributions of 

opposite incid,ent-proton spin-directions will serve to eliminate elastic scat-

t ering background. 

These as well as the other scalers will be read into an on-line comp·..lter 

at least once for each spill. In additio!l, magnet currents, target polarization 

and hodoscope hit-patterns will periodically be sampled and read into t.'l,.e 

computer in order to monitor various experimental parameters such as 

beam profiles and phase space. 

We would like to emphasize that since this is a scaler experiment and 

since beam polarization flips every alternate spin, it is relatively easy 

to obtain .6.0 values on-line.L 

TRIGGER LOGIC AND ELECTRONICS REQUIREMENTS 

To lneasure a total cross-sectioll» we ..nust count all incident tracks 

within the liv<;:} time of the apparatus. A transITlitted rtic1e is defined -')'j 

the following 5 recJ.1.l'.r.:.nnents. 

TO = Neither the incident, nor them03t forward i:rack should -')e a piO:l,  

T 1 = One and only Ol'le incident track in each x and y-plane.  

T 2 = The incid'.::1.'lt track must lie within the range 0: the angula't' bea:..n- 

divergence, and pass through the target. 

T 3 == Only one outgoi.ng scattel."ing track in H4 0:::' H5 or both. 

T 4 The most forward track must ma:-ch '..Vith the incident 

track at the target within the spatial resolution of the hodoscope-

systeln. 

http:outgoi.ng
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We scale all beam tracks, outgo!.ng track,>, and the;r luatrix-coln-

'd 'UT e scale co:ncidences with ol1.1y 1 hit in I-J3 and coin-Cl ences. vv _ 

cidences with multiple hits in 11 3 and/o-: hits in IC1 and. EC2. 

6The high rate of aboat 5 . 10 particles/spill in each hodoscope, poses 

rather stringent constraints the electronic logic I s tilne resc;>lution and 

speed. We estimate that we need approximately a speed of 30 - 100 nsec. 

To be able to distinguish particle::> from different RF-buckets, we need 

a maximum of 15 nsec in time resolution. 

We plan to use standard electronic logic with matrices to perform all 

the req-.lired functions. In Table IIa we list the electronic circuitry to be 

used for most of these functions. 

TABLE IIa: 

ELECTROl\1JC CIRCUIT 

N. 
1 

LX. 
1 

Minimum (A, B, C, ••• ) 

2 2 o , a 
x y 

Digital Adder 

Analog Linea r Add 

Matrix + !lAnd' 

Matrix 

Matrix 

In Fig. 9 we sketch the ilnplernentatio:l of so:::ne of the above functions. 

In the appe:1.ciix we express these requirements in terms of logic 

functions, to be hardwired in the electronic circuitry• 

...... ..... «-. -------------------------

http:outgo!.ng
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6.0 MEASUREMENT
L 

The amount of beam passing through the polarized-proton target is 

attenuated by both the free polarized proto::ls and by the rest of the material 

in the tar get. The number of N. (corrected for efficiency), that 
1 

is transmitted throug!'1 the target into the ith solid angle covered by segments 

of the transmission hodoscope is given by: 

6.°L .1II ± [ (P P 2,1)], (1)NO exp -CL i - A °i ± B T1 

where ± refers to the beam and target polarization oriented antiparallel 

(+) or parallel (-), NO is the nu..'Uber of incident beam particles, CL is an
i 

attenuatioYl constant for everything in the target except free hydrogen, cr. 
1 

is the integrated differential cross section from the ith solid angle subtended, 

-1
A = (NAPFL) =2320 mb is the target constant for free hydrogen, N A is 

>/ 3Avogadro'S number, P 0.0714 gm ern is the free-proton density, L = F 

10 ern is the target length, and P = 0.5 and 0.8 are the ITlagnitudeB 

of the beam and ta rget polarizations, respectively. 

The partial cross -section difference for each counter, 6.0 ., is 
> L ,1 

calculated from these numbers by: 

{2} 

Note that the dominant cO:':ltributio:':lS to the attenuation, a.. and::::. / A, 
1 1 

exactly cancel in this expression. The efficiencies also cancel to first 

order because the beam polarizatio:1 is flipped on alternate pulses. 
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RA TES AND RUN PLAN 

The accuracy of .0.0 measurement is expressed by:
L 

.0.(.0.0 ) :::::(480 O/'>fN ) mb. 
L O

We wish to .0.0 to ± 10 We will need 2.0. 1011 incidentL 

protons per beam momentum. Therefore we will need to take data for 

6100 hour s per beam mo:nentum. (A ss ume incident beam of 5 • 10 p!:otons / 

spill). We will also need 100 hours for checking out the geometry of the 

experiment to reduce systematic errors. We need a total of 600 hours to 

complete .0.0 mea surernents. We note that for high-momentum data pointsL 

a polarized beam will be produced by using the longitudinal scheme and for 

low-momentu..-vn points by the transverse scheme. 

SYSTEMATIC ERRORS: 

Experiments with polarized beams and polarized targets, in which the 

polarization of each is reversed frequently, have the happy property of 

cancelling out many kinds of systematic errors. Sources of -- for example, 

detector inefficiencies, or geometrical misaligmnents - - which change 

slowly with respect to the period of polarization reversal, have little effect 

on the value of the parameter s measured by the experiment. 

The systematic errors that are correlated with the beam or target 

polarization can "l.:>e classified as multiplicative or additive. The multipli-

cative errors refer to those factors by which the raw asymrnetry must be 

multiplied, or divided, to yield the :final result. When the asymmetry is 

small, and the number o£ counts are so fe\\! that statistical errors dominate, 
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multiplicative errors may not be i.m.portant. 

Additive errors, which can introduce a spurious asymrnetry into the 

data, are more serious. In the case where both beam and target are 

arized, and reversed at independent intervals, each type of polarization 

can be used to monitor, and to cancel out, additive errors associated with 

the other polarization. 

The following kinds of systematic error are common to most polariza-

tion experitnents: 

1) 	 Target polarization measurement (multiplicative error associated 

with polarized target). The polarization of the target can be mea-

sured to an accuracy of ± 3%. The principal uncertainties lie in 

the calibration of the nuclear magnetic resonance system, using 

the (small) thermal equilibrium signal. Other uncertainties are 

introduced by non-linearities in the measuring system when the 

polarization becomes very large. 

2) 	 Beam polarization measurement (multiplicative factor associated 

with polarized beam). Several schemes have been suggested 

for measuring the beam polarization. The calculation based 

on beam kinematics is probably accurate to ± 30/0. 

3) 	 Change in beam. geometry with beam polarization (additive factor 

associated with beam). We control this source of error by (a) 

using the a-magnet spin reversal scheme that maintains constant 

beam geometry, or doing polarization rever sal upstream. of the 

collimator, (b) using the incident beam. telescope and matrix 
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coincidence to define acceptable incident beam direction, (c) 

comparing asymmetries observed with the two senses of target 

polarization. 

In the total cross-section measurement there is an additional source 

of systematic error because, in a transmission geometry, the quantity 

measured is the total cross-section minus the cross-section for elastic 

scattering into the solid angle unresolvable by the detector (about .1 milrad 

in this design. The latter cross-section ranges from less than a millibarn 

up to several millibarns as the beam momentum increases. To estimate 

the contamination, we can measure the angular dependence of the elastic 

cross-section in the two spin states using the diagnostic data from these 

scattering events sampled by the computer. 



22  

APPARATUS  

1 ) Use of one 0: the existing Argoane polarized on targets.  

2) Threshold Cherenkov upstream to reject incident pions.  

3) Threshold Cherenkov downstream to reject events in which fast pions  

are prodllced. 

4) Ten scintillator hodoscopes, five horizontal and ve rtical whose 

characteristics are given in Table II. 

5) Fast hard·-wired matrix con:cidence logic, with 15 ns time resolution, 

to perfOrlTI the following functions fo:::, each event triggering the experi-

a) Veto any event in which more than O:ie scintillator has a count in 

any of the upstream hod:>scopes. 

b) Define trajectories that will intersect the polarized target. 

c) Measllre (x, y)(in) and (x, y)(out) - coordinates and (8 • [) ) anglesx y 
of these trajectories. 

222d) Calclllate a = [) + 8 . x y 
e) Measure number of hits in each hod:>scope. ()J(i». 

6) Fast scalers, gated ior live-time (plus SOlTIe uilgated ones) to count: 

a) Incident protons. 

b) Events frOlTI x- and y-hodoscopes. 

c) Events frOlTI the lTIatrix coincidence logic. 

7) Monitor telescope. 

8) On-line COlTIputer to perform the follo\v1. ng functio!ls: 

a) Control and ineasure target polarization. 

b) Record all scalars and mO::1:tors, once per 

c) Various on-line diagilostics. 
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Part B: IN INCLUSIVE PION PRODUCTION 

WITH A POLARIZED BEAU AND TARGET 

ABSTRACT 

We propose to measure asymmetries in inclusive pro-

duction of high momentum pions in the reactions 

1) ptp+ anything, using a transversely polarized beam 

and a liquid hydrogen target, and 
+ . 

2) + anything, using a polarized 

bean and a longitudinally polarized targe't. 
The measurements would be made using the polarized proton beam 

proposed by the M-3 Beam Workshop, and a single arm spectro-

meter consisting of an analyzing magnet, proportional chambers 
"-

and gas threshold Cerenkov counters. The kinematic range cov-

ered by the experiments would be GeV/c and 

If sizeable asymmetries are found in reaction (1), then the pro-

posed apparatus could be used as a beam polarimeter for further 

experiments: modified versions of the same apparatus could 

be used as possible polarirneters utilizing electromagnetic 

effects. 

----_... _-------------------
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PHYSICS INTEREST 

Measurements of inclusive pion production in p-p collisions 
+with a polarized have revealed sizeable 

asymmetries in these processes at Plab=6 and 12 GeV/c.[16,17] 

These asymmetries seem to be energy independent, they increase 

with both increasing PT and increasing x of the 

scattered pion, and reach large values (30-40%) for 

(Figure 10). The presence of these large effects in inclusive 

reactions was rather unexpected, since it was thought that con-

.tributions from different inelastic channels would tend to can-

cel out, resulting in small At the present time 

there is no clear theoretical understanding of the origin of 

these effects. 

In order to study the spin dependence of inclusive pion 

production at Ferrnilab energies, we propose to measure asymmetries 

in the processes 
+ptp-+1T-+ anything (1) 

+ptpt-+1T-+ anything (2) 

with special emphasis on the high x region. The first experi-

ment would utilize a transversely polarized beam, and thus we 

would measure the asymmetry 

E d30t/dp3 - E d 30",/dp3 , (3)
An(s,PT'x) = 

E d30t/dp3 + E d 3cr",/dp3 

where E d3cr/dp3 is the invariant cross-section for pion pro-

duction and t, '" refer to the transversityof the incoming proton. 

The second experiment would employ a longitudinally polarized 

-- .. ..- ..------------------------
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beam and a longitudinally polarized target, and we would measure 

3E d a++/dp3 - E d 3a+_/dp3 
, (4) 

E d 3a++/dp3 + E d 3a+_/dp3 

where the ++ and +- refer to the helicities of the initial 

protons. Presently there are no data on these parameters at 

Fermilab energies, and no data at all on A Furthermore,tt . 

current theoretical models give very little guidance as to what 

to expect. Hence, it would be particularly valuable to obtain 

experimental information on these asymmetries, to be tested 

against further theoretical developments. 

However, we believe that the study of these processes may 

yield direct information about the constituent structure of 

the proton and about the spin dependence of the constituent-

constituent interaction. This possibility arises from the fact 

that recently there has been considerable success in explaining 

certain features of high x meson production in p-p collisions 

in terms of the quark-parton model. [2Q It has been generally 

thought that the description of low PT phenomena within the 

framework of this model is very involved since all the constitu-

ents must be included in the considerations simultaneously. 

This is in marked contrast with high Pn processes, in which 
J. 

the high PT hadrons or "jets" presumably are fragments of a 

single quark scattered through a hard collision. However, recent 

data of Johnson at. show that the particle ratios TI+/TI-
+ -and K /K at high x and 10vl PT are remarkably similar to those 

at x=O and high PT (Antreasyan at. {l9]}, as shown in Figure 11. 

----_......_----------
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This independence of PT seems to indicate that the relevant 

variable for describing meson production is the radial scaling 

variable that there may be a connection between 

high PT production and low Pm' high X production • ...  
h' + -OC h S as notlced that the IT /n ratio vs. x closely , R 

resembles the u(x)/d(x) ratio, where u(x) and d(x) are the 

number of up and down quarks of fractional momentum x in a proton 

as determined by deep inelastic lepton scattering experiments. 

This observation suggests that the n-
+ 

production cross-sections 

in p-p collisions are determined by the u and d valence quark 

distributions in the proton, and in particular that the u quark 

in a fast TI+should be one of the original u quarks in the inci-

dent proton (similar arguments hold for the d quark in TI- pro-

duction). Hence, low PT' high x single pion production gives 

the constituent structure of the initial 

protons. 

In addition, there are theoretical reasons to believe ,that 

the leading valence quark in the proton carries the heli-

city of the proton. This assumption implies that the u/d 

ratio approaches 5 as x+l, which in turn leads to the TI+/rr-

ratio approaching 5 as xR+l, in agreement with the data of 

Johnson et al. There are also data from deep inelastic scat-

tering of longitudinally polarized electrons on longitudinally 

polarized protons [221 supporting the notioI', that quarks "remem-

bert' the helicity of the proton even at moderate values of x. 

Thus it may be that the alignment of the spin of the proton 

and the spin of the leading valence quark is a general pheno-

menon and this in fact is our main motivation for ernphasiz-

ing the high x region. 
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In conclusion, we believe that measurements of the asymmetries 

of fast pions produced in inclusive processes (1) and (2) may 

be a very direct way of probing the spin dependence of the quark-

quark interaction. These studies may also shed light on the 

question of whether the high momentum pions result from quark 

fragmentation through gluon emission[29] or whether they 

are produced through the quark recombination process as has 

been recently suggested. we wish to point out 

that if sizeable asymmetries were found in reaction (1) 

then this discovery would have an immediate application in that 

the proposed apparatus could be used as a simple and convenient 

beam polarimeter for other types of experiments. 

EXPERI14ENTAL TECHNIQUE 

The proposed layout of the experimental apparatus is shown 

in Figure 12. 

The transversely or longitudinally polarized proton beam 

is incident upon either a 100 cm long liquid hydrogen target 

or a longitudinally oriented polarized proton target. Since 

the beam originates from A decay, its will be large 

To obtain good resolution in PT' the angle of each 

incoming particle is measured by the two x-y hodoscopes HI and 

H2. The other hodoscopes H3 and H4 will be used in the trigger. 

These hodoscopes will have a spatial resolution of 1.5 rom and 

will be spaced 15m apart. 

The production angles of charged particles emerging from 

the target are measured in the multiwire proportional chambers 
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(MV1PC) labeled PI and P2. Their angles, after magnetic analy-

sis, are again measured in HNPCs P3-PS. The HWPCs are standard 

Rice University proportional chambers with "fast" (40 nsec 

strobe) readout electronics so that rates I 11Hz/2 rom can 

be tolerated. For some parts of the experiment, especially 

"hot" sections can be deadened. Most of the needed already 

exist and, in fact have been tested and utilized in medium and 

high energy physics experiments. Fast readout electronics are 

being constructed for all planes. 

The analyzing magnet shown is a standard BMI09 (24VIII72) or 

Br.1l0S (ISVI72) bending magnet. Such a magnet should be readily 

available at FNAL or one could be borrowed from Argonne. 

For production, particle identification is simple due 

to the opposite curvature of pions and protons in the field of 

the BM109. We plan to trigger only on n produced to beam 

thus, at P are separated from the beam by >1 m. Simplys 
placing a scintillation counter (labeled C ) as shovm should n 
provide a clean trigger for The trigger will be tight-

Aened further by requiring the two threshold Cerenkov counters 

in coincidence. We expect to be able to make reliable estimates 

of asymmetries on line. 
+For production, particle identification is much more 

difficult, especially at very high values of x. We plan to use 

the two gas threshold Cerenkov counters, labeled CI and C2, in 

coincidence to suppress background from proton induced a-rays 

--
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from the beam and the copious inelastically scattered protons 

at x=.9). Each counter should discriminate against 
-2 -4 -5protons at a level <10 giving a total suppression of 10 

of spurious proton triggers. lie expect singles rates'\il05/sec 

for each counter, but multiple coincidence trigger requirements 

should eliminate this problem. The 'c threshold setting along 

with the bend of the BHI09 should strongly suppress background 

due to lower x pions (p<70 Gev/c). These counters are standardlab 
pieces of FNAL equipment such as were used in E-61. It is 

our understanding that the bodies of the E-6l counters still 

exist in storage at FNAL, and we would hope to use them after 

rehabilitating the optics and providing our own photomultiplier 

tubes. 

We plan to trigger the experiment by detecting deflection 

of scattered particles using the x-y hodoscopes HI-H4 and a hard-

wired coincidence matrix to further suppress spurious beam in-

duced triggers. The hodoscopes have 2 mm spatial resolution 

and each pair Hl-H2, H3-H4 provides a lever arm of approximately 

20 m. A deflection in particle trajectory of at least 0.2 mrad 

will be required to trigger the experiment corresponding to a 

cutoff PT>.OS Gev/c. Although this requirement introduces a 

bias against legitimate events with a very small angle particle, 

we believe it is necessary for distinguishing very high x, small 

PT from protons, and that in fact, this small PT cutoff will 

negligibly bias the physics results. We have had experience 
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in previous experiments with fine grained hodoscopes and with 

coincidence matrix electronics. We expect to improve our 

spatial resolution by a factor of approximately 2 and upgrade 

the complexity of our matrix electronics. There should be <10

trigger candidates/burst, so that a clean decision can be maae 

by the matrix electronics with little deadtime. 

The trigger for TI+ will therefore consist of deflection 

through an angle of greater than 0.2 mrad. in coincidence. with 

a count in both Cerenkov counters. For TI the trigger will 

consist of the required bend in the BM109, a count in 

the C counter and the coincidence of C1 and C2. This 
TI 

trigger can be further tightened by hodoscope requirements if 

necessary. For the single spin measurements with a liquid 

hydrogen target, an appropriate amount of target empty running 

will be included. From our experience at the ZGS, we expect 

the target empty background to be <20%. 

In the case of a longitudinally polarized beam incident 

on a longitudinally oriented polarized target, all single 

spin hadronic asymmetries must vanish .due to conservation of 

parity. Any observed asymmetries must 'then be due to spin-spin 

effects involving scattering off of the free protons (only the 

free protons are polarized) in the target. Thus, the problem 

in inelastic measurements using a transversely polarized 

target of contamination due to asymmetries from scattering from 

carbon and other bound nucleons is avoided for measurements 

involving longitudinal spin orientations. 
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Spurious asymmetries due to long term drifts in beam position, 

spot size, intensity or spill structure will be averaged away 

by reversal of the sign of the beam polarization on alternate 

accelerator pulses. Additional signal averaging will be 

provided during polarized target running by periodic reversal 

of the spin direction of the target polarization. 

This apparatus can be used to extend these measurements to 

higher values of PT simply by shifting the downstream elements 

in the apparatus by one meter transverse to the beam direction. 

At these higher values of PT discrimination of TI+ from protons 

becomes less difficult due to the greater angular separation of 
+the TI s from the beam protons. 

REQUIREMENTS 

We ' will need the following equipment: 

1. Use of the 1'13 polarized proton beam operated in 

both the transverse and longitudinal modes. 

2. A BU109 or BM105 bending magnet and power supply 

or the arrangement of a loan of such equipment from 

Argonne. 

3. A 100 cm long liquid hydrogen target 
/'0

4. Two threshold Cerenkov counters of the type used  

in. E-6l.  

5., Use of one of the existing Argonne polarized  

proton targets.  
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The trigger and monitor counters, proportional chambers, 

cabling, and electronics trailer (which includes a PDP-II 

computer, tape drives, discs, fast and slow logic and scalers) 

will be furnished by Rice. We require only AC power hook-up, 

beam line controls, and timing signals from accelerator control. 

RATES, RESOLUTION, AND RUN PLAN 

A summary of the expected rates and run time to 

execute the initial parts of the experiment is shown in Table 3. 

The parameterizations of the inclusive scattering data by Ander-

son e..t a.l. [31] and Johnson e.t a.l •. ,[18] have been used for these 

rate estimates. With the initially expected intensity and beam 

polarization Io=107/pulse and PB=.4, we should be able to 

measure asymmetries for x=.6+.9 in bins of .05 in five bins of 

P for PT<.S with an accuracy of in the running timeT 
indicated. We will also explore the region ,S<PT<l.O, since 

the1T+ asymmetries here were largest at ZGS energies. We also 

request a tune up period which may be parasitic with low intensity 

'" beam on target; however, rates in the MWPCs and Cerenkov counters 

should be tested at Io=107/burst during the final stages of 

tune up. 

The rates expected in a polarized beam-polarized target 

experiment at low PT are listed in the last line of the table. 

We hope to execute this experiment some time after the initial 

polarized beam turn on, even if single spin asymmetries prove 

uninteresting. 
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6 11We expect to use a m,1l05 or a BMI09 shimmed to a gap 

as the spectrometer magnet, giving a 1.2 Gev/c transverse 

deflection. The angular resolution of the upstream hodoscopes 

HI and H2 determine the resolution Gev/c, and the MWPCs 

give Our resolution should enable measurement of the 

asymmetries in sufficiently small bins to determine their x and 

PT dependence. Discrimination against spurious proton triggers 

and lower energy pions should ensure clean measurements of IT 

+asynunetries up to x=.90, and IT asymmetries up to x=.8-Jo-.9. 

We hope to tune and debug the apparatus during initial 

tune-up of the M3 beam line soon after the Hesopause. We then 

plan to quickly explore the high x, low PT region for possible 

large single spin asynmletries. If these are found, the appara-

tus could then be used as a relative for further 

beam tune-up. After the polarized beam is in stable operation, 

we then propose to explore the higher PT pion production asym-

metries. We believe that the measurements with a polarized 

target are especially compelling, and request an additional 200 

hours as an initial run, since averaging out systematic 

errors may prove time consuming. A summary of running time· 

requests are as follows: 

Tune-up (mostly parasitic) 200 hours 

Low PT:H2 

Higher PT scan: H2 

100 hours] 
] 

200 hours] 
300 hours 

Polarized beam-polarized target 
run, low PT 200 hours 
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The systematic errors incurred with a polarized beam-

polarized target measurement will be studied in such measure-

ments soon to be carried out at the ZGS. We hope to attain an 

accuracy of in the measurements at Argonne. 

If substantial asymmetries are found in one 

spin measurements, a polarimeter which measures 

in minutes can be effected with the same spectro-

meter. [25] 

http:PB/PB=.05


TABLE 3 RUNNING TIME ESTIMATES 
.< 

Simultaneously Beam Time (hrs)
Recorded Range Assume 180 useful!lA t n S b t n s pu1seslhr on average 

x Io(ppp) Target 6f PT for !lx=.OS +PTReaction 'IT 'IT TOTAL ( Est. 

ptp+ffX .1-+.5 .6-+.9 107 I m LH2 . 01/P S 13 70 100 hrs 

107 .Ol/PSptp+rrx .5-+1.0 .6-1-.85 I m LH2 25 140 200 hrs 

ptpt+rrx .1-+.5 .6-+.9 107 10 cm . 02/PS 20 105 150 hrs 
NH 3, 

80t polari-
zed,  

20% free H  

W  
Ul  
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IV. SUMMARY 

The o::onstructio:.:l of a bea::.-n for polarized -,:notol1s and anti-pl"otons will 

provide a facility for study of some of the problelns in 

hadron physics. In particular, the su'?structut'e and interactions of hait'ons 

can be studied through spin effects at high energy. 

We are submitting two separate pro.?osals. In this proposal, we in-

clude lneasut'elnents of the pp total cross- section difference in the region 

where the rise in cr03S- section is observed. and low-P large-x had1:'on-L 

production process using a polarized '?eam and a polarized target. The 

second proposal concerns rneasurelnent of the asymmetry in high-p..l events. 

In this proposal, we request the following machine time: 

Part A, ,6.«:rL measurelnents including polarized-beam tuning -

600 hours. experiment will be a standard transmission 

experiment with the detectors specially designed for a high-

divergence bea::n.. 

Part B, Asymmetries in :nclusi.ve pion - 600 hours. 

Equiplnent req.lirelnents are 

(i) a BMI09 or 105 ben.ding mag,-tet, 

(ii) liq".lid ::tydrogen and targets. 

(iii) threshold Chere'nkov counters, 

(iv) hodoscopes, and 

(v) multiwire pro.?ortiol1"ll ch.ambers. 

http:nclusi.ve
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APPENDIX I 

PHYSICS INTEREST 

Hadron production and jet proci1lction at high-P seem to be two effi-T 
cient ways for probing q-.lark-qB.rk interactions at short distances. The 

role of spin-forces in the dynamics of the ele-mentary constituet1ts of the n'.1-

clean is emphasized to sorne extent in the Introduction. We regard this part 

of physics as one to which very importa::lt contributions can come frOln 

polarized proton-proton (antiproton) experiments. To this end. we have 

submitted a separate proposal to study aSYlnmetries of inclusive and jet-

like products in high- P p-p interactions using large acceptance calorimeter s.T 
Here we would like to discuss our interest in the very interesting possibility 

of using a toroidal spectrolneter to study inclusive-charged hadron produc-

tion at high- PT' 

DETECTOR REQUIREMENTS--------"----------
The limited luminosity, the low high-P inclusive rates, and highT 

low-P backgrou::ld d'le to the sharp fall-off of the cross-section with P T 

T 

(--
T 

impose the following stringent requirements 011 such an e"Cperiment: 

(a) Larg\il <p -acceptance. 

(b) Maximum possible lellgth and intensity available. 

(c) 

(d) 

High signal (high-PT)!noLse (lo\T';-P ) ratio,T 
Good lnOlnentum resolutioll. 

Up to ..10W. all high- P inclusive experiments have had a very limited 

i> -acceptance 1T /20). We a preliminary Monte-Carlo study of a 

toroidal spectrOlneter design as well as two lnore conventional large aperture 

spectrolneters. 

The results indicate that the toro;_d 

http:q-.lark-qB.rk
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(a) Is than 3 o:-"ders of magnitude better in signal-to-nolse 
3ratio (2 - 3 . 10 vs ........ I),  

(b) Is about 5 times bette;:- in 6 -ac.:epta:'lce (85% VB, 15-20(70) 

(c) It can accept simultaneously a large range of P > 2 GeV andT  
X F 0.. 0 inclusives with h:gh acceptance.  

____________M_,______-_____DESCRIPTION OF THE SPECTROMETER AND ITS PROPERTIES 

Fig. 13 shows some views 0: our current magnet The field inside 

the toroid ;:las cylindrical symmetry a:l.d varies as""'" 1Ir (r = radius), 

Fig. 14 shows the experimental set up. The beacn axis coincides 

with the toroid axi s. 

The bending of each particle prod',lced at the target and entering the lnag-

net ha?pel'ls 011 the prod1lctioll plane con:aining the beam-toroid axis. The 

particle trajectory is always perpendicular to the field lines and so the field 

is fully utilized. The inlier cyUnd:!!" of the toroid of 10 cm radius allows 

the bea::n and the forwa rd- going low- P prod'lcts of multiparticle events toT 
pass ullaffeded '.;)y the field. The field can ":>e set so that positive particles 

bend outwards an.d negaUve ones in'Nards, getting trapped around the beam 

axis. and the d.:!pendence of the angle of bend on the particle momeu-

provide this spectrometer with c1nrge and :·dne'matic selectivity in 

With such a field configuration, the lo-n-energy (X F o. low-P )T 
particles can b'9 swept with high efficie:'lcy away fr()ln the MWPC and DC-

planes (Drift- Chamber) shown in Fig, 14. This should allow the detector 

to tolerate easily the rate::; fr01TI a 20 em NH3 target and a. beam interlsity 

> 10 7 protolls/spill in an o;?timized setup configllratioll. 
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TRIGGER 

At SO' S1' S2 of Fig, 14, three 3cintillation-counte r hodosco?es, finely 

seglnented and azimuthally symmetric, define the prod1.lctio:..'l plane of each 

inclusive prodil_ct as well as its X F and PT-range. Thus, they can provide 

a very tight, triple coincidence, coplanar trigger, essentially free from nO::1-

coplanar background and a suppression in the geolnetrical acceptance of 

signal (PT > 2 GeV) 3 
noise (P > 0, S GeV) > 10

T 
Fig, 15 sbows the shape of these hodosco?es and the wire configuration 

of MWPC and DC-planes placed after the -magnet to find particle tracks and 

facilitate their kinematic analysis. 

The part of the cOrre;3?0!lding to those particles that are swept 

away £rOIn the beam-toro:d axis has 

Therefore, by simply switching the magnet clJ.rrent polarity, one could 

study 1T + and 1T - separately at that pa rt 0: the detector. 

By placing a segmented Cherenkov-co'.lnter, sbown in Fig, 14, behind 

the S2-hodoscope, a 1T + vs. proton d:'scrimination will be possible. By plac-

ing a 1T 0 detector further downstream, one could trigger simultaneously on 

1T 0 -inclusive prod1lctiol1.# essentially free frolu low-energy background. 
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INCLUSIVE RATES AND TRIGGERS 

Inclusive rates for this experirr.ent have been calculated using the data 

(19)
of Antreysan et al as well as A (pD A (D 1p t) errors, listed in Table IN .. , i.I: ., ' 

along with the conditions assuzned. 

TABLE I and Accuracies at Plab = 200 GeV/c. 
.p

T E(d3a/dp3)' f7T++···) <p > bALL(ptpt) 6A (ppt)Tjet N{GeV} (cm ) 

3.0 2.1 X 10-32 3. 6 <.01 < .01 

4.0 7.3XIO-34 4. 8 .04 < .01 

4.5 1. 0 X 10-34 5. 5 .10 .01 

5.0 1.5 X 10-35 6. 1 .18 .03 

7I =1.5-10 protons/spill. LNH = 20 cm, 1 month running (700 hours) 
3 

Acf>/2Tr =·9, APT::: .5 GeV, 0) = .1 

CONSTRUCTION FEASIBILITY AI\TO COSTS 

Preliminary calculations and discussions with a toroid specialist at 
-'. 

ANL'" indicate that its building should pos e no problems in mechanical 

construction. For a regular Cu-coil, 'l.vater cooled magnet. with a central 

JBdl =: 20 kGm and 2.5 meters long, the following estimates have been 

calculated: 

Cost::: $25 - 30 k. 

Time for construction, test and calibration:::::: 5 months. In addition, the 

highly symmetric characteristics of the device would allow simplicity and 

high compactness of the detector, thus keeping building, testing. maintenance 

costs and time consumption low. 

Finally, we point out the easiness of access to the detectors and their 

flexibility to adapt to different experimental conditions .. 

---"--_._--"'.
"'Bert Wang, private cOlumunication. 

------------------------ ._--_.•. ---_..__.__..._- -... 
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APPENDIX II  

OTHER POSSIBLE EXPERIMENTS CS::NG THE POLARIZED-PROTON BEAM  
FACILITY  

First, we note that we can _ueaS'.lre T with a:1. -type po!arized 

target and the apparatus described ',n the tex±. This would give :.lS an ,"I.dd:-

tional clue about the rise in our total cr03S section. 

Taking advantage of the po!arized-antiproton ':>eam, we can lneasure 

.6.0'" L and 6.0'" T for pp scattering. The;'):::,etical interests are recelltly discussed 
32by C. Sorensen. 

In the dileptoll-production experiment. pt pt - (fl+fl -) + x, we study the 

mechanism of '-'1 production at m 3 GeV and the Drell-Yan :-nechanism 
flfl 

at higher mass? ,8 With a polarized antiproton ':>eam. a reaction pf pt - (fl+fl -) 

+ x enables us to observe the spin e£fect of valence-qu,3.rk and anti-valence-

. t .... 33qual'k ln eraCdOllS. Another exciting ?ossibility is that one can perform 

an e-g,periment like pp - (Jet) + x. we can ob serve valence quark, 

to anti-valence cpark, Ci., interaction, while in pp scattering, we observe v 

- Cis (anti-sea quark) int e!'"acti 011. 

Total cross section or large-p.L i,nelusive lueasurernents using a longi-

rized beam should -)eclsei'ul in a search for a parity-nonconserv-

ing compOnel1.t in the force betwee,:'! ,nc1eol1s. The predicted asymmetry effect 
-2 -5 34varies froln 10 to to . 

Finally, we note that bealus are us to ?ursue "old physics" 
32.35such as elastic-scattering amplitude lneasureluents at s:nall 1t,.I 

http:valence-qu,3.rk
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APPE;\"DIX III  

TO = c; . 
where C 1, C 2 are the Cherenkov-counter signals set to detect fast pions. 

We define 

= thejth-scintillator of the HX, (HY.) hodoscope.
J J 1 1 

Then, the above 4 requireITlents read as follo'.vs: 

N N N1 N  
Tl X(1) = 1) • (LZ X(2) = 1) • (::2: yO) = 1) • (::2: 2 Y = 1)  

j=1 j j=1, j j=1 j j 1 j  
where N. = number of scintiiIaHon-counters of H. -hodoscope •.  
11' 

axin = X(Z) _ X(1)Define 
jZ j1 

..6.yin == Y (2) _ Y ( 1 )  
k1  

T2 == A • (I..6.Xin l Min) ( 1..6.yin I ).1in) 

where Min", 10, 
a parameter defined by the beam-h,:;ldoscopes and target setup. 

N N N 
T3 (L 4 X(4) 1) (L4 y(4) (:E 5 y(5) 1) 

j=1 J j= 1 j j=1 j 

Y(5»'. H-For every hit . In J 
J J 

..6,X0utFind 
25j 

..6.yout = y(2} _ y(5) 
25j j 

Then, find 

e = x25 

http:follo'.vs
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For every hit in (xj4), yj4)) in find 

:: X(2) _ xj4) 

y 0'.1t _ Y (2) _ Y 4) 
2 - J 

Then. find 

e :: (I 2 • _ I ) 
x24 ! 24J 

ey24 = ( ! 2 • yin - I ) 

T4 = (I ex25 - ex24 I MD) • (I ey25 - ey25 , MD) 

where MD 0. 3 mm, which is the spatial resolution upper limit of the scintil-

lator-hodo:3co?e systen'l. 

Finally, the transmitted pa rticle is defined oy 
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plotted against :.:=pt/P;;'ax at Plab=6 GeV/c. 
Lines of constant PT are drawn 
for the data. 
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Figure ll: The TI+/rr- ratio plotted against the 
radial scaling variable The 
data are from Refs. 0.8] (Johnson et a.l..) and 

(Antreasyan et a.!.). The smooth line is 
a prediction of Field and Feynman (Ref. [29]) 
and the dotted line is a prediction of Das 
and H'\va (Ref. [20]). 
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FIG.13 Toroidal-magnet design: 

a. Face-view of an 8-coils su!??ort-system with inner and o'J.ter rings, 

h. Pla::w-view of two coils, 

c. Overall view of the 8-coils:::.rrangem·ent. 
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ON THE POSSIBILITY OF US!:;::; l-_ POLARIZED PROTON BEP,I 

AT FNAL FOR ASYMfiiETRY filEASiJR2:,::2:::>JTS IN PROTON-PROTON 

ELASTIC SCATTERING AT VERY S;:-,U'_LL ItI VALUES AND IN 

INCLUSIVE 1\ 0, KO, Tt 0 PRODUCTION. 

ADDENDUM TO PROPOSAL 581. 
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1. INTRODUCTION ..  

Our contains a detailed discussion on 
the of a polarized proton beam at FNAL and its 
use for: 
i) measurements of the pp total cross-section difference 

A 	 Tot in definite initial longitudinal spin 	states,  
+  

ii) measurements of .asymmetries in inclusive X- production. 
In this note we consider the possibility of exploiting 

the proposed facility for performing measurements 
in pp elastic scattering at very small ItI values and in in-
clusive production of unstable neutral particles (/\o ,ICo, it • ). 

These experiments seem compatible with the set-up pro_ 
posed for i) and ii)jhowever they involve different degrees 
of and should be considered as three separate 
items: 
a) The polarization measurement in pp elastic scattering at 

small angles can be performed by using the hodoscope 
set-up and the forward spectrometer foreseen for experi_ 
ments i) and ii),with some additional equipement to im 
prove the resolution in the scattering angle and,possibly, 
to implement the measurement of the recoil energy. 

b) 	The asymmetry measurements in inclusive production of 
AO(KO) can be performed using the set-up for 
ii) with the addition of a multiplicity-selective trigger 

o 
system for tagging Vs wi thin a specified decay path. 

o 
c) 	The measurement of the aSyrrL":letr-J in n: inclusive production 

be done with an assembly of lead-glass photon detectors 
and hodoscopesplaced in front of the forward spectrometer 

+ 
magnet used for the 7[- inclusive experiment, wi thout in 
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terfering with the correspond solid angle of detection. 
Experiments a) and b) involve the use of a relatively 

simple additional equipement,while experiment c) requires 
considerable technical and financial effort:it could,however, 
run simultaneously with the charged pion production experi_ 
ment without interference,while the compatibility with i) 
and ii) of the low ItI elastic scattering and A" (KO) pro_ 
duction measurements has to be verified in detail both from 
the point of view of simultaneous and trigger confi 
guration. 

2. POLARIZATION AT' SliIALL It/ VALl.TES 10-1 GeV2 ). 

The classical method using a polarized target :for the 
measurement polarization parameter in p - p elastic 
scattering is not suitable at veri small ItI values, owing 
to the missing information fro:n the slow recoil (either 

stopping in the target or being trapped by the polarized-
target-holding magnetic field).A measurement relying on 
the forward scattered particle detection only, 'would be 
seriously contaminated by the background due to 
scattering from the complex nuclei in the target and the 

Fermi motion of bound nucleons. 

Making use of the polarized proton beam and a liquid 
hydrogen target, such a measurement could _b.e performed in', 
cleaner experimental conditions,by determining with high 
precision the scattering anglejthe use of a recoil-sensi 
tive target can also be envisaged. 

With this experiment,the p-p amplitude structure,that  
can be obtained at t=O from the spin dependence of total  
cross-section be further studied at small  
ItI values.(2)  

... - ...
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In'the region 5XlO- 2GeV2 ,where purely hadronic 
spin flip amplitudes are negligible,sizeable polarizatiorr 
can be produced in p-p elastic scattering by interference 
of the hadronic non flip with an electromagnetic 
flip one (due to the moment interaction of 
the two proton-s).Such effect can be accurately calculated 
with a minimum of theoretical assumptions(3) (Fig-;.l) and 

its measurement might be used also to check the beam pola_ 
rization'. as evaluated v:d.a a I.1onte Carlo computation. 

A better understanding of tee role of 
helicity flip effects outside the interference region,which 
can be relevant in the interpretation of the measured pola-
rization at intermediate should come from 
a complete measurements in tb.e region /t/.:= lO-lGeV2• . 

Scattering events in the range of interest can 
be selected by using a high telescope of propor-
tional chambers and hodoscopes cor':'1.ected to a fast processor 
system(5):WhiCh rejects "trans::litted" tracks,with the result 

of reducing the effective divergence to the angular 
resolution of the chamber telescope. The principle of 
operation of such a systec is sketched in Fig.2,for an 
incident momentum of 300 Ge'l/c. 

The details of the experi3ental set-up are shovm in 
Fig.3 and the size and of the detectors are given 
in Table 1.VacuuIn pipes or He bags are used to minimize the 
multiple scattering contribution to the overall angular 
resolution (IV o. 03 mrad at 300 GeV/c). Chambers PC5 and PC6 
are used to select particles originating from the target 

with momenta close to the beam 
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The proportional chambers are strobed by a trigger 
requiring one and only one particle in hodoscopes Hl-3 and 
no signal from the anticoincidence counters Al-4. 

From the measured scattering angle G and the 
p,the transfer could be determined 'with a precision 

£} tit .... (llpo/po )+(Ap/p)+2(AG/G) (1) 

At 300 GeV/c beam momenttl.."11,·,·lith 11 po/po"" ±0.05, d p/p ..... 
+0.02 and G", 0.03 mrad (+) 

At/;:,... 0.07+0.02xt-l / 2 (2) 

With a 50 cm long liquid hydrogen target (giving a 
multiple scattering contribution of less thanO.Ol mra,d to 
the scattering angle, error) and a beam polarization P 50%,b -
the expected precision in the measured polarization is ty 
pically p..., at /t/ = 0.003+0.001 GeV2 for a total -
nUlliber of incident polarized protons: N = 4xl09,in the hypo_ 

, p 
thesis of a background-to-sig.r:'d ratio B/S 1. 

The possibility of frequent polarization flipping 
without change in the beam direction,should eliminate most 
of the systematic 

An important improvement imremoving residual 

as well as in It/-resolution and for elasticr 
events can be obtained by using a recoil-sensitive scintilla 
ting target and correlating the scattering angle with the 
recoil kinetic energy T,as measured by pulse height (and 
shape) in the scintillator,according to 

2 2 (3)T == p e 12m 
The advantages of this method should compensate for 

(+) With a telescope of of 1 rom pitch, 
arranged in pairs' of parallel vnre planes,staggered by 0.5 

rom and placed at a distance of 

http:thanO.Ol
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the presence of from carbon:nuclei in the scin 
tillator,which,on the basis of condition be distin 
guished from the true elastic on free protons. 

A prototype of this target is non under test,to deter 
mine the r.ec:oil energy resolution and the rate capability. 

If satisfactory this detector c.ould also be ·used.as a 
polarimeter to monitor the beam: operating' in association 
with a set of three fine-grained hodoscopes,a 4 cm. long 
scintillating target could be tuned. to select elastic 
pp events in a convenient ItI range (for instance 5.10-3 

22.10- 2GeV ) and to provide automatically a measurement 
of the left-right asymmetrJ: by this method a precision 

tJPb "- + 10% can be obtained "t'iith 3.109 polarized. 
Pb .--: 50%, 

Ideal"locations for such a would be either 
some straight section of the beaI!l1 Yihere the 
is transverse (at all energies) or a position down-stream 
the whole set-up,with some magnet to keep the non-interacting 

beam polarization transverse to its direction. 

AO 
3. ASYrlITiIETRY MEASURK,IENTS' IT p+p _ KO Anything.{,,0 

Important spin dependence has been found in these 
reac.tions at ANL,CERlT,and F::L<l.L (6);these processes can be 
f.urther studied by taking advantage of the proposed pola_ 
rized beam to the relevance 

(7)of scattering at high PT. 
The inv.estigation can be extended also to the study of 

these reactions vdth both and target protons polarized; 
in particular the polarization - analyzing properties of 

o - X++D 
the /\ - rIT decay make the process Ftflt)-AU) a suita'trle 
reaction also for the study of higher - order spin tensors. 
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o • + ' 3.1. The p+p_!\(Ko) + X'1'" process .. 
+ 

The set-up proposed for the study inclusive rr-pro 
ductiomseems 	 also for the Ao 

(Ko) inclusive 
.' 

production measurements and probarrly a sample of 
inc'lusive 1\ 0 c:culd even be obtained as a by-product o:f the 
former experiment (by looking for the associated high energy 
protons). 

A multiplicity-selective trigger with Cerenkov count'ers.. 
FCl and FC2,made of lucite foils,and pxoportional chambers, 
FCHl-3,can be used according to the scheme of 
multiplici.1ties of fast charged particles:,measured with these 
detectors' at the beginning (ir ) and at the end, (N ) of thel 2 
accepted 1\ 0 (Ko) decay pat-b., are analyzed according to the  

condition,s Ni+2 and N3 2 in a fast processor. 

The trigger can be cOr!1pleted by a coincidence with the 
	 v 

gas threshold Cerenkov cou..'1ters- 01 and C2 , tu.'"1ed. to discri 
minate protons up to 100 GeV/c for a momen 

tum of 300 GeV/c (more then 90% of the i1 from the: A
I)

decay 
hav.e momenta smaller then 100 GeV/c). 

For the layout presented in Fig.12 of 
the geometrical efficiency of the apparatus for 1\0 has 
been calculated;using a para2etrization of the measured 
production the expec.ted statistical error 
in the asyrrunet::r.r A has been evaluated tl.'rlder the follo\';ing 
experimental conditions:integrated number of polarized pro_ 
tons N = 1012 ,1 m long hydrogen beam polarization,p 
background-to-signal ratio B/S=l, 6. x=± 0.02 and fj 0 •.1 GeVfc

The results (Fig.5) are given in for:n of: acceptanc.e 

curves imthe phase space x - for different values of 
the estimated error L1 A:::O.Ol,0.05,0.1 ;an accuracy between 

...  2 
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0.01 and 0.05 is possible in the range 0 • .3 x :S 0.9 and 

o PT 1. GeV/c.  

The acceptance for can be to  

larger values of PT GeV/c) 7 by using a 'SCi:il 105 rrJ.agnet 

(14'x82'x47',1.5 Trn. bending power) in place of 109. 

3.2. The p+p-+-rr"'+ X++ process. 

This reaction can be measured simultaneously 

production experiment by ins.talling t,,·/o identical lead -

glass t -detectors on both sides of the polarized proton bea:rl 

at the front of magnet B)I 109 (see Fig.12 of Proposal 581). 

In order to detect rros' produced in the central region 

with jx=+ 0.05 it is necessarJ to cover an angular region 

in the labora-t·ory from 55 to 110 mrad which guarantees full 

acceptance for T{ Os with PT '!X.. 2 GeV/c.The required angular 

resulution to separate the two -rays from Jr°s with PT: 

up 1:10 3 GeV/c (corresponding to,... 40 GeV/e in t-he lab. sys·te:n.) 

is of about 7 mrad. 
At a distance of approximately 12 m from the target{Fig. 6), 

taking 0.25, each detector Vlould consist of about, 

50 counters with lead-glass cells of dimensions c:n3• 

Under the assumption of about efficiency for the 

detec-t-iom of two d-rays by' two separate cells and using 

measuredXo production cross-sections(9) the rates presented 

in Table 2 are obtained for a beam of 107/pulse 

and a liquid hydrogen target 1 m long,with.il x=O.l and 
2 2 PT=O.l (GeV/c) The last column' presents the statistical 

error on the asyzeetry for the runnirrg time foreseen for the 

X-
+ 

experiment (300 hours). 

http:long,with.il
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anNCLUSION$. 

The measurements discussed in this note match ex 
perimental apparatus described in Proposal 581 and have 
a large degree of compatibility with the experiments pro_ 
posedjthey can extend the range of results on spin effects 
that can be obtainett vdth the proposed polarized Deam faci 
li'tty at FermiLab. 

The measurement of the polarization in, p-p elastic 
scattering' at small Iltl has some priority ,owing to u ..e; possi_ 
bility of obtaining also a calibration of the beam polariza_ 

tion:. 
In the case of with both beam and target 

protons polarized, the statistical error will be about 20 
times larger then those above presented,due tn the small 
number of fa-ee, protons contained in the target and the low 
effective polarization. Ifo'.7ever, even with a statistical error 
of some percent at PT close to 1 GeV/c,useful indications 
on higher-order spin aorrelations could be obtained. 
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Table 1 

Ditlensions, of Numl:lerDetectors Pi.tch x x y of P!1pl.:lnes 
of wires(m:n2 ) (rom) 

PCl 50 x 50 2x,2y 2001 

PC2 50 x 50 2002x,2y 1 

PC) 50 x 50 2x,2y 1 200 

100 x lOp 1 400PC4 2:1.,2y 

PC5 2 500500 x 500 x,Y 

2 500500 x 500PC6 X,Y 

2 5050 x 50H1 X,Y 

2 2626 x 26 x,yH2 

100100 x 100 2H3 X,Y 

2 2 Pl. «GeY/c) ) 
. w._ 

1 
2 
4 
6 
8 
9 

Table 2-

f (mb/Gey2/c3 ) L'.lA (%)n/pulse 
· 2.8xlO - · -24.9xlO -
· -34.2xlO 

7.0xlO-4 
, -41.6xlO 

8.9xlO-5 

._, ... - . I 0.1542 
.. 0.357.4 
.. 1.2'0.6 

2.90.1 
6.20.02 
8.20.01 



7.3  

FIGURE 

Fig.l - Polarization in small-anele elastic p_p  
at 300 GeV/c.  

Fig.2 - Selection of small-angle p-p scattering events: 
a) sehematic set-up, 

b) angular distribution at 300 GeV/c, 
c) rejection-efficiency vs. scattering angle. 

Fig.3 - Set-up for the polarization measurement in the 
p-p elastic scattering at 300 GeV/c. 

Fig.4 - Trigger for A o{KO) inclusiv.e production. 

Fig.5 - plots for the expected accuracy in the asymnetrJ 
of inclusive A ° production on protons by 300 GeV/e 
po.larized protons; B:iI 109 used in the set-up of fig. 
12,ref.(1). 

Fig.6 - Set-un for the measurement inrr o inclusive 
production on protons by 300 GeV/c polarized protons; 
schematic layout of the detector. 



----------

74  

5 

2 

---- ? 

o -----
to·l 10" tl" 

-t (GeVle)' 

Fig.l 

Xl Xl X, X4 
! ! V)_'_- II, - --------1 -J-"'- -------L 
I 0, I 'I 0, ,.I ! - .i 

.) 

100. 

I , t r as 8.1 14.4 • 22.5 • ',J 
III (G",'J)'b) 

1, 

.04 .03 .02 

Fig.2 



·. 

A 1 H1 H2 A2 A3 H3 
\ I, t t :3r.1 -....:- -0 
\ t i Vacuum pipe ! \ , 

tn 

PC1 PC2 PC3 or He bag PC4 A4 . PC6 PC7 

"'20m I ·... Sm I "'20m I "'Sm I -20m 

Fig.3 



76  
<VI .... 
[1 C2 

-FCH3
,; , 

FCH2 I, 

\:1 ' 
, p 

Te 
: . 

t t t 
Nl N2 N3 

N2 Nl+2 
2 

Fig.4 

x 

.4 

geom. limit 
.2 

.8 

.6 

!J.A=o.01 

1. 2. 3. 4.  



77 

PH1 

f" • ::::::1b : =::J 

_·_·EEJ-_·_·_-_·_· 

PH2 
12m I 

P.m; 

20. ';0. 60. . 80. 100. em  

Fig.6 



ADDENDUM TO PROPOSAL 581 

CONSTRUCTION OF A POLARIZED BEAM FACILITY 

IN 	 THE MESON LABORATORY AND EXPERIMENTS USING SUCH A FACILITY 

1. 	P. Auer, E. Colton, R. Ditzler, D. Hill, H. Spinka 
G. Theodosiou, K. Toshioka, D. Underwood, R. Hagner
and A. Yokosawa, Argonne National Laboratory,
Argonne, IL. 

A. 	 Michalowicz, D. Perrett-Gallix, and K. Kuroda, 
LAPP, Annecy, France. 

Y. 	 Hemmi, R. KikuGhi, K. Miyake, T. Nakumura, 
and N. Tamura*, Kyoto University, Kyoto, Japan. 

G. 	 Shapiro, Lawrence Berkeley Laboratory, University 
of California, Berkeley, California. 

H. 	 E. Miettinen, T. A. Mulera, G. S. Mutchler, 
G. C. Phillips, and J. B. Roberts, Rice University, 
Houston, Texas 

R. 	 Birsa, F. Bradamante, M. Budini, M. Giorgi, A. Penzo, 
P. Schiavon, and A. Vascotto, INFN. Sezione di Trieste, 
Tri este, Italy. 

* 	 N. Tamura presently at Argonne National Laboratory. 



(i) 

CONTENTS 

Page 

I. Physics Goals 	 1  

II. Main Features of Polarized Beam 	 6  

III. 	 Description of Proposed Experiments  

Phase 1 High Pi Physics 8  

Phase 2 hoL
Tot Measurements 15  

Phase 3 Hadron Production at Large x . 16  

References . 	 17  

Figures 1 through 5 	 19-23  

Appendix I .... • • • • • • • . .. • • . . • • • . .. • . .. 24  

Appendix Figures 1 and 2 . '. . . . . .. . .. .. .. . . .. .. . .. .. .. . . 27-28  
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SUMMARY 

This document updates several sections of proposal 581 (revised 

May 1, 1978). We present the latest beam design and give a new list 

of proposed measurements, placing an emphasis on high Pi physics. 

The running time requested is: 

Beam tuning and determination of beam 
polarization 200 hours 

Phase 1 High Pl physics 1000 hours 

Phase 2 i'.O'LTot measurements 220 hours 

Phase 3 Hadron production at large x 250 hours 
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I. PHYSICS GOALS 

In our proposals 581 and 582, we have discussed various experiments 

that could be performed using a polarized beam. In this addendum, we 

propose a simple study of spin effects which could be most crucial in 

understanding the interactions of the constituents of hadrons. 

i) High Pl Physics 

A recent SLAC experimentl measuring deep inelastic scattering 

of longitudinally polarized electrons on longitudinally polarized protons 

reports an asymmetry of .60 ± .10 for 0.3 0.5. Comparison of thisxF 
result with the Bjoken sum rule and models of proton spin structure implies 

that proton spin is communicated to the constituent quarks. Thus, spin 

dependence in quark-quark collisions can be inferred from the measurements 

of spin dependence in proton-proton collisions. 

At Fermilab and the CERN-ISR there is currently an extensive 

ongoing program to study high -P1 physics. The motivation for this program 

is quite straightforward - by going to large -PI one hopes to observe 

fundamental short-distance interactions between hadronic constituents. 

There exists a hope that these interactions can be understood in the 

framework of a perturbation theory based on quantum chromodynamics (QeD). 

This current belief needs to be systematically tested by quantitative 

experiments. 

---------------- ..- .. _._-_ ....._. 
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The QCD phenomenology is defined in terms of the interactions of 

quarks and spin-l gluons and specific calculations show several 

spin-related effects,2 magnitude and sign of which depend on the basic 

assumptions of the theory. 

As a first-round experiment, we therefore propose to measure 

the asymmetry in large -Pl nO production from proton-proton collisions 

using a polarized beam both with and without a polarized target. The 

study can be continued using a high -Pl jet-event detector as described 

in proposal 582. 

Single-Spin Asymmetries 

Predictions of asymmetries in large -Pi hadron production in p-p 

scattering are available from QCD calculations as well as constituent 

interchange models. The experimental measurement of inclusive one-spin 

asymmetries provides a test for the hard-scattering model. 3•4 If large 

single-spin effects are observed, the interaction cannot be represented 

by a 1st-order QCD process. 

There is also an experimental interest in making the measurement. 

A sizeable asymmetry effect is observed at CERN in nO production by 24-GeV/c 

protons at x 0 and high Pi,5 Large polarization (on the order of 30%) 

is also observed in inclusive AO production at Pi of 1 to 2 GeV/c by the 

interaction of 20- to 400-GeV/c protons on an unpolar;zed target, 6 

---------------- ....... ..---- _------... .......  
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A-dependence 

The single-spin measurements using p-p collisions can be extended 

to a study of the A-dependence of large -Pi asymmetries using polarized 

beams on nuclear targets. For high s. the inclusive single hadron-pro-

t · . 10-12duc 10n cross sect10n has an anomolous A-dependence .. 

I f we write 

where i refers to a kind of outgoing hadrons. then Pi = 0, ui 0.7 as 

expected due to nuclear shielding effects. However, the u value rises 

up to Pi 4 to 5 GeV/c, where u i values of 1.13 to 1.26 

are found depending on the kind of outgoing hadrons. If the proton 

scattering on the nuclear targets were incoherent, one would expect 

= 1.0 and the polarization would vanish. The experimental data seemu i 
to indicate some kind of constructive coherent scattering. In this case 

the polarization measurement at large Pi may be important in clarifying 

this issue and understanding the space-time structure of hadronic inter-

actions. 

Two-Spin Asymmetries 

Important two-spin asymmetries are predicted by QCD perturbation 

theory. Measurements of spin-spin asymmetries are therefore regarded as 

a test of the relevance of the QCD picture in large-Pi reactions. Using 

the SLAC results which indicate that the quarks are polarized inside a 

polarized nucleon. var{bus theorists have phenomenologically estimated 

the spin-spin asymmetries at large PT, Babcock, Monsay and Sivers3 
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have calculated the asymmetry ALL using a hard-scattering model based 

on perturbative QCD, and positive asymmetries are predicted for inclusive 

wO production. Cheng and Fischbach7 predicted ALL 0.12 at xl = 0.3 in 

agreement with an independent calculation of J. Ranft and G. Ranft. 8 The 

asymmetry ANN is predicted to be much smaller than ALL . 
9 

ii) Total-Cross Section Measurements With Polarized Beams and Targets 

At ZGS energies, structures in the total cross-section difference 

in pure spin states in pp and pn system were found to be unexpectedly large 

at low energies. 13 We propose to make similar measurements at Fermilab 

energies. 

The most interesting energy region is where the rise in the 

total cross section takes place. This cross section can be described in 
14terms of two s-channel helicity amplitudes, and ,as 

oTot = (2w/k) + 

where k is the center-of-mass momentum of the incident beam. The dif-

ference between total cross sections for parallel and anti-parallel in 

longitudinal spin states is given by 

hoL
Tot = (4w/k) Im[$l(O) - $3(0)] 

Thus a measurement of hoL
Tot combined with oTot a110ws the separation of 

Im$l and Im$3' and a1so the energy variation of the two amplitudes. 

The study of hoL
Tot at 1 to 3 GeV/c has provided evidence for 

diproton resonances. 15 The 6- and 12-GeV/c data gave evidence for an Al -

like exchange trajectory. 
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In addition to the measurements of and it is 

interesting to measure which comes from the difference between 

total cross sections for transverse spin states: 

iii) 	 Hadron Production at Large X 

Measurements of inclusive pion production in p-p collisions 
+with a polarized beam, (ptp+n- + anything), have revealed sizeable 

asymmetries in these processes at Plab = 6 and 12 GeV/c. 16 These asym-

metries seem to be energy independent, they increase with both increasing 

* *PI and increasing x (=PL/Pmax) of the scattered pion, and reach large 

values (30-40%) for x 0.7. If sizeable asymmetries were found at the 

high energies, then this inclusive process could be used for monitoring 

the beam polarization for other experiments. 

The result is qualitatively similar to the polarization in back-
±ward n p elastic scattering, and thus can be explained with a baryon 

exchange mechanism. Other experiments have shown that the particle 

ratios n+/n- and K+/K- at high x and low Pl are remarkably similar to 

those at x=O and high Pl. 17 •l8 As stressed by Miettinen the result at 

high x can be interpreted in terms of the quark-parton model, and in 

particular can be understood from the constituent structure of the initial 

protons. If these ideas are correct, then the measurement of asymmetries 

in the reactions + X and + X in the high -x region may be 

a direct way of probing the spin dependence of the coherent interaction 

of quarks. 
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II. MAIN FEATURES OF THE POLARIZED BEAM 

The details of the polarized beam design are given in the design 

report of Underwood et al. 21 and were also discussed in our original 

proposal 581. In this section we concentrate on the recent developments. 

The beam was originally considered as a modification of the M3 line. 

Following the last PAC presentation (April, 1978) mesonlab staff sug-

gested targeting in the detector building and using the M2 beam line. 

A possible alternate would be a M2 branch. With the main part of the 

beam downstream of the detector building, there are fewer restrictions 

on the beam design and the target box construction is simplified. The 

costs would also be lower. The overall view of the proposed beam line 

is shown in Fig. 1. Improvements in the polarized beam design and power 

requirements are described in Appendix 1. 

The 	main features of the present design are: 

i) 	 Predicted intensities of enriched antiproton and polarized proton 

beams are shown in Fig. 2. Somewhat higher intensities than 

shown in Fig. 2 could be obtained by optimizing the target 

length at each momentum. For a 280-GeV/c polarized beam 

(400-GeV/c primary protons, 3.10l2/spill, interaction-length 

Be target ± 1 mr acceptance, and ± 5% momentum bite), we estimate 

an intensity of 107/pulse with polarization of 40-50%. 
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ii) The polarization of the beam will alternate each spill providing 

a means of eliminating major systematic effects. 

iii) The experimental area, 40 1 x 100 1 
• will be located at the foot 

of Mt. Taiji. 

iv) The target box should be able to handle 5_1012 protons/pulse 

striking a production target. 

v) Most of the bending magnets (16 BM105s), magnet bases, and 

their power supplies could be brought from Argonne. 

vi) We need to construct 16 superconducting quadrupoles (4 11 bore), 

and a logical place to build would be at Argonne. 

Beam Tuning and Determination of Beam Polarization with a Polarimeter 

We have considered the number and location of the beam diagnostic 

monitors needed to ensure that the beam is correctly tuned. A polarimeter 

has been designed to measure the p-p asymmetry from elastic scattering in 

the Coulomb-nuclear interference region (see pages 8 and 64, proposal 581). 

The polarimeter consists of a single-arm spectrometer for the determination 

of the angle and momentum of forward scattered particles, and a recoil-

sensitive scintillating target. A prototype of this scintillating target 

has been successfully tested to meet the criteria of the recoil-energy 

resolutions and the rate capability. 

We estimate that 200 hours with a beam intensity of a l06/pulse will 

be needed to tune the beam and measure the polarization. 
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III. DESCRIPTION OF PROPOSED EXPERIMENTS 

PHASE 1 HIGH Pi PHYSICS 

We propose to measure the asymmetry in large -Pi reactions from the 

collisions of polarized protons with and without a polarized target. 

ptp (or A) + 	 single hadron + X (AN measurement) 

++ p p + 	 single hadron + X (ALL measurement) 

We are interested in both single TIo and rr± production, but initially we 

will concentrate on the TIo-production experiment since we can obtain a 

good sample of large Pi events with a simple detector. The y rays from 

the TI 
o decay will be detected and measured in a standard lead-glass hodo-

scope. The proposed layout for AN measurement is shown in Fig. 3. 

We first plan to measure the spin asymmetry with only the beam polar-

ized normal to the scattering plane: 

AN = E{d3at / dp3 - + d3a+ dp3) 

for these processes ptp (or A) + single TIo + X. 

When both the beam and target are polarized in LL direction (L: 

longitudinal direction), we will be able to study spin-spin dependence 

of the constituent scattering processes. measure 

ALL(S,Pi'X) 	 - + d3a t / dp3} 

E(d30++/dp3 _ d3a+-/dp3}/E(d3a++/dp3 + d30+-/dp3), 
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where the arrows indicate the beam and target relative spin directions. 

while + and - refer to helicity states. 

Beam 

The beam characteristics are described in p. 7. Because of the 

simplicity in beam construction, we utilize a polarized beam with the 

transverse scheme (po 5, proposal 581) for our initial measurements 

although this won't allow us to go beyond 280 GeV/c. 

y Detectors 

We will install two x-detectors, one on each side of the polarized-

proton beam. The distance between the target and the x-detectors is 

approximately 6m. 

The experimental setup shown in Fig. 3 uses x-detectors presently 

available from this collaboration who have used them in various previous 
a . t experlmen s. They-detectors are lead-glass hodoscopes of 28 radiation 

length (l radiation length = 2.6 cm), and each hodoscope consists of 

150 counters. Depending on the time scale of the experiment we could 

add additional detectors in order to cover a large solid angle. 

For the ALL measurements, we will add electromagnetic shower calori-

meter modules (lead-scintillator sandwiches used in E-395 experiment, 

Pennsylvania - Wisconsin collaboration) of 20 radiation length in order 

to gain more solid angle (see Fig. 4). 

The overall arrangement of available y-detectors is determined in 

order to optimize the acceptance of high -Pi events. will detect 

produced in the central region with 6y = ± 0.6 (6X = ± 0.2). 



-10-

The angular acceptance in the laboratory system is roughly 50 to 140 mrad 

in e. and ± 40° in on each side of the beam (see Fig. 4). At 280-GeV/c 

beam momentum, the acceptance in the center-of-mass frame looks roughly 

as follows: 

-1.0 -0.5 0.5 1..0 

We expect an energy resolution of 

= 0.12/JE(in GeV) (FHHN) 

For E 50 GeV, the energy resolution would be 2%. The resolution of 

the spectrometer is as follows: 

Target length (cm) iEli£l (at el 4 GeV/c) 

AN measurement 100 2.2 • 10- 2 6.2 • 10-2 

ALL measurement 25 1.4.10-2 2.1 • 10 -2 

-----._-- ............. 
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Multiwire proportional chambers upstream of the y-detectors will be 

used to monitor charged particles. 

Triggers 

The trigger is a weighted sum of pulse heights from the lead-glass 

hodoscope exceeding some threshold set for a certain Pl' This is a 

standard technique used in experiments 260 and 395. 

Polarized Target 

The target will be a polarized butyl alcohol target for the spin-

spin asymmetry measurement. Target density will be 0.61 g/cm3 and its 

length 25 cm. Assuming no shadowing, the polarization per nucleon will 

be 12%. The material in the target corresponds to that of a 0.6-meter 

LH2 target. We are currently considering polarized Li 6D or Li7H target, 

which will yield higher polarization than the butyla1coho1. 

Rates 
o 22Using the TI -production cross-section measured by Carey et a1., 

and assuming a beam intensity of 107/pulse, we get the rates presented in 

Table I. Table I indicates the accuracy to which we will be able to 

measure the asymmetry AN for polarized beam only, and ALL for beam and 

target protons, both longitudinally polarized. We assume the following: 

bPI:::: 0.25 GeV/c (binning of data) 

bY (lab) 1.2 
3PLH ; 0.071 g/cm 

2 
Length of LH2 :::: 100 cm 

Polarized target: 25 cm x 0.61 g/cm3 :::: 15 g/cm2 
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Beam polarization: PB =0.45 

Effective target polarization: P = .12T 
8.0 • 104 pulses (200 hours) for AN 
2.0 • 105 pulses (SOO hours) for ALL 

The accuracies in asymmetry measurements are calculated as: t:,A = N 
l/{PB• N) and £!.ALL = l/(PB·PT• N). where N is the total number of events. 

We estimate the systematic errors will be less than 0.2%. 

Table I  

Accuracies in Asymmetry Measurements, In Percent  

3Pl E{d O/dg3) t:,AN{LH 2) t:,AN{Be,Ti,W)(GeV/c) pp + 'IT X £!.ALL 

2.0 4 • 10-30 < 0.2% < 0.2% < 0.2% 

3.0 7 • 10-32 0.4% 0.4% 1% 

4.0 2 • 10-33 2% 2% 7% 

The value of AN is predicted to be zero. Predictions for ALL are 

shown with these error bars in Fig. 5. It is clear that even this simple 

experiment can distinguish between two currently attractive models. 

Systematic Errors 

Experiments with polarized beams and polarized targets, in the 

polarization of each ;s reversed frequently, have the happy property of 

cancelling out many kinds of systematic errors caused by the detector 

performance. We discuss here the systematic errors that are correlated 

with the polarized beam or target. 



-13-

In AN measurements, a fake asymmetry due to the effect of beam 

phase-space variation becomes negligible because of detectors on 

both sides of the polarized beam. 

In ALL measurements, due to the effects of beam phase-space 

variation and target mass variation, a small fake asymmetry is possible. 

However, the fake asymmetry can be simply eliminated by using two target 

polarizations and averaging the data. 

Running Time 

System check out and calibration 100 hours 

Single-spin asymmetry (ptp+ X)  
at 280 GeV/c 200 hours  

oSpin-spin asymmetry (ptpt+ TI X)  
at 280 GeV/c 500 hours  

oSingle-spin asymmetry (ptA+ X)TI 

at 280 GeV/c for three different A's 
(Be, Ti, and W) 200 hours 

TOTAL 1000 hours 

The natural follow-up measurements will be a study of the energy 

dependence of AN and ALL' 

We will need the following equipment: 

1. 	 Use of the polarized beam operated in the transverse mode with 
spin rotation magnets to get longitudinal polarization. 

2. 	 A BM-109 or BM-105 bending magnet. 
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3. 	 A lOO-cm long liquid hydrogen target. 
-4. 	 A threshold Cerenkov counter of the type used in E-61, 

if necessary. 

5. 	 Use of one of the existing Argonne polarized proton targets. 

6. 	 Minimal fast logics. CM4AC units, etc. from PREP. 

7. 	 On-line computer. magnetic-tape units, etc. for data taking. 
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PHAS 2· MEASUREMENTS 

We propose to measure the pp total cross-section difference of 

pure longitudinal spin-states, - in the polarized 
+ 

beam line. Measurements will be made at three different momenta between 

100 and 280 GeV/c, where the cross-section rises by about 1 mb unit 

(38.5 to 	39.5). Initially we propose to measure up to 280 GeV/c. 

This experiment will be a standard transmission experiment with 

the detectors specifically designed for a higher divergence beam. A 

of the experiment is given in p. 11-22, proposal 581. 

ftates and Run Plans 

will 

We wish to measure to ± 

need 1010 incident protons 

at lOa, 200 and 280 GeV/c. 

per momentum. Therefore we will 

We 

need 

to take data for 40 hours per beam momentum. (Assume incident beam of 

2 x 106 protons/spill.) We will also need 100 hours for checking out 

the geometry of the experiment to reduce systematic errors. We need 

a total of 220 hours to complete the initial survey of measurements. 
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PHASE 	 3: HADRON PRODUCTION AT LARGE x  

We propose to measure asymmetries in the processes  

ptp+ rr + anything (l) 

ptpt + rr- + anything (2) 

with special emphasis on the large x region. The first experiment would 

determine the parameter AN(s, Pi' x) and the second ALL{s, Pi' x). 

The measurements would be made using a single arm spectrometer con-

sisting of an analyzing magnet, proportional chambers, and gas threshold 

Cerenkov counters. The kinematic range covered by the experiments would 
* *be Pi 1.0 GeV/c and x = PL/Pmax 0.5 to 0.9. Measurements of 

reaction (l) could be carried out at the initial stages, when the beam 

polarization is to be determined. If sizeable asymmetries are found, 

then the proposed apparatus could be used as a beam polarimeter for 

further experiments. 

A description of the experiment is given in pgs. 23-26 and in pgs. 

62-77. proposal 581. 

Running time estimates are as follows: 

t:.A in 3 bins Simultaneously 	 Beam TimeIo(ppp) 	 of Pi for I1X ::: 0.05Reaction Recorded Range Target 	 (hrs) 

xPi 
100 

pt pt-r-rr - x .1->-.5 .6->-.9 3 x 106 po"1 ari zed .02/PB 150 

pt p-+'lT- x .1+.5 .6+.9 3 x 106 1-m LH2 .Ol/PB 
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Fig. 5 Predictions of Ref. 7 for ALL based on effective gluon model 

(EG) and quantum chromodynamics (QeD), shown with expected 

experimental error bars. Future use of a polarized Li 6D target 

and/or jet detector could allow measurements with small statistical 

errors at even higher xl' 
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APPENDIX I TO P581 UPDATE 

IMPROVEMENTS IN THE POLARIZED BEAM DESIGN 

The basic beam design remains the same as described in P581 of 1978 

and the design for the M3 line of Jan. 11, 1978. During the past year 

we have made further studies of the beam which confirm the polarization 

properties as shown in Fig. 1. Also, new opportunities for optimizing 

the beam in terms of chromatic abberation and power consumption have 

arisen as a result of the decision to put the beam transport downstream 

of the detector building. 

We are now proposing the following configuration: 

1. 	 The target box containing the target, sweeping to produce a 

neutral beam, and primary dump would be inside the meson 

detector building where it could be serviced by the crane. 

Targeting of a high intensity beam in the detector building 

was accomplished for E439 and we have been assured by the 

laboratory that it will also be done for an approved beam 

dump experiment in the M2 line. 

Radiation shielding would consist of 3 feet of steel for the 

box and approximately an additional feet of steel and 

9 feet of concrete on the sides and top for 3 x 1012 primary 

protons. 
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2. 	 For polarization selection we require that the primary beam 

be relatively narrow (1 to mm) at the to production target 

but it could be larger in the vertical direction. 

3. 	 Eight large aperature dipoles of about 2 GeV/c kick are 

required in the beam transport. Existing conventional magnets 

could be used in a way that would make only modest power demands. 

Each bend would be accomplished with two BM 105 (18-VI-72) 

magnets shimmed down to gap and run in series at 1500 

amperes instead of the 3000 amperes usually required for full 

field. Measurements of such magnets are shown in Fig. 2. Such 

a configuration is well matched to existing 150V 1500A power 

supplies. 

4. 	 Sixteen large aperature - high field quadrupoles are needed 

for the four focusing triplets. These \'1ould be low current 

(300 amperes) superconducting quadrupoles similar to a 9 cm 

bore - 1m long prototype at Argonne National Laboratory. The 

beam line quadrupoles would have a 10 cm bore and could be 

3m long for 800 GeV/c. Helium consumption would be low so 

that local dewars could be used instead of a large He transport 

system. The prototype works well and attains of 80 TIM. 

5. 	 Most experiments would be done with the beam operating in 

transverse mode in order to have variable momentum, get higher 

intensity, and eliminate the power requirements of a pulsed 

reversing snake. Vertically or longitudinally polarized beam 
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will be obtained in this mode by using a short superconducting 

snake which need not be reversible. Magnets of the type 

required for such a snake presently exist in a supercon-

ducting beam line at the Argonne ZGS. 

Total power consumption of the beam line would be less than 2 MW 

with the shimmed BM 105 1 5 and superconducting snake. 
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Fig. 1 	 Scatter plots obtained from a version of the Monte Carlo program  

decay turtle modified to keep track of spin precession in beam  

trans port.  

(a) 	The correlation between polarization at the AO decay and position  

in the beam spot at the first focus vlhi ch is used to select  

polarization in the transverse mode of operation.  

(b) 	 Polarization at the end of the beam vs. polarization at the lambda  

decay. The scatter from a straight line indicates a depolarization  

of less than 5% with a 10% momentum bite.  
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SECOND ADDENDUM TO PROPOSAL 581 

Construction of the Polarized-Beam Facility in the  

Meson Laboratory and Experiments Using Such a Facility  

I. P. Auer, E. Colton, R. Ditzler, D. Hill, H. Spinka,
G. Theodosiou, K. Toshioka, D. Underwood, R. Wagner
and A. Yokosawa, Argonne National Laboratory, Argonne, IL. 

Y. 	 Hemmi, R. Kikuchi, K. Miyake, T. Nakamura, and 
N. 	 Tamura*, Kyoto University, Kyoto, Japan. 

K. 	 Kuroda, A. Michalowicz, and D. Perret-Gallix, LAPP, 
Annecy, France. 

G. 	 Shapiro, Lawrence Berkeley Laboratory, University of 
California, Berkeley, California. 

H. 	 E. Miettinen, T. A. Mulera, G. S. Mutchler, G. C. Phillips, 
and J. B. Roberts, Rice University, HOlJston, Texas. 

R. 	 Birsa, F. Bradamante, M. Giorgi, A. Penzo, P. Schiavon, 
and A. Villari, INFN. Sezione di Trieste, Trieste, Italy. 

We discuss the proposal to construct the polarized-beam facility as 

a joint project of Fermilab and Argonne National Laboratory. We include 

a brief descr-iption of the physics with the polarized beam which surrnnarizes 

our previous addendum submitted January 25, 1979. 

* 	 N. Tamura is presently at Argonne National Laboratory. 



I. 	 BRIEF PHYSICS SUMMARY 

The experiments we have proposed in P-58l and Addendum (January 25, 

1979) are directed toward studying spin effects in quark-quark scattering. 

There is a rich field of future experiments to measure the spin distribution 

functionsfor sea quarks and gluons that could be pursued after the initial 

measurements. 

Specifically we have proposed to 

1) Measure pion production at large x and small Pl in order to gain 

information on low-Pl quark and in order to develop 

fast beam polarimeter, 

2) Measure the total cross section in pure spin states in order to 

determine the amplitudes involved in the rising total cross 

and 

3) Measure 1T 
o incl usi.ve production (and eventually jet production 

as proposed in P-582) in order to study the basic interactions, 

in particular to see to what extent the spin structure of 

interactions resembles single vector gluon exchange between 

spin 1/2 quarks in various kinematic regions. 

Future experiments could include the following: 

1) 	 Studies of inclusive production using a polarized beam and 

nuclear target would provide information about the space-

time structure of interactions. 



-2-

2) 	 Inclusive Lambda production where the incoming beam is polarized 

and the lambda is analyzed could be used for determining gluon 

spin distribution functions. 

3) 	 Di-muon production with a longitudinally polarized proton beam 

on a longitudinally polarized target could be used to measure 

the spin distribution functions for sea quarks. 

4) 	 Di-muon production with a transversely polarized beam and an 

unpolar;zed target could be used to determine gluon spin dis-

tribution functions. 

Finally it should be noted that many unexpected phenomena have been 

revealed in experiments with polarized beams such as large spin effects at 

large Pl and in total cross sections measured at Argonne. 

Compatibility With Other Experiments 

When not used for polarized protons, the beamline and experimental 

area could be used for experiments requiring protons or pions. 

Tevatron Option 

Operation of the polarized beam "lith the Tevatron would enable us 

to extend our studies over a largerrange and Pl as shown in Fig. 2.  

Predicted intensities with 400-and lOOO-GeV/c targetting are shown in  

Fig. 3. There is a large increase in the flux of polarized piS and high- 

momentum protons from lOOO-GeV/c operation. If the beam were reconfigured  

and lengthened by 50% (long beam in Fig. 3), then experiments would be  

possible up to 750 GeV/c.  
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II. DESCRIPTION OF THE PROPOSED PLAN 

In the recent workshop on TEV program at meson area (August 

1979), we discussed the construction of a polarized proton (or antiproton) 

beam in the M2 line. The optimum location of the polarized-beam line 

within the M2 area is still under study, but the cost estimates are being 

made for the simplest beam design suggested by mesonlab staff. 

The proposed beam line as shown in Fig. 1 would provide polarized 

protons up to 400 GeV/c, although the target box would be built to accomodate 

1000 GeV/c. The beam transport system utilizing existing dipoles would use 
about 2 MW of power. Total liquid He use for the beam line including the snake 

would be less than 40 

The plan is for Argonne to take responsibility for the technical 

components including: 

i) Beam lnstrumentation 

ii} Construction of superconducting quadrupoles and helium 
distribution system; photograph of prototype quad is 
attached 

iii) Regapping shims, rework, rigging etc. for BM-105 magnets
and supplies 

Fermilab would assume the main responsib"ility for the beam line 

and experimental area including: 

i) Civil construction including buildings 

ii} Power distribution 

iii) Water distribution 

iv) Construction and installation of target box and shielding 

v) Vacuum system 
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Existing materials and equipment either at Fermilab or Argonne 

would be utilized whenever possible. The most expensive equipment in this 

category is the BM-105 magnets and power supplies. As a letter from DOE 

to Dr. W. E. Wallenmeyer dated September 13, 1979 indicates, the units 

identified for the polarized beam are to be held in reserve at ANl pending 

clarification of the status of this project. The original 1963 purchase 

price was approximately $1.3M. Sufficient steel is on hand to provide 

the target-box shielding. It is currently being used in E-6l3. Adequate 

concrete shielding also exists. 

Detailed cost estimates will be available for the November PAC 

meeting.. We are also making an estimate of the additional expense if we 

place the beam line in a proposed M2 West (M21) branch. 
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