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APPENDIX B. FDRWARD POLARIZATION MEASUREMENTS AT 20 TO 60 GeV/c
 
IN ALL THE ELASTIC PROCESSES
 

A. Yokosawa
 
Argonne National Laboratory
 

The P parameter in elastic scattering has been measured up to 14 GeVI c for 1Tp 

and Kp and 17 GeV/c for pp in the range 0.1 s It 1:$ LOO(GeV/c )2. The results have 

revealed very interesting phenomena such as a mirror symmetry with respect to It I 
in ".±p polarization, as shown in Fig. t , Both the K+p and K-p polarization are posi­

tive dominant, as shown in Fig. 2, and the pp polarization has a fairly constant t 

dependence, as shown in Fig. 3. In general, the energy dependences ofall the proc­

esses are not clear because of the available data lying in a small energy range. In 

contrast to interesting variations in P parameter, the differential cross sections show 

a similar t dependence in the diffractive region from one process to another. It is 

extremely interesting to compare polarization phenomena of all the processes at 

higher energies. The medium-energy beam (15 mrad) will provide excellent inten­

sities of ".±, K±, P and p particles in the energy region of 20 to 60 GeV Ic. In this 

energy region, the cross sections are high enough that we should be able to cover the 

nondiffractive region, 0.6 < [t 1< 2.0, where currently available data indicate rela­

tively high polarization. The medium-energy beam offers a reasonable ratio of 1T to 

p as well as K, as shown in Table I J while the p to 1T ratio goes as high as 100 at 

13 
Table I. Intens ities in the Medium-Energy Beam/i0 at 200 GeV/c. 

p + +
(GeV/c) rr K 

~ 1T K ----iL­
8 7 7 8 7 6


20 2 X10 3 x10 2 X10 2 X10 4 x10 5X10
8 7 7 7 7 6

40 10 2 xiO 3 X10 8 X10 10 2 Xi0
7 7 6 7 6 5

60 2 X10 2 X10 8 X10 i0 10 i0

higher energies. We should be able to obtain a polarization accuracy of ~p 0.01 to 

0.10 in the It I region of 0.15 to 2.00 at 20, 40, and 60 cev!« in all the six processes 

within one month of machine time. The rates for such an experiment are shown in 

Table II. An experirnerrtal arrangement suitable for this experiment is similar to 

that described in Proposal 61 (ANL, Harvard, LRL, NU, Wyoming, Yale, and NAL) 

in which angles and momenta of scattered recoil particles are measured. The forward 

arm requires one BM-109 (ANL) magnet or equivalent and the recoil arm needs one 

SCM-i05 (ANL) magnet or equivalent for momentum determination. A sketch of setup 

is shown in Fig. 4. However, a much simpler setup has been used at CERN in meas­

urements up to 17 GeV / c. in which both the inelastic and quasi -elastic background 
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Table II. The Rates for P Measurements from 20 to 60 GeV/c. 

Accuracy: & = 0.01 to 0.10 depending upon the t region 
It I range: Forward (F), 0.15-0.60 

Larger momenta trans fer (L), 0.60-2.00 

I. Positive Run 
p 

(GeV /e) Incident particle/pulse ItI range Shifts 

20 2 x 10
6 pions F 2 

10 
8 

L 2 

40 3 X10
6 

F 2 

10
8 

L 3 

60 3 X10
6 

F 2 

2 Xi0
7 

0.60-1.50 4 

20 2 X10
6 

kaons F 2 

5 X10
7 

L 4 

40 3 X10
6 

F 2 

10 
7 

0.60-1.50 6 

60 3 Xi0
6 

F 2 

3 X10
6 

0.60-1.00 6 

20 Simultaneously run with K+P 
+40 Simultaneously run with K p 

60 Simultaneously run with 1T+P 

Total 37 

II.	 Negative Run 
6

20 2 x 10 pions F 2 
8

10 L 2 
6

40 3 X10 F 2 
8

10	 L 3 
660 3 X10 F 2 
7

10 0.60-1.00 4 
6

20 2 X10 kaons F 2 
7

5X10 L 4 
6

40 3 xt0 F 2 
7

10 0.60-1.50 6 
6

60 10 F 6 
6

20 2 Xi0 anti p F 2 
6

5 X10 0.60-1.50 
6

40 2 X10 F 3 
6

2 X10	 0.60-1.00 8 

Total 56 
Grand Total 93 
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2Re (fg"')
R 2!f\2 + Igl 

In the laboratory coordinate system 

Ir[2 _ Igl 
2 

~~ L 2Re (fg"') >:: L 
A sin(B +8 ) + cos (8 + 8 Lp prfl2 + ,g 12 [r12 

+ Ig[2 

Jf'Z _ Igl 2 2Re (fg'l'") ~:: L 
R cos (e>~ + (1~) sin (8 + B ). 2 pIfl2 + !g12 Ifl 2 

+ Igl 

Here 8-" is the scattering angle of the proton in the center -of -mass system and (1 is 
p 

the scattering angle of the proton in the laboratory system. Since 

L IT e + 8 := '2 ' p 

lfl 2 _ 19!2
A=::: 

If!2 + Ig12 . 

2Re (fg-")
R 

!f12 
+ 19l2 

For the case in which s-channel helicity is conserved 

f ~ A cos(~} 

g ~ -As in ( ~) . 
As a result 

A = cos r/' . 

R = sin 8'" , 

and there is no dependence of the scattering cross section on the polarization when the 

polarization is perpendicular to the scattering plane. Figure 2 shows a plot of the R 

parameter as a function of momentum transfer for incident pion energies of 10 and 50 

GeV. It is clear from this figure that a sensitive way to study helicity conservation is 

to measure the R parameter as a function of momentum transfer. 

Figure 3 shows a schematic view of the apparatus. The apparatus is similar to 

that used in conventional polarization experiments. The direction of polarization of 

the target lies in the scattering plane and is perpendicular to the incident pion beam. 

This arrangement can be best obtained by using a superconducting magnet and con­

structing the dewar so that the magnetic field is horizontal. The recoil particle would 

then come out through the center of the coils. 
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The apparatus differs from that used in a conventional experiment in the use of 

a carbon -plate spark chamber to measure the polarization of the recoil proton. The 

carbon-plate spark chamber would consist of wire planes plus carbon plates between 

the planes. 

For the calculation of the rates we will assume the following parameters: 

6 
Incident beam 5 x 10 pions fpulse 

Target length 12.5 ern 

Tar get polarization 

Azimuthal acceptance 

Beam repetition rate 10 pulse fmin
 

Quasi -elastic triggering rate 4 times elastic rate
 

Fraction of events analyzable 50/0
 
in recoil chamber
 

Analyzing efficiency of recoil 0.4
 
chamber (E)
 

Target polarization 0.7
 

These parameters are essentially the same as those in Proposal 61, and the reader is 

referred to that proposal for further details. 

A simple calculation shows that the error in the R parameter is given by the 

expression 

~R 

Here E is the analyzing power of the carbon -plate spark chamber, P 0 is the initial 

polarization, N is the number of useful scatters to the right in the carbon -plate
R 

spark chamber, and N is the number of useful scatters to the left. With the assumed
L 

parameters it requires for a ~R of 0.03 

4
NR + NL ::: 1. 2 x 1 0 counts. 

5
Thus it would require a total of 2.5 xi 0 events. With the assumed beam intensity and 

target it would require 50 shifts to obtain this many events in each of 0.1 (GeV Ic)2 

bins from 0.15 to 1.0(GeV/c)2. This would give a very good test of helicity conser­

vation in diffraction scattering. 
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APPENDIX F. RECOMMENDED TARGET FUR NAL 

A. Yokosawa
 
Argonne National Laboratory
 

Most of the polarization measurements at NAL are involved with relatively small 

cross sections compared with experiments with current accelerators and some of the 

measurements will require good accuracy of 6,p =:: 0.01. In order to minimize the 

systematic errors, the polarization of the target should be frequently reversed. 
1

Based upon the recent achievement at Saclay where they obtained relatively less 

build -up time (polarization time) with 50-kG magnetic field, we looked into detailed 

design of a superconducting magnet suitable for the proposed target. We choose a 

length of 13 ern from both physics and technical point of view; attenuation of the beam 

(20% interaction length for 13 c m and 40% for 26 c m ) and background problems were 

considered. The cross -sectional area of the target is determined by the size of the 

beam and the allowed multiple scattering of the recoil particle, and a 2.5 c m X2. 5 cm 

cross section appears to be appropriate. 

The design specifications of the proposed target are shown in column 1 of 

Table I, together with a similar target with 25-kG magnetic field and also a current 

target such as the one at ANL. Because of the target length proposed, the shape of 

25-kG and 50-kG magnets will be ellipticaL The access angle quoted in the table is 

the maximum value and, in general, we require much less access angle at the forward 

direction. The total cost shown in Table I includes magnet, cryostat, NMR system, 

microwave system, required control system, etc. 

The 50-kG target has several advantages over the 25-kG target: (1) faster 

build-up time which minimizes the time for reversing polarization, (2) 50-kG field 

gives better focusing for recoil particles and in return we minimize the size of the 

detectors that follow; otherwise, we may need a supplement bending magnet placed 

close to the target, (3) He 4 cryostat offers a simpler operation than the He 3 case. 

On the other hand, the 25-kG target requires less complicated microwave system 

and simpler magnet design and can be made longer. However, we conclude that the 

advantage of the 50-kG magnet is more substantial. Figure 1 shows the sketch of 
2

superconducting magnets for 25-kG (dotted line) and 50-kG (solid lines) targets. 

Required correction coils are not shown in the figure. The field configurations are 

shown in Fig. 2 in which the solid curve is for 50-kG and the dotted curve for 25-kG 

magnet. 

153­
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Table 1. Design Specifications and Cost Estimates. 

50-kG Target 25-kGTarget Current Target (ANL) 
4 343

He Temp. He· Temp. He Temp. He Temp. 

Length. em 1.3 13 to 26 

Gap. em 10 10 7.5 7.5 

Magnetic field, kG 50 25 25 25 

Field uniformity, gauss ::t:10 ±10 ±2 ±2 

Temperature 1.0
o

K O.SDK 1. OOK O.SoK 

Build -up time (70%) minutes - 3. 5 -10 -10 

Access angle ±12.5 ±12.5 ±2S o ±25° 

Target (hydrocarbon) 70% 70% 40-45% 7f1T/o 

polarization 

Time required for completion 14 mo. 12 mo. 

Estimated cost of magnet 100 K 
50 K (13 em) 

60 K (26 em) 
Total cost of PPT 220 K 170 K (13 em) 

180K (26em) 
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