
over the losses occurring in both targets. During a first test of this method, every cycle 
was divided into 3 phases. In Phase 1 only the polarized target in the A-region was used 
to measure the initial beam polarization. During phase 2 a thick H2 target was put into 
the T-region to enhance the depolarization effect. And finally, phase 3 again used the 
polarized target in A to measure the remaining polarization. 

A comparison of these scenarios favors the method using a thin polarized hydrogen 
target in the A-region as a polarimeter and an additional unpolarized gas target in the 
T-region to reduce the beam lifetime to the desired value. The final data run planned 
for summer 1996 will use this method with a N2 target in the T-region. To improve the 
statistics, it is planned to measure in the A-region simulataneously with the insertion of 
the Nz target in the T-region instead of using the three phase cycles described above. The 
aim is to measure the depolarization parameter for 3 to 4 different beam lifetimes. 

POLARIZATION BUILD-UP OF A STORED PROTON BEAM BY INTERACTION 
WITH A PURELY ELECTRON-POLARIZED DEUTERIUM GAS TARGET 
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It was shown in an experiment at the Test Storage Ring at Heidelberg in 1992 that 
an initially unpolarized stored beam of protons can be polarized by interaction with a 
polarized gas target. Since the spin-dependent attenuation is different for proton and 
target spins parallel (tt) and antiparallel (t-j.), one of the two initially equally populated 
spin-states of the beam is depleted more strongly than the other one. The effect was 
measured using a polarized hydrogen storage-cell gas target and a beam of 27-MeV protons 
stored in the TSR. At that energy the total polarizing cross section was determined1j2 to be 
a1 = 72.5 f 5.8 mb. The total hadronic polarizing cross section for that process is 122 mb. 
A reason for the discrepancy between experiment and first order theoretical predictions 
was not identified at the time. 

More recently, Meyer and Horowitz provided an explanation for the observed large 
d i s ~ r e ~ a n c ~ . ~ l ~  Three distinct spin-dependent mechanisms were identified that contribute 
to the result measured at Heidelberg. First, it is not correct to take into account only 
strong interactions for particle removal by scattering at angles larger than the acceptance 
angle of the storage ring, because there is a significant contribution from Coulomb-nuclear 



interference. A second contribution comes from pp scattering, where particles can be 
scattered into the acceptance of the ring and are therefore retained in the beam. Polariza- 
tion transfer from the polarized electrons of the target onto the circulating protons in ep 
scattering is a third contribution. The angles in ep scattering are small compared to the 
acceptance angle of any storage ring; therefore protons that have undergone ep scattering 
remain in the beam. Meyer and Horowitz find for tranverse target polarization (I) the 
total cross section from removal of beam particles is a,l = 83 mb and from small angle 
scattering is o,l = 52 mb. The calculated total cross section for ep polarization transfer, 
a,l  = -70 mb, is opposite in sign to the other two contributions. This suggests that 
interaction of the proton beam with polarized electrons makes an important contribution 
to the process. 

Investigation of the polarizing process in the Indiana Cooler 

The PINTEX collaboration has therefore proposed to carry out a study of the effect 
of polarized electrons on the polarization of a stored proton beam at IUCF.' Polarized 
electron targets of sufficient density are not available at the moment. However, polarized 
electrons in a polarized atomic gas target can be used for the proposed study. The Wiscon- 
sin Atomic Beam Source and the detector set-up presently installed in the A-region allow 
for such a test. If one choses to inject all those hyperfine states of deuterium atoms from 
the ABS that have a positive magnetic moment into the target, then in a strong magnetic 
guide field of x 250 G, the electron polarization is high (P,  = 0.98) while contributions 
from nuclear vector and tensor polarization are very small. 

Since the cross sections for the polarization build-up are small, the measurements 
require long storage times for the beam and an efficient analyzer of the beam polarization. 
For the latter purpose we have scheduled four shifts during the PINTEX run in July 1996 
to study $d scattering at 400 MeV with an unpolarized deuterium gas target. 

Design of a Strong Field Target Magnet for the A-section 

The design studies are performed using the IUCF-based program infolytica. The 
magnet consists of an array of two vertically oriented steel plates, left and right of the 
stored beam. Coils wound in the horizontal plane around each plate generate a vertical 
guide field in the center on the axis of the target cell. The spacing between the plates is 
chosen such that the target cell including the assembled recoil detectors can be inserted 
from below. 

In Fig. 1 a 3D view of the magnet design is shown. The small opening in the plate on 
the right is reserved for the entrance of the atomic beam from the ABS. Figure 2 shows 
a calculation of the magnetic field in the mid plane of the magnet perpendicular to the 
beam. 

The shape of the steel plates and the direction of the magnetic field are shown. The 
short L-shaped bends of the steel increase the magnetic field in the center of the magnet 
by 25%. The coils are not shown. Figure 3 shows the calculated magnetic field along the 
target cell, when each of the four coils shown in Fig. 1 is excited by I = 5000 A turns. 
The field integral produced by the magnet is B d l  = 0.0143 T m, while the maximum 
B-field is 280 G. 
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Figure 1. 3D view of the Strong 
Field Magnet for Deuterium in the 
A-region. 

Figure d Vector plot of 
the field direction produced 
by the magnet shown in Fig. 
1 in the mid plane perpen- 
dicular to the stored beam. 
The coils are not shown. 
Note, that the steel plates 
have L-shaped ends towards 
the center. 

Figure 3. Magnitude of the ver- 
tical component of the magnetic 
field 121 [Tesla] versus the longitu- 
dinal coordinate z [m]. The center 
of the target cell is at 0.5 m. Be- 
cause of the small L-shaped bend 
of the steel plates towards the tar- 
get (see Fig. 2), the magnitude of 
the B-Field in the center is in- 
creased by 25%. 
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