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The analysing power has been measured using longitudinally polarized 
protons a; 50 MeV on a 80 bar hydrogen gas target. The thicKness of the 
target corresponded to a 10 MeV proton energy loss. The cross sections 
were averaged over an angular range of 40-135 degrees c.m .. A value of 
Az=<-1.63 t 1.03>xlo-7 has been obtained. 

An exact Knowledge of the longitudinal analysing power in ~-p scat
tering is of great interest, as it is a measure for the parity viola
ting part of the hadronic interaction. The measurement compares the 
cross section~+ for protons with positive helicity to the cross sec
tion ~-for protons with negative hel icity to calculate the value Az as 

1 ~+ - ~-
Az =IPil--;----:--

~ + ~ 

where Pz is the beam polarization. The difficulty in gaining the exact 
value for this observable stems from the minuteness of the expected 
asymmetry which is in the order of 10-7 <Ref. 1,2>. This value is hard 
at the edge of todays experimental accuracy. To firmly establish this 
asymmetry as good as possible several groups have made independent mea
surements whose results can be compared <Ref. 3,4,5>. 

Since our last experiment reported at the Santa Fe Conference <Ref. 
6) several refinements were done to the experimental set up and the old 
ionizer of the polarized ion source was exchanged by a new ANAC - Ioni
zer to get higher polarized beam currents. Using the 50 MeV polarized 
proton beam of the aa· cyclotron at the Lawrence BerKeley Laboratory 
additional data fo·r the longitudinal analysing power were obtained in a 
series of runs. The arrangement of the experiment is sKetched in F1g.1. 
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Fig. 1 

The beam line and the experi
mental set up: 
PIS Polarized ion source 
Q1,2 Quadrupole doublets 
FS1,2 Fast steering magnets 
551,2 Slow steering magnets 
CM Centering magnets 
MB Bending magnet 
MC Monitor chamber 
POS1,2 Position sensors 
PAT Target-detector 

assembly 

The polarized ion source sits on top of the cyclotron. After leaving 
the cyclotron the beam is made parallel with ~ quadrupole doublet and 
passes through a spin precession solenoid to rotate the spin into the 
horizontal plane. The beam is then refocused with a second quadrupole 
doublet. The bending magnet MB rotates the spin into the longitudinal 
direction. Steering elements are included in the beam line to be able 
to exactly control the beam in direction and angle. The arrangement of 
the beam line elements is a crucial part 6f the setup, as it effects 
directly the spatial distribution of residual transverse pol~rization 
components inside the parity target which accounts for the biggest cor
rection to the measured asymmetry. 



The parity target and detector system are an integral assembly. The 
target consists of a 0.5 m long thin walled aluminum tube which is sur
rounded by an ionization chamber using helium as gas filling. Both sec
tions are held at the same pressure of 80 bar to avoid any deforming 
stresses to the high precision inner tube. To reduce the necessary cor
rections to. a level comparable to the size of the expected asymmetry 
great care was taken in keeping tight mechanical tolerances of the ro
tational symmetry of the target-detector system as well as stabilizing 
the beam in direction, angle, and intensity. 

The beam centroid was monitored and stabilized by secondary electron 
monitors in front and behind the target and allowed controlling the 
beam center. to a fraction of a pm for the two states of_polarization. 
The average beam current was kept constant in the 10-7 level for the two 
spin directions by using a servo loop that varied the buncher RF vol
tage of the injection column. Due to the high scattered proton flux 
<~1% of the incoming beam> the data are accumulated by integrating the 
ionisation chamber current and normalizing it to the charge in the 
Faraday cup. To reduce the effect of drifts and line voltage pick up 
the spin is reversed every 1/60 second. The influence of subharmonic 
frequencies is eliminated by using random switching techniques. 

· The distribution of the two 
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Fig. 2 Polarization distribution. 
corresponding intensity distribution 
in arbitrary units 

transverse polarization compo
nents were measured by moving 
horizontal respectively vertical 
carbon rods through the beam in 
front and at the rear of the 
target. Fig. 2 shows a sample of 
such a distribution measured in 
front of the target inside the 
monitor chamber MC. The measured 
slopes of Py and Px behind the 
target show a similar behavior, 
so that the induced effects 
cancel in part each other. 

With todays polarized beam 
currents and a suitable target
detector system it no problem to 
accumulate enough events to ob
tain a statistical accuracy down 
to the 10-7 level. The difficul
ty arises from determining and 

correcting the false asymmetries that originate from the changes of 
beam properties and experiment parameters that are coherent with the 
reversal of the spin direction. Effects that arise from modulation of 
the ion source itself and in conjunction with the cyclotron are well 
suppressed <e.g. a possible minute energy modulation> by combining the 
data for the two field directions of the precession solenoid. This 
field reversal changes the correspondence between polarization at the 
exit of the cyclotron and the final helicity of the protons in the tar
get. Coherent variations which arise through the interaction of the 
proton's magnetic moment with the guiding field of the beam line are 
not suppressed by the solenoid reversal and have to be exactly esti
mated. The same is true for other unwanted eff«cts connected with the 
proton spin interaction inside the target, e.g. proton double scatter
ing and ~-decay of aligned nuclei. 

Table I gives a list of the effects that have been taken into ac
count and how they contributed to the final error. The asymmetries 
measured for the two spin directions of the precession solenoid are 
very close. The combined values give a result of 

Az = (-1.63 :!: 1.03) X 10- 7 
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Table I: Contribution of the corrections to the final error 

Asymmetry effect 

- Beam intensity modulation 
- Beam position and angle 
- Emittance modulation 
- Residual transverse polarization components 
- Double scattering, ~-decay 
- Electronic asymmetry 
- Pz normalization 

Induced error in 10-7 

0.2 
0.4 
0.2 
0.7 
0.2 
0.2 
0.05 

Table II: Results f6r ~he two directions of the precession solenoid 

Solenoid field Raw asymmetry in 10· 7 Corrected asymmetry in 10-7 

+ -7.18 ± 1.05 -1.74 ± 1.38 
-4.62 ± 1.27 -1.48 ± 1.56 

Our measured longitudinal analysing power is in very good agreement 
with other experiments at comparable proton energies: <Ref. 3) yields 
Az <45 HeV> = <-2.31 ± 0.89)x1o-7 , <Ref. 5> Az C47 HeV> = <-4 ± 3>x1o-~ 
<Ref. 4) Az (15 HeV> ~ <-1.7 ± 0.8>x10- 7 ,the latter has to be multi
plied by 1.75 to be comparable with the 45 HeV result. 

We are much indebted to R.H. Larimer for her assistance during the 
various stages of the preparation and running of this experiment. 
Thanks go also to the staff of the sa· Cyclotron who~e support made 
such a difficult experiment possible. 
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++ present address: Institut fuer Strahlen- und Kernphysik 
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