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Abstract 

AO polarization has been observed in p + Be ~ AO + anything 

at 300 GeV. A total of 1.3 x 106 AO decays were recorded at fixed 

lab angles between 0 and 9.5 mrad, covering a range of kinematic 

variables .3 ~ x ~ .7 and 0 < p~ ~ 1.5 (GeV/c). The observed 

polarization conserved parity and increased monotonically with 

increasing p~, independent of x/ reaching <aP> = .18 ± .05 at 

1.5 aer/c , 
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A search for AO polarization in inclusive pro~uction by 300 

GeV protons p + Be ~ AD + anything has been made in the Ferrnilab 

neutral hyperon beam. Figure 1 shows the apparatus. The 300 GeV 

protons were deflected vertically (positive angles upwazds) \"ith 

a magnet 150 m upstream of the AO production target, and then 

restored to the target with magnets 5 m upstream, to obtain pro

duction angles between 0 and 9.5 mrad in a vertical plane. The 

neutral beam was defined by a fixed collimator with its axis in 
. 

the horizontal plane. The collimator was 5.3 m long, compared to 

the decay length for 150 GeV/c AO's of 10.4 In. A vertical magne

tic field (the sweeping magnet) of 2lkg was applied to the colli

macor, A circular tungsten aperature 4 rom in diameter at 3.2 m 

defined a solid angle of 1.2 ~sterad. The production target was 

~ a beryllium cylinder 6 rom in diameter and 15 cm long. 

A multiwire proportional chamber system and spectrometer mag

net of conventional design was used to reconstruct the decays 

AO + p~-. The spectrometer system could record 220 events per 

1 sec beam spill. At.5 mrad 40% of the triggers reconstructed 

as AO 
, with fwhm mass resolution of 6 Mev/c2• At 9.5 mrad 

10% of the triggers reconstructed as AD. The other triggers 

+ - .were KO + ~ ~ along the vacuum decay length, and convers~ons s 

y + e+e- and neutron stars in the thin windows and other material 

in the neutral beam. A ty~ical 80,000 trigger magnetic tape re

quired about 1 hour. Data were taken at 9 production angles: 

-2.5, -1.5, -.5, +.5, +1.5, +3.5, +5.5, +7.5, and +9.5 mrad. At 
• 

each angle data were taken for both polarities of- the_sweeping-

• 

• 
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magnetic field. The analyzing magnet was periodicaliy reversed. 

Beryllium target and "n o target" data were interleaved. The AO 

(target out)/(target in) yield was 2%. 

The AO hyperon is well suited to a high energy polarization 

search because of the large asymmetry in the parity violating 

decay AO ~ prr. In the rest frame of the AO the proton distribu

tion is dN/dn = (1 + aP cosa)/4~, where e is the angle between 

the proton momentum and the AO spin, P is the magnitude of the 

1
polarization, and a = .647 ± .013.

Right handed cartesian coordinates ~n the AO rest frame were 

chosen such that 
A

z was parallel to the AO momentum, x
A 

was horizon

tal, "and y was in a vertical plane, positive upwards. Each component 

of the, proton asymmetry was measured separately using the maximum 

likelihood method. For the z component the likelihood term for 

the ith event was L. = (1 + aP cos ~.)/(Jdcos~ (1 + aP cos~», 
~ z ~ z 

where ~. is the polar angle between the AO momentum vector and the 
~ 

proton momentum vector in the AO rest frame. The denominator was 

evaluated over the acceptance of the spectrometer for each event 

separately by Monte Carlo techniques. The unknown parameter CaP )
" z 

was then obtained by maximizing L = TIL .• The calculated acceptance.� a ~ 

agreed with the true acceptance observed in the apparatus. 

The three components of asymmetry were measured in the hyperon 

rest frame downstream of the sweeping magnet channel, after the 

AO's have passed through a vertical magnetic field with JBd~ = 

117 ± 3 kg-m. AO·s polarized in the horizontal plane should pre-
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cess through un angle gretlt:.er than 90° between the beryllium tar

get and the decay region. The advantage of this precession was 

that the z component of the asymmetry would change sign as the 

sweeper was reversed, giving a useful handle on the presence of 

polarized AO's. This is shown schematically in Fig. 2a. The 

polarity of the sweeper did not affect the detection efficiency of 

the apparatus in any way. Experimental evidence for a sweeper 

dependent asymmetry is presented in Fig. 2b, where aP vs. producz 

tion angle 6 is plotted for the 150 GeV/c AO momentum bin. TheA 

separation between sweeper + and sweeper - is attributed to a 

reversal of aP. Neighboring momentum bins showed the same trend. z 

Plots.similar to Fig. 2b were made for all three components of the. 

asymmetry in momentum bins 20 GeV/c wide between 70 GeV/c and 210 

~ GeV/c. The data were consistent with the initial spin along 

Thus the z component reversed as the 

sweeper polarity was reversed, while the x and y components re

mained unchanged. One half the difference between sweeper + and 

sweeper - was taken as aPz' while the two polarities were averaged 

to obtain aP and aPy• No statistically significant asymmetry was x 

observed at any momentum in any of the three components for angles 

less than 3.5 mrad. In particular 157,000 events at ±.5 mrad 

showed no effect in any component of the asymmetry, serving to 

check for parity violating polarization in production, AO polariza

tion due to a polarization of the incident diffractively scattered 

proton beam, and geometrical biases in the apparatus. As a fur

ther check on geometrical biases, the data sample for the decay 

+ 
-... 1T 'IT (156,000 events) was analyzed for a "polarization" in 
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the same way as AO ~ pi' I and showed no statistically signiiicant 

.,...... effect. From «P z v s , e1, in various p A momentum bins e.Pz v s , P.l- in 

various x bins was obtained by using P.l- = PA6A' x ~ PA/300 GeV/c. 

No x dependence was found throughout the range 0.3 ~ x ~ 0.7. The 

asymmetries summed over x as a function of p~ are shown in Fig. 3. 

The vectors in Fig. 2a show that an initial AO spin parallel 

to +x will result in general in two non-vanishing components of 

the asymmetry after precession: 

(aPx}/(dP
Z

) gives the tangent of the precession angle, and hence 

the magnetic moment of the AO, provided that the sign and approxi

mate magnitude of ~A are assumed known. The ratio {aPx}/{aP }z 

should remain constant. Comparing the data in Figs. 3a and 3b 

shows that this is indeed the case for P.l- > .8 GeV/c, where the' 

magnitude of the observed polarization is statistically different,-..
from zero. The average precession angle is Q = n/2 + tan-l 

CaP laP ) = 122° ± 10°, where the error includes an estimate ofx z 
of possible systematic error. Combining this with the field inte

2gral quoted above gives ~A = -.57 ±.05 proton magnetons. From 

Fig. 3c the average value of the parity violating component aP = y 

-.009 ± .003.· The other parity violating component at the point 

o in Fig. 2a,� the z component, can be obtained by comparing 

sweeper� + aDd sweeper - data, with the result that if w is the 
~ ~ 3

angle between P and x at production, P sin w = .005 ± .003. 

Figure 3d shows the P.l- dependence of laP! = (Cap. i)2 + 

CaP· z)2)1/2. The polarization increases monotonically with in

creasing p~ over the range of P.l- observed. At p. = 1.5 CGeV/c) 

~ the observed value is aP = .18 ± .05, corresponding to P = .28 ± 

.08. For p. ~ .8 GeV/c, <aP> = .100 ± .007. To design a polar



ized AO beam, the relevant parameter is the average polarization 

"'. at fixed angle. At 8 rnrad for 150 GeV/c ~ PA·::: 210 GeV/c, the 

average <uP> = .10 ± .015. In the solid angle defined by the 

collimator this corresponQs to 1.5 polarized AO per 106 protons 

on target. 
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Figure Caption~" 

1. Elevation view of the FNAL neutral hyperon beam. 300 GeV 

protons were incident from the left. Ml is the restoring 

magnet for production angle variation. IC and T are ion 

chamber and Be target. M2 is the collimator and sweeper. 

S is a veto counter; V is the decay vacuum; and 1 ~ 6 are 

MWPCls. M3 is the analyzing magnet. 

2a. Horizontal plane view of the motion of AO spin in the rnag

netic field of the collimator. Hyperons were produced at 

o. Double arrows represent the spin directions. Positive 

polarity precesses a negative moment clockwise. The polar

ization components
I 

were measured at 0 1 
• 

1'"'. 2b. aP z as a function of SA for 140 GeV/c ~ PA < 160 GeV/c. A 

sweeper dependent asymmetry appears for SA > 3 mrad. 

3. Three components and magnitude of the AO ~ pTI asymmetry 

as a function of AO transverse momentum. 
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