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ABSTRACT
We have measured the production polarization of 265 GeV/c and 310 GeV/c
£ in the inclusive reaction p+Cu+£-+X using U00 GeV/c protons. The
polarization was analyzed using the asymmetry in the weak decay £-+n+r_,
and has typical values of +0.20 with respect to the direction of the cross
product of the incident proton and z_ momenta. Using the spin precession

technique, we have determined the T magnetic moment to be -1.23+0.0310.03

nm where the statistical and systematic errors are shown separately.



The magnetic moments of the baryons are a useful tool for studying the
baryons' internal structure. Recent precise measurements of baryon
magnetic moments show discrepancles from the simple SU(6) quark model.1_5
At present theoretical models have difficulty accommodating all observed
values of the baryon magnetic moments.1 There are also currently no
adequate theoretical descriptions of the mechanism producing polarized
hyperons. We report the results of an experiment performed at the Ferml
National Accelerator Laboratory measuring the production polarization of
the E_ produced in the inclusive reaction p+Cu+EH+X. By observing the
precesalon of the polarization in a magnetlc fleld we are able to measure

the I magnetic moment.

The 400 GeV/c proton beam, shown in Fig. 1, could be steered to hift the
copper target at different horizontal or vertical angles. We took data at

+1.2 and 4 mrad horizontally and 0, +5, 7 mrad vertically at 265 GeV/c
secondary beam momentum; and 0 and 5 mrad vertically at 310 GeV/c

momentum. The production polarization (az) 13 normal to the production

plane. We define pozitive polarization to be in the kpxkz direction, where
kp and kE are the momenta of the 1incident proton and produced 2_

respectively.

The experimental setup is shown In Fig. 1 and has been described 1in

detail elsewher‘e.7 For 2x10!® protons on the target, the secondary beam

typlcally contained 50,000 particles per one second beam spill,
approximately 20% of which were Z-. We triggered on the Zn+nn— decay mode
by requirlng a beam track in the proportional wire chamber (PWC) region, a
neutral particle algnal from the neutron calorimeter and no charged

particles within the beam phase space at the downstream end of the



apectrometer., Non~decaying beam tracks and pions from hyperon decay are
swept by the analyzing magnets so that none c¢ould hit the neutron

calorimeter. Non-decaying beam track calibration data were also taken,

with the analyzing magnets both on and off.

The PWC tracking system measured the I momentum with resolution (o) of
2.0 GeV/e. The angular resolution in both dip and azimuth was 30 urad.
The position, dip and azimuth of the " were measured in the drift chamber
spectrometer with resolution (g) of 180 ym, 30 and 100 prad respectively.

The resulting I mass resolution of 7 MeV/e? was adequate to separate ¢

events from E‘+An_ background. The spectrometer had full acceptance for

the £ »nm decay mode.

¥

We aligned the chambers (PWC and drift chambera) with atraight through
beam track data with the analyzing magnets off. The magnetic fleld
calibration of was accomplished with beam track data and E-fnn- triggers.
Beam track triggers (which consist mostly of non-interacting w_) were used
to adjust the ratio of the magnetic fields of the dump magnet and the
analyzing magnet. The overall normalization of the fields was found by
requiring that the $ mass reconstructed from the nn’ decay mode have the
correct average value and be independent of the center of mass decay
angles. The calibration was made on each run and the dump magnet fleld

value had a spread of 0.,3%. Similarly, the & mass was reconstructed from

the Au— decay mode as a croas check.

I +nm  event candidates were selected by requiring good track fits 1n
both PWC and drift chamber systems. The PWC track was required to

originate from the target and to lie within the beam phase space. The



drift chamber track was required to have momentum within the range allowed
for the I »nm decay. Approximately 12% of trigger events were lost in the
track fitting. Another 45% of the remaining events were lost primarily due
to target cuts and a severe longltudinal fiducial region cut. The upstream
end of the fiducial region began one meter downstream of the muon spoiler

magnet shown In Fig. 1, so as to avold effects due to the 100 Gauss remnant

field in the beam reglon.

The c¢oordinate system is shown in Fig. 2. The Y axls 13 vertical, the Z
axls 1s along the direction of the ET beam and the X axils 1is horizontal,
forming a right-handed triplet., Our sign convention for targeting angle O
is given by the sign of the incldent proton's momentum component transverse
to the Z axis. Fig 2(a) shows poéitive horizontal targeting angle while
Fig 2(b) shows negative vertical targeting angle.

<>

For horizontal targeting (shown in Fig. 2(a)) the polarizaEion vector PE
lies in the vertical direction parallel or anti-parallel to the magnetic
field B. For vertical targeting (shown in Fig. 2(d)) Ez ltes 1n the
positive or negative X direction perpendicular to the magnetic field. 1In
elther case, reversing the targeting angle et reverses the sign of the
polarization. As the E— moves through the magnetic fileld, for horizontal
targeting $£ 18 left unchanged; for vertical targeting gz precesses about

the field direction by an amount proportional to the g factor anomaly,

g=-0.3(5-1)/Bd1/(§mc*)=~(0.2508 rad/T-m) (§-1)7Ba (N

where [Bdl 1s the field Integral of the production magnet, the minus sign
1s due to the negative charge of the r and £ is measured with respect to
the I momentum vector. For the bulk of the data, fBdl was equal to -18.3

T-m, corresponding to 265 GeV/c momentum.



The magnetic moment uz— of E_ is related to g by
—-a-B
by 2(mp/m2)uN (2)

where mp 1s the proton mass and uN=eh/2m ¢ is the nuclear magneton.

p

The angle £ can be determined from the data,
-1
E{modulo w}=tan (Px/Pz) (3)

where Px and Pz are the polarization in the X and Z direction respectively.

The center of mass direction cosines of the pilon are calculated directly

from laboratory quantities in the following manner:

T b
cosei=p1/p,r=pﬂ(91-ei)/pT s 1=X,Y

cosez=A(p"(Pz)-B ()

where pT=.193 GeV/c i3 the center of mass decay momentum, Py and 91 are

measured momentum and angles, and A and B are constants of the I +nw decay

kinematics. This method of calculating the direction cosines does not

limit the cosines to 1lie within -1 and +1. Rather, the slopes at the edges

of the cosine plots shown Lln Fig 3(a) give the resclutions in the cosei.

All cose1 resolutions are less than 0.05.

At this stage of the analysis, a cut was made on the An_ reconstructed
mass to eliminate = decay events, A cut was also made to eliminate
2
background due to straight through tracks and interactlons (0.90 < I cos B

i

i
< 1.10}). These cuts reduced the event sample by approximately 10%. The
remaining 6.8x10° events were split approximately evenly between horizontal

targeting runs and vertical targeting runs. The remainlng background was

estimated to be less than 0.17% of the event sample.



The polarization analysis was then done by assuming the following form

for the normalized distributions of the components of the center of mass

decay angle:

dN
*

d(cosei) " Pli(cossi)“iunp

1c°591); i=%,Y,2 (5)

where the subscript t denotes positive and negative targeting angles.
The Al(cosei) are the acceptances in cose1 bins which include apparatus and

analysis blases, efficiencies etc., but not targeting angle bilases. o, is

8
the plon nr decay asymmetry parameter which equals +0.068+0.008.

u“Picosei and A, are then found as follows:

1
an, N _
u“F’icose1 = 0'5[d(cosei) - d(cosai)J/Ai(cosei)
, dN, dN_
A (cosa,)- O'S[d(cosei) * d(cosei)] (6)

Shown in Fig. 3 are Ai and a“Picose1 distributions for the 265 GeV, 5
mrad vertical data, The acceptances are high and uniform.” To check for
biases, the Ai distributions were compared with the acceptance of the 0
mrad data; they were found toe be the same within statistics. The
polarization asymmetries (uﬂPl) were obtalned by fitting for the slopes of
Fig 3(b). These are summarized for all data sets in Table I. The fits are
shown in Fig 3(b). This data set has the statistically largest false
asymmetry we observed (20 in Cosey). This Is also the only bad fit amoung
all the data sets (x*/v=2.1). Fig. U4(a) shows the total polarization of
all the data calculated by summing the non false polarization asymmetries

2 2
and dividing by a [P£=(a“Py)/aTT Horiz, /{(awa) + (a“Pz) ]/a“ vert].

From the vertical targeting angle data, as shown in Fig. U(b}, we

determined the precession angle £ using Eq. (3). The initial polarization



direction ambiguity was resolved by the horizontal targeting angle data
where the spin did not precess. Since we have two different beam momenta
in vertical targeting data, in principle the remaining 2wn rotational
ambiguity of the amount of precession could be removed. Due to the
statistical error of our higher momentum data, however, we were only able
to restriet the precesslon angle £ to two values. Of these two values,

9
only the one we quote below is compatible with previous published data.

The angle £ was found to be 2.64:0.19 rad for the 265 GeV/¢ data. The
magnetic moment derived 1is then -1.2340.0310.03 nm where the statistical
and systematic errors are shown separately. Systematic studles included
the effects of the remmant field in the muon spoiler magnet, possible
biases due to non exact reversal oflthe targeting angle and the variation
of the result as the cuts were varled. The false asymmetry in the Y
direction in the magnetic moment data set is probably assoclated with the
gpoliler field. This field, however, has a much smaller effe?t in the X and

Z directions where the moment is measured.

Our result on the magnetic moment complements the recent precision
measurement of -1.11140.03110.011 nm done using the X rays from Z— atoms.5
The difference between that result and ours is 2.3 standard deviations
using the quoted errors combined in quadrature, The astatistical
probabllity of such a disagreement is 2%. We see no explanation for this

disagreement. Nonetheless, these two measurements, using totally different

techniques, determine the I moment to the 6% level.
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TABLE 1

Table 1. Polarization asymmetries for each of the five kinematic points

at which data were taken. Ot is the proton targeting angle and direction.

Xf = kz/kp and Pt are the I Feynmann % and transverse momentum

respectively. The range of these variables is 17% in xr and $0.14 GeV in

Pt. The underlined polarization asymmetries are false asymmetries which

should be zero.

et {mR) X Pt(GeV) events a P (%) x P (%) a P (2) P_ (%)

Ty Tz I

1.2 Horiz .66  0.32 125k 0.30¢.51 -0.83:.52 0.46+¢.53  12: 8
4 Horlz .66  1.06 136k -0.10+.49 -1.78+.50 0.80+.50  26¢ 7
5 Vert .66  1.25 333k -1.45:.31 -0.79+.32 0.80£.31  2h: 5
T Vert .66, 1.75 33k -1.445.96  1.283.97 0.52:.98  23t14

5 Vert .78 1.50 56k -0.92+.73 -0.66+.7H 0.93+.7H 19411




Fig. 1.

Fig., 2.

Fig. 3.

Fig. U,
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FIGURE CAPTIONS

Plan vlew of the apparatus; the scale 1s ln meters.

The coordinate system and the vector orientations in
a) horizontal targeting and b} vertical targeting.

et is the targeting angle and

E is the precession angle measured relative to kt‘

a) Ai(cosei) and b) u“P coae

1 i
distributions for the 265 GeV/c 5 mr vertical data set.

R1 1s defined as:

dn dN

+ .

aTcosBl)/d(cosei)

The acceptance 18 in arbitrary units.

a} the total polarization and b) the polarization components

used to determine the precession angle.
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