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ABSTRACT
Ve observe an energy-dependent polarization of the £+ .prbduced in.

the reaction wt

n -+ K°Zt at incident beam momenta between 1.1 and 2.4
GeV/c. This data is a significant source of information on the I~

polarization in the charge-symmetric reaction " p —+» K¥Z~,



Previous authors have discussed two reasons for interest in the T~
;;olarivzationv in ﬁ'p -+ K*I~. First, knowledge of the polarization might

be useful for a study of the 8 decay of the =1 Aaiso, the reactions

x"p -+ Kz~ (1)
wtp -» K*E¥ | (2)
x"p -+ KOO - (3)

are related by charge independence; the two isospin amplitudes can ‘be

extracted from the cross sections and polarizations.z'5

The available data on reéctfo;\ (2)6:7 and reaction (3)8710 jnciudes
information on the polarization of the I through observation of the &
decay asymmetry. However, in studies of reaction (1) with unpol;rized
protons.a'g'11 polarization information |s unavailable Secause of the very
small asymmetry parameter in the decay £7 -+ nr” (a = -0.07 & 0.01).12

Some limited use has been made of polarized targets;"'2 the I~

polarization has been measured at 1.74 Gev.2

If charge symmetry (which is weaker. than charg.ev independence)

holds, the reaction
' | atn -» Kozt E (4)

has properties identical to reaction (1). Then a measurement of the £*
polarization in reaction (4) is equiQaIeﬁt to a m‘eaéurement of the I~
polarization in re‘action (1).

The‘data presented here comes ffom a2 250,000-picture experiment
done at the LBL Bevatron in the fall of 1966.1-'3 The deuterium-filled
72~inch bubble chamber was exposed to nt beam; of eight vdi.fferent

momenta from 1.1 to 2.4 GeV/c. The film was subsequently scanned twice



for events with .'a vchar.vged-‘mode. decay o‘fvavneutral particle (%vee) ahd
me‘asured on the -Groop‘ A F.ranckenstein measurmg machmes Th'e
measured events were then processed through the standard geometrncal
reconstruction and kinematic fitting program SIOUX. Events indicate’d by
the sca_hner as ha'ving E] decayihgv positive particle, as‘ well as a vee, were
fi.tted to ‘all final states possivle for that topology, including
1v"d -+ pkor*t, K°—*n+w'. tt-+pn° ()

Events which had acceptable fits to two or more reactlons were
exammed on the scanmng table; the ambiguity was resolved. lf possible, by
comparing the predncted track ionization for the various hypotheses with
the observed bubble density. The .end result was ,164 events with a
”best”‘ fit to reaction (5) 'only 3 of which remairied amhiguous. ('See Ref.
13 for the definition of the “best" fit.) | |

To select those events in whach the proton is a soect‘ator'; to ‘the
reaction, we require the fmal-state proton to have 2 momentum compatible
wi.th; the internal momentum of the deuteron. Allv.c‘om'monly used deuterium )
wave functions show little p‘ro'ba-bility that the nucleons would.have tnor-e
‘than' 300 MeV/c l'n.ome_ntum; therefore events  with 'proton
laboratory-frame momentum greater than 300 MeV/e have been omitted
from the rest of the analysis.13 The remaining 135 events were divided
._'into 6 intervals in the center-of-mass _ehergy. ’M(K°YZ+). See Fig. 1 for -
the c.m, energy dis‘tﬁbution. | | |

Fig. 2 shows the productlon cosine distribution for the 6 c.m. energy'
mtervals Here 167 events from the £t -» not decay mode have been

included to increase the statistics of the production‘ cosine distribution,



although no .pol.arizat‘io'n informafipn can be extracted from these eygnts
beca.use.vo.f the small decay asymmetry par'ameter._. The distributions of
Fig. 2 are consistent wifh. but not as brecise as, the production cosine
distributions for the charge—~symmetric reaction n p —»> Kk+tz—.9
Any £+ polarization must lie along the normal to the production
plane. Fig. 3 sﬁows the cosine distribution of the decay protons in the rt
rest frame plotted against'prodﬁction' cosine. Here |
| | cos eprod 7K,
n « nxK, and
cos By, = 6-3,
where 7 and K are the directions of the be'avm #* and the K° in the c.m., n
is the production normal, and S is the direction of th'e proton in the rest

frame of the &%,

- The decay distribution of a spin—1/2>p'article must be of the form

dN -

_— « 1 + «P cos I
d{cos edk)‘ .

where a is the asymmetry parameter for the decay and P is the

polari‘zétion. A maximum-likelihood fit was done to the function

| f(A,cos B4,) =1 + A cos edk‘

The value so obtained for A is then our best esfimaté of the product of
the asymmetry parameter and the polarization. The scanﬁing biases are
expected. to be even in cos 04k and therefore not to affect the
maximum-likelihood estimate.l%

Taking - each of the 6 energy intervals separately, and integrating

over production angle, we get the polarization given in Table 1 and Fig. &, |



(We have used « =' -_1:0.12) There is clear indication of a large nét

. polarization .in the lower _énerg_y intervals. Noting- a difference in the

definitions ofv the normal, we see that our Iosivest—venel"gy resulf has the
same sign as that of Edgington et al. at 1.74 Gev.2 |

Because of poor _statistics_. we cannot divide each ‘.of the six energy
intervais into _bin_$ 'iri vvproduction.cosine; instead, we 'héve ,coﬁbined the
three lower en’evrgy iﬁt_ervals ahd the three Qpper ohesv.‘and calculated the
polarization for three bins in produ;:tion cosine. The results are given in

Table 2 and Fig. S.



=

© N

F

W ® N o w

11.
12,
13.

14,

“« -« ©

<~

2 1 0 < 0o g 4

REFERENCES AND FOOTNOTES

Weldon et al., Phys. Rev. 167, 1199 (1968).

A.

C.

“ m r o .«

ta

0.
L.

Edgington et al., Phys. Rev. 177, 2103 (1969)
Doyle et al., Phys. Rev. 165, 1483 (1968).

Sakurai, Phys. Rev. 107, 908 (1957).

. Binford et al., Phys. Rev. 183, 1148 (1969).
. Carayannopoulos et al.,, Phys. Rev,. 138, B433 (1965).
. Kalmus et al., Phys. Rev. D2, 1824 (1970).

. Kim et al., Phys. Rev. 143, 1028 (1966).

Dahl et al., Phys. Rev. 163, 1430 (1967).
Binford et al., Phys. Rev. 183, 1134 (1969).

Good and R. R. Kofler, Phys. Rev. 183, 1142 (1969).

Particle Data Group, Phys. Letters 39B, 1 (1972).

This paper supplerﬁents a report on strange-particle production in

g"’d interactions: Donald W. Davies et al., Phys. ngv. D2, 506 (1970).

The data analysis is discussed there in more detail. Information on

other aspects of this experiment is given in Jerome S. Danburg et

‘al., Phys. Rev. D2, 2564 (1970) and in Robert K. Rader et al., Phys.

Rev. D6, 3059 (1972).

Roger 0. Bangerter (Ph. D. thesis), LBL Report

(unpublished), Section IVA.

UCRL-1924%



Work supported by the U.S. Atomic Energy Commission
T Present address: Planetary Atmospheres Section, Jet Propuision

Laboratory, Pasadena, Calif.

e

. Present address: Department of Physics, Michigan State University,

East Lansing, Mich. 48823

S present address: Geophysics Department, Shell Deve|opnient Company,

Houston, Texas

Il present address: 1735 Highland Place, Berkeley, Calif. 94709

** Present address: Dept. of Physics, State University of New York,

"Stony Brook, NY 11790 (On leave, 1972-73, -to Laboratory of.

Molecular Biophysics, Oxford University, England)
¥ Present address: Dept. of Physics, Northwestern University, Evanston,
“IN, 60201

§_§ Present address: Computer—Based Education ‘Research Labof,atory.

University of Illinois, Urbana, Ill. 61801



 TABLE I

TABLE II. Polarization as a Function of Production Angle

- C.m. Energy (GeV)  Cos eprod

Polarization Integrated over Pro‘dUct_ioh A'ngle

C.m. Energy (GeV) | _ P§Iarizatior_1 .
17 - 1.8 - | 0.90 *0-82
18 - 19 00188
19 - 20 _d.l.o 023
20 - 2.1 | | - -00313%8
21 - 2.2 | -0.64 *037
2.2 - 2.4 0.35 1028

Polarization

17 - 20 100 to 033 053 *022

-0.33 to 0.33 o o.72:8:§;

. 093 to 100 o027 *353

20 - 24 <100 to -0.33  0.44 1028
) 033 to 003 -052 1332

" 033 to 1.00 -0.58 i

-0.34



Fig.'

Fig.

Fig.

Fig.

FIGURE CAPTIONS

- Distribution of c.m. energy (excluding the spectator proton)

for our sample of the reaction n*d -*-(p)K°Z+; £t -+ pn°

(135 events).

. Production distribution of the Et for c.m. energies (a)

'1_.7?1'.8. (b) 1.8-1.9, (¢) 1.9-2.0, (d) 2.0-2.1, (e) 2.1-2.2, (f)

. 2.2-2.4 GeV. Cos epuﬁod = 2K (302 events).

Decay cosine of £+ -+ px® vs production cosine (x-K) for the

six c.m. energy intervals of Fig. 2.

Poiakiz.atioh integrated over production angle as .a function of

c.m. energy.

Polarization as a function of production angle for c.m. energy

(a) 1.7-2.0 GeV and (b) 2.0-2.4 GeV.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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