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ABSTRACT

The charged mode of decay of 189 A and 77 K° particles produced by
1.12-Bev/c n~ mesons in the'coppor wall of the Berkeley 10-inch liquid hydrogen
bubble chamber have been analyred and tﬁoir asymmetriea calculated. The
asymmetries have been examined for several interesting subgroups of the
sample and for several directions of quantization. A fore-aft asymmetry in
A decay has previously been reported in co_-mic.-'ra} interactions with complex
nuclef and in some machine events of a similar nature. This asymmetry has
recently been reviewed and summarized by S8almercn and Zichichi. They find
a 3-standard-deviation effect, Ip‘%r c-aft ° <0.5620,15. ln contrast, the
asymmetries fomd here for both A and %9 are consistent with the agsumption
of the coneervation of parity in the yraductioh process v + p(in nucleus)= i + K°,

The croas section for the associated production of AK_° and X°K° has
been dete;—mlne;l as 10.520.9 mb per copper nucleus. This value is somewhat
larger than that expected on the assumption that the nucleons interact in firet
approximation as free nucleons possessing Fermi momenturn according to an
A?'/ 3 scaling of the hydrogen cross sections. This scaling predicts a value for
this cross section of 7.42 0.8 mb/nucleus.

Subsequent interactions of the hyperons with another nucleon in the
same nucleus in which they were produced are frequent. A lower limit for the
probability of scatteririg of the A can be set at 0.23£0.07. This is in accordance

with the cbserved A ¢+ p cross sections.
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CROSS SECTION AND DECAY ASYMMETRIES OF NEUTRAL
VEE PARTICLES PRODUCED IN COPPER BY n MESONS*

George R. Kalbfleisch
Lawrence Radiation lLaboratory
University of California
Berkeley, California

June 23, 1960

Introduction

If parity is not conserved in strong interactions, then the final-state
particles may have a component of polarization in the plane of preduction. An
asymmetry in this plane may result from the parity-nonconserving decay of
ungtable particles. 1 In particular, with respect to the line of flight of the
particle, a fore-aft asymmetry is observed. Such an asymmetry has been
ébserved in the decay of A's produced in complex nuclei by cosmic rayn,z
and in corresponding machine experiments. 3 The situation has been reviewed

4 They have applied criteria which supposedly

by Salmeron and Zichichi.
eliminate all biases and give an over-all result for aF,_ . .. of -0.5640.15,

a 3.standard-deviation effect. No such asyrnmetries in the plane of production
have been found at Berkeley in v~ + p - A + K° hydrogen events. 1 Many
V-particles which were produced in the copper wall of the bubble chamber are

also observed. An unbiased sample of these has been analyzed in a search

for poesible asymmetries.

*
Work done under the auspices of the U. S. Atomic Energy Commission.
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Bample, Analysid, and Asymmetries of the Wall Vees

Three sots of film of fifty rolls each were selected from the
1.12-Bev/c v~ experiment in the Berkeley 10-inch liquid hydrogen bubble
chamber. This sample yielded 189 A - p + w and 77 K"l -t + u decays
from 276 events of the type ¥ + Cu ~ vee. These 276 events are divided as
follows: 23 double AR®, 220 single A or K% s o* pairs, 4 three-body K°
decays, 4 K interactions (arising from the 1% K~ in the beam), one
A +p-= A+ p elastic scattering, and 19 "junk'" (unmeasurable events and
coincidences, w-p scatterings, and v - dadayo). This sample represents
40% of the 1.12-Bev/c ¥ film and about 20% of all the associated production
film of the 10-inch chamber at Berkeley.

The events were measured on the Franckenstein measuring projector. 5
(See Fig. 1 for one of the two stereo views of a double wall-vee event.) The
mlym was done by using I1BM 650 programs. 6 The 1BM 650 computer firet
reconstructed the geometry, calculating the direction cosines of the beginning

and QM of each frack. The momentum of each track v}u comimted from the

~ curvature in the 10-kilogauss magnetic field. - A second program corrected the

momentum for dE/dx losses or computed the momentum from range for stopping
tracks. Two calculations were made for each track, auuming A w in the first
caﬁo and a p in the second case. A third program fitted the decay both to a

K? and to a A. interpretation by least-squares fit-n; 7 For each intarpretitien

a x ° function was calculated. By choosing the smallest x >, we identified the
vee a5 & K?. as a A, as ambiguous (fits either K‘l’ orA), or as a "beast'

{fits nejther K? nor A). The ambiguous events were resolved by a meagure-
ment of the ionization produced by the positive irackl. as determined by the
ratio of gaps per unit length of the positive track relative to the negative track.
A minimum {onization indicates a ' track from K° decay in general, whereas

a nonminimum {onization occurs from the proton from A decay. The '"beasts"
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were remeasured and those failing to fit were examined and placed in the
appropriate category (e*_ pairs, three-body decays, etc.).

In addition, the double vee events were examined for consistency
bjr means of the following checkas.

The point of production (in the wall) of the A or K‘l’ was calculated
for all vees. True double-vee events had to have the same point of production
and to fit either a AK® or a K°A interpretation for the two vees. Also, rough
agreement of the correlation of momentum and angle of production for the
known beam momentum and some reagsonable Fermi momentum was found to
hold in many cases, although many A's were observed at large angles
> 36 deg). These are attributed to the nuclear scattering of the A's upon
coming out of the nuclsue (see the discussion below).

After the event was fitted, the direction cosines of the negati;re decay
pion were computed in the K or A rest frame, with a right-handed coordinate
nyatam. These direction cosines are 0, p, and §, where ¢ measures the
right-left, p the fore-aft, and £ the ﬁp-dowa asymmetries with respect to a
"defined plane, "' which is the plane of Tracks 1 and 2 as shown in Fig. 2.
This '"defined plane' is only approximately the production plane, eince the
struck nucleon in the copper nucleus pogsesses Fermi momentum. In some
cases the A undergoes a subsequent scattering in the same nucleus, thus

further altering the production plane. These direction cosines are defined by

the equations -
By [ 2x(Tx2d)
L » *
P
. Y(§3°j;)-n33
P -.
-
Py (1x2)

o
]
“U“L.



~b- UCRL.-9219
where
Pi = momentum,
Ei = (Pi?' + Miz)ll 2. energy,
E2 Py
Y= s N = ’
M, M,
and where, for example,

; = unit vector in direction 1,

7 = vector in direction 2,

isan momentwm vector in direction 3,

P%= rest-frame momentum of dacay particles.

An ; asymmetry coefficient “i’ for the decay distribution

l«mi coe

f{coa 8) = ) ’

where a, = (QB‘. a = parity mixing parameter, and P = average polarization of

the decaying particles, can be found from the relatioms
2(N, - N)
W, TN
1/2
5&1 = &4 N?;N: LR ] ':-;1/3 »
' . Iﬂl‘ié

N |
where p= -, q=1-p, N= N, +N_, N, = number of events with cos 6; >0,

and N_ = number of events with cos Oi < 0 for a given cos Oi = p, 0, OF §.

The asymmetries in the production plane were also looked at in a rotated

frame p', ¢', in which the rotatién is back tixrough the production angle

con’l ( ; i).' so that p' is parallel to incident vbeam direction. The asymmetries
were calculated for the K's and A's for the following subdivisions of the sample:
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(a) all events, |
(b) all events within the geometrical cuteff used for the cross-
section calculation (see below),
(e} all A with p, <700 Mev/c (as was done in some prior works®' %)
and (d) an “enriched" sample of events in which the A les ina
relatively small band about the v~ + p (hydrogen) kinematical
region (which is expected to yield a sample containing a larger
fraction of nonacattered A's).

Table 1 summarizes the 'expcrimeml results.

In all cases, the assigament of a, = 0 is satisfactory within statistice--
that is, consistent with no asymmetries. 9 There is no avidence_s here for the
nonconservation of parity in the production process.

The absence of a large up-down {ae) agymmetry requires examination.
Two effects necessarily reduce the up-down asymmetry, First, the £°K°
production events decay into A's having only one-third of the original polarization

of the £°. 10

Second, the dsfined plane used for calculating the asymmetry is
not, in general, the plane of production, because the struck nucleon possesaes
ﬁ‘ermi momentum. One might reasonably expect an up-down asymmetry of the
order of two-thirds of the value observed in hydrogen for A's, which value is
@B A * 0.57 % 0.066. 1 The asymmetry can also bu-reduced if the A'e scatter
upon ancther nucleon on emerging from the nucleus in which they are produced.
This reduction occurs even without spin-dependent scattering forces, and is
caused by the random orientation of the A + N scattering plane relative to the

. production plane, so thaf the defined § axis bears little relation to the original
polarization direction of the A. We might reasonably expect, therefore, an
up~down asymmetry for the A's of approximately 0.3. The data are in accord

with this value.
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Table . Tabulation of Asymmetry Coefficients

or negative decay pion

All eventa Events within geometry  “Enriched" p, <700Mevl
Cosffi- 77K}  189a 45 K° 1044 13 A 143 A
{error (error {error {(error {exror (error
cient ® .23) # .13) & .30) * .20) & .24) & .17)
&P -.34 -y lo ‘049 had) 18 "028 -.01
ae -008 "}'014 ‘.04 +006 "003 : "’.07
a; - +.03 +.14 +04 -.06 4+.28 . +.18
3 .23 +.12 -.49 -.04 -.03 +.21
a 434 +.20 4,40 +.28 +.19 +.07
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Qualitatively, more A's were observed at angles greater than
30 deg to the beam direction than is expected on the basis of independent-
particle interactions identical with elementary w + N interactions and the
effects of the Fermi momentum. In order to check this quantitatively, the
distribution of angle, N(GA). of the i'a was éalculatqd on the basis of individual
»" + N interactions in the nucleus with the aucleon pogsesesing Fermi momentum.
The A labaiatory-ayltem angles (BA) versus the center-of-mass angle of the
A(O') were cﬁ.lculated from the kinematics for Fermi momentum me 0, 100,
200, and 300 Mev/ ¢ for angles of the Fermi momentum vector with respect
to the beam direction '(QF). By ﬁse of suitable angular intervals in 91;. and &',
the distribution N(6 A) versus 6 )\ Was calculated for each PF. This was done by
weighting the kinematics with the known energy dependence for hydrogen total |

cross sections in w + p - A ) + K° (as a function of the center-of-mass

momentum of the outgoihg g;oor £°) and with known angular ciiatrib_utioni

(from the Berkeley data). 12 The A'e arising from z° decays were treated as

isotropically populating a band of angles in the laboratory systern about the =°
production angle (lab). Finally these distributions were folded with a Fermi

| momentum distribution. Two distributions were used:

(a). A Gaussian f(T)AT = exp (-pz/p o"“) 4aT, where T = kinetic energy,
with p 02 corresponding to kinetic energy of 20 Mev, a value obsérved in
lighter nuclei, i.e. Z<6. 13, 14

(b) A completely degmerateé Fermi gas

£(T) dT = 1 for T < Ty,
=0Qfor T > Ty _
with T = 33.2 Mev, corresponding to a maximum of 250 Mev/c, which
1%

approximates that given by energies in infinite nuclear matter. The

distributions N(@ A’ are relatively insensitive to the momentum distributions
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and are plotted in Fig. 3 along with the observed distribution shown in histogram
form, for 104 A (same uinple as uud in cross sections; see below). We see
that the observed and predicted distributions disagree, and we attribute the
discrepancy to the scattering of the A's on emex.-gingr from the nucleus. Such
scattering of the A's is consistent with the known AN cross sectiona. 16 We
find that the fraction of scattered A's is greater than the fraction 0.2340.07 of
the observed values lying outside the predicted distribution. We conclude that
a large fraction of the A's must scatter, and thus expect the val@ of ag will be
small. The result is consistent with either a small or zero value. It is to be
noted that Blumenfeld et al. found no up-down asymmetry in tﬁe same sample
that gave the fore-aft asymmetry. 3 However, their up-down distribution was not
isotropic, but was peaked at cos @ = £i. This is not possible for the known value

of one-half for the spin of the A, >

which gives a linear distribution in cos 8,
Also, Bowen et al. and Boldt et al. have not obeerved up-down asymmetries, 17
although in their experiments the polarization may be smaller because of the

higher energies involved.

Cross Section

In order to determine a cross section one must evaluate many effects.
These are scanning eiﬁciency.‘ detection efficiency, neutral-decay 6orrections.
and path length of the beam in the material. In order to have a sample of events
in which the scanning and detection eﬁiciencieo can be evaluated and in which the
total path length of the beam is known, definite geometrical cutoffs need to be
appliad. A determination of the "lifetime" of the particles indicated an almost
complete lack of decays near the entrance to the chamber (i.e., within I cm
of the wall), which necessitated using events that decayed beyond 1 cm. The
number of beam tracks was determined for a central region of the chamber

corresponding to the bubble chamber’' s thin-window area, and for high-quality
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film (less than 30 tracks per picture, no large bubbles, good illuraination, etc.).
From the sample of 189 A and 77 K'; decays, the application of the above criteria
left 104 A and 45 xc‘; evente. Theae decays showed an exponentisl distribution
in proper time. The maximum-likelihood solutions for the lifetimes are in good
12, 10

19 (104 wall A gave 7, = 3.140.3 x 10710 gec;

agreement with the accepted values A

45 wall K] gave 7, = 1.0 0.2x 10-10

sec).

The scanning efficiencies were determined by rescanning some of the
film, In the sample used, one-fifth had been resi:mmed in a normal manner
~ similar to the first ecan. An additional one-fith was rescanned, with a careful
search for vee-.events near the entrance wall. This is a poorly illuminated
region of the chamber {(see Fig. 1). The number of events found in this region
(decay length less than 1 cm Irém wall) agrees favorably with the number required
to decay in there by calculation from the number of observed decays beyond
1 ecm. An equivalent of 80420 events was found versus the 85210 required.

The scanning officiency for the wall vees was determined to be 0.9320.04 (versus
0.980.02 for the events in hydrogcnw).

}The geometrical escape correction or detection efficiency, which is
the probability that the prodm-:tion and decay of the vee occuré within the acceptable
region of the chamber, was calculated. The caiculation wau'm-a?de by using the
midpoint thickness of the wall as the average point of production (.uo that the l cm
from the wall for the countinj of decay time becomes 1.35 c¢m from the prdduction
point). The calculation averages over the known true beam distribution, over the.
random orientations of the production and decay planes and over a eet of
laboratory-system angles and momenta. These angles and momenta were
picked from a suitably divided momentum-versus-angle hintagra;'n. The trﬁe
counts in each histogram interval were calculated and an average (DE) was

determinedx
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ZN;

(BF) = ' .
o)

where N, = number of events observed in interval i,

i
(DE)in calculated detection efficiency for interval {.

The results are DE , = 0.684 and .GEKO = 0.602. It turns out that theee D.E.'s
are essentially the probability that the decay occur beyond 1.35 cm from the
production point. Under thesg cenditions, the detection efficiency for observing
each double is.juat the product of the proﬁabillties for each associated /. and
K‘l’ to decay beyond this point, so that we have

Nak

Ok = — T '
ez{iKevents) (DE,) (DE, ),

with the result DE AK S 0.410. Table II gives the results of the corrections
for scanning and detection efficiencies. The corrections due to the branching
ratios {BR) into the neutral or charged decay modes now can be made. The
observed ratios are: |

A ..' 5 N, . ./(SE)X(DE), |
+ AK AK. 7£11
BR .._1&__. = L 47s _

£ -
;{°«- w +% \ N /(SE)X(DE)
BR ( (R R Y AR . ZEL = 0.3040.08.
alK® /(N N,/ (SEIX(DE), ( trsn)
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Observed Number, N , Efﬁcicncieo Actual Number
, Detecticm Eeanning = W

18 AK® Doubles . 0.410 0.93 47 & 11

(86-34K")=83 single & 0.684 0.93 131e 14

(27-17K%)= 26 single K}  0.602 0.93 | 474 9
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These branching ratios are in agreement with the hydrogen results and the
predictions according to the |AI| = 1/2 rule!® 19 i.e., BR, = 0.67,
BRyo = 0.33). Using the 0.67 and 0.33 values we can calculate n, _ associated

'_’AK" observables from

« +p ’(;o) + K°, for %= A + y.

Ve obtain

N

Ak gwé%g'_ = %(47tll)azlzsso
true A S

N +N :
= %ﬁAK = 3(94 & 14) = 282 & 42
K

NA+N

s A BE o 2 ar8e18) =267 227,
| A

Upon averaging these we obtain n, K, = 254 & 20, which is taken as the
rus
Ybest'" value. This number, coupled with the track count and path length, gives

the cross section. The good-quality film in the gample used has 38,153 good frames

with an Average of 12.74 0.2 tracks per frame through the defined thin-window
area. The path length (L) per track is very nearly the thickness of the wall,
0.6320.01 cm (1/4 inch). Thus for the density p of copper of 8.6£0.1 g/cc,
A = 64 (atomic weight), and the K™, u°, ¢~ contamination of the beam of
approximately 6%?‘0 (l.e., 94% u's) we obtain (taking into account that the
average w flux in the wall is 2% higher than in the chamber)
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-1 A nevents
o oo = (pL) = q——
AKS+ZK Avogadre w-tracks

]
= (8.6x0.63)° 54, i (254-4) =105 # 0.9 mb/Cu nucleus
6.03%10 [(3.saxw }uz.v) 0.94

This result can be compared with an Az/ 3 law utilizing the hydrogen data for

v +p-AZ®)+ K°. Averaging the energy dependence of the known érou

uctieunu'

x_’tor 6' and OF over the Fermi momentum distribution (see
discussion of N(GA) above), we obtain, for an incident & momentum of
.12 §ev/c on copper,

w+p- A+K% 0.6420.08 mb,

4 vp - %4+ K% 0.3740.06 mb.
Thus, on the basis of an Az/ 3 scaling of these cross sections

(Cu: A = 64, Z = 29, ‘&2’/3 = 16 = 7.3 protons + 8.7 neutrons),
we obtain ‘
) k0 450 © 7-3(0.64+ 0.37) = 7.34 0.7 mb/nucleus

and a ratio of 1.44£0.20 for the observed to predicted crose sections.

Several factors can contribute to the increase of the observed over
the predicted cross section. The first factor is a volume-cffect deviation from

an A3 law. A strict A% 3 law would apply only if the pions interact only once
in traversing the nucleus. Some increase in associated production can then

follow from pione that undergo a small-angle elastic scattering and then make

*Four events are estimated to be due to interactions in hydrogen less than

2 mm {rom the edge of the wall.
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an associated production. The aecend' factor is a contribution from
v p = AK®2® events, which are energetically possible in approximately half
~ the cases bscause of the Fermi momentum. The cross section for such a
process is not known, but is expected to be small. The third factor is a
contribution from w™ + n interactions. The v +a interactions can yiald only
VL"KG events. However, a £~ can be a‘bobrbad to give a A by the reaction

19

Zvp-<A+n" andthus appear as a A + K°.

Thua, ths obgserved cross section of 10.5¢0.9 mh/mxclm ia
reasonably well explained on the basis of elementary w-N interactions according

2/3

to an A law with some modifications which depend on multiple-step processes,

such as described above.
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Fig. 1. One of the two stereo views of 3 double-vee event, number 209909.
The left-hand vee is a A of momentum 549 2 39 Mev/c and the right-haid
vee is & K® of momentum 614 & 15 Mev/c. The through tracks are beam
v meeons of 1.12 Bev/c incident from the bottom of the picture.

Fig. 2. Track numbering.

Fig. 3. Distribution of angle, N(9, ). of A.
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Fig. 1
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