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INTRODUCTION

The aim of the experiment was to detcrmine the phase of
1}00 in order to resolve the ambiguity between the two solu-

(1)

tions of the Wu 2nd Yang triangle. Whatever the value of
'qool, two solutions arise in the determination of the triangle

using {n+,,, ¢, and ,qoo,. Using the known values of Jq,-}

and Y+- , the solutions present the interesting feature that
the phase difference ( Yoo}SoL4 —'(Y%O)Sohz. is close to 180°.

In view of the present uncertainty on ‘nao’ s the data
was analysed to extract also that quantity. The value of [qoo'
was left as a free parameter for the analysis, and both]noa[and

Too have been determined. The apparatus has now been modified

in order to obtain a more precise value for Iqoo

and data taking

is underway.

EXPERIMENTAL SETUP

A neutral beam taken at 17° from an external target at the
CERN PS was passed through 5 cm of lead and a sweeping magnet

to remove gamma rays and charged particles. The full beam di-
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mensions, defined by two tapered collimators each three metres
long, were 9 cm wide and 8 cm high at the entrance of the detec-
tion equipment situated 18 metres from the target.

The experiment was run with a beam intensity of about 1011
protons hitting the target, giving appréximately 5,103 Kg per
burst down the beam line, at an average momentum of 2 GeV/c.

Figure 1 is a diagram of the cquipment. The spark chamber
3 plate modules have been described elsewhere(z); they were
placed in banks of 26 modulcs (52 gaps) on cither side of the
beam. The distance from the inner edge of the chambers to
the central beam line was 6 cm. The first eighteen modulces
on each side were made with 5-mm thick aluminium plates and
the last eight modules with 5-mm brass plates, making a total
spark-chamber thickness of 11.0 radiation lengths. The first
3 radiation lengths (aluminium chambers) occupied 105 cm, giving
an average radiation length of 35 cm; +the last 8 radiation
lengths (brass chambers)_occupied 32 cmy giving an average
radiation length of 4 cm.

Three layers of scintillation counters were inserted on
both sides after the .cighth, thirteenth and eightecnth aluminium
modules. The trigger was given by a six-fold coincidence com-
poscd as follows:

a) a four-fold coinciaence between left-upper,

left-lower, right-uppcr and right-lower quadrants.

The signal from cach quadrant was from either one, or

both, of the first and third counter layecrs.
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b) in addition, a signal from the sccond layer was

required from both sides.

This arrangement was designed to favour four gamma ray
events in which one gamma ray convertcd in the aluminium section
of each quadrant of thec spark chamber.

. Scintillation counters A3 were put in front of the spark
chambers and uscd to veto counts from charged particles. A
counter A vetoed charged particles or converted gamma rays
coming out of the regencrator. The anticoincidence counters
Ao, A‘2, A4 comprised layers of lcad or steel converters and
scintillation counters in order to detecct and veto additional
gamma rays produced by the deccay KE~¢ 3w which was the main
‘source of background.

A lead wall 20 cm thick with a tapercd hole in its centre
defined the beginning of the decay region. The minimum di-
mensions of the holc werc 15 cm wide and 13.5 cm highy so that
the edges of the hole were sufficicently far from the beam. A
copper regenerator 12 cm thick had six fixed positions upstreanm
from the wall and the anticounter Aj was moved with it. The
'six positions were uniformly spread over 60 cm.

Bchind the chambers a neutron monitor measured the bean
intensity used in each position. This monitor was checkcd
several times during the runs against a monitor looking dircctly
at the,targct. The ratio of thesc two monitors was found to be
the same within to per cent for all six positions.

The aluminium chambers werc photographecd with 90° sterco

and the brass chambers in side view. Adox track—chambcr
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T70-mm film was used. About 240,000 picturcs werc taken; the
amount of time spent in cach position was a function of its dis~
tance from the lead wall (5% for the nearcst position up to 40%
for the upstrcam position).

The veto effect of every group of anticounters was con-
tinuously recorded. In parallel, the dcad time effect of the
same groups of counters were also continuously measured in order
to correct for it. The total dead time ecffcet was typically

20%.

3. FIIM SCANNING AND MEASUREMENT

The scanning criteria uscd were very similar to those of
a previous cxperiment(3). The cvents selected were measured
on hand operated image planc digitizers, and the following gquan-
titics were determined for cach shower: conversion point,
initial direction? and shower cnergy. The accuracy to which

the conversion point could be determincd was about i2 mm in real

spacc.

In order to determine the shower energics from spark

counting, -a linci> form wags adopted ac im reference (3):

E Y = ANy + BNp
where N, and Np arc the numbers of sparks occurring in alu-
minium and brass respectively; A and B are two constants which
have been determined cxperimentally by comparing the cnergy
E‘f’ of the 1T° with E Xb, deduced from spark counting in sclec-
ted K: ~ 2 ® regenerated events:

| (E./Ex)" + (€2 E)V
E}* = Wlnﬂ 2.?ﬁ»( ¢U/Z)
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where 4) is the opening angle of the W°, E1 and Ei arc the
gamma ray cnergics detcrmined from spark counting. The fitting

procecdure has shown that ( Ed’ - EXX )/ E“, has a standard
doviation of 17%.

4, DATA ANALYSIS AND RESULTS

‘Two types of analysis arc presented below,; based on about
80% of the data. They were made on the assumption that the
four gamma rays obscrved originate from the decay of two necutral
pions, »There arc threce possible ways to combine these four
gamma rays in pairs to form a "2 % cvent'; the analysis of
the events and the Monte Carlo simulation have shown that 96%
of the 2 W° events detected by thc apparatus belong to onc par-
ticular combination; the preferrcd pairing is such that the
gamma rays from.onec TToconvert in the chambers on the left and
those from the other TW°in the chambers on the right. The
results presented below were obtaincd using the preferrcd
pairing. After a first sclecction all the events entering in-

to the plots werc checked by physicists on the scanning table.

4.1 2 Tr° DECAY INTENSITY AFTER A REGENERATOR

The problem of the two pion decay intensity after a
regencrator, including incohcrent regencration and inter-
ference cffccts, have becn studicd by different authors(4’ 5).

In thc casc of this expcriment, the 2 171° deccay intensity per

unit Kg lifetime can be expresscd as:
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where:

(12~ id)8
L 1 —
g_’lw AsN {() S/z-icf

where & is the wave number and gz,(o) = [f(o) - f(o)]/l .

AS = 5,20 P (em) where p is ‘thc momentum of the K°
in GeV/c.
Zz = coordi.:ate of the deeny point along the beam axis.

ER = coordinate of the exit face of the regencrator.

E(Zg'%,‘), 2', f‘! O) is the efficicency to detect

(a2
Q
I

the dccay of a x° going along the beam direction with
truec momentum ‘3 , mcasurcd momentum P' and
mecasurcd position E' *

-0 2np? ‘
For n24 £y = [dy [oinD —— tle2,p, 2,7 6)d8

. . o .
where £ has thce same meaning as above but for a K~ making an

angle H with the beam dircction.

& = NL 65 wherc N is thce number of nuclei per unit
volume, L_ thc length of the regenerator and 6}, the
diffractive cross section.

¥ A1l primed quantities refer to mcasured valucs; unprimed
quantities arce the true values.
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"

NL & where 6 1s thc total cross scction

wkef.e_ Q = LIAS

P
(4 afu) (1t
- e )

A+ et _Z_‘e-f’[z o dd

)

and = (M2 - mgg) Ts = 0.465 x 0.045

z{)g is the phase of § ; "(’g = \ff + \f‘; where ‘Ff is
the phasc of ¢ fz,, ()

\fm is the phasc of M o0 _

Yn is the phase of —1 fn = - '»[f(O) + 5(0)] /2

(5)

Bennett et al have measured the regencration ampli-
tude in copper at an average momcntum of 2.5 GeV/c; they found
lg-ﬂ/& = (2.17 ¥ 0.06).107%® ?.  This valuc has been
uscd and the variation of H- g 3/,{ with momentum has been de-
duced from the article of Bohm ct al(6).

Valucs of 6p = 228mb, ¢ = 960mb and 152:= 8° have
been -uscd (sce refcrences 5 and 6).

A1l efficiencics for 2 T2 deccays have been computed using

a Monte Carlo program similar to the onc described in refercncce

(3). It should be emphasized that only the relative officiencies

arc necessary for the analysis. The relative weightings at

different momenta were deduced from the Ki momentum spectrum,

(7)

as measured by Bohm et al for the same production anglec.

4,2 ANALYSIS VITH THE SIX REGENERATOR POSITIONS:

The measured events were selected according to the

following criteria:

(a) .t _ Eo-Eye) _ (_E¢-Eyy ¢
Xaite = [‘ 0.2 Eyy )n‘; ( 0.2 Egy )n‘;] <2.0
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(v) 1.65 GeV/c < F'(measured momentum) < 2.75 GeV/c

(e) Transverse momcntum = F‘qin 9"< 0.1 GeV/c
» - k3
@ X = (—54;—%&) < 625 o T and 13
. 0.1 Exx :

(e) 'x"<.6.5 mn,]31 < 5.75 cm; x' and y' arc the hori-
zontal and vertical distances of the decay point from the beam
axis.

(£) ‘X;l > 7 cm for all four gommas; X. is thc hori-

i
zontal distance of the intersection of the gamma dircction with
the front planc of the spark chamber.

The first three criteria have becen extensively discusscd
in rcfecrecnce (3). Criterion (d) climinates the evonts which
are not 2 w° deccays but give by accident a low value for )(Ia‘-q: .
Criterion (e) defines 2 fiducial decay volumej less thon 10%
of the events fell outside those limits. Vith criterion (f)
the efficiency computations are indecpendent qf the counter A4
veto cfficicncy.

Figurc 2 shows thc mass distribution obtained by applying
thosc cuts on all mecasured cvents. The baékground has been
drawn to fit thec low and high masscs; the statistics on the 37 °
Monte Carlo are not yect sufficient to produce a mass distri-
bution; and it has becen .assumcd on thc basis of Monte Carlo
results for a previous experiment(B) that thc 3 m° background
varices smoothly around thce x° mass.r The mass distribution
obtaincd aftcr background subtraction fits well thé Monte Carlo
expectation for 2.7{0 decays, including‘the slight ésymmetry

towards high massecs.
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Figurc 3 shows the mass distributions obtainecd for each
of the six regencrator positionss; from positionv6 to position
1 fhe regencrator moves upstream along the Beam. The lead
wall imposes a rather sharp cut-off to the decay region; there-
fore the pcrcentagovof the total background (Fig. 2) subtracted
for each position was determined accordihg to thc monitor counts.
These backgrounds fit with the number of events obsefvcd at low
and high masses for cach position.

The number of signal cvents in the mass intcrval
470 - 530 MeV/c2 werc dcducced for cach position. Integration
of formula (l) over F' 2' F', and % for each ZR. lcads
to fhe cxpccted intensitics (up to a normalization constant) as
a function of ‘foo and l\v)ool .

Figurc 4 shows thc best fit obtaincd,; which gives:

lfoo = ‘ff = Sp° = so’
Woo]= (3.5 £ 4.2) ~ 1072

The errors arc statistical only. ' For fixed values of ]700)

the error on Ybo is 31°.

4.3 TIME DEPENDENCE OF Kg - Kj INTERFERENCE IN THE

o M°  CHANNEL

The cvents were sclected with the same criteria as in 4.2,
with the cxception of (b) modified to include cvents from
1.5 GeV/c up to 3.5 GeV/e, to covcf a time range as wide as
possible.

An apparent time T = (E’-—%g)/iz f,' was dcefincd for
each event. Intcgratién of formula (1) for fixed tf' leads

to the expccted 'C' distribution as a function of Vbo and lqa#.
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As'in 4.2, the background was drawn on thc observed mass
distribution for all values of ‘C'. The ratio between the
background in the mass interval 470 - 530 MeV/c2 and the total
background for the sum of the two intervals 410 - 470 Mev/c2
and 530 - 590 MeV/c2 was dotermined from that plot.  For
cach T' interval the background was then computed from the
number of cvents in the two outsidce mass intervals using the
ratio determined from the global mass plot. Consistent valucs
of that ratio werc obtained for mass plots corresponding to
gscveral momentum intervals.

Figure 5 shows thec cxperimenial data wifh the best fit
obtaincd for the dccay-time distribution of K°—= 2mw° cvents.
The chi-squared is 16.4 for 1§ degrccs of freedom.  The fit
gives: Yoo -—‘ff = (¥’ £ 22°

e = (3.2 0.6)x 1073

Figurc 6 gives the chi-squared contours corrcsponding to
1, 2 and 3 standard deviations from the fitted values.

Monte Carlo calculations indicate a mecasurcment aceuracy
of ¥9 cm for the decay point. The influcnce of the snmearing
was studied; a variation of ¥1 cm in the ncasurcment acecuracy
changes the phasc by Yoo, The influence of a shift is more
serious; if the origin of the 2 axis is moved by 1 cnm, the
phase varics by 13°. The geonectrical rcconstruction was
checked by mcasuring fictitious rays converging to a known
point. It was concluded that the crror introduced by the

geonetry was less than %1 em. However, a shift could be intro-
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duced in the measuring proccdurc itsclf when fitting the
directions of the showers on thce scanning tablc. Extensive
studics on the data for the initial 1lifc times (-2 <'c7t5 <3)
lead to an estimate of *1.5 cm for the possible systematic
CIrror. The offecct of thosc variations or the value of lqool
is always lcss than 5%.

Including systematic crrors, thc result of this analysis

is:
67°
(3.2

30°
0.7).10°

o
(o]

)
-
-'1

1}

I+ 14

3

-
Q
Q

I

CONCLUSTON

The results of the two analyses are in good agreemcnt.
The second mcthod, morc sensitive to the intcrference ternm,
gives morc precise valucs.

Two moasuremonts(a’ 9) of lf;_ -'lff have been made with
a copper regencrator ot a similar K° nomentun. Thc average
value ?+-<-\ff = 90° ¥ 10° is combincd.with the results
of the prescent experinent to give:

LP‘P"_(‘fDO: 23° t 32°

The new value of Y? = -(44° M 7°), obtained from the
experiment of Bennett et al(s), and giveh by Steinberger at

this conference, leads to:
G = 2301 30°

This result is evidence against T conservation with

CPT violation; it favours strongly the solution of the Wu and

-3

Yang triangle with Eb‘€'$: 10 in the case of CPT conservation.
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E is in agreement

The result 1700’ = (3.2 X 0.7).10"
with the value of reference 3; it is also compatible with“]f—)

within two standard deviatioms.
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Figure 2 Mass distribution for all regenerator positions.
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Figure 3 Mass distributions for each regenerator position.
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B 6 position fit
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Figure 4 Experimental data and best fit for the six regenerator positions.
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Figure 5 Experimental data and best fit for decay-time distribution of K® > 27® events.
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