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EXPERIMENTAL SEARCH FOR
CP-VIOLATING DECAY K~ y+1r ™

Bryan R. Webber, Frank T. Solmitz,
Frank S. Crawford, Jr., and Margaret Alston-Garnjost

Lawrence Radiation Laboratory
University of California
Berkeley, California 94720

September 10, 1969

Abstract
" We have studied the time distribution of the neutral K decays
in 53 hydrogen bubble chamber events of the type K p — fon,' neu-
0 .

tral K —» e w . In 20 of these events the neutral K decay occurs
less than four KS mean lives after production. We find no evidence
for a CP-violating ;atrnplitude. We poiht out that a combination of
experiments .of our tyi)e, using an initial I_{-O state, with expe riment_;
using an initial Ko will provide much more infofmation than either
type of exp.eriment alone. This is demonstrated when we combine

our results with those of.an earlier experimenf based on 18 KO

events.
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_ence m(KS) -m(KL), in units such that h = ¢ = 1.
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Int roduction

We. have made an experimental test of CP conservation in the

p rotess'_;i}egtral' K- ‘rr+'rr_1r0, by analyzing the time distribution of . ;

. 531T+TT_TTO decays of neutral K mesons produced in the reaction

Kp-~— I_(On In this sectibn we introduce the phenomenological pa-
rameters of' the timé di'stributi»on, and stat‘ei the p_redictioris of var-
ious v‘selection rules r—evgarding their values.

- We assume that the neutral K meson does not decay into pre-

~dominantly h__dn‘symmetricthree-pion .fin_al_'s.tates; that is, we assume

the I = O.,’. "-n_g___)nsyrrunetric' I‘: 1“,. and I‘ =-2 final statés ar’_e'bnth strong‘:l'y
favoreé'lr.:" 1 T}ien the.-tpta'l rate of dec-:aY into three pions isv,domina.ltved o

by the q'o»ﬁfr_ibﬁtionéi of the symmetfic I =414andl : 3 fina'listatve's', and,
cohside.z'ing., only thése contribﬁtions', we rﬁay defi‘néb decay ar_np.litudes o
av(KS.“".‘T.\’v-lfTi'—vTT-o) and“ _a(_KL - VW+1T-_“O)"“' é§era'ged»over fhé final- sté?:'e%.
phas‘e 's'lﬁace; inivsuch' a Wéy that the tﬂree-pidn deéay rate af_ 'prope_;‘jv
time t of an injtial R° state is B
Taw0) {(x2+ v2) exp(- Agt) + exp(-)_ 1)

T(tx,y) =5 T(K > -
' (1)

| . ! |
- 2(x cos 6t +vy_51n6t)' e:}xp»[—'2 ()\S + )\L)t]} ,
» Where L e | ‘
Ca(Bg > tnTn)
— r— =x + iy,
.va(KL—» T o) :
)\éi'_ and )\I:i are the Ks and KL lifetimes; and & is the mass differ- '.

2
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Th’en'__”iCPT invariance and no I = 3 final state irn;ply,k = O,‘3' yvhile .

'CP conservation- impl‘iﬁesvboth 'x=0and vy = 0.

Sca’-nning and Selection of Candidated

| ’W.e'."obtained -RO m'es'"o'ns by exposing' the 25-inch5Lawrence‘ RadiQI .

~ ation Laboratory hydrogen bubble chamber to a K~ beam with momenta' .. _

»1n the range 310 430 MeV/c In a total of 1 3 m11110nvp.1ctures, 'we '

found about 18 OOO reactlons of the type K~ p — K0 n followed by a v1s—
: 1b1e decay of the neutral K meson ' Most of these were Tr+1r~ decays;

. but we have found 53 events in whfch there is a- -n'+17 T decay |

Our method for f1nd1ng three p1on decays was ba51ca11y s1m1lar

' to that used for the leptomc neutral K decays in the same bubble cham-— B

e

ber exposure 4 The. p1ctures were scanned for V's, if both a Vv and a

0- prong were found they were measured and’ four constramt (4C) f1ts

to KO and A productmn and two- body decay were attempted If no sat—

' vlsfactory f1ts were obtamed f1ts to all three body KO decay hypotheses

were attempted Events with a sat1sfactory 1C three body decay f1t
were remea-sured' andthose*wi’cha confidence level for the three-pmn _

. 'f1t greater than 0. 02 and more than 100,t1mes greater than that for

~any other decay fit, were called three plon decay cand1dates Wevre.- a

: »_Jected from our sample of cand1dates all those in. p1ctures contalmng ‘.
| '”ext‘rawO--prongs not clearly assomated with other events In th1svway
: _we obtalned those decays which are assoc1ated with a un1que produc-

t1on vertex, but fit only the 1C hypothes1s of KO product1on and three-

o p1on decay

o e e
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~In ’érde-:i- to ensure that_ our scanning_ and measurlng' effi.ci.iencies“

i are independent of the decay ti.me.of the. neutral K, we have ‘applied
three geometrical cuts to'the three-pion decay candi_dates. ' -'Fi:-r.st, th'e. o
V must, l_i'e _inside avbf‘iducialvvolum,e that iS'jeve'rywhere at leasti 5 cm .
from 'thelliﬁvrni,t's of the y'i’si_ble region of the bubble chamber..' Second,
the projected'distance betvyeen the O-Jprong and the V must be g’}reat ',:

- enough for the ‘event not to be mlstakenly called a 2-prong. On the
basis. of a study of the observed d1str1but1on of 5000 KS; 1T+1T de—.‘ :
cays, Whlch_ are sub_]ect to the same _scannlng b1as, w‘e exclude_d a re-
gion tha‘t. forms a‘rectan‘gle 6 mm long and.3.5 mm ‘wide. around theb |
0- prong, when progected on the x—y plane of the bubble chamber coor-
K ‘bd1nate system Thls plane represents a rough average of the three‘
camera views in the 25-in. chamber Flnally, we re_]ected events in
wh1ch e1ther decay track had a d1p angle greater than 60 deg or less

‘than 60 deg

Elimination of. Background

Before exam1n1ng the rema1n1ng three pion cand1dates, we made
a cut to remove a substantial background of electron pa1rs, due to |
Dalitz decays of 'rro s from A— nrp and KS-> 1'rO'rr0 decays In thls cut
we 1nterpreted the V tracks as’ electrons, and reJected the event if the
"pa1r mass was less than 50 MeV/c. > - After th1s cut ‘and those de-~
: scrlbed in the prev1ous sectlon, we \yere left with 61 events, whichwere
. carefully 1nspected on a scanning table
The th_ree_—pron mode is kinem'atlcally quite d-istinct frfom:the other |

decay modes of the neutral K, so the background due to these _other modes
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was already negligible at this stage of-the analysis: Poorly measured A
decays show some tendency to fit the three-pion neutral K decay hypo-
thes1s, and this background was eliminated by 1nspect1on of the 1on1za-

: _tlon of the pos1t1ve decay track, whlch for all visible A decay modes, is

that of a proton A more troublesome contam1nat1on cons1sted of ' events '

in wh1ch the V was not in fact the decay of a neutral partu_le, but rather
“the scatterlng or deca__y of an 1nco_nj11ng charged pion or muon, which. Just-

hlappvened to occurin the same.pi'cture as a 0-prong. If the d1rect10n of

,motlon of the partlcles formlng the v could not be determlned by study of

,'1on1zat10n, _.6 rays, and energy loss, we calculated the mlssmg mass. at

the vertex w1th the appropr1ate track reversed and reJected the event 1f

the missing mass squared lay within 4 standard deviations of a po_ss1b1e‘ o

value [0 f_or"pion decay, 0 to (105 MeV)2 for muon decav, a'nd (938 1\:/IeV)2

for,pion-proton elastté scattering]. In the case of a po'ssibl-e pion-proton
_vs_c‘atterinvg,_.vze.alsov. required the recoiling pr_oton_‘to be invisible (missing

mornenturn.within 4 standard deViations of th:e range 0-80 M'e'V:'/vc) hefore

re_]ect1ng the event

Of the 61 cand1dates that were mspected 5 were. reJected as A
decays and 3 as possible decays or scattering olf _1ncom1ng charged -
-particles.. Thus 53 events rernained after.our insbeetion'.' | |

: We':u‘s_ed the Lawrence-Radiation Laboratory program PHONY'6l'to'_
generate s_irnul'_ated events in which the three-pion decays were d_istri-
bute.d accordlng to the spectrum and time distrihution for K dee‘ay.

We found that about 45% of these simulated events failed to satisfyv selec-
.v tio’n criteria similar to those describled above, but the remaining 55%'

showed no biases in their decay-time distribution.  ‘We also gen-

erated samples of simulated leptonic, two-pion, and radiative
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two-pion, _neutral K decays and verified that no events of these types:
were a'ble to"‘ Satisfv our"sel-ecti'on criteria.
A potent1al source of background that would be very d1ff1cult to ‘

ellrrnnate 1nvolves the co1nc1dence of a three body wall V. w1th an un-- -
: ! :

’ assoc1ated O-prong in the same picture. Such a comb1.nat1on might

g1ve a spur1ous fit to the three- p1on decay hypothe51s To exarnine o

th1s~pos_srb1l1ty, we searched a sample of 1.6'>< 105 p1.ctures ‘and f_ound o
' 29 wall‘V.'-?'s‘ lnside our decaylf.idu'cial'volurne' For each wall V, we
i ’sunulated an unassomated 0 prong by measurlng .a beam track asso- |
. -.'clated Wlth. a real event in the same p1cture. None of the O ~-prong plus :
.V comb1nat10ns satlsﬁed our selectlon cr1ter1a for three p1on decays

' S1nce Only 9% of our plctures contain unassoc1ated 0- prongs, th1s

.f

source o_f background is therefore _negl1g1b_le in our exper1rn_ent.

"We'concluded- that the 53 events that satisfied our svelec‘tion cri-

" - teria- were three p1on neutral K decays,' with a background contam1na-

-tion of less than one event

Max1mum L1kel1hood Analy51s o

We have used the max1mum l1kel1hood rnethod to est1mate the

pararnetes;-s; x and y in Eq. (4). For each of our 53 e,vents;. we calcu-v _

late th'r:_ee v'quantiti_es:_ th, the proper tim'e ’after :production at'whichv’thé

neutral K decayed tl ‘n-,' the time at wh1ch it left the excluded reglon :
around the 0- prong, and t a);, the time at wh1ch its. extended l1ne of

fl1ght would have left the decay f1duc1al Volurne Then‘, since we e;g-.-: L
min'

to t- _, the likelihood function is
max’ L R
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v . max v : C
S‘ Mt;x, y)dt
"ti-'.‘.‘ o
min

whe_:e“Ithé“distribtltio.n'v func:tio.tl (t; x, y) ‘is 'given ln vK.. (1?. I- .",\
o Cotltours df equal. 1ikeliho.od in 't'h‘e‘x-y'plane a’reshown‘ in Fig. 1.
-The 11ke11hood max1mu.m occurs at the po1nt | -
Cx=os . y=08, . (3
and, svi.ne'e-tﬁe?l(;onteﬁr'at 'e:-O.‘S relétive likelihdod (..etie ‘staridatrd 'dé;,i- |
at1on) eneloses the po1nt Xx=y= 0 we may say that th1s result is in good
agreement<w1th cPp conservatlon. If we assume CPT 1nva riance: and 1 no
.I = 3 f1na,1 state, then x is constralned to be zero and we find .
- | »y—045io45 S (4)
The' decay t1me cl1str1but1on of our 53 events ‘1s-shown in F1g 2
B In this flgure we also show the predlcted d1str1but10ns for x=y=0
'(sohd curve) ancl for our most 11kely values, x ='0. 5 V= 0.8 (broken
“"curve) both curves be1ng normahzed to a total of 53 events These
: predlctmns were calculated in the followmg way. For glven values of

x and y, the pred1cted t1me d1str1but10n is clearly

n(t;x, y) -:Z €3p TEX YN (), o NG
all B%s ' ) »
. where -E-.3" is the probability that a 1r+1‘r-'-rr0 decay in the interval from
tmin te __tmax will survive our cuts, T'(t; x,y) '1.s g1ven by Eq. (1), end :
L . '<t<ti.
n

E 1']i(t) =1 lf tm1 max

= 0 otherwise. : o o (6)-
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We canno’t'evaluéte the sum in Eq. (5) d1rect1y, because we do not in
. fact observe all Ko's, but only those that have a v1s1b1e decay How— ‘

‘ever, we-.cap replace the sum over all Ko's by a weighted sum over.

obsderved‘ T\'+1T—. decays,” wh’ere the weight for each eveht 'is the inverse '
of the probablhty that a R produced w1th that momentum and direc-
tion Would give an observed 1T+1T decay ‘This probability 15' |

: i, :

: ' b max ‘ :
€on N(Rg=mm )S.i exp(- Agt) dt, . (7

(V] N

P =

min

where €. is the probability that a e decay in the interval from

_ 2w
1

t' . tot. __ will be observed. Thus
‘min max ' - ,

n(t; x, )—6 S X'Y)Z n(t)p . : | (8).
1T+ | 7 .

Equatmn (8) may also be wrltten in the form

n(t; x, y) :_Ne Pitxy) e®), G

~where N is fhe total number of Ro's

J

‘N = P, : ‘ '_ (10)

™ . ™

and €(t) is ‘the geometrical.efﬁciency function, determined from the

distribution of m " decays,

e(t) = (11)
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This function is 'shown in Fig. 3. Multiplying this function by T(t;x,y),

with the appropriéte choices of x and y, and adjusting the normaliza-

tion to g.ive a total of 53 events, we obtain the curves in Fig. 2. Since

neither.eufve shows any vsezv‘ic')us systefnatic_dieagreexnent with the data,
we may 'ea\}.fhat the paramete rization of the distribution in terms of X
and vy, 'a’c’)c:‘o“rdin’g to ‘Eq. (1), seems to be approprlate, and the results
of our 11ke11hood analysxs are in quahtat1ve agreernent with the data.

It 3 was important to check the normahzatlon of the d1str1but10n of
' _three-pion “d}ecays’, in Iaddit‘iqn to its forrn, in ordexj to search f_or:ﬁn-
expléined losses of events, :which might prodﬁee time-dependent “lvj.iasevs.
We made ﬂ'IiiAs check by uéing eome of our events 1':0‘ ﬁleasqre the ebso-
lute rate of the decay K - 1.,1"1;—170, By 1ntegrat1ng Eq (8), Qe see
that the predlcted total number of events is |

i
o -

. o - y toax ' R
n =§ n(t; x,y)dt =€, Z P, S‘ Tt x, y)dt. =~ (12)

- to
. min

ki

e TR, ~aln)) |
Thus n = — T Q(x,y), , (13)
S €, T(K.—=m 1w -
2m S

where .
7 o +omax. > 2. o
Q(x,y) = Z S o (x"+y”) exp(- )\St)+ exp(—)\Lt),
. _Jj :
' " “min . ' '
o - o 1 'v | tnax R
"~ 2(xcosdt+ysint)X exp[-z ( xs+-)\L_)t] dt g : exp(-Agt)dt (14)
S ol min )
o 5. : 2 2.
= 2.53% 107 [1-0.122x + 0.144y + 0.057(x" + y*)], ~ (15)
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,T‘(K —"n'+'rr 70) = 2. 20><10 [1 0. 122x+0 144y+0 057(x +y )]
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by explic‘it‘ eyaluation'. In making this evaluation, one must’ apply the

_ : + : ‘ B SR
: same geometr1cal cuts to the 7 7  events as were used for the © = TI'O

events We also had to apply some k1nemat1cal cuts to eliminate back—

grlou‘nd fromf the 'IT+1T sample.- From Mo_nte _Carlo 51mulat»1on, we found

that these cuts gave 62 0"75 - This value is due mamly to the cut at - .

60 deg on the d1p angles of the decay tracks, which alone led to the Te- l
In.,order to calculate 63 by Monte Carlo simulation, we had to
modify somevof:_the selection c_ri_teria-descr_lbed 1_'__n.>the previous vse_ct1on.

For'example, according to those :criteria, we rejected an event in which '

"the V f1tted the decay of an 1ncom1ng charged pion only when v1sual ‘exam-

: 1nat10n showed the v tracks to be consustent w1th this hypothe51s S1nce

we could-not 51mulate such an exam1nat1on, in calculatlng €, we s1mply

3w

- . reJected all events W1th V fits to the scattenng or decay of 1ncom1ng

charged'pmns or muons. Because of th1s vand s1m1lar changes in our cri-

_ter1a, we were left w1th 43 events for the measurement of the absolute :

“rate of K. —~ 1T+‘\T no’ and the detection eff1c1ency was found to be’ €3p = =0.46.

L

‘Equat1ons (13) and (15) therefore g1ve8

sec 1. (16) .

Our result for the K - 1r+'rr ,“_0 absolute rate. depends on the values of X
and y, because the fractlon of our 43 events that is due to K decay,
ljather tha'n KS deca’y, depends on the yalues of x and v For x=y=0,
wé_ h'ave':.‘ - | | | o | -

1

*ﬁ%ﬂ-ﬁo).: (2.2(_)-:!:0.35))(106_sec—' , (17)

F(KL_

~.and for our most likely values, x = 0.5 and y =0.8,
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g F(K - nt;no) = (1.98% 0. 3.2‘)><1o6 "1., (18)

Both these values are in good agreement w1th the current world aver-

9 + 6 -1

‘age, T(K - T ) (2 36:!:0 10))(10 sec ,We there_fore f1nd no

evidence of unexp1a1ned losses of events in our experiment. -

Conclusions

We conclude that the values we obta1n for x ‘and y. are in good
agreement with the CP conserv1ng values x = 0 and y = 0. However,
the error for our. value of x is very large. as shown by the 11ke11hood

: 'plot in F1g 1. The rather weak assumptlons of _CPT invariance and__no

= 3 f1na1 s‘tate cons»train x to: be sero, and, mal(ing'these assumptions,

vwe obta1n the result (4) for y, wh1ch corresponds to the limit (at the E

| two standard dev1at1on level)

I_‘(Ks—> 'rr+'rr-'1ro)/ I‘_(_KL* w+nva) <2.0, (19)

that is, - | |
F(KSA wJ’nfTrQ)/r(KS» a11), <4x107% (20)

These results are in good agreement with those of earher exper-

' _1rnents, 10A ,11 in wh1ch an 1n1t1a1 KO state, rather than a KO. state,

. was used. | Because we have a ,KO initial state,' we are most s_ensiti‘vev 3
tothe‘ com'binati.on of pararr1ete rs | |
B ¥ (PR L PR )
Whe re- I‘(—-K0 —> v+1r_1r0) is the .initial decay rate. For this ratio we:
obtaine the'.resul_t (at the one standard deviation level) N

s :

+ 1)< 0. (22)

0.2 < TR~ TT_ v_no)/F(KL—* T

W




S TERE . UCRL-19396

The exp‘e"tiifnents with an ini._tiglb_ KO, on the o.the‘r"hanc.l_,' are most sen—_'
sitive to |

r(K - 1r+1r n )/r(K < aten % - %[(1+x) +y ] 23
Comblmng (2 1) and- (23), we see that |
0

: x"ﬁ%[r(K —>1T+1rTr)'T(K-’1T+TTTT)/FK_’“+”“) (24)

Thus a c'ornbin'at'ion of eXper'i_mentsvw'ith initial states K and KO prd—

vides a t\e‘st_fo,i'; CPT violation or I =3 final states, through a rnéasu;‘e—_

ment Ovav.-).{" '. that is-mhch' more precieei than wQﬁld be pos‘svibll‘e.iri etther _

t;rpe of experlment alohe'.-v’ | | | o
Alth(;u'gh Eq. (24) lere{rides 'a‘ simple wa‘y of me.asgring "X, vtheb" :

greatest_ emohnt of inforl.'nz;tion-‘o_n bothv x ahd y will b‘e'o'bta_ined by

multiplying 'togethe’r thevlikelihood'fuhctiohs for Ko'é.nd I_{O exﬁer-

iments.. _'j:W'e'fhavevu_-s ed this n’iethod'to v'corhb'ine oh‘r result s with those -

v_of An’de:fs"o"n"et al. 10 ‘Fighre 4 shows the likelihobd contour plot for

that exper1ment, in wh1ch 18 events of the type 1r p - AK neutral

K~ 1r+1r vo',' were obvserved F1gure 5 shows the product of the likeli-

hood fune_tibns in Figs. 1 and 4, that is, the comb1ned r_e'sult of the’

two 'experimehts.' The one-'standard-deviation contour in Fig. 5 gives

x = 0.05%0.30,

(2 )

y = -0.15+0.45,

’in 'excelient.agreement-with CP conser\-/ation. We se.e‘in Eq (25) the

“expected vast 1mprovement in the precision of: the determmatmn of X.

If we constrain x to be zero, then the combin‘ed -experiment_s j

give a result corresponding to (4):
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'y = -0.25%0.40, @6

’w}ﬁ"ch iq'tﬁrn g_ivés the combined result (at the t_vwo—'standva'vrd-de;xriatidn
- level)
]."(KS - :fr+1f-1rvo)/.T‘(KL—>. 1r+TT—_‘IT0) <14, (2_7)
that is, . | 7 B
T(Kg > 1r+1r-1r0)/T(Ks—% all) < 2.2% 107 %,
' It1s 'a',pleasurex to 'aqk'nowledge_ the interest and support of Luis
W. -Alvarez. We aléo'thank the 25_—v_inch bubble chamber crew and our

scanners and measurers for their excellent work.

(28).

L&
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Group, Rev. Mod. Phys. 41, 109 (1969).

S. L. Glashow and S.- We1nberg, Phys. Rev Letters 14 835(1965)’.

Bryan R. Webber, Frank T. Solnrntz, Frank S. Crawford Tr. , and

Margaret Alston—Garnpst, Phys. Rev. Letters _2_1, 498-, 715 (1968);

Brjan R. Webber, A Test of the AS = AQ Rule in Leptonic Decays 3

“of Neutral K Mesons (Ph.D. Thesis), Lawrence Ra-diation Lab'-’

| oratory Report-UGRL- 19226, May 1969 (un’publis_hed)..

'We'were prepared to reject events in which the;"pa'irv mass was bez .

. tween 50 and 135 MeV, if the track densittes, were consistent‘_.'with.: S

the ‘;eieCtron pair hypothe sis. Howe\)er, we found that none of our

candidates were rejected on this basis

. E R.. Burns, Jr (Lawrence Radiation Laboratory) and Y. Oren'

andD Dr1_]ard private comrmunication,’ 1967
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If we had vfound n O-prong plus 'V comb.in‘atio'n that satisfied our
selec'ti-on criteria, we would expect a background of a-bout' '
0. 09 ’n’§<-(1‘3>< 106)/(1 6% 105») =0.7n eVenté'

We use the current world average Value F(K - m ) = 0 794X 10

?from the Part1c1e Data Group comp11at1on (Ref 2)

Part1c1e Data Group, Ref 2.

: JaredA Anderson, FrankS Crawford Jr ’ Robert L Golden, |
: 'Donald Stern, Thornas O B1nford and V Gordon L1nd Phys .
‘-Revv Letters 14 475 (1965) 15 645 (1965)
.L‘ Behr V. Br1sson, P Petlau,_E Bellottl, A Pulha,v
_ M Baldo Ceolln, E. Callmam, S Ciampolillo, H.. Huz1ta,_A.i

.chonza, B. Aubert L. M Chounet .]' P. Lowys, and C. Pascaudv

' 'Phys Letters 22 540 (1966)

L
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Figure Captions

1 Contours of equal 11ke11hood in the X=y plane, for this exper- _ v

im,ent. : The sol1d c1rcle marks. the 11ke11hood peak and the contours

(1/2)n , where n = 1,‘2,3,4.

2. Time distribution of the 53 events. The distributions pre.dicted

by GP’lconservation (x“: = O) and our be‘st fitl(x = 0 5 y = 0. 8) are

Vshown by the solid and broken curves, respect1ve1y

3. Geometrlcal ,efvf_1c‘1ency fu_nctlon._

4. Likelihood oontours for the 18 K° events.'of Antl_ersonet al.
The c'o'ntours‘have the same 'mea'ning as those 1n Fig 1

5.. Cornb1ned 11kehhood contours for this experlment and that of
Anderson et al.” The contours have the same meamng as thoqe in

Fig. 1. -
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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