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·. . .·· About six months ago, Cam~~ini. Fry, and Gaidos invented a beau .. 
ti!ul method for determining the sign of· m(K.t Ol) • m(K G). 1 This method 

. differs from all previous suggestions in one very imporiant respect; it 
.leads to a performable expedment.o · · 

In our experiment the method works as follows.'· At time t = 0 a 1<0 

is created in the· 7Z-inch hydrogen bubble· chamber, .. via the reaction 
. ; . ·. 

~r,· + :p -A+ K 4 
•. (i) 

At time t the neutrall;ion has become a superposition o£ K 0 and 1< 0
, with 

amplitudes whose magnitudes depend on the K1 and K 2 lifetimes, and 
whose relative phase depends on (m. :1 ... m 2 ) t. (The formula is well !-m~wn. 
and we need not write it down here.) Thl).f& the relative phase of the lK·J 
and R0 components is known provided m

1 
- m 2 ia known. At time t this 

superposition scatters elastically from a pt·oton. ·The K'> part o£ th•e 'Wave 
·has its pr..ase .shifted· by the elastic &c:A.ttaririg·ph.ase shaft in the. proc(;!sa 

. . .~ . 
\ 

.0 .. 
. l< + p - ·; K o + p .• {2) 

I. . 
The K0 part)1,as its phase shifted by the.process·. 

:·l· i. . 

(3) 

ilt we know the scattel'ing phase shifts for processes (2) and (3) and know 
· ... · m

1
• n1.,, then, after the scattering. we still know the relative phase c1£ the 

· K'' anct' 1< 0 parts o£ the wave. ·We now fin~ the K,. 0 projection of the ~:mper~ 
position, by detecting the decay . ~ J. · · 

. ! • : 1 · .. 

;· .. 
· ... : ,• ' (4) 

-. ·The overall :ate (a~ a function of ·~) e~ntai1ls.terms in~th ~in.(m 1 ~mz>t 
... and cos ~m1 m 2 )t~ : . . - . , . , : .. . . .·. .;" · : .. ·. .. .. . ·.. : · ·. · . . · 
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~n our experiment we have found Z7 events of the type just desc3·i.bed. 
The K \' momenta lie between ZOO and 900 MeV/ c. as is shown in Fig. 1. . · 
We accept only the' 18 events with K 0 1nomenta between 300 and 600 M:ev J c. 
because only in this momentum interval are. we sure that the phase :sbifts 
for reactions (Z) and (3) are known well. Fo:r reaction (Z) we use the phase ··· 
shifts o:£ Chi~owsky, Goldhaber, Goldhaber., Lee, OHalloran, S~ubbs, Slater,"'· 
Stork, a.nd Ticho, as summarized in the thesis of Wo11yong Lee. r.L"hese ,_ 
were obtained £rom experiments in 'the iS~inch hydrogen bubble chamber. in• · 

. volving ~ + p- K+ + p, and K+ + n- K 0 .+ p in:d~uterium between 350 and .. 
800 lvleV /e. We have extrapolated their results to 300 J..4eV /c. 

The .Jihase shifts lor rea.cition f3) ~ere 'obtained !rom a. complete anal
ysis of K •p interactions between 250 and 5i3 MeV/c, bj Watson, F4~l:ro .. 

. Luzzi. and Tripp, using data. from tl1e 15-inch chamber. · Their realalts · 
can be extrapolate.d with .confidence to 600 MeV/c, but not farther tha:tt that. 
(Above 600 MeV/ c. one is approaching the 1660-MeV resonance, which haa 
the quantum numbe'rs o£ reaction (3). This is shown in Fig. i, • wher~~ we 
have included a,Breit-Wigner curve corresponding to the i660-MeV 1"!CJS-

. onance.) ·· · · · · 

. . For the iS eventsbetween 300 and 600 MeV/c we proceed as fc>Hows. 
For each event we use the information on the K momentum and on thtl~ scat-

. taring angle in reaction (2) + (3). This yields the phase shifts. lf?o;~ 19!. given 
value of m

1 
• m 2 (including the sign) we can then construct a normaliz<:~d 

cu1·ve of be'tting odda verau.s the time t when the scattering occu::·red, be
tween t = 0 and T, where T is the potential time (maximum pous:iblc.~ value 
/of. t} and is different for each event.· We then add 'the- 18 curve~ togc~t lf:!X' to 
(obtain an expected time distr.ibution !or the 18 events. The distribtrtirtl de
/ pends on·· m 1- m 2• [In adding the individual curves together we h>s r:; ~.i!l:for
' ~ation as to whicn event goes with whichcurve, and thus we lo~Je the~ 

1.'· (possible) opportunity to obtain very large betting odds based on Olle!l en· two 
, very f::1.vorable scatterings. On the other hand, we are less at: Uw me2.·cy o£ 

· ' . fluctunthms; each of the 18 events has equal weight.] 

•· . Vh; already believe that the magnitude jmt -m') f is'in the neigh'bc,J:·hood 
of 1.6 na.tural units. (Our p1·e~min.ary value of /m .. ~.~2f • based c•n •t::t:rd.rely 
diffet'Sllt data, is included in the summary talk of W. r. Fry.) We tJn~:refore 
fil·st co:s:npare our data with the expected time distributions for m.1 -m., ·-1.6 

. and £o:L' . m 1 ~ml = + 1.6. • This comparison is shown in Fig. 2 ~or c;ne ~h::t .of 
. . ~Q -p phase sll1fts.- and in Fig. 3 for another set. 2 It is clear; tha1: ... j. (~ as 
. , __ highly favored, i.e., m

2 
> m

1
• . . \. . ·· . . , I 

if 
I i •• 

2~ Wonyong Lee, Lawx·ence Radiation L~boratol'y Report u6RL-969i1 
,•,: : ~·---- ::.<" Ma~< 1_9. 1961. ·,:., 

\ . . . ~~-. : ·; ' 

.:;:· '' 3~ .'Mason ri Watson, ~tassimiliano Ferro~Llizzi~-~-~:and Robert::D •. -·Trlpp. 
Lawrence Radiation Laboratory Repor( UCRL•i054Z, Jan. 15; i963t a'l.nd 
p:dvate co.mrnunicatiori from 1:'ripp~ ' ·· ·. · · · · · · · 
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· We next allow m1·~m. to vary continuously from •2.5 to+ 2.5 and 
plot the rela.tive-likr:.!lihood /unction. This is shown in Fig. 4. for the 
HFermi" set of pha.ae shifts corresponding to Fig. z. We see that this Ukeli-, 
hood function peaks at ·1.4. (It also starts to rise towards a "fh·at ha.rmori-\ 
ic" at -2.8. We be;lieve that the harmonies wU1 be suppressed when we have,:· 

·· included all the information I) \. 

In order to go from a likelihood ratio to betting odds, we have per· 
formed Monte Carlo experiments in which we d,iatribute 18 events according 
to one of the probability distributions of Figs. 2 and 3, and th.en calculate 
likelihood ratios in the same way as in the actual experiment. in this way · 

.
we find betting odds of about 5000/ i against m 1 > m 2_. using the Fermi set of 
K 0 -p phase shifts (Fig. 2), and about iOOO/ i using tEe Yang set (Fig. 3 >~ · 

., 

. Ou1· result, m 2> m 1, is still preliminary, f?r the !ollowi~g reasons • 
. First, we have not yet t:ned varying the pbase-sh1ft solutions mthin their 
e.,'"'Pected errors.. Second. there are ot~:r 'Dhase-shi£t solutions that include 
D wa.ve for both~ p and· RQp scattering. ,'S' We have not yet tried these 
solutions. · ·· 

. . Once we are certain o! the sign of m 1-m2, we hope .to be able ·to turn 
·the problem around and determine; which set of :phase-shifts £its best. . 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, 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 information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, 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 Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or·his employment with such contractor. 






