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On the basis of a definite result from a Kobzarev-Okun' experiment on coherent regen-
eration, and an optical model calculation, we present evidence that the EI is heavier
then the Xs .

We are reporting here the results of an ex-
periment' designed to study the interference
between the coherently regenerated Ks' from
two regenerators of dissimilar material. This
technique, originally suggested by Kobzarev
and Okun" (henceforth referred to as the K-0
method), measures the relative sign between
the &I'-&S' mass difference, 5, and the re-
generation phase difference, 4y, of the two

types of nuclei. Our experiment gives a sta-
tistically conclusive result as to the relative
sign of 6 and ~p. In order to determine the
sign of ~p we have performed an optical-mod-
el (OM) calculation making certain reasonable
assumptions about the real parts of the OM
potentials, as they are not well known in the
energy range of interest. The results of this
calculation are such as to make the EI' heav-
ier than the Ks'. The strength of the evidence
that the AL' is heavier depends exclusively
on the validity of the above mentioned assump-
tions.

The principle of the K-0 method is the fol-
lowing: A EI' beam is passed through two
absorbers, a (upstream) and b (downstream),
X~ and X~ cm thick and separated by X0 cm.
The amplitude for E'- m++ m in the forward
direction, on the downstream side of absorber
b, is given by the sum of three terms: Az and

Ay due to the coherent regeneration of Ks"s,

and Acp = ee''l due to decay mode KI.'- n++ w-.
The number of decays is then given by

N =IA +A +A
2

1 a b cp

-( [1-exp(vx )]exp[v(x0+xb)]

+Re ~[1-exp(vx )]+(e/S) exp[i(q-y )]I, (1)

where v=i6-2, 6 =EJ'-Eg' mass difference
in units 8'/7S (~S=0.91 &&10 "sec), S=-iXA
&&Naf21 (0)/v, & =0/p, & = c~Sp/mc is the de-
cay mean free path of KS', x =X /A, f21'(0)
= If21'(0) I exp(iyi) is the amplitude for regen-
eration by a single nucleus of element i, R = INy

xfpl (0)/Naf21a(0)l, b,+=gab —p, and N, is
the atomic density.

The experiment was performed parasitical-
ly in a 30 neutral beam at the Brookhaven al-
ternating gradient synchrotron (AGS) using a
counter controlled spark chamber. ' A total
of 120000 spark-chamber photographs were
taken using absorbers of carbon, 10.2 cm thick,
and uranium, 6.25 cm thick, placed one behind
the other and separated by a variable distance
X,. About two-thirds of these photographs,
on which the reported results are based, were
analyzed in a manner as described previous-
ly. The Kl beam had a rather wide momen-
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turn range; consequently, Eq. (1) was integrated
over the momentum spectrum using a proce-
dure similar to, but more approximate than,
the one described earlier. ' The observed num-
bers of transmission-regenerated KS' are giv-
en at various spacings X, in Fig. 1 together
with some computed theoretical curves.

If the decay mode KI'- m++m is ignored,
which is justified in this case because the ra-
tio e/S is relatively small, then there are three
important parameters in Eq. (1), namely &,

R, and Ay. These parameters either have nev-
er been measured (like &cp), or have been mea-
sured with an accuracy4~' (like 5 and R) which
is not high enough to justify the neglect of the
existing uncertainties. Therefore, we consid-
ered it necessary at first to treat all three
parameters as free and determine them by mak-
ing a least-squares fit. In this way we obtained
for the best values I&I =0.35+t.,"„8=0.143+,',"„',
I~@ I =0.7+", 3„and that 5 and &p have opposite
signs. The errors quoted here are statistical
only. Several causes of systematic errors were
considered in detail, ' and because of their pres-
ence, the errors stated above should be aug-
mented. Accordingly, our best estimates be-
come t6t =0.35+0.15, t&q't =0.70+0 ~, and R
=0.143+ 0.015. These results are consistent
with independent measurements~~' of 5 and R
and our OM calculation discussed below. Our

previously published measurement' for 5 us-
ing an iron regenerator has been corrected7
and is now I6! =0.72+0.15. Two measurements
of 6 which were performed differ by almost
twice their combined standard deviation. The
relatively large difference might be due to some
undetected systematic errors or simply a sta-
tistical fluctuation. The weighted average from
both measurements is l51 =0.53+0.11, which
is in good agreement with a combined world
average of 6=0.60+0.06.

Combining the above results with independent
measurements~~' of t5t and R and with the OM
calculation described below, it seems reason-
able to restrict (with an estimated 99% confi-
dence level) the ranges of 151 to 0.4-0.7, R to
0.12-0.16, and i~pl to 0.25-1.0. In Table I
are given the results of a X' analysis for sev-
eral sets of 6, R, and &p so chosen as to al-
low one to make a crude interpolation within
the ranges considered. The first line corre-
sponds to the point where y is at the minimum.
From the last two columns of Table I, it can
easily be seen' that the betting odds (likelihood
ratios) of 5 and Ay having the same sign against
their having the opposite sign are always smaller
than 10:1if 5, R, and hy are within the above
defined ranges. A detailed investigation of
systematic errorse showed that the betting odds
change only insignificantly when these errors
are taken into account.

We have investigated the effects of the decay
mode KI'- m++ m and have found that they
are small. The correction to i61 is always
(—0.04; to Acp, —O. l; and to R, &0.015. The
conclusion on the relative sign of ~ and ~p is

1-
LLI

150

LLI

100

50

$="0 7
=0157
s=6 07 Table I. Computed X values (A.2m neglected) for sev-

eral representative sets of parameters 6, bq, and R
(subscripts —and+ refer to the relative signs of 6 and

Xexpected 7 for these data.

8=-035 =-0 5

10 20 30
DISTANCE BETWEEN TWO ABSORBERS (C M )

40

FIG. 1. Computed regeneration curves and the ex-
perimental points for the case of performed K-0 ex-
periment using a combination of uranium and carbon
absorbers. Each pair of curves was calculated (A271-

neglected) by making a least-squares fit to all 11 points
simultaneously, i.e., with the same normalizing con-
stant. The values of parameters used and X obtained
for each pair of curves is shown.
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unchanged, since the betting odds again change
only insignificantly.

Because no experimental information on the
sign of 4y exists in the momentum region of
interest to us, we tried to compute it by per-
forming an OM calculation. ' In this calculation
the nuclear density function in uranium was
assumed to be given by a Fermi distribution'
with a nuclear radius of 1.15' "3 F and a fall-
off parameter of 0.57 F. In carbon the nucleon
density distribution was assumed to be the same
as the nucleon charge density distribution de-
termined by the electron scattering measure-
ments. " The imaginary parts, W and R', of
the E and I7' potentials were computed from
the experimentally determined values" of the
total E-nucleon cross sections. Little is known

about 'V and V, the real parts of the OM poten-
tials, in this energy range; nevertheless, it
is reasonable to assume that lV/Wl&1 and IV/WI
«1. The second assumption is justified, since
the E -nucleon interaction is strongly absorp-
tive in the 1- to 2-BeV/c region. Under these
assumptions the OM calculation shows that
0 & lhyt-0. 35 and 0.125 &8 0, 145, which is
in agreement with our measurements; also
it shows that the sign of ~q depends crucial-
ly on whether the E' (or K+, if we assume charge
independence) potential is attractive~s or repul-
sive. It has been shown" that at 515 and 700
MeV/c the V/W ratio is +1.43 and+0. 77, re-
spectively. From the measurements of K+P

elastic cross section, "it follows (if it is as-
sumed that K+n behavior is the same as K+Pj
that in the momentum range between 920 and
1970 MeV/c, the absolute value of the ratio
V/W is fairly constant and consistant with the
value IV/W I =0.44+0.20." Our own investiga-
tion' of the energy dependence of ~p is also
consistent with the above statement, which
is tantamount to saying that ~p does not change
sign in the momentum interval of interest.
If one more reasonable assumption is made,
viz. that V does not change sign in the range
between 700 and 900 MeV/c, then it follows
that V/W is positive, thereby implying that
the uranium-carbon phase difference is nega-
tive.

Combining then the conclusive result of our
K-0 experiment with a negative value for 4p,
as obtained on the basis of the above assump-
tions, it follows that the KL' is heavier than
the Ks . This result is in agreement with three
other experiments' which have also reported

evidence for a heavier Kl'.
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