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ABSORPTION TIME OF NEGATIVE Z HYPERONS IN LIQUID HYDROGEN*
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The absorption times of negative v and E me-
sons in liquid hydrogen have been measured. ' ~

The experiments indicate that the absorption
times are in the range of (2-4) x10 '2 sec.
These results are in agreement with the pre-
diction of Day, Snow, and Sucher and the cal-
culations of Leon and Bethe' that a "Stark-mix-
ing effect" leads to rapid capture from s states
of high principal quantum number n. This mod-
el also is expected to hold for any strongly in-
teracting negative particles stopping in liquid
hydrogen unless the Stark-mixing phenomenon
were strongly mass or spin dependent.

In this note, we report a measurement of
the capture time for the hyperon-proton system
-(Z, p). We find that Texpt -3 x10 "sec,
in agreement with the rapid-absorption-mech-
anism model.

%e obtain the data for this determination by
observing the decay of Z hyperons in the
Saclay 81-cm hydrogen bubble chamber at
CERN. & In particular, the fraction of Z hy-
perons decaying at rest furnishes the informa-
tion for obtaining the absorption time.

The reactions which we observe are

(K at rest)

factor 10. Fortunately, the observation of an
associated (n, p) scatter with proton recoil,
Reaction (2), gives the added necessary improve-
ment in resolution. A knowledge of the neutron
momentum results in a "4C fit"; that is, all
the vector momenta at the Z -decay vertex
are measurable. Therefore, the fit is very
sensitive to the Z momentum at decay. In
this way we can determine the Z momentum
with an accuracy -a5 MeV/c (P = +0.004). In
traversing the interval P = 0.004 to atomic cap-
ture, theory suggests, the Z hyperon spends
a time -2x10 "sec.9' 0 Any Z hyperons that
might decay in this short time would form a
background to the number of decays at rest.

The film-scanning procedure involved locat-
ing (K,p) interactions at rest which resulted
in Z production and decay. For these events
a search was made on two projected views for
proton recoils greater than a few bubbles long
and within -7 cm of the Z -decay point. Two
further restrictions were made on the projected
image in order to obtain low-momentum Z

decays. One requirement was that the recoil
be within a cone of 15 opposite to the decay
pion (a Z decay at rest gives rise to a recoil
which is colinear with the decay pion). The

n+P -n+P. (2)

An example is shown in Fig. 1.
Reaction (1) alone determines the Z momen-

tum at decay primarily from the Z range in-
formation. Near the end of Z residual range,
the length measurements are not sufficiently
accurate to determine the Z momentum well.
In fact, the momentum resolution required
for a determination of the Z absorption time
by this method requires an improvement of a

FIG. 1. Photograph of low-momentum Z -decay
event with (g,p) scatter.
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other requirement was that the Z length be
greater than 0.5 cm. All events found were
checked by a physicist to eliminate kinematical-
ly impossible recoils, i.e., those recoils clear-
ly in the backward portion of the 15' cone oppo-
site the decay pion. The surviving events were
measured and tested against the hypothesis of
Reactions (1) and (2). In this way we identified
the low-momentum Z decays in a total sam-
ple of approximately 43 700 stopping K . Ta-
ble I is a list of events where P&0.01 for the
Z at decay. The data given are average val-
ues based on two or more measurements. From
these data it can be seen that there is a rather
clear separation between in-flight and possible
at-rest Z decays at -p = 0.004 or p&- - 5 Me&/

For p & 0.004, the g for the at-rest fit be-
comes comparable to g for the in-flight fit,
and therefore the in-flight hypothesis cannot
be distinguished from the at-rest hypothesis.

The experimental best estimate of the time
TZ- for Z hyperons to go from p = 0.004 to
nuclear capture is calculated from the relation

~n (P & 0.004)
= 5 x10 '2 sec,E N (P&0.004)P

where r =Z lifetime =1.615x IQ ' sec, ' nL-(l3
&0.004) =5=number of Z decays with 13&0.004
and having recoils satisfying length and distance
criteria, Ef = efficiency for finding a recoil
=(80+ 10)%, N&-(/&0. 004) =the total number
of Z with P&0.004, and I'=the absolute prob-
ability that a neutron will produce a recoil
satisfying the length and distance criteria.

The length and distance criteria applied to
recoils were that the proton be «0.2 cm long
and that the recoil be within 7 cm of the Z

decay vertex. In addition, it was required that
all Z have a dip &60'. The absolute probabil-
ity, I', of finding a proton recoil «0.2 cm long
and within -7 cm of the Z -decay vertex was
calculated assuming isotropic (n, p) scattering,
an (n, p) scattering cross section of" 505 mb
at 192.6 MeV/c, '~ and a hydrogen density'~ of
0.0626 g/cm~. In this way we obtain a probabil-
ity of 0.10 of finding a recoil.

The scanning efficiency was determined to
be (80 + 10)% by a second independent scan of
a portion of the film.

The total number, N&-(P & 0.004), of Z with
/&0.004 is obtained from the initial number,
16 500, of Z -production events with dip &60',
by using the lifetime and energy-loss theory.

Table I. Data for low-momentum Z -decay events.

Average fit
Frame no. at-rest fit in-Qight fit momentum

1 775 412 08
1765 779 05
1 768 994 08
1 769 032 09
1 766 364 08
1775 869 11
1 785 168 06
1 787 562 10
1 790 839 02

3.2
6.1
2.1

14.3
5.9
7.4

56.7
14.9
24.5

2.9
6.1

21.4
10.0
2.9
1.6
3.0
2.8
1.5

0.5
1.0
1.6
2.2
3 4
5.7
7.1
8.8

10.3

This number is -12.5+ 1.0% of the initial num-
ber of Z

The experimental result for the Z -cascade
time in hydrogen is obtained by removing the
time required for the Z to go from g = 0.004
to atomic capture (-2x10 '~ sec). This implies
a cascade time of (5-2) x10 "=3x10 '2 sec.
This value is comparable to previous experi-
mental determinations for the (v, p) and (K,p)
systems. It also agrees with theoretical pre-
dictions of the Z -cascade time based on ex-
tensions of the "Stark-mixing" transition rates
for the (K,p) system of Bethe and Leon. s

On the other hand, if there were no '*Stark-
mixing" effects and the Z -cascade time was
due to Auger and radiative transitions alone,
then one would expect a cascade time of -50
X10 "sec, a result which is not in agreement
with our observations.

This experiment establishes that the cascade
time for the hyperon-proton system, (Z, p),
is similar to the cascade times for other light-
er strongly interacting particles in hydrogen,
i.e., (w, p) and (K,p). This result strongly
suggests that (p, p) capture should proceed in
a similar way with predominant s-wave cap-
ture. This implication supplements the exper-
imental result that the particular channel p
+p -K +K is dominated by s-state capture.

Finally, the technique used here, with its
superior velocity resolution, offers a means
for testing energy-loss theory in the region
from 9 = 0.02 to P = 0.004. Previous moderation-
time experiments could not check energy-loss
theory in this low-velocity region. Our results
to date indicate that the observed number of
Z decay in the region P =0.02 to P =0.004 is
in excess of the predictions "0 (10 instead of
3.8) and may indicate that the theory is not cor-
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rect in this region. Further work is in progress
on this point.
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We report here the results of measurements
of the cross section for the reaction

K +p -A+neutral missing mass,

K +P-A+7T++n +m'.

The events were observed in approximately

(3)

K +p-A+q
at a number of E momenta near the threshold.
A sharp peak in the cross section is observed
near the threshold. The excitation functions
predicted by possible singularities in the re-
action matrix are compared with the data.

The examples of Reaction (1) are found among
events of the types

150000 pictures taken at the Brookhaven AGS
with the 30-in. hydrogen bubble chamber exposed
to a separated K beam at five momenta above
the threshold for Reaction (1), which occurs
at 724. 5 MeV/c. The values of these momenta
at the center of the bubble chamber were found
to be 725, 741, 768, 802, and 820 MeV/c with
a beam spread of +0.7%. These momenta were
measured by several methods, including values
from K —p, +v decays where the p, stops
in the chamber and, particularly, the values
of K momenta computed from the fitted mo-
mentum and angle of the A in the events inter-
preted as Reaction (1). (The mass of the q was
taken to be 548.7 MeV/c'. ') The measurements
are in agreement, the latter being more accur-
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