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In a nuclear-emulsion experiment to determine the lifetime of 5 H® we find a value con-
sistent with that of the free A hyperon as predicted by theory, and not in good agreement

with a previous measurement.

In a recent Letter Rayer and Dalitz! have dis-
cussed the lifetime of yH® in view of the fact that
the only previous accurate experimental deter-
mination was much shorter than the lifetime for
free A decay. The experimental value they re-
ferred to was that obtained by Block et al.,? in a
helium bubble chamber, 7(yH®)=(0.95%3:12)x 107
sec. This they compared with the free-A life-
time measured in the same bubble chamber,®
Tp =(2.36+0.06)% 1071 sec.

Since the A particle is very lightly bound in
AH? it is not expected that the AH8 decay rate
should be very much different from that of the
free A. In their Letter Rayet and Dalitz dis-
cussed various mechanisms which might conceiv-
ably contribute to a large pH® decay rate. Howev-
er, these contributions all turned out to be small
and they gave their best estimate that I"(AHS)
ranged between 1.03Ty and 1.10T'y where Ty is
the free-A decay rate. We quote the last para-
graph of their Letter:

“We conclude that no plausible explanation is
yet available for the rapid decay rate observed
by Block et al. for ,H?, and that further , H® life-
time measurements are now very desirable to
confirm this discrepancy. Until this discrepancy
is resolved, or understood, there will remain a
lingering doubt concerning the ultimate validity
of all the calculations (otherwise internally con-
sistent) which have been made on the properties
of the light A hypernuclei.”

We have now obtained results for the jH® life-
time in a nuclear-emulsion experiment by study-
ing both three- and two-body decays. From the
three-body decays we find the best value to be
(A H%) = (3.843:33)X 107 sec. From the two-
body decays we find the value to be 7(, H®)
=(2.0013:2)x 1071 sec. Combining these two re-
sults yields T(,H®)=(2.742;:39)X 107" sec. The
errors shown on these numbers are only the sta-
tistical errors. There is also error due to un-
certainty in our knowledge of the biases against
finding two-body decays, and due to the error in
statistically separating the number of AH8 rest
events from pH® * ambiguous events. These

points will be discussed further on.

The hyperfragments used in this study were
mainly produced by 1.1-GeV/c K™ mesons from
the Bevatron. In addition we have used some
events reported in a previous paper by our group.*
In that paper we also described our method of
scanning, which consisted in area scanning for
double stars under low power, and in addition
examining all apparent scatterings under high
power in order to find any light 7-meson tracks
which might have been missed under low power.
The decay modes used in this study were the fol-
lowing:

AH“’--1r‘+1>+H"‘, 1)

AH”-‘1r‘+He3. (2)

There are two main problems to be faced in de-
termining hypernuclear lifetimes in emulsion:

(1) We must consider whether there is a bias
against finding decays in flight as compared with
decays at rest. (2) In cases where events have
more than one interpretation we must be able to
make a meaningful statistical separation.

Let us first consider the decay mode pAH®~ 7~
+p +H? Inthis case we are dealing with a three-
body decay which is quite easy for our scanners
to find. We expect no bias against detecting de-
cays in flight. In fact, in portions of our stack

-which were double scanned no difference was

found in the efficiency of our scanners with re-
gard to finding in-flight or at-rest decays.

On the other hand, we do have to deal with the
second type of problem mentioned above. Not
only do we find events which can be uniquely
identified as pH® -7~ +p + H?, but we also find an
appreciable number which are ambiguous be-
tween pH® and pH*, as well as those which can
be uniquely classified AH*—~7~+p + H®. This sit-
uation occurs for both the at-rest and in-flight
events. In addition, for the rest events we have
some which are ambiguous between pAH and AHe.

We deal with the at-rest events in the following
way. Following Mayeur et al.,® we first deter-
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mine which are the unique events by applying
stringent momentum-balance and recoil-range
conditions. That is, we do not use the observed
binding energy to identify these events. As May-
eur et al. point out it is then reasonable to as-
sume that the ambiguous events have the same
binding-energy distributions as the unique events.
We use the unique events to determine the mean
binding energies of AH® and AH* in our stack.
We then determine the mean value of the binding
energy of all the ambiguous pH*'* events. This
value depends directly on how these events di-
vide up between pH® and pH*. Of course, when
we determine the mean value we must calculate
the ambiguous events as if they were all AH® or
all \H*. This means that sometimes we are cal-
culating a real \H* as if it were pH® and vice
versa. The correction for this is not large and
not difficult to make.

We found in our new three-body data five unique
AH® events, seven unique pH* events, and 81 am-
biguous pAH%* events. The relatively large num-
ber of ambiguous events is due to the stringent
conditions we used in choosing unique events.
Following the procedure outlined above we deter-
mined that (53+22)%, or 43+ 18, of these were
AH®, and the rest p\H*. In addition we had 45 am-
biguous events of the type (,H, \He)~7" +p + (H,
He). We determined the fraction of these which
were AH by comparing the range distribution of
these events with those of AH and pHe. We then
were able to determine that 14 of these were pH*
and five were pH®. The net result was that 53
+18 events were found to be AH3. Adding to this
the 14 events from our previous work,* we obtain
a total of 67+18 pAH® at rest.

We have checked this value for consistency in
two ways. First we use the branching ratio de-
termined from Block et al.?: A He®*(two body)/
AH*@all 77)=0.39+0.07. We combine this with
our estimated number of two-body decays, 43, to
obtain an estimate of other than two-body decays,
which is then 71+13. About 10% of these are ex-
pected to be pH®—~ 77 +p +p +n thus leaving about
64+13 as A\H*~ 7" +p +d, in good agreement with
the number found above. Secondly, we compared
the range distribution of our AH3:* ambiguous
events with those of our unique pH® and , H*
events. Form this we obtained an estimate of 56
+19 AHS® three-body events, also in good agree-
ment with our original estimate.

We did not apply the same method to the three-
body decays in flight because, first, there were
only 21 events to deal with, not a large statisti-
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cal sample; second, the binding energies for de-
cays in flight are not as well determined as for
rest events; and third, we wanted to identify
each flight event in the best possible way since
these events contain the most lifetime informa-
tion. Therefore, we used every possible method
to extract information about these events, includ-
ing the use of the measured binding energy and
measurements on individual tracks. In this way
we obtained from our new data eight pH® events,
eight AH* events, and five ambiguous A H3»*
events. Adding two AH® and one pAH* events from
our previous work yields a total of ten AHS, nine
AH?, and five ambiguous events.

To obtain what we consider the best pAH? life-
time we assume that the ambiguous flight decays
divide in the same ratio as the unique ones, that
is, each ambiguous event is weighted 10/19 pH®
and 9/19 pAH*. However, we also calculate some
extreme values of the lifetime based on various
combinations of the following assumptions:

(A) All of the ambiguous flight events are pH®.

(B) The ambiguous flight events divide in the
same way as the unique ones.

(C) None of the ambiguous flight events is pH®.

(D) The number of rest AH® events is one stan-
dard deviation more than the determined number.

(E) The number of rest events is the deter-
mined number.

(F) The number of rest events is one standard
deviation less than the determined number.

All the lifetimes were calculated by the Bartlett
maximum-likelihood method as discussed by
Franzinetti and Morpurgo.® The values obtained
are shown in Table I. The central value, T(AHS)
=(3.8412:30)x 107" sec, corresponds to our best
value.

The two-body AH® events have no problem of
ambiguous interpretations. However, there is
the question of whether there is bias against find-
ing these decays. In the case of the rest decays
we have been able to determine the bias by study-
ing the angular distribution of the recoil in our

Table I. Lifetime values (in units of 10~ sec) for
three-body events for various combinations of assump-
tions A through F given in the text.

Assumption A B C
D 3.843%:40  4.6873:%  6.2615-8)
E 3.16%1:%8  3.84%%78 5,124
F 2.4871:8  3.001%:18  3.99%%:%8
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32 AH® events and also in 103 pH*- 77+ He*
events. We find that some (26 +4)% of these
events are missed. These correspond mainly to

steep recoils where the projected range of the re-

coil is very short (0-3 u) and also to very flat
recoils. The missing of events with flat recoils
can be attributed to the fact that a very flat 7 is
usually more difficult to see.in emulsion than
one which is dipping. We observed 32 pAH® rest
events and, taking into account the bias, esti-
mate that there were a total of 43, a number we
have used before.

We found nine two-body decays in flight. The
determination of the bias against finding such de-
cays is more difficult because of the small num-
ber of events. However, we can make an esti-
mate on the following basis. The two-body de-
cays in flight were mainly picked up by observing
a scattering under low power, and then carefully
examining the scattering to see if a 7 meson was
also emitted. This examination was carried out
twice for each scattering, by a different person
each time. In a few cases the 7 was found under
low power. We find that our scanners have a
high efficiency for observation of scatterings
greater than about 10 deg. We calculated, for
our momentum distribution of AH3, the fraction
of events which would have a recoil making a
projected angle of less than 10 deg with the hy-
perfragment, assuming an isotropic distribution
in the center of mass. This fraction turned out
to be 0.34. Of our nine events eight had project-
ed angles greater than 10deg. Thus we would
have expected four events under this angle. We
observed one, suggesting that three were missed.
Therefore, the fraction of all events missed
would be 3/(9+3)=0.25. We note that this is about
the same as the bias against finding rest decays.
Using this estimate of the bias and that previous-
ly found for rest decays we obtain for the two-
body decays T(,H®)=(2.00%3:39)x 10" sec. If we
combine our two- and three-body data and calcu-
late extreme values as we did for the three-body
decays alone we obtain the results shown in Ta-
ble II, the central value being T(\H®) = (2.74%}:10
X107 sec.

Clearly the value 0.25 for the bias against find-
ing two-body in-flight decays is only a rough val-
ue. We estimate that the true value lies between
0.10 and 0.40. To see the effect of this we calcu-
late some extreme limits on the two-body life-
time and on the central value of the combined
lifetime (Table II). We also use the limits on the
bias against two-body rest events, 0.22 to 0.30.

Table II. Lifetime values (in units of 10~1 sec) for
two- and three-body events for various combinations
of assumptions A through F given in the text.

Assumption A B C
D 2.8473:9  3.08%-B  3.421f-86
E 2.53%0:38 27448 3.04%4:Y
F 2.2240:8  2.40%0:%  2.66%}:1

This yields, in units of 107 sec,

two body, 1.61:%< T(AHS) <2.46%5:%8;

combined, 2.25%3:7%< T(AH’) <3.00%1-14

Our conclusions may be stated as follows: From
our data the pH® lifetime turns out to have a val-
ue comparable with that of the free A, 7j =(2.54
+0.03)X107"° sec.,” and in agreement with theo-
retical estimates.';®>® Even by stretching all
our uncertainties in the same direction it would
be difficult for us to achieve a value as low as
that obtained by Block et al.?

We not that in a recent experiment Keyes et
al.'® have also found a value for the pH® lifetime
which is consistent with that of the free A parti-
cle.

The details of the events used in this work will
appear in a future paper concerning the lifetime
of light hyperfragments.
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A particle-unstable hydrogen isotope of mass 4 is formed in the reaction 77 + Li'—H®
+H%. Two discrete levels of H? have been found and their binding energies and widths
have been determined. Some evidence for the existence of a third level is presented.

The question of the existence of a hydrogen iso-
tope of mass 4 has stimulated a number of theo-
retical and experimental investigations. The lit-
erature on the subject has been comprehensively
reviewed by Meyerhof and Tombrello® and we re-
fer to their compilation for general information
on the four-nucleon system and especially H*.

A number of experimental searches for parti-
cle-stable H* have been either negative or incon-
clusive. Included in this category are efforts to
observe the reactions® H3(d,p)H*, Li%(y, 2p)H*,
He*(y,n*)H*, and H%(z, v)H*. Positive indications
for the existence of particle-unstable H* have so
far been presented only by Tombrello? and by Co-
hen et al.> Tombrello carried out a phase-shift
analysis of H3(n,n)H® angular distributions, mea-
sured by Seagrave, Cranberg, and Simmons,*
and concluded the existence of particle-unstable
1~ and 2~ levels of H®*. In a more direct way Co-
hen et al.,® have searched in Li for the following
pion-capture reactions:

7™+ Li® = 2H°, (1)
7~ +Li% - H?2 + H*, (2)
7+ Li" - H3+ H, (3)

Their results indicate that particle-unstable H*
is formed in Reaction (2) (55% confidence level)
and Reaction (3) (90% confidénce level).
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We have investigated Reaction (3) and have
found unambiguous evidence that H* exists and
that it is formed in at least two different states.

The experiment. —~The experimental arrange-
ment is shown in Fig. 1. A low-energy (100-
MeV) 7~ beam from the 600-MeV synchrocyclo-
tron at the National Aeronautics and Space Ad-
ministration Space Radiation Effects Laboratory
in Newport News, Virginia, was stopped in a
lithium target. The stopping rate was approxi-
mately 60 pions/g sec. The target area was 100
cm?. Scintillation counters were used to select
events consisting of a pion stopping in the target
followed by the emission of two charged parti-
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FIG. 1. Schematic view of the apparatus.



