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Presented in this report are lifetime estimates for hypernuclei pH3, pH4, and pHe' based upon data obtained
from an emulsion stack exposed to 2.3- and 2.5-BeV/c Z mesons. These lifetimes are: r (sHs) = (0.9 e 4+s')
&&10 ' sec (3 inQight and one at rest decays; sH'~ He'+e ); r(&H') = (1 8 er+ ')0&10 ' sec (3 in thght
and 4 at-rest decays; sH' ~ He'+e ); r (&He') = (1.4 e s+")X10 "sec (3 in-tlight and 25 at-rest decays;
gHee -+ He4+P+e. ).Also one decay in Qight and nine decays at rest of sHe' ~ He'+P+e were observed
in a total estimated time of 1.50&(10 ' sec. Included in the observation times for gHe' and gHes are con-
tributions from nine ambiguous decays at rest of &He4' —+ He'4 —+ p+w .

I. EXPERIMENTAL ARRANGEMENT

'HE lifetimes of the light hypernuclei (A &5) have
been the subject of a number of experimental

investigations' ' and are discussed theoretically by
Dalitz and Rajasekharan. 6 The best established lifetime
is that of gH' from an experiment with a helium bubble
chamber. ' Less well known is the lifetime of ~H which
is based upon systematic studies in a propane bubble
chamber, 2 and in emulsion. ' Only preliminary estimates
are presently available for the helium hypernuclei and
these pertain to mixed samples of ~He4 and ~He'. 4'

Presented here are additional data on the lifetimes of
qH', qH4, and qHe' obtained from an emulsion stack
consisting of 166, 6 in. XS-in.X600-y Ilford K-5 pellicles
exposed at the Brookhaven AGS to E mesons at 2.3
BeV/c (80 percent), and 2.5 BeV/c (20 percent). The
beam composition at the stack was E:p. x =6.9:2.6:0.5
and the total Qux was 8X10' particles.

Two diGerent scanning procedures were employed.
In both procedures, denoted henceforth as A and B,
the dark prongs of stars found by area scanning were
followed in the original plate and a selected number of
forward going Qat prongs with ionization greater than
7&minimum were followed out of the plate to their
endings. In the A scanning, prongs of an estimated
30 000 beam stars were examined under low magnilca-
tion (150X) and a total of 2100 prongs were followed
out of the plate, also under low magnification. All
secondaries and scatterings were examined under high
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magnification (650&&) for possible associated light
tracks. ~ In the 8 scanning, 26000 beam stars were
examined and 8789 prongs were followed out of the
plate, all under high magnification (650&&). Special
attention was given to the search for associated light
tracks at every scattering point.

II. LIFETIMES OF THE HYDROGEN HYPERNUCLEI

Owing to the difhculty of identifying in-Qight decays
through other modes, lifetimes are based entirely upon
the following decays:

sHs —& He'+sr

F4~ He'+sr

A total of nine in-Qight and nine at-rest two-body decays
were found, of which six of the in-Qight events came
from the B scanning. Five of the nine in-Qight events
were found outside of the parent star plate with corn-
parable rates per prong followed for the two scannings.

It is expected however, in accordance with previous
emulsion experience, ' that the actual scanning efficiency
for such events is much greater with the B method.
This is because the direction of the helium recoil does
not deviate largely from the direction of the hyper-
nucleus as can be seen in the camera lucida' drawing of
a typical event shown in Fig. 1. Consequently, the
hydrogen lifetimes are obtained only from events found
in the B scanning.

The analysis of in-Qight two-body decays involves
both a comparison of the transverse momenta of the de-
cay particles, and also a binding energy determination
for each of the hypothesized identifications; +H~ and+H4.
These binding energies are then compared with the
established values; Bs(sH') =0.21&0.20 MeV, and
Ba(&H') =2.11&0.10 MeV, given by Crayton et al. '
The latter often proved to be the more sensitive test in
those cases where the helium recoil angle ett (taken with

7 The blob density in this stack, at minimum ionization is 21
per 100 jM,.' We are indebted to the high-energy physics group at the U. S.
Naval Research Laboratory for making available to us their
camera lucida equipment.
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TAsr, E I. pH3 two-body decays in Bight. '
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FIG. 1. Camera lu-
cida drawing of event
1-95-1.

a Events found in the B scanning.
b Ranges normalized to standard emulsion density 3.815 g cm 3.
e The potential time available was 2.1 &(10 1' sec.

tion"" with the result,

r(aH')=(09 p 4+")X10 "sec.
The lifetime of &H4 is based upon four decays at rest
and three decays in Qight, all of which would have been
observed to come to rest. The total observation time is
5.44)&10 "sec and the lifetime is

respect to the direction of the hypernucleus) is small or
is difBcult to measure owing to large dip angles of the
tracks involved. In fact, the binding energy method
is the only one available when one of the two 6nal mo-
menta is not well known as for example in event 1-22-4
where the decay pion interacts in Right. The analysis
of event 1-136-3, in which both decay particles interact
in-Right, is based upon an ionization and multiple
scattering determination of the pion momentum. The
mass of this hypernucleus, as determined from its
ionization and multiple scattering, is 3780&870 MeV.
Data for individual two-body decays in-Right are given
in Tables I and II.

The lifetime of JJH' is based upon three decays in
Right and one decay at rest whose Qight time is
5.2X10—"sec. The connecting track of event 1-98-3 is
such (dip angle )20') that it would not have been
followed out of the plate and would have been missed
had it not occurred in the same plate as the parent star.
The other two in-Qight decays would have been ob-
served to come to rest in the stack. The gH' lifetime is
deduced from these data using the Bartlett S-func-

r (gH') = (1.8 s y+") && 10 "sec.

III. LIFETIMES OF THE HELIUM HYPERNUCLEI

A camera lucida drawing of an in-Right decay of a
helium hypernucleus via the pion-proton-recoil (s.pr)
mode is shown in Fig. 2. Such events invariably involve
two dark prongs, the proton and the recoil, and can
readily be seen under low magnification. Therefore, the
lifetimes of helium hypernuclei are based on n.pr decays
found in scanning A as well as B.

A total of forty-three at-rest, and four in-Qight
decays of this kind have been found. For at-rest events
in which the range of the recoil is greater than three
microns, the analysis is based upon a comparison of the
recoil range and the momentum of the pion-proton
system as described elsewhere. ""The identification of
events having recoil ranges less than or equal to three
microns is based upon their binding energies. In Fig. 3
points corresponding to the quantities (AB&)s and
(ZBa)4 are plotted for each event in this category and
for events with longer recoils which are still ambiguous
between &He' and &Hes. The quantities (AB&)4 and
(DB&)s are, respectively, the absolute differences
between the binding energies of the event, assuming

Tmz, E II. &H4 two-body decays in Bight.
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FIG. 2. Camera lucida drawing of event 1-88-2.

a Events found in the B scanning.
b Ranges normalized to standard emulsion density 3.815 g cm 3.
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boundary e represents the probability ratio of 3:1favoring pHe4
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qHe4 and then ~He' and the corresponding values based
upon a survey of all previous data. ' It is important to
point out that the mean binding energy (3.25+0.11)
MeV, of nineteen &He' decays, uniquely identified by
recoil range versus momentum comparison, is perfectly
consistent with the value (3.10+0.07) MeV, given in
Ref. 9. All binding energies are based upon careful
stack calibrations and no systematic eGects are apparent.

In Fig. 3 the boundaries c and b represent, respec-
tively, the probability ratio of 3:1 favoring +He4 and
sHe' (using a standard deviation of 0.5 MeV for the
binding energy). Events above a are identified as &Hes

and below b, as ~He'.
In general, it is not possible to distinguish between

decays occurring at momenta less than 60 Mev/c and
decays at rest. This can be seen in I'ig. 4 where the
vector sum of momenta of the decay particles AI' is
plotted against the angle between AI' and the direction
of the hypernucleus at decay. In deducing lifetimes
therefore, the moderation time 0.31X10—"sec, corre-
sponding to 60 MeV/c, is deleted from the moderation
time of each event.

The corrected observation times for the at-rest events
are given in Table III. The four decays in-fiight are

I I I I I I I I

-I —.8 -.6 -.4 -2 0 .2 4 .6
Cos 8

I
.8 I

Fxo. 4. Distribution of momentum unbalance d,r' versus cos8
where 8 is the angle between hI' and the hyperfragment direction
for helium hypernuclei. For ambiguous gHe events hE is com-
puted assuming gHe'.

TABLE III. Total observation times for at-rest
decays of helium hypernuclei.

Hypernucleus

gHe'
gHe4
gHe4'

Number of events

25~
9b
90

Total observation
time (10 ts sec)

322.7
124.0
85.5

Included are three events which are ambiguous between pHes and gHef.
These events account for 5 jo of the total observation time.

b Including three events which are ambiguous between pHe4 and pH4.
These events account for 16 j& of the observation time.

o Included are three events with incomplete pion tracks.

analyzed kinematically by comparing the helium recoil
range with the momentum as inferred from momentum
balance. On this basis all four events are uniquely
identified, three as ~He' and one as ~He4. Data for these
events are given in Table IV. In every case the decay

TABLE IV. &He' and &Hes decays in-6ight.

Event

1-84-2
1-87-1
1-88-2
1-149-1

Identity

gHe~
gHes
gHe'
pHe4

Range of
hypernucleus

(s)'
153
641
95

155

Inferred
momentum

of recoil
(MeV/c)

386&25
462&54
471&34
374&50

Recoil momentum
from range

Assuming Assuming
gHe4 pHe5

(MeV/c) (MeV/c)

285 345
350 430
383 472
410 510

Flight
time

(10 "sec)

3.3
15.8
2.6
3.9

Momentum
at decay
(MeV/c)

299
511
559
522

a Ranges normalized to standard emulsion density 3.875 g cm. 3
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occurred in the same plate as the parent star and would
have been observed to come to rest.

In deducing the lifetime of qHe', the total observation
time for ambiguous at-rest events was subdivided
between qHe4 and qHe5 in the same proportions as these
hypernuclei occur in the unique category. Such a sub-
division has also been employed by Ammar et a/. 4

The lifetime of qHe5 is given by

r(qHes) = (1.4 o s+' )X 10 's sec,

and one decay of gHe4 was observed in a total observa-
tion time of 1.50)(10 "sec.

IV. DISCUSSION

The lifetime of ~H' is of considerable interest
especially in view of the short lifetime values pres-
ently available'' The value given by Block er, gl. ,'
(1.05 p.ts~' ) X10-" sec, is considerably below the
free A lifetime, which is surprising in view of the light
binding of the hypernucleus. Dalitz and Rajasekharan'
give a theoretical lifetime for qHs of (1.8&0.1)X10—"
sec, corresponding to spin, J=—,'. The present experi-
ment is consistent with a low value for the lifetime but
with a large statistical uncertainty.

Data from the present experiment are combined
with those of Crayton et al. ,

3 and the Bartlett method
is used to obtain a lifetime for ~H4 of

r(aHe, Compilation) = (1.35 s.ss+s's) X10 I sec.

Both sets of data are obtained from emulsion studies
and are subject to the same experimental biases. Both
studies are based upon decays in Qight of the type
&H4 —& Hee+s which are easy to miss in the scanning,
and the lifetime given is expected to be an overestimate.
This result is nevertheless consistent with the value
obtained from the formula

where Es is the decay ratio (srs mesonic)/(sr mesonic),
and Q is the decay ratio (nonmesonic)/(s. mesonic).
Using experimental values for Es and Q, given by
Block et al. ,

' and theoretical m. decay rate F —.given
by Dalitz and Rajasekharan, one obtains total decay
rates'4 for gH4, as

F(aH4, J=O) = (6.4+0.7) X10' sec ',
'«The free h. decay rate used is taken from M. M. Block, R.

Gessaroli, S. Ratti, L. Grimellini, T. Kikuchi, L. Lendinara, L.
Monari, E. Harth, W. Iecker, W. M. Bugg, and H. Cohn, Phys.
Rev. 130, 766 (1963). The error on the calculated F includes
experimental errors in R0, Q, and Fp, and the uncertainty in
F —arising from the error in the experimental ratio p'/(p'+s')
for the free decay A ~ p+s (see Ref. 6).

and
F(gH, J= 1)= (2.0&0.5) X10' sec '.

The compiled experimental value,

F (qH, experimental) = (7.4&2.2) X 10' sec ',
clearly favors the spin assignment, J=O, which is in
agreement with the conclusion derived from the large
branching ratio (7r +Hee)/(all sr modes), observed for
H4 1,15

The present data on helium hypernuclei are combined
with previously reported data4 ' to obtain a lifetime,

r (t He", compilation) = (1.33 s»w. ss) X 10-io sec

for undifferentiated &He4 5. The decay rate of &He4 is
calculated from (1) using experimental values' for Rs
and Q, and the theoretical F —for J=O.s The decay
rate of &He5 is based on Eo= —'„as required by the
AI= ~s rule and Q=1.8&0.5 adopted by Dalitzrs from
emulsion data. The results,

& (aHe') = (4.4&0 4) X 10' sec ',
&(xHe') = (3.9+0.6) X 10' sec ',

are both below

I'(~He", exPerimental) = (7.5~2.1)X10' sec ',
obtained from the above compiled experimental life-
time. These discrepancies may not be significant in
view of the large statistical error in the experimental
value. However, one notes that these discrepancies and
the discrepancy for &H' are both in the same direction.
This perhaps raises doubts concerning the reliability of
the theoretical estimates for these x mesonic decay
rates.
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