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PART II.1

IDENTIFICATION METHODS FOR HYPERFRAGMENTS*)

R.G. Ammar,

Physics Department, Northwestern University,
Evanston, Il1l., USA.

'I. INTRODUCTION

Information relevant to the identification of hyperfragments
may be classified into three general categories accordingly as it is
derived from the configuration at production, from that at decay, or
from information regarding charge and mass supplied by direct measure-
ments on the tracks themselves, In order tc obtain a unigue identi-
fication for an event it is obviously necessary to impose a sufficient
number of constraints to rule out all but one hypothesis regarding its
interpretation., Thus, although the three categories will be discussed
separately it should be borne in mind that information of more than one

type is often used in the analysis of a single event.

For purposes of orientation as regards the energy released at
production and decay, some typical réactions are given in Tablé 1, to-
gether with their corresponding energies. These values will, of course,
be modulated by effects arising from the binding of the particles in-
volved in any particular reaction, an appreciable effect for fhe T de-
cayé. Nevertheless, the relative magnitudes of these energies give
some indication as to the type of problems which one might expect %o

encounter in the different processes.

In the ensuing discussion of the various methods of identi-
fication I shall confine my remarks primarily to hyperfragments pro-
duced in nuclear emulsion, as other talks have been scheduled which

will deal with work performed in bubble chambers.

*) Research supported by the National Seience Foundation.



Table 1

Some characteristic reaction en~rgies
in A production and decay

Reaction Energ%Mzs%ease”
K +2p > A+D 316.7
K +n>bem 1784
A +p $.n+jp S 175.9
A= pam 37.6

II. PRODUCTION CONFIGURATION

Kinematic considerations at production have already been used

by many authors1_7) as an auxiliary method in the identification of

hyperfragments produced by K and I~ capture in emulsion. In addition,
systematic investigations have been made relating to this production
process, establishing the fact that hypernuclei with charge Z 2 3 are

primarily from the light elements (C, N, 0) of the emulsions-iz).

The power of this method tends to increase with the méSs
number A of the hyperfragment produced (for A £ 16), since the per-
missible production reactions become simpler. It is therefore ideally

suited to augment the analysis of the T dec@ys‘of hypernuclei with

5 < A £ 16 where the information at decay is usually less cdmplete than
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for those with A £ 5 (see Section III). In addition, a particularly
good illustration of the usefulness of this approach may be found in
the problem of identifying non-mesic decays where the large energy

release anmd the emission of neutrons makes a decay analysis by itself
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rather unreliable, - At present a systematic investigation of such
decays of hypernuclei with Z 2 3 is under way in our laboratory using

13,14) s .
+ To facilitate the analysis,

production kinematics as a tool
only those hyperfragments produced in association with a charged =
from K captures are considered. Thus events produced with a 7° or
with no pion and which are somewhat more difficult to analyse, are
excluded from the sample. he production process under considera-
tion is, however, not necessarily confined to the second of the reac=-
tions in Table 1 since an appreciasble fraction (X %) of the charged
pions are 7t and cannot be produced in association with a A via K

capture on a single nucleon.

Figure 1 shows a photomicrograph of an event analysed in
this manner. The primary @ is brought to rest after ~ 2.8 cm and

the production reaction is most likely given by
K +C'2 »AB$44¥+H’+n+w—

although one cannot rigorously rule out the possibility that some
other isotope of AbBe is produced with more than one neutron., The de-
day, however, is ambiguous and although consistent with that of ABeg,

is also consistent with many other interpretations.

The dimensions of the stack (~ 10 cm x 15 cm x 10 cm) used
in this work was designed primarily to stop pions from the decay reac-
tion. Thus, because of the much larger energy release at prdducfion,
~ 60% of the pions could not be followed to rest in the stack. In
such cases, ionization measurements on the pion can still yield much

useful information in the analysis of the event.

IIT. DECAY CONFIGURATION

The analysis of the 7 -mesic decays of hypernuclei with A £ 5
is fairly straightforward and has been discussed, for example, in

Refs, 15 and 16. For such events, the decay prongs are comparatively
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well defined and the concept of coplanarity and colinearity of tracks
is meaningful, in contrast to the case for A > 5, so that the applica-
tion of momentum conservation is frequently sufficient to yield a
unique interpretation. Even so, for short recoils, misidentification
of events can take place as may be seen with reference to Fig, 2
showilng a recoil range versus momentum, talen from Ref, 16. Such
misidentification may introduce systematic errors in the measured
binding‘T) since, for example, AHe5 hes a higher binding ‘chanAHe4

and if misinterpreted as the latter, will tend to increase the mea-

sured binding for AHe“.

For the heavier hypernuclei, the problem of identification
is somewhat more difficult. A large number of the decays (e.g. ~ 50%
of the events presented in Ref. 5) consist of only a 7 and a stub,
usually too short to permit a precise measurement of its range and
direction., Thus the recoil can not usually be identified from momen-
tum balance. Information bearing on the recoil identity can be ob-
tained by observing whether it undergoes [ decay with a half-life short
compared with the sensitive time of the detector. Figure 3 shows an

event interpreted as ,B''" =7 + C'! in which a g is associated with

the recoil. In oxcégtional cases the identity of the recoil may be
inferred from its decay (c.g. a "hammer track" configuration). Such
an eveht, interpreted as ALi9 - ﬂ—-+H1-+Li8, is showvm in Fig. 4. For
this event the interpretation of the "hammer track® as B® can be ruled
out by detailed considerations5). Examples of both types of events

were alrecady presented in Ref. 5.

Information regarding the (7 -r) decay mode of hypernuclei
with 6 S A £ 16, already presented in Refs. L and 5, is summarized in
Fig. b, Not all the species shown in this figure are known to exist.
Their dccays are separated into two groups depending on whether or not
a f is expected to be scen from the recoil.  The (ﬁu-r) mode is,
however, not the only onc which can give rise to this type of configura-
tion. Teble 2 presents a list of velues for Qo (the cnergy relcase

assuming zero binding for the A), as well as the expected encrgy release
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Table 2

Characteristics of (77- ~n=-r) decays
for hypernuclei with mass number £ 16

< Recoil = >
Hypernuclide (n?gv ) (M~§V ) Identity Decay Ha%i‘;i:).fe
AH" 36.81 3o T He? Stable
JHeT L0.33 | 36.5 1ié Stable
pLi° 35493 294 Be”’ K capture Le6x 10°
L4° 52.80 | L4L.8 Be® He* + Ho* | < 2x107"*
( AL:L1 °) 50,89 41,9 Be? Stable
ABe9 18,82 | 12.3 B® Hammer 0.8
(jBe'') | 37.35 | 27.9 | B ~ Stable
(ABe12) 48,27 57.8 B'1 {  Stable
B 33,02 | 23.1 cto g* | 19.1
B 34082 | 2.k ctt gt 1.2%10°
(AB1 3) 50,17 38,2 cta S Stable
(,B'*) 50423 | 3647 c'?  Stable
403 19,3k 8.5 N'2 B 0,012
ACt 3457 | 214 '3 gt 606
(,¢**) 36495 22,5 w4 Stable
(') 46,57 | 311 Nt e '~ Stable
(,1®) 31.65 | 17.2 o1 4 B 76.5
() 3,04 | 18.5 0'® p* 12l

The species in percenthesis have not been uniquely identified. In
calculating Q, BA has been inferred from the trend of the BA versus
A curve,
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Q, for various (7 =n=-r) decay modes.

these decays will present the same appearance as the (7 -r) events.
In addition, so can more complex decay modes involving three charged

particles.

Some of these are shown in Table 3 which lists only those

For the more massive species,

for which both heavy particles in the final state have Z 2 3,

Table 3

Complex decays of hypernuclei with mass
number % 16 vhich mey simulate the (7~ =r) mode

Qo ~

Decay (MeV) (MeV)
pB'? > T+ Li% + Li° 25435 15,0
(AB13 >+ 1i° +117) 29.24 17.2
(jB'4 » 77+ Li7 +147) 31.61 18.1
2C'% > 7+ 1i¢ + Be' 15,00 L2
ACM > 7 +Li7 + Be” 17.31 o1
(,C'° » 7 +14° + Be?) 22,45 8.0
(,6'° » 7 +1i® +Be'?) 28,04 12.5
(ACM > 7 +I1i7 +Be?) 28.48 13.0
AN“' > 7 +Be? +Be? 18.67 740
(W' » 7 +1i°+B'7) 18.82 3.3
(ANM -+ 7 +Be’ +Be®) 17,84 2.3
(L0'¢ » 7 +Ti% + ") 17.80 2.3 7 expected

The species
calculating

A curve.

3683 ,/NP fiow

in parenthesis have not been uniquely identified.
Q, Bp has been inferred from the trend of the By versus
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Fortunately the energy carried by the 7 in the majority of the decays
shown in these tables, tends to be on the low side and does not cause
too much confusion with the (7 -r) decays of hypernuclei with A £ 16,

tending instead to simulate the decay of heavier ones,

If the hyperfragments are nroduced under conditions where the
hypothesis of »roduction in C, N, 0 is valid, then quite often only
the conservation of charge and baryons need be invoked in order to rule
out various competing interpretations from the decay, although at other
times a more detailed analyscis is necessary., Without such information

at production, the problem of identification is very difficult indeed.

It should also be remarked that the »nresence of excited
states in the recoil may contribute to the misidentification of events

and thereby introduce systematic errors into the measured value of BA'

As mentioned earlier, the non-mesic decay modes are not usually
easy to identify. In some cases however, additional information re-
garding the decay tracks can be of considerable help in the analysis,
Such an example is shown in Fig. 6 which is interpreted as the decay

A369 ~» 1i® + H!

in which the "hammer track" identifies the recoil as Li®, B® being
ruled out by considering the maximum Z possible at production. The
proton appears to scatter inelastically and it is not possible to ob=-

tain a good binding energy from the event.

IV, DIRECT MASS AND CHARGE DETERMINATION

As an aid to analysis, one can also perform profile measure-
ments to determine the charge of tracks of interest (usually that of
the hyperfragment). In addition it is sometimes possible to obtain
the mass by making gap-length measurements, This is of particular

. . 3,4 .
importance for the non-mesic decay mode of A . These events consist
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of the hyperfragment decaying into only one charged particle and may
be confused with &~ capture or n* decay via the proton mode. However,
for suftficiently long connecting tracks, it is possible to distinguish
a factor of ~ 3.in mass and thereby separate the non-mesic AEE’4 from
the background, Such an analysis is under way in our 1&boratony13).
In doing this we require flat tracks with » 1 mm range and use the

parameter n described by Ammer et al{18 .

Figure 7 shows a photomlcrograph of an event which has been
analysed in this manner. Mass measurement on the connecting track
-favours the interpretation that it is due to a particle of greater
than baryonic mass. As seen from Table L, the observed range of
4.2 mm for the secondary excludes the possibility that it comes from
_either of the two-body modes AH4 > H4+n or‘AH3 - H? +n which require

a unique range of 3,5 mm and 7 mm, respectively., Mass determination

Table L
Non-mesic decay modes of AH3 and AH4
A K
H®+n &
Rd = 7 mmn Rt 55 m
e H + 2n
— ) ’““f*m;;nli?;:,gxng

on the secondary also favours its interpretation as a particle of
greater than baryonic mass. The event can therefore most likely be

interpreted as

AH4 > H?+2n o

5683/NP /iaw
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It should be emphasized, however, that events analysed in this manner
are subject to far more uncertainty than those identified entirely by
kinematic considerations, and as a result their significance rests more

on a statistical basis than on an individual one.

Although the yield is low, it is hoped that by the accumula-
tion of such events, normalized to the appropriate number of ﬂ_ decays
of AHS’A, one can determine a precise value of the non-mesic to 7 -mesic

ratio for these hyperfragments directly.

*
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Fig. 4. - Pholomicrograph of svent interpreted as AE%M" o rr:i»{:w,
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