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1, Introduction.

Up tiilvnpﬁ fhe,study of hypernuclei has been limited to cases where a nuclear
fragment w1th relatlvely high energy is emitted by the parent nucleus. The *
charge of thls fragment can be determined from the trackwidth distribution along
its path. _ ' '
The blndlng energy.- of the A in the hypernucleus ¢an be obtained by measurlng the

energles of the outgoing prongs of the decay star. - Most investigators concen=

trated on the study of the mesonic deslntegratlon of the bourid A , as then the

‘evaluatlon of the ‘binding energy becomes relatively easy. . Thé investigation of

.heavy hypernuclel becomes rather difficult because of the rare abundance of thése

fragments and of the non-occurence of the mesonic decay when the- binding energy
of the A exceeds the Q-value of its decay. Some of these heavy hypernuolel
become visible when photographic emulsion is exposed to K ~mesons of hlgh momen—
tum., The ranges of the so-called cryptofragments are then of the order of a
few mlcrons and lower, so that they becomc v131ble as. connectlng tracks of .
double centred stars." Prellmlnary data seem to indicate that in an emulsion . -
1rrad1ated w1th 790 MeYVc K —mesons, 107 of all stars are double centred if :one-
goes down to ranges of a few tenths of a mlcron. No mlnlmum range was observed,
S0 that’ the percentage can 1ncrease when the resolv1ng power of the microscope

is 1mproved

Obviously, cryptofragments are produced inder other condltlons than hypcrfrag— _.
ments. Jones et-al. (Proc. Aix en Provence Conf., 1961 I, page 363 and recent

preprlnt) proposed the following production mechanism:
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vAftem:the impact of the incident X with the nucleus, at which a A -~hyperon is
produced, most of the available energy is taken away by mesons, nucleons, c~part-
icles and other minor bodies.
The remaeining part of the nucleus binds the A and gets, because it is the heavi-
~&st product of the reaction, most of the momentum of the incident K-mesom. “With
this momentum the nucleus can travel over the observed distance. Approximately
the hypernucleus would be 20 - 30 nuclcon masses lighter than the orlglnal

nucleus.. -
2. Identification of the cryptofragments,

Also if the double centred stars can be spatially resolved, no charge or mass
measurement of the hypornucleus is poss1ble because of the extreme short length
of its track, A charge determlnatlon could however, be carrled out 1f the .
1dent1tv of the parent nucleus were known. The first star shows a number of
outgoing protohs, deutrons, a=-particles etec. that can be 1dent1f1ed by thelr
blob density and range or their trackwidth dlstrlbutlon. If an approprlate

- eorrection is'made for these prongs that are too steep for belng measured the
charge of the remaining nucleus can be calculated, The experlment should there—
fore ‘be carried out with emulsion that is loaded with small pleceS of pure elements.
Crystals with a diametcr of 2 mlorons Would be convenient for thls work At area

scanhing those stars Would be selected that orlglnate 1n81de a crystal.

3. Elements»to be used for: loading the emulsion.

\

The elements to be qpolled for manufacturlng the loaded emulsion should-satisfy
several condltlons,v’ Flrst they should have no chemical influence:on -the com-
ponents of the emulsion or change the photographlc propertles. - All alkali -
metals, earth netals end rare earths arc eliminated by this condition. For a
number of metals that sens1t1ze tho emulslon when applied in colloidal form, no
dlfflcultles should arise when the crystals have a size of a few micronss . :The -
second condition is, that the atomic volume of the applied elements should be
large, as the mcan frec path of the cryptofragment is proportional to this =
quantity., Metals - like gold and tungsten and the. platinum group do’ not fulfllf

this condition,
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Inptahlefi some data are presented about the expected ranges:of different hypexr-: -
nuclei. - The elements are chosen according-to our second condition;- but do.not
all'fulfilvthe first one. For making an estimate ofthc.range.of a heavy ... .
nucleus with momentum of 1 Ge Ve, energy loss by ionization may be neglected.

At the low velocities involved, even the outer electron shells are oOmpletely'b
occupied. Energy loss occurs through Coulomb reo01ls agalnst the nucle1 oi the L
medium, ‘the theory has been developed by Bohr and Knlpp and Teller (Phys. Rev.p_i
B9, 659, l941) We will make our oalculatlons under the assumptlon, that the M,d
cryptofragment has ‘the same mass as the nucle1 of the crystal Actually the . ;
mass is somewhat smaller, which 1engthens the path of the cryptofragment.. This:'
effect ‘is hlghly overcompensated by the fact that 31ngle collls1ons and change

of direction are not taken 1nto aocount, so that the real ranges w1ll come out

lower than the Values presented in the table.
4, Spatial resolution.

For carrying out the investigation it is necessary to study the double centred
stars, although at least the first star lies outside the photographically sensi=.
tive part of the emulsion. A spacial reconstruction of the double centred star
can be achieved by measuring the coordinates of different points of the tracks
and constructlng stralght llnes through them by means of a least square procedure
An apparatus to carry out thls measurement has been constructed by us, the data
are punched 1nto tape and handled by a computer. ‘ Prellmlnary results, obtalned
with G 5 emulsion show, that resolutlon w1th1n a few tenths of a mlcron 1s pos31b1e.
The method can probably be 1mproved by us1ng flne graln emuls1on. In plottlng
back the tracks to thelr orlgln the aim 1s, to extract tre greatest amount of
useable 1nformat10n from each track For thlo reason welvht functions have been
calculated that deternlne the way in whlch the subsequent p01nts of a track take
part in the least squarc procedure.‘ These Welght functlcns depend on measurlng
error and multiple_scatteringjof_the,parti¢le. The method reaches its limit..

for short_prongsiwhere the multiple and single scattering are of great;importance.
Special methods should be developed for these prongs.
Up till now we do not use the third dimension for our reconstruction, as the f
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measuring error in this direction is considerable. If a star is double“centred
however, the first part should be submitted to a three—d1mens1onal reconstructlon,

in order to make sure that it lies 1n81de the crystal.

5. Energy measurement.

The blndlng energy of the A must be calculated from the energles of the out- -
g01ng partlcles and nuclear fragments. The 1dent1flcat10n can be carrled out

by mean gap length versus range measurement for the gray tracks. On the short
black tracks beam proflle measurements should be carried out. Recent experi-
ments (Alv1al et al,, Nuov. Cim. XV, 25, 1960; Ammar et al., Nuov. Cim. XV, 181,
19603 4th International Sympos1um on Nuclear Photography, l962 and own
observatlons) showed, that charge determ1nat10n of light nuclei 1s possible even .
for prongs of less than 100 microns. By far the best results can be achieved

if the tracks can be compared with identified tracks in their immediate neigh-
bourhood,  Although calibration with a~particles from radioactive materlals is

possible, a method of iterative comparison of all the tracks of a same star

would be preferred.
6. Calibration of the energy measurement.

The energy measurement is certalnly the nost dlfflcult part of the exper1ment.
No.identification of very steep outg01ng prongs w1ll be possible, the mass of
the nuclear fragments is uncertaln and the energy of s1ngle neutrons 1s un-.
known anyway. One could make correctlons by adoptlng general principles of

the dynamlcs of star explos1on. From thls 1t becomes clear that there w1ll be |
very few cases, where a double centred stat .can be compbetely 1dent1fled and ‘
that the blndlng energy of the j&—hyperon cannot be computed without corrections.

The experlment will necessarlly be a statlstlcal 1nvest1gat10n,

An all-over calibration of the energy measurement can be obtained by comparlng
the A -desintegration stars with the capturo stars of stopping negatlve plons.
The same type of loaded emulsion that is exposed to the K -beam should be

exposed to a stopping pion beam (actually the loading meterial in the pion bean

should be 25 nucleon masses lighter than in the K-beam). The energy released -
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in a w-absorption is probably not much diffefenf'frdm that released atvthev.
desintegration of a cryptofragment, as the binding energy and the G-value '

partly cancel.

7. Exposures.

The stacks for this expériménf should ¢6nsist of a few loaded pelliéles sand-
wiched between a number of ordinary ones., The thickness of the»}paded part
shbuidfﬁé equal £ofthe Béém height. ;An_érray of two scintiliétién counfers |
in coincidence would be used for adjusting the stack. The grain of the
loadgq;emulsion should be the smallest which is obtainable.  As the loading:.
percentage is linited for optical réasons and will probably not surpass 1%, a
high ;ntensity of incoming particles should be chosen in order to get reason-<

able numbers of useable events.

8. Beans.

The stacks should be exposed to an electrostatically separated K =bean with
nomentum of at least 1 GeV/c. Up till now it has not been shown that crypto-
fragments are produced in beams with momentum higher than 790 MeV/c. It is
worth while to study the abundance of cryptofragments in stacks exposed to the
3.5 GeV/c K ~bean now becoming available at CERN. The range of the crypto-
fragnments roughly rises with the square of the beam momentum. Duplicates of

all stacks should be exposed to a stoppingqr——beam of the CS.
9. Preliminary prograri.

Before exposing stacks with different loadings to a K -been, some preliminary
experiments should be carried out. The items to be investigated are:
a. The optimal loading percentage and the optimal thickness of the
loaded pellicles,

b. The spacial resolution of the reconstruction method for loaded
erulsion,

c. The choice of elements and the sizc of loading crystals.

These items could be studied by exposing erulsion to a stopping pion bean.
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d. The optimal momentum of the K ~beam,
To investigate this point, unloaded emulsion.could be located behind the bubble
chamber during the K -run.
TABLE 1

Range of heavy atoms in the crystal of the same element.

Eleﬁént Charge Mass ‘vAtoiic volune “ 0.5 Gev/c - 1.0 Gev/e
o IR "~ (cem”/gramatonm) range in p "’rangezin'y
se 79 16,5 .0 7
G 48 - 112 o 13.0 03 14
Te 52 128 20,5 | 03 1.
EBu 63 152 28,9 : 0.3 1
Yo 70 173 24,9 0.2 0.7
Bi 83 209 21.3 0.1 0.4
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