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1. INTRODUCTION 

The histocy .of the hypemuclear physics has' about four decades but in- . 
formation on hyperfragments (in particular, on their decay properties) appears 
to be rather scarce. For the time being only light hypemuclei ( AA .< 14) were 
'directly observed and identified by_ their decays. Since 1963 but two double 
hypemucl~i. were detected with !1 reliable ide:ntification .. The lifetimes of 

' hyperfragments werE!~ mostly measured for iig~t A A's and with unsU.fficient . 
accuracy. _Different .modes have been ~bserved only for AA's with_Z -~7and, 
their branching ratios are poorly known. Main obstacles in the way of prog-

• . r~ss of. ~he mentioned in~estigatio~s ~re d~e to Jowenergies and short r~ges 
ofAA's, usually produ.ce~ as fragmep.ts ()~ targe~ nucleiat rest. \ ... . . , 
. To overcome t}?.ese. difficulties, a new experimental approach has beim 

. proposed 1 1 ..;.3/ in. which relativistic . A A's could be. produced as· fragments 
of projectile nuclei accelerated to high energies. ~ · 

Main advantages~ of this approach are the following: . 
....:.: Mean decay range~ of such: .relativistic AA's .are large enough (abo~t 

. 20 em_ for·;Ep--:- 4 AGeY) to. use .rather thick targ~ts and'"dE/dx~' charge de-
tectors, including them in trigger; · .. . ~ ' · . 

. . - .V ~l~cities· of prod~ced AA 's are vecy close. t~ those ~f proj~ctile-nuc
leus .what provic:Ies favourable conditions for measurements of: .!\A-lifetimes 
and for analyses of their decays; . . . . . · .· . · . . . . . 

.· · ~Emission a~igles of relativisti~ AA's and their decay products are rather . 
small

1 
(several degrees) what makes possible to use spectrometers with not 

large appertures.' ' . · . . . . . 
. 'rhe prop~sed approach, aiming to s:tudy AA-p~oducti~n and the~r dec~ys 

from ground states,. should be considered ~ot as a' competitive· method but as 
complementary one to the nice . (K rr )-exchange reaction successfully· used 
for the excited states spectroscopy.· 1 

Relativistic hypemuclei have been. detected in two expeiirnents to date. 
·About 20 . .t\0 and ~ hype_muclei were observed in spark chambers at 

Bevalac. {E P = 2.1 AGe~)/3/, but ,their identification is rather. ambiguous.:-. 
. · M?re _than 20 very light AA~s { AH and XH) were detected with reliable. 

identification in the streamer spectrometer at the_ Dubna synchrophasotron 
(E = 3.7 AGe:V)14~ .which provides. much more favourable co~ditions for 
prciduction arid detectiot;t of relativistic A A's. · · . . · 
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However, .large memory and dead times of the used detectors set substan-

tial limits on a ooam intensity andfor data t11kingrate.Moreover, interactions 
of projectile nuclei in the gas, filling the chambers, make practically impossible 
to discriminate background triggers due to these interactions, when many- · 

. body mesic and· 'non-mesic hypernucleai decays are detected. To surmount 
the mentioned obstacl~s'it has been suggested 151 to use spectrometers With 
fast coordinate and charge. detectors, registering 'products of . A A - decays 

\ ' • ' ' I ,- I 

from vacuum cav1ty. ... 
-: ..J I 

2.· EXPERIMENTAL SET-UP •, . ~ ~ 

( 
' 

A lay-mit· of· the experimental .. set-up· for· the ·proposed investigations. 
is shown in the figure. Its main element is the spectrometer ''ANOMALON" 
which has bee~ recently used to study the process of projectile nuclei frag
mentation. The principai features of this ,spectrometer adapted for the. pro~· 
posed expenn1ent arethe follo:wing: I ' • . , ·,. , , , ' • , . , ' 

a) A CH-target-sdntillator, M, (about20% in~raction. length), which can be · 
. used' as an 'active target to suppress high'•multiplicity interaction~ with 

· C-nuclei; 1 .: ' · .• . ~· : , · · · · . . .. . ' ·· ·. 

b). Two.MWPC's ofthree plai-tes (J!K1 , 2 ), Cer~nkov ,(C 1 +.J ~I1d scintillation 
· counters (C 1 2 ) will be used to control beam location and to measure the 
.'charge ofproJectile-nu~leus and coordinates of itS track; , · · · 

c) Eight MWPC's TIK 3'+ io (6 of three and 2 of tw~ planes) will be used to 
determine A/Z - ratio for fragments - products of production arid of 

'decay·( by their rigidity m ·a: magnetic field'~f cn~40); ', 
d) A set of 30. Cerenkov charge. detectors, Cr' will . be' used :.to measure z of 

fragments.- · , ; .' · . . 

The spectrometer is equipped with the trigge'ring system elaborated for 
AA-decaydetection;which includes:''· . . · . . · •.. , . · ." 
~ a vacuum cavity -volume, V, in which J(\ ·~ will ~ecay: . 

two sets of 3 thin ( ~ 200 11m) Si -charge detectors (to be replaced. by Si · 
strips) i~side of V (St.+ 3 and 8 4+ 6 ) will be 'use'd to detect the charge of 
A A's a,nd of their decay products (multiplicities) before anq after A A-decay ... 

. . ~- '• .. ~ ' .- . . ,- : 

3. TRIGGERING AND EVENT ANALYSIS ·. ,• 
I·' 

' i 

Three levels of triggering Will be used with a following logic: . 
a decrease of charge, ·as· a result ofAA~dec~y·mside Y~ detected''bySi~3 .. 
and S 4 :._ 6 ; ·· · · · .·.· . , ·' · ·· · : ' .• ' ' . , • · . . . . 

- an increase of multiplicities detected by Si microstrips (placed irt the sets 
·s and s ·· )· · 

1-3 4-6 ', 2' 
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- a reconstruction of a vertex. inside of V using the Si microstrips, MWPC's · 

and fast preces~ors. I • • • · • · .. . 

At the .. first ~tage of the experiment the triggering system will i~clude . 
sets of three Si-eharge detectors (S1 _ 3 and S 4 ,...6 ). The ~r;orof charge measu~ 
rement for such a set, estimated from the experiment ! 

6 · ' is . a z ~ 0.2 e what' 
provides a possibility o~ selecting (with-necessary reliability) events .with the 
production . and dec. ay of ~A when charges . of m;rin fragnients change by 

' J . .. . 

!'J.Z =2 .. Iri addition the logic with increase of Z can be included in the trigger-
• ,J" / - - '4 I 

ing system_ to ~etect .the. decay /\A z -:~ z + 1 + IT -:as in the experiment' -'. 
Special electror,tics will·b~ used to detectJ AA 's havi~g different Z with the same 
trigger adjustment. . 

· Background- events win be ~liminated by .·the. reconstruction. of a: :vertex , 
in the vacuum cavity V what provides an indication of a decay-in~ide o(V. 
At present we do not know any disintegration proce:Ss for nuclearf.ragments. 
(besides AA~decays) which could be accounted for the, selected decay events 
'(neglecting very dubi.ous ano'malons): ,·Moreover the~e is· a specific signattire 
for A A-decays, which proceed from two-body reaction Ap ... np and A.~ p "--~ 
in nuclei With p( IT":' Fe mission at rather }arg~ angles COrrelated with momenta. 
· . Nucle~r fragments....:... produ'ets of AA~decays will_:beide~tified by Zan~ 

A/Z in off-lineanalyses using recorded data·from<MWPC's and cr:- I • . .• 

. . At the next stage of devel~pm~nt itis proposed to-use a neutr~n cotin~ 
ter which could help .to distinguish·'~tween particula~ isotopes .of the de tee~ 

. ted hypernucleus (for instance)n events with no n-einission).. ' · . . . . \ 

4. EXPECTED DATA TAKING RATES: . I 

\• 

The cross .sections. ?f A A-production in nucleus-nucleu~ -collisions .have 
been recently cal~ulated· 31 with the result a::: 9 f.Lb for AB,. AC, AN from 
19 FC- interactions-at Eri == 9,7 AGeV. This provides ·a possibility 'of estimat~ 
ing' the expected data taking· rate in the proposed experinumt under the fol
lowing assumptions:. 
..:... a flux of .10 6 nuclei per 5 s. burst of the N~clotron on CH-target of 2o % . 

interaction length;· · · 
~ the decay factor for.the detected A A's ~ 0.4; 
_.. the overall efficiency of th'e deteCtors~ 0.5; . 
- the expected fraction of detected.and identified ~-decays~O.l. ··.· ... 

This gives a?out 10 detected ' B, A C, AN hypernuclei per 1 hour of 
Nuclotron operation. The a value a1 Nuclotron energy (E P ~ 6 AGeV) will. 
be essentially larger than the used one. On the- other. hand, this value for 
heavier }._A's is expected to be small~r .. 

·. 
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'' There is a hope that the us~ 'of sectioned. Si~detectors (Si-microstrips) 
'will allow one to increase' the flux and data taking rate. Trigger background 
i~ estimated to be less than 100 per'burst what cannotreduce data taking rates~ 

/ / ' -
5. MAIN POINTS OF THE EXPERIMENT 

a) The· measurement of the hypemuclear lifetime ( r) and the study of 
its dependence on A(Z) prqvide very important information on the behaviour· 
of strange baryons bound in nuclear matter. · · · 

· __ The available ~ata on r for ,zAwith ~ 76 are scarce and contradictory . 
~he value r, reported for 1;p ( 1~N)' 3 appeared to be about 2 times 

.. , .. smaller than, those-for AAwith Z . .:; 6. On the other hand the availabledata1'7/, 

/ 

on .r· for_ the heaviest Ak (A Bi, AU) are also in the bad disagreement (by an 
_order of magnitude). Thusthe study r. versus Z of A is a11 urgent task whicl:t ,. 
can be done by measuring decay ranges (R) of '!:arious relativistic AA 's, which . 
have neady close velocities. Using AA-de~ays with 'p( IT-) emitted at e > 3 °' . 

, for the vertex reconstruction in V, the accuracy, giving L\R ·~ 1 + 2, em, can he 
1 ·obtained' (for .<R> ~ 20 em) with hundre.ds AA-decays,,detected for each i. 
I duririg a 100-200 h~ruri at the Nuclotron. , · -' . . . .. . .· . 

b) The investigation of poorly studied non-mesic A-decays, proceeded 
·· . 1 due to· AN ... NN. transition, provides the' unique possibility of getting· infor-
. mation on. the 4 baryonic weak interaction and to. examine how this· process 

I can be described by the recent theory, About 103non-~esic decays of the . ' . . \ ' . . ' ' . 

'lightest" hypernuclei will be detected and carefully analysed for this purpose. 
· ' . On the_ other hand· this process· is suggested to be a sensitive probe to 

' ' . 
investigate the structure of the nuclear core (particularly its quark structure). 
Such an' investigation makes desirable . to study v~rious A-decay . modes; to. 
measure their branching • ratio (especially l the' nonmesic:to-mesi~ decays ratio) 

. ~hich can be_ done using hundred~ e~~~ts fo~ analy~is. . ~ · • . . . · · . 
· . 'fhe recent model· calculations · 91 g1ve ratner ·large cr~ss sectiOns for 

double hype~uclei (AA A) production in Af\ collisions (onl_y 10 +30 times. 
I smaller than for ''usual" AA). Eveh if these calculations overestimate real va
lues by a factor of 10, "the· search f~r AAA's in beains ofirelativistic nuclei . 
appears to be very promising. In this case one can expect to· detect several . 

. AAA's with the above ,triggering system using two adjoined vacuum cavities 
1 (volumes). . ·' · · . · ' . . .. 
/). ·_ ·. Th~ existence of do~ble h~pe~uclei A0B<91

. _and A~He 1 :01 m,rkes 
'J· necessary ·to prevent .~err p.osSlble "stro?g.·.J). tranSltlOn to AAH + (2) ·. He, 

'where AAH -hypothetical dihyperon :,..-- srx:-quark state (uu dd ss). ThiS set 
' limites on the binding energy of AAH:. B AA-$10 MeV. If so, the lifetiine · 

\(AJ\!1) -10~8 + 10-
9 s . .is predicted /H/ With the ~ain deca! m~de AAH _, _ 

.... prr · A _, p 11 • Such· a decay could be detected usmg the tr1ggermg system 
' . ' 5 . . \ ' 

/ 
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similarto that for. i\i\~ (two adjoined. va~UUlll caviti~s.~th 3 s,~~ of Si:niicro
strips). It is _worthy to stress· that · __ surprisi?gly _lkrge ·AAH product~(m eros~. 
sections are predicted for 1\A-collisioris 112'. A detailed consideration of pos~ 
sibilities for AAH ~earch.in the framework of the proposed experimenps in 
progress now. 

:, . ~ '',' 
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