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Early studics of interact~ns of antiprotons with the nuclei of photonuclear 
cmulsion 11 ] revealed that КК mcson pairs are produced in (5.0 ± 1.1)% of the 
annihilations at primary aпtiproton energies lying in the range between О and 
215 McV. Dctailcd invcstigation of the production of strange particles eventu­
ally lcd to onc of th e dctectcd antiproton annihilations, at (96.0 ± 6.0) MeV, 
bcing idcntified 12 1 as a n annihilation <<S tar>> with а ~Н hyperfragment among 

thc sccondary particles. 
Rcccnt studies of the production of K-mesons and Л-hyperons in annihila­

tion proccsses on nuclei ranging from helium to tantalum [3-5] revealed an 

uncxpcctedly high yield of Л 0 -hyperons, if compared with the obtained output 

of к0-mcsons ; cspecially surprizing were the equal production yields obtained 
for thcse particles in proccsses involving the capture of antiprotons at rest Ьу 
4Нс and 20 Ne 16 ]. 

Examination of various thco•·c tical models for Л0 production in th e annihi­
lation of antiprotons on nuclci and thcir comparison with availaЬ\e experimental 
data 171 reveals it to Ье possiЬ\ e, within the model assuming hyperons to Ье 
produccd in thc secondary rescattcring reactions of anпihilation K-mesons on 
пuclcons of the residual nucleus , to achieve а satisfactory description not опlу of 
thc yields of thcse particles, but also of their momentum spect•·a анd of the 
strange particle rapidity distributions and chargcd particle multiplicity distri­
butions 15, 8 1. 

Thc largc numbcr of slow Л 0-hypcrons, that arc produced in the rcscatter­
ing of K-mesons, rcsults in favouraЬ\c conditions for the forma tion of hy pcr­
nuclci in annihilation proccsses. Estimations 13) show that about 10% of the 

Л0-hypcrons produced in thc capture of antip•·otoпs Ьу nuclei are bound into 
hypcrnuclci. 

Expcrimcntal confirmation of thc above idea of hypernucleus formation in 
antiproton annihilation at res t was obtained in cxperiments at L.EAR [9, 1 О). On 

thc basis of delaycd fission cvcnts occurring in antiproton annihilation on 238U 

and 209 Вi thc heavy hypernucleus production probaЬility per antiproton stop was 

shown in this e<tsc to lic within thc range bctween 8.0· 10- 4 and 4.0 · 10-з 111 1. 
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Thus, antiproton annihilation processes on nuclci, togcther with thc capturc 

and charge exchange of к- -mesons [12], may Ьс considercd onc morc sourcc of 
hyperfragment productiono 

In this report the first rcsults are presentcd of an invcstigation of thc pro­
duction and decay processes of hyperfragments rcsulting from the annihilation 
on nuclei of antiprotons stopping in nuclcar photocmulsiono This work continucs 
the studies of antiproton interactions with nuclei pcrformed, applying thc pho­
toemulsion method, in compliance with the programmc of the PS-179 cxpcroi­
ment at CERNo 

Detailed descriptions of methodical issues related to thc construction and 
irradiation of photoemulsion chambers, as well as the details of scanning and 
measurement of antiproton absorption evcnts in photocmulsion arc givcn in 
refso 1 13, 14 )о 

In each of the 4880 annihilation stars detcctcd in <<along-thc-track>> scan­
ning of the beam antiprotons all the Ьlack tracks · (<<h>>-particles* [14 [) wcre fol­
lowed within each individual photoemulsion layer, and any secondary intcracti­
ons were recordedo 

As candidates for events involving the emission of а hypcrfragment 
<<douЬie stars» were chosen, intending events in which а <<b»-track connectcd the 
primary annihilation star with another, secondary staro А total of 28 such events 
were foundo 

Subsequent analysis of the secondary stars revealed that 24 of these events 

could Ье attributed to the capture Ьу nuclei in the photoemulsion of slow :л- -me­
sons produced in the annihilation process (а -stars) о Each of the four remaining 

л 

events was thoroughly studied: а\1 the charged particle tracks present in the 
stars were fo\lowed up to their stopping point or exit from the photocmulsion 
chamber; for each track, whenever possiЬ\e, measurement was performed of its 
relative ionization or of the number of gaps between the clusters of silver grains; 
for each star the angles were measured between the tracks of cha.rged particles 
and calculations were carried out of the angles in spaceo ldentification of the 
charged particle tracks in the stars and determination of the relevant kinetic 
energies were based on the obtained experimental data and on known standard 
dependences: range-energy, relative ionization-energy , number of gaps-type of 
particle in the case of mesons, nucleons, hyperons and light nuclei in standard 
nuclear photoemulsion 1 15)о 

А special feature of а\1 four events was the observation in cach of these anni­
hilation stars of а charged kaon tracko А peculiarity of three of the secondary 

* We reca\1 the classificatiorr of particle tracks occurri11g i11 щrclear photoemulsio11 : «b-partic­
le»- Ьlack track; «g-particle»- gray track; «s-particle»- track of relativistic particle 11410 
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rclatcd stars is thc prcscncc among thc sccondary prongs of an cxplicitly iden­
tificd л - -mcson tracko 

А dctailcd analysis of thc fouгth cvcnt rcvcalcd that in this case thc sccon­
daгy star rcsultcd from thc annihilation of а slow antiproton that undcrwcnt 
clastic scatteroing on hydrogcn in thc photocmulsiono 

Thus, in thc casc of thrcc of thc sclectcd cvcnts thcrc cxist quitc sufficicnt 
foundations for considcring thcm hcnccforth C(lndidatcs for cvcnts of thc form(l ­
tion and mcsonic dcc"y of hypcrfragments produccd in thc capture proccss of 
antiprotons Ьу nuclci in thc photocmulsion o 

А microphotograph of cvcnt N umbol is prcscnt in Figolo The primary anni­
hilation star cxl1iblts cight prongs : (4 «h- >> particlcs, 2 <<g->> particks and 2 «S-» 
particlcs) о 

Thc two <<S-p(lrticlc>> tracks of rclativc ionization closc to unity and 1605 mm 
and 2401 111111 long, up to thc cxit points from thc chamber, wcrc idcntificd as 
tracks of л- mcsons of kinctic cncrgy bctwccп 150 and 200 McVO Onc of thc <<g­
particlc>> tracks , 807 mm long and of ionization (206 ± Ool) , was attributcd to а 
(2 100 ± 300) McV л-mcson; thc otl1eг опс, 25.4 mm long and cxhiblting ioni­
zation incгcasing fгom (2.4 ± 001) at dcparturc from the star to (306 ± Ool) at 
th c cxit point fгom the photocmulsion ch(lmbcr, was identificd as thc track of а 
K-mcson of kinctic cncrgy Т к= (8300 ± 500) McV о 

Of thc fouг <<b- particlc>> tracks thc singlc-chargcd particlc of range 208 mm 
was attroibutcd to а (25.4 ± 2 о0) McV proton ; thc two tracks 3o6pm (llld 5902 

,ит long, rcspcctivcly, could with cqual pгobabllity Ье tracks of hydrogcn or 
hclium isotopcs; thc ((Ist <<b-particlc>> upon travclliпg 108 f.im produccd а sccon­
dary 2-prong star with а 119°40 ' anglc bctwccn thc two prongs and can Ьс consi­
dcrcd as rcsultiпg from thc шcson dccay of а hypcrofragmento 

Both prongs bclongi11g to this sccondary star stop inside thc photoemulsion 
chambcro Thc rangc of onc of thcш with rclativc ionization equal to ( 1o5±0ol) 
is 2803 mm; at the cnd of this track а typical а -star is produccdo This pcrmits us 

л 

to conclude, with а largc dcgrcc of rcliabllity , that thc track is of а л - -mcson 
with kinctic cncгgy (4300 ± 200) McVO 

Thc other track is 8550 7 f.im long and may Ьс identificd as thc track of а 1-
or 2-charged particlco 

Shorot-ranged prongs (\o8fun; 3o6fun; 59o2ltm) being prescnt in thc anni­
hilation star indicatc that thc antiproton was capturcd Ьу а light (С, N, О, S) 
nuclcus in thc photocmulsion , sincc, owing to thc high Coulomb barтier of hcavy 
nuclci (Ag, Br) in thc photocmulsion, thc probabllity of low-cncrgy particlcs 
lcaving thc nucleus is quitc sшallo Thus, in scarching for possiЬ\c hypcrfrag­
mcnts, produccd in antiproton annihilation , о11с may considcronly light hypcr­
fragmcnts, such as isotopcs of hydroogcn or hcliumo 
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The hypcrnuclei ~Н and ~Н undergo 2-particle meson decays. The expe­

rimcntally dctcrmincd charactcristics of the secondary star were utilized for 
calculation of the cffective masscs of possiЬie hyperfragments, that may decay 

into а л- -mcson and helium nucleus with visiЬie tracks. The best agreement 
betwcen the taЬie value of the hypernucleus mass and the calculated effective 

mass corтcsponded to the ~Н hypcrfragment , decaying via the channel 

~Н -+ л- + 4 Нс: thc mass difference in this case is М4 - м<.~~lcul.) = 
Н eJJ. 

л 

= <3922.3- 3919.6) MeV = 2.7 MeV. 
The apparent encrgy balance for the visiЬie prongs, calculated under the 

assumption that annihilation of an antiproton stopping in the photoemulsion 
takcs place on а light nuclcus , allows determination of the possiЬle production 

channcls of the hyperfragmcnt ~Н on carbon or nitrogen nuclei: 

р + 12с .... к++ л-+ л++ л-+ л0 + р + 2Н + 4Не + ~н 

1 .... л-+ 4Не, о) 

р + 14N-+ к+ + л - + л+ + л-+ л0+ р + 4 Не + 4Не +~Н 

l .... л-+ 4Не. а> 

The relationship be twecn thc initial energies in reactions (1) and (2) and 
the en~rgies released permits one to draw thc conclusion that the most probaЬle 
mcchanism for hyperfragment production in these reactions is the charge ex-

change of к- -mesons rcsulting from the annihilation process on the nucleons of 
thc residual nucleus. One of the possiЬ\e charge exchange channels may Ье the 
reaction 

к-+ [4не] .... ~.н+ л0. <3> 

In this case it is possiЬ\e, on the 
basis of the crucial featш·es of the inter­
action of stopping an tiprotons with the 
nucleons situated at the periphery of the 
nucleus [ 141, to attempt to describe the 
production process of the hyperfragment 

~Н in antiproton annihilation on the 

carЬon nucleus in accordance with 
scheme (!) (see Fig.2). 

Fig.2. PossiЬie scheme for mechaпism or reac­
tioп (1) 
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А microphotograph of eveлt 11 is pгeseлted iл Fig.3. The primary 7-proлg 
star coлsists of four <<S»-proлgs алd three <<b»-proлgs . Ал aлalysis reveals that 

the «S>>-proлgs are reliaЫy ideлtified as fol\ows: а к+ -mesoл of kiлetic cлcr·gy of 
the alюut 220 McV, twoл-mesoлs of eлcrgies (40.5 ± 2.0) McV алd (37.5 ± 2.0) 
MeV, respectively, алd а protoл with kiлetic energy (190.0 ± 5.0> MeV. 

Оле of the <<b>>-tracks with а range, up to the stopping poiлt, equal to 
2639.0 ~tm is identified as the track of а deuteroл of e лergy 32.8 М е V, whilc thc 
other one with а range of 1137 .О t-tm is interpreted as the track of а douЫy char­
ged particle. The third <<b»-track, upon pasing 5.8 ~tm, produces а 3-proлg sc­
condary star, one of the tracks of which beloлgs to а л-meson of kinetic cnergy 
(28.0 ± 3.0> MeV, while the other two with ranges equalling, respectively, 
161.6 ~tm and 626.3 ~tm may Ье considered tracks of singly charged particle. 
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Coлsistcлt iлvcstigation of all possiЫe mcsonic decay channels of the light 
hypcгfгagmcлts , that could rcsult in thc productioл of а 3-prong star iл the pho­
tocmulsion, as wcll as calculatioлs of thc cffcctive masses of hypcrлuclei based 
ол thc cxpcrimcлtal data for thc sccoлdary star show that the bcst agrcemeлt 
bctwccл thc tablc алd thc cstimatcd masscs is achicvcd for the hypcrлuclcus 

~Н dccaying via t11c сhал лсl ~Н ... л- + р + 2 Н; the differcnce bctween thc 

masscs, in this casc, is 

м<~~lcuf)- М3 = (2998.2- 2991.0) = 7.2 McV. 
t'JJ . 11 

л 

Siлcc, likc in the first cvcлt, thc antiprotoл aллihilatcd on а light nucleus iл 

thc photocmulsioл алd thc hypcrfragmcлt ~Н was produccd as а rcsult of the 

к- -mcsoл undcrgoiлg chargc cxchange via thc channcl 

к- + [4 нс] ... ~н+" +л0 , (4) 

wheл iлtcracting with part of thc rcsidual nuclcus, wc determiлed both the pos­
sible hyperfragmcлt productioл rcactioл ол а nitrogcл nuclcus 

р + 14 N ... к++ л-+ л++ л0+ р + n + 2Н +tiHe +~Н 

1 ... л-+р+ 2Н. (5) 

as wcll as а possiblc mechanism of this proccss <Fig.4). 
А microphotograph of thc thiгd cvcnt is prcsentcd in Fig.5. Thc anлihilation 

star consists of 12 prongs: 9 << Ь>>- and 3 <<g»-tracks. ldentificatioл of thc <<g>>-

tгacks revealcd that thcy arc tгacks of а к+ -mcsoл of kiлctic energy 
(45.0 ± 5.0> McV, а proton of cлcrgy (25.0 ± 2.0) McV and а л -mcsoл with 
ал cлergy of thc order of 100 MeV. 

ldentification of thc niлe <<b>>-lracks 
was performed Ьу separating thcm in 
accordance with the numbcr of clustcrs 
of developed grains of silvcr (thc 
<<method of shadowed scalling marks>> 
[16 )) , while thc kinetic eлcrgics of the 
respcctive particlcs wcrc dctcrmiлcd Ьу 
thc mcasured total raлgcs iп thc 
photocmulsioл. The following wcrc 

ideлtificd: thrce tracks of 4 Нс пuclci 
with cпergics (25.0 ± 2.0) McV, 

р 

р 

(28.0±2.0)McVand(31.5±2.0)McV; 
1 
.. 

41 
.... 

1 
h r 1 · r 

·rg . . 'ossr., ~ sc cmc or mcc rarrrsm u rca c 

two tr·acks of 3 Нс лuclci with cncr·gics riurr <5> 
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(164.0 ± 2.0> MeV and (18\.0 ± 2.0) McV; two tritons with cncrgics 
(18.0 ± 2.0> McV and (19.0 ± 2.0> McV; а dcutcron ofcncrgy 1.3 MeV. 

The ninth <<b>>-lrack, \.8 p.m 1ong, givcs risc at its tcrmination in thc pho­
toemu1sion to а threc-prong sccondary star, two short prongs of which , 
2l .4Jtm and 238.5Jtm 1ong, сап Ьс idcntificd as tracks of singlc-chargcd par-

ticles, whi1e the third prong tcrminating in а <<p»-slop bclongs to а л- -mcson of 
kinetic energy (16.5 ± 2.0) MeV. 

The effective masscs of possiЬlc hypcrnuclci wcrc calcu1atcd undcr the 
assumption that the sccondary star rcsultcd from а mcsonic dccay of thc 1ight 
hyperfragmcnt. 

It turned out that thc best agrcemcnt bctwccn thc cffcctive hypcrnuclcus 
mass dcrived from thc experimcntal data and thc taЬic va1uc corrcsponded to 

the ~Н hyperfragment, decaying via thc cha nnc1 
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4 - 2 
л Н -+ л + р + Н + n. (6) 

The mass diffcrence in this case is м<calcul.)_ М = 
eff. 4 н 

л 

(3922.4-

- 3922.3) MeV = 0. 1 MeV. 
Attempts at determining the appropriate channe1 for antiproton annihila­

tion on а 1ight nuc1eus in the photoemu1sion resulting in the production of а twe1-

vc-prong star, invo1ving the hyperfragment ~Н, pointed to the following reac­

tion on the su1pher nuc1eus: 

- 3 2 + - о 2 3 3 3 3 4 4 4 4 
р + S -+ К + л + л + р + Н + Н + Н + Не + Не + Не + Не + Не +л Н 

1 ... л-+p+ 2H+tt 
(7) 

Like in the preceding events, the hyperfragment was assumed to Ье pro­
duced in а secondary reaction on the nucleons of the residual nuc1eus Ьу charge 

exchange of the annihi1ation к- -meson via channel (3), and а possiЬie scheme 
of this process is depicted in Fig.б . 

Thus, ana1ysis of the obtained experimental data permits us to conclude 
that the first observation of three events of the production, flight and mesonic 

decay of the 1ight hypcrfragments ~Н and ~Н is reported in the present work. 

The probabllity of such reactions taking р1асе per antiproton stopping in the 

photoemu1sion amounts to (6.1 ± 3.5)·10- 4 
. 

All the detected events invo1ving production and subsequent pionic decay of 
hyperfr agments were interpreted as annihi1ation events of stopping antiprotons 
on light, (С, N, О, S), nuc1ei in the photoemu1sion. Therefore, if one assumes 

that, like in the case of л- -meson 
absorption, 38% 117 1 of the anti­
protons are captured Ьу light nuc-
1ei in the photocmu1sion, then the 
probabl1ity of hyperfragment pro­
duction per stopping antiproton 

will Ье equa1 to (1.6 ± 0.9)·10-3 . 

The c1ear1y identified track of 33Н 
а (90.0 ± 2.0> MeV K-meson (its ЗнН~-~11");==:'=:=== 
track range up to its stopping point е ( ~ rL.u~ 1 ~ 
in thc photoemulsion is 43.3 mm, зis 
and the re1ative ionization at the 
track 's starting point is 

'ТТ-

n 

(2.3 ± 0.1) partaining to the 
Fig.6. PossiЬie scheme for mechanism of reactioп (7) 
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fourth detected event may either indicate the production, in the antiproton 
annihilation proccess, of а hypernucleus or the productioп of а chargcd or of а 
neutral particle of non-zero straпgeness . This eveпt was also aпalyzcd in detail. 
lts microphotograph is preseпted iп Fig. 7. 

It was already noted above that the primary two-proпg star represcпts ап 
e1astic scattering event of а 20.0 Mev antiprotoп оп hydrogcп iп the photoemul-
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s ioп: the relatioпs betwccп thc scattcriпg aпglcs, the eпcrgies апd the coplaпa­
rity of all the particles participatiпg iп the scatteriпg totally comply with the 
kinematics of this proccss. Thc sccondary 1 3-proпg star is а result of the 

clastically scattcrcd antiproton stopping апd undergoing aппihilatioп оп а пuc­
leus iп thc photocmulsioп . Of thc chargcd part iclc tracks beloпgiпg to this star 
thc tracks of the followiпg particlcs wcre idcпtificd , bcsides that of the K­

mcsoп : four л-mesoпs of kiпctic cпcrgies (52. 7 ± 5.0) М е V, (24.5 ± 5.0) М е V, 

(70.0 ± 5.0) McV апd::::: 250 McV; fivc protoпs of cпergies 0.4 McV, 6.8 MeV, 

15.7 MeV, > 34.9 McV апd <71.1 ± 2.0) MeV; two 4Не пuclei with kiпetic 
eпcrgies (22.6 ± 2.0) MeV апd (23.9 ± 2.0) MeV; а (10.7 ± 2.0) MeV 

deutcroп. 

The encrgy balancc bctwccп the primary апd final energies indicate that ап 

uпdetccted пeutral straпgc partick could поt Ье produced in the case being 

coпsidcred . Amoпg thc twclvc tracks thcrc was also по chargcd partпer found 

for the K-meson, that was rcquired for straпgeпcss coпservation. Therefore the 

only possibllity left for complyiпg with the coпservatioп law is the productioп of 
а hyperfragmeпt decayiпg iп thc immcdiate vicinity of the ceпtre of the 

aппihilation star. Examiпatioп of various comblпatioпs of charged particles in 

the star, that could correspond to mcsoпic decay products of а light 

hyperfragmeпt rcvealed that the best agreemeпt of the experimentally 

determined effective mass of such а пucleus with the taЬle value is provided Ьу 

the hypcrfragment ~Н, decayiпg via the сhаппсl 
3 - 2 
лН -+л + Н+ р. (8) 

The mass diffcreпce iн this casc amouпts to М3 - м<.~1alcul . ) = = <2991.0 
11 <'J, . 

л 

- 2989.0) MeV = 2.0 McV . 
Thc followiпg possiЬle hypcrfragmeпt production сhаппсl iпvolving thc 

capturc of ап antiprotoп Ьу а light rшcleus in the photoemulsioп was found, 
remaiпiпg within the framcwork of thc assumptioп that the intraпuclcar charge 

cxchange of а к--mcsoп produccd iп the aппihilatioп proccss 

к-+ [4нс] -+~Н+р+л- (9) 

is respoпsiЬle for hyperfragmcпt productioп: 

- 160 + - - - 4 4 3 
р + -+К +л +л +л + р + р + р + р + Не+ Не+ л Н (10) 

thc mcchaпisms for such а reactioп wcre also fouпd . 
1 - 2 
-+л +р+ Н 
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The possiЬie mechanisms of rcaction ( 1 0) diffcr from thc oncs p•·cv ious1y 

considered in that hcre the annihi1ation proccss occurs on а 12n 1 <Fig.8a) or 

1 4 Н е 1 (Fig.8bl c1ustcr, instcad of а surfacc ncutron of thc primary nuc1cus . 
Obscrvation of а hypcrfragmcnt production cvcnt, not associatcd with any 

visiЬie track 1eaving the annihilation star, compcls us to considcr thc pгobabl ­

lity , determined in this work , of hypcrnuclcus production, involving mcsonic 
dccay in antiproton capturc proccsscs Ьу nuclci iп photocmulsion , to Ьс an csti­
mate of the lower limit for such а pгoccss . · Thc total hypcrfragmcnt production 
probabllity in a ntiproton a nnihilation rcactions must account for evcnts with 

mcsonless decays and for two typcs of cvcnts involving л-- and л0-mcsonic 
dccays of hypcrnuclei in thc photocmulsion (both with а visiЬic hypcrfragmeпt 
track and without any such track). 

А specific fcature of thc supposcd formation mcchanism of ~Н and ~Н hy-

pernuclci <Figs.2, 4, 6, 8) is thc charge cxchangc of thc annihilation к- -mcson 

к+ " 
/ 

/~ тт 

а) 

р 

k+ / Ь) 
/ 

р~ 

17 ig.8. l' ossiЫc schcme for mccha11ism of rcac 1io11 ( 1 О> 
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on thc intranuckar clustcr 1 4Нс 1 

of the rcsidual nuclcus , involving 

production in this proccss of а л0-
оr л- -meson and of а hyper­
fragmcnt , that with а lifetime 

cqual to 10- 10 scc 1111 decays 

into а л- -meson and isotopcs of 
hydrogen or hcli um . 

An altcrnative mechanism for 
thc production of such hyper­
fragmcnts in ant iproton annihila­
tion on thc light (С, N, О, S)-nuc­
lci in photocmulsion шау Ье the 
formation of an excitcd rcsidual 

nuclcus with а Л 0-particle stuck in 
it, that upon passage of а certain 
timc interval dccays into frag­
mcnts, among which there a1so 
happens to Ье а light hypernuc­
lcus. 

An схашр1е of the assumed 
mcchnism is represented Ьу the 
following possiЬic scherпe of re­
action (1): 

-р + 12с ..... к++ л-+ л++ л-+ л0 + ~~ в• 

..... ~н +4Не + 2Н + р 

l ..... л- + 4Не. (11) 

Thc experimcntally determined kinetic energies of the secondary particles, 
rcsulting from the dccay of а hypothetical interrпediate hypernucleus, permit 
calculation of the excitation cnergy of such а nuclear system. Estimations reveal 
that it aшounts to 100 McV. The obtained excitation energy for the interme­
diatc state of thc nuc1eus is extremely high, so the existence of the proposed 
alternative productioп mechanism of light hyperfragments seems dublous . It 
still rcmains unclcar, however, at which rпorпent the intermediate excited nuc­
leus undergoes brcakup, si ncc the breakup ша у occur either at the first stage of 
antiproton annihilation, or it may Ье accompanied Ьу the secondary charge ex-

change rcaction of the к- -meson . 
А final conc1usion concerning the preferen tia1 hyperfragment production 

mechanism in processcs of antiproton annihilation on nuclei сап Ье made only 
upon significant enhancement of the number of hyperfragment events and after 
а detailed theoretical analysis of such а process. 

lt wouid Ьс of special interest to carry out an experimenta1 study of the an-

nihilation on 4 Нс nuclci of stopping antiprotons involving the production of ~Не 
hyperfragments via the channel 

р + 4Не-+ к++ л - + л0+ ~н 

А possiЬie scheme for the mechanism of 
such а rcaction is presented in Fig.9. ln ac­
cordance with this scheme а required event 
is to Ье selected, first, Ьу the detected 

annihilation vertex formed Ьу the к+- and 

л- -mesons and, second1y, Ьу identifying 
the second decay vertex from the outgoing 

л- -meson and nuc1eons of the residua1 
HII CkiiS , this •tcr· tcx appcat·ing with а timc 

delay cqual to the lifetime of the ~Н 

1 -+л - + 3Не 
l_. л- + 2Н + n 
1 -+ л-+ р + 2n . 

{n] 
" -'- ,к 

" 

(12) 

;то 

- 10 l ' ig. 9. l'ossiЫe scheme for mechaпism of 
hypernuc1eus (10 s). If one could deter- reactio•• (12) 
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mine the time interval, at а nuclear scale, between the departurcs of thc 

annihilation к+ -meson and of the л0-meson produccd in the charge cxchange 

of the к- -meson on thc ! 4Не 1 clustcr, then the measurement of such а timc 
intcrval would represent an <<Cxperiment>> performed on а cluster target in а 
micro1a Ьоrа tory. 

Vast statistical material relevant to annihilation on 4Н е nuclei of stopping 
antiprotons has been obtaincd with thc cxperimental installation OBELIX 
(CERN expcriment PS-201). А detailed analysis of thc evcnts dctectcd in this 
experiment will doubtlessly aid significantly in comprchcnsion of thc produc­
tion mechanism of light hypernuclei, occurring in annihilation proccsses. 

Thus, the following conclusions may Ье drawn from the cxamination of all 
the set of obtained experimental data. 

1. Three events have been observed, for the first timc, of thc production, 

departurc and mesonic decay of the light hyperfragments ~Н and ~Н ir1 the an­

nihilation on the light (С, N, О, S)-nuclei of antiprotons stopping in photoemul­
sion. 

2. The lower limit of the production probabllity of ~Н and ~Н hyperfrag­

ments per single aпtiproton stopping in nuclcar photoemulsion cquals 

(6.1 ± 3.5). I0-4. 

3. The balance between the total initial and final cncrgies in the considercd 
reactions justifies the conclusion, that the most probaЬie hyperfragmcnt pro­
duction mechanism is the chargc exchange, on nucleons of thc residual nucleus, 

of к- -mesons resulting from the annihilation process. 

The production of а hypernucleus on the few-nucleon ! 4Не 1 cluster is as­
sumed to Ье а possiЬic charge-exchange channel. 

4. An experiment, to Ье performed on the 4Нс nucleus, is proposed for tes­
ting the considered mechanism of antiproton annihilation involving the produc­
tion of hyperfragments , and possiЬie triggers агс indicated for the detection of 
such processes. 

Tlte authors are grateful to Profs. R.A.Eramzhan and L.Miling for useful 
discussions, V.P.Rumyantseva for devoted work in scanning and measuring 
events in the photoemulsion. 
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Батусов Ю.А. и др. 
Образование гиперфрагмснтов nри аннигиляцИи 
остановившихся антиnротонов на ядрах в фотоэмульсии 

Е1-92-256 

Вnервые зарегистрированы события образования, вылета и мезонноrо 
3 4 расnада легких гиnерфрагментов лН и лН в nроцессах аннигиляции оста-

новившихся антиnротонов на ядрах (С, N, О, S) в ядерной фотоэмульсии. 
Установлено, что нижняя граница вероятности образования гиnерфраг-
' 3 4 ментов лН и лН на одну остановку антиnротона в фотоэмульсии равна 

- 4 . 
(6, 1 ± 3,5) · 1 О . Показано, что наиболее вероятным механизмом рожде-
ния гиnерфрагмснтов является n ерезарядка образованных в результате 

аннигиляционноrо nроцссса К- -мезонов на нуклонах ядра-остатка. 

Работа выnолнена в Лаборатории ядерных nроблем'ОИЯИ. 

llрспрюп OбъeдlttiC ittiO"I 1111Снпута 11дсрttых нсследовашtй. Дубttа 1992 

Batusov Yu.A . et al. 
Production of Hyperfragments Ьу Antiprotons at Rest 
Annihilating on Nuclei in Nuclear Photoenшlsion 

Е 1-92-256 

Evcnts have bccn observcd, for the first timc, of the production , departure 

and mesonic decay of thc light hypcrfragmcnts ~Н and АН in the <~nnihilation 
on the light (С, N, О, S)-nuclei of antiprotons stopping in nuclcar photo-

emulsion. The lowcr limit of the production probaЬility of ~Н and АН hyper­
fragments per singlc antiproton stopping in nuclear photoemu1sion has been 

determined to Ье (6.1. ± 3.5) ·10-4
• The chargc exchange, on nuclcons of the 

residual nucleus, of К- -mcsons resulting from thc annihilation proccss has 
· been demonstratcd to Ье thc most probaЬle mcchanism of hyperfragmen t pro-

duction. 

T he investigation has bccn performed at the LaЬoratory of N uclcar Prob­

\ems, JINR . 

Prcpri11\ or lhc Joi111111Sii iii\C ror Ntкlcar Rcscarch. Dtrb11a 1992 


