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An intensive research of hypernucLei IHYI has started in 

seventieth and its scope is every year wider since. The main HY 

production mode, (K-, rr'has been used aLmost excLusiveLy for 

that decade. lt has typicaL virtues (Low transferred momenta 

for K beams with PK rvO.4 - 1 GeV/c , Large differentiaL 

cross-sections of the order of mb/sr )for coLLinear production 

of substitutionaL states considered in fact Long ago at JINR [1]. 

This technjque is not directLy appLicabLe to heavy hypernucLei 

(gaining more interest since recentLy) and moreover, Low momen­

tum kaon beams are difficuLt to construct. There are however 

avaiLabLe other production modes, nameLy (71> +), (p, K+ ), 

(A,K+ ) , (A, NK+ ), Cf' K+), e, e ' K+, e te. The y di f.f e r f r om 

(K-, r: reaction in the cross-sections (theirs are generaLLy 

Lower) and, t mpo r t an t t y enough, in the transferred momentum. 

ConsequentLy, aLso nonsubstitutionaL s t a t e s (e.g. ground 

states in which HY weakLy decay ) may be popuLated reLativeLy 

Df those were tested . ~~,K/:»strongLy. experlmentaLLy +) and
 

(A,XK+ ). "
 

In view Df a concentrated theoreticaL and experimentaL 

effort, a weaLth o f HY data is avail~ble[2,3J. This makes possibLe 

to understand specific features of the coexistence of the 

strange hyperon 1\ (~/~with the nuclear medium as e.g. the YN 

and YA interactions and poLarization of nucLear medium by the 

presence of the hyperon Y • There is, however, one phenomenon 

which has been reLativeLy Less thoroughLy studied untiL recentLy, 

nameLy the Lifetime of HY. ExperimentaL data on it (as quoted 
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in Re f s , [2,3J ) are old (with exception of Re f , [4J )and 

mutually not very consistente It is the aim of this note to 

review shortly the present understanding of HY lifetime and to 

point at some items, which might be of experimental interest 

in Laboratory of High Energies of JINR Dubna. 

2. Lifetime of J\-hypernuclei 

HY ~tates, as they are produced in various reactions, are 

either directLy ground states or excited /often very highLy/ 

states. The Latter ones undergo baryon emission, cLuster 

emission or t- deexcitation [5] , which bring them /sucees­

siveLy/ a.gain into ground s t a t e s , In turn, the hypernucLear 

ground states then decay via weak decay of [ mpLan t ed A. 

WouLd the A-hyperon be free /not bound in HY/, its 

Lifetime is 2.63 . 10- 10 5 and the main decay modes would be 
_o -the mesic ones: p TI /64"1./ and nll /36"1./, reminding of 

the fuLfiLlment of ..11 = 1/2 ruLe. me other weak (Leptoni c) 

decay modes are below 0.1"1. LeveL. The energy reLease is 
r./ 

~~ 37 MeV and c.m. momentum bite of nucLeon is qN = 
~ 100 MeV/c • Such a Low recoiL suggests an important reduc­

• tion of weak mesic decay of Â inside the nucLeus due to the 

Pauli blocking /there are few or no free states avaiLabLe for 

the nucLeon resulting from the decay/ and a reduced phase 

space availabLe. This is especiaLLy pronounced as going to 

heavier .hypernucLei (beyond ~2C), as aLL states there beLow 

the Fermi momentum ( N 270 MeV/c) are occupied. 

The presence of other nucLeons in the hypernucLeus opens 

up o t he r wea k d e ca y c ha nne ls ) t he no n- me S i c onec 

1\+ p -=---- n + P
 

11+ n_ n + n
 

Due to a Larger transfer of energy to decaying nucLeons 

(a ~ 176 MeV), this decay mode '5 not hindered as much as the 

mesic one and it wiLL prevaiL in ~eavier hypernucLei. This 

wiLL further infLuence the Lifetime of 11 -hype ronTA 

" ""A .embedded in the nucLear medium. Measurement of ~/' a cqu i r e s 

thus importance and moreover, it yieLds an excLusive infor­

mation on four - fermion weak interaction [6,7] 

"..A .. b 1The data on ~" are summar1zed 1n Ta • and Fig. 1. 

TabLe 

ExperimentaL Â- hypernucLear Lifetimes (from Ref. [2] ) 

HY ~(pset) rema r ks 

3H	 9S + 20 
#fi 

90 + 220 

40
 

274 ± 110
 

232 ± 45
 

128 ± 35
 

4 
H 180 + 2501\ 

70 

200 ± 80 

5 
~ 

"He 140 + 190 

50 

274 ± 60 

9 
"Be 201 :t 30	 Refs. [4,18] 

11 B 192 :t 22	 Ref. [4]" 
1~c 211 :I: 31 Ref. [41 
160­
1\ 86 ± 33	 reLativist. HI
 

Ref. ~5]
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Fig. 1. Observed Lifetimes 

of l\-hypernucLei (Refs. [2,3,8,181) 
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The onLy piece of new data comes from Ref~. [4,8] , which 

AreveaLed in adciition an important source of t information,
ll 

nameLy the baryon e/'l\is..ict') and subsequent weak hyperon de ca y , 

(This makes possibLe to measure more HY species - and thus 

more r AA - in a singLe experimento Th is remark is pertinent 

to aLL productions with popuLation of excited HY resonances0~,) 

Ref. [8] has mentioned aLso a measurement on ~He and ~He 

not anaLyzed as yet. 

Another quantity of interest is the measure of competi ­

r 
tion of various channeLs. As i s shown in reviews [2,3J , the 

NM ra t i o Q , Q ' of non- mesic to mesic decay modes=r­rr-
Isee Tab. 21 rap i dt y increases with increasing A so that 

aLready in thft region of carbon, the non-mesic decays LargeLy 

prevaiL over mesic ones by a considerabLe factor (5-6 in 

Ref. [2] , 22 in Ref. [8] ). Starting from oxygen, the mesic 

decays may be thus negLected and non-mesic ones constitute the 

f u LL d e ca y wi d t h lo r Li f e t i me I. r.'o r e ma r ks a r e due he r e : 

The A dependence of Q as seen in Tab. 2 does not impLy 

the A dependence of the mechanism of the process itseLf, but 

refLects the A-dependent interference of the nucLear medi um. 

Thus the Lifetime of heavier hypernucLear species need not be 

Q4antitativeLy simiLar to the free vaLue for Â-decay. 

TabLe 2 

Ratio Q of non -mesic to rr mesic decays 

Q = [7 NM / f1.,,­

4 
H 0.26 ± 0.13

" 
4 
II He 0.52 ± 0.10 

0.70 1" 0.19 

4,5 H 1.01 ± -0.12
'" e 

5
"He 1.29 ± 0.10 

1 • 21 ± 0.19 

,.., Li 2.55 ± 0.66 

~Li, ",Be 2.4 ± O.. 7 

t\ Be 4.3 ! U.1 

~ A Be 6.6 '" 1.4 

11 
8 4.8 ± 1.1 

~
 

~ 11 B
 
J1 5.3 ± 1.3 

12 c 22 + 43 
/\ 

- 12 

I\B, "C, "N 5.9 ± 1.2 

5.5 i 0.5 

40 <: A -c 100 100 .:. 200 

To distinguish between different non-mesic decay modes 

"the I\-neutron stimuLation fraction n is introduced to11 

express whether ~ hyperon prefers neutrons or protons to 

"s t t mu La t e " i ts decay: 
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and coLLaborators [7] • They aLL show variety of information 
r n (/\ nn) contained in HY Lifetime da\a. In view of that and some contra­NM n-~
 

n =
 dictions in various data sets on one hand and between theory 

r tot (= r n r P)+ and experiment on the other, the Lifetime measu~ements areNM Nr~ NM 

worth of effort. 

Again, n reveaLs some A dependence, as seen in Tab. 3 , 1: 
3. Re Lat i.v i s t i c h,ypernucLeiaLthough the data avaiLabLe are not numerous. 

'For 'rriessuring"HY L'ifetimes, r e a c t i on's at 'high energies 

Table 3 using '''he'avy'' o n projectiLés hav e a speciaL a pp e eL ('10]í 

as '!iY a r e tp r-odu ce d vi n 'p r o j e c t t le f r ame, which makes 'fhe detec­A-neutron stimuLation factor r: n (' (whe ren = NM/ NM 
tton ~isy and th~ Lifetime Longer. Ba~kground effec~s ~ay ber fi n + (7 'P)

NM NM NM • 
effic~entLy suppress~d, aLthough ~~n-~esic decays m~y b~ eisen­

n tia1Ly traced onLy •
 . '
 

'."He 0.3 ± 0.1 For the productiorl of HY to be efficient, the recoit 

0.4 ± 0.06 mome~tum qtr of the produced A shouLd be smaLL /comparible 

11 wi t'h t he Fe r mim ome n t um' i n t he nu c Le us Í<. F /V 27 O Me V/ c/, 'soB 0.51 + 0.111\ 
that 1\ sticks to the nucLeus. The.dependence of qtr on 

- 0.15 

the incident ion momentum is depicted in Fig. 2. From that it12 C 0.57 + 0.14t\ 

- 0.23 

A B, I\C, AN 0.37 ± O.Oó 

A > 1 O 0.ó8 + 0.04 ~ (GeV/c) 
N+N .... t\t N+f( 

lL..bJ 
0.03 

A N 40 - 100 O.Ó -:- 0.9 t 
0.85 E;'-1.5r~ 

0,.9 Fig.2. The recoi 1 mo­

~i 
0.3 ~--,,~--mentum of A in the 

N+N-h+N+K reaction 
There were various theoreticaL attempts ~o understand those as a functio~ of the 5 ~(G"ey):2 3 4­~ - ­

wea k 11-d e ca y~ s t a r't i n9 wi t h p i one e r i n9 wor ks of ~ a Lí t 2 a nd gy /6r ~omentumt [10]. t • .-L I I 

_------L- ! 1 . .Iincident nucleon ener­ LH ! 

" } 

3 lf 5' 6 r (G'eV/c.)coworkers [9] up to investigations of Dubach [ó] and Bandõ N 

6 7 
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folLows that the energy per nucLeon shouLd be of the order of 

5 GeV/~ and higher. Another Limitation is a reasonabLe cross­

-section. For the eLementa~y process N + N-/\+ N + K+ , the 

threshold Lies at 1.6 GeV and around Pp = 4 GeV/c , the 

cross-section 6"'(pp - p/\ K+) reaches a saturation vaI ue 

6D ~ b (see Fig. 3, [10] ). Thus, the maximum energies 

per nucLeon avaiLabLe at JINR I ;& 4.5" GeVI seem weLL suited 

for the p~rpose of reLativistic hypernucLear production. 

TheoreticaL estimatcs [11-14] suggest the cross-sections 

for the HY production of the order of 1 ~b/ target nu c l e on , 

The onLy experiment ~ith the energy of 2.1 GeV InucLeon us;ng 

5
16 0 ions (beam of 3x10 ions I burst, Low momentum K+ furnish­

ing the signature for trigging) [15] gave 2± 1 ~b I N 

An exampLe of a rough estimate of the rate of hypernucLear 

production events for a thick carbon target (1g/cm 2) and the 

beam intensity of 1ü
8 i~nsfsec (upper mean of JINR beams ) 

wouLd yield some 60 HY events per second. Number of aLL events 

(geometricaL cross section )is by some í orders of magnitude 

larger, thus an efficient triggering would be an essentiaL task. 

At energies of 2.5 7 4.5 GeV per nucLeon, the mean decay 

Length varies between 19 7 36 cm, which again shows that work­

ing at higher energies wouLd be advantageous. The direct detec­

(a) P?~ PA \<.76 t 
~o 

pb 
(o f 1 i 1+ t 
10 

Fig. 3. ELementary 

40 

I "l. '1 , , H '<-_ 
pp strangeness productionz 4- 6 8 lf' 
cross-section 6" [10Jca~Yc. 

r­

tion of secondary particLes from the decay star is difficuLt dueI 
.' to kinematics and the Low muLtipLicity of secondary particLes • 
.., 
< I Thus, a tracking of the sudden change of dE/dx (energy Loss1~ 

(I
 

on the trajectory) at the vertex point s e e ms more promising [101,
 

e sp e c i a l l y when not very heavy ions are used and (t1z)2 t s Large.
 

The trigger for starting the cLock wouLd be K+ emission, the
 

energy Loss might be sampL~d in some ionozation chamber, Length 

'1 resoLution of few cm wouLd be sufficient (at E"'4.5 GeV ).i
 
I
 

In fact, the detection of mesic A-decays though difficuLt! 
in reLativistic production of ions, it is nonetheLess possibLe 

if leading to unstabLe nucLei as e.g.: 

.6L i--? 
1T~ + p }'" + .5L i 

! )o 4 He + P
1T- + n 

9 . :}Be-~ rr-+ 
A 

+ 8s !:! 

'I-..:. ,.0
7r + o/. -+ 0(. 

Then, products of secondary decays might be detected. In 

Re f , [10] , ,6 Li incident on 12 C reaetion was considered 

as a usefuL testing e xa mp Le, buf certainLy "iç' -on -(te' and other 

r e a et i o ns Le ad i n9 t o HY a nd e s pe c i a LL y t o he a vy hype r nu cL e i 

IA ~1001 are highLy interesting. As.concerns very Light 

incident nucLei, (p,d) or (d,p) reaetions wouLd probabLy 

not Lead to ~H with appreciabLe cross section. The reason 

is that a binary rcaction p + d ~~H + K+ i5 kinematica-

LLy L~ss suitabLe than a ternary one Iwith at Least one 

JI outgoing nucLeon/, as was pointed out in Ref. [13] • On the 

'" other hand, an attempt to produce three-body S = ~1 hyper­

3nucLei '"H,ppl\or nn 1\ is worthwhiLe [16] and it wouLd 

H 9 



moreover shed new Light on the roLe of three-body (\ NN 
it of raLativistic ion reactions has been reviewed and
 

force. (The Lightest experimentaGLy known HY is 3H with
 
. A specifiod to JINR faciLities. Performing those experiments
 

B A = 0.13 ! 0.05 MeV and its t~ is not weLL est~bLished./
 with thc use of reLativistic ions wouLd constitute a source 

For the sake of compLeteness, it shouLd be noted that of compLementary data, which wouLd not onLy check and 

a me~surement of g-factor of the hypernucLeus wouLd be improve on the existing oLd ones, but it wouLd opcn an access 

use/uL. As was discussed in Ref. [17J ' a deviation in ano­ to heavier species, as weLL. To virtues of hypernucLear 

maLous g-factor of the hypernucLeus heaving ;\ hyperon in production via reLativistic "h e a vy" ions beLong notabLy 

the deep Lying states couLd serve a measure of a partiaL a high detection efficiency and in-fLight determination of 

deconfinement of that A -hyperon. An indication of a po- Lifetime of high precision. It is thus worthwhiLe to consider 

ssibiLity of such a measurement wouLd be an observed asym- those experiments in fuLL detaiL and to test the avaiLabLe 

metry of ~ emission with respect to the K+ direction instrumentation with view of performing Â-hypernucLear 

[10) , if deteetabLe. Lifetime measurements in the near future. 

The r ea s ons f o r re La t i v i s t i c he a vy i on 1\- HY Pr odu c t io n UsefuL discussions with H. Bandõ, R.E. Chrien, V.N. 

and subsequent hypernucLear Lifetime measurements might be Fetisov, L. MajLing, L.N. Strunov and T. Yamazaki are 

thus coLLected a rrd summarized again as foLLows: acknowLedged. UnpubLished experimentaL KEK proposaLs [10] 

i / precision and taking of new cross-sections not weLL were very usefuL for precising detaiLs and argumentation 

known and difficuLt for extrapolation of Chapter 3. 

ii/ new insight into the weak component of the baryon­
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~O~Ka H. 
3aMeTKa 0 rHnepH,lJ,epHMX BpeMeHax ~H9HH 
H po~eHHH penHTHBHCTCKHX rHrrepH,lJ,ep 

E4-86-605 

naH KpaTKHR 0690P COBpeMeHHoro COCTOHHHR Hccne,lJ,OBaHHH Bpe­
MeH ~3HH I'HnepH,lJ,ep H oocy~eHa HX cPH9Ht.IeCKaH HHTepnpeTal.\HH. 
PacCMOTpeHM rrepcrreKTHBhl npOBe,lJ,eHHR COOTBeTCTBYWmHX 3KcnepH­
MeHTOB Ha nYt.IKaX penHTHlIHcTCKHX 'rRliI.:eJlbIX HOHQB, nonYt.IaeMbIX Ha 
YCKOpHTenHX OHHH. 

PaOOTa BblrronHeHa B fla.oopaTopHli 1'eOpeTHt.IeCKOH .pH9HKH OHHH. 

Coo6weHHe Ofu,e,lJ,HHeHHOro iUlCTHTyra JI,II,epHJ>lx HCCne,ll,OBaHHH. Jly6Ha 1986 

Zofka J. E4-86-605 
Note on Hypernuclear Lifetimes 
and Production of Relativistic Hypernuclei 

Status of hypernuclear lifetime data and their physical 
impact are shortly reviewed. possibilities of measuring them 
using relativistic ions are briefly considered with regard 
to the parameters of JINR Dubna facilities. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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