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1 Introduction 

I1 l'CPllt papE'rs [ 1] con:->idPr r he possibility of studying the spin-isospin dependence 

of thP matrix Plements of non-leptonic weak interactions AN -----1- N N registering 

t\W> COITPlatcd n-partidPs created iu the reactions 

1.~Bc --+ n+p + 
8-

( 
8Li --> 8Bc --+ <>r< ) 

--+ n+n + I 8Be* -----1- o:n I 
JOB I 8Be" -----1- o:a I 

(1) 
--+ n+p + A 

--+ n+n + 
f3+ 

( 8B --> 8Be --+ aa ) 

by the decay of excited states of product nucleus 8Be. It was stated1 that the 

knowledge of experimental aa-decay widths (4 for protons and 4 for neutrons) 

is sufficient for complete determination of all four (eight) matrix elements of 

effective weak interaction 

wf,!I,T = [2:: (NN: L'S'T': JIVwiTPsA: L = 15J)l
2 

,T = n,p. (2) 
L'S' 

In this short note \Ve \vill concentrate on two important questions: 

i) Is it possible to extract 4 matrix elements wfj from the experimental data? 

ii) How do the obtained matrix elements depend on the nuclear '~esidual" 

interaction employed in calculations of the wave functions for A = 9 and A = 8 

nuclei? 

To answer these questions, we will use standard approaches of the many

particle nuclear shell model: the spectra and wave functions of nuclear excited 

states are obtained by the diagonalization of the Hamiltonian matrix. The 

parameters of the used residual two-body intera~tion were determined by the fit 

of a large amount of experimental spectroscopic data On a wide range of nuclei. 

2 Partial width of nonmesonic decays 

The main observable in weak nonmesonic decays of a hypernucleus is the total 

decay width 

fnm = I: r;m = I: I: 
T=n,p T=n,p Ei,J,T, 

l<lw(A-2)({i}). w(NN)(JTfiVwl [w(A-l)({c)) ·1)--'(~f)l2 
(3) 



here { c} = {Ec 1 Jc, Tc, Tc} and {i} = {Ei, Ji, T 1• T1 } arc sets of quantum uumlwrs 

describing the states of initial and final nuclei. The hypcrnuclcus decays from 

its ground state in which the nucleons form a core nudcus in its ground statl', 

'l_T(A-l)(Ec, lc, Tc, Tc), and A-hyperon has a minimal eiwrgy. In th(' shdlmodf'! 

representation: 

II) = it'' E, = 0, J,. T" T,; "·' : :1). 

\Ve consider t\VO decay channels: nA --+ nn and pi\ --+ pn, in which the A

hyperon picks-up one lp-nuGleon of the core-nucleus. Employing the technique 

of fractional parentage coefficients (FPC), the ground state •van' function of 

the initial hypernncleus is decomposed [2] into a complete set of wan" functions 

of ex_cited states in the residual (A- 2) nucleus q,(A-2l(E,. J., T, T,) coupled to 

the complete set of wave function of states of an NA pair, IT I,,,,, : L ~ lSJ). 

So, the wave function of the initial state of the hypernucleus is 

and 

where 

Here 

II) = L L L -lk (TiTi~TIT,T,) U(J;j:J ~ : J,J) 
7 ,j,l Ei,J,T;. J,S 

X U(l P ~ : jS) gi:~:i: [lkk-1 ErJrTrTr) ®IT IS,\ : L = l, SJ)] J 

SJ 
wlr 

rnm=LLrr 
r 

rr = L c:,({c},{i},TlSJ)wf/ 
SJ 

L (l1l2: L'S' JTIVwlTl, SA: L = ZSJ) 
L',S' 

2 

(4) 

(5) 

(6) 

are unknown matrix elements of "weak interaction" to be extracted from partial 

transition widths. The factor G .:r is equal to 

GJ({c},{i},TlSJ) = L U(Jd:J~: J,J) U(tp~: jS) s,(Tlj)' (7) 
j 

where Si(Tlj) are spectroscopic amplitudes for the separation of one nucleon 

from the ground state of the nucleus 

s,(Tlj) = -lk (T,T, ~T 1 T,T,)g~::J:f' (tj), (8) 

2 

and q :· (lj) is a om'-nncl<·on FPC in the int<'rmcdiatt' coupling 

!I: (lj) L 
J, /., S, 

' ( J.;, . .fc"I; E,./,7~ 
L I. J,-1,".'·:,. a f,l,,S, 

J,I.,S, 

x (l'[J,J L,s,r, {It'-' IJ,JL,s,r,) 
( 

L, 5, 
l l 

2 

Lr Sc 
~- ) 
J, 

(9) 

TlH' nwfficipnts a J,':/;·k and a~·/,,·[,· arc results of the shell-model Hamiltonian 

diagonalization, P.g. [3). 

The partial widths of nonme.sonic decay of 1p-shcll hyper:: __:clei for transition 

into natural parity state's are linear combinations of four mc.~rix elements e P1• 

3 Po, :l P1 and 3 P2) only. From the equation ( 4) one can ea.-;il:'t SE'e that partial 

widths corresponding to different ./i values are determined by quite dPfinite 

(and difff'rent) combinations of matrix elPments wff. The coefficients of these 

combinations for our ca'-ic (Jc = ~· .J = 1) are given bclo·w. 

I I 'Po I 1
?1 I 'P, I 'P, I 

I J, = o I I fi I Jigi I I 93 I ' 
1 1,= 1 1/ig~ 1-Jig~+~g~ IAg~+~gj IJI9j I 
I J, = 2 1 1-Jig~+Jig~ I figt+Agj IJI9j I 
I J, = 31 I I I 91 I 

As a result, in an ideal case when thf' transitions to fi!1al states with 

Ji = 0, 1, 2 and 3 are observed. one ra.ll unambiguously det<.:>nninc all four matrix 

elements wf"/.. The nuclear residual interaction accounted by many-particlP :;hell 

model influences the relative 9! and 91 quantities. 
2 ., 

It is supposed that from the rnetlSufcmcHts of correlated 0'-part.icles emitted 

in decay of 8Be* (either direct or delayed, after 13±-dccay of 8B and RLi) one can 

f'Xtract the partial widtlli:i related to the following statf's ofRBe: (o+o)g .. -..; .. (2+0) 1, 

(2+1),, (2+0),, ami (1+1), (sec Fig. 1). The latter transition goeo through iJ

dPeay of 8Li. There is no obsern:d transitiou to the 3..;.. state. bnt the 2+ statPs 

with excitation energies uear to 3 I\Ic\/ and 16 l\Ie\- rdat.P with different 

cmliignrat.ious: l D 2 and :J P2 respectively. Tht'reforc, we have a necessary 

nurnber of linPar iwkp('tHh'nt. equations for d('tnmination of all four (eight) 

tnatrix elen1ents -w"('-:. 
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Fig. 1: The notation of the partial widths f~ot· 

Table 1 illustrates the influence of a nuclear model on the calculated one

body spectroscopic amplitudes. The used models employ the full !~shell space 

and differ mainly in the nuclear residual interactions. VVe have selected several 

models used usually in the calculations of characteristics of lp-shell nuclei. The 

calculations were performed with the many-particle shell model code OXBASH [4[. 

The main attention in this paper is paid to the theoretical analysis, nevertheless, 

a few words should be said about the experimental situation. It is quite possible 

that r ool and r aa2 widths could be mea,ured at the Dubna 1\uclotron [5[. The 

fact that 
roo2 = rQQ ((2+1)!} + r"" ((2+0),), 

does not complicate the analysis. \Ve would like to stress that the mea')urement 

of f~0 e~Be) is very important, because only this partial width contains the 

information about w~g. 
It should be noted that r~oO does not practically depend on details of the 

8 ne structure. 
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Experi

ment 

CKpot 
[9[ 

CKI 
[9[ 

CKII 
[9[ 

PBAI 

[!OJ 

PBAIII 

[10[ 

WB(5-16) 

[11[ 

Table I: \""eut.ron spectroscopic factors in °Be 

Quantity 

Ex (~le\·) [6[ 

Sf;z +Sf;, [7J 
., S' I I SJ.;1 + 3/2 8 

Ex 
S112 

S3;2 
s~12 + sj12 

Ex 
S1;2 

S3;2 
S2 . s2 

1/2 -r 3/2 

Ex 
s11, 

S3;2 
2 S2 5112 + 3/2 

Ex 
s112 

53/2 
' S2 S112 + 3/2 

Ex 
s,12 

S3;2 
2 I S2 s1;2 , 3/2 

Ex 
s,12 

s31, 
' s? s1;2 + 3;z 

Stares of 8 Be 

(O+O)g.e 

0.0 

0.67(14) 

0.60(17) 

0.0 

0.7534 

0.5676 

(2-'-0)I 

3.04 

1.49(23) 

1.20(21) 

3.82 

-0.2045 

0 8578 

0.7775 

0.00 3.41 

-0 2424 

0.7616 0.8166 

0.5800 0. 7256 

0.00 3.55 

-0.2428 

0.7620 0.8180 

0.5806 0.7281 

0.00 3.39 

-0.2715 

0. 7689 0. 7942 

0.5912 0.1045 

0.00 2.86 

-0.2827 

0. 7703 0. 7766 

0.5934 0.6830 

0.00 

0.7409 

0.5489 

5 

3.57 

-0.1676 

0.8649 

0.7761 

(2~0), (Fl)1 (1+1)1 

16.92 16.63 17.64 

1.14(19) 0.27(5) 

0.65(15) 0.10(7) 

12.87 16.19 17.10 

0.3186 0.1936 0.2068 

0.5973 0.6463 -0.1664 

0.4582 0.5129 0.0705 

14.43 

0.2881 

0.5886 

0.4295 

13.36 

0.3107 

0.61L' 

0.4700 

14.33 

0.2937 

0.5899 

0.'!3~2 

16.39 

0.2512 

0.5611 

0.3779 

15.44 

0.2699 

0.5904 

0.4215 

15.80 

0.2257 

O.G698 

0.-±99() 

16.19 

0 ~G25 

0.6776 

0.500:2 

l;). 73 

0.2160 

0.054S 

G. '*.388 

15.95 

0.2308 

0.6525 

OH91 

15.85 

0.2260 

0.6812 

0.5151 

16.88 

-0.3144 

0.3210 

0.2018 

16.93 

0.2369 

-0.1758 

0.0870 

j 6.77 

-0.3180 

[) 3263 
(j ~076 

16.95 

-0.3329 

0.3336 

0.2221 

17.39 

0.2836 

-0.2999 

0.1704 
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Table 2: \Veights of wf~ in the a-dC'cay wirl.th::;. 

State 

in 8 Be Model 

(o+oh 

(2+0h 

(2+oJ, 

(2+1h 

CKpot 
CKI 

CKII 
PBAI 

PBAIII 
WB(5-16) 

CKpot 
CKI 
CKII 

PBAI 

PBAIII 
WB(5-16) 

CKpot 
CKI 

CKII 
PBAI 
PBAIII. 

WB(5-16) 

CKpOt 
CKI 

CKII 
PBAI 
PBAIII 
WB(5-16) 

(1+1h CKpot 
CKI 

CKII 
PBAI 
PBAIII 

. WB(5-16) 

3 Po 

0.4047 
0.3264 

0.4299 
0.3247 
0.3326 
0.3147 

25+1 r..,
1 

1P1 
3? 1 

0.6667 
0.6667 
0.6667 

0.6667 
0.6667 
0.6667 

0.4837 
0.51523 
0.5152 
0.5374 

0.5476 

0.4579 

0.0565 

0.0701 
0.0640 

0.0673 
0.0847 
0.0812 

0.1598 
0.1316 
0.1505 

0.1374 
0.1238 
0.1341 

0.5285 
0.5864 

0.5068 
0.5874 

0.5822 
0.5938 

6 

0.3333 
0.3333 

0.3333 
0.3333 

0.3333 
0.3333 

0.0432 
0.0253 
0.0253 

0.0149 

0.0109 
0.0602 

0.5542 

0.5266 
0.5387 

0.5321 

0.4988 
0.5052 

0.3767 
0.4194 

0.3905 
0.4103 
0.4319 

0.4155 

0.0014 

0.0022 
0.0041 

0.0023 
0.0016 
0.0035 

'P, 

0.4731 
0.4595 

0.4595 
0.4477 

0.4415 
0.4819 

0.3893 

0.4033 
0.3973 

0.4006 
0.4165 

0.4136 

0.4635 
0.4490 
0.4590 
0.4523 

0.4444 
0.4504 

0.0655 
0.0851 

0.0592 
0.0855 

0.0835 
0.0880 

"\'arm 

factor 

0.5676 
0.5800 
0.5806 
0.5912 

0.593-l 
0.5489 

0.7775 

0.7256 
0.7281 
0.7045 

0.6830 
0.7761 

0.4582 

0.4295 
0.4700 
0.4342 

0.3779 
0.4215 

0.5129 
0.4996 
0.5002 

0.4888 
0.4791 
0.5151 

0.0705 
0.2018 
0.0870 

0.2076 
0.2221 
0.1704 

, 

3 Conclusion 

ThP propnties of nonHH'~onic d(•ra~·~ of lp-s!tdl nuclei can br d(•scribed in terms 

of few weak intC'raction plwllOllH'llOlogical matrix d('l!H'llf:--; 11'(: ddi11ed hy Eq. 

(G) [ lj. TlH' pn'S('ll t considl'ration sbm\·s t.h<tt t h('S(' !llil t rix C'lcnH'!l ts can be 

CXtractC'd from the IlH'<tS\ll"t'd Y(l]ll('~ uf f~01 • partial widths of llOllill('SOlliC decay;; 

:~1 Be and :~B. Also it is shown that the uncertainties rdatcd to thf' description 

of nndear struc:t.l\n' arc not PSsential for this task. 

The relation betw('cn u·-j··; awl "eh•mrntary"' "\\"Pak AN---t XN interaction 

(exchange by out> piou. exchange hy one kaon, twO-IIH'son exchallgf', etc) "\\·ill 

be discussed in sub~eqm'llt papers to6cther with possible reasons for the known 

problems in explanations of the experimental ratio f11 j[P. 
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KYJbMHH B. A., Mail11HHr n. E4-2002-86 

IlapuHarrbHbie liiHPHHbi 6e3Me30HHhiX c.na6biX pacrrauos mnepsmep 

IlOKa3aHO, l:ITO q,eHOMeHOJIOnrY:eCKHe MaTpHqHbie 3Jle~JeHTbi, KOTOpbie TIOJI

HOCTbiO ormcbiBaJOT cna6oe B3a.HMoneHcTBRe AN ~ NN B Slllpax lp-o60JIOLIKH, 

MOryT 6biTb H3BJiel.JeHbi H3 WHpHH 6e3Me30HHhiX pacnaaoB rnnep5lilep l0Be H l0B. 
IlpH 3TOM BJIJUIHHe Heonpe.ueneHHOCTeH, CBSI3aHHbiX c OfiHCa.HHeM CTPYKTYPhi 

smep, HeBeJIHKO. 

Pa6ora BhinOJlHeHa B Jla6oparopHH TeopenrqecKoH cfnnHKH HM. H. H. Eoro

mo6oBa Oli5U1 H B liHcTmyre •;:repHoii <jm3HKH AKa;:reMHH HaYK 'lelllCKoii Pecny-

611HKH (P:>Ke:>K, 'lelllcKa. Pecny611HKa). 

Coo6UleHHe 06be!lHHeHHoro HHcnnyra SlllepHbiX Hcc.te!.IOsaHHH. lly6Ha. 2002 

Kuz'min V. A., Majling L. E4-2002-86 

Partial Widths of Nonmesonic Weak Decays of i\-Hypemuclei 

It is shown that the phenomenological matrix elements completely describ
ing i\N --c, NN weak interaction in the lp-shell nuclei can be obtained 

from the partial widths of nonmesonic decays of .~0 Be and ~0 B hypernuclei. It is 
shown that the uncertainties related to the description of nuclear structure are 
not essential for this task. 

The investigation has been performed at the Bogoliubov Laboratory of Theo

retical Physics, J!NR and at the Nuclear Physics Institute. Academy of Sciences 

of Czech Republic (Rei, Czech Republic) . 
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