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The reasons for investig~tion~cif the' cha~ge~rio~sy~m~ti-i~ ~uonic_m:oiecules like 

.Heilµ are as follows. Fiist, a direct charge~exch~nge reaction from the ground-st~te 
,. -/ •~ v' .- '• , .• ,--.. ,_ - ' :, •• .",-,-_. "" • ,_, ~• • f -_• • • •• ' , 

, ,'mironi~hydrogen 'ato~ to, helium~~clei is suppress~d,'.thitr;nsfer proceeds through 
. <-'. ·- - - . .• .... ' - . ' . < • ~· , ' • - • 

. theformation of the ~nolec~le in thtintermediate state; '.Hence,· the kinetics of muons 
• • ;~- __ , ', ,. •• -,. ' ·_ ' . '' ' '. '. ' .· C •' • I . •' • • . ., . . .· I 

:in.media is defined to a large extent oy the probability;orthis process. Indeed, the role 
/ ,· 

oLthe fo~mation of~ muonic molecul~ in a:charge2excha~ge reaction.was ~onfi~med 
.·_;"-, __ •· • i ' -- ,:- _.J •• -·· -- • 

-i~'a.number ~f expe~irrients> [i], [2],- {3],. [4j; 

_ The _measure~ent of the yield --o·f 7-rays: due tc{the decay of th6 .fledµ inolec~les· -

;. {5]): {6] 'r:~iv~~ intere~t- in the i~vestigation ofjhis :-~ystem .. }'h~ e~perimerit: give~ · 
--::-.. :-.·---· _!: .-_ .,. ___ -~/ __ .~--- __ .".''- ·.,_--~- -~:'-.' _· ,_: . .:_~-·- .... -·:-. / . ,. '.·: 

evidence of anadditional nonradiative decay channel: This possibility was discussed 
~ - . , . . - ~ -

~, Ne~t: eigenenergiesof h~th usual rriolecules of media.arid muonic ~olecule's, as' it .. 
~ ,• / • • • > •, ; • 0 > •,, C :. • • - •,' • • • • • ! • :•' ;-- ~ • • -••,-• • ; •, ' 

follo\VS from the results of [10], lll]; are compaiable. Fortliis reaion one can expect , 
-· c· - , '. - , . - ·-__ :' • ' ; - - , ' . -· - - . . . • ~~ - , - - • • :;· . ; -_ ·-~- . ,, _ _-- . ·- --. . - • 

an acti~e iilteraction of rnuonic moletules withmedia .. 

'< Assoo~ as the charge-norisymrn~tric molecuies a~e prod11ced,-th~ possibility of-' -
.; • :.· - ~- -- ., • ,> ' -.• ·• /· - - • - --- -- > 

· ·- nud~~r'tran~it1ons · arises. The inv~stigatioh of a nuclear·r~action: a.t ·typicaf-mes~-
. ·- :-:. . - . ·:: .. ·-· . :.- ',,-- ' , - ' . ·, ~ . . . .· , - - . - :.:.-".•: _, . ' - - .- - ,, ._ 

~olecul;; e~e~gies has -a .fund~me~t~f importance due to absence o/~ny.experirnental 

. <data 0~ ;h~ stro;1g hite;action.of ch~rg~d· parti~le~ fo this en~~gy rang~. 
. . ' . . -~ - - . ~ .. . , - - . - -

· Qiialitatiyely propedies of \heH~Hµ system am _defin.ed ~s follows:. Co11lomb"-
•• ' ' , ' - ~- - • - - • • - • ~ --: :.. , • • i ' 

interaction is not· able· to bind. the. systems undei.-c~nsideration. d11e. to -the repulsion 

· {n t~eHe~ + H--c~a~:~l. ·.· O~ly a -3-boJy, :~ona~t -st~t~ ~an ~e fc,;m~d. · States. Hkfi 
'- ... - ----·- ,-• ·i ---· - ; . ' : . ~ - . . . 

: thar.are\mpp~rtecl byth~.attracti_ve polarization ~oteritialiu·'th~ Hµ+He ch~rinel '. 
-___ - . -· . - ·- ;- . - -.--· . - - ,- ,' 

> The goal of thi~ paper is to· perform systematical calculations _of ehe~gy levels 

~~a:·nonrci~iatf~~ decayT1tes· of·the 3.~~edµ.syste~s -for '~llpossible values of=th~ 
- • • • • •• - ' -h-- - • •• 



/ 

.. •✓• 

.total angular ~omentum. Only th~ transition to the channel with the Heµ atom in 

the ground state has been considered. T;ansitions from the molecular states with 
C • • ; • • : • 0 -· 

.. L = 1, 2 to the channels wi0 the Heµ atom-in, the 2s, 2p states will be suppressed· 
. ,'l , , .. _, '· 

. due to exponentiallf small overlapping of the initial and final state wave-functions. · 
- .· . . . -

The treatrp.ent of this problem met essenti~l difficulties due to necessity to desc;ibe ;_ 

· /the Co~lomb thre:body sy;temabove 'the two:body threshold. Some approaches to 
• / : / -,. • . . ., ~ • \, I 

descdbing these syst~ms have bee~ applied .in [_11], -[i], [8], [9]. 

' The approach, using the hypJrspherical "su~face" functioils method [12], [13] 

has b~en applied iri this. paper. ]he followi~g advantages: of this method in treat~ 

ing the posed problems Can be mentioned, The method operates' with. a discrete set 
\ ~ -

of coupled 'one-dimensional differential equations. Phy~ical boundary conditions for. 
1' • . . ~ . • ' .- ... , 

. their solutio~ rari b'e ~asily formulated'.· Moreover, coupling of chann~ls turns out to 
I • ',. - ••• ' ' , 

·• ... be rather small iri o~r cas; and ;;,uows one t6 use th~ de~oupled cine-level· a~proxim~~ . 
. ' \ .· . ' -. . . \ 

tion: It is ~<>rth~hile t<>. mentionJhe analogous 1calculation ·of.the :LiH µ. and .B eHµ 

molecules [14]. 

The article is organized in the following way~ The description of tile method will 
. - --- \ . 

be given in the next sedi~n, section 3 contains num~rical results, section.4 -· discus.sion: 
' ' . \ ' . 
and conclusion:: ., ' 

,; --,-.· 

·\ 

II. METHOD 

The Hamiltonian of three charged particles in the Jacobi va~iables is: 
• - ,_ ~ ., ' - ; ,.. > > ' ; • • ...... • • 

,3' . . . ' "'"'q. 
. H = -6.x; ::::- 6-y;+ ~ -, 

' . - . .. s=l Xs 

(1)' 

-· where_ 

\ 

'~- .. , 2 

/, 

,J~: 

.

;(. 
. ! , 

' 

·;;' 

~; ( 

.~·· 1 · 
l 
·; 

f 

/ .\ 

X;= 
mkm; 

m(mk +m;) (? - r;),. 

. (2)' 

y;= 
m;(~k+m;) (. •.· m;r;+mkrk)·/.,, 

ri- _ . , 
m(m; + m)c :t m;) , ·. 'f!lj + Tnk 

~· 
,-------

q;= 2Z;Zk 
mkm; 

,\ 
m,(mk + m;) · 

'(3) 

': r;,m;,_Z; - coordinate, mass. and charge 'of.the i-th particle .. i,,2 /(me.2 ),· 'm;4/(2t/) ·. 

. have oee'n d~ed. as length ~nd'en~rgy units. ~er~ mi; ar~itrary ~ass 'and.was tak~n/· . 
.,,_ \ - ~ • : "• '< ' ; ) . / • ' . ·•. " 

equalJo"the muonic mass. For.definiteness muo~, hydrogen nucleus and nucleus'of 
·•·• · • ' , l • a • -'. • ' · • , ,. 

the charge'Z have been enume~ated ~s particles with number ·1, 2 ~nd 3: 
•' •• o I • , ' \: ., •, 

Coordinates p, a;, 0;have been,introduced by the relations 
',· ' .· ,. ' ; \· '· ·. ,, ' ·' Q; . .} ' ' .. 

x· = pcos-·· ,, ' 2' 
.,- ' ' ' . '-'p:; 

. y; =: psm2 , ; 
·, 0·· · .. (x; . y;) 
cos ;-=.- ' 

,x;y; 

·,' 

,,,-
(4) 

0 :S , ~;,0; :S 7r;; 

B~low. the nota~ion n \Vill be used for aharbitra;y,p~ir a;, 0~. 

·sine~ the systems have t~o .heavy and one light p~rticles;: it. is reasonable to assume 
• • i ' .. ,: l • • a' 

: I •, ' ' • • , ',,.; ' ,., .. • - ; :_ ' '\. : \, • • :• • \. - • " .,· • ~ ., • _. < (,' / • 

that the main part ofthe total. angular morrientum is .. carried by the pair of heavy .. 
' . • ' - ' . ;i ·'· • .., 

' particles. C This. is reason. ¼'hY. the following forlll of the, solution of. the Schroding(!~ .• ' 
·• ,. . I , • 

.· equat10n has been used:' 
' ._ •,. 1 

\ 
\ 

\·,. . . . 
, \II LM(x;y) = ,YLM(x1)cI>L(P, f!). .(5) ' 

.,; 

" I •. , . .,, - , • •.. • 

Obviously, this form of the wave function is exact for L = 0: 
,'·, . . .. 

, Under the rep~esentation (5) the Schrodinger equation for the states with total · 
: ' ,· / , . . ' ' , ' '. ,·. . 1/ • 

. angular'momenturr,i L tak~s the form:' 
/', 

3, 

. I, 



. '_./ 

• 
' [-;~:P<l:P)~ ·426.n+ E q~' _ ;]<t>L(P,!1)·~ ·o, 

. , ' . . . . p . scc=l Xs . ·/ • . 

'.,/ 

(6) 

·where 

. , 1 .. a · . 2 'a · . · 1 • a . a .· L(L +1) . 
,.:6.n = ---2-[-8 (sm a;-8. ).+ -:-:--0 80 (smO;80 )]- 4 2 ' • (7) 

. sin a; a; , a; , sin ; ; '. ; .. cos a 1, 

Follmving [12} and . (13] :'surf~ce" f{in~tioni! 'Pn(!t; p) can be j~troduced as finite 

·. solutions ~fthe· equati~n: . 
' .. <' .. ' 2 3 ·•'. . \ . • ' . ... \ 

, / [6.n -e.: ,L !>+- "~(p)Jcp~(!t; p) ~ 9· · 
. ·, , s:::;;1 , • , ~ •', 

·1 

, _•I . ..I • , .. ,, .· . . . • . . 
Expanding the sqlution of the equation (6) onto the set of the hyperspheri_caJ "_surface" 

' , ' ~ ,- . . '~ ' . , ' - ~ , ' I I ' ' • , \ ;, ; . , '. , ' 

functions: 
'I I~' 

,· ' ~~:(p, !1),~p-;/2~ un(P)~~(!t; Py -' , .. 
' ',, ' . \·· .-·:' ' ' • ' , '.. . , ' .,\' ) ' ' ' 'j. , . f • J 

· one immediately. comes to the system of, one-dimensional equations ' . ' ·:. ','. :/ . ' . ·,' ·, .i '.. ' . . ·. .. ..... ' .. 

_;i 

, d2 ', 15 ·. . •. •· I 

:-[dp2._4p2 ,-cn(:)·;:]~n(P):: .. i '··•••.: -:. ·.····•·: 

: I)Qn;(p)d -rTQ,;;(p) - P,;;(p)J,11;(p) "'.';O, 
•,· i, , . ·, _P. ·· .. p .\ , ... "'· .. ' 

- ¥. . ·a , 
. Qn;(p) =. (<p,.j opip;)_' 
. ' . . 

:, 

· · a · a ',. ' ', ,. ' ·. '. ,.:·· 

. Pni(t) ~. ( op 'Pnl op fi), 

. , 
_, .• '\ ' 4 . . .• 

'c;.(p) ~ 2~;.(p) ... 
', ·,, ,l, . p )<'' _':, ',-.· .,· 

( · I'· ) means .theintegrat.ion 6n the hypersphere. ove: d!t ·= ~-in2a;d~;dcos0;; 
. ..· . ' .. · · / ...... ' .. . . . ,• •' ·.. . . . 

On~• of the· mcist co~plicated pr6blems, ~f this .ipp;dach is the co~putation of\ 
' • .' ' • ,• •, ' • • \ ; ' ' ·,: •, < ' ' ,' •,' .I 

Qn;(p) and Pn;(p), defined)n (11) and 
... ' ' ', ,,! ' . ' -

4 

r 

t. 
' , 

/ 

/ 

. :J ' . p .. -1· . q.. . 
Qni = - 4(,\; - ~n), (cp~I L x; l'P.i), 

- .. .) ·. s=1 ," 

(14) 

Pni = ~(Q2)ni• (1,5) 

The for;.11·(14), (15) all.ow one to avoirthe c~l:-ul~tion of the deri".'atives of th~ "sur: 
• • \·· , .: ., ' '•, • ,.- , '. , ' •. •,. 1 . • ··, I 

face" functions on the param_eter p and use only already:kno~n matrix elements Vn;(p) 

~nd eigerivalue~ X;(p) of equation (8): · 

( The' v~riation"alap1>roach has been applied to solve equati~n (8). The ,;s~rfa~e" 
I "'- !•' l, • 

. functions have been chosei1 as a'linear combination of.trial fimctions from the following -~ . . . ' .. .--: . ', . . - -

set: \ 
. ¢>~~\~; )P;( cosOa ), I! = 2. 3, . 

/ · .... ·. . ' , '., ' . ' 

;~n!n:1C~-:L1(cosa3)J'i(cosO:i), : . 

,.~. , 

( 1.6) 

n ::/o, n >\[ > 0, 
\ . \-, . 

'\_ ;• 

-. 
_wl,i.ere· 

· iai(· . . _ . 'lqal . n .·. 
<pn/, a) -.Rni(-pco,s-2 ), , ~· n . , 

Rn1( t) =';eip(..:..t /2)!1L~1
~~ 1 ( t) 

(17)< 

·' \ 

.' ,, In ~qJations (16) ~nd (17,)Pi(:i:); L~ (x ); C,:"(x) are the Legendre, Lag~erre and Ge~en-

bauer polyn~mials. ~~he set or'trial functi~~s hasb~~n.~h~~~n i~ the for~ ( 16) in ~r·d~r ' . 
, , , ··._:: , ,,·<_':,_ .. '. .-. i.,,~ ~~l,, .~ . ~ . ·,. ·, .. ,. . . .· ... 

. t~_ describe. properly the three~body. ~ave-f~n~ti~n, at both \larg~ and, sro'all int~rpar-

. tide -dis(ances. The .first li~e of (16) will describe'the system ~eparate~ ;·into ·tw<? 
,, ' • ' -·-...,, • . • I "' • . • 

'• /~lusters. In thi~ case, one of'ilieclust~rs' is a hydrcigen~Iik~~~torn ;;,nd hydrog~n~like 

fun~tidns (17) 'will be pr~pe~ 'trial functio~s. ,'.;lie seco{;d lin,e of(16) wili ·~esc~ibe ~he: 
. ',, : . . . •• '.•· . .,I' . '< ... - , -, . .\ ~.•~ I • :. , ~ _'._ ~• ~. , • ' • • , / : • • 

configuration with all three particles close to each other. In this case, the centrifugal, 
' ' , \., ~ . ' ., I ' • .' ', . • ·, . ; : • • • :, , ' 

term in .(6) dominates' and eigenfunctions of the operator (7) are tised .. The set of trial 
.- .. :: · .. ··, . '·. :: . '.: .. ·. . ,\ .. , . ':' . , . \ ,_'·; •. •· 

functions (16)can be easily adjusted to the different values of _the parameter·µ. For 

, , , this p-~~pos; ~um~~rs of channe;~typ~ fu~nctio~s a;1dhyp~r~ph:rical harm~nics ha~e · · 
. ' . .. -:'. . .- . . ' . ~ . ' . ' ' ' - ' . . . - ·, 

.,__' 
r '· 

! 
,5 

I 

' ..... , 



• I 

been changed with changing p: ' It is necessary t;i emphasize that the dependence 
' • ' ,· ' ~ ',, . ' ' ' ! . ·,. ' , • ' ··,, 

of the numbe~s of th~ lrial functions' on the parameter p has not been exploited in 
~ ' • • ' I ' , ' 

~~alogous calculations .. This dep~ndence 'gives rise to more flexi?ility of the basis- and 

all~ws.one to avoi~ nu.rrierical instabilities when s~!vjng equation (8). 
' / . - ' . ' . .· ·( . ' ' ' 

As ·a result of.the. solution of equation (8) eigenp~tenti~ls c:n-(P ); Q12(p ), Pi2(p) 
, '"•·, , '1· \'· • '. 

have been obtai~ed. The 'properties of meso111olecules and transition rates arc mostly 
i ' • . • .• ' '• ' 

defined by the· s~e~ific form of the cff~cti~e poter1tiaii/ c:n(~ ). The l~~es-t effective 
~ - ' _, ' f ' • ' • ' ' • \, ' ' 

potential~1 (p) describes asympfoti<;ally th~ decaychannel H + Heµ and is repulsive 
, . ,'., ;• ;•,: , :,• ''.·, ,' ,', ,·;·,. , / ·,·I,; ' : '·• ,_ • ',,·; -:;• .. .,; ·•.: .·.·, 

'at.ail p values. The next effectivc'potential c: 2'(p) descr_ibes asymptotically the channel. 
. ' ' '\ ' ,- , . ' '• ,. ' . 

_\ 

'He'+ Hµ. - As it.was alr~~dfmentiohed this potentiaLha~ an,at,tractiv~ part a11d' 
'" • I , '. ' ' ' , ••• : , , ,"' • , :•,: • '. ', ',' ' _ / .' • ' • , • •~' • :• : •, :.~., • • : '" ; , •," i' ': . , 

supports the'reson'.1nt state :we a~e interested. Qn(p) and P12 (p) give rise couplipg of 
' . ~- ' ( ' f :· / . . ' . ' . < • ' ' , i :· .. • j ' \_ • : :, • l_ , • ,. '• ' I ; ; 'i . ~' ' f ; : :· • \ -' ) • ,: ' ,' 

· channels. In ca~e,'ofsmall coupling energy le~els o(4H<1dµ·,and 3/fedµ will be 1fourid as 

~ig~nvalues of the eq~ation: . ' , . r , ) 

, . - d2 ·., 15 .· .. - -· .-· , ' < · \ , ,,. 
[dp2 -.4µ2 .~c:2(p)::-;.P2~~p~+E)~2(p)'=0: 

• ,!, ' i J , 

·•,\ ' . ,· '-, ,. • ; ' • •' .,:•A 
for. zero~boundary c~!'ld1tions 

;f 
. , .. \ i• , · .. · ·:· .:. . . ,. :· , , ·: . ·r 

A~:alogously
1 

the c~ntinuui :wave-function has been found iri the one-levelapproxi0 
• ' i ' • • ' ' ' •_;, ' • 

qiation ~s ~ soluti~n of the equation: 

\ l s' , -- ' d2 ' ' 15 ' . ' '' ' ,., ,.. -'.' ' ., _·' 
[-.- - - - c1(p) --:-,Pi1(p) +.E)ulk(P) = 0 dp2 . 4p2 , , -- , . . ·. . . . 

·,-

(20), 
• ,'·, I. 

' for t~e following b~u~da~y aid 'asyrnpt9tic f0!1ditio~s{, 
• C , ,,: • 

- ulk(o) ~ ·o,: · -: ' ' 

ulk(P) '----,-t si~(kp +i), 
. "~ . p~'oo. , -,,. .·.· . :·,. 

, .{21)' 

where k;,= (E1:__ c1(=))1/2 and phase O is of no interest for our purp~ses. ,The. - I . I . . . - - ' ., 
' . ~ .. ~· . I '. ' ; ' , C ; ' " ,: • ' ' 

radiationles~ decay rate is given by 

I,. ( 
I, 

I 6 ,' 

·,. ( 

·t 
l 

i 
I 

- ' 

' . /. 

•.' •. '1 ' . ' ).=:_IM·l·2 me4·.,: 

k . 
k .. - 8 -I - !i3. , (22) 

\ 
where the matrix element or'the cha~nel coupling operator is, 

,, I, ' ' •. ' . ' • 

l 

(23)'· 

' 00 • . ' .. ' . ,, ', -- ' . 

M~ =J· .·dpu1k(P)[Q12(p)dd +dd Q12(p) .:__ P12(p))u2(p) .. 
. . . ' p . p . ' ' - ' . ' 

, + '\ ' 0 - ' ' . -~ > • ' • • • 

/, 

: Ip .. NUMERICAL _RESULTS 

.The following valu~s -~f the masses were used in calcul.itions: 'inµ·'=. 206.769hie, 
" :. : < • ,,, ••· ' • 

md =. 3670.48lme, 'i-n•H~ =; 7294.295me, m3He = '5495.881me. Equation (8) has been 
• _I' •,,.:•\ , :,, ••,.::' ( ', • •: ''. ' ., • \ i. < 1 \, ., ,, '1 _!,, '< i'. - .,J, (' ,, ''· _,. >' I' _,. 

solved for. a number of p values i.n the interval 0. ~ p ~ '45. Variations of the upj;er 
·,"'." _ _, ,,'. <'•'</,; .. •·::,: ·;.' . 'i .~,.1., .. ) •. (.\, ·, ,,,. ,' ,' , ,'' l ,.1'·.-. '' ':• .. -~-f, -.. 

- bound of this inte_r~al do.·n?t chaJ:1g~ final resul~s~. Expressio1;1s (13)-(15} hav-'e been 
' f• , ' • ' ',,. • ' ' • 

•' useci'· to calculate C:n(P ), Qn;(p), Pn;(p) .fof'these 'p .values.' The set of trial fu~cti~r:is '. 
; , , ·.; .·' '.'. ' ' . ·, ·. . . '.:; ' . ' : . ' , ' ,:" '~ . ;. ',, . ' 

'(16) pas be~Il ~dj~?ted i~ thefollo~i~gway: 'numb~rsof chamiel~typ~ functiti~s N1' 
. . . ' ... 

'' ,· '/\., :/_,. ; ' .• , ' t ', ' 

· and hyperspherical harmonics N 2 were chosen as: 
'':,-' ·;. I ,· , ; ; \ , •r' • _, ' 

I, 

N1 "." 2, Nil~ 105, '•>· p-~-'i,;, ' ' ::· --, ' ;'i ' ' - '.,: •, 
N1 = 6, N2 = 91, 5 < p < 7; _ 

. ' - . ,' ' . \ 

' 7< p 515; 
I, ' ' ·. ·'• ., ,, .\' _ _ N1'=12, N2 ==78, 15 < p. · 

.:, .... /',: ' ,'.,' ' . ','_,,:.,-,', ·:::,;-._ \ '.:; ': ,. ' '·· ,::-:-· : 1, 

The.relative ~ccuracy of two lowest eigenpotent1~ls i1 (p); c:2(p) cakulate1 in the above 

riien~ioned inte~~al,of p Call be estimated :s i 0-4 i For i~~ 81~-(p) ,'~1:(p); P;2(p)' P22 (p) ··; 
'1, ; : , ',.,' , _r _. , : , • • , • • ' • ,, , ·, ~, 1 , , ·' ·.; ' <' 

the ~stirn~te ~(the relati;e accuracy i~ 10-2 • Mesom~lec~lar biridirig eilergiesEL and,' 
- "l. ,·' ,: . ; ': ·\,:, ' ·., ' _'. : ,. ' ', \ ·, . .·: ''\';' '. '!._/, . ·, ' ·.< '' ' : ' 'I'\ ' .f 

r~diati~nless decay rates ).L for angular monienturri 'values L '== o', 1; 2 have been 
: , .' ~·· :. , ·., . 1., , . : '. · .;, . .I r .· ,· ~ ._ , .'; .._ · .. ·,· .· .. _., .,· · ·. .. · . , 

calculated as described in the previous section. 
, : : :'-' , : \:>. '>;' ', . ·,, '. ·,_.-• ! : i , . . : ' ', ·.. : , . -.•• ~ . , , ·, .. , I ·,' .,·, ,·,' _, '., f 

•. 'Th{ h1tegr~na in (23) \contains' the rapidiy. oscillatidg .- fu~ction 'uik(P)'. the sliarp 

-foncti~ns u2(p),,Qi2(p);P12(p): and their derivatives. In conseq~epce~fthese fatct~, 
,' ,.' ' - : .. ' . . ':..' ! . '' ·,'' /."') '·'..- £· ,,; ··,,'. : ,, .. ' 

care-_has been taken ofthe 1:valuation of this integral. •For this, purpose, 



- - \ l ' I ' '. ' 

. ' 
~ .i 

u2(p), Q12(p) and P12(/1) were expres;ed ,:i,s a product of sharp functions giyen in the 

'a~~lytic~l form a~d of s_mo;th functions gi;;n numeri~~lly: ,A few per c~ariat/on 
• • ? ' • • • ' \. • • • ~ • -

of decay rates was found when using different.ways for analytical representation of 
. / ' ' ' 

sh<!-rp func~ions. · 

The c~lculated values of the binding energies EHL == Eaµ ::,_EL and decay rate,s fo'r 

. · the 3,4Hedµ systems are pres~ritecl in Table.I in ~omparison with the reiults o(othei;,, 
,_ . . . ' , , ' ~ ' , ; . 

authors. 

Table 1 

_system (7] (11] 
', 

4Jledµ EBo 

Em:. -58.22 57.84 
. ' 

- ~Em 

Ao, 
,. 

,, 
,A1' 1.67 

A2' ', 

I i 

' 3Hedµ. 'EBo 70.74 

-. EBi 48.42 47.90 

EB2 ' 

Ao . ; '•,, -', 

' ' I A1 . 5.06 · 
'·" I,· 

A2 ,, 

' 

.. 

; '(8] (9].· 

,-'l7.96 78;7 

56.10 57.6 

I 20.3 

2.3 1.85 
', ,. 

2:4,· 1.33: 

- ,, 
' 0.9 

69.96, 70.6 

46.75 '48.2 

9.6 •. 

•' 8.0 •3.58 

7.0 2,7! 

1.54 

presen\ 

77.49 . 

: 55.74 

17.47 

0.73 .·· 

1.20' ', 

. 1.04 . 

69.37' 

/ 

46.31, 
' ' 

,7.11 

' 2.87 

3.22 

1.74 

, , 

<-

Table 1. Binding energies EBi, ( e Vf and d~cay ·rat~s AL (1011 s~1
) of th~ systems j 

~ ' ' ' \ ., \ 

. 3•4Hedµ c~l~ulated in Ref. [7], [8], [9], [11 { and in the present paper'. · 

/ 

·\ 

'/ 

j ✓' '8. ''·.:_ 
.. ' ,, 

I 

i IV, DISCUSSIOX 

.. From Table, 1 · it is. clear that binding energies for a gi.veri.L are close to each 
l ~ ; .' - } • < • ! • 

, other i~ all cal~ulations. One can see th.it _energies of the pres~nt paper ar~;•higher1 in 
'. . .". , ' . ' . . . .i . . . -

. corripariscm with calculations [7] and [11]. Thc(method of this work gives an:upper 
••' ,,! •,•' ,r ,,.' •,: ' \•: ,•.,~~;~, •• ••• < .;:_, :,, ' • : ,• i • I 

. bound ofeigerienergy if the coupling of ch~nnel_s is omitted'. One. can conclude that 

' this fact's~ppbrts'the validity ofthe onc:level approximation in our approach. 
. J ~ ·, ~-- ~ . < : • , ' I . : . ' . ; ' • ~-· .'" •. . ' I ' • ' - . • ' : ; ' ; f ' 

The comparison with the results .obtained, in. the framework of the Born-
- -- ' ' ' ' ' ' . 

• • ; • ', ' J - • .:-, ·.' ' ' ' :_ ) ., '. • •• • • 

Oppenheimer approximation ((8], [9]) cannot be dohe .straightfor\\'.ardly due td the· 
~ , '. i. •. ' , . :•:', \ ; .. ' . , · . .:- •,.' ',\,• •' ,-_ ~~ '1 • ' •• _, ; '

1 

', .; ' ·.' ' ,' - I • '.- ·:: :. ,• • 

following reasons.·., First,, mass. value,s and' thresholds· are introduced in' these· calcu, 
,' / : - ' ·, :' ' ,''' ' ''. ,,'_! '' ' : ' - ' ,., '' ·• ''' '' ,, ' ' ' 

lati?ns· ad hoc'. and do not coincide. with the physical ones .. · The impo'rtance ·of thes~ 
• : ' ',' ',· • : : • .' ~ ; '. '\ ! ' -~ -.. -.·, ".·., ',_ . ' '. ~- . ' • .., '' '. •. ' _; < ;.' ' -_ ' j .' ., ' •• 

procedures for the, c~lculation o( the, 1ecay ra~c is· not dear.. Unlike the' eigenenergy' 
• ' ' ; ! ., ' • ' ' • ,. .. ~ ' ' ' ' . 

i 

: problem, the ca'lculati~n oftl;e de~ay rak is: very· sensitive to the fi~e details of .wave: 
'"'' , , , ,·, '/.- ,-_ '' '. ', :·,· ·, : _., . . ,'. t ''. _:-, , • 

1
, i _ .:

1

• __ ,-: I. ··: , ·' .<' : '_ ' , • " :',; • ·, ' , •. -' • , , 

functions, as is: clear fro~ expression (23). The quasiclassical approximation .used in . 
1_: ... • __ ;-. ': -_· ',) ". ',; ' '\ . ''. :.' ~··:. •• ' • ' : \ ! . \ . . 

.the calculation '~f the deca/rate ir1 :the. paper ( [9]) can be a~ '~rigin. ~fan additional· 
• - ,• . '' ' ' . i 'I• 1· • . - • ' ' . . ' 

~nce~tainty; . ···· ·. ' · ... · .·. .·.. · .·.. · '\. , .. 1 
• • ' , , • .. :- • ,, 

' Q~alit~~i~~ly,aii"calculations supp?ri)\iest;ong isoto~i~ depende~~e of th~ ~e;a;,' 
' ' ' ,:. ' ' ' ' ' ,' ' ' ' ' '· ,' ' ' ' ' 

rates observed in experiment ([5];·. [6]) Ne,vertheless, the calculated values are quite 
'\ ,:,·· ',:' "' ' ', ' .,_ : : ' ·., ' ·. . ' ' ' ' ' ,', ' ':' '.' . .' j' - ' ' 
different· and: consistency of theoretical 'results should'.be· reached. 

• • ', >•: ,•• •: • 1 I ' • •, .' •'' ,:, • • ,'. ,"' i~ .' ,. ',,,\ . ;_ ,~•,.- •,.• •: • ". : > ' ' • ; ' ) • -,, "' ,• ♦ ' • 

'. '. It is a~cepted th~t the fo~mation cif,Jfrdµ i~olecules takes pla:ce in the state w'ith 
:1,·,'·',/:.'_..,, ,::,_I•-~:·,'..,_,':•"'• ... ,·-' ',· ,'.·_,\:\' ·,':-,_,_·; ···:,,,:','•, ,1•-· ,',.~ ';• .... ·_·. 

L. = .l'. In this connection, for comp'arison with experiment, the most 'important is 
···:.·r ~.::,.: .: .. ,.:::_.:-,· .':::.,: .: '' .. ':),.I·.·'._,.·< ,~::/'., ,.-•:._ :) .l . ··•-;",_,., .' 

the ratio:A-y/(X/+ A1 ), where A-y is the. radiative decay rate from the molecular:state 
( -~ > I • 1.' • ', •, ,, , ' ' ' :. ,•· • ;·\ ', E ·, . \ '•, ' '. • :~, .. :. -, : : .· • , 'I/ 

Using ,\~ from the paper [11] and. the present. values of At, one comes to 
' . ' ' . : .,, , . . - . ' .. 

the rati6'A~/(A-y +A1) ~ 0.585 for,4Hedµ and,A-y/(A-y+'·Ai) = 0.325 for_.the'3Hedµ 
, •' . . ,, " . '\ . ' ' . ' . 

, I , ',•. ' ' ' . , ,' • . '• -. . ..,.__:. '. , . :' , , '. •, 

systems. Other processes,,which,'may be important in the experiment, are:collisional 
• ,· , I ·, • , ' " \ • ' ' , ' • - , \ , ' 

,, tr~nsi~1~ns to th1:; ~uoni·~ molecular stat:es' with ~ngula~· m.omentum L i, 1. 
. ,, .. Vi~ally, o~e wou;dt~~ :to emphasize ,the ~e~css,it,y, ()( th~ systemati~stu;dy i~ t6~ . • 

'. , , , , . . , .. , , . ,·. 'I., · .. ···., . •, 

framework of the same approach of the·processes:involved lh the formation, 
,•,. F' I ' ',... ..' '•;•, • ' • ' • 
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