


S 1 Introductlon S

We study the ground state energles of mes1c molecules of llght nucle1

e .1n the framework of the oscillator representatlon method ref 1, 2]. ThlS is -

- one of the fundamental problems (see, for example ref. [3] Muon transfer

from the mesic hydrogen to, other nuc1e1 is of cons1derable 1nterest when i

3 studymg mesic-atom 1nteract10n processes ref [3«10]

At the present tlme the trans1tlon of muons from mes1c atoms of the
hydrogen isotopes H. (p, d, t) to hght nuclei (He, Li, Be) is lnvestlgated ,

" [6-10]. - The ground state muonic hydrogen with hght nuclei can lead
" to.the formatlon of hydrogen-nuclel mesic molecules [4].: A system hke '

" that is accompanled by the decay ( d1ss001at10n) of the molecule into-
the hydrogen nuclei (1sotopes) and mesic molecules of the hght nuclel, :
because there are no bound states for the lower term. -
The molecular mechanism of the muon transfer from the ground ‘state
- of the mesic hydrogen to helium is confirmed experlmentally [5,6]). Ger-

shtein et al. [7] and Kravtsov et al.[8] have theoretically 1nvest1gated the

bound-state energies of the systems (Hp *He) and (Hp *He).- ‘
- Muon transfer from the mesic hydrogen to lithium is of spec1al interest .
~(see, for example ref.[9]). The bound-state energies of mesic molecules
~ of light nuclei (lithium) have first been calculated by using the Born-
: Oppenhelmer approximation in ref.[10] and in ref. (11] these’ calculatlon .
were made on the basis of surface function expansions. In ref [11] bound-
‘state energ1es of the (Hp "Be) system were caculated as well ' ’
The main purpose of these investigations is mainly the construction of -
highly accurate numerical solutions of the Schrodinger equatlon for the

- - three-body Coulomb system. O
" Research of the dependence of the binding energy of the mesic molecules

(HuNz) on the masses and charges of particles has both theoretical and
experimental significance. It is orie of the central points in’ understandlng' ,
~-the molecular mechanism of the muon transfer from mesic hydrogen to

other nuclei and the formation dynamics of the few-body Coulomb sys-

© tems. It provides us, e.g., with the detailed information on the strong

. H—Ng interaction at very low energies (a few kev), 1nformatlon relevant
“to astrophyswal questions, e.g., the pp-cycle in the sum. ’
The present paper should be considered the direct sequal of [2] where
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the oscillator representvativon method is formulated. Here we have cal- ‘ - (Hu NZ) are wrltten in the form ; S P Ll

culated the bound-state energies of mesic molecules of light nuclei (He, Pt : _ o oﬁ) mym, [my my + m,, BRI
Li, Be) by using the method of oscillator representatlon (OR). The OR ?Ebin = —7m< mp mU ) s (2) ’
method in the zeroth approximation prov1des an analytlcal study of the - '
formatlon dynamlcs of the three-body Coulomb systems with the accu-
, racy less then 1 per cent As a consequence the unijversal research of the

where U is the energy parameter’ and my is the muon mass The energy
parameter. U is determined from the followmg equatlon as a functlon of i
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‘dependence of bound state’ energy of‘the three body Coulomb system on =~ k -, Tasses and charges of partlcles A . , e T e
‘the masses and charges of particles becomes possrble In the papers[l 2}, l S R (U) ___ 0, T A T (3)
the OR method was used to’ calculate the energy spectrum for a wide class ', T e S AL S o SN B e
of potentlals and to determlne the reglon of stablllty for the three body S where eo(U) bemg the energy of osc1llators 1n the zeroth approxrmatlon
Coulomb system w1th unit-charges and arbitrary ‘masses.. ST of the OR ‘can be wrltten in’ the forrn (the detalls see ref [2]
The paper is organlzed as follows. In section 2 we calculate the bound-; - : - : : ' S
state energies of mesic molecules of light nuclei’ (He, Li, Be) In section - o B E (U) 20 d (9 + w ) 9( d Q + dw_) + _%
~ 3, we study the dependence of the binding energy of mesic molecules of = g Qw9d 20 + 1 “Q d 2 w 297 R w
llght nucle1 on the mass and charge and’ determme the stabllrty boundary . BT R ;
SR SRS d(d 2 d 4 F 26
. for mesic molecules of hght nucle1 with’ masses’ m N= QZmp where mp Jsf - R ZLH—) ] (2: ( + 4)9(F2+9 ) ( )f (Q
the mass proton and Z is the charge of- nucle1 ‘ k ( ) A ( )
S T L - v P . where' '
r 2 The blndlng energy of the mesm molecules of o f /d d/2(1 ?) /1 : : ERTES TN Z
i ~light nuclel | SO v va J ﬁ—, P+ VR = 2cNJ(1-J)mo -
In th1s sectlon We shall study the ground state energles of mesic. molecules 3 5 ik cn \/(1 -y) 292 + c 2w2 + 2chy(1 — J)TwQ
of: l1ght nucle1 in the. frameworlx of the oscrllator representatlon method- ERRO
2 The binding energies [7-12] of the mesic molecules (H,uNZ) are ~and the notation is used__r. : A S
* determined. w1th respect to the. ground state of the (Hp) atom .f L : )‘ CoTmgmgmy e S m'HmN" B
R " Eyin —EH#N EHp L e (1) : mH+mp+7nN : T mN +mH
in V4 4 A : Lo Rer i
‘The details of calculation of the ground state energy of three- body Coulomb S B OIE h . &G = ;1—1- ) c= — CH + eN -7 = H N PRSP

: -l»systems are given inref.[2]. The ground state energy of the mesic molecules

‘ (HuNz) can be represented in the form - ‘The charge of llght nucle1 is denoted by Z

: L o For the calculation; we have used the follow1ng values of masses
- E - 1a2 m HmN . g

2 mg+my " = 206 77me, - m,, = 1836 15me, '1 md = 3670. 48me, m, = 5496 9me .

where mH and my are the masses of the hydrogen isotopes and nuclei,- o m e = 5495 92815me, e = 7294 3561me, R 10961 91216me, :

respect1vely Accordmg to (1) the b1nd1ng energles of the mesrc molecules e t ,.




moag, = 12786. 40853me, m TBe‘— 12787 17851me, SR TR Table 1 The values of the parameters of our model S
where mc is the electron mass The results of calculatlons are g1ven m : R o

Table 1. o S , e o ‘ [ system ﬂ Q J d.. l 0 : l U
' Taklng into- account the values of the energy parameter U, which is P (pp? 3H e) |-23719 ~10957 4.1001 | .10297 -13‘333 |
represented in Table 1., we can. determine the binding _energy. from (2) S T R (dp °He) || .19336 | .10621 | 4.1000 | .10215 | .09128

(tu "He) ||.17423|.10195]4.1028 | .10016 | .07448 | -
(pu “He) || 23029 | 10771 | 4.1000 | .10233[.13035|  ~
(du “He) | 18513 | .10531 | 4.1052 | .10199 | .08245 | . - ..
- [(@u"He) | 1721010789 [4.1000 | .10198 | .06542] = - .-
. (pp °Li) || .21706 | .10740 | 4.1018 | .10236 | .11929 | -

~ for each mesic molecule of light nuclei. The results our calculatlons are
- given in Tables 2and 3. »
Table 2 represents the absolute values of the blndmg energles (m eV), :
_ of mesic molecules of Helium isotopes, determined in papers [7,8], and
‘ our results. In Table 3 absolute values of the bmdmg energies (in eV) of »
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the (Hp SLi) , (Hp "Li) and (Hp " Be) systems are given. L R (dp ®Li) |[.17335|.10730 | 4.1045 [ .10141 | .07191
~ From Table 2, one can see that the results of our calculatlons of the , S U (77 6Li) .16302 {.11148|4.1138 [-.1001 {.05509
b1nd1ng energles for the mesrc molecules of Hehum isotopes-are in agree- o [ k L (pp '7Li) 1.21394 | .10686 | 4:1000 {-.10241 | .11698 | - .~ -
ment" w1th other theoretlcal calculatlons But in Table 3 our results are NI | (dp TLd) ||.17053 | .11041 | 4.1000 | .10377 | .06944 | -~
not in good agreement wrth the other theoretical mvest1gat10ns ‘We want S ‘ | (tp "Li) ]| .15821].11075 | 4.1040 | .10000 | .05252 |
to note that the. accuracy of the zeroth approximation for the (H,u 7Be): 47 (pp "Be) | 21226 | .10777 | 4.1007 | .10226 | .11616 |

. systern is not sufficient. o , S [ (dp "Be) |[.171137:10950 | 4.1020 | .10065 | .06900

(tu "Be) | 15231 | 11059 | 41033 | 10001 | .05215| .
2 The stablllty of mesic molecules of llght nucle1 S T S ERE TR

We consrder the systems (H ,u N z) where N 7 is the nuclei W1th charge 3

z and mass - Table 2. The absolute values of the blndlng energies of mesm |

i th =2Zm, , ' A : (5) i e : R : molecules of Hehum 1sotopes (in eV)
’ where mp is the proton mass. We should calculate the energy parameter - o system | (7] | 8] | (2] | OR']
U as a function of Z for this system (Hu Nz). The binding energy of the " , = 59.0 =
o R PR (pp °He) | 67.70 | 69. .
~ given system is determined also as a function of Z. ‘The dependence of - { ~ 3
v Coa , 1 (dp °He) || 69.96 | 70.6 | 70.74 | 70.0
- the binding energy of the system (Hu Nz) asa functlon of the variable = . P 7 :
‘ S & : (tn°He) | 71.91 | 72.3 73.8
Z 1is represented on Fig 1. ’ THe) [74.36 | 75.4 0
The cr1t1ca.l value of the vanable Z.y is determlned from the condltlon i l R o gzy 1 He) 77.96 78. 7 76.0’
, Ebmd(Zcr) =0.. . -‘(6)~ ! : (tu THe) | 80.76 | 81.3 179.0
- From Fig.1 one can see that the critical charges Z,, for the mesic molecules o , ¢§« :

(py Nz) (dp Nz) and (tu Nz) are dlfferent and bounded in the 1nterval
| 5,5 < Zu < 7,3 o e



- Table 3 The abSOlU.te values Of the bmdmg energxes Of the o . This lowest and- upper estlmatlons for the critical values of Z are quall-: o
: (H uLz) and (H ,uB e) systems(m eV) EEEEE R I tatlve In prmc1ple the oscillator representatlon method can imrove the '
REE ' accuracy of calculation by taking into account higher perturbatlon cor-
- | 'system " |-[11] [10]'? OR | - B RN - ‘rections connected with the interaction Hamiltonian [2].. So, by taking -
SR (ppSLi) | 243176241 L _ into account higher perturbatlon orders one can be determme the exact
| (duSLi) [[23:8118.5|27.0 SEE TS L -values of the cntlcal charges for any three- body Coulomb systems
o (e SLe) 35.3119.8133.00 < : SR - ,
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MCSOMOJICKYJIH JICTKHX 91€P B OCIIKJUISITOPHOM apeacTaBJICHAN

Me'roz(OM OCIILISTOPHOTO npez(crannem‘ BHYHCACHH SHEPI'MHM OCHOBHHIX

| COCTOSIHH{ ME3OMOMIEKY.T (HuN), cocrosmux 3 H30TOIOB Bogopona (p,d,n) 1

sapa N c3apsoM Z = 2, 3, 4, ... cMaccoli Mz = 2Zm,. Ilomyyena 3aBUCHMOCTD

SHEPTHH CBA3M ME30MOJIEKYT KaK (hyHKuMA 3apsaxa apa. OnpenesneHo KpuTH-
YecKoe 3HAUCHWE 3apia SApPa, CBS3AHHOC C CYIECTBOBAHMEM PE3OHAHCA B
nponecce (HK) + Ny - (HuNz) » H + (uNyp).

' Pa6ora BHIONHERA B JlaGopaTopuu TeopeTHyeckoi dmsmm um. H. H Boro—
mobosa QU U,

TIpenpuut O6BEAMHEHHOTO MHCTHTYTA SIEPHBIX MCCAe0BaHMit. [y6ua, 1993

Dineykhan M., Efimov G.V. E4-93—465

Mesic Molecules of Light Nuclei in the Oscillator Representation

The mesicmolecules (HuN,), where H is the hydrogen isotopes (p,d,?) and
N are nuclei with charges Z = 2, 3, 4, ... and masses Mz = 2Zm,, are studied.

The energy values of the ground state for the molecules of light nuclei have been
calculated by using the oscillator representation method. The dependence of the .
binding energies of the muonic molecules on nuclear charges and the cntlcal
values of nuclear charges are obtained. :

The investigation has been performed at the Bogoliubov Laboratory of

‘ Theoretical Physics, JINR.
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