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Bi ndin g energy and expectati on val ues of t he interparticle distances of
muonium hydride are calculated variationall y w ith a wave function depen-

dent exponential ly on three interparticle distances .
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1. I n t rod uct io n

The muonium hydri de, MuH, a system consisti ng of the muonium ato m Mu
and a hydro gen ato m H is, l ike the positro ni um hydri de and the H2 m olecule,
a four- parti cle neutra l system . The proto n to positro n m ass rati o is m p =m e =

1836:152 6675, the proto n to muon m ass rati o is m p =m ñ = 8 :8 8 0 2 4 4 0 8 [1].
In m easurements of the m uon spin precession in m agneti c Ùeld [2{ 5], muo-

ni um is observed by means of i ts tri plet state precession [2{ 4], and by the positi ve
m uon spin relaxa ti on [3]. Muo nium centers are investigated in insul ato rs [3, 6, 7]
and in elemental [3, 8] and com pound [3, 7, 9{ 14] semiconducto rs. Muo nium form a-
ti on in l iquids [2], in gases[2, 3, 15] and in condensed rare gases[16], is of interest
for a com pari son of Mu form ati on rate constants wi th tho se of the hydro gen ato m.
Muo nium hydri de app ears in the Mu reacti on of hydro gen ato m abstra cti on f rom
l inear molecules [2]. Muo nium m ay become incorp orated in a vari ety of m olecules,
and chemical consequences of replacement of hydro gen by muonium in a m olecule
can be observed [2, 3]. Theref ore, considerati on of m uonium bound to a neutra l
ato m wi th an im mobi le nucl eus is also of interest.
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2. T h e w ave fu nct io n

W e calcul ated the ground state of muonium hydri de wi th a vari ati onal wa ve
functi on, symm etri zed in the coordi nates of the two electrons of the m olecule,
as described previ ousl y [17{ 21]. The wave functi on wa s a l inear com binati on of
m onomials in four interpa rti cle di stances, wi th an overa l l exp onenti al facto r de-
pendent on the three lepto n di stances f rom the most massive parti cle. The most
m assive parti cle was a pro to n in m uoni um hydri de, MuH, a deutero n wi th mass
m d = 3 6 7 0 : 4 8 2 9 5 5 0 m e in Mu D [1], a tri to n wi th m ass m t = 5 4 9 6 :9 1 8 m e in MuT
[22, 23], and an immo bi le proto n in MuH 1 . The correspondi ng reduced massesñ r

of the muon are given in T abl e I. The vari ati onal wav e functi on was [18]

` ( r i j ) = ˆ ! ( k r i j ) ; (1)

ˆ ! ( r i j ) = ˆ ! ( r 1 ; r 2 ; r 1 2 ; r 3 ; r 1 3 ; r 2 3 ) =
X

m n p q

cmn pq (1 + P 1 2 ) j m n p q i ; (2)

j mnpq i = r m
1 r n

1 3 r p
3

r q
1 2

exp( À ˜ r 1 À Ùr 2 À r 3 ) (3)

wi th nonnegati ve integers m; n; p; q , and the sum m + n + p + q ç ! . The r 1 and r 2

are the pro to n{ electron distances, r 1 2 i s the di stance between the two electrons, r 1 3

and r 2 3 are the m uon{el ectro n distances, and r 3 i s the proto n{ muon distance. P 1 2

perm utes the indi ces 1, 2. The values of the nonl inear parameters ˜ , Ù and of the
scaling factor k were determ ined by extra polati on from v alues of Refs. [18, 19, 21]
and then by successive tri als.

3 . Th e gr oun d st at e en er gy

The ground state energy of the m uoni um m olecule was com puted wi th a
wa ve functi on com pri sing al l m onom ials wi th the interpa rti cle distance powers
who se sum ! did not exceed 7, whi ch renders 330 l inear term s.

T ABLE I
T he ground state energy of the muonium molecules.

ñ r À E D [eV ]

Mu H 185. 841 1.1389 3. 8527

Mu D 195. 742 1.1395 3. 8646

MuT 199. 273 1.1397 3. 8686

MuH 1 206.76827 1.1401 3. 8766

T able I gives, for the muon reduced mass ñ r (i n uni ts of electro n m ass),
the com puted ground state energy E of the muonium m olecul e (in ato m ic uni ts,
1 a:u : = 27:211 3834 eV [1]), and the energy D , in eV, of dissociati on into a
hydro gen ato m and a muoni um ato m . For the tri to n mass we used the larger of
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the two quoted [22, 23] values, but thi s does not a˜ect the value of the muon
reduced mass wi thi n the digi ts reta ined by us.

4. Th e i nter par t ic le d ist an ces

T able II di splays the exp ectati on values of the interpa rti cle di stances in the
m uonium hydri de com puted wi th the opti mized wave functi on, in uni ts of the
electron Bohr radius a B = 0:529 177 2083 È 10À 8 cm [1].

T ABLE II
Exp ectation values of the interparticle distances.

Inverses of the expectation values of the inverse distances

h r À 1

1
i

À 1 r r r

MuH 1.115 1.781 1.157 1.466

MuH 1.114 1.778 1.155 1.462

Exp ectation values of the Ùrst pow ers of distances

r r r r

MuH 1.600 2.283 1.670 1.534

MuH 1.597 2.279 1.666 1.528

Exp ectati on values of the inverse interpa rti cle distances, h r À
i , were com -

puted in the calcul ati on of the Coul omb potenti al energy of the system , wi th the
330- term wa ve functi on wi th opti m ized nonl inear parameters. Exp ectati on values
of the Ùrst positi ve power of distances, h r i , were com puted wi th ! = 6 , i .e. wi th
210- term wave functi on.

The computed h r À
i

À in MuH is larger tha n in H by 3% [24]. The e˜ecti ve
m uon{el ectron separati on estim ated from a point- dipole m odel of anisotro py of
the hyp erÙne coupl ing constant [25] for Mu in Si is between 1.8 and 2.1 ¡A, and
larger in I I{ VI com pound semiconducto rs [14], suggestive of an extended electron
wa ve functi on.

At concl usion of the previ ous com puta ti on [26] was stressed the desirabi l i ty
of a com puta ti on wi th an impro ved precision. The present computa ti ons were per-
form ed wi th a REAL * 16 preci sion. The results of the computa ti ons show tha t the
m uonium hydri de is in i ts size sim i lar to the neutra l hydro gen m olecule [18, 21,
24, 26] ra ther tha n to a positro ni um hydri de [20]. They quanti ta ti vely corro b-
orate the opi nion [3], supp orted by experim enta l evidence: \ The im porta nce of
im planted- muon studi es lies in the inform atio n tha t can be obta ined vi a compari -
son of m uon and proto n behavi our. In aspects of chemical physi cs, the equivalent
compari son is between muonium and hydro gen" .
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