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Scaling predictions for radii of weakly bound triatomic molecules
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The mean-square radii of the molecuf#$e;, *He,—6Li, *He,—Li, and “He,—?*Na are calculated using
a three-body model with contact interactions. They are obtained from a universal scaling function calculated
within a renormalized scheme for three particles interacting through pairwise Biigeraction. The root-
mean-square distance between two atoms of mmsi a triatomic molecule are estimated to be of the order
of CVA2I[ma(E;—E,)], whereE, is the dimer ancE, is the trimer binding energies, arttlis a constant
(varying from~0.6 to~1), which depends on the ratio betwelep andE;. Considering previous estimates
for the trimer energies, we also predict the sizes of rubidium and sodium trimers in atomic traps.

DOI: 10.1103/PhysRevA.68.012506 PACS nunter31.50—x, 34.10:+x, 36.40—c

[. INTRODUCTION corresponding center of magsm.) have been performed for
the ground and excited statgkl,12], and also for the mean-
Weakly bound molecules are large size quantum systemsquare interatomic distan¢#l]. These sizes are of the order
in which the atoms have an appreciable probability to beof 5—10 A for the ground state of thtHe; molecule, and of
found much beyond the interaction range, and at the samabout 50—90 A for the excited Efimov stdtkl]. Therefore,
time tiny changes in the potential parameters can producthe system heals through the regions that are well outside of
huge effects in the properties of these stdtels The best the potential range, in which the wave function is essentially
illustration of such systems is the experimentally fofite,  a solution of the free Schdinger equation, and where the
dimer [2], with \(r?)=52+4 A and binding energyE,  physical properties of the bound system is defined by a few
=1.1+0.3/—-0.2 mK [3]. Other examples of weakly bound physical scales. For example, the dimensionless product of
molecules are found through the experimental realization ofhe mean-square interatom distance with the separation en-
Bose-Einstein condensati¢BEC) [4], where the possibility ergy of one atom from the trimer is not far from the unity
to change the effective scattering length of the low-energy11] in the ground and also in the excited states, despite the
atom-atom interaction in the trap to large positive values bylarge difference between such energigf/E{V~50 (E{"
using an external magnetic figfd,5] can produce very large is the binding energy of thath trimer state So, as already
dimers. In fact, weakly bound molecules in ultracold atomicdiscussed in Ref413-16, we should note that quite natu-
traps were reported in Ref6]. The binding energy of the rally the binding energy is the scale that dominates the phys-
87Rb, dimer formed in a Bose-Einstein condensate was meaes of the trimer. One should remember as well that the col-
sured with unprecedented accurd@y. Ultracold Ng mol-  lapse of the three-body system in the limit of a zero-range
ecules have also been formed through photoassocifion force[17] makes the three-body energy one of the scales of
One should note that in the limit of an infinite atom-atom the system, beyond the two-body enefd$].
scattering length tuned by the Feshbach resonances in the The calculation of the low-energy properties of the three-
trap, in principle the Efimov conditiof@] can be achieved, body system can be performed with a renormalization
in which an infinite number of weakly bound trimers exist. scheme applied to three-body equations vattvave zero-
The formation of weakly bound trimers in ultracold atomic range pairwise potentidll3,18. In this approach, one can
systems have not been reported till now, but recently thdix the three-body ground-staté&he three-body physical
recombination coefficient rate was used to predict trimeiscale and the two-body scattering lengttg3]. Conse-
binding energies of some specific atomic species that arguently, all the detailed information about the short-range
being studied in atomic trag4.0]. force, beyond the low-energy two-body observables, are re-
Theoretically it is possible to exist weakly bound mol- tained in only one three-body physical information in the
ecules of zero-angular momentum states in triatomic syslimit of zero-range interaction.
tems, as for example, in the extensively studféte trimer In the present work, we first study the mean-square dis-
system(see, e.g., Refl11] and therein These molecules are tances of one atom to the c.m. system and between two at-
special due to the large spatial size, which spreads out muabms in the ground and excited states of triatomic molecules
beyond the potential rangé1,12. In such trimer, the calcu- of type “He,— X, where X= “He, SLi, 7Li, and *Na.
lations of the mean-square distance of e4kle atom to the  Next, using trimer energies derived from the recombination
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coefficient rate§10], we make estimates of the correspond- 1 312 -1

ing sizes of rubidium and sodium trimers. We introduce and 7,4(Y; €3)= p
calculate scaling functions that describe the different radii as

A+1
2A

functions of the physical scales of the triatomic system ob- @

tained in the limit of a zero-range interaction. In this way, we ) )

are generalizing the concept of scaling function, which was Gily.x: € )E|092A(€3+X +xy)+y“(A+1)

previoysly introduced in Rgfs[.ls]_ and [18] to study t_he 1y X €3 2A(eg+X2—xy)+y2(A+1)

behavior of bound and excited virtual Efimov staf8$ in

terms of triatomic physical scales. | 2A(1+x%+xy)+y2(A+1) 5
The scaling function depends only on dimensionless ra- —10g 2 > )

tios of the binding energies of two and three atoms, and the 2A(LHXT=xy) Ty (A+1)

ratio of masses of the different atoms. In that sense our con-

clusions apply equally well to any other low-energy triatomic G o 2(Aegtxy)+ (Y2 +x?)(A+1)

system. The validity condition for the scaling relations is that 2(Y. X €3) = 092(A63—xy)+(y2+x2)(A+ 1)

the interaction range must be small compared to particle dis-

tances, which is the case for weakly bound three-body sys- 2(A+xy)+(y2+x3)(A+1)

tems. —log . (6

2 2
The paper is organized as follows. In Sec. Il, we present 2(A=xy)+(y*+x9)(A+1)

the Faddeev equations for the spectator functions for a tri- o )

atomic system with two equal particlesand a third ongg, ~ The mass numbeh is given by the ratiang/m, . The plus

and the form factors from which the different mean-squarednd minus signs in Eq3) and(4) refer to virtual and bound
radii are obtained. Also in this section we discuss the genefWo-body subsystems, respectively. .

alization of the scaling function defined in Refd5,18 to _In the present context that we have three particle systems
describe the different radii. In Sec. Ill, we present our nu-With two |de_nt|cal one_s,_l_t is worthwhile to call the attention
merical results for the mean-square distances of one atof@ fWo particular definitions of three-body quantum halo
with respect to the c.m. system and between two atoms in thfates: theBorromeanstates[19], where all the two-body

ground and excited states of triatomic molecules. Our conSubsystems are virtuak(- a— ), and thetangostateg 20},
clusions are summarized in Sec. IV. where thea— B subsystems are virtual andle is bound

(aa—B). Note that the virtual pair of particles is denoted
with a dash between the symbols. The Borromean case cor-
II. RENORMALIZED THREE-BODY MODEL responds to positive signs in front of the square-root energy
AND FORM FACTORS of the subsystems in both Eq®) and (4), implying in the
) ) ) o weakest attractive kernel of Eq&l) and (2) among all the
. In th|s.sect|on_, we |.ntroduce the generalization of the Sca|possibi|ities of signs in the two-body scattering amplitude,
ing function defined in Refg.15] and[18], to be used to  and, for the tango three-body system, we have negative sign

obtain the different radii. We write down the coupled renor-qn1y in front of \/e,,,, in Eq. (3), with positive sign in front of

malized equations for the spectator functions and the eXpresic in Eq. (4). So, a more effective attraction occurs in a
sions for the form factors, which allow the calculation of the ., -~ '

: X tango state than in a Borromean case. Of course, if all the
different mean-square distances. two-body subsystems are bound, the effective attraction is
maximized, and, if all such subsystems are unbo(nd
tual), the effective attraction is minimized.

One can extend the classification scheme of three-body
Throughout this_paper we use units such thatm,  quantum halo states of the typex3 [21], considering the
=1. Fora="He, fi?/ma,z 12.12 K. After partial wave four possibilities, for increasing values of the magnitude of

projection, thes-wave coupled subtracted integral equations,the effective attraction in Eq$l) and (2). The weakest at-
for two identical particlesr and a third ones, are given by  tractive situation corresponds to the previous defined
.y Borromean-typgonly virtual subsystems(a—a— 8). The
— . Z . tango situation ¢ — B) is followed by a three-body system
Xaal¥) ZTaa(y'és)fo deGl(y,X,fg)Xaﬁ(X), @ with @— o virtual and @8 bound, which we represent by
(aBa) halo system. Three-body system with the strongest
effective attraction has all the subsystems bound and is rep-

A. Subtracted Faddeev equations

B ) » X ) resented by ¢a ).
Xap(y)=Tap(¥;€3) J; dxy[Gl(X’y’%)Xtm(X) We solve Egs(1)—(6) in units such that the three-body
subtraction poinu sy is equal to 1[18]. The corresponding
TAG,(Y,X; €3) Xap(X) ], (2 dimensionless quantities atg=E3/ufs), €4o=Enalpfa).

€45= EaB/M(Zg). The three-body physical quantities can be
written in terms of the three-body binding energy when

first the value Of,u(23) is determined from the known value of
E5. Therefore, the results for the renormalized model appear

-1

N €)

/ A+2
ezt KyZ—T— VEua

Taa(y; 63) = ;
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when the subtraction point energy is written as a function otransform of the one- and two-body densities define the re-
E; and, consequently, the three-body quantities naturallgpective form factorsEB(qZ) andF,W(qZ), as a function of
scale with E3. Fina”y, the Scaling functions are obtained the dimensionless momentum transﬁr For the mean-

when the dimensionless product of physical quantities argquare radius of the particle (= a or ) to c.m., we have
written as a function of the ratios between two-body energies

andE;. (12)= —6( M 2ldF.(g?) 14
Y 2m,+m 2 '
B. Scaling functions for the radii p dg 2=0
The existence of a three-body scale implies in the low-where
energy universality found in three-body systems, or correla- . .
tions between three-body observall&8,22. In the scaling ) 33 - q - - q -
limit [14,18, one has Fal@)= | dydZ¥ o\ y+ 5.2/ Wap| Y= 5.2/,
O(E,E3,Epa Enp)(Eg) 7 g g
2y 3,,A3 YL YL
= A(VEIEs VE o [Es \EopEsA),  (7) Fal )‘f PYELY oo ¥+ 52 ‘I’w(y 2'2)
(15

whereQ is a general observable of the three-body system at

energyE, with dimension of energy to the power. In the  For the mean-square distance between the partickasd y,
present paper we discuss only the situation that we have onkye have

bound subsystemswe3); however, the analysis could be

easily extended to other three-body halo systems such as the dF,.(g?)
By =6 16
Borromean, tango, andvB«) systems. ray)— do? ' (16)
In the case of the mean-square separation distal(mé)s, 4?=0
with y=a or B, i.e, the distance of the atomto the c.m.,  \\here
and(rfw), i.e, the distance between the atomsind vy, the
scaling functions are of the form R - .. q .. q
F (q):fdydz\lf v,z+ = |V, | y,z— =|.
ay ay ay
\/<r§/>S3:R)/( \/eaa/€3! \/eaB/EEB!A) (8) 2 2 (17)
and The above triatomic wave functions in momentum space are
<r2 1S=R (\/5—/53 m A) 9) given in terms of the spectator functiogg,, :
avy, ay aa ’ «@ ’ ’
whereS; is the smallest separation energy of the three-body . (y.7)= 1 _ 1
system, i.e.S;=min(Ez—E,, ,Ez—E,z). Two particular situ- aalY: A+2., +2., -,
ations are worth mentioning, one Is the case of trimer sys- €t a Ytz It ytrz
tems (A=1), where the above scaling functions above re-
duce to 51 Y Y
X Xaa(y)+)(uﬁ Z— 7 +onﬁ z+ 5 ’
2 2
(r7)Ss=R (Ve &3) (10 8
and . 1
N Vap(y,2)= R A+1»2+ A+2
<raa>83_Ray( €2 é-3)- (11) €3 2A z 2(A+ 1))/
The other special situation is found fer,,=0 where the 1
dimensionless product of the square radii and triatomic bind- _
ing energy depend only on the mass ratio: 1+ A+ 1£2+ At2
2A % T 2(A+ 1)
(r)YEa=R,(A) (12 i
. Ay
and X| Xaa z——A+1

>

Wra ) Es=R,,(A). (13

C. Form factors

. Ly
+Xaﬁ(|y|)+XaB Z+m

The mean-square radii are calculated from the derivativevherez is the relative momentum of the pair als_fdis the
of the Fourier transform of the respective matter density withrelative momentum of the spectator particle to the pair in
respect to the square of the momentum transfer. The Fouriemits of u(3y=1. Note that the subindices df in Eq. (18)
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FIG. 2. For the triatomicaaB system, withy=a, B, it is

FIG. 1. The dimensionless produatér2)S; (lower curvesand  shown the dimensionless produafér?.)E; [upper (@) plots] and

W(rZ.)S, (upper curvesas functions ofyE, /Es. Our results for  \{r2)E; [lower (b) plots], as functions oA=mj,/m,, in the limit
the ground state and first excited state are shown, respectively, By,.=E,z=0. M is the root-mean-square distance of partigle
solid and dashed lines. Realistic calculations from R&t], for from the center of mass, anm is the root-mean-square dis-
\/<r2a)S3, are given by empty squardground state and empty  tance between the particles and y. The results for the ground
circles (excited statg and, for(r2,)S;, by full squaresiground  state (N\=0) are shown by the solid liney=«) and dot-dashed
statg and full circles(excited state line (y=pR), and, for the excited statdNE 1), by the dashed line

(y=a) and dotted line §= ).

J:Vsatllud;[gc;thee ;{/C:v g ?Jn ;{O‘;élczc;rj; \:\,?tlﬁtg,/i amgrrrllg?n;ieuhs:: t(\)/alldlty of the present approach are that the atoms should

. . have a very shallow and short-ranged two-body interaction
the relative momentum between and v and the relative S ; .
. . and the binding energy close to 0, i.e., the ratio between the
momentum of the third particle to the center of mass of the . . i
svstema interaction range and dimer size should be much smaller than
y Y 1. These are indeed the cases we are considering.
The results for the radii ofHe; molecule in the ground

Ill. RESULTS FOR TRIATOMIC RADII and excited states are shown in Fig. 1, in the form of a

Our analysis has considered some particular three—bod@caIIng plot. Thg dimensionless produc\éf.rc)sg gnd
molecular systems, in which the three-body ground-state env(f z«)Ss @s functions ofJE;/E; are shown in the figure
ergy and the corresponding energies of the two-body su@nd compared to the realistic calculations, obtained from

system are known theoretically fdtHe trimer [11], “He, Ref.[11]. .Our calculations for Fhe ground and excited states
—6Li, “He,—’Li, and *He,—2Na [23]. In Ref.[11], the &r€ practically the same, which would be the case if the

authors have considered realistic two-body interactions; theffN€rgies with respect ta® are, in fact, going to 0, i.e., the

results for the ground and excited state radii are appropriatgcaling limit. The results fox/(r%)S; and (rZ,,)S; for the

for our purpose of comparing with the present scalingéXcited state are in good agreement with the realistic result.

approach. However, for the ground state the results show a deviation of
The ground and excited Efimov state energies offHe; ~ about 20%. The excited state size is about ten times larger

molecule were extensively studied in the scaling approach dhan the corresponding size of the ground state. Therefore,

Refs.[15,18, with the results that are in very good agree-the scaling limit is better approached in the excited state,

ment with realistic calculations. This leads us to concludeWhich is much larger than the interaction range, which is not

that other detail§beyond the dimer and trimer ground-state Strictly valid for the ground state, and consequently devia-

energies presented in the realistic interactions, which havetions in the scaling plot are stronger for this state.

been used, are quite irrelevant to the existence of Efimov [N Fig. 2, the results for the dimensionless products

states. These features validates a universal scaling function(r.)Es, \/<r§B>E3, and \/<r27)E3, as functions ofA

relating the trimer ground state, the dimer, and the weakly=mg/m,, for E,,=E,z=0 are shown. We perform calcu-

bound excited three-body energy state. Realistic calculationgtions for the ground=0) and excited =1) states, as

for the excited states ofHe trimer approaches reasonably indicated in the figure. One observes in the upper frame of

well the scaling limit[15,18), which suggests to investigate Fig. 2 that the results almost saturate abdve3 to the

the scaling limit of other observables such as the differenvalues found in the limit ofA=«. The calculations folA

radii defined in Egs(14) and (16). The conditions for the = give for (r? ) the values of 0.6%; for N=0 and
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TABLE |. Results for different radii of the molecular systems  TABLE Il. Results for the size of trimer systems predicted in
aaf, wherea=*He andg is identified in the first column. The Ref.[10]. The sizes are given by(r2), the root-mean-square dis-
ground-state energies of the triatomic molecules and the correance between the atoms and the center of mass of the trimer
sponding energies of the diatomic subsystems, obtained from Regystem. The atoms of the trimer are identified in the first column.
[23], are given in the second, third, and fourth colun(m§y> isthe  For each dimer energy, given in the second column, we have two
corresponding mean-square distance between the partices y possible trimer energigg€olumns 3 and B with the corresponding
(=a,B). <r§> is the mean-square distance offrom the trimer  radii given in columns 4 and 6.

center of mass.
E2 E3 V(ra> Eé V<ra>,
EQ B By V(T V0T VDO aem m mo (A) Mo (A)
B (MK) (mK) (mK)  (A) (R) A A

BNal1,—1) 2.85 7.75 12 3.06 38
‘He 106.0 1.31 1.31 9.45 9.45 5.55 5.55 #&Rp1,—- 1)2 0.17 0.56 22 0.175 114
6Lj 314 131 0.12 16.91 16.38 10.50 8.14 87Rb|1,— 1) b 0.17 0.47 25 0.183 91

‘Li 457 131 216 1494 1388 934 631 ®Rp2-2) 1.3x10 ¢ 24x10°% 1293 1.%10°4 1944
2Na 103.1 1.31 2898 11.66 9.54 8.12 194

®The trimer estimates, given in RéfL0], for 8’Rbj1,—1), are for
noncondensed trapped atoms.

bThe trimer estimates, given in RédfLO], for 87Rb| 1,—1), are for
condensed trapped atoms.

0.61E; for N=1. Therefore, for the ground state, the root-
mean-square distance between ti#te in the triatomic mol-

ecules can be estimated by 0\@2/(E3m4HQ, in the limit

of zero pairwise binding energy. Our results f(orf,ﬁ) are  proach, where the only physical inputs are the values of the
0.45E; for N=0 and 0.40£; for N=1. The saturation dimer and trimer binding energies. The several different radii
value for\(r2_)E; is achieved fast with increasing than  of the molecules’He,-°Li, “He,-"Li, and “He,-**Na have
for \/m, which depends on the difference in the Values larger than those found in tHele;, which makes

a

masses of the atomic pair. The mean-square distance of of¢ausible that our predictions are even better in quality.
of the atomsy (=« or ) to the center of mass of the  We point out that the results in Table | for tiele dimer

molecule can be obtained from the lower frame of Fig. leizes inside the molecules shrink with respect to the free
where we ploty(r2)E, as a function ofA. One sees that, for Value of 52 A, due to the large values of the trimer binding
the infinitely heavyy,B atom. the results fo(rr2> are the same  ENergies. Qualitatively this is explained just by considering

2 S — ) that the dimer size scales roughly with the inverse of the
as fo.r<ra3), while <rﬁ>E3_0’ as the.he.av.y particle S.hOUId square-root of its binding energy inside the molecule, which
rest in the c.m. of the molecule in this limit. We remind the

der that th 0 b he bindi o can be estimated to be two-thirds of the molecule binding,
reader t af‘t e ratio between the binding energies\fer0 .5 \yhich one finds for that the dimer has sizes around
and N=1 is about 500 forA=1 [9] and 300 forA=10,

; ) . . 10 A, close to that we have found in Table I.

while the dimensionless products of square radius and energy |, Table 1I, we are also presenting results for different
0 1

change only around 10%. radii of the trimers predicted in Ref10], from where we

. In the abo_ve, we have considered examples of mOIGCU!eébtain the energy of the dimer and the most weakly bound
with two helium atoms. However, our results presented iy or energies of 2NalF=1me=—1), *RbF=1m;

Figs. 1 and 2 are more general, such that we can extend t e_1> and BRb|F = 2,mg = — 2), where|F,m;) is the re-

estimates to other atomic systems. Of particular intereSt,igpective hyperfine states of the total spinWe are present-

the ar.‘a'VS‘S Of. possible formation of molecular systems 'r]ng the mean-square distance from each atom to the center of
experiments with ultracold trapped gases. By COnS'dermgmass of the corresponding trimer. From Fig. 1, one can also

Iﬁr examp::?, trt].e eSt'mf?t?S ?f trllmer.enF(earglj-Bas o_t:?med frorTc~5btain the corresponding mean-square distance between the
€ recombination coetlicient, given in é. I, WIThIN OUr — 5t0ms. We observe that one value of the recombination rate
approach we can predict the cor respondmg trimer SIZES. 'f& consistent with two values of the most weakly bound tri-
th'(sj 9asﬁ’ v]:/_e hava:,B andA=1 in t.h‘? prewous_squgﬂons (mer energy, as discussed in R0]. Therefore, we present
and in the }ﬁxres. I owevglrl, Sghrzbm't for 4a ‘Zpep?' Ili 'tar\|2mer Otwo possible values for the radii that are consistent with the
an atom withA nucleons wi ma= (48. 8 ) ... _corresponding weakly bound trimer energies. Actually, we
In Table I, we present our results for the different radii of g, 5,14 also mention that. in a trap, one can achieve dimer
the ground stateN=0) of the weakly bound molecular sys- »q trimer molecules with very large sizes, following the

—4 _4 61; 71; 23
temsaa B, wherea="He andg="He, °Li, 'Li, and “Na,  ,qibility to alter the corresponding two-body scattering

obtained from the known theoretical values&f, E,,.,, length[5].
and E,z [23]. Our calculation for*He; of (r7,) gives Finally, it is interesting to recall the results for the hyper-

9.45 A, which is 14% of the value 11 A obtained in the radius calculations obtained by Jensen and collaborators
realistic variational calculations of Refl1]. The same qual- [21]. From their scaling plot, one can observe that the hyper-
ity of agreement is found f0{/<—r§, which in our calculation radius of a tango system is bigger than the hyperradius of a
is 5.55 A compared to 6.4 A of Reff11]. The quality of the Borromean system, for the same three-body energy. This
reproduction of the realistic results by our calculations argpoint can become very clear, for instance, if we take as an
quite surprising in view of the simplicity of the present ap- example the results shown for tﬁe-l (filled circles in Fig. 2
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of Ref.[21]) and estimate the dimensionless product of ob-with bound subsystems, due to the available data. The renor-
servables{p?)mB/4?2 (product of thex axis andy axis in  malized zero-range model can also be applied to the cases
Fig. 2 of Ref.[21], wherep is the hyperradius anB is the  where at least one of the subsystems is virtual. When com-
three-body binding energyWhen going from the tango to paring systems with the same three-body energies and poten-
the Borromean configuration, this product will decreasetial ranges, the validity of the renormalized zero-range model
Therefore, if one keeps the same binding energy, the Boris expected to be better in the all-bound case, because this
romean system would be more compact than the tango sysase corresponds to the most extended wave function.
tem. Extending this analysis toaB«) halos, where 4 The validity of the present framework is substantiated by
—a) is virtual and @) is bound, and also to all-bound the agreement of our results for the different radii with the
pairs (aa/3), one should expect that the sizes increase wherealistic potential model calculations of R¢lL1] for “He,
going from the Borromean states to halos with all-boundground and excited states, which are within about 14%.
subsystems, while keeping the three-body energy fixedThese results are quite surprising in view of the simplicity of
Within our approach, the scaling relations are expected to bthe approach, where only the physical inputs are the values
followed in all the cases, in the limit of a zero-range inter- of diatomic and triatomic binding energies. We predicted for
action. The Borromean halghe less attractive systemin  the first time, as far as we know, the values of several differ-
order to have the same three-body energy as a tango staent radii for “He,~°Li, “He,~’Li, and “He,~**Na mol-
should be more compact in agreement with the scaling ploecules, from the theoretical values of the binding energies
of Ref. [21]. In a realistic case, our scheme is expected tccalculated in Ref[23]. These other molecules are, in gen-
produce better results in the all-bound case, when comparingral, larger than théHe-trimer, indicating that our radii pre-
systems with the same three-body energies. This occurs bdictions for these triatomic ground states can be even better
cause the all-bound case would have the most extended waire quality than those found fofHe;.
function; consequently, the range of the potential, in relation In view of the actual relevance of ultracold atomic sys-
to the size, would have the smallest value, satisfying bettetems that are being experimentally studied, and the possibil-
the validity condition for the scaling relations, which is that ity to observe the formation of molecular systems in trapped
the interaction range must be small compared to particle dissondensates, we also present results for the sizes of rubidium
tances. and sodium trimers, considering the binding energies that
were recently estimateld 0] from the analysis of the corre-
IV. CONCLUSIONS sponding three-body recombination coefficients.

The mean-square radii of the triatomic molecuftse;,
“He,-°Li, “He,—'Li, and *He,—?*Na are calculated using a
renormalized three-body model with a pairwise Dima- We would like to thank Fund@o de Amparo aPesquisa
teraction, having as physical inputs only the values of thedo Estado de $aPaulo(FAPESR for partial support. L.T.
binding energies of the diatomic and triatomic moleculesand T.F. also thank Conselho Nacional de Desenvolvimento
Presently, we have considered molecular three-body systen®@ientfico e Tecnolgico (CNPg partial support.
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