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We report ground state energies and structural properties for small helium cldstejscontaining

a H™ impurity computed by means of variational and diffusion Monte Carlo methods. Except for
“He,H™ that has a noticeable contribution from collinear geometries where tharigurity lies
between the tw8He atoms, our results show tifteyH ™ clusters have a compatiiey subsystem

that binds the H impurity on its surface. The results fdi=3 can be interpreted invoking the
different features of the minima of the He—He and He-khteraction potentials. €2000
American Institute of Physic§S0021-9606)0)50501-7

I. INTRODUCTION cluster medium, as a tool to probe the dynamics of the clus-
nEer itself. The necessity to supplement the experimental spec-

Weakly bound atomic and molecular clusters represe ! _ its with an int i f1h q
an interesting and growing field of research in both chemis ' 0SCOPIC resulls with an interpretation of theé measured prop-

try and physicd. They are useful to understand the evolution erties has recently renewed the theoretical interest on these
: species. Among the most frequent computational

of the properties from microscopic systems to bulk matter>"™~ "= 151, ;
Moreover, they generate alluring questions whose answe udie$ thgrg are th? test OT the accuracy of the. avail-
able PES describing the interaction between the various at-

are not trivial due to the important interplay between dy- g lecul 4 th lculati ¢ the eff h
namical and geometrical factors in the cluster descriptfon. oms and molecules, and the calculation of the effect on the

Among the most studied systems, rare gas clusters posses@gasyred spectroscopic quantities of the increase of the di-
rich and intriguing set of properties directly related to theMension of the clusteti.e., the number of rare gas atoms

weakness of the interaction between their constituent atoms, AMong the rare gas atomé&e owes its importance to

The shallow well of their interaction potential energy surfacetN® Strong quantum features it displays in clusters and in

(PES allows the rare gas atoms in a cluster to have largdduid bulk at low temper.ature’s.'l'he'se features are respon-
amplitude vibrational motions, therefore sampling all theSiPIe for the macroscopic superfluid behavior“éfe, that
features of the PES itself, and precluding the use of the usu&anifests itself in the total absence of viscosity and in the
harmonic approximation to describe their vibrational energy?Pility t© quickly tralrgssport the heat from a source to the
levels® surrounding mattet®
. : . _

Moreover, the clusters of the lightest rare gases undergo anfercintly fro_m He, heavier rare gases ShOV_V a more
a solid—liquid transition at temperatures of the order of few classical” behavior; although their motions are sitill highly
Kelvins, so they represent good candidates as a mediuﬁnharm(_)nlc, they present average mterato_ml(_: dl_strlbutlo_ns
where reactions can take place, allowing to study and dgesembling the minimum energy geometry distributions. This
velop low temperature chemistry. Unfortunately, a directdifference can be attributed both to the heavier masses of the
spectroscopic study of the droplets of rare gases to acquifé'® 9as ﬁ“d to the stronger interaction between the
accurate information about their internal dynamics is notAtom ’

S.
easy to carry out, due to the absence of any chromophoric

In the remaining of this article we concentrate on the
unit} Furthermore, molecular beam experiments generate gharacteristic features of the dopéide clusters, which are

too low concentration of small clusters to allow neutron scatfar more interesting and complicated than the heavier rare

tering studies of the internal structure. gas ones. _ _
Recently, after the discovery that rare gas clusters can A recent experiment on the OCS molecule absorbed in
easily pick up one or more atomic and molecular impuri‘ﬁes, small “He clusters has glefmltlve_ly shown that sup_erﬂwdlty
attention has been paid to study the effect of the impurity orf@n Pe found even in microscopic aggregates, putting an end
the cluster and vice vergal* These studies focused espe- {0 @ long debaté’ Moreover, the low temperature of these

cially on the spectroscopic properties of the impurity in theclusters can help spectroscopic studies on large molecules;
the electronic spectra of the amino acids tryptophan and ty-

Y - o rosine were simplified by cooling their vibrational motion
, Electronic mail: Mose.Casalegno@unimi.it inside an*He droplet!® allowing an easier interpretation of
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clusters and then investigated by electronic spectfaall \
other impurities, studied by means of infrared spectroscopy, He-He —
reside inside the clusters themsel¥&§and strongly pertur- )

bate their structure and properties. This difference is due to

the weaker or stronger interactions between the helium atom o)
and the doping molecule than between two helium atoms.
Different information on the total dynamics of these aggre-
gates could be extracted if the impurity perturbates only
slightly the cluster, or even if, when attached to the droplet,
it generates a system whose global properties can be studied
by means of microwave or infrared techniques.

Recently, a high accuracy PES for the helium—hydride
ion interaction has become availaBlethe main features of
this interaction potential are the small degébout 4 cm'?),
and the large value of the distance where the minimum isvhereV(R) is the interaction potential an is a point in
located(about 13 bohr These features show themselves inconfiguration space. Here, we assume a pair potential of the
the wide amplitude motion of the diméhe mean value for form
the*He—H" distance is about 22 bohiand in the long tail of
the vibrational ground state wave function. An interesting V(R)IE VHeHe(fij)sz Vien-(Ti), 2)
property of this quantum system is given by the existence of i<i i
an excited rotational state with=1.** A recent calculation wherer;; is the distance between thi¢h and jth helium

by Li and Lir’” using a model potential provided and in- gtom. whiler; is the distance between tlith helium atom
dipendent check of these results, even if no quantitativgng the hydride ion. In this work, foV,eudri;) we employ
agreement could be expected. the recent Tang—Toennies—Y(UTY) pair potentiad® that is
The weak interaction between He and Hakes the ot based on any kind of empirical information. This choice

hydride anion a good candidate for studies on the He clustergows us to directly compare our results with the recent ones
weakly perturbed by an impurity. Due to the presence of gptained by LewerenZ who used this pair potential to com-
negative charge that is able to polarize the helium atom, thBute energetics and structure of various srfidy clusters.
HeH" system should have a finite dipole moment, hence targ optain the pair potential between He and e fitted the

be microwave active. Moreover, because of the small masgccuyrate full configuration interaction results by Bendazzoli,
difference betweerfHe and H', the spectroscopic tech- Eyangelisti, and Passarfhiemploying an analytical form

niques should probe the quantum motion of the whole sysilored to approximate all the three regions of the potential
tem. This could be the case also for clusters containing morgnergy curve with similar accuracy,

helium atoms, allowing, as stated before, to collect different

FIG. 1. He—He and He—Hinteraction potential§uhartree.

information about the quantum dynamics of these aggreYren(1)=air®2e *"+a, r<10bohr, ©)
gates. _ _ Vien-(r)=ag(1—e 3(1"37)2—_ 5. 10 bohrsr <20 bohr,
In this article we studied both the energetics and struc- (4)
tures of the ground state of theleyH ™ clusters using quan-
i a
tum Monte Carld QMC) methods. During the last few years, Vier (1) = 2 < 20bohr. )

these methods have been proved to give quite accurate infor- r4
mation even for highly quantum systems like helium
clusters’®>~?*The main goal of this study is to obtain a clear
picture of the relative motion and distribution between the

“He and the H species, with a special emphasis on the lo

This approach differs from the one used by Bendazzoli,
Evangelisti, and Passarini in their work, since they chose to
interpolate their data using exponential splines instead of fit-
. i i _ ) “ting them with any analytical model. To fit the 19 computed
cation of the H impurity with res_pect to _théHQ“ moiety. values of the interaction potential with our analytical model,
The remainder of the paper is organized as follows: Seq, ., \;sed the Levenberg—Marquard algorithm, imposing ana-

Il contains the description of the theoretical approach, of thq tically the continuity between the functions at 10 and 20

interaction potentials used and few comments about th ohr. The parameters obtained by means of this procedure
Monte Carlo simulations. Section Il contains the discussion, (in atomic units: a,=1.303648,a,= —1.297 418,a,

Of the Monte Caro results, while Sec. |V reports our concll-— 0,750 3146, a, = —0.000 019 89, a5=0.000 012 769,
sions and possible future directions of this study. =0.313155, a,=13.0, a8:0.000 01467, and ao

=0.736 841. Figure 1 shows both the fittéde-(r) and the
TTY Vyendr) potentials. From Fig. 1, one can note that the
two potentials have quite different well depth and location of
In atomic units, the Hamiltonian operator for any the minimum; these results can be explained remembering
“HeyH™ clusters containing NHe atoms and one Hion is  that H is very diffuse, and for this reason the repulsive
1( N2 y2 interaction starts at large internuclear separation. Therefore,
I

IIl. METHODS

H=—Z> + VR, (1) the attractive charge-induced dipole interaction should be
2\ =1 maye  my- very weak and the well depth quite small. For the chosen
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form of the model potential we used, oaly parameter of subtracting it to obtain the internal energy of the system.
should represent th€, coefficient of the standard charge- Both the (r) and ¢(r) functions have the same analytical
induced dipole interaction. This value was already computedorm,
by Spelsberg, Lorenz, and Meyéto be 0.694 by means of
sophisticated atomic calculations. Although agrvalue dif-
fers from their by less than 5%, some doubt might aris
about the accuracy of our fitted potential. Since in the 20
<r < region the fitting of theab initio computed potential This form is identical to the one employed by Rick, Lynch,
by our model appears quite accurate, this difference shouland Dolf* except for the presence of the new ternp/r®
be due to different accuracy of thab initio results by Previously used by Bamett and Whaféyn their study of
Bendazzoli, Evangelisti, and Passarini with respect to thd&€lium clusters. During the preliminary stages of our work,
ones obtained by Spelsberg, Lorenz, and Méj&ompar- this term was found to improve significantly the variational
ing the results computed with various methods and basis se@1€rgy of the wave function, and to have a positive impact
in Ref. 21, one could get a feeling about their relative accu®n the stability of the wave function optimization.
racy. From this comparison we do not expect the full con- The chosen form for the trial wave function makes im-
figuration interaction results to be more accurate than 5% opossible to compute analytically the matrix elements of the
their value for all the range of distances studied. This mightiamiltonian operator, and numerical methods must be used
explain the difference between oag and theC, by Spels- 10 obtain the energy and other mean values for a given trial
berg, Lorenz, and Meyer. wave function. The variational Monte CarflyMC) method
Employing our model potential, we solved the Sehro is well suited for this goal since it requires only the evalua-
dinger equation for the He—Hsystem using the grid method tion of the trial wave function, its gradient, and its Laplacian.
proposed by Tobin and HinZeobtaining—0.3980 cm* as Since this and other Monte Carlo methods are well described
ground state energy. This value is in fair agreement with thén the literature?? we refer the reader to it and to our previ-
result of —0.4000 cm* obtained by Bendazzoli, Evangelisti, 0US work in this field for the details. However, it is relevant
and Passarirfit to point out that all the mean values were computed by
In this work we do not introduce any kind of information Mmeans of the general integral,
about three-body forces. For pure helium clusters one could

Ps_Ps_Ps

ellf(f):¢(f)=exﬁ{—r—5 r3—r—2—|01r—|ooln(r)- (8)

use the standard Axilrod—Teller teffrto augment the pair ()= JT(R)OodR)dR 9)

potential approximation. As téHe,H ™ three-body contribu- Jf(R)dR

tion to the potential energy an estimation can be easily given

using simple electrostatic concepts. Employing the formulag\'here

for the dipole—dipole interaction energy and for the charge- OV (R)

induced dipole presented in Ref. 30 one obtains that the O,OC(R):W (10

charge-induced dipole-induced dipole interactifyy for an 1(R)

isosceles triangle configuration is given by andf(R)=‘lf$(R) for VMC, while f(R) =W(R) W o(R) for
952 diffusion Monte CarlaDMC). In VMC calculations, Eq(9)

Ecqq= — %[1_3 cod(0)], (6)  9Yives the expectation value of tt@ operator over the trial

wave functionW, while in DMC simulations Eq(9) gives
) ) o ) . an improved estimate of the value, or the exact result if?he

where « is the dipole polarizability of HeR is the distance operator does not commute or commutes with the Hamil-
between the two He atomsjs the distance between He and igpign.
H", Zis the ion charge, and is the angle between the As to our general strategy to optimize the trial wave
He—He and He—H vectors. ForR andr equal to the equi-  fynctions for the clusters studied, we usually select the pa-
librium distances of the |—7|e—He and He—Hpotentials, this  ameters of the exponential part in E8) by minimizing the
term is of the order of 10’hartree, i.e., two orders of mag- egtimate of the variance of the local energy over a fixed

nitude smaller than the depth of the He=ldotential well. sample of walkers,

Moreover, recent calculations carried out on thie,H™ tri-

mer by Bendazzolt show no appearance of three-body ef- 1 Nwalker

fects in the potential energy surface. o?= Nomro, |—§:1 [Etoc(Ri) — Ere]?. (11

To approximate the ground state wave functions for
these systems, we employed the commonly used pair product || the vMC optimization, and the VMC and DMC

form simulations were carried out using at least 5000 walkers; all
N N the DM(lZ simulations were run employing a time step of 200
_ hartree * and the accuracy of the results was checked run-
Vr(R)= LIJ l'//(r”)l_i[ (1) @ ning few more simulations with smaller time steps to ensure
that the time step bias was negligible for all the expectation
and no one-body part was used. This fact guarantees that walues.

do not introduce any center-of-mass kinetic energy compo- The wave function parameters are presented in Table |

nent in the description of the cluster, avoiding us the burderfor all the clusters studied in this work.
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TABLE |. Parameters of the optimized trial wave functions.

Nie ¢ Ps P3 p2 p1 Po ¥ Ps p2 P1 Po

1 6725.6 1922.3 12.44  0.0863 0.342

2 0.0 1531.0  41.89 0.0707  0.429 2654.5 12.26 0.0594  0.817
3 27.7 1531.6 9.40 0.0616  0.242 2854.5 10.33 0.0564  0.616
4 154.5 1317.6 10.60 0.0571 0.126  2323.9 18.23 0.0654  0.548
5 381.0 1015.2 51.37 0.0476  0.353  2410.2 22.60 0.0 1.151
6 1588.1 9783 4562 0.0457 0.255  2339.5 22.96 0.0028 1.122
7 6293.5 986.6 34.62 0.0462 0.139  2304.0 21.96 0.0105  0.885
8 10791.7 946.8 11.40  0.0369 0.222 2165.2 26.39 0.0083  0.944
9 5466.4 944.5 23.71 0.0420  0.101 2474.2 18.97 0.0034  0.880
10 5221.4 836.9 10.10  0.0352 0.0 2328.0 19.49 0.0044  0.798
11 5221.4 836.9 10.10  0.0352 0.0 2328.0 19.49 0.0044  0.798
12 5221.4 836.9 10.10  0.0352 0.0 2328.0 19.49 0.0044  0.798

I1l. RESULTS AND DISCUSSION themselves in a narrower wave function and a smaller mean

distance betweefHe and H than betweerHe and*He.

In order to check our code, we carried out DMC simu- . . )
Having tested our code, we optimized a trial wave func-

. 4 4 .
lations on the small systerﬁblez, Hes, and. He, employmg tion for the smallest clustéHe,H ™ starting from the param-
the parameter listed in Ref. 24 for the trial wave functions. . e

Our DMC results, —0.000891) cm ' for “He, ;aters_of Fhe wave _fL_mct|ons of the two dimefide, and .
—0.087 847) cm™* for *He, and —0.38861) cm™ L for *He,, He!—| . Since this initial wave function was a crude approxi-
are in optimal agreement with the results obtained b)}patlon to the ground state, instead of using a VMC (_ilstrlbu-
LewerenZ As far as®HeH~ is concerned, we optimized a tion of walkers to carry oujt the parameter optlml_zatlon_, we
wave function of the form of Eq8) obtaining—0.369 878) employed a.DMC simulation to select the configurations.
cm ! as mean energy. Using this trial wave function we This alternative wgy,-although seldom used, has the a}dvgn—
obtained a DMC energy of 0.396494) cm L, in agreement tage to pu_sh the distribution towards the cgrrect one, b|a§|ng
with the result of —0.3980 cm® previously obtained by the selection of the parameters of the trial wave function
means of a grid method. toward better ones. After a couple of optimization steps us-

The remaining small discrepancy with the result bying the DMC distributions, the wave function parameters had
Bendazzoli, Evangelisti, and Passaftris due to the differ-  roughly converged, allowing us to use VMC simulations to
ent method we used to obtain an analytical representation gompute mean values and to select the new configurations to
the interaction potential, and shows the accuracy of the fitte§arry out the optimization procedure itself for this small sys-
potential. tem.

These results allow a first comparison betwéer, and For all the®HeyH™ systems withN>2 the wave func-
“HeH™; although the well depth of the interaction potential tion optimization was started using the parameters of the
energy between two helium atoms is almost twice the welluster having one helium atom less. We found this choice to
depth of the HeH potential, and the reduced mass'aeH~ be a good initial guess for the minimization procedure and to
is smaller than the one dHe,, the total energies differ by select the set of configurations by means of a VMC simula-
more than two orders of magnitude favoring the stability oftion. The VMC results obtained by means of the optimiza-
“HeH". This outcome can be explained observing that thdion of the trial wave function for théHeyH~ are shown in
HeH™ potential has a longer asymptotic decay and a sha[able II.
lower well than the He—He potential. These features reflect  Since our trial wave functions are only an approximation

TABLE Il. VMC and DMC energy and mean potential results for fiteyH™ clusters. All energy values are
1

incm =,

N EXMC VB/MC o EgMC V(I:])MC EXMC/ESMC
2 —1.056515) —2.962887) 1.29111) —1.09127) —2.980421) 0.97
3 —-1.96732) —5.745722) 1.92717) —2.047620) —5.791865) 0.95
4 —3.039215) —9.63311) 2.45822) —3.256966) —9.65622) 0.94
5 —4.371821) —12.42413) 2.941(65) —4.672543) —13.28313) 0.93
6 —5.807243) —17.60115) 3.92844) —6.257044) —18.62819) 0.93
7 —7.308321) —22.31413) 4.43343) —~7.966765  —23.21922) 0.91
8 —8.882044) —28.35620) 5.421(44) —9.79918) —29.21166) 0.90
9  -10.571865 —35.95617) 7.02365  —11.76322) —35.7013 0.89

10 —12.202%66) —39.32922) 7.63821) —13.85Q11) —40.7312) 0.88

11 —13.70311) —48.30544) 9.43764) —15.99017) —48.5416) 0.85

12 —14.90Q17) —58.2111) 11.58865  —18.22@q15) —57.2122) 0.82
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- FIG. 3. Total energy ant&,, for both pure He and H doped clusters.
FIG. 2. Eping: Egrow @nd E¢, Vs the number of He atoms for tHeleyH™ Energies are in cil.
clusters. Energies are in ¢th

of the true ground state functions and allow to compute onlyEgros{N) for the pure helium clusters obtained by Lewerenz.
approximate properties of these clusters, to project out all thé/e supplemented his results with the total energy‘fe,,
remaining excited state contributions we employed DMC(—7.2883) cm™®), “He;, (-8.7467) cm %), “Hes
simulations to sample the distribution f(R)  (—10.2994) cm %) computed in this study.
=¥(R)¥4(R). VMC and DMC energy and potential mean Similarly to the results obtained by Barnett and Whaley
values are shown in Table Il. Comparing DMC and VMC in their work on helium clusters containing an hydrogen mol-
energy results, one can note that the percentage of total eRcule as impurity, from Figs. 2 and 3 it is possible to note
ergy recovered by the VMC wave functions decreases ifhat the energetics of these smifleyH™ clusters is domi-
monotonic fashion, starting from 97% for thé=2 cluster ~nated by the presence of the kbn. The total energy of the
and ending to 82% for the largest clustér12 studied in HenH™ appears to be much lower than the energgitsy .
this work. At present, we are not able to include any defini-For the clusters we studied, boln(N) andEgo(N) in-
tive explanation of this behavior, but we feel that it could becrease almost linearly with the number of helium atoms. This
due either to the limitation of the model function itself or to iS an expected result foEy,(N) since, if no three-body
the optimization procedure based on the variance of the loc&ontribution to the potential energy is present, the total en-
energy, or both. ergy of a cluster should be roughly proportional to the num-
Differently from what has been noted in Ref. 25 for the ber of pairs present. As far &syn((N) is concerned, its
pure helium clusters, energies and other mean values for tfdmost linear behavior cannot be explained by means of a
4HeNH_ Systems Converged quite eas"y even for the Sma||es$imi|ar reasoning; this outcome could be eaSin rationalized
clusters withN<4. if H™ were solvated by the He atoms. Unfortunately this
From the results shown in Table I, supplemented withaPpears to be hardly possible, due to the quite different well
the DMC results by Lewerenz on pure helium clusters, onéninimum location of the two potentials.

can compute various interesting energetic quantities: To obtain information about the structure of doped clus-
ters, during the DMC simulations we collected the radial
Eex(N) = Edpie ~ Eaey_,1- distribution R(r) from the center of mass for boftde and
H71

EN W(N)=Es I T
gro Hey_1H HeyH™ 1
o _mHeEiNzlri_l_mH‘rH‘

H _ =
Egr%v\[ N)= E4HeN_1_ E4HeN- Rowm NpeMipet My- (13
Epind(N) = Edtie,— Etrig - (12 and from the geometrical center of the cluster
N
whereE,(N) represents the energy that is released exchang- R :2i=1ri+rH‘ (14
ing an helium atom with the hydride iorEg,,(N) and © Npetl

EgqronN) the energies that are released addintHe to an  Figures 4 and 5 display the results f(r) respect to the

already formed'Hey_1H™ or “Hey_; Cluster, respectively, geometrical center; these are normalized such that
while Eping(N) is the binding energy of Hto the*Hey clus-

ter. These quantities are shown in Figs. 2 and 3 to allow a fo(r)H r2dr=Ny (15)
quick comparison, together with the total energy and © ©
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FIG. 4. Radial density distribution of the He atoms with respect to the FIG. 6. He—He pair distribution in the clusters.

geometrical center of the clusters.

of H™ decreases in a fairly monotonic fashion. The only
exception to this behavior is the smallest clustée,H; its

distribution shows a rise beyond statistical fluctuation for a
distance from the center less than the minimum located

) . around 4.1 bohr. This result indicates that in thée,H™
for the H™ ion. We chose to show onlR(r) with respect to gt

h ical . h ; uster the linear geometry where Hies between the He
the geometrical center, since the same quantity Computeg, s niavs a significant role although Has a larger prob-

with refspect .to the center of mass does not introduce ané{bility to lie 10 bohr away from the center of the cluster.
new in orma}t|on. . L . Concluding, except for the smallest cluster of the series, the
) Com.parlng the He rad@l dens[ty distributions shoyvn Inimpurity is not solvated by théHe atoms, having a small
Fig. .4b|W'th the sa;}me rﬁ)roﬂles obtam_ed b_y _Il_eweré?ut, :cs robability to be found near the center of the cluster. Analo-
possible to note that they appear quite similar except for Ougous conclusions can be obtained by the density distributions

. 4 —_ . . . .
';hree;]-_bodly cluste;{ .e.HeH ™ _The He denity dlstr;)bur;uonb computed with respect to the center of mass of the cluster.
or this cluster shows a maximum around 5.30 bohr, but e nair gistribution function®(r) of the *He—*He and

there is no trace of the rise of the density for small distances |- yistances are shown in Figs. 6 and 7, respectively

from the center that can be seen in the castHe. Never- These distributions are normalized such tf&P(r)r2dr

theless, _the plot of F'Q-, 4 S,hOWS tl'laF He can occupy the=NHe. Again, the He—He distribution has many similarities
geometrical center position, i.€ke,H ™ in its ground state

with the same quantity computed in Ref. 25, showing a short
can be found in the linear geometry where the tén is A y P g

| he'H . | . h b Y range structure given by the sharp boundary hole around
external to t ene moiety. nereasing the number of He o ch He atom and a long decaying tail for large distances.
atoms present in the cluster, the density near the cluster ce;o.aover. for N=10 our pair distributions show a weak

ter _rises toward the_ bulk_va_lue, represented in Fig. 4 by thgy, 146y around 12-13 bohr; the onset of this peculiarity of
horizontal dashed line. Similarly to the pure He clusters, the[he He—He pair distribution was already noted by Barnett

helium atoms appear to be completely delocalized with ngg Whale¥? for “He, s and*He,, and explained by means of

|nd|c_:ra;|o|r1r01:jany.shglll f'.”t')ng. struc:]ure. in Fio. 5. sh . the appearance of the second-nearest-neighbor coordination
€ ensity distributions shown In Fig. 5, SNOW eVi- o “This cannot be the case for ok 10—12 clusters,

dence of a peakedldistribution of the impurity V_Vith resPe“ Qyhere the icosahedral shell filling is not even completed. A
the shallower proflle of thg He atoms. Uporyncreasmg th€&imilar feature seems to appear fbiey, in the pair distri-
number of hellgm atoms in the cluster, the'Hs pushed __bution shown by Lewerenz in his work on pure clusters.
toward larger distances from the center and the penetratiop,, interpret this feature as due to the presence of a light

residual of an almost icosahedral structure of the clusters,

for the helium atoms, while
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FIG. 5. Radial density distribution of the Hion with respect to the geo-
metrical center of the clusters. FIG. 7. He—H pair distribution in the clusters.
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TABLE Ill. DMC mean values for observables of tAdeyH ™ clusters. All

values are in bohr behavior is displayed by the .4~y mean values, and it can

be rationalized by means of the same arguments.
Nie (Fvert-) (T here) (ri-cw) (T hecn) Asf far as(ry-cm) is concerned, its monotonic increase
on going towards largeN can be explained, remembering

2 21.004 14.856 12.997 9.923 i o

3 20,380 13234 14153 8.941 that H™ stays on the surfgce of 'the He moiety, by the JOlned
4 20.042 12.224 14.942 8.279 effect of the increased dimension of thide atoms moiety

5 19.964 12.210 15.251 8.263 and of the displacement of the center of mass location inside
6 20.002 12.459 15.811 8.392 the moiety itself, due to a simple mass effect.

! 20.172 12.621 16.221 8.567 As previously stated, these mean values are not exact
8 20.019 12.590 16.333 8.570 . hei q ith th Hamil
9 20.957 12.798 16.717 8.674 since their operators do not commute with the system Hamil-
10 20.574 12.983 17.123 8.874 tonian. To check the overall accuracy of our results, we car-
11 20.547 12.920 17.236 8.889 ried out finite field calculations on the larger clusters as pro-
12 20.513 12.936 17.332 8.883 posed by Sandler, Buch, and Cl&tyto obtain an

independent estimation of these quantities. The difference
between finite-field and mixed estimator results were found,
generally, smaller than 2%-3% for all the observables,

i.e., “He does not have only first neighbors. Moreover, wesShowing that_ our optimized trial wave functions allow accu-
suspect this trait to be emphasized by the light deformatiofidté calculations of structural quantities for this clusters.
of the *Hey moiety distribution due to the impurity resident
on it_s surface. The presence of this deformation for al! thqv_ CONCLUSIONS
studied clusters is supported by the almost linear behavior of
Eping Shown in Fig. 2, and by the fact that only small changes  In this work we presented the first quantum mechanical
take place in the form of the He—Hdistributions(Fig. 7) study of an anionic impurity irfHe clusters. We approxi-
upon increasing of the number of atoms in the clusters.  mated the total interaction potential as a sum of pair compo-
To find a more sound support to our interpretation abounents, therefore excluding any non addictive effect in the
the He moiety distortion for the larger studied clusters, wedescription of the systems. From our semiclassical analysis
computed the DMC mean valugos()) for the angle be- of the charge-induced-dipole-induced-dipole interaction, we
tween the vectors connecting the center of the He moietyeel that the three-body interaction between two He and one
with a He atom and the H If the He moiety were spherical H™ should not play a major role than in the pure He case in
(cos(@)) should be exactly zero by basic symmetry argu-defining both energetics and structure of the clusters. We
ments. Any deviation from this value indicates an overallwant to stress that the used two-body potential between He
distortion of the helium subcluster. Our computed values ar@and H', although it represents the present state of the art for
(cos())=—0.2084(2) for HgH™, (cos(@))=—0.1873(3) this small system, might not allow to get the finest details of
for HegH™, (cos@))=-0.1675(2) for HeH , (cos@)) the energy differences between different clusters, but that the
=-0.1517(3) for HeH™, and(cos@))=-0.1391(2) for gross picture of both energy and structure should be correctly
He,H™. These results indicate a strong deformation of thedescribed.
He subclusters, the value éfbeing on average larger than Our results show the Hion to be located on the surface
/2. Moreover, this deformation seems to reduce on goin@f the cluster, except for thtHe,H™ cluster where it has a
toward larger clusters, as if the helium atom subcluster befinite probability to be found between the two He atoms in a
came more compact and the impurity were less able to didinear geometry. Our total energy values show that the inter-
tort the moiety. action between helium and the impurity is an important com-
From the sampled density and pair distributions, dis-ponent of the total energy of the system, while our mean
played in Figs. 4—7, various mean distances can be computegometrical values show that the helium moiety is slightly
by simple one dimensional integration. In Table Ill, we re-contracted with respect to the pure cluster case. We consider
port the values fofr o), (Fperes (FHecw), @and(ry-cv).  this fact to be due to the form of the interaction potential
Comparing OUKr yepe and(ryecy results with the mean between an helium atom and the impurity, and especially to
values computed by Lewerenz for the clusters containing thés longer tail respect to the He—He potential.
same total number of particles, we note that our doped clus- As far as the possibility to record a microwave spectrum
ters have a more compact structure of thie atom moiety  of these systems is concerned, the location of the impurity on
than the pure ones, certainly due to the presence of thihe cluster surface seems to indicate that this is possible, at
strongly binding impurity. Both mean distances show a sharpeast in principle. In fact, the cluster structures resemble
decrease up ttN=5 where a minimum is located, and a mostly the structure of a heteronuclear diatomic molecule
smooth increase going towards largér This behavior can  whose lightest atom carries a negative charge, and whose
be explained easily by means of standard arguments; goinfgeaviest atom has a fairly large radius.
from N=2 to N=5 the mean interaction between the par- In conclusions, the effects of the isotopic substitution of
ticles increases due to their increased number, giving rise tbl~ with D™ on the structure and energetics are worth to
a stronger binding between them. R9E-5 the cluster be- study, since they were found quite important for Heft
comes larger due to the addition of anotfete atom, in  We expect these effects to be especially important for the
spite of the augmented total interaction energy. A similarexcited rotational states of these complexes, so we are plan-
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