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1 Fitting of the He-Cly(X) potential energy surface

The analytical functional form of the He-Cly(X') potential energy surface (PES) was obtained by fitting
the ab initio data provided by Cybulski and Holt [1] at six equidistant angular values 6;. Briefly, we
employed a Legendre polynomial expansion in 6 and a fitting to Morse-var der Waals functions in R
[2] with the Cl-Cl internuclear distance r fixed to its equilibrium value. This fitting procedure gives
a relative error of ~ 0.01% around the global minimum, increasing up to ~ 0.5% at the repulsive
regions. Explicitly, the Legendre polynomial expansion can be written as:

5
Vite—ci, (R, 051¢) = ZV,\(R;re)Pg)\(cos 0) (1)
A=0

where the V) (R;7.) coefficients were obtained by applying the collocation method. Firstly, at each
angular value 6; (i =1 — 6), a Morse-van der Waals function
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was fitted to the ab initio data. The different parameters D;, Re;, cs;, and cg; were obtained using a
nonlinear square fitting procedure. The resulting values are given in Table 1. Hereafter, the coefficients
VA(R; r.) were obtained by solving Eq. 1. Explicitly,

W(Rire) = {PO) Vi, (R.6:7)} - A={0.1,-- 5}, (3)

The differences between the ab initio energies and those provided by the fitting procedure are displayed
in Table 2.

2 Additional details of the FCI Nuclear Orbital calculations

The analytic potential derived by Aziz and Slaman [3] was employed to account for the He-He in-
teraction. The helium dimer potential published very recently by Cenket et al. [4] is more accurate.
It was obtained from very accurate BO calculations, that includes non-BO adiabatic and relativistic
corrections as well as quantum electrodynamic effects. The differences between both He-He potentials
(about 0.02 ecm~! at the minimun) influence very little the energies for cluster sizes in which the
He-dopant interaction dominates. This is our case, with the He-Cly potential wells being about six
times deeper than the He-He potential well (about —7.6 cm™!). Using both He-He potentials, the
the ground-state energies of (*He)n-Cla(X) clusters with N = 3 and 4 differ by 0.02 and 0.03 cm, ™!
respectively, below 0.05% of the total energies. Contrarily, the energy of the “He dimer bound state
calculated with the potential by Aziz and Slaman is about 20% higher than the best estimate by
Cenket et al. [4]. The FCI-NO energies of ground- and excited states (up to 40 states) were obtained
by setting lmax = Mmax = 9 (8) and n = 4 for *He (*He), with up to 170 million of CSFs and 400
one-particle basis functions [5].
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r=1.99 A

0; D; a; Re; C6i Ccsi o
deg. cm! A1 A A(cm'l)l/6 A(cm'l)l/8 cm!

0° 131.3(68) 2.0436(83) 4.20(13)  10.04(36) 7.56(93)  0.093
20°  56.5(41) 1.9547(69)  4.45(20) 9.67(41) 6.6(23)  0.057
40° 39.9(34) 1.8539(95)  4.48(25) 9.54(34) 7.0(13)  0.020
60° 131.0(16)  1.817(30)  3.83(43) 9.58(41) 7.81(74)  0.034
80°  182.2(30)  1.881(47)  3.29(60) 9.24(27) 7.24(63)  0.023
90°  11.2(33)  1.821(27) 4.19(91) 8.77(21) 2.6(17)  0.079

Table 1: Fitted parameters for the analytical functional form of the He-Cla(X) interaction potential. The ab-initio
energies were taken from a previous work by Cybulski and Holt [1]. The standard errors are given in parenthesis,
with the numbers corresponding to the last two digits of the value (i.e., c¢ = 10.04 £ 0.36 cm ™! = 10.04(36)). Values
corresponding to the standard deviation o are also provided.

R/0 0.0° 20.0° 40.0° 60.0° 30.0° 90.0°
2.75 - - - - - 277
3.00 - - - - 3.41 0.01
3.25 - - - 3.56 0.01 —0.06
3.50 6.38 4.94 2.70 0.01 —0.03 0.08
3.75 0.00 0.00 0.00 —0.03 0.04 0.03
4.00 | —0.02 —0.02 —0.01 0.04 0.00  —0.05
4.25 0.05 0.04 0.02 0.01 —0.03  —0.05
4.50 | —0.03 —0.02 —0.01 —0.04 —-0.01 —0.01
5.00 | —0.04 —0.03 —0.02 —0.01 0.00 0.01
5.50 0.05 0.04 0.02 0.03 0.03 0.06
7.00 | —0.03 —0.02 —0.01 0.00 0.00 0.02

Table 2: Energy differences (in cm™") between the ab initio data provided by Cybulski and Holt [1] and the
values obtained after the fitting procedure at different R (in A) and @ (in degrees) values.

3 Vibro-rotational Raman spectra within the linear rotor ap-
proximation for the diatomic dopant

The FCI-NO states were labeled following the conventional notation of electronic states for diatomic

molecules, n 2% +1Agi/) ) with A and S being, respectively, the projection of the total He orbital angular
momenta L = ), 1; on the molecular axis, and the spin angular momentum quantum number.

Within the linear rotor approximation for the diatomic dopant, the effective cluster Hamiltonian
reads, Heg = H+ B, j,2 with j and B, being the diatomic rotational angular momentum and the
rotational constant in the vibrational level |v), respectively. For a total angular momentum J=j+L+S
with a projection onto the body-fixed (BF) Z-axis 2 = A+ X (32 being the projection of S on Z), the
vibro-rotational (Hund’s case a) basis functions can be written as,

1) = |J Min 2SHAL) S o) = (o) [n 25 EALS) A, ) (1,9, M)

where |J,Q, M) are Wigner rotation matrices depending on the r polar components in the space-fixed
(SF) frame. The diagonal matrix elements of the cluster Hamiltonian read,

(I Hegt|I) = €, + E7ONO(n T IALD) )

25+1 4 () 2541 4 (£) 2 2
+ By | (n 25TIALY) L2 n 254N ) — 02 -5 +S(s+1)+J(J+1)}

(4)

where €, is the energy of the diatomic in the vibrational level |v) and (L% ) = (L2 + L7). Since L* is a
two-particle property (the orbital angular momenta of the helium atoms are coupled), a wave-function-
based method is needed to obtain it, or at least, approaches capable of providing the second-order
reduced density matrix. Explicitly,

QS+1A

<7’L |L2|n QS+1A

/u) ZLZJLlez] kLt ZLW’YUa
ijkl

g/u
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with I and v as the second- and first-order reduced density matrices in the chosen one-particle basis
set, L;; and ij being, respectively, the matrix representations of the total He angular momentum
operator and its square on that basis.

The adopted treatment simplifies the adiabatic approach for the diatomic stretch mode. It is jus-
tified if the r-dependence of both FCI-NO energies and (L?) expectation values are negligible as com-
pared to that of the diatomic potential in the relevant range of internuclear distances for the considered

vibrational transition. Otherwise, a modified dopant Schrédinger equation (EEH — e_]gAgv) [v) rsax

should be solved for the different FCI-NO states, and associated (X, A) pair of quantum numbers, at
each J value [6, 7]
ilEH _ FL2 82 U 5FCI*NO h’2 2 5

=552 UM+ (r) + 5507 (5)
with m and U (r) being the diatomic mass and the internuclear potential, respectively. For transitions
between the lowest vibrational levels, the approximation can be considered as appropiate. For example,
the depth of the molecular bromine potential is modified by only 1% due to the r-dependence of the
ground-state energy corresponding to four helium atoms around the dopant.

The main approximations involved in the applied QC-like approach are therefore: (1) the pair-wise
approach for the global potential energy surface; (2) the linear rotor approximation for the diatomic
dopant; (3) the decoupling of the diatomic rotation from the He motion. The validity of the pair-wise
approach has been assessed by ab-initio calculations on complexes with up to four *He atoms [8]. The
approximation of decoupling the molecular rotation has also been tested for heavy as well as light
host molecules and two *He atoms [9, 10]. As discussed below, the current version of the FCI-NO
implementation allows to incorporate the Coriolis non-adiabatic couplings between ground and excited
states.

The inclusion of Coriolis couplings makes the diatomic rotational term, B, j*> = B, [(J —S) — LJ]?,
no longer diagonal in the Hund’s case a basis. Explicitly, using the auxiliary function,

fE=ala+1)—bb+1),

the off-diagonal Hamiltonian matrix elements between the vibro-(spin)rotational levels |I) and |I’)
can be written as,

(I|By (LTS~ + L™ST) |I') = B, fg,y, I|LF|I') (6)
if AN=Ap — A7) = —AX = +1 and AS = AQ = 0.
(I| = By (JYL™ + L™ J")|I') = =B, f3,0,(I|IL¥|I') (7)
if AN =AQ=+1and AY = AS =0.
(| =By (J*S™ + I~ S*)|[I') = =By f55, [ 70, (8)

if AY = AQ =41 and AA =AS =0.
Further symmetry considerations allow to define parity-adapted basis functions. In the BF frame, for
the Hund’s case (a), the parity-adapted vibro-(spin)rotational basis can be expressed as [11],

|J M;n 25+1 7 (F) Yo

(9.u) (p*.,92) [0)

1
V2= da00%0
x (|n25+1A<i>);A,z>|J,Q,M>i In 25TIALE) A, %) |J,fQ,M>),

(9,u g,u)’

where the p* blocks have parity 4(—1)7~5%7, with ¢ = 1 for ¥~ helium states and o = 0 otherwise.

3.1 Spectral line positions and intensities.

The incident ligth is assumed to be linearly polarized and propagating along the space-fixed (SF) ¢’
axis, with the scattered ligth detected along the SF z’ axis. A Boltzmann distribution of the solvent
states at a given temperature is assumed within the chosen temperature range [0.07 — 1.0 K]. The
expression for the intensity of the spectral lines is (see also the main text),

e—(&i/kT) 1 o
I5i(T) o D e—(/kT) 27 11 Z [(f|rold)| (9)
i K M;
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where ¢ (f) is a collective index denoting the quantum numbers of the initial (final) state. The
transition induced dipole matrix elements (f|uo|i) can be expressed in terms of the spherical oy ; and
the anisotropic (; polarizability components of the diatomic [12] as,

(fl10li) chi’céf V@I 1T +1) X
. _ Ji 0 Jy Ji 0 Jy
i -M; 0 M, -Q 0 Q
+ 2B¢. Ji 2 Jy J; 2
3 -M; 0 M; - 0 ’

where cg) and cng ) are the weights of a given 2 value in the initial and final states. According to the
adopted definition for the intensity, it can be demonstrated that for AJ = 0 and integer J values,
only transitions between spin-rotational states with the same parity (p* — p™) are allowed while the
opposite holds true for half-integer J values.

ol

3.2 Broadening of the spectral lines: Vibrational Predissociation

In order to account for the broadening of the spectral lines, the same approach as in Ref. 2 was
adopted. Between the relaxation processes that can contribute to the broadening, we consider the
mechanism of vibrational predissociation (VP). Once the dopant molecule has reached the vibrational
excited state, as a consequence of its interaction with the radiation, the energy excess can flow from
the dopant to some of the weak He-dopant bonds causing its breaking. Schematically,

31 HeQCly (X, vi, ni) + hw — 24 He@QCly (X, vy, ny) — *He(E) + Cla(X, v). (10)

Within the framework of the adiabatic angular approach proposed by Beswick and Delgado-Barrio
[13], the 0-dependent VP widths for the 3*He@Cly(X, v, nys) triatomic species are first estimated,
#40,0,(0). To this end, we used the the (analytical) three-dimensional (3D) He-Cly PES reported
by Takayanagi et al. [14] (see Fig. 1). We notice that 3D PESs depending on the dopant internuclear
distance (r) are necessary to carry out the VP calculations. On the other hand, the fitting procedure
described in the previous section provides a two-dimensional analytical functional form of the PES
upon fixing r to the equilibrium value (r = r.). This is the reason why we used the 3D PES to account
for the VP mechanism. Our fitting procedure provides smaller relative errors with respect to the ab
initio data [1] at r = r.. When different r values were considered, however, the r-dependence of the
3D PES was better represented by the analytical functional form reported by Takayanagi et al. [14].

The calculated VP widths are represented in Fig. 1. As apparent from the right-hand panel of
this figure, the maxima of the #-dependent VP widths correspond to the He-Cly(X) complex at a
linear configuration. In fact, the vibrational couplings exhibit a markedly orientational dependence,
with the main contribution coming from nearly collinear configurations. In its turn, this is due to the
stronger r-dependence of the PES at # = 0°. This has been found for other weakly bound complexes
using an ab initio PES to characterize the interaction [15]. As the next step, the angular distributions
34Dr 1,(0) of a helium atom around the dopant are calculated for the lowest-energy states with the
density either at a T-shaped arrangement (T) or at the ends of the dopant (L). The energies of these
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single-particle states are tabulated in Table 3 (the 1 o, and 2 o4 orbitals). An average of the triatomic
VP width is then obtained for both orbitals and helium isotopes. In the present case,

saphl = / 34D L (0) 3401 (0) db (11)
0

The numerical values of the VP widths for the *He-Cly(X) complex are,
e, =173-10"%cm™* ‘Tf_,=258-10""cm™* (12)
and for the *He-Clz(X) complex,

g, =4.56-10"%cm™* Tk =287-107*cm™! (13)
An estimation of the VP width associated to the N-sized complex at each final state (f) is obtained
as the mean value,

3,41—\80\7)) ~ N7_3,4F0T(71 + (N _ N7) 3,4I‘£‘(71 (14)

where N, is the approximate number of helium atoms on the equatorial belt around the dopant for
the complex [5]. Finally, by dressing with Lorentzian functions the stick lines of different intensities
(see the main text), and summing over all transitions, a continuum profile for the vibro-rotational
Raman signal is obtained:

I L)
on(w;T) = — Z - (N) 514i(T). (15)
fi W —wpi)* + (F(f) /2)

1.6 [T T T T T T T T T ]
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Figure 1: Left Panel: Contour plot of the He-Cla(X) PES from Takayanagi et al. [14] as a function of the distance
of the He atom from the Clz center of mass (R) and 6, with the Cl-Cl internuclear distance r fixed to its equilibrium
value (r = 1.99 A). Right Panel: Calculated §-dependent VP widths for the >4He-Cla(X, vy) triatomic, using the PES
represented at the left-hand panel.

4 Isotope and Cluster Size Dependence of the Dopant Vibro-
rotational Raman Spectra: Additional details

Values for the total angular momentum J < 10 were included in the spectra simulations to achieve
convergence at the chosen temperature range [0.07 — 1.0 K]. The Cly(X) interaction was characterized
by a Morse function [16]. Using this potential, values of 0.240 and 0.239 cm~! were obtained for the
diatomic rotational constant B, in the vibrational states v = 0 and 1. The necessary polarizabilities
of the dopant, assumed to be unchanged by complexation, were taken from the work carried out by
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Figure 2:  Angular distributions for the two lowest-energy states of the 3:4He-Cla(X) complex with the density at
T-shapes and collinear configurations.

Maroulis [17]. As mentioned in the previous section, the angular dependent VP rates for the (3*He)-
Cly (X) complex were obtained by using the three-dimensional ab initio He-dopant potential from [14].
The calculated spectra (see Figs. 3 and 4 as well as Fig. 8 of the main text), display continuum profiles
of the scattered photon intensity as a function of the energy loss between the incident and the exiting
photons, hwg - hwy;. These energies are given relative to the bare dopant transition (J,v)=(0,1) «+
(0,0), 554.37 cm. ™!

4.1 Coriolis coupling effects in the vibro-rotational spectra of the (‘He)s-
Cl, cluster

The left panel of Fig. 3 shows the low-resolution spectra of the (*He)3-Cly cluster as well as an enlarged
view of the more intense Q-branch (AJ = 0). The right-hand panel of this figure, depicts the spin-
rotational levels obtained without including the Coriolis couplings (highlighted in red), and adding
them (highlighted in black), as well as the correlation between both sets of energy levels.

For spinless *He atoms (S = 0), the only possible Coriolis term stem from the —B,(JT L=+ L~ J¥)
operator, (referred to as the L-decoupling operator), causing the mixing between states that differ by
AA = +1. We can notice in Fig. 3 that the energy and relative positions of the rotational levels are
almost unperturbed by these couplings. Thus, the mixing percentage is smaller than 4% at J < 10.
As can be seen in Table 8 from the supplementary material®, the expectation values (L*) are with
only one exception, below 0.1. As already mentioned in [5] for N = 4, the largest values ((L*) >
0.05 a.u.) involve the exchange of one helium atom between the equatorial ring and the dopant poles.
Due to the ¥ symmetry of the ground-state for the bosonic wave-function, the excited states with
IT symmetry are the most relevant when the Coriolis couplings are accounted for. As discussed in
the section 3 of the main text, these excited states are damped down due to the high frequencies of
the implied stretching He-He modes when the symmetric condition for the spinless wave-function is
imposed (see Fig. 6 of the main text). The small value of the dopant rotational constant (~ 0.24
cm™1), also contributes to render the global value from the Coriolis term —B,(JT L™ + L~ J%) very
small. As a result, the dopant spectra in “He is unperturbed by the inclusion of Coriolis couplings,
indicating the adiabatic following of the dopant rotation by the “He atoms. The left panel of Fig. 3
shows the low-resolution spectra as well as an enlarged view of the more intense @Q-branch (AJ = 0).
It can be observed that excited states implying the vibrational He-He motion (IT states) contribute
very little to the spectra. Similar considerations apply to excited states involving the bending He-
dopant vibrational mode (states with N, < 3). Still, a rotational band from the 2 ¥ state can be
identified in the @-branch (see Fig. 3). Notice that the broadening of the stick line associated to the
2 I%F state is larger. In fact, the VP process is much faster for helium atoms located in a collinear
configuration, as earlier found for other weakly bound complexes using an ab initio PES with minima
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located at both T-shaped and collinear arrangements [15]. This results in the enhanced broadening of
stick lines corresponding to transitions between states having helium density along the molecular axis
such as the 2 131 state. Among the excited states, the collective rotational 1 }®,, state contributes
the most to the spectra, with relatively high intensity peaks at both Q- and R-branch regions with
J=A=3.

Xint
1y+
'()5320‘? 3 210 ——— Obranchx 15 -36.0
>0) ———— Pbranchx 8§ ==
1o e g:‘ﬂ"cg s -37.0 \
3% u — ranch X
(a) 4 3 (b) S branch x 2 8.0 4 g : \=
Xint o \\
sa, | Xy ~ e
2-3) E -39.0 + \ — z
25+1 4 (&) ) \
N A < -40.0 4 I L
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Figure 3: Left panel: Vibro-rotational Raman (v = 1 < 0) spectra of the (*He)s3-Cla(X) cluster
(perturbed Clp) at T' = 1.0 K. An enlarged view of the (main) @-branch region (b = a x 125) is
shown at the right-hand side. Right panel: Graphical representation of spin-rotational energy levels
of *Hes-Cly(X) as a function of the total angular momentum quantum number J, without including
Coriolis couplings (highlighted with red lines) and including them (depicted with black lines). Blue
lines have been drawn to follow the correlation between both sets of spin-rotational levels, with the
coefficients combining them larger than 10.7%

4.2 Coriolis coupling effects in the vibro-rotational spectra of the (*He)s-
Cl, cluster

In Figure 4, the vibro-rotational Raman spectra of the (3He)s-Cly cluster with and without adding
Coriolis couplings are compared. Without including Coriolis couplings, the spectrum is clearly dom-
inated by contributions from spin-rotational levels with J = 1/2, as expected. When the Coriolis
effects are included, however, additional branches from spin-rotational levels with J = 3/2 do appear.
Additionally, the most intense Q-type peak arises from the ground-state of X-symmetry when adding
the Coriolis terms, replacing the lowest-energy Il-symmetry state as the most contributing state. At
T =1 K, both ¥ and II-symmetry states cooperate to provide a congested spectrum in which several
Q-type peaks are coexisting. Contrarily, the spectrum without adding Coriolis term holds an unique
high-intensity Q-type peak. Between the different Coriolis operators acting on fermionic states, the
spin-decoupling operator —B,(JTS™ + J~ST) plays the major role. Still, the influence of the L-
decoupling operator —B,(JTL™ + J~L™) is not negligible and much more pronounced than for the
4He isotope. Similarly to the case with N = 4 [5] the mixing percentage between ¥ and II-symmetry
states induced by the L-decoupling operator is one order of magnitude larger than in *He. Specifically,
it is about 3.6%, 4.2% and 24.6% for J = 1/2, 3/2 and 7/2. No significant differences are found for the
(A £ 1|L*|A) values obtained for the “He and *He isotopes (see Table 8). In fact, the main reason for
the larger mixing in *He is the much lower excitation energy of the II-symmetry state when compared
with the “He counterpart. In its turn, this is due to the key role of the spin degree of freedom in
making the wave-function antisymmetric, rendering purely rotational states at any A value possible
(without implying the He-He stretching modes). The energies of these states is about B ‘e‘ﬁ« /N, x A? or
even lower due to additional correlation effects. The two-fold degeneracy of II-symmetry states also
cooperates to make the Boltzmann factors larger, raising their peak intensities [5].
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Figure 4: (color online) Left panel: Vibro-rotational Raman (v = 1 < 0) spectra of the (*He)3-Cly(X)
cluster (perturbed Cly) at T = 1.0 K. Left-side (a): Spectra without adding Coriolis couplings. Right-
side (b): Spectra obtained after adding Coriolis couplings. Right panel: Graphical representation of
spin-rotational energy levels of *Hes-Cly(X) as a function of the total angular momentum quantum
number J, without including Coriolis couplings (highlighted with red lines) and including them (de-
picted with black lines). Blue lines have been drawn to follow the correlation between both sets of
spin-rotational levels, with the coefficients combining them larger than 10.7%

5 Effective renormalization of the diatomic rotational con-
stant including Coriolis couplings

As mentioned in the main text, an effective renormalization of the rotational constant including
Coriolis couplings can be simply estimated. The three panels of Fig. 5 show the energies of the
vibro-rotational energy levels arising from different FCI-NO states, as a function of J(J + 1) for
(®He) n-Cla(X) clusters (N = 2 and 4), with the diatomic in the ground vibrational state (v = 0).
As can be noticed from Fig. 5, the action of the J - S Coriolis operator gives rise to different vibro-
rotational states as far as S # 0, showing the increase of the energy splitting with the value of
J(J+1). For example, as can be seen in the middle panel of Fig. 5, the quintet 15X, state splits into
five vibro-(spin)rotational levels with different J-dependent energies (distinct levels are represented
with different colors in the figure). On the other hand, the triplet X 32; state splits into three
different vibro-rotational energy levels. As a result, the positions of the spectral lines stemming from
those states as a function of J (see Fig. 6) exhibit turnaround points from which the J-dependent
shift lies in the opposite direction.

Within the linear rotor approximation adopted in this work, the energies of the vibro-rotational
levels arising from the singlet 12; state exhibit a linear dependence on J(J + 1), with the slope equal
to the rotational constant B, (i.e., it is unaffected by the J - S operator). Naturally, the same holds
true for the vibro-rotational energy levels of spin-less (*He)y-Cla(X) clusters. Thus, with rotational
assignments of the spectra, the rotational constants can be derived by fitting the line positions to:

ﬁWfi = hwy + szljf(Jf + 1) — BU:()JZ'(JZ' + 1) (16)

where hwy is the band origin.

Due to the action of the J - S operator, however, the energy dependence of the vibro-(spin)rotational
energy levels departs from this simple linear behaviour for (*He)y-Cla(X) clusters with S # 0. Still,
it is possible to estimate an effective rotational constant from the quasi-linear dependence at larger
values of J(J 4+ 1) (see Fig. 6). By fitting the energy values corresponding to the lowest-energy vibro-
(spin) rotational energy levels (highlighted with red bullets), effective renormalization of the rotational
constants by 0.43B, and 0.72B,, can be derived for the 1°X; and X *¥ FCI-NO states, respectively.
Therefore, as can be expected, the Coriolis couplings effectively reduce the value of this constant. The
inclusion of the lowest-energy vibro-(spin)rotational energy levels only can be considered as equiva-
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Figure 5: Energies of vibro-rotational energy levels as a function of J(J+1), with J as the total angular
momentum quantum number. Left-hand panel: (*He)z-Cla(X) cluster in the FCI-NO X 'ST state.
Middle panel: (3He)4-Cla(X) cluster in the maximum spin FCI-NO 1 5% state. Right-hand panel:
(*He)4-Cly(X) cluster in the (lowest-energy) FCI-NO X ®% state. Blue shaded areas correspond
to the energy levels contributing to the two highest-intensity peaks within the O, P, @Q, R, and S
branches of the vibro-rotational Raman spectra at 7' < 1 K, with the red line correlating with the
initial (lowest-energy) levels.
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Figure 6: Rotational assignments (J; = Jy) of the spectral lines positions at the (main) Q-branch
region for the vibro-rotational Raman (v =1 < 0) spectra of (*He)4-Clz(X) at T' =1 K.

lent to derive an effective B, value from the assignments of the line positions corresponding to the
highest-intensity spectral peaks.
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6 Energies, (L?) values, and Coriolis couplings of FCI-NO

states
S | Ay B3, /Bau Big By B2y /B3y Ay
4He@Cly(X)
0| ~16.16 ;- —1608 ;- 1486 5 1521 ;0 =965 . —T59 5
6.78 7.40 6.80 13.20 13.22 10.37
~15.13 —13.54 ~11.01
271 299 7.44 1éu 6.85 179
| *He@Cly(X)
2 | —1367 0 —1298 4 1206 5 —1227 4 =738, =519 5
5.52 5.06 5.67 9.57 8.39 8.82
~12.33 —9.76 ~7.35
10.14 299 5.28 1ou 6.85 179

Table 3: Energies (in cm, ™" first entry) and average values (L) = (L2 + L2) (a.u., second entry) of ground
and excited states of (**He)-Clz(X) clusters (i.e., the independent-particle orbitals in FCI-NO calculations).
The states are classified according to the symmetry within the D2, point group and the total spin quantum
number, S. Underlined values are associated to states posing one helium atoms at the two Clz ends. Values
underlined with braces correspond to states having the helium density located at the two lateral rings around
the dopant (see also Ref. 7).

S | Ay Bs., /B2y, Bigy Biu Bagy/Bsg Ay
| *Heo@Clo(X) .
0 =8242 ximy 73299 1im. T30S aia, RS 1imr 8052 im0 114l
5 2iny THS 2im, 085 1ie,  THRE 1ia.
LR (R AR R
—303% 214,
| PHex@CIa(X) o _________.
O IO xisp TR08Y uim. Tioas 1la, TGS iisb TR in, RS A,
iz JEEeH
PITEEE el TIOE v TIONY i THEGS il THEE in TR i
1385 20

Table 4: Energies (in cm, ™" first entry) and average values (L% ) = (L2 + L) (a.u., second entry) of FCI-NO
states for (3*He)a-Cla(X) clusters. The FCI-NO states are classified according to the symmetry within the
Doy, point group and the total spin quantum number, S. Underlined (underlined with braces) values are
associated to states posing about one helium atom at the two Cly ends.
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S Ay B3, /B2 Big Biu B2y /Bsg Ay
| "Hes@Cla(X)
0| —48.58 1 —47.76 —47.69 ~48.13 —47.72 —47.75
20778 X33 2132 13%Pu  “9g76 134 2622 1= 2601 131ly o736 13l
—48.06 1wt  —47.68 1 4713 1 4775 1 4639 1 ~46.99 1
26.07 22%g 25.09 l2llu 20.69 238y 2727 128w 26.03 12%g 26.87 2284
~47.69 —47.58 ~46.15 —46.84
677 134 2247 23 T 96738 3324 2658 2554
88 gt 822 5y,
31,01 32.62
—46.32 ..
26.47 22%u
| PHes@Clp(X)
1/2 | —39.90 s ~39.90 ~39.46 ~39.83 ~39.46 ~38.88 _
/ oT03 1359 1463 13Mu 1570 138 2010 13540 50:85 130 1048 135,
~39.46 ~39.53 —38.96 3873 —38.89
127, 2211, 135, 2 28wt =252 22071,
15.70 20.39 19.66 24,79 20.87
3/2 | —38.61 .4 ~39.53 4 —39.93 yag-  —3854 4 3047 4 —38.88 4
/ 21.03 2284 20.41 lallu 14.45 X3¥g 2046 128w 19.78 12l 19.35 123,
S3T95 gan 886 jag <3894 Hapo —38.03 papp
15.37 15.96 20.05 24.21
~36.00 4 —38.57 .4 ~38.61 4
15.39 130y 15.76 231lu 21.03 228y
—35.53 .4 —37.89 .4 ~37.95 .4
20.39 22l 20.60 22%u 15.37 3384

Table 5: Energies (in cm, ™" first entry) and average values (L% ) = (L2 + L) (a.u., second entry) of FCI-NO
states for (**He)3-Cla(X) clusters. The FCI-NO states are classified according to the symmetry within the
D2, point group and the total spin quantum number, S. Underlined (underlined with braces) values are
associated to states posing about two (one) helium atoms at the two Clz ends.
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S Ag BJU/BQu Blg Blu BQQ/BSQ Au
| *He,@Cly(X)
0| —64.49 1wt —63.66 1 —62.76 1 —64.55 1y —63.73 ~63.11 1
32.48 X3%g 3336 13Pu 27.65 Lalg 33.33 L3>, 3389 13%g 3321 lalu
—6416 p1pe 6334 iy ~63.11 1, <6358 i
28.06 39.00 33.21 33.69
| PHe,@Cly(X)
0| =3260 jiyr 5298 yap 251 yy. <5243 gy, 0 <5286y <5243 a1,
2977 25.44 25.23 24.92 24.87 24.92
“BZBL 1 <866 pip <563 ,1a  BLGT jipa —5224 pipp
25.23 20,42 20.96 24.93 29,44
—52.07 3y+
20.36 112
L| -5250 g, 5293 jap, 5298 yayo 0260 jgyr 5286 jgpy <5289 gy
25.54 25.47 24.98 2072 24.82 24.69
L0 ,ga  —0223 gap  —B2BO0 yan <5248 yan  —§223 nep 5243 jan
25.03 2041 25.54 24.89 29.43 25.89
“SLOL jag <5208 jay- “BL8L ygg  —5L64 3y
24.62 20.58 25.62 29.50
2| =5160 jan  BL8Y ysg  —BLE0 gsa =882 ysa o —5223 s <5280 sy
20.44 25.81 20.44 30.16 2041 24.57
—50.98 ,5a “BL8T 15 —5L63 hay-
25.28 25.14 28,96

Table 6: Energies (in cm, " first entry) and average values (L) = (L2 + L) (a.u., second entry) of FCI-NO
states for (3*He)s-Cl2(X) clusters. The FCI-NO states are classified according to the symmetry within the
Doy, point group and the total spin quantum number, S. Underlined (underlined with braces) values are
associated to states posing about one (two) helium atoms at the two Clz ends. This table is an extended

version of Table 1 from our previous letter [5].

S | (Ag Big|L*|Bay/Bsy) (Bsu/Bzu | L* | Bru, Au)

4He2@Cla(X)

o | (xizp[Lim) o021 (im,|Lt 1Sty 0.050
<2}zg+ L™ |11M,)  —0.054 (21, | LT |11=f)  —o0.016
<3§zg+ L™ |1i1,)  —0.010 (13| L7 |11AL)  —0.024
(2304| LT |1110,) 0.045 (21| L™ |11AL)  —0.035
(130, LT [11T0,) 0.054 (132, LT [1{A,)  —0.038
(11®g| Lt 1110,) 0.016

3He2@QCla(X)

o | (xisproiim,)  -o0.042 (im,| Lt [iist) 0130
<2}zg+‘ L™ |1110,) 0.001 (1310, | L™ [11A)  —0.055
(138, LT [1110,) 0.122

1 <1§2g+ L™ |1%m,) 0.015 (310, | LT 185F)  —0.139
<1§z; L™ |1310,)  —0.149 (131, | L™ [13A,)  —0.010

(23, | Lt 195ty —0.029
(231, | L™ [17A.)  —0.006

Table 7: (L*) coupling terms between FCI-NO states for “He,@QCly(X) and 3Heo@QCly(X).
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(Aga Big | L* ‘BZQ/B3Q>

<33u/B2u | Li ‘Bluv Au>

*He3QCla(X)
(xisH| L~ [13m,)
(24s3| L~ [13m,)
(1380 LT [1310y)
(3tsg| L~ im,)
(1380| L™ |112)
(128g| L7 [1211,)
(2544 LT [1310y)
(328 | LT [1211y)
(2584| L7 |112)
(8284| L7 [170)

(13@u| LT [1,57)
(1300, | LT 15t
(23| LY [1337)
(31| L* [1357)
(L3I | L7 [1344)
(23| L™ [1344)
(31| L™ [1344)
(23%u| L7 [1344)
(13Ma| L* [23355)
(23| L [2337)
(31, | LT |23T)
(13@u| LT [15A0)
(13| L7 [1344)
(23| L™ [1344)
(31| L™ [1344)
(2:0u| LT [1540)
(132u] LT [25A4)
(13M| L7 [2544)
(23| L7 [2344)
(31Mu| L™ |23A4)
(21@u] LT [2;A4)

—0.005
0.012
0.048
0.041

—0.043
0.008
0.406

—0.057

—0.006
0.012
0.048

—0.033

—0.007
0.037

—0.013

—0.013

—0.005

3He3QCla(X)

13| L™ |231,)
(138,| L7 [1311,)
(1584] L7 [2310,)
21529 L™ [1310,)

ggzg L™ [121,)

133, | L™ |23M,)

(2384] L* [1510y)
(238,4] LT [21T1y)

gxgzg L™ |14m,)
X35, | L7 [211,)
255, | L7 [131,)
éz;‘zg LT |211,)

121, | Lt 12st
3 2<%
(3o, | Lt |23s))
(13| LT [1357)
(23m, | LT [135))
(23Ma| LY [2757)
(23| LT [1357)
1210, | L™ |12A,
2 2
(130 | L* [135,)
(13| LT [13AL)

Table 8: (L*) coupling terms between FCI-NO states for “Hex@Cl3(X) and *Hez@QCly(X).
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