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Fig. 1. Interatomic potentials for He-He and He-Ba

systems.
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10 9 AR A e e S 19 0 Rl I 51 N B 1 H ) He-Ba
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Table 1. The calculated ground state binding ener-
gies for the 3He-13%Ba and *He-138Ba dimers together
with the results for the helium dimers. Missing entries

indicate that no bound is found.
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%2 ZJHET4T 4He-4He-138Ba, 4He-3He-138Ba fll 3He-3He- 138 Ba [HIEA R4 fE
Table 2. The calculated binding energies of the bound states for the 4He-*He-138Ba, 4He-3He-138Ba and

3He-3He-13%Ba, trimers.

4He-4He 4He-3He 3He-3He
TRR BR THR BR TR R
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0 N Ny S — B 2 &
KE3E B BB, (R, ¢, 0) KIHE 2535 1 i) — 4 5 g )
—af Bl 4 Fhrs.

¥ gl
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5 _3
S)—10- 0.4

_12 | - 3He,138Ba

Y | N/ 2 — 4He3He!38Ba, 0.3

—16 F ——4He,!38Ba

—18 L L L L L L Ll < 02+ W \y e 3H62138Ba

20 30 40 50 60 70 8090100 . 135
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3He-138Ba B ERLL IS AE M 25 0

Fig. 2. The lowest hyperspherical potential curves for
each of the triatomic systems, SHe-3He-138Ba, 3He-
4He-138Ba, and 4He-*He-138Ba trimers.
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RGN R A REFI ey () 2227298742 4) g
BT &G0 88N RSN a4 A g th 211
AR AR RAHIRE KR, f£5 He
JRF I WA AH AR R, B & Bt R S He JiL 1
V) PR AF ELA'E FH 58 B2 0 LG A B () 980 42 J 7 32 55 He 5
- 1R) P9 FE ELAE FH o R 2K 1292601 5 He-He #H HLAE
FH 8 BEAH Y.

=k & 4i *He-*He-'3%Ba, “He->He-'3%Ba #ll
SHe-*He-1%®Ba [ 2 45 U R 2 40 8] 3 P s

Nt — LR EAD T RGN LA R B R
M BRATVEAREFT 1 18 R %5 B8 & R 3 th 2 1) AR

10 20 30 40 50 60
R/a.u.

K3 ={k%%4: ‘He-*He-138Ba, 4He-3He-138Ba #ll 3He-
3He-138Ba )41k bR 4

Fig. 3. The wave functions for the bound states of the
3He-3He-138Ba, 3He-*He-138Ba, and ‘He-*He-13%Ba,

trimers.
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4t 4He-138Ba 45 & A (¢ = 0.246m, 6 = 0) Al
(¢ = 0.246m, § = m); *“He-*He-'38Ba R G #5455
A, 3He-138Ba N (¢ = 0.2697, 6 = 0), “He-13%Ba
H(p=0.2247, 0 = m). ST =R RGKUIEHFH =
Agh G S, B AN He JE -1~ 2 18] R BE 2558 0 B TR
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193102-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % |  Acta Phys. Sin. Vol. 64, No. 19 (2015) 193102

3He,'%*Ba 4He,!3%Ba, 1He3Hel38Ba
H4 R
1%
iRl
0.8 - 4 b 4 F -
0.6 1 1 L 1 L i u
B : 1
S 1t 17 15
02 R— 228au R= 224 a.. - R=228au.
0 . o . . ¢ . . le .
1.0
0.8 —
e 06 B
< 1=
0.4 |- 41
0.2 —
m - =
< _ 1=
| L 1 =
£ 0.6 I B B IS
® r I r r [ &
0.4 - H - - H 1]
r R = 100 a.u. 1 B R = 100 a.u. B R = 100 a.u.
02k L L i
oL N o N
L N & &7
0.8 - 4 b 4 F -
E 06| 4 b 4 F .
S L i L ] L | %
0.4 - 4 b 4 + . :%
0.2 I R = 100 a.u. 1 i R = 100 a.u. i R= 100 a.u. ]
N o NS B S . X e
0 0.25 0.50 O 0.25 0.50 0 0.25 0.50
o/n

B4 (MTRE) =H5EGE V(R, ¢,0) FIERE . (R, ¢,0) M F%E
Fig. 4. (color online) Two-dimensional contour plots of the potential surface V (R, ¢,0) and the probability

densities of the channel functions at fixed hyper-radius R as functions of the hyperangles ¢ and 6.
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=M, W 5B (B B 1R 2 (3K 3He,
3FEIBBa). =/NEFEBIEE 250 N =
14.193 a.u., ro3 = 11.552 a.u., r3; = 11.552 a.u..
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JR 7 EE S R, 5 55 A — > SHe R 1 BE B Bz,
AN 3He 5 F IO BE A ris = 19.507 a.u., ®Ba
55 He [ FHIBEE N 11.924 au., 5% —HeJ&
THEB N 17.866 a.u.. 24 R = 100 a.u. if, MR %
FE W e KA B s B (¢ = 0.247m, 6 = 0.104m)
Rl (¢ = 0.247m, 0 = 0.896), 7 F =R AL 1 I
i AL, BP 3He-138Ba 45 & s ML, M 256 5% i B
KAEWS RGN i R = A IS5, &5 B,
X} ‘He-“He-'3®Ba 4%, H T A ENHK R SR, 5
SHe-*He-1%*Ba 2 48 It AH [F] (1) )5 .

3He,!38Ba 1He,!38Ba 1He3Hel38Ba
731 i i 723 31 T23
T12 T12
R =22.8 a.u. R =22.8 a.u.
T:ni ir23
T12 T23
31
T31 . . T12
: jrzs T31 To3
T12 712
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2 31 T
T3l 723 793 ?
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® = Ba O=He
5 RGUIEAN A AR AL TE R RO 22 5 P U R MBI ) ) L AT 245 4

Fig. 5. The most probable geometries of SHe-3He-138Ba, *He-*He-138Ba, and 3He-*He-138Ba trimers at R

corresponding to the minimum of the hyperspherical potential curves, R = 30 a.u., and R = 100 a.u.

XA K FR R 4t “He-3He-138Ba >k i, 4 #i 12
R = 22.8 au. B, MR % E 1K KESTE (o =
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1He, 24X 3K 3He, 348K 138Ba). = ANJE T A1 EE

B N = 12,499 au., res = 11.556 a.u.,
r3 = 11.433 aw.. HHEAER = 30 auw. B, HT
ARG RANTFRE), MEZEFE B RE R A — A A,
f7F (¢ = 0.347m, 0 = 0.673n), L *He-'2%Ba
& m. =B RAK M 7E ‘He-*He (N 45 & 5
¢ = 0.5m BT, *He-'38Ba ¥ 45 & 55 I i1 1 35 3

==
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138Ba J5i 75 ‘He JF T FE B 1RIE, 3He J5 T7EIZAL.

5 & W

FIFH HEER AL bR 7 VLT 5T AR 48 G UL He-
He-Ba/r THIFI R ABRE SR, 48R KU H =R
7 1385Ba 5 4He, SHe 4 & ) % Fh & 48, *He-*He-
138]_3)a7 4He_3He_138Ba }FD 3He—3He—138Ba %Km‘ﬁgﬁ
15, FHEMRAG —ARELS. 0 TR EBELE
BRI I0E R 2 I e JRORAR G L R LT A B IR
XTI R A REAAR N, RREAFAE T AR 135
H R BOEA RIS E T 550 T I HIEAR, ]
B L 0 S P R T X L6 43T
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Abstract

The three-body Schrédinger equation is approximately solved in the hyperspherical coordinates and the binding
energies of the three-body weakly bound systems are calculated with the purpose to find if He-He-Ba trimers could
exist. Using the special feature of the B-spline function like the flexible and highly localized properties, hypersphercial
potentials are obtained by modifying the knots distribution of the B-spline basis of different weakly bound three-atom
systems. Employing the best empirical interaction potentials between each pair of particles, we obtain that in the ground
state binding energies of the weakly bound typical three-atom systems, the bindings of the molecules, *He-*He-13*Ba,
‘He-3He-'%®Ba and He-*He-'*®*Ba are possible. The binding energies of these systems are shown in the order of 1
Kelvin, each system could support only one bound state. These weakly bound molecules can exist only in a very cold
environment. To get insight into the geometry of the molecules, the features of the channel functions associated with

the hyperspherical potential curves of each system are investigated.

Keywords: He-He-Ba trimer, hyperspherical coordinate, halo state, Efimov state
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