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Introduction

Method of intermediate hamiltonians for lower bounds of
eigenvalues [1]

7 0 L HO — solvable,
T H* — positive definite
Intermediate hamiltonians H* = 0 + g'pP*
K
where P X — finite rank operator: Prlo)y =N ailps)
k=1

p; — linearly independent states
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3-body system hamiltonian

H=- Z:QW,V2+Z:L 1)
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Introducing Jackobi coordinates
B 1;’2
ML) '
T m; i# 7;, J (Tj = Tk) = /il k(T = Th)

1/2
mi(m; +my) | mM;T; 4 myr;,
yi = | —r, + ——
mi1 -+ mo -+ ms m; -+ my

1, 1,
H=-—-V2--V24V
pVx T Vv T

e

_— L
~j~k

V(x.y)=—+ —+— where b; =
: L g =+ Mg



Hyperspherical coordinates

r = pCcosa, Y= psina
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Vip,Q)=-f(Q) f(€2) —angular part of the
F Coulomb potential
f(Q) = b1 1 b, s a; are hyperangles in
' COS(yp  COS(o  COS(3 different sets of Jacobi
coordinates




Lipmann-Schwinger equation
(£ — Ho)|W) = V]¥)
V) = (E — Hy) 'V
Here
(Hy — E) ! = ?D(E) — free Green function

Coordinate representation:

T(R) = — /f-zR’GD(E:R. R')V(R)U(R)



Finite rank approximation

Z ﬂ‘r’z d:} ‘r’j‘f

Here |p;) —auxilliary functlonsm angular space
d;;' = (@il fle;)
. ‘N N gl
Fori=1..N  f"|p;) = fle:)

We use the finite rank operator f N instead of f in
the Lipmann-Schwinger equation.



We obtain representation for solution

U(p. Q) Z /p dp'dYGo(E, p, p': 0, Q) F(Q) ((?I)d;j( (p")

where  C'(p') = / Y (Q27) f ()W (p, Q27)
Integrating over angular variables

/{m oe(Q)F(Q). ..

results in a system of one-dimensional integral
eguations



Integral equations
- Z / dyf f\ﬁfk-z'(ﬂf ﬂf)d-ij C; (f-}f)

Mi(p. p') = ;0;4/61’0 dY or(Q) f(Q)Go(E; p, p's Q, Q) f(Q)pi ()

Let us introduce 3-body radial free Green functions
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Let us insert

full sets of hyperspherical functions ‘E L5 ‘3 1l2
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ﬂlfm(p. p') = p‘”l/dfl dQ o () F(Q)Go(E: p, p': 0, Q) F(Q)

] Summation in the kernel is limited by K
and we obtain v/ Y Pmax

K 41 z I5
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KLMIls

- Z/d,o” Mii(p. p)di; Ci(p')

The integral equations are transformed into matrix ones using
discretisation by p, and the values of E are calculated as its
eigenvalues.



Details of calculation

Total angular momentum L =0
The ground state energy Is calculated
Auxiliary functions ¢, are hyperspherical functions

Calculations are performed with 100 discretizing
points.



Binding energies

E\. eV (theory)

E, eV EXp. FRA
K. . =6 Kmax = 10 =14
H 14,34 N=1 25 20 18,2
N=3 20 18,5 17,1
N=6 18 16,2 15,6
He 79,0 N=1 102 98 95
N=3 99 91 89
N=6 95 87 85
H2" 16,25 N=1 7,3 10 11
N=3 8,5 12 13,7
N=6 10,1 13,5 15,1
ppuL 2782 N=1 1050 1700 1850
N=3 1360 2044 2101
N=6 1690 2290 2332
ddp 2988 N=1 1200 1820 1990
N=3 1540 2072 2480
N=6 1845 2195 2654




Numerical convergency

E, eV (theory)
E, eV EXp.
D = 40 60 80 100
H- 14,34 20,1 17.5 16 15,6
He 79,0 121 90,1 87 85

D is a number of discretizing points
Here N=6, K, =14

This method was used in [2] to calculate binding energies of three-
body systems in adiabatic approach



Conclusion

* The method proposed simplifies treatment of
3-body Coulomb systems

* Reasonable values of 3-body systems binding
energies are obtained
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