Dipole transition of two-electron ions under pressure confinement
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Synopsis The energy values of atomic systems are modified when the system is placed in a confined domain. Within the
finite domain, the ion experiences a thermodynamic pressure which pushes the energy levels towards continuum. Here we have
performed explicitly correlated variational calculations in Hylleraas coordinates to estimate two-electron energy levels in ! P¢
state originating from 1snp configuration and 1s2 p(lP") — 152 ( ! §¢) transition wavelengths within such pressure confinement.

If a two-electron ion is placed within an impen-
etrable cavity keeping the nucleus (of charge Z and
infinite mass) at the centre, then the non-relativistic
Hamiltonian (in a.u.) may be written as
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The confining potential Vg(ri,r;) is expressed as

Vr(ri,r2) = 0 0<(ri,rn) <R

oo otherwise )

A spatial restriction and hence a thermodynamic
pressure is imposed on the system due to the con-
fining potential. The wave function W satisfies the
boundary condition given by

¥Y(r)=0 at r>R 3)
The normalization condition (W|¥) = 1 is satisfied
within the sphere.

We have estimated the 1s2p ('P°) energy values of
helium-like ions (Z = 2,3). The variational equa-
tion is taken from Ref. [1]. The generalized eigen-
value equation H C = E S C is solved where H is the
Hamiltonian matrix, S is the overlap matrix and C is
the column matrix consisting of linear variational pa-
rameters.

Under an adiabatic approximation, the pressure (P)
inside the impenetrable cavity can be expressed ac-
cording to the first law of thermodynamics as

1 dEg
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where Ef is the ground state energy of the ion inside
the sphere of radius R.
In Fig. 1, we have shown the variation of en-
ergy value of 1s2p ('P°) state of helium within
pressure confinement. The energy value of
the confined system is increasing with decrease
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in radius i.e. with increase of pressure.
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Figure 1. Energy value of 15s2p (!P?) state of confined
Helium.

We have also estimated the wavelengths correspond-
ing to 1s2p('P°) — 1s%(1S¢) transitions under pres-
sure confinement where the 1s%(15¢) energy values
are taken from Ref. [2].

Table 1. Energy of 1s2p (' P°) state and 1s2p(' P?) —
1s2('5¢) transition wavelengths of He placed under
pressure confinement. x[y] denotes x x 107.

Radius  Energy Transition Pressure
(au.) (—Ea..) wavelength (A) (Pa)
10.0  2.117 389 579.280 3.245[3]
7.0 2.084 815 556.239 2.886[5]
5.0 1.986 309 496.682 6.941[7]

Table 1 shows the energy values of 1s2p (1P°) state
and 152p('P°) — 1s%('S°) transition wavelengths of
He placed under pressure confinement. We have also
given the pressure ‘felt’ by the ion within the sphere.
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