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Triply excited autodissociating resonant states of positronium hydride

Y. K. Ho
Department ofPhysics and Astronomy, Louisiana State University, Baton Rouge, Louisiana 70803 4-001

(Received 12 December 1988; revised manuscript received 5 September 1989)

Triply excited autodissociating resonant states of positronium hydride are investigated by using a
method of complex-coordinate rotation. States with which the positron is attaching to the doubly
excited 2s''S' state of the H ion are calculated. Resonance parameters {both positions and
widths) are obtained by employing elaborated Hylleraas-type wave functions in which all six inter-
particle coordinates are included.

INTRODUCTION
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We present here a calculation of triply excited autodis-
sociating resonant states in a positronium hydride, a sys-
tem consisting of a positronium atom and a hydrogen
atom. These states are a result of the positron attaching
to the doubly excited 2s 'S' state of the H ion. In pre-
vious investigations, it has been shown that Rydberg
series do exist as a result of the positron attaching to the
ground state of the H ion. Such Rydberg states, with
the exception of the lowest S-wave state, which also lies
below the Ps+ H threshold and becomes the ground state
of PsH, would appear as resonances in Ps-H scattering.

Studies of positronium hydride are of continuous in-
terest. Ore' erst showed that this system does form a
bound state. Over the years calculations of its binding
energy have been improved and the latest calculation in-
dicated that the binding energy is 0.077 89 Ry against the
dissociation into positronium and hydrogen atoms. Cal-
culations of two-photon annihilation rates are also of in-
terest. Resonance states of PsH have been studied
theoretically. The resonance parameters for the lowest
S-wave resonance state in Ps-H scattering have been
studied by using the stabilization method and a method
of complex coordinates. ' Higher resonance states of
PsH converging on the ground state of H were studied
by Drachman from the point of view that these are Ryd-
berg states between a positively charged positron and a
negatively charged H ion.

This work extends the investigation to the energy re-
gion below the lowest doubly excited state of H . A
method of complex-coordinate rotation' is used. Ela-
borate Hylleraas-type wave functions are employed. Fig-
ure 1 shows the energy levels of this four-particle system.
In previous studies published in the literature, autodisso-
ciating resonant states of PsH below the ground state of
the H ( ls ) threshold were investigated. These states
converge on the e +H threshold at —1.0555 Ry. The
present investigation concentrates on the energy region
below the threshold of the doubly excited 2s 'S' state at—0.297 Ry. "
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HAMILTONIAN AND WAVE FUNCTIONS

The Hamiltonian for this system is
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FIG. 1. Energy levels (in rydbergs) of positronium hydride.

where 1, 2, and p denote electrons 1, 2, and positron, re-
spectively. The interparticle coordinate r

&
represents

the distance between the electron 1 and the positron, and
r, the electron 1 and the nucleus, etc. Atomic units are
used in this work with energy expressed in rydbergs. The
coordinate system of PsH is shown in Fig. 2.
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CALCULATIONS AND RESULTS

f corn lex-coordinate rotation (see, for
10'wb Ho ) isuse oexample, a review y

PsH. The use of t is meh' thod would pro-phenomena in s
r both resonance en ergy positions andp

htal of N =500 terms are used in t e pre

E (RY)

ilization behavior of the 2s 3s state.FIG. 4. Complex stab h
=0.5, =0.25. Curve B: a=

h 1 1 d fes shown here are caTh complex eigenvalue h ca
tion of 8 in the increment of 0. 25

''
nsandarameters, both resonance positions

th odto tht thtotal widths, aare deduced from t e co
t b'lized with respect todiscreted complex 'gei envalue is sta i ize

1 an le of the complexe 8 is the so-called rotationa ang e
transformation r ~r exp(i, i.e.,

dl&ld 8=min,

ondition that the complex eigenvalue is

In this work we are concconcentrating on
1 excited 2s 'S' state o

d t t
'

hrepresentation oof this doubly excite s a
nlinear parameters for elec-ed. By keeping the two nonlinear para

0.004—
-0.2—

-0.25 e + H(N=2)+ e+

-0.3— -0.297 H (2S )+e

CC

w -O.4—

2S 5S
2S* 4S

2S' 3S

0.005—
2S* 2S

I
- 0.4640

I
- 0.4635

E (Ry)

I )

-0.4630 -0.4625

—0.5—

ilization behavior of t ee 2s 2s state.FIG. 3. Complex stabi iza
=I =0.5, y=0.25.=0.5, =0.23. Curve B: a=

h 1 1td fThe complex eigenvalue s shown here are c
25 rad.tion of 8 in the increment of 0. 25

r in on theTri 1 excite s ad S tates in PsH conve g g
t res o d H (2s') threshold.threshold of the doubly excited



70 Y. K. HO 41

TABLE I. Triply excited autodissociating states of PsH con-

verging on the doubly excited 2$ 'S' state of H
TABLE II. Resonance positions and total widths in

positronium-hydrogen scattering.

2$22$

2$ 3$
2$'4$
2$ 5$

Limit
e++H (2$ 'S')

E (Ry)

—0.4634
—0.3881
—0.3533
—0.3358

—0.297

—,
' I (Ry)

0.0043
0.0027
0.0022
0.0017

2$ 2$

2$ 3$
2$~4$

2$ 5$

Limit
e++H (2$ 'S')

E (eV)

14.104
15.128
15.602
15.84

16.368

r (eV)

0.117
0.073
0.060
0.046

trons at u=P=0. 5, we have a good representation of
such doubly excited state. We then vary y as a variation-
al parameter, and examine the complex stabilization be-
havior as a function of 0. Figure 3 shows the stabiliza-
tion behaviors for a complex eigenvalue for two sets of
nonlinear parameters. We assign this stabilized complex
eigenvalue as the resonance for the 2s 2s state. Here, the
orbital with a bar on top represents that of the positron.
Figure 4 shows similar complex stabilization behaviors
for the 2s 3s state. We are successful in locating four res-
onances below the threshold of the H 2s 'S' state (Fig.
5). The results for both resonance positions and widths
are shown here in Table I. These states would appear as
resonances in positron-hydrogen scattering. The reso-
nance positions expressed in eV relative to the
positronium-hydrogen scattering threshold are shown in
Table II. Absent in Table I is a 2s 1s state. We do not
know where such a state, if it exists, is located. With the
wave functions we used in Eq. (2) and the nonlinear pa-
rameters we employed in this work, we were unable to
obtain a stabilized complex eigenvalue for such a reso-

nance. More work on this should be done in the future.
It should also be pointed out that the configuration as-

signment for the 2s 5s state is tentative. It turns out that
around the energy region at which this state is located,
another resonance series starts to appear. These reso-
nances belong to the 3s ns series, converging on the dou-
bly excited 3s 'S state in H . More work should be
done in the future in order to clarify the classification for
this resonance at —0.3358 Ry.

In summary, we have located four triply excited auto-
dissociating states in PsH below the threshold of the dou-
bly excited 2s 'S' state of H . The present work is the
first calculation of resonances in this energy region. The
resonance parameters reported here would be of interest
in future theoretical and experimental work.
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