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Investigations on entanglement in massive quantum particles have been intensively studied because
the entanglement is essential for understanding composite quantum systems. While an entangled pair
of atoms has been created in most of the studies a passive approach of producing an entangled
atom-pair has been proposed in which an entangled pair of H(2p) atoms is spontaneously produced in
the photodissociation of an H, molecule:

Ho (X Z4") + Yex = Hy (Q2'TI(1)) — H(2p)+ H(2p) — H(Ls) + H(Ls) + Viyot Viyey 1)

where Yex is a linearly polarized incident photon and Y.., a Lyman-o photon. It has been found out
from experiments that only the Q,'IT,(1) state is involved in the formation of pairs of H(2p) atoms.
The production of the entangled pair of the H(2p) atoms is substantiated with measuring the angular
correlation function (ACF) of a pair of Lyman-a photons emitted by the H(2p) atoms.

In the present investigation, in order to prove that the process (1) produces an entangled pair of H(2p)
atoms, the ACF of a pair of Lyman-o photons produced in process (1) has been determined over the
whole emitted directions of the Lyman-a photons through coincidence measurements between two
Lyman-a photons. From analysis of the experimental ACF, it is shown that the H(2p) atom pairs in
process (1) is in the superposition of the Q,'IT,(1) state and the Q, °%,(2) state, which the
superposition is an entangled state. The superposition is brought about by the spin-orbit coupling,
which is effective around infinite internuclear distance because the potential energy curves of those
states are close to each other, but is negligibly small around the Franck-Condon region because they
are apart from each other.

In conclusion, an entangled pair of hydrogen atoms is spontaneously produced through the
photodissociation of a hydrogen molecule as shown in process (1). The entanglement originates from
the 1, symmetry properties, which are invariant during the dissociation of a hydrogen molecule.
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