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We can think of this in terms of a change of basis.

The action of the a+45 operator on the state in the +/-45 basis is to
lower the state defined along the +45 axis. In this case, the state
defined along this axis is constant (flat), as seen in the diagram.
Therefore, the action on the +45 state would result in 0, as it would in
the x-y basis.

Similarly, the action of the a-45 operator on the state in this basis is to
lower the state defined along the -45 axis. We can see that the state
defined along this axis is the first excited state in this basis, which
implies that a-45 operator acts on the wavefunction to lower it to the
ground state, |00>, which is does.

In the x-y basis, this is equivalent to having a first excited state (for
instance, |10> in the x basis) and applying the a-x lowering operator
on it, which would again result in the ground state |00>.
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