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In the theory of mesoscopic transport,  magnetic impurities are well known to play against electron coherence [1,2]. Indeed, unlike the case of static impurities, an electron scattering with a magnetic impurity undergoes a not fixed phase shift due to the internal (spin) degree of freedom of such scattering center. For instance, the presence of a spin-1/2 impurity on one arm of a mesoscopic ring reduces the amplitude of the Aharonov-Bohm (AB) oscillations of the electron  transmission due to occurrence of spin-flip events [3]. The coupling between electron and impurity spins is usually modeled via the exchange interaction and thus spin-flip can occur when the spins are initially anti-aligned. In the special case when the electron spin is aligned with the impurity spin, no spin-flip is allowed and the impurity behaves as it was static.

In the present work we investigate electron transmission through mesoscopic systems where two identical spin-1/2 magnetic impurities prepared in a maximally entangled state are embedded. To this aim, a quantum waveguide approach [4] properly generalizing the technique used for a single magnetic impurity [3,5] and based on the coupling of three angular momenta is used [6]. 

The case of a quantum wire where only the lowest electron subband is accounted for may be regarded as the electron analogue of a Fabry-Perot (FP) interferometer with the impurities, whose distance is denoted by 
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, playing the role of two mirrors with an internal degree of freedom: the spin. A striking behavior is observed when the impurity spins are prepared in the maximally entangled singlet state 
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 [6]. Perfect resonance (namely 100% of electron transmittivity) is observed whatever the strength of the electron-impurity exchange coupling constant J is and for electron wavevectors 
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(n integer) not depending on J. Furthermore, this happens regardless of the electron incident spin state (thus no constraint on electron spin polarization is required) and without occurrence of spin-flip.

We have also investigated the AB oscillations of the electron transmission in a mesoscopic ring with the two impurities each placed on one of the arms. Denoting by l the circumference of the ring, we found that for low values of kl, when the impurities are embedded at equivalent positions on the two arms, a relevant robustness against electron decoherence with negligible occurrence of spin-flip is observed when the impurity spins are prepared in the state 
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. Again, this occur regardless of the electron spin state.

 All these behaviors, clearly due to quantum interference phenomena, are quantitatively analyzed and explained in terms of constants of motion of the system.
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