Interaction-Free lon-Photon Quantum CNOT Gates

Mladen Pawtic Physics Chair, Faculty of Civil Engineering, University of Zagreb, Zagreb, Croatia.
pavi cl c@r ad. hr http:// nBk. grad. hr/ pavicic

Yes! In 2007[1] we designed nondestructive interaction-free atom-photanrolled-
NOT gate wherewondestructive means that all four outgoing target photon modes of
the gate are available and feed-forwardable. We succeededhking the gate non-
destructive by using the ring resonator with two photon otgpIndividual atoms are
controlled by a STIRAP transition and photons by a ring resonwith two outgoing
ports. Realistic estimates we obtain for ions confined in@ #ap around which the
resonator iIs mounted show that a strong atom-photon caupan be achieved. It Is
also shown how the resonator can be used for controllingrpopgion of atom states.

When a photon goes through a region in which we put
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Figure 2: (a) The atom is in sta{e) = 3D5/, — 3/2 and can absorb™ photon 5

that enters the resonator ag5° polarized photonl) Therefore a photon in state
1) cannot enter the cavity and thity — |0) and|1l) — |1). (b) The atom is in
state|1) = 3D;/,1/2 and can absorb @45 polarized photorj0). Therefore pho-

ton |0) cannot enter the cavity and thiiy — |1) and|1) — |0). ABS are highly ~ Figure 4. When the control state ofa CNC

asymmetrical beam splitters with = 0.999; SBS is a symmetric 50:50 beam split- gatel s sulg:)_erposed state the gate ¢
ter; M are perfect mirrors; PBS is a polarizing beam splitteich lets|0) photons ~ '@Ng!es the qubits. —
through and reflects) photons; HWP and QWP are half- and quarter-wave plates, Computation
respectively—the plates in the resonator turn linear paéion into circular and The proposal is based [P

back into linear and HWP after PBS turfi$ (|1)) photon into|1) (|O?]) photon; D is on a reversible clas- B L

a detector—ideally, when it does not click, the target gakRits at the other side of - :
SMS. The obtained CNOT is shown in Fig. 3. Blgtaflo(r:vl?/lacl)rg %an:e>setu C

Figure 3. CNOT: |00) — |00), 01) — |01), 10) — |11), 11) — |10)
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