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We describe how the spectral, transverse-spatial, and
polarization states of a single photon can be
simultaneously teleported using a single pair of
multimode, polarization-entangled photons derived
from spontaneous parametric down-conversion.
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Total Teleportation of a Single Photon

Teleporting the full quantum state of a single photon

= Simultaneous teleportation of the spectral, transverse spatial, and
polarization components.

= Each degree of freedom encodes quantum information.
= Teleport the complete quantum identity of a particle (photon).

p Vs. p= Tr[p]

» Multimode effects, poor interference and collection efficiencies.
= Filtering is simpler than improving source purity, but does not scale well.

We show how to synthesize piecewise teleportation procedures
into a single protocol.

= Walk through spectral teleportation, analyze the limits on fidelity.
= Review implementations for transverse-spatial and polarization QT.
= Describe an experimental setup for demonstrating this idea.
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Spectral Teleportation: Initial States

Transfer the spectral amplitude of one photon to another
= Encode quantum information into the spectral state of photon 1

)= (@) )do [lec@)f doo=1
= Use spectrally entangled photon pair 2,3 to mediate teleportation
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= Quantify spectral entanglement using the Schmidt decomposition of the
joint spectral probability amplitude
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Spectral Teleportation: Up Conversion

Procedure:
= Up convert photons 1 and 2 (SFG) to generate photon 4.
= Measure photon 4 with respect to frequency Q.
= Correct for measurement uncertainty
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Spectral Teleportation: Example |

In the limit of a c-w pump
» [nfinitely entangled joint spectral amplitude

flo,0)—> 8w, -0-0)

| 25) Joc a)+A d A=Q-w,

= Shift spectral state using difference frequency generation (DFG)
| 25) Joc )|w,)dw Fidelity — F=(y,|x;)=1

Two things to note for this case
= Spectral entanglement is infinite, K — oo
= Bandwidth of photons 2 and 3 are much greater than photon 1
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Spectral Teleportation: Example li

Gaussian joint spectral amplitude

= Marginal bandwidths (Mean frequencies)

0,,0; (wz ,(03)

= Linear correlation

p = tanho
15}
= Spectral Schmidt number K 10}
K =cosh2¢ i
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= Gaussian input state

a(w)= (7r0'12 )_1/4 exp[—(a) ~ o, )2/2612:|
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Spectral Teleportation Fidelity: Plot |
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Spectral Teleportation Fidelity: Plot Il

.}
0.8}
. 0.6}
0.4}
0.2}

~1 0.5 0 0.5 T

8 Managed by UT-Battelle for the Department of Energy




Transverse-Spatial Teleportation

S. P. Walborn, D. S. Ether, R. L. de Matos Filho, and N. Zagury, "Quantum

teleportation of the angular spectrum of a single-photon field”, Phys. Rev. A 76,
033801 (2007).

= Encode information into the angular spectrum of photon 1
= Use spatially entangled photon pair 2 and 3 to mediate teleportation
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Polarization Teleportation

Y.-H. Kim, S. P. Kulik, and Y. Shih, "Quantum teleportation of a polarization
state with a complete Bell state measurement," Phys. Rev. Lett. 86, 1370-1373

(2001).
= A complete Bell-state measurement using nonlinear optics.
= Type-l and type-ll SFG differentiates between the Bell states.
1
ly,)=alH,)+b|V) |(P23>:$(|H2’V3>+|V2’H3>)
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Total Teleportation: A Setup

All three ‘pieces’ depend on a common factor, up conversion (SFG).
= Qverlay spectral, transverse-spatial, and polarization teleportation setups.
= A single SFG event will initiate all three teleportation procedures.

= The frequency, momentum, and polarization of photon 4 will be measured.

v,)= [ do[dg{A(0,q)|H,(0.q,))+ B(w,q)|V,(0.q,))}
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Total Teleportation of a Single-photon State

Summary

= \We have advocated the idea of simultaneous teleportation of the
spectral, transverse-spatial, and polarization states of a single photon.

= \We have presented a procedure for performing spectral teleportation
that uses up conversion of a photon pair.

= We have incorporated previous schemes for teleportation of polarization
and transverse spatial quantum states.

= \We have synthesized these three schemes together to form a single
procedure for implementing total teleportation.

= We expect simultaneous teleportation of multiple d.o.f. to further expand
the alphabets accessible for photon-based quantum communications.

= Paper 7092-32, “Total teleportation of a single-photon state”
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