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The photon number picture of
continuous variable QC
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The photon number picture of
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Eve can perform photon-number-splitting attacks also on
continuous variable quantum crvptography !
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Eve can perform photon-number-splitting attacks also on
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Eve can perform photon-number-splitting attacks also on
continuous variable quantum crvptography !

This hold also in the absence of the reference pulse :
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One photon can be produced by 2 independent lasers :
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Bob’s optimal analyzing strategy ?

* Homodyne detection
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Bob’s optimal analyzing strategy ?

* Homodyne detection

* 4+2 protocol

(B. Huttner et al.,
Phys. Rev. A, 51,
1863, 1995)
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Bob’s optimal analyzing strategy ?

* Homodyne detection

: Bob
* 4+2 protocol Fat N\
B. Huttner et al..
(le Rev. A, 51, f\ {f\ m\ ;
1863, 1995) 1tte11111t1011 Single-
: photon
e dtector

Whatis more efficient:
+ always have a noisy signal and process the data classically, or
* have few data, selected by Nature ?
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Relative states
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Relative states

Given two arbitrary directions defined by
N and M spin 1/2, estimate

KWI v, >‘2

Figure of merit: mean variance
A= }deﬂ dydy, P(e|yy, },(e S UALZ >27
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Relative states

Given two arbitrary directions defined by
N and M spin 1/2, estimate
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Figure of merit: mean variance
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Case N=M=1

Rotational invariance: [P, U®U]=0 for all unitary U.

Hence, each POVM element P, is a linear combination of the projectors
S and T onto the singlet and triplet subspaces:
P.=s(e)'S + t(e) - T

Optimize s(e) and t(e): = s(e) = S(e-¢))
t(e) = S(e-e,)
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General case N, M

Rotational invariance: [P_, UP®™™]=(0 for all unitary U.
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Case N=M
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Case N=1, M

Classical limit
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Anti-parallel spins ?

2
Given ‘Iﬂa‘/ﬂl ¥, we like to estimate ‘<W1 ‘Wz >‘
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Anti-parallel spins ?

2
Given ‘lﬂa‘/ﬂl ¥, we like to estimate ‘<W1 ‘Wz >‘
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Conclusion

All Q measurements are estimations of
relative states.

An important example are the Bell-analyzers
used in Q teleportation.
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Conclusion

= All Q measurements are estimations of
relative states.

=  Animportant example are the Bell-analyzers

used in Q teleportation.
9

= To estimate relative states one should not get information
@ about the individual states. In some sense the estimation
,:=~ of 771, —im, is incompatible with that of 72, + 771,
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Conclusion

= All Q measurements are estimations of
relative states.

= Animportant example are the Bell-analyzers

used in Q teleportation.
9

To estimate relative states one should not get information
about the individual states. In some sense the estimation
of 17, —im, is incompatible with that of 772, + 771,
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To Q-teleport or not to Q-teleport,
IS this the question ?



Experimental setup

Charlie

fs laser @ 710 nm ‘

creation of entangled qubits ‘

Charlie:the Bell measurement

I B |
Bob
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four-fold coincidences [1/5003]
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Stabilisation of the interferometers

» [dea: verify from time to time the phase
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|0y= short path

1;= long path
1= long p
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Bell test over 50 km
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Bell test over 50 km

o With phase control we can choose four ditferent
settings o = 0" or 90" and f = -45" or 45~

a Violation of Bell inequalities:
S=E(@=0,B=—45)+E(@=90,B=—45)+E(@=0,f=45)—E(@=90", f=45)
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Bell test over 50 km

a With phase control we can choose four different
settings o= 0" or 90" and f = -45" or 45°

a Violation of Bell inequalities:
S=[E@=0.8=-45 )} E(@=90", p=—45 )+ E(@=0", =45 )— E(@=90", =145
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Bell test over 50 km

a With phase control we can choose four different
settings o = 0" or 90" and f = -45" or 45°

a Violation of Bell inequalities:
S=E@=0,8=-45)}HE@=90",8=-45 )+ E(a=0,8=45 )—E(a=90", =45

E(@=0,8=-45)=0518+0.006
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Bell test over 50 km

a With phase control we can choose four different
settings o = 0" or 90" and f = -45" or 45°

a Violation of Bell inequalities:

S=E@=0,8=-45 HE@=90", =—45HE(@=0". =45 HE(@=90", B=45)

eneva University

E(@=0,8=-45)=0518+£0.006
Ela= 90", f=—45)=0.554+0.005
> E(@=0",8=45)=0.533+0.006 E
= E(@=90",8=45)=0.581+0.007 =
- v E |
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The experiment

Bob
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Femto-second laser
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Sources of time-bin
entangled photons
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The experiment

Bob

Sources of time-bin
entangled photons
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The experiment

Sources of time-bin

entangled photons
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Bell state measurement
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