Frequency Conversion

- Frequency conversion- (2)
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Quantum pulse gate

Dispersion-engineered frequency up-conversion

Energy conservation
Wp + Win = Wout

nonlinear waveguide OUprT
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Eckstein, et al., Opt. Exp. 19, 13370 (2011) @ 'L‘
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Process engineering — Pump pulse

Pump pulse
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Process engineering — Pump pulse

Pump pulse Pump pulse
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Process engineering — Pump pulse

Pump pulse Pump pulse Pump pulse
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Quantum pulse gate

/\conver’red

Dispersion engineered frequency conversion

input

pPUMP
pulse

Bogoliubov transformation: beam splitter
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Quantum pulse gate

Dispersion engineered frequency conversion

group-velocity matched
sum-frequency generation

|

(pump) __  (signal)
Ug = Ug




. Quantum pulse gate
Dispersion engineered frequency conversion

phase without further
50% efficiency shift 50% efficiency

optimization

OO0 OO e e

__, | efficiency due
T T to time-orderingd

e

effects

Reddy, et al., Opt. Lett. 39, 2924 (2014)
Reddy, et al., Optica 5, 423-428 (2018)
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PPLN waveguide

In-house manufactured periodically poled LN waveguide:

periodically poled domains

« Crystal length: 15...40 mm

« SFG: 1536nm / 874nm to 557nm
* Poling period 4.4 pm

« Temperature stabalized at 190°C
« Bandwidth compression
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Group velocity matching

SMF to further analysis
components

QPJ@t Spectral Intensity

Andor Shamrock SR-500 &

Newton EMCCD [
Curvature: Group-velocity

mismatch

o”

Simultaneous
phasematching for spatial
modes



Spectrum before vs. after conversion

Spectrum of converted photons measured on single photon
sensifive spectrometer
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Spectrum is changed, but no implication on quantumness / efficiency
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Measurement Tomography of QPG

quantifies quality of QPG for TM POVM measurements

/W\ d2 configurations

d2 input modes [B) o
nP = tr(ﬁ )

Ansari et al., arXiv:1702.03336 (2017), Ansari et al., arXiv:1607.03001 (2016) Q L(‘
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Temporal-mode detector tomography

873 nm
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V. Ansari, G. Harder, M. Allgaier, B. Brecht, and C. Silberhorn. arXiv:1702.03336




Temporal-mode detector tomography
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Temporal-mode detector tomography

ldeal measurements Characterized measurements
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V. Ansari, G. Harder, M. Allgaier, B. Brecht, and C. Silberhorn. arXiv:1702.03336




Temporal-mode tomography

Test on shaped classical pulses

projectors reconstructed

5 87.9% +4.1% temporal-mode
7 81.3% + 3.1% density matrices
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V. Ansari, G. Harder, M. Allgaier, B. Brecht, and C. Silberhorn. arXiv:1702.03336




Requirements for high dimensional qguantum coding

Basis for
encoding

Manipulation Generation of /
/ of basis modes tailored states

B. Brecht, D. V. Reddy, C. Silberhorn, M. G. Raymer, PRX 5, 041017 (2015)
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Temporal-mode tomography of PDC
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Temporal-mode tomography of PDC

SHG

PDC
PPKTP BPF A2

Ao iy puieea

Extended phasematching

!

Controllable time-frequency structure

1532 1540 1548

A. Eckstein et al., PRL 106, 013603 (2011), arXiv:1006.5667; G. Harder et al., Opt. Express 21 13975 (2013), arXiv:1304.6635 Q |L(‘




Temporal-mode tomography of PDC

SHG

Pulse Shaper

PDC
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V. Ansari et al, arXiv:1607.03001v2 (2018)
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Temporal mode tomography of PDC

THCom o
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Purity from the g®)

1 modes, 77 = 10

Poissonian

Pulse Shaper

Pulse Shaper

l
Multimode
Thermal
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Photon Number

Poissonian g@) = 1
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PDC
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Probability Density
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All paths to two detectors
for g® measurement

Provides purity information Multimode Thermal
independent of basis g®@ =1 + Purity

A. Christ et al., NJP 13 033027 (2011), arXiv:1012.0262 Q 'L(‘




Temporal-mode tomography of PDC

Intensity

7-dimensional :

tomographically complete set

Idler Wavelength (nm)
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V. Ansari et al., arXiv:1607.03001v2 (2018) Q IL(‘




Temporal-mode tomography of PDC

Intensity

7-dimensional :

tomographically complete set
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TM tomography of single photons
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Parameter estimation with incoherent emitters
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Parameter estimation with incoherent emitters
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Overcoming the curse

Mode selective measurement
break the curse!
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Mode-selective measurement

2

Prgo — %in | s°
PHGl O-%’M O-i2n
Visibility | Estimator

Changes the time-frequency scale
of the curse

Works equally well
for time and frequency separations

J.M. Donohue et al, arXiv:1805.02491
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Experiment

Group Velocity
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Var(s,) [()'2]

Variance rel. to CRLB

Results: Time-frequency estimation
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Conclusion

(D Engineered parametric downconversi o)
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