» m

Efficient, Narrowband PPK{based

Source for Polarization Entangled
Photons

Centre for ER & N US
Quantum | _

Technologies

By,

Siddarth Koduru Joshi
Chen Ming Chia,
Felix/Anger,

Antia Lamas-Linares,
Christian Kurtsiefer.




Phasematching




Efﬁciency = Pairs to Singles Ratio =
Heralding Efﬁciency



Sagnac Geometry for Entangled Pairs
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Focusing for Higher Efficiency

Pairs to singles ratio (Efficiency) of > 38%. (No corrections)
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Focusing for Higher Efficiency
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System efficiency > 38%

APD detection efficiency ~55%

=> Source efficiency > 69%

> Eberhard limit for loop hole free Bell test (66.7%)

P. H. Eberhard, Phys. Rev. A 47, R747 (1993)



System Efficiency Improvements

» Better detectors

«Improve focusing conditions

» Reduce reflection losses
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System Efficiency Improvements

» Better detectors
APD ~50 to 55 % TES ~95 to > 99 %

«Improve focusing conditions

» Reduce reflection losses

A. E. Lita, A. J. Miller, S. Nam, Opt. Exp. 16 5 3032 (2008).



System Efficiency Improvements

» Better detectors
APD ~50 to 55 % TES ~95 to > 99 %

«Improve focusing conditions

» Reduce reflection losses

14 surfaces => ~5 % loss

A. E. Lita, A. J. Miller, S. Nam, Opt. Exp. 16 5 3032 (2008).



Entanglement Quality

Polarization correlations in the +45° basis = 98.4%

Uncorrected Visibility (%)

99

98

97

96

95

94

93

[
1
i
i
1
]
1
L]
]
[
)
A}
1
1
L 1
f
. \
’
' i
IR 1
1o 1
i s i
]
1
] ; —
1
1
\ 1
| @
L] -

200 |

Counts

100 ¢

@ Mirror position -

A}
@
. N A .
1 F Ly - L A
v / . o - ’ \ -
! T # - -
W + N = ‘ T '@f
k! # N @ - —
A u - _ -
% B T @
1 - -
-
:;__ - 1

0

50

100 150 200 250 300 350 400
Integration Time (s)



Mirror

Pump

Detector 2

PBS

Detector 1

N\
\‘7

Mirror

/
405 nm ];r
Singlemode JL/*
fiber
HWP
A ] —h =

1 HWP  Temperature

Singlemode

fiber Detector 1
Dichroic -
Mirror awp Z

PPKTP
in Oven

Coincidence Logic

A

| Dichroic

Detector 2

control

Glan Taylor PBS




Entanglement Quality

Polarization correlations in the +45° basis = 98.4%

Uncorrected Visibility (%)
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Bandwidth of down-converted light at 145" C is 0.18nm (82GHz).
Bandwidth at room temperature is 0.12nm (55GHz).



Bandwidth Constraints

Theoretically ~18 GHz

AL =22/((n_—n) L)



Bandwidth Constraints

Theoretically ~18 GHz

AL =22/((n_—n) L)

« Temperature inhomogeneity
82 GHz @ 145°C
55 GHz @ 25°C

« Impertections in the crystal poling period



Summery

High efficiency (pairs to singles ratio) > 38 %
~8,000 pairs/s/mW

82 GHz Bandwidth

98.4% Polarization Correlations in the £ 45° basis
No spectral filtering

Collected using Singlemode Fibers



Questions?




What is walk off




Refractive Index of KTP
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Bandwidth measured using a solid etalon
Singlemode fiber : !
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Blue curve: expected signal with 0.04nm (18 GHz) bandwidth
Purple curve: expected signal with 0.4nm (183GHz) bandwidth

Resolution ~ 0.04nm(18GHz)



Tunable
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