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Engineering two-photon wavefunction and
exchange statistics in a semiconductor chip

Shaping frequency entanglement and particle statistics on-chip
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Mortivation

Entangled Photons Energy-Time Entanglement
easy transmission high-dimensional
—
robust to decoherence" robust propagation
variety of encoding d.o.f. easy to handle
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Shaping of the JSA

clock-syncronisation'
heralded sources'”

quantum simulations™

1) = ff dwsdwiJSA(wsawi)&l(ws)&g(wi) ‘0?0>3,i



SORBONNE UNIVERSITE - FACULTE DE SCIENCES ET INGENIERIE

Aim of the Paper

Shaping the Joint Spectral Amplitude by post manipulation inevitably reduces
brightness and integrability
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Is it possible to control both frequency correlations and exchange symmetry
at the generation stage?
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1) Frequency Correlation 2) Exchange Symmetry
pump waist
pump spectrum pump phase
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The Device

Non-Linear Crystal illuminated by a pulsated laser source

Generation of two entangled counter-propagating photons

Bragg upper Mirror
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Source: (a)-(b) Ducci et al., Phys. Rev. A102, 033508 (2020)
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Theoretical backbone

Photons pairs generation requires conservation of energy and momentum

Wp = W; + W kp(np) = ki(n;) + ks(ny)

The JSA can be factorised as™

JSA(UJS; wz’) — ¢Spectral (ws + wi) ¢PM (wS _ OJ?;)
~—

Where

L/2 |
¢PM(Ws_wi) :/ dzAp(z)e—z(kdeg+(ws—w,,;)/'ug)z
~-L/2 T~
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I. Frequency Correlations

= Use a Gaussian pump, with adjustable , .
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Source: (a),(c),(e),(g) S. Francesconi, On-chip generation of high-dimensional entangled states of light, PhD thesis, Université Paris Cité (2020) 6
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The pump has Gaussian spatial profile and sech frequency profile
 frequency profile — affects energy conservation (“diagonal”)
o spatial profile = affects phase matching (*anti-diagonal”)

We can simulate how spatial profile would affect the JSA

To verify the entanglement of the state we estimate numerically the Schmidt Number (K)*

1
2im Ar

P(ws, w;i) = \/ U (W ) U (W5)

With {u,} and {v,} orthonormal sets of functionsin L_2

K —

Where
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Number of modes

Number of modes

Number of modes

Schmidt Spectrum (K=1.255, modes above cutoff=9)
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I1. Exchange Symmetry

Controlled independently via phase-modulation of pump Phase Shift Ay

_ — 22 Jw? Jikz 0
Ay(z) = F(z2)e e -

Where

(

F(z)=1 forz<0

F(z) =¥ forz >0

\

Changing phase-shift affects directly JSA exchange-symmetry

Source: Ducci et al., Phys. Rev. A102, 033508 (2020) 9
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a)

Pump beam
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spatial profile “

op(2)

1547.5 1
1547 0.8

0.6
0.4
0.2

.
on
N
o
o

Idler wavelength (nm)

1545

1545 1546 1547
Signal wavelength (nm)

1547.5 1
1547 0.8

0.6
0.4

—
cn
e
oy |
fuby |

0.2

Idler wavelength (nm)

1545
1545 1546 1547

Signal wavelength (nm)

Source: (a)-(b) S. Francesconi, On-chip generation of high-dimensional entangled states of light, PhD thesis, Université Paris Cité (2020)

angle(¢(ws,w;))
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JSI(w, w) = 0 necessary
but not sufficient for
exchange-antisimmetry

JSlis not phase-
sensitive

how to probe
exchange symmetry?

A 4

Hong-Ou-Mandel
Interferometry”
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HOM as a Symmetry Probe

a)
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+20 c:::n idler signal
=" A
Sample time-delay
(T)
Idler Signal ¢ beam splitter
HWP
four
50:50 . 2 possibilities
BS ~
e @ | | | |
left right left right
left right right left
it M | | | |
SPAD SPAD “bouncing” “anti-bouncing”
symmetric JSA antisymmetric JSA
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Source: (a) S. Francesconi, On-chip generation of high-dimensional entangled states of light, PhD thesis, Université Paris Cité (2020)



00eo0

We measure are coincidence counts and JSI:
1 2100 1
| 1547 I~ Ex (b)) & |Th (c)
. Gaussian pump-beam =) o ok
: symmetric state : S 50 pete 22005
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S Time-delay tunes indistinguishibility of the two photons
S

Source: (a)-(c), (e)-(g) Ducci et al., Phys. Rev. A102, 033508 (2020) 12
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Can we introduce a different phase-shift?
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A Glimpse

..towards a fully integrated
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Source: (a)-(c), (e)-(g) Ducci et al., Phys. Rev. A102, 033508 (2020)
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