Shaping Spectral Entanglement

Anatoly Shukhinl, Inbar Hurvitz2, Ady Arie2, and Hagai Eisenberg? QO(@

. : . . TEL AVIV UNIVERSITY
1The Racah Institute of Physics, The Hebrew University of Jerusalem, Israel

2School of Electrical Engineering, Fleischman Faculty of Engineering, Tel Aviv University, Israel

 Frequency-bin Bell state
Regular pump |P™) Product state

. Lgtp = 5mm
- T~ 226+ 2fs
Quantum Entangled photon pairs Frequency :

photonics Pure Single photons domain 1542 1552 1562 1572 1582 1542 1552 1562 1572 1582 1542 1552 1562 1572 1582

Anm , hm /\nm

|P7) = |(01(01> - |(02(02> Fwg, w;) = F(U)s)F((Di)

c

Phase-matching conditions * Entangled frequency-bin qudits

W, 1‘}; In time In space Regular pump Qudit Product state
o l (1)5, 1(5 ........... 1582 09
xX® § k; 17 o Lgrp =16 mm
wS 511562 Z.: T~ 382 i 2fs
w;, k; ®, k, - “ Lqw~1240.1mm
 Heralded single photons W, k, _
o BandWidth'Iimited pulses at room T 1542 1552 A15:"2n 1572 1582 1542 1552 1562 1572 1582 1542 1552 1562 1572 1582 Generation rate
° i Z
Frequency tuning Wy = 05 + w; k) = ks + k; W) = |wiw]) - |‘°2002) + |wfws) — - Rpairs = 3046 £ 31.3 Sy
‘ [y) ~ [0) + 1 f ] F(wg, ;)| w)s|w);dwgdw; I, (ws, ;) b (w5, w F(w,w) ©* High-purity heralded single photons P =0.996+0.003

Joint spectral amplitude (JSA)

* Frequency-bin Bell state (2)
Duty cycle Fourier transform of the crystal
25 — 1 P - 1

F(ws, w;) = L, (ws, w;)Pp(ws, E 2 /“\ fff\ — 08
= [ | '-.. =2 1572 07

Pump Phase-matching Joint spectral intensity (JSI) £ s / \\ [\ = - ;

function  function I(wg, ;) = |F(wg, w;)|? gp / \ / \I =t 1<

. k=) / '.l (’ \ 1542 :j

Pump Modulation N \. o be | :

-10 -5 0 5 0
10 D 0 J 10 -2 0 2 A, nm

Gaussian pulse Double-Gaussian pulse ztmmy Ak’ [rad/m) 3 B . .
¥ g i 1) = |wfel) - [03))

The poling period is 46 um
E ( t) The duty cycle ranges from 0 to 50% (23 um) (Under appropriately
. chosen pump bandwidth
» 2D shaping of the JSI pHmp )

(E ®)] 2 ) = |wi (e + wh)) - |(@f + wf)wb)
j‘; * Neither correlated nor anti-correlated
2 » New QKD protocols?

1572

<~ 1562

\

1552

Gaussian spectrum I (w) Modulated spectrum
Domain-Engineered Nonlinear Crystals o Modulatlon along w _ axis without domain engineering
No modulation of nonlinearity Modulation of nonlinearity

2 2
X7 (2) x@(z) # const A= il

s v o o

" L= rew)

v v \/

sinc-shaped phase-matching ¢(Ak) Desired phase-matching function

-——“‘*AA%-~——>AI< \/\ > Ak

Experimental Layout

¥ (2) = const

=

i

HWP at 22.5° LP at 45°

1
1582 09
08
1572 07
0.6
£
< 1562 05
P
04
1552 03
0.2
1542 01
0

e Quartz wedges
LQW — (2 _ 18) i 01 mm (Dl(L)Z S, H_pol. 1542 1552 /\15[;2m 1572 1582 1542 1552 1562 1572 1582
L —
o (75 =D _ oy sy 4266 LP o
o D JSI = |]SA(ws,u)i) + JSA(w;, wg)el@s “’l)T;ll A_ > T_ > 1y ~21_=740fs
: Resolution HWP Temporal walk-off
Half-wave Quartz Linear Atnin = 100 ps S
plate d polarizer At umma
k wedges j A)\min = r ~ 0.56 nm ry
\ T/,,/// fiber We experimentally demonstrated that utilizing * Pure heralded single photons
CS domain-engineered KTP crystals along with the * Entangled frequency-bin qudits

Qw HWP2 |_1 |_2 PBS

modulation of a broadband femtosecond pump * Frequency-bin Bell states
allows one to generate a variety of two-photon ¢ 2D JSI shaping

and single-photon states with tailorable spectral * Telecom wavelengths
properties. * Tunability
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