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Introduction

The Quantum Zeno Effect 1 « Simulation performed in Mathematica.
- Frequent measurements on a quantum system * Solved the Schrodinger Equation numerically:

. . . 0.75 .
will SUppress 1tS evoluﬁon [1]. | Transition No Measurements lhi‘qj ( t)> — H|¥ ( t)> (11)
* Essentially an applied wave-function collapse. 05! dt
Probability |

* Greater frequency of measurements means lower 0.25 * Inthis system. |

overall probability to transition. H = ha)(&;&& Rt aza ;+ 1) +—hwo,

(See figures at the right.) (1) 2 (12)
+h®D + h/l(aLa +a,0 ]

 While 1t restricts transitions, 1t does not 0.75}

necessarily block them all. Transition | Measurement * The final term represents two-level atoms

which are resonant with left-photons

 Can be tailored to permit certain otherwise Probabilit 0.5
impossible transformations [2-4]. y Destroys left-photons, projecting onto right-
0.25] pO. arlzatlon state (see ﬁgure)
* A “measurement” 1n a practical sense 1s any 0 Real | £

A Vlrtual
interaction with another (usually quantum) l State \ / State

system.
0.75}
Polarization Mode Dispersion (PMD) Transition 3 Measurements  Evolution with/without absorbers shown below:
; . 0.5}
 Optical fiber tend to have variations in core Probability 1.0

shape. 095! s | P08

Refractive index 1s dependent on polarization | £ =06
o e oy .

: : S £
(vertical “V” and horizontal “H”, etc.), and 0 / / / / S 04
consequently the propagation constant: 1 S Q8-< 0.2
2 0.0}
k(@)= ko y+ay(0—wy)+ Py (0-w,) 0.75} L0
5 1 TranSItlon 7 Measurements
’ LYJ ) Probability 2 =06 RG>
= /O
Group Velocity Dispersion 0.25 § 8 o4 | e L>|G>

. . . z

Causes p()larlzatlon tO Change Over tlme [5] O B L < E 02 P R L>|EL>

Time 0.0}

Time

* The electric-field operator (s 1s polarization): * Evaluating the integral:

1 . B * The quantum Zeno effect offers a novel strategy
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* Assume the photon has a narrow bandwidth, as = =5 75,3 ; (a —— 1) (7) polarization to travel.

if 1t passed through a filter (see figure)
* The time-evolution operator:

Filter Fiber _ -
. b/ e 0 Ref
— U(t)=¢ /' = N 8) eferences
| 0 e
ks (a)) O fo k g (C() Ia + & ) nS (a)) . ] . . . . [1] Misra, Baidyanath, and EC George Sudarshan. “The Zeno’s Paradox in
* Project onto |R) infinite times over finite time quantum theory.” Journal of Mathematical Physics 18.4 (1977): 756-763.
° . . . . . . . . . _ . . [2] James D. Franson, Bart C. Jacobs, and Todd B. Pittman. “Quantum
Assume right circular polarization: period T gives effective time-evolution [1]: computing using single photous and e Zeno effect” Physical Review 4 70.6
. A _ 1 i A i(d v+ \T (2004): 062302.
‘ R> \/5 (eH leV ) R \/5 (‘ H > ! ‘ V>) (4> V (T ) =€ (¢H ¢V) ‘R> <R ‘ (9) [3] ten Brinke, Nicolai, Andreas Osterloh, and Ralf Schutzhold. “Entangling
photons via the double quantum Zeno effect.” Physical Review A 84.2 (2011):
* Applying E-field to single-photon state: * And the time-evolved state: 022317, | o |
_ 2/ _ [4] L. C. Nodurft, et al. “Generation of polarization entanglement via the
(- 202 _iwt _H i@yt )T quantum Zeno effect.” Optics Express 30.18 (2022): 31971-31985.
A e ( F) “e ‘W (T)> =V (T) 4 (O)> —€ ( ) ‘R> (10) [5] Govind P. Agrawal, Nonlinear Fiber Optics (Sixth Edition), (Academic

E; |y

B T];.“da) X(eika ‘H> _ ok ‘V>) ©)

Press, 2019), Chap. 1




	Suppressing Polarization Mode Dispersion with the Quantum Zeno Effect

