
Single-Photon Quantum 
Non-Demo1 ition Measurements* 

Pieter Kok, Hwang Lee, and Jonathan P. Dowling 
Quantum Computing Technologies group, Section 367 

/et Propulsion L aboratorF California Institute of Technology 
Mail Stop 126-347, 4800 Oak Grove Drive, Pasadena, California 91 109 

*h ttp: / /xxx. lanl. gov/ a bs/ quan t - ph /0202046 



I
-

 

S
 

0
 

e
- U

 

W
 

7
5

 
0

 

S
 

L
 

w
 

a, 
a, 
3
 

0
 
0
 

U
 

S
 

cd 

a, 
13 
(d

 
> a, 
13 
0
 

a, 
3
 

cd 

-
 m
 

-
 L
 

m
 

L
 

m
 

E m
 

a, 
0
 

> a, 
T3 

.- n
 

Z
 
u
 0

 

7
 

a, 
1
 

0
 

a, 
cd 
bK

l 
3
 

S
 

0
 
0
 

a, 
1
 

0
 

a, 

0
 
c
 

S
 

0
 

0
 

cd 

0
 

cd 
13 
a, 
L
 

t
J
 

’C
I 

t
J
 

0
-
 

t
J
 

1
 

UJ .- .- tJ 

2
 

t
J
 

S
 

.- 0
3

 

-
 

-
 cd 

3
 

3
 

a, 
cd 

a, 
0
 

> a, 
U
 

m
 

L
 

m
 

.- n
 

7
 
0
 

cd 
0
 

.- U
 

Q
a

, 
O
r
 

t
J
 

E E L
 

a, 
13 

3
 

S
 

S
 

0
 

0
 
1
 

Q
 

0
 

X
 

a, 
S

 
0
 
0
 

I 

c
1
 

+
 

c
1
 

$
--r 

t
J
 

r
a

,
 

E .r 

C
L
L
 

s
a
,
 

1
 

c
d
x
 

.\ 0
 

U
 

M
 

a
 

s
 
a
 

a
 

4-J E 

a
 
0
 

.- > a 
-u s

 
o
a
 

> 
.- - .- .- 
-
 
0
 

a
 

-0
 

E 



QND using Kerr nonlinearities 
A photon-number 
quantum nondemol ition 
device based on the Kerr 
effect. 

A photon in mode b 
changes the phase of the 
photon in mode a. This 
phase shift can be 
measured with a Mach- 
Zehnder interferometer. 

However, the Kerr effect 
i s  extremely small. 

- 11) 

AD2 ’ 
Mac h-Zeh nder 

Qumtirm noncletnolitior? i~~eLI.siii-CirnC’Mt of the photon nirinhc~ vici 
tho opticul K c w  ef jw t ,  N .  Imoto, H.A. Haus, and Y. Yamamoto, 
Phys. Rev. A 32, 2287 ( 1  98.5). 

Figure I 



Teleportation-based QN D 
Relaxing conditions: 

1 .  We only wish to 
detect the presence of 
a single photon. 

2. The detection does 
not need to be 
determ i n i sti c. 

This scheme breaks down 
when there is  more than 
one photon in the input 
mode. 

I n :  Single-photon yucrntirrn tiondemolitioti c/etectot:s cwistsircted 
usit Ii lineut . opt ic~r l cit id p o  ject ive in eus iiiwneii ts, P . Kok , H . Lee , 
and 1.P. Dowling, submitted to Physical Review A.  

Figure II 



Polarization4 ndependent QN D 
The detection of a 
photon in D, and D,, 
wh i le nothing happens 
in D,, signals the 
presence of a single 
photon in the input 
state. With the 
appropriate beam 
splitter transmission 
coefficients the 
probability of such an 
event i s  4/27 E 15%. 

Figure ill 



Polarization-preserving QN D 
The detection of four 
photons in D,, D,, D,, 
and D, signals the 
presence of a single 
photon with arbitrary 
(possibly unknown) 
polarization in the 
input state. The 
probabi 
event i s  

ity of such an 
(4/27)2 E 2%. 

R is  a polarization 
rotation of n/2. 

Figure IV 
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Lonclusions 
W e  presented an optical interferometric quantum 
nondemolition device using only linear optics and 
projective measurements. The device can faithfully 
identify single photons from optical states containing 
up to two photons. The effective efficiency of the 
QND detector i s  4/27 and lower. 

Further research will have to determine to what 
extent projective measurements can replace Kerr 
nonlinearities. 

wA4 This work m a r r i e d  out at JPL, Caltech, under a contract with NASA. 
Support was received from NRC, ONR, ARDA, NSA, and DARPA. 




