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Let’s start with familiar animals... 



For instance, the kittens of 
Haroche and Raimond 
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I’ll be first 
author in 
follow-up 

PRLs 

Permanent 
positiooon!!! 

For audience below 45: 
Marco Tardelli, World Cup final 1982 



Our question 

|ei'↵i+ |e�i'↵i
How does the next atom perceive this? 

Just keep 
going by 

linearity lah 
[yawn] 

What if we 
freeze it 

with a Zeno 
effect? 



The answer 
|�i

Hint

H� = h�|Hint|�i

In the limit of strong Zeno freezing, the atom undergoes 
unitary evolution generated by the effective Hamiltonian 

Zeno 
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Sketch of proof 
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Prob(I� |�ih�|) = O[(⌧/N)2]
Unsuccessful freezing: 



Is this going to be interesting? 

But there are other Hamiltonians! 
Next: examples where Zeno freezing gives 

something qualitatively different 

For the example used so far, probably not:  

Hint⌧ = ~'�z ⌦N

H�⌧ = ~('n̄�)�z
Effective coupling determined only by the average 

photon number: no need to prepare a kitten for that. 



Gradient in 
direction n 

The eigenstate + (–) of σn 
gets a momentum kick in 
the direction +n (-n). 

[1] Toy Stern-Gerlach interaction 

Hint = ~g
Z

dn̂ (n̂ · ~p)(n̂ · ~�)⌦ |n̂ihn̂|

H� =
~g
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(px�x + py�y)

|�i = 1p
2
(|x̂i+ |ŷi)

•  Same as Φ = uniform superposition of all n 
•  Invariant by rotation in the x-y plane 
•  Already seen in: simultaneous pointer measurement 

of σx and σy [Barnea et al, PRA 96, 012111 (2017)] 

Of course, many other choices are possible 



[1] Toy S-G: remarks 

| i+ei'| i
HΦ is the same for all ϕ: you don’t see the phase between 
“classical” states (not restricted to SG). 

No preferred axis: any advantage in determining an 
unknown spin? 
Unfortunately, the scattered wave-function gives the same 
fidelity with the true direction as the trivial protocol: 
1.  Choose an axis uniformly at random; 
2.  Give the output as guess. 



[2] One scatterer in superposition 
(“single-slit interference”) 

Vint(x) =
X

j

V (x� xj)⌦ |xjihxj |

⌦|x1ihx1|

⌦|x2ihx2|

V�(x) =
X
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|cj |2V (x� xj) 6= V (x� x̄j)

x1 x2



Parenthesis: What is known about scatterers 
in superposition (without Zeno) 

Rohrlich, Neiman, Japha, Folman, PRL 96, 173601 (2006) 
Schomerus, Noat, Dalibard, Beenakker, EPL 57, 651 (2002) 

+ |pi |ai+ |a0i

+ 
|ai+ |a0i |pi

Same mass: coherence swapping. 
Different mass: entanglement 



[3] Cavity with quantum mirrors 
Regular array of atoms = Bragg mirror for light 

+ = cavity for QED? 

Evolution and post-
selection: NO 

When you post-select, the photon is long gone 

Zeno freezing: YES 

... and you could play with asymmetries etc  

Two arrays: cavity QED 
[Guimond et al. PRA 2015] 



Zeno-freeze the apparatus in the state  |�i

In general, HΦ may be very different from any Hα  

H� =

Z
d↵ |h↵|�i|2 H↵

H↵ = ↵
n
K =) H� = H↵(�)

↵(�) = [h↵ni�]1/n
Not interesting case: 

Wrapping up 

Hint =

Z
d↵H↵ ⌦ |↵ih↵|

Treat α as a quantum state of the apparatus 

α  = parameter, classical 
•  Haroche-Brune: intensity of light 
•  Stern-Gerlach: direction of the gradient 
•  Position of the scatterer, of the mirror 

H↵




