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Main research interests:

●Quantum technologies
 (use quantum effects for practical applications)
 Quantum metrology
 Quantum information 
 Quantum computation
 Quantum cryptography
 Quantum optics

●Foundations of quantum 
mechanics
 (understand quantum mechanics 
   better).
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Metrology: estimation of a parameter, through measurements.

Quantum Metrology: estimation of a parameter with increased precision
                    (thanks to quantum effects, e.g. entanglement)

Usually:          enhancement: 
the error goes as 

The estimation is always performed by averaging over        

measurements, so that (central limit theorem), the error of the 

average goes as  
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Quantum metrology: main results

1.The general theory of quantum metrology (we wrote the 
paper “quantum metrology”, now it is one of the pillars  of the 
quantum technologies flagship):



  

Quantum metrology: main results

2.A couple of influential reviews.



  

Quantum metrology: main results

3. Some quantum metrology protocols



  

Quantum metrology: main results

4. Extensions of the theory:



  

Quantum metrology: main results

5. Dealing with noise:



  

Quantum metrology: main results

6. Tomography: many results with the Pavia group!



  

Main results of QM
Parallel strategies

N 
probes
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Main results of QM
Parallel strategies

Sequential str.

N 
probes

1 probe

Phys. Rev. Lett. 96, 010401 (2006)



  

Mutual information case:

standard quantum limit: take the square root 

Heisenberg bound=Holevo bound: max accessible 
info

prior encoded probes state

METRICS

in terms of N:



  

Ancillary systems
● In the noiseless case ancillas are useless to 

increase precision

● In the noisy case they may be useful!
R. Demkowicz-Dobrzanski, L. Maccone, Using entanglement against noise 
in quantum metrology, PRL 113, 250801.

M. Sbroscia, et al. Experimental ancilla-assisted phase-estimation in a noisy 
channel, PRA 97, 032305.

Z. Huang, C. Macchiavello, L. Maccone, Noise-dependent optimal strategies 
for quantum metrology, PRA 97, 032333.



  

Quantum information: main results

1. Channel capacities:

Fiber optics

Radio communication

Wave guides: PRA 69, 52310 
Other channels: PRA 68, 62323 

(coauthor: Peter Shor)



  

Quantum information: main results

2. Quantum entanglement and correlations

3. Multipartite entanglement



  

Quantum crypto: main results

1. quantum google

Apparso anche su Scientific American, ottobre 2009 
e su Le Scienze, dicembre 2009 (autore: S. Lloyd).

2. blind quantum computation



  

Quantum computation: main results

Quantum RAM



  

Quantum foundations: main results

1. Uncertainty relations



  

Quantum foundations: main results

2. quantum speed limits



  

Quantum foundations: main results

3. quantum TIME
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Time?

Time in quantum mechanics:

a classical system!

it indicates what is shown 
on the clock on the lab wall.

BUT... classical systems don't exist

a classical parameter in the Schroedinger eq.

in a consistent theory of quantum mechanics
(they're just a limiting situation)
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Quantum Time

define: Time is 
“what is shown on a clock”

then use a quantum system as 
a clock 

e.g. a quantum particle on a line
(or any other quantum system)

eigenbasis



  

Time and entanglement

Time arises as correlations 
between the system and the clock
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The PWAK mechanism

Page and Wootters [PRD 27,2885 (1983)]
Aharonov and Kaufherr [PRD 30, 368 (1984)]

system Hilbert spacetime Hilbert space

constraint operator:

all physical states satisfy the constraint:

bipartite state on 

clock “momentum” 

system Hamiltonian

WdW 
eq.

This means that for physical 
states the Hamiltonian is the 
generator of time translations
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How does conventional qm fit in?

The conventional state: from conditioning 

● to the time being t:

● to the energy being w:

“position” representation=Schr eq.

“momentum” representation=time indep. Schr eq.

( )

( )



  

conventional qm arises in this 
framework through conditioning.

what I've been saying is that
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conditioning?
All pure solutions to the WdW eq.

are of the form:

which means that the conventional state of the 
system at time t

is a conditioned state: the state given that 
the time was t
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time quantization

 a quantization of time

time is here a quantum degree of freedom 
(with its Hilbert space) and can be entangled

this does not necessarily imply that time is discrete!!
(it's a continuous quantum degree of 
freedom with the choice                          )  

Other choices are possible!!



  

My main research 
interests: 

QUANTUM 
EVERYTHING!!!

Lorenzo Maccone
maccone@unipv.it

Take home message

www.quantumtechnologies.it/people/maccone
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