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QUANTUM
«SIMULATOR»

GALILEO PENDULUM 4 ATOMS 

MANY-FERMIONS 
ENTANGLED STATES

SQUEEZED MOMENTUM STATES

METROLOGY PARADIGMS

ATOMIC INTERFEROMETER





From Marek Lewicki talk@AEDGE

From Christopher McCabe talk @AEDGE



TAILORING MANY-FERMIONS ENTANGLED STATES FOR METROLOGY
WITH TUNABLE-RANGE INTERACTIONS
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VIA DMRG METHODS

[e.g. tunable-range interactions 
in multimode cavities: see 

B. Lev PRX 2018]



METROLOGICAL USABILITY: THE QUANTUM FISHER INFO

QUANTUM CRAMER-RAO LOWER BOUND

QUANTUM FISHER FOR PURE STATE



J/U=-0.1



CONTROLLED 
INTERACTIONS 

IN QED CAVITIES
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BRAGG ATOMIC INTERFEROMETER FOR GW DETECTION (MAGIA-Advanced)
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CURRENT WORK AND PERSPECTIVES

• PREDICT QFI FROM UNIVERSAL BEHAVIOR ANALYSIS [LUCA LEPORI]

• CONCEIVE PROTOCOL FOR ATOMIC INTERFEROMETER:NON TRIVIAL! 

• IMPLEMENT IN REAL PLATFORMS:
- FERMI-HUBBARD SIMULATOR @ MARKUS GREINER (HARVARD)
- DIPOLAR FERMIONS @ FRANCESCA FERLAINO (INNSBRUCK)
- MULTIMODE CAVITIES @BEN LEV (STANFORD)

• MULTIMODE CAVITIES: INCLUDE DRIVEN-DISSIPATIVE EFFECTS AND 
DYNAMICS IN THE INTERFEROMETER. WORK ONGOING WITH: 
- FABRIZIO VARCHETTA, MD@UNIVERSITY OF PISA, CURRENTLY @STRATHCLYDE
- JONATHAN KEELING @ ST. ANDREWS, EDINBURGH
- ANDREW DALEY@STRATHCLYDE  
- BEN LEV @STANFORD

• PLAY WITH ANALOGUES WHILE USING FULL QUANTUM SYSTEM VERSATILITY

• AEDGE PHYSICS



TWO MORE PROBLEMS 
[NOT YET FULLY MENTIONED AT THIS CONFERENCE]



G. Baym, BCS: 50 yrs (2011)

PHASE DIAGRAM OF QUARK-GLUON PLASMA &   NEUTRON STARS
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NEUTRON STARS and more recent QUANTUM GASES: 
need to account for interaction range!

S
c

h
w

e
n

k
&

P
e

th
ic

k
 (

2
0

0
5

)

167Er @Francesca Ferlaino LAB (PRL 2018)
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THEORIES FOR SUPERFLUIDITY IN THE CROSSOVER
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