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paradigm: superconductivity
(perturbative techniques)

Quantum Many 
Body Theory

CFT  
IM

low-dimensional + strongly interacting systems
quantum nonperturbative and geometrical effects 

quantum phases of matter 
e.g.

XXZ spin ½ chain            
fermionic models                

sine-gordon

solvable models
(effective) field theories 

universality and classification of QPT

numerics - DMRG



CFT  
IM

Quantum
Many 
Body 

Theory

Quantum
Information

& Computation

Second Quantum Revolution

manipulation of single quantum systems 
entanglement 

Quantum Simulations

new analytical tools for theoretical investigation
new experimental platforms 

new insight for the study of quantum
phase transitions and phases of matter



essential 
singularity 

❖ Bipartite entanglement via Renyi (von Neumann) entropy 

Sα =
1

1 − α
Tr[ρα

A]ρA = TrB[ρT]
𝒮 = A ∪ B

E.E., Stefano Evangelisti,  Fabio Franchini, Francesco Ravanini
PLA274 (2010) 2101, PRB 83 (2011) 012402, PRB 85 (2012) 115428 , PRB 88 (2013) 104418

XYZ MODEL 

SVN QPT divergence

Continuum Limit to Sine-Gordon model



quantum-inspired numerics
DMRG

MPS 
Tensor Networks

topological 
phases and transitions

classification
edge states/anyons

out-of equilibrium phenomena
quench protocols & Kibble-Zurek

thermalisation
real-time dynamics



LONG RANGE KITAEV CHAIN

FM

short range 
long range   

α → ∞
α < 1

AFM

D. Vodola et al., PRL 113 (2014) 156402New J. Phys. 18 (2015) 015001 

 

topological



MULTIPARTITE ENTANGLEMENT & FISHER INFORMATION

k-producible state 

Quantum Fisher Information

P. Hyllus et al. PRA 85 (2012) 022321

k-entangled state = k-producible but not (k-1)-producible 

with  with  particles, entangled|ψl⟩ Nl ≤ k

with:  ;  is a POVM  and ρ(θ) = e−iθÔρeiθÔ { ̂Eμ}μ F[ρ(θ, ̂Eμ] = ∑
μ

(∂θTr[ρ(θ) ̂Eμ])2

Tr[ρ(θ) ̂Eμ]

for pure states for k-producible states

(N = sk + r)



bilinear-biquadratic model  S=1

β = tan θ

what is QFI saying about quantum passes of matter and transitions?

TB - SU(2)2

LS - SU(3)1

= exact MPS ground states

TOPOLOGICAL

(k=2)-producible

all entangled

F. Dell’Anna et al.,  arXiv:2307.02407

https://arxiv.org/abs/2307.02407


Oz =
N

∑
j=1

Sz Õz =
N

∑
j=1

S̃z S̃z = eiπ∑ℓ<j Sz
ℓ Sz

j

Ω(l) = 𝕀 , eiπSz
l

Advantage is two-fold:
- sensible to  multipartite entanglement

- at criticality         fQ(Oα) ∼ N1−2Δα

      fQ(Oα) = FQ/N





CROSS-FERTILIZATION
among the different fields

EXPERIMENTAL IMPLEMENTATION
(analogue or digital computation)

CFT  
IM

Quantum
Many 
Body 

Theory

Quantum
Information

& Computation
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