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Einstein eqs of gravity in General Relativity
Space-time metric g

μν 
; Ricci curvature R

μν  
determined by stress-energy tensors T

μν



  

Stress tensor Tij 
Strain tensor E

kl

Generalized Hooke’s law of elasticity
Tij = Cijkl E

kl

Elasticity tensor Cijkl of given material 
has 34 = 81 components:

● How many really independent?
● Can one decompose it in simpler elements?

● Voigt effect in magneto-optics
● Voigt lineshape in spectroscopy
● Voigt notation of symmetric tensors



  

Stress tensor Tij determnes
mechanical force Fi =Tij e

j 

Strain tensor describes 
deformation 
E

kl
= ∂u

k
/∂r
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 α,β → internal atomic states
[s representation of O(3)] 

 i,j → Cartesian indices
 [ l=1 representation of O(3) ] 

U
αijβ

 → big tensor with [3(2s+1)]2 elements. Can we write it simply?

● Free-space → rotational symmetry. R(U) = U for any R

● ψ+ Ä ψ = 2s Å … Å 1 Å 0 and E+ Ä E = 2 Å 1 Å 0  → 3 scalars (for s³1)

Tensors at work @ BEC CenterTensors at work @ BEC Center

Light-atom interaction Hamiltonian:

Refractive index

Polarization rotation

Birefringence



  

General many-body system H  = H
1
 Ä H

2
 Ä H
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 Ä ...  Ä H

N

e.g. a spin chain

Dimension d
tot

=d
1
 d

2
 … d

N
 scales exponentially with N

Tensor network ansatz:
● Recovers any state for suffic. large bond dim’s b

j

● Good approx. of ‘relevant’ states in H  for tractable b’s
● Exact small b representation of some states, e.g. AKLT

Variational approximation of ground state: minimization of E over TN’s

Tensor networksTensor networks

≈

≈

Bond dimension
l
j
=1 … b

j

Physical dimensions



  

Variational ground state on TNsVariational ground state on TNs

Most common application of TN’s to physics:
● Complex network of tensors
● Evaluate expectation value of energy

 
● Minimize energy by acting on each tensor individually
● C. De Lazzari’s PhD project → global minimization

Example of application:
● Gas of quantum particles
● 2D lattice + B field
● Tree-tensor-network representation

(makes calculations tractable)



  

Experimental challenge: Experimental challenge: 
realize a gas of strongly interacting photons 1/2realize a gas of strongly interacting photons 1/2

TN calculation of ground state via energy minimization

Can the ground state be reached in experiments?

The MIT set-up (Peyronel et al. 2012)

The set-up in construction @ FBK

Alberto Tabarelli 
De Fatis



  

Time-dependent evolutionTime-dependent evolution

Hamiltonian evolution of quantum system → Schroedinger eq:  i ∂
t 
ψ = H ψ

H = sum of (non-commuting) two-site terms

Within small time step Δt → exp(-i (H
1
+H

2
) t) ≈ exp(-i H

1
 t/2) exp(-i H

2
 t) exp(-i H

1
 t/2)

Two-site operators generate entanglement, to be then distilled via SVD

Experimental challenge: Experimental challenge: 
realize a gas of strongly interacting photons 2/2realize a gas of strongly interacting photons 2/2

Example of time-evolution

Adiabatic evolution 
maintains ground state



  

Could quantum mechanics destroy our Universe?Could quantum mechanics destroy our Universe?

Our Universe is expected to be metastable
but not far from stability boundary

(many hypothesis and approximations behind calculation)

According to standard model 
Higgs field may be in metastable state

Tunneling event towards global energy minimum
→ totally different physics and huge energy release

The END of our world !

Existing calcul.→ very slow decay (~1065 yrs), but...

Estimated decay rate not so reliable:
● Instanton calcul. only tractable under serious approx
● Full calcul.needed to unravel physics on simplified model

Time-dependence
of spin-chain model

to be studied via TNs

C. Johansen



  

Dynamics on the TN manifold → approximates quantum dynamics  of strongly correlated states

Example: b=1:

● Effective Lagrangian

● Quantize theory, e.g. via path-integral 

●  Small fluctuation →  Collective excitation modes 

Otto’s project: extend method to general b>1 TN’s and apply it to complex states
(e.g. AKLT, for which ground state has b=2 TN form)

TENORS DC10 – Geometry of tensor network varietiesTENORS DC10 – Geometry of tensor network varieties
for quantum condensed matter physicsfor quantum condensed matter physics

Euler-Lagrange eqs 
for classical dynamics

Otto Schmidt



  

Albert Einstein to Levi-Civita, 1917
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Alberto Tabarelli 
De Fatis 

PhD student

Christian 
Johansen

PostDoc

Matteo Rizzi
U. Cologne & Julich

Collaborators: Alumni:

Elia Macaluso
now risk manager

@ Cassa Centrale Banca

Claudia De Lazzari
Now R&D @ QTI

Simon Telen
MPI MPS Leipzig

Otto’s -cosupervisor

Alessandra
Bernardi

DM-UniTN
Alberto Biella
INO-CNR BEC

Interested in joining and/or collaborating? iacopo.carusotto@ino.cnr.it
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