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Tensor network:

Quantum many body wavefunction:

|¢>:Z{il,...,in}c’ila-“ain |Zl,,Zn> | | ‘ | %
\

N .
~d physical Hilbert space Hilbert space

Computational cost:
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single - site tensor update two - site tensor update
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Optimal local basis truncation of
lattice quantum many-body systems




Method:

Estimate reduced density p’L

— MF-theory, TN, Semi-definit programming
SNONORONONONDARE

e Define projection P

e Effective Hamiltonian O¢ff = ptO, P
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Lattice gauge theory dressed sites
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Credits: Marco Rigobello Dreszpuse
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Hamiltonian LGT:

Gauss law :

Gy thys) - [Zf{(ljg,k _ ng)}

|¢phyS> =0 vxaa
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Encoding for TN:
e Discard un-physical states: H — ®x7—lx UGZI;, Gy] = 0}

e To preserve the tensor product structure we “double” symmetry content :

|j7 mLamR> — > |], mL> 024 |], mR> (in truncated irrep-basis)

T~

e Fuse site and surrounding sem-links and find singlets

split in semi-links

e |Impose abelian constraint on semi-links
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combine site + semi-links
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select colour singlets (Gauss law)

local Hilbert space

fermionic matter

single component

W, W1} = 8y

bosonic gauge link

lj, m,m) Virrepj, m€j, m€j*

lg) V g € SUQ3)

infinite dimensional

Peter-Weyl .7 = B;(j ®j*)

algebra [E¢,Uf] =iTeuf
U [j, m, m) = Clebsch-Gordan

EZ|j,m,m) = C2(j) Casimir
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Input:

(1+d)D

background charge JoTTTnTTn T nsannmnnsanmanses .

matter content 1 '

gauge group , ' 1

truncation scheme ! X Output:

What gauge groups? ' <Ay !
Zn,U(1),SU(N) ""'"'"""“'} AN ’—'---——}

Operators

(gauge invariant)
(abelian constraint)
(local interaction)

Non-simple groups:

U(1) ® SU(2) ® SU(3)

It’s modular! You can add your
favourite gauge group or truncation.
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Ultra-cold Atom Simulator for
Quantum Link Model's in (2+1)D

SR
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What has been done?

Hubbard simulator
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Observation of gauge invariance in a 71-site Bose-Hubbard quantum simulator, Yang et al.Nature volume 587 (2020)
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Spin S=1 U(1) Hamiltonian (2+1)D:

- ) ) N
Haqiwm 22\/3(5 .y IZV: (¢15r,r+1¢r+1 + H-C)
+ mZaﬁ + % Z(si eV)Q
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®  Gauss operator:
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Mapping:
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Ultracold-atoms setup:

. s U,
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Spin-S U(1) Quantum Link Models with Dynamical Matter on a Quantum Simulator, Jesse J Osborne et al.
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Where is the gauge invariance?

® Gauge operator in BHM:
R A 1 A A
Gr _ (—1)7”m+7"y (nr —|— 5 EV nr’eu —|— nr_ey,eu - 4) .

. e linear gauge protection
® \We rewrite the BHM- Hamiltonian:

Hgpwm 2 Z 5an+e +2(— 1)Tm+r /

Energy A

® Ingeneral:
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Gauge-Symmetry Protection Using Single-Body Terms, Jad C. Halimeh et al. PRX Quantum 2, 040311
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Effective Hamiltonian:

1 1 1
Hert),; = 03B + = VikVies
(Her)ij = 01 +2;<Ei—Ek+Ej—Ek) =

® Processes in the Bose—Hubbard model which do not correspond to any process in the QLM:
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Quench dynamics:

0.25 A

chiral condensate
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Backup
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Half-link decomposition:

e The change of basis from group to representation basis is given by

(glimn) = \/ S 175 (9)]

e Naturally the parallel transporter can then be decomposed as:

Lo I NTTS |5 _ /[ dim(j) j'n’,a ~j'm’,a
(j'm'n |UM,N|Jm”> — \/ dim(5) 2 a ijJMCjnJN
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